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INTRODUCTION

Hance D. Smith, Juan Luis Sudrez de Vivero and

Tundi S. Agardy

The concept of resources is primarily economic and, in the case of the world ocean,
environmental, thus focusing on the interrelationships between human activities concerned with
the uses of the sea on one hand, and the 71 per cent of the Earth’s surface covered by the sea
on the other. This is, of course, a vast subject, and this Handbook thus necessarily deals with
selected themes, which have been chosen with particular reference to the current stage of
economic development of the world ocean. There are three first-order themes corresponding
to the three major sections of the book, with selected second-order themes within these. First
is the human dimension of globalisation of economic activity, understanding and management
of marine environments. Second are the uses of the sea, considering in turn living resources,
energy and materials, ocean space and the marine environment considered as a resource. Finally
attention turns to the complexity of regional patterns engendered by the first two themes — the
geography of the sea in terms of spatial organisation and development of both core and peripheral
maritime regions of the global economy.

A first priority throughout is to place the book firmly in the present geographical and historical
context of the world ocean, in the belief that humankind’s relationship with the sea and, for
that matter, the Earth as a whole, is passing through a crucial juncture in its development on
at least two timescales, with characteristic regional development patterns linking land and sea.
This is in part the focus of the first chapter in the book. With this in mind, the final chapter
looks forward with particular reference to trends in the major fields considered in various chapters.
In between are the three themes, further elaborated below.

The world ocean

The world ocean encompasses many human worlds — environmental, technological, economic
(the main focus of this Handbook), social and political — as well as the historical and geographical
worlds that link all these together. At the present juncture in human history the sea above all
represents the power of globalisation that permeates all these worlds, exemplified by the
conclusion of the United Nations Conference on the Law of the Sea in 1982, and its entry
into force in 1994. It is thus with globalisation that the Handbook begins. The primary focus
is concerned primarily with ocean governance with particular reference to the system of states,
and the relationships of governance on the one hand with the management and protection of
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biodiversity and ocean ecosystems. Thus Chapter 2 highlights the relatively dynamic world of
changing geopolitical scenarios at the turn of the twenty-first century. Chapter 3 then focuses
on the open ocean through discussion of state ocean strategies with especial reference to the
international dimensions of treaties and organisations concerned with the sea. Chapter 4 then
deals with the implications of this governance system for the protection of biodiversity; while
Chapter 5 underlines the critical regional ecosystem-based dimension of governance that is needed
to manage the increasingly stressed ecosystems of life in the world ocean.

The challenge that naturally follows that of governance is that revolving around knowledge
and understanding. This challenge, which is based on scientific understanding, has many
dimensions, including those concerned with the ocean—atmosphere system and its relationships
with the Earth itself; life in the ocean, which is a major theme in the foregoing section on
governance as well as the fisheries and aquaculture chapters in Part 2; the human impacts that
result in substantial modification of the ocean environment; and the driving force of marine
scientific research that is necessary not only to extend knowledge, but also to prioritise manage-
ment issues. Chapter 6 begins the section by focusing on the ocean itself and its relationships
with the atmosphere and life, as well as the implications for climate change, which has always
been a central characteristic of what is an integrated ocean—atmosphere system — the Blue Planet.
Chapter 7 highlights the relatively new concept of ocean health as a means of measuring the
profound changes wrought by human influences on the ocean environment. Chapter 8 provides
an overview of marine scientific research that underpins human understanding, including the
nature of objectives; the issues with which research is concerned; and the programmes through
which the research is accomplished.

The permutations and combinations of politics and governance allied to understanding lead
to the practical challenges of management. Many would regard marine conservation, which is
the topic of Chapter 9, as the most pressing issue in the pantheon of management activities.
However, underlying all of these management concerns is the ‘gyro’ of science and policy
which heavily influences and to a substantial extent steers management priorities, and which is
the subject of Chapter 10. Many understand ocean science simply as being concerned with the
natural sciences: Chapter 11, dealing with ecosystem services and their economic and social
value, demonstrates the crucial importance of social science inputs. Chapter 12 on strategic
environmental assessment then considers an all-important technical management dimension
through which practical management must be attained. Finally, Chapter 13 on greening the
ocean economy provides something of an audit of human activity and impacts on the ocean
environment, primarily from the point of view of uses of the sea, leading naturally to the second
main part of the book.

The uses of the sea

The uses of the sea section deals with four main themes. The first of these is living resources
— the provision of food from the sea by exploitation of marine ecosystems through both the
catching of wild fish and the enormous expansion of fish farming or aquaculture in the marine
environment that has characterised the last several decades. The second theme is that of energy
and materials: these are best considered together for a number of reasons, including the large
capital investment, mainly transnational companies, and advanced technologies required; marine
genetic resources, while living in the strict sense, are primarily the use of living resources as
materials, rather than food. The use of ocean space is perhaps the best indicator of the geo-
graphical and economic globalisation of the world ocean; while the final section on the marine
environment as a resource highlights the importance of the ‘total’, integrated and functioning
ocean environment for material waste disposal, marine recreation and heritage.
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The four principal large-scale geographical patterns in the use of marine resources are
considered, beginning with Chapter 14, which deals with what is by far the greatest part of the
world fishing industry — that concentrated over the continental shelves and, since the advent
of the negotiations leading up to the 1982 Law of the Sea Convention, falling directly within
coastal state jurisdiction. Chapter 15 then considers the fisheries of the High Seas beyond coastal
state jurisdiction, where Illegal, Unreported and Unregulated (IUU) fishing remains rampant —
perhaps the most graphic downside to current human impact on and mismanagement of the
world ocean. The vast majority of the world’s fishers are to be found in the small-scale fisheries
of the developing world, the subject of Chapter 16. Finally, Chapter 17 highlights mariculture
in the marine environment, which has been regarded wrongly by many for a long time as the
ultimate antidote to overfishing.

The second theme is that of energy and materials. This section begins in Chapter 18 with
offshore oil and gas, which is by far the most important, and remains at the leading edge of
ocean technology; while Chapter 19 focuses on marine renewable energy which, by comparison,
is hardly developed at all, although in some regions has great promise. The next two chapters
deal respectively with minerals in Chapter 20, where there is a long history of exploitation of
a range of minerals as well as considerable potential, most famously focusing during the Law of
the Sea negotiations on ferro-alloy minerals from the deep sea bed; and marine genetic resources
in Chapter 21, the exploitation of which, like marine renewables, would appear to lie mainly
in the future.

The section on ocean space considers the three most critical components in the open ocean,
beginning with Chapter 22 on shipping and navigation, now principally concerned with the
movement of goods among the geographical nodes of the world economy, as well as being,
together with living resources, the earliest use of the sea. By contrast, subsea telecommunications
considered in Chapter 23 is one of the relatively recent major uses, with origins in the nine-
teenth century, and also primarily reflects the geographical organisation of the global economy.
Chapter 24 on seapower merges the themes of geopolitics and shipping links, as seapower depends
as always upon ships, both on and below the sea surface, albeit since the Second World War
ever more closely integrated with the land and air dimensions of military activities in both peace
and war.

The section on the marine environment considered as a resource emphasises the importance
of the world ocean considered as an integrated functional natural environment. The first
dimension of this is material — the use of the sea for waste disposal: the world’s ultimate sink,
and the implications for marine pollution, all considered in Chapter 25. Chapter 26 then deals
with marine leisure and tourism, probably the world’s biggest marine industry measured in terms
of employment and participation, and certainly the biggest in many marine regions, albeit in
coastal waters. Chapter 27 highlights the increasingly important world of maritime heritage —
important not only as a component of the leisure and tourism business, but also the bedrock
of a diversity of maritime cultures around the world.

The geography of the sea

The true complexity of human—ocean interactions is perhaps best demonstrated by the geography
of the sea. This has been done in this book by considering three themes, beginning with spatial
organisation of state governance and law; the practicalities of surveying the sea upon which the
law and governance depend; and the challenges of place-based management that have emerged
largely since the 1990s in the form of Marine Protected Areas and marine spatial planning. There
follows the twin themes of regional development, which brings the reader back to the centrality
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of economic affairs, dealing respectively with developments in key regions, both in the urban
industrial cores of the world economy and the far-flung peripheral regions.

The Law of the Sea Convention of 1982 has provided the contemporary framework for
the agreement of state maritime boundaries discussed at length in Chapter 28, although a little
over one-fifth of all the possible boundary settlements have been made. The most significant
starting point is that coastal states” maritime rights in effect extend over most of the continental
shelves, which is where most of the living, mineral and energy resources are located, not to
mention the greatest overall intensity of sea uses generally. In the past decade much attention
has accordingly shifted to the deep ocean beyond the limits of coastal state jurisdiction under
the 1982 Convention, which is the focus of Chapter 29. This includes the extension of
coastal states’ jurisdiction beyond 200 miles under Article 76; as well as the problems of
IUU fishing (Chapter 15); the maintenance of marine biodiversity (Chapter 4); management
of ecosystems (Chapter 9); exploitation of minerals (Chapter 20); and marine genetic resources
(Chapter 21). The technical management starting point is the surveying of the sea considered
in Chapter 30. The technical management endpoint is the spatial management of areas with
complex patterns of use, pioneered in the development of Marine Protected Areas and marine
spatial planning, the latter now being actively developed by a significant number of coastal states,
as discussed in Chapter 31.

The consideration of core maritime regions is based upon a limited selection of key case
studies that exemplify the themes considered not only in individual chapters earlier in the book,
but also the complex interrelationships of these themes. Thus Chapter 32 deals with maritime
boundary delimitation in the Mediterranean, arguably the most complicated part of the world
ocean for the settlement of these boundaries. Chapter 33 then shifts the focus to perhaps the
most complex field of marine spatial planning, that of federal states with devolved internal
responsibilities, using the United States as an example. Finally, in Chapter 34 on the East Asian
seas, where the region is at an earlier stage of development, the emphasis is on the political
dimensions of competing state influences.

The final subsection of the book focuses on key issues in the vast periphery of the global
ocean, beginning in Chapter 35 with Africa, still the least developed global region overall, and
underlining the importance of local economic development planning. Chapter 36 then deals
with a large part of the world’s greatest ocean, in this case the South Pacific, highlighting
the issues affecting Small Island Developing States (SIDS). Even more remote — at least in the
Southern Hemisphere — and least developed of all are the polar maritime regions of the Arctic
and Southern Oceans respectively discussed in Chapter 37.

The final topic is that of the world ocean and the human future dealt with in Chapter 38,
which returns to the regional and temporal timescales and patterns introduced in Chapter 1,
and focuses upon some of the key considerations concerned.
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THE WORLD OCEAN
AND THE HUMAN PAST
AND PRESENT

Hance D. Smith, Juan Luis Sudrez de Vivero and
Tundi S. Agardy

Introduction

In the rapidly expanding pantheon of planets currently being discovered within our galaxy,
Earth may be regarded as particularly unusual in that just over seven-tenths of the surface is
ocean, and yet the dominant life form — human beings — can only realistically inhabit the remaining
three-tenths of the planet that is land surface.

Although humankind does not naturally inhabit the marine environment, nearly all the uses
of the land have their counterparts in the uses of the sea. Around these sea uses are woven an
apparently bewildering range of ways of life — a sea of many worlds, each with economic,
environmental and social components. Thus this Handbook begins with a closer look at the
cultural worlds of the sea. Once this has been established, the discussion turns to the temporal
dimension, exemplified by the ceaseless quest over the past several centuries for, above all,
economic development, which has so often been equated with human progress (Paine 2013).

To many the drive for progress seems to be unstoppable, not to say uncontrolled. However,
this is not really the case. Rather there is a dynamic interplay between the impetus for dev-
elopment on the one hand, and the influences of governance and management of development
on the other, which is the third theme of this chapter. Underlying the processes of both
development and governance is the nature of the human mind, which at the present juncture
of human history continues to advance especially in scientific knowledge and understanding
and apply it through innumerable technologies to further both development and governance.

Finally the discussion returns full circle to the virtual kaleidoscope of regional patterns of sea
use, impacts, regional development, governance and management of the marine environment,
to conclude this introductory chapter to the Handbook.

The worlds of the sea

The starting point for understanding ocean resources and management revolves around the twin
ideas of sea-based ways of life or maritime cultures on the one hand, and the uses of the sea
viewed primarily as an economic phenomenon on the other. Maritime cultures have three
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essential components, namely, an economic dimension focused on sea uses; an environmental
dimension focused on the sea itself; and a social dimension focused on human societies. As
clearly seen by the World Commission on Environment and Development, these three
components lie at the heart of the processes of development, sustainable or otherwise (WCED
1987). The interactions are dynamic, but there are discernible patterns on a range of timescales,
which have resulted in a distinctive global pattern of culture regions encompassing both land
and sea.

Critical to understanding is the timescale since the end of the last glaciation, and especially
the past 6,000 years, at the beginning of which global eustatic sea level reached its present level.
By around 4,000 years ago there had emerged a geographical pattern of culture regions — in
history these may be termed civilisations (Figure 1.1). These are the traditional societies of Broek
and Webb (1973), based either on pre-agricultural tribal forms of social organisation on the one
hand, not infrequently associated with hunting and gathering economic organisation; or settled
agricultural societies on the other. These agricultural societies were also partly based on urban
settlements and long-distance trade networks over both land and sea.

Perhaps not surprisingly, traditional societies were and continue to be closely tied to the
environmental geography of the planet. Tribal forms of social organisation and low population
densities were and remain characteristic of land regions in particular, where living natural resources
were and remain limited: the tropical rain forests, savannas, mangrove coasts, tropical and sub-
tropical deserts, oceanic islands, sub-polar forest regions and coasts, and the truly polar settlements
of the Arctic Ocean region. The later development of settled agricultural societies was
concentrated in large river valleys and adjacent coasts, mainly in North Africa, south west and
south Asia, and the monsoon lands to the east; together with the tropical highlands of the
Americas.

Importantly, despite the enormous pace of development, especially since the ‘industrial
revolution’, both tribal and traditional settled agricultural societies have often remained
remarkably resilient in terms of economic and social organisation and relationships with the
environment, despite being under enormous pressure from development. Only in the Americas
and Australasia, where settlement by European peoples has been most intense, have these societies
come closest to obliteration — but even here the resurgence of ‘First Nations’ is evident. Even
more importantly, these traditional societies remain closely aligned to the evolution of language
groups and belief systems — including the world’s great religions (Smart 1998) — that are of
comparable temporal provenance. This remains central to contemporary understanding of both
economic and political developments on both land and sea.

The contemporary economic development of the world ocean — indeed the world — has its
roots in the Western European region during the second half of the fifteenth century. Ocean
exploration and domination which began then was particularly associated with the gradual ending
of the medieval European world order, accompanied by the expansion of European influence
around the world through population movement, exploration, trade and warfare, although
comparable maritime expansion was also taking place in China. For the first 250 years or so of
this period, economic expansion and associated empire building was based mainly on trade, and
was primarily pre-industrial in its nature. However, beginning in the second half of the
eighteenth century a process of industrialisation of economic activity accelerated through a series
of stages — the first of these was the ‘industrial revolution’.

From an economic standpoint, the crucial component was the application of science and
technology to the industrialisation of production. From a social point of view, the industrialisation
of the economy became associated with a rapidly increasing population enhanced by the same
application of science and technology to the reduction of epidemic diseases, which lowered the
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death rate, a circumstance not immediately paralleled by a reduction in the birth rate; and the
beginning of large-scale rural-urban migration. From an environmental point of view, industrial-
isation was based in part both initially and subsequently on use and progressive depletion of
natural resources of land, sea and atmosphere. It is at this point that the evolution of sea use
diverged from its pre-industrial cultural basis to intensified industrialised exploitation.

The worlds of the sea as illustrated in Figure 1.1 can thus be understood at two geographical
scales. The first of these is the evolution of the maritime culture regions over the past four
millennia that, although seemingly replaced by industrialisation later on, gave form to the major
traditional societies that remain characteristic of most of what has become known as the ‘develop-
ing world’. The second feature is the geography of industrialisation: although the processes of
industrialisation are global, the regionalisation of industrialisation is characterised by a pattern
of nodal regions in which both land and marine activities are generally tightly focused. These
core regions are surrounded by vast peripheral regions — in effect most of the world ocean
and land areas. Especially notable are the groups of core regions on both sides of the North
Atlantic and North Pacific respectively. Until nearly the end of the twentieth century the
North Atlantic system of core regions was in effect the core region of the global economy
(Smith 1994). Now the world is transitioning to a system in which the Pacific system of core
regions has begun to overtake that of the North Atlantic, most probably to eventually produce
a much larger global core region.

The development of the world ocean

Industrialisation during and since the ‘industrial revolution’, can be viewed from a maritime
perspective. As already noted, the pre-industrial traditional societies were symptomatic of the
organisation of the world economy before the mid-eighteenth century, even in Europe, where
economic development had been based to a remarkable degree on maritime trade and empire
building since the ‘age of exploration’ in the late-fifteenth and sixteenth centuries (Padfield
1999). At sea, apart from the deep sea shipping trades linking the European empires with Europe
itself, and the associated naval activities, by far the most important activity was traditional fisheries.
A few fisheries were based on large ocean-going vessels, notably whaling and cod fishing; most
were traditional open boat fisheries using lines and nets, operating close to shore.

The industrial revolution changed all that, although initially by a simple scaling up of traditional
technologies and economies, rather than by application of new science and technology. The
‘industrial revolution’, properly speaking, encompassed the decades between 1780 and 1830.
During this period both merchant ships and warships tended to increase in size and sophistication
of design, and significant merchant shipping regulation was introduced in Britain, already by
then the world’s leading maritime trading nation, gaining full military mastery of the seas after
the defeat of the French at the Battle of Trafalgar in 1805. But ships remained sailing ships. In
commercial fisheries — still powered by sail and oar — there was enormous expansion of activity
in Western Europe associated with economic expansion, population increase and urbanisation,
but little real sign of overfishing on any significant scale, despite not infrequent politically inspired
protestations to the contrary. The exception was in whaling and sealing, where adverse impacts
on whale and seal populations were evident in regions as far apart as the Arctic and Southern
Ocean (Tonnessen and Johnsen 1982).

The next stage of development, from around 1830 until around 1870 witnessed first a
prolonged economic downturn in the 1830s and 1840s in the core economic region of the
preceding industrial revolution, namely, the British Isles (between 1801 until 1922 the British
Isles were a single state — the United Kingdom of Great Britain and Ireland) and adjacent coastlands
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of north west Europe. There were major changes, notably the liberalisation and subsequent
expansion of international seaborne trade through the repeal of the UK Navigation and Corn
Laws in the 1840s. There were also significant technological changes in shipping, pioneered as
always by the military, and notably the introduction of the ironclad warships powered by both
sail and steam, but also including the development of fast sailing ships called clippers for
both deep and short sea trades, as well as continued scaling up of commercial vessels. However,
although the first crossings of the Atlantic by steam-powered ships took place in the 1830s,
steam power was not widespread. When steamships were widely adopted, this took the form
of paddle steamers, rather than screw steamers. In fisheries also, sail remained supreme, and gear
remained conventional lines and drift nets.

It was during the next stage of economic development, between the 1870s and 1930s, that
the transformational influence of technology upon both sea uses and the marine environment
became undeniable. As during the previous stage, there was a long-run economic downturn in
the later 1870s and early 1880s. However, this time the processes of change were more profound.
Large-scale rural-urban migration occurred in Europe and North America, associated with
similarly large-scale emigration of Europeans to the temperate and subtropical lands of their
empires in North and South America, southern Africa and Australasia, with millions of migrants
carried on the new ocean liner trades. In the world of merchant shipping the balance between
sail and steam shifted decisively to steam after the mid 1880s, associated with the introduction
of steel shipbuilding, boilers and triple expansion steam engines (Graham 1956). The key trans-
oceanic canals were opened: Suez in 1869 and Panama in 1914. Ocean-going sailing ships
remained economical only on long ocean routes for bulk cargoes, up to the 1930s. By the
outbreak of the First World War warships were being equipped with steam turbines.

In fisheries, the introduction of steam was decisive: steam engines for both drifters and trawlers,
together with steam capstans and winches respectively for handling the gear led to clear
evidence of overfishing from the 1890s onwards. This was undeniable, despite the fact that as
late as 1883 the Chief Inspector of Fisheries for the United Kingdom averred that the fish resources
of the ocean were unlimited (Huxley 1883). Overfishing triggered the establishment of the
International Council for the Exploration of the Sea in 1902 (Rozwadowski 2002). There was
a short-lived recovery of north west European fisheries in the 1920s, after the interregnum of
the First World War, but it was not to last. In whaling, the combination of steam whalers and
the Svend Foyn harpoon led to the collapse of the centuries-old Great Northern Whale Fishery
in the North Atlantic in the 1880s. Whaling in the Southern Ocean began in 1904, and peaked
with the introduction of factory ships in the mid 1920s. By the 1930s decline had already set
in. Meanwhile, the beginnings of large-scale coastal and marine recreation began in Europe
especially with the twin large-scale introduction of the railways associated with the development
of seaside resorts; and the introduction of cruising by steamship along the Norwegian coast, in
the Baltic, and throughout the Mediterranean.

From the later 1940s until the 1990s a new stage of economic development took place. As
with the previous stages, economic depression characterised the transition from the previous
stage throughout the 1930s, complicated by the Second World War. Although a true geo-
graphical globalisation had been evident from the second stage — around 1850 (Ashworth 1967),
this new stage witnessed rapid economic expansion and associated technological change
worldwide, in all the nodal regions illustrated in Figure 1.1. Full economic integration of the
global economic system had not yet taken place (Korotayev and Tsirel 2010). In commercial
shipping key developments were the replacement of steam by diesel; specialisation of ship
types; the disappearance of the ocean liner trades, lost to air travel after 1960; and the
introduction of unitised shipping or containerisation in the 1970s, allied to the efficient logistical
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systems of intermodal transport. Ship sizes increased enormously, especially cruise ships, oil tankers
and dry bulk ships, while roll-on/roll-off ferries began to dominate short sea shipping. Naval
power came to depend upon the nuclear powered and armed submarine and the aircraft carrier
in a world in which integrated land, sea and air combined operations became the norm, having
been pioneered by the invasion of Normandy in 1944, towards the end of the Second World
War (Gardiner 1992-2004).

In fisheries, steam was also replaced by diesel, and ever improving fishing gears — especially
trawls and seines. Global fish production increased between three and four times between the
late 1940s and the 1990s, then levelled off; aquaculture further increased fish production, especially
from the 1980s onwards. By this time overfishing had become a serious issue in many fisheries.
‘Whaling from the United Kingdom and Norway ceased in the early 1960s, and a moratorium
was finally agreed and implemented worldwide in 1986. Meanwhile, traditional seaside holidays
were increasingly supplanted by marine activity holidays, including boating; cruising expanded
enormously; and air travel made possible seaside holidays thousands of miles from the industrial
core regions, especially to the Mediterranean, Caribbean and tropical oceanic islands. Other
uses of the sea came into their own on a large scale, notably offshore hydrocarbon exploitation;
waste disposal; large-scale marine science; and marine natural and human heritage conservation.

The world is now entering the early part of a new stage of development, considered further
in Chapter 38. These changes may be viewed as cycles exhibiting common features. A key
driving feature of these stages or cycles is the interplay between economic and technological
factors (Smith 2000; Korotayev and Tsirel 2010). Thus the early sequence of events is associated
with rapid economic expansion, accompanied by varying degrees of technological innovation.
This process is very clearly seen with regard to the most important maritime uses: shipping,
naval activity and fisheries — from the industrial revolution onwards. In the later twentieth century
stage the process can be seen spreading to all the major uses of the sea. The successive peaks in
the cycles or stages are determined by the limits of economic expansion, after which economic
decline sets in, a process that ends in a ‘gale of creative destruction’ (Schumpeter 1942) affecting
all sectors of the economy, including all uses of the sea. During this stage there is profound
economic re-structuring including the enterprises that make up the private sector, and this sets
the scene for the beginnings of new industries that characterise the next stage. Inevitably these
changes also are associated with varying degrees of social and political change, including changes
affecting the nature of governance by the state.

The importance of these stages for the present lies with their significance for relationships
between sea uses on the one hand, and the marine environment on the other. Although there
has been throughout the process of industrialisation of maritime activity much emphasis in some
quarters on the negative impacts on the environment of economic expansion and the need for
conservation — especially with regard to the fisheries — the extent of environmental modification
was initially limited. Thus during the industrial revolution there were significant impacts on
cetacean populations, and the beginnings of coastal sea pollution, especially originating in rivers.
Major changes to marine ecosystems associated with overfishing became evident from the 1880s
onwards, in the next stage, when fisheries were largely mechanised; the whale populations
collapsed — first in the North Atlantic, then in the Southern Ocean; and serious overfishing of
both pelagic and demersal commercial fish stocks became apparent after the First World War
(Cushing 1988; Roberts 2007; Starkey ef al. 2008; Thurston et al. 2010). The later twentieth-
century stage witnessed the ultimate limits of exploitation of the global stock of wild fish, and
the restructuring of entire marine ecosystems by human agency. At the same time, enormous
expansion of the global economy and all uses of the sea has resulted in high levels of marine
pollution of all kinds, countered by an increasingly high level of awareness of the ultimate value
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of the marine environment, evidenced by the expansion of the marine leisure industries; marine
conservation and, to some extent, marine science; and the extent to which both overexploitation
and environmental degradation is putting this value at risk.

Governance and human society

The sheer transformative power of the economic and technological dimensions of the historical
processes outlined above, and the enormous pressure that has been put upon the marine
environment — as well as the land surface of the Earth and the atmosphere — by these processes
cannot be overestimated, especially in the period since the beginning of the industrial revolution
(Steinberg 2001). Responsibility for controlling these impacts has fallen mainly upon coastal
states. Thus the half~millennium since the end of the European Middle Ages has been a period
when states have assumed an ever greater role in the governance of maritime affairs, including
the uses of the sea. A key juncture in this development was the emergence of the modern state
system at the end of the European Thirty Years War in 1648, marked by the Treaty of Westphalia
(Kissinger 2014).

An important characteristic of the Westphalian state system was the continual divestment of
state power in Europe away from monarchies towards evolving parliamentary systems of
government. A crucial maritime expression of this was the promotion of a mercantilist philosophy
in the management of shipping from the middle of the seventeenth century until the end of
the industrial revolution stage, when the United Kingdom repealed the Navigation Laws and
Corn Laws, thereby giving an enormous boost to international seaborne trade. The economic,
military and political expansion of Europe after the mid-seventeenth century ensured that the
Westphalian state system has come to be adopted in all the major culture regions outlined earlier
in this chapter, based on the expansion of European empires. However, there remain profound
cultural differences in the adoption of this state system both within and among the respective
culture regions. The state continued to gain governance functions in the maritime world as
elsewhere through the successive long stages of development. By the 1940s—1990s stage a minority
of centralised states with direct state management of the economy had even emerged, including
the Union of Soviet Socialist Republics (USSR)) — which came to an end in 1989; the People’s
Republic of China, North Korea, Vietnam, Venezuela and Cuba. However, ‘mixed economy’
models remained characteristic of most states.

In a maritime context, particular interest attaches to these ‘mixed economy’ systems both at
national and international levels. Extensive state roles in maritime affairs, although becoming
particularly significant from the industrial revolution onwards, mainly emerge during the late
twentieth century stage. Apart from the military, which may be regarded primarily as a state
sea use at national level, states have extensive governance systems covering commercial shipping,
marine mineral and energy development, fisheries, waste disposal at sea, marine science and
marine conservation. These functions are replicated at supra-national level by the European
Union and, in the military case, the North Atlantic Treaty Organisation (NATO); and at
international level by both the United Nations system and a whole series of regional state-
sponsored organisations mainly in the fields of fisheries, environmental management and, in the
case of marine science, the International Council for the Exploration of the Sea (ICES) and the
Intergovernmental Oceanographic Commission (IOC) of the United Nations Educational,
Scientific and Cultural Organisation (UNESCO). The continuing role of the state at these levels
will be returned to in the final chapter of this book.

Beyond the role of the state there are other dimensions of human social organisation of
particular relevance in a maritime context. The first element to consider is the evolution of the
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human organisations directly responsible for the uses of the sea. These range from traditional
community-based organisations characteristic of the traditional societies — both tribal and
traditional settled agricultural — still prevalent in the fisheries of developing countries, and
occasionally found also in the developed world, for example in France and Spain; to a whole
range of company-type organisations, from small businesses to large transnational corporations.
Each fundamental group of sea uses has characteristic sets of company organisations, which
collectively constitute the private sector (Holtus 1999), although a limited number of companies
are owned by the state, especially in countries where centralised state control has developed.
Private sector organisations representing various uses, such as the World Ocean Council, have
evolved in parallel in ways that are distinctive to each of the several development stages dis-
cussed; a significant portion of these have been internationalised, especially during the course
of the later twentieth-century stage, for example in shipping and offshore hydrocarbon
exploitation, which require high levels of capital investment and the application of advanced
technologies.

The second element is the emergence of civil society groups that concern themselves with
ocean use, marine access and protection, which had its origins in the stage dating from the
1830s and 1840s. This portion of civil society grew to prominence in the late twentieth-century
stage, especially in the English-speaking developed world. The voluntary sector, broadly
defined, was influential in the establishment of marine science in the nineteenth century and,
in the United Kingdom’s case, the establishment of the lifeboat service. Environmental NGOs
started to push state governance of maritime uses, as well as investment in conservation. By the
end of the twentieth century, volunteerism was also internationalised to a substantial degree,
and was exerting substantial influence and political pressure — as well as much practical work —
in marine conservation and international trade related to marine resources.

In essence civil society interest in maritime uses and affairs has expanded greatly in modern
times. It comprises a vast range of special interests both directly as users of the sea, for example
in marine leisure and tourism; and indirectly as, for example, consumers of goods from the sea
ranging from fish to offshore oil and gas. Interest groups also arise from time to time in many
fields for specific, often relatively local concerns.

It is thus useful to envisage the governance and management of the world ocean in terms
of specific interest groups, often termed stakeholders, belonging respectively to the state, the
private sector or civil society. These consist of a range of maritime communities of interest,
defined primarily in terms of sea uses, of which shipping and commercial ports, naval, fisheries,
offshore oil and gas, marine leisure, marine science and marine conservation are perhaps the
most notable. It is especially interesting to note that conventional leading roles of the state in
marine governance and management are increasingly being supplanted by partnership approaches
in which the private sector and civil society groups are playing more influential governance
roles.

The discussion of how this management actually takes place is largely confined to the individual
chapters of this book. However, it is useful to distinguish between technical management and
general management dimensions (Smith 1995). The former is concerned with the physical
interactions between uses of the sea and the marine environment, and includes information
management including monitoring, surveillance and information technology; assessment of
environmental, technological, economic, social and political influences; and professional practice
including especially science, technology, financial management, law and planning. The general
management dimension includes coordination of technical management; the management of
organisations; policy; and strategic planning.
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Ocean resources and management

In conclusion, it is possible to conceive of human relationships with the world ocean in certain
key ways. The first is an appreciation of the fundamental purposes of sea uses. Despite an
apparently innumerable number of sea uses, there are in reality only a very limited number of
prominent groups of maritime users, including commercial shipping and seaports, and the naval
uses; the material groups of uses — mineral and energy resources; living resources; and waste
disposal; and the non-material uses that are directly related to certain characteristics of the human
mind and that use the marine environment as a total entity: leisure; research and education;
and conservation of both the natural and human maritime heritage.

The second important factor in the relationship between humans and the world ocean is the
governance dimension of maritime uses and values. Governance has evolved through time,
reflecting expanding sea uses and expanding and contracting economies, but also reflecting shifts
in political organisation and innovative sharing of responsibility among government entities,
the private sector and civil society.
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CHANGING
GEOPOLITICAL SCENARIOS

Juan Luis Sudrez de Vivero, Juan Carlos
Rodriguez Mateos, David Florido del Corral and
Fernando Ferndndez Fadoén

Introduction

The shift from the twentieth to the twenty-first century is associated with deep structural changes
in geopolitical balances. These, in turn, are connected with other aspects in the realms of the
economy, the environment, science and technology. In geographical terms, these changes are
resulting in a rearrangement of areas of power and the rise of new political actors; for their
importance in the media, the so-called emerging countries, especially Brazil, Russia, India and
China (BRIC) are a case-in-point of this type of change, where emerging actors displace those
that ‘historically’ used to wield power. In political theory, the notion of territory has been closely
linked to that of the State, the existence of which requires a geographical area over which to
exercise power and a social body vitally rooted in emerged land that might result in a fortuitous
maritime space of diffuse political substance. As regards geopolitical thought, from the time that
it was founded modern geography instituted spatial schemes of political organisation for systems
with relevance on the world scale that combined the large territorial areas of a recently explored
world. Even recognising the importance of the oceans in shaping grand geostrategic visions,
they were, for the most part, considered as no more than an encasement (as a result of which
classical geographers, such as Carl Ritter and Richthofen, did not include them as part of the
oikouméne) (Suarez de Vivero, 1979), lacking the territorial and political entity that would allow
them to be regarded as the core subjects of geopolitical statements. It is since changes have
begun to take place in the power balances on the global scale (including the decline in the
maritime powers of the imperialist past) and the new law of the sea has consolidated (which
occurred in parallel with the decolonisation process) that new spaces of geographical interest
characterised by their consisting predominantly of marine areas have begun to be defined. In
this way, emerging countries have not only changed the correlation of economic and political
forces, but have also reconfigured the geopolitical chessboard (Brzezinski, 1997), to which they
add their own maritime spaces as part of the general ‘maritimisation’ process, not only in the
economic (Vigarié, 1990), but also in the geopolitical sense. States, as territorial units used as
the basis for the construction of the political world, gradually take in the marine domain through
jurisdictional expansion (i.e. exclusive economic zones) while geographical features, such as islands,
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archipelagos and the continental shelf, enable rights of sovereignty to be expanded. This chapter
describes some of the geographical features that as a result of the formulation of the United
Nations Convention on the Law of the Sea (UNCLOS) are transforming States’ territorial bases
and changing hierarchies hereto based exclusively on emerged land, and identifies new areas of
geostrategic interest linked to the incorporation of new political actors and their areas of influence
over the ocean. With this exercise in maritime geography it is also hoped to provide an
interpretation of the scenarios where power is exercised and of some of the key concepts and
historical background that refer back to the early approaches of classical geopolitics.

Conceptual framework

Relatively speaking, the world ocean order had consolidated by the time that UNCLOS came
into force, but in the last decade the geopolitical and geo-economic scenario has seen a marked
change due to two key processes: the emergence of the BRIC powers and the process for
delimitating the continental shelf beyond 200 miles (Art. 76 UNCLOS).

The starting point is the so-called critical or post-structuralism geopolitical perspective (Agnew,
2003) that underscores the nation State’s loss of specific weight in the globalisation scenario.
The shaping of a new geo-economic—political order from the 1960s onwards is characterised
by being a world-system moulded as a social reality comprised of interconnected nations, firms,
households, classes, and identity groups of all kinds (Wallerstein, 2004). The traditional
framework of modern States has been superseded in this new context. There has not only been
a displacement of scales, but a change in the global power relationships between the developed
and the developing countries.

If the so-called globalisation process is not the result of a consciously designed and established
order, but of a number of interconnected processes (international trade, financial liberalisation,
technological and communication revolution, alternative social movements, great population
movements, etc.), it would be better for it to be referred to as global governance (Held and McGrew,
2002). It is characterised by new actors emerging onto the international political stage, such as
large corporations, international organisations and non-governmental organisations, that create
networks, alliances and strategies to position themselves alongside nation States in an increasingly
competitive environment, and with no definitive hierarchy between them. The search for
common rules and conflict resolution in a range of areas and on a range of scales is the major
objective of this institutional process, which is global in nature and already underway.

It could be said that the political target of global governance is the planet as a whole in a
wide range of aspects: energy resources, economic relationships, political disputes, environmental
issues, and so on. This is a polycentric system in which nation States are gradually losing their
ability to act, either due to the scale of the problems, or because they are part of transnational
networks, or because globalised processes straddle borders that are more and more porous.
However, the nation State continues to be a decisive actor. First, because the perspective is by
necessity multisector and multilevel, and second, because it continues to be the agent that is
responsible for agreements and for implementing the new global rule system.

Some have approached the transition from geopolitics to geo-economics (Lorot, 1997) in
accordance with the State’s limitations and with the emergence of business corporations as leading
actors. However, the notion of geo-economics is understood to be applicable if it is understood
as the search by the States themselves for economic objectives on the world scale and positions
of hegemony in the new scenario of competitive economic relations led by corporations. States
have become the international geo-economic agents (Glassman, 1999) for a privileged position
to be gained with respect to emerging economic flows (Cowen and Smith, 2009). This is the
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line of interpretation that can be applied to the process of maritime nationalism over the last
three decades.

New legal codification was instituted through the United Nations Conferences on the Law
of the Sea that embraced the maritime environment as part of the nation State’s territorial
structure. However, this very same process served to create a new scale, the global scale,
understood as an internationally contested res communis. The geographical reference points that
were legally consolidated by this process — the territorial sea, the creation of the exclusive
economic zone (EEZ) and the setting of the outer limit of the continental shelf beyond 200
miles — have meant that 36 per cent! of the oceans and between 85 and 90 per cent of
commercially viable fisheries resources and known exploitable oil reserves in the sea have been
nationalised (Lucchini and Voelckel, 1990). And this from a prior position in which the oceans
had been treated as a res nullius or an area of free access. But, as a complement to this, a
commitment was made to novel forms of management that pointed to a different, communitarian
model of the definition of the seabed and marine subsoil and its mineral resources (Art. 133
UNCLOS) outside the boundaries of national jurisdiction and as the common heritage of mankind
(Art. 136 UNCLOS). These apparently opposing dynamics dominate the global ocean stage:
nationalisation/internationalisation, a regime of free access/a regime of global commons.

The submission of proposals for delimiting the outer edge of the continental shelf — which
peaked in 2009 — evidences a new world geopolitical map in which the category of maritime
State arises as an emerging entity.?> This joint action gives rise to three interconnected pro-
cesses:

i)  The transformation of States’ territorial bases establishes that their territorial projection is
reinforced in the ocean. As Blake recognises, not only do a large number of territorial
disputes persist between States in the twenty-first century, but maritime boundaries have
assumed an unprecedented primary role. This is the best proof that ‘the territorial instincts
of the modern state are still alive and well’ (Blake, 2000, p. 7). Notwithstanding, does this
formal legal process change the position of each State in the economic and power
relationship system worldwide? Can the implementation of Art. 76 UNCLOS change the
power relationships that have come before?

if) The second process is connected with the economic possibilities of exploiting emerging
strategic resources (energy and mineral sources, biogenetic resources) that are becoming
available to coastal and island States through the expansion of their State sovereignty. It is
basically the micro States in the southern hemisphere and in ‘non-western’ areas that are
being referred to. However, the current scenario in the oceans is embedded in a geo-
economic context in a hotly disputed international arena. As such, the possibility of exploiting
these new resources might exclusively reinforce the strong actors, mirroring what occurred
with the EEZ episode in the 1970s and 1980s, when the developing countries saw their
hopes and expectations for advancing their economic positions frustrated. The large-scale,
free-trade and economic specialisation framework of peripheral territories — especially with
regard to raw materials — might signify now, as then, that their position of dependence is
reinforced.

iii) The dynamic of strong States vs weak States still persists to a great extent in the international
framework and this is confirmed by the emergence of a new political arena with respect
to mineral-metallurgical and biogenetic resources, the Area, the space situated outside the
limits of national jurisdiction and therefore defined as global commons. Once more it is
the hegemonic industrial States who have opposed placing the management of resources
that are today strategic in the hands of an international institution (the International
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Sea-Bed Authority) that could implement criteria of equity or support for the developing
countries. The dispute over these resources is proof that some States and large companies
have the technological and financial means needed for undertaking the activities required
for their exploration and commercial exploitation. Their management is subject to a range
of interpretations (see Scovazzi, in this volume). On the one hand, a communitarian
model, through the legal precept of the Common Heritage of Mankind, which has been
proposed with the aim of equity to the benefit of the developing countries, and on the
other, a mercantilist model emerges that favours the great economic and political powers
and that is closer to the concept of free access and based on the notion of res nullius. The
positions that States take up in this respect depend on their possessing sufficient means to
carry out bio prospecting activities.

In short, the new ocean scenarios do not entail the disappearance of States’ economic, territorial,
military or political goals, but it is not enough to maintain the State-centric perspective of
conventional geopolitics. As Agnew so famously stated, the territorial trap has to be avoided. The
new focus requires ‘the need to keep state-centred ways of thinking open as a counter discourse
to that of global networked society and borderless worlds’ (Newman, 2003, p. 2) to be shown.
In the global geo-strategic framework, pre-existing asymmetries will be repeated, but States’” —
both hegemonic and emerging powers — behaviours need to be interpreted anew — bearing in
mind the capabilities, objectives and interests of large corporations, and also analysing the ability
of disadvantaged States and NGOs with a worldwide reach to forestall the most powerful actions
of State and business agencies.

Geopolitics, maritime space and naval doctrines

Decades ago, Carl Schmitt put forward the idea that universal history is the struggle between
maritime and terrestrial powers (Schmitt, 1942) and the French Admiral, Castex, also entitled
his book on strategy La mer contre la terre (Castex, 1935). In the following, an attempt is made
to analyse how Geopolitics has approached this topic and to this end the theories of terres-
trial power (more characteristic of continental powers, such as Germany) and the theories of
sea power (characteristic of maritime powers, such as Great Britain and the US) will be set
against each other. The main changes in direction that are currently being seen in the naval
doctrine and strategies developed by the principal actors on the international stage will also
be addressed.

Although there are isolated precedents in previous centuries, concern for addressing
geopolitical problems and the balance of world power basically arose in the last third of the
nineteenth century at the time when the great colonial empires were taking shape and a complex
and conflictive world order was developing that was eventually to disintegrate at the end of the
century due to a number of wartime crises. In this context, authors such as Mahan, Mackinder
and Fairgrieve took up markedly geostrategic standpoints with the aim of assuming positions
in the then crucial debate between the doctrines of naval power and terrestrial power. The
maritime position gradually but forcefully entered into these geopolitical debates and experts
from the field of geography, international relations, diplomacy and the realm of the military
analysed and diagnosed the way in which controlling the seas, routes, straits and ocean resources
was the key to the struggle for world or regional power.

At the same time, some German authors linked directly or indirectly with German expan-
sionist politics, also paid special attention to the issues of political and military expansion over
the oceans, creating a singular branch of science called Political Oceanography. This term (Politische
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Ozeanographie in German) was introduced by Ratzel and frequently used by Haushofer (1924),
an author who would focus above all on a geopolitical analysis of the Pacific Ocean (which he
referred to as ‘the Political Ocean’), which was to become the new centre of world power.

At the risk of appearing somewhat simplistic, it can be stated that there are a number of
‘common places’ in what could be termed the Anglo Saxon theory of sea power. First, the importance
of establishing a range of control mechanisms (setting up naval bases, military occupation of
key strategic areas, strengthening of naval resources, etc.) with the aim of controlling ocean
routes and spaces. It was the approach of a major forerunner on ocean geopolitics, A. T. Mahan
(1890), for example, whose ideas on the importance of maritime power influenced the navies
of the entire world and led to the rapid development of navies before the First World War.
This American Admiral noted the rivalry between continental (especially Russia) and maritime
powers (Great Britain, the German Empire, Japan and the USA) and the importance of
isthmuses and international straits. The Briton, H. Mackinder, whose approach is set out in
Britain and the British Seas (1902) and, above all, in “The geographical pivot of history’ (1904),
also focuses on these same strategic elements. He states the importance of naval power (as does
Mahan) and of strategic bases to support fleets and to control straits, although he nonetheless
believes that the age of maritime powers would reach its end at the end of the twentieth century,
which would become the century of terrestrial power. His geopolitical model establishes the
following areas: the central area (between the Oder River and the Urals, roughly speaking); the
‘inner or marginal crescent’ (Germany, Austria, Turkey, India and China), and the ‘outer or insular
crescent’ (Great Britain, South Africa, Australia, the USA, Canada and Japan).

Linked to the above, it can be indicated that a second general aspect of Anglo Saxon theories
is, precisely, establishing explanatory models of the world power balance in which three basic
spatial components appear, albeit with certain nuances or differences: 1) a centre of terrestrial
power (Eurasia, the Heartland), 2) a wide-ranging maritime space (Pacific-Atlantic—Indian
Oceans) where the naval powers (principally the USA and Great Britain) deploy their forces
to control the area, and 3) a world space that acts as a kind of gateway or transition area between
the two.

The development of these geopolitical models in which the maritime aspect continues to
play an especially major role is revitalised after the Second World War and during the Cold
War. In the new positions taken up in the USA, aspects once again arise, such as the need to
bolster naval military means and create networks of air and naval bases in various parts of the
ocean, and to split the world geopolitical space into three parts between Eurasia/the Heartland
(now dominated by the USSR), the oceans dominated by western maritime powers and the
transition areas susceptible to possible disputes. A more ideological angle must be added to these
‘traditional’” aspects of Anglo Saxon geopolitical theory which, having already existed in the
nineteenth and at the beginning of the twentieth centuries (justification of colonialism and
imperialism), is now linked to the defence of the western-capitalist system and rivalry with the
block headed by the soviets. Some theories, among others, will be of great interest as, even
though they will not be strictly devoted to a geopolitical analysis of the ocean, they will
nonetheless allude to the topic: N. Spykman’s Rimland theory (a transition zone very similar to
Mackinder’s inner or marginal crescent), and S. Cohen’s model, which returns to the traditional
composition between Eurasian continental power and a ‘world dependent on sea trade’.

It is possible to talk of the rise of a large number of strategic proposals in more recent years
that, in one way or another, are returning once more to elements of the old naval doctrines
(the tendency of the main traditional powers to maintain major fleets that enable them to
possess a degree of sea power, for example). At the same time, the areas that had previously
been considered as transition or buffer zones (marginal crescent, rimland, etc.) are being turned
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into the great geopolitical scenarios of today’s world. This is how the new maritime powers
(Brazil, India, China, etc.) that are playing an ever greater role are emerging alongside the
traditional actors.

The western powers — which previously concentrated on the direct management of counter-
insurgency in continental scenarios — are developing standpoints and actions (the last Libyan
crisis) that point to a return to the indirect maritime approach (Nieto and Ferniandez, 2012).
This can also be seen in aspects such as: 1) the reformulation of strategic interest in safeguarding
the free use of the seas and its routes — linking economic dominion and survival of the
political-economic system with security and the control of sea routes (U.S. Department of
Defense, 2012a, p. 9); ii) the appearance in numerous strategic documents —such as the recently
revised British Maritime Doctrine (UK Ministry of Defence, 2011) — of the advantages of
controlling areas near the shore that are disposed to being influenced and affected by operations
to project naval power over the land (Prats, 2003, p. 579; Nieto and Fernandez, 2012); iii) the
development of strategic options developed with the goal of avoiding other powers” options
for projection before they can materialise (Anti-Access, A2°) or limiting freedom of action in
the nearest maritime approaches (Area Denial, AD?).

The big change, however, is that the gradual inclusion of the emerging powers in the
‘club’ of naval power projection signifies a break with the historical monopoly that the western
navies held in this capability. The repercussions of this will depend on the pre-eminence of
focuses closer to cooperation (effective multilateralism) or to schemes closer to geopolitical
competition (multi-polarism) by some very significant emerging powers. Meanwhile, protect-
ing the lines of maritime communication and the task of controlling the seas do not remain
unaffected by the reshaping of the international order, as these activities will no longer be the
exclusive domain of western navies due to the ‘maritimisation’ of the new centres of power’s
national security. A clear example of this is the fact that geopolitical rivals, such as China,
the United States, Russia and India cooperate to repress piracy in the Indian Ocean. However,
it cannot be taken as read that there will be similar focuses in scenarios where geopolitical
rivalries are at stake, such as the Russian and Chinese positions on Iran and its threat to the
Strait of Hormuz.

Further proof of the growing prominence of the emerging maritime powers can be garnered
in Asia, where China’s efforts to become a ‘world class sea power’ (Kondapalli, 2000, p. 2040)
in the coming decades is combined with the efforts of smaller powers that are in conflict with
China, with sovereignty/resources disputes being a major part of the backdrop. In other latitudes,
a broad variety of reasons, ranging from the possibility of resorting to crises of limited trials of
strength in adverse domestic situations, to the point of shutting out any chance of western powers
intervening to avoid interference, involving the control of spaces and natural resources — can
be found in the AD thrusts of countries such as Iran and Morocco.

As such, at the dawn of the twenty-first century, maritime space is becoming a privileged
space where, and from which, the dynamics associated with a redistribution of power in
international relations can be clearly perceived.

Change factors

Ocean geopolitics, as a projection of States’ political and territorial power (as has been stated
in the preceding sections) is experiencing changes with the result that new geographical
maritime spaces or scenarios are being shaped that reflect a new territorial order, the most
outstanding feature of which is the displacement of the strategic centre of gravity from the
continental mass to the ocean basins. These would no longer be considered as off-centre with
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respect to the power bases (Mackinder’s pivot area) and would progressively acquire centrality
and political entity (emergence of maritime policies).

There are a number of different factors that are contributing to this transformation ranging
from those that are legal in nature (new codification of the law of the sea), the emergence of
new economic powers of major geographical importance (the BRIC countries) and the building
of new supranational political bodies (the European Union), to technological innovation and
climate change. A general effect that to a great extent is caused by these factors is the creation
of what could be referred to as a new maritime paradigm. After defining this concept three of
these factors will be focused on that are characterised by their marked spatial dimension: the
law of the sea, emerging countries and the creation of the European Union.

A new maritime paradigm

During the transition to the new century, oceans have taken on progressively greater importance
on the political agenda: two examples of this, because of their impact in the media, are the
Obama Administration initiative (2009) and the European Union’s Integrated Maritime Policy
—launched in 2006. The wide range of international initiatives on this topic that have particularly
marked the last two decades can together be interpreted as the markers that separate two concepts
or visions of the oceans. The old paradigm, linked to discoveries, the creation of colonial empires
and the alliance between trade and naval power, is giving way to a model firmly based on
competition, innovation and knowledge. This new vision entails the displacement of strategic
interest from traditional activities towards the new technologies, energy security and regional
(international) leadership based on greater domination of the seas (spatial and economic). These
initiatives have been expressed in different ways: formulations of new strategic visions,
development of policies or new laws of the oceans of an inclusive nature. In general terms, the
aim of creating the bases for a new way of understanding the role of the oceans, and the way
in which States rely on the seas to contend with the challenges of a new world, are encouraging.
The most developed countries are shaping a new vision of the oceans that leaves behind the
‘navalist’” mentality of the nineteenth century and in which, at least on a formal level, the
environment is one of the fundamental lynchpins (sustainability and ecosystem management;
blue growth) and a new order of priorities arises: food security has been displaced by energy
security and leadership is based more on innovation, knowledge and the new technologies than
the naval power-expansion of trade alliance.

The Law of the Sea

The Third United Nations Conference on the Law of the Sea (1973-1982) is well known as
marking the beginning of a process whose great importance for geography has perhaps not been
sufficiently stressed, or whose powerful spatial aspect has not been properly represented, at least.
New jurisdictional concepts, such as the exclusive economic zone and the continental shelf
have altered the political map and introduced a greater complexity into the way in which States
exercise rights of sovereignty (and likewise assume responsibilities), although unlike in the case
of the regime of the territorial sea, the implications are not heritage-related, but economic;
these rights of sovereignty obtain in an area with geographical boundaries, the result of a projec-
tion from the territorial base of the coastal State. As economic interest grows, so jurisdictional
spaces become more important for national security as a whole (food security, energy security,
environmental security), which translates either into responses of a conventional defensive
nature (naval power), or actions that are proactive and multidimensional (defence, safety, research)
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and are in modern times undertaken by the Coast Guard services (Paleri, 2009). In this
way, geo-maritime scenarios are shaped by a dual process: 1) land to sea projection: security is
pivoting and moving towards the marine environment due to the growing importance of its
resources and the growth in the maritime economys; ii) a reduction in the size of the High Seas
and, as part of the effect of communicating vessels, the transfer of strategic priorities towards
areas of influence on the national and regional scales, in keeping with the shift from the bi-
polar to the regional (multi-polar) model.

The evolution of maritime scenarios is thus marked by the evolution of the law of the sea
and its geographical formalisations, particularly those that have wide-ranging spatial repercussions,
such as the EEZ and the continental shelf, although the latter is still in the claims submission
process (implementation Art. 76 UNCLOS). Archipelagic seas have to be alluded to in the
same way, however (Table 2.1) (Part IV UNCLOS), as does the potential of islands for
extending their jurisdictional projections (Part VIII UNCLOS). The spatial impact is such
that it has changed the iconography of the geopolitical picture of the world (Figure 2.1) and
significantly altered the global jurisdictional balance (Figure 2.2). Largely speaking, the intro-
duction of the concept of the EEZ involves some 30 per cent of the surface area of the planet,
and the delimitation of the extended continental shelf (taking into account claims submitted up
to 31 July 2012), a further 4.6 per cent (Table 2.2). From a geopolitical point of view, this
means an increase in the part of the Earth subject (under a variety of legal regimes) to national
jurisdictional control (around 60 per cent of its surface area) although the global commons still
comprise some 40 per cent and, as such, (ocean) governance must comply with legal norms
and institutions and international cooperation.

Table 2.1 Archipelagic States

Country Km? Date Define
coordinates
Antigua and Barbuda - 17 August 1982 No
Kiribati - 16 May 1983 No
Marshall Islands - 1984 No
Saint Vincent and the Grenadines - 19 May 1983 No
Seychelles - 18 November 2002 No
Indonesia 3,100,109 25 March 2009 Yes
Philippines 604,461 28 July 2008 Yes
Papua New Guinea 562,333 28 February 1977 Yes
Bahamas 237,539 23 December 2008 Yes
Fiji 150,051 17 December 2007 Yes
Solomon Islands 130,427 1978 Yes
Tuvalu 84,591 1983 Yes
Maldives 71,688 1996 Yes
Vanuatu 70,981 29 July 2009 Yes
Dominican Republic 49,680 22 May 2007 Yes
Cape Verde 36,103 21 December 1992 Yes
Jamaica 22,032 16 October 1996 Yes
Comoros 15,895 13 August 2010 Yes
Trinidad and Tobago 7,186 27 May 2004 Yes
Sao Tome and Principe 6,012 31 March 1998 Yes
Mauritius (Chagos Archipelago) 5,011 27 August 2005 Yes
Grenada 554 22 December 2009 Yes

24



PRE-UNCLOS

I e comncve [ pen st

Figure 2.1 Evolution of jurisdictions

Source: Author.

25



Juan Luis Sudrez de Vivero et al.

- National jurisdiction

H]]]]]]]] Land

\:] Exclusive economic zone

m Continental shelf

41%

% Extended continental shelf

) - Overlapping extended continental
shelf/high seas (column water)

- International jurisdiction

= [ ] High seas
o 30%
Area

~

Figure 2.2 World jurisdictions

Source: Author.

Table 2.2 World national and international jurisdictions

Domains Km? Earth (%)
Land 146,711,282 28.79
Exclusive economic zone 150,970,333 29.63
Area 188,218,076 36.94
Extended continental shelf 23,616,441 4.64
High seas (including area) 211,703,856 41.58
National jurisdiction (land+EEZ+ECS) 297,681,615 58.42
International jurisdiction (column water) 211,703,856 41.58
International jurisdiction (seabed and subsoil) 188,218,076 36.94
Overlapping extended continental shelf/high seas (column water) 23,616,441 4.64
The BRIC countries

As a group of geographical entities, the BRIC countries bear a certain weight on the global
scale: they are home to 42 per cent of the world population and occupy 25.6 per cent of emerged
land (Table 2.3). Individually they respectively head the rankings of population (China) and
land surface area (Russian Federation). This same order of magnitudes also holds true for the
oceans: the four countries’ joint EEZ, represents 9.2 per cent of the world total;® the total expanse
of the BRIC block maritime jurisdictional area® constitutes 4.5 per cent of ocean surface area,
and the total length of these countries’ coasts is 18 per cent of the world total. Russia, Brazil
and India generate extensive EEZs (over 2 million square kilometres in all three cases) and their
relative locations, as well as that of China, provide them with a wide-ranging maritime presence
on a regional scale (Figure 2.3).

The BRIC countries’ project over the oceans in four of the five continents: the Arctic (the
Russian Federation), the Atlantic (Brazil), the Pacific (the Russian Federation and China) and
the Indian Ocean (India). Their greatest presence in the oceans can be found around the Eurasian
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Table 2.3 Basic geographical data

Countries  Population  Land EEZ Coast EEZ/ Extended ECS/
(000 area fern World length CL CS (km?)/  EEZ
(km?)° ranking®  (km)°® Dated® (%)

Brazil 195,493 8,514,877 3,191,827 14 7,491 426 911,847¢
17.05.2004  28.5

Russian 140,367 17,075,200 7,566,673 7 37,653 200.9 1,279,800°

Fed. 20.12.2001  16.9

India 1,214,464 3,287,263 2,305,143 21 7,000  329.3 628,327¢

11.05.2009  27.2
China 1,354,146 9,326,410 879,666 36 14,500 60.6 - -

Source: Author.

a UN Population Division. b CIA Factbook. ¢ Author from VLIZ (www.vliz.be/); Sea Around Us
Project (www.seaaroundus.org/). d CLCS website (www.un.org/Depts/los/clcs_new/clcs_home.htm).
e Continental Shelf and UNCLOS Article 76. Brazilian Submission. Executive Summary. Brazilian
Continental Shelf Survey Project, 2004. f Yenikeyeff, S. M., Krysiek T. F. The battle for the next energy
frontier: The Russian polar expedition and the future of Arctic hydrocarbons. Oxford Institute for Energy Studies.
Oxford Energy Comment, August 2007. g Author.
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Figure 2.3 BRIC countries

Source: Author.

continent. This is especially due to the Russian Federation’s rights of sovereignty over the Arctic
Ocean and India’s dual seaboards (the Bay of Bengal and the Arabian Sea). This compacting of
the Eurasian mass and its outlying waters forms a connection between Chinese and Indian strategic
areas and the maritime traffic flows that link these countries with the global network and,
especially, with the mega-port and harbour system of Eastern Asia.

However, Brazil and its maritime space are not located in the mainstream and have no links
with the principal strategic maritime world scenarios. It does introduce the southern hemisphere
into the block of emerging powers, however, due to its territorial size and its resource potential,
turning the south-western Atlantic into an area of new global strategic interest.
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China and India form the territorial nucleus that is to be the seat of greatest power on a
global scale, with the former playing the primary role, possibly outstripping the United States
by the year 2050.7 In this context, both countries, with their intense economic growth rates,
are increasingly dependent on the maritime transport flows that are fundamental to guaranteeing
them a supply of vital energy and raw materials. India, meanwhile, also benefits from its geo-
graphical position with regard to the transport flows that pass through the Indian Ocean and
connect the Persian Gulf and Middle East with Japan and Southeast Asia, turning the country
into the ‘natural sentry’ standing guard over these traffic flows (Prakash, 2006).

And so, the new emerging phenomenon associated with the BRIC countries is that of the
developing world (and countries where poverty is still a constituent feature) joining the club
of naval powers (with the exception of the Russian Federation which, when it was part of the
Soviet Union, was already a world naval leader during the Cold War®).

Although it easily evokes the first theorists of naval doctrines (Raja, 2009), this new sea power
is, as might be anticipated, situated in a new, historically post-imperialist context and cloaked
in modern globalisation. Naval power is now both the effect and the consequence of a maritime
potential that is, for the first time, underpinned by territorial dominion over large continental
and ocean masses (the latter of vast proportions) that, in turn, allow access to great quantities
of resources thanks to scientific and technological development.

Territory and resources, the strategic value of which demands and justifies naval means, explains
the lack of tradition and the previously unheard-of character of an ocean vector in the defence
policies of some of the BRIC countries, and even, in the case of Brazil, the modest development
of its armed forces as a whole. Each of the BRIC countries creates a geo-maritime scenario
that in some cases, such as that of Brazil and its surrounding ocean, is much more individualised;
others, such as China and India, could comprise a macro scenario due to the links between
them and the fact that they share a large geographical domain, while the Russian Federation is
the dominant territory in the ocean region where it is located. These are three great scenarios
at the heart of which the BRIC countries dominate: 1) the Arctic scenario; ii) the Indo-Pacific
scenario and iii) the Southern scenario (Figure 2.3).

The maritime projection of the European Union

The European Union, with a planet-wide (economic and territorial) maritime reach, has
developed its strategic vision of the ocean in the so-called Integrated Maritime Policy (2007).
The EU’s political characteristics do not involve member States ceding territorial sovereignty.
Nevertheless, common norms do exist and apply — as in this case — to European maritime space.
A precedent of this can be found in the Common Fisheries Policy. In other respects, from the
angle of security, an EU Naval Force (EU NAVFORCE) already exists within the Common
Security and Defence Policy and was given responsibility for Operation ATALANTA in Somalia.
The European Union’s maritime interests therefore project beyond the European seas and are,
for reasons of ocean issues and the type of leadership that this institution exercises, on a global
scale. The International Dimension of the Integrated Maritime Policy (2009)° therefore covers
global issues, such as international governance, biodiversity and the high seas, climate change
and strengthening the EU in international forums. Additionally, in strictly jurisdictional terms,
European Union countries have a presence in almost all the oceans on the planet, and this
generates a combined exclusive economic zone of over 24 million km?, of which 18 million
correspond to overseas territories (Figure 2.4). As the UNCLOS development process is one
that 1s still ongoing, the implementation of Article 76 concerning the delimitation of the conti-
nental shelf beyond 200nm is still changing the areas under the jurisdiction of some States, quite
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significantly in some cases. The delimitations made to date (31 July 2012) increase the EU’s
area of jurisdiction (in all oceans) by almost 8 million km?2. Almost 82 per cent of this is in the
North Atlantic, where Portugal’s jurisdiction alone extends to more than 2 million km?2. This
gives the EU as a whole a dominant jurisdictional presence in the basin and has practically turned
it into an internal European and North American sea. On the level of ocean geopolitics, the
magnitude of the jurisdictional rights of EU member countries as a whole gives consistency to
the view of it being the most widespread geographical organisation in the world; one space —
the maritime space and its boundaries — that is more closely linked conceptually with the notions
of deterritorialisation and network boundaries than those of fixed territory (Walters, 2004).
In accordance with this aspect, what might be applicable is the notion of a maritime empire
being a combination of traditional forms of territorial empire and new forms characterised by
the diffuse expression of the territorial elements, the asymmetries between national States and
new mechanisms for cooperation — a political structure between territorial empire and the current
notion of the “Wider Europe’ (Scott, 2005).

Conclusions

In the above, the changes in the configuration of geopolitical scenarios seen in recent decades
as a consequence of a new ocean order being constructed and the territorial effects prompted
by the new law of the sea have been analysed. These are, therefore, circumstances that add to
and complement other types of changes experienced in global geopolitics. Maritime space, by
wit of it being the dominant environment on the planet, has an unquestionable bearing on
spatial expressions of power that has become more evident as scientific and technological advances
have enabled wider access and use. The jurisdictional expansion process over the oceans that
has been ongoing since the mid-twentieth century, combined with the increased possibilities
of it being explored and exploited, is not only changing its perception, but transforming its
political essence and its entity as a substantive part of the large territorial pieces on the world
geopolitical chessboard. The following aspects that result from the ‘maritimisation” process of
global geopolitics can be highlighted:

» displacement of geostrategic centres of interest towards the ocean space. This is a direct
result of the new law of the sea that affects classic geopolitical formulations in which the
oceans were no more than an encasement wrapped around emerged land;

* linked to the previous point, ongoing fragmentation of the ocean space, which is ceasing
to be an undifferentiated space, as a result of the process of nationalising the seas;

* the incorporation into national jurisdiction of large marine areas that have to date been
fringe areas (polar ice-caps). The combination of climate change and the implementation
of Art. 76 UNCLOS is beginning to include these as new and valuable pieces of the geo-
strategic puzzle;

*  reshaping of national hierarchies with the creation of ‘maritime States’ (large and widespread
areas of ocean — exclusive economic zones plus extended continental shelf — compared to
the area of emerged land), on numerous occasions based around small States or micro island
States;

*  emerging maritime powers due to large maritime areas of high geo-economic value
(natural resources, sea traffic) linked to States with strong economic growth;

* new political-territorial categories, such as the European Union, which exercises rights
of sovereignty over extensive marine areas that could be described as a new maritime
empire.
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Notes

All calculations included in this chapter are based on data available at the United Nations (Division
for Ocean Affairs and Law of the Sea, DOALOS) until 31 December 2013.

To 31 July 2012, 51 States had submitted 61 proposals to the Commission on the Limits of the
Continental Shelf for defining the continental shelf, while another 40 States had presented 44
preliminary studies, especially African States, with technical and financial difficulties for undertaking
the corresponding studies required for defining these limits.

Anti-Access (A2): “Those actions and capabilities, usually long range, designed to prevent an opposing
force from entering an operational area’ (U.S. Department of Defense, 2012b, p. 6).

Area-Denial (AD): ‘Those actions and capabilities, usually shorter range, designed not to keep an
opposing force out, but to limit its freedom of actions within the operational area’ (U.S. Department
of Defense, 2012b, ibid.).

This calculation of the world total is made taking the surface area based on the 200nm line.
Exclusive economic zone plus extended continental shelf (continental margin beyond 200nm) claimed
by this group of countries to date.

According to International Futures (Rogers, 2009), China’s percentage share of world power in 2050
would be 23.07 per cent compared to 15.98 per cent for the United States; India’s share would be
12.39 per cent. The United States, together with the European Union, Japan and Russia would develop
negatively between 2009 and 2050. The 2025 Global Trends report (which cites the International
Future Model) states that in 2025 the United States will maintain its share of power over China, despite
negative development compared to China, India, Russia and Brazil, which all increase their share of
world power (National Intelligence Council, 2008).

China, India and Brazil have already initiated programmes that tend towards the development of naval
forces in keeping with their new status as global players. In April 2009 China celebrated the sixtieth
anniversary of the creation of its naval fleet in an unprecedented manner (Chinese People’s Liberation
Army Navy (PLAN)) with the inclusion of two nuclear submarines. Its immediate goal is the con-
struction of an aircraft carrier (Lai, 2009).

Communication from the Commission of the European Communities (COM(2009)536 final),
developing the international dimension of the Integrated Maritime Policy of the European Union.
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STATE OCEAN
STRATEGIES AND POLICIES
FOR THE OPEN OCEAN

Patricio A. Bernal

The ocean space and its resources in the twentieth century

This chapter addresses ‘state ocean strategies and policies for the Open Ocean’. Open Ocean
and Deep Seas are not legal categories included in the United Nations Convention on the Law
of the Sea, UNCLOS, but are technical terms that encompass the large oceanic ecosystems
extending thousands of kilometres offshore and the very inaccessible deep environments of the
ocean, perhaps the most important part of the ocean in terms of the life support system
of the planet.! It differs from the term ‘High Seas’, a clearly defined jurisdiction in Part VII of
UNCLOS, since much of what is Open Ocean and Deep Seas lies within exclusive economic
zones (EEZ) and Territorial Seas of coastal nations, many of them small islands and developing
states. Since the international seabed beyond the continental shelf or EEZs of nations constitutes
‘The Area’, Part XI of UNCLOS puts it under the authority of the International Seabed
Authority; much of the management needed in this oceanic domain can be done and is start-
ing to be done under national law, existing legal international arrangements and regional
coordination.

But not all oceans can be dealt with in this way. UNCLOS gives the responsibility for the
governance, policy and management of the High Seas to the collective authority and action of
nation states, with direct legal, political and economic control of nearly half of the world’s ocean,
excluding the corresponding seabed. In the final analysis individual nation states are the
cornerstones of this system. Given the many shortcomings in implementing current regulations,
it is a valid question to ask why this turns out to be so and here some possible answers are
exposed.

Throughout the history of humanity, ocean space and its resources have been coveted by
nations. As in the occupation and settlement of land, nations have tried to exert control and
dominion over coastal seas and critical passages, and have regulated and taxed the free movement
of vessels and merchandise along their coasts. Ocean-going capabilities and strong navies were
and are the instruments of this dominion. In the first half of the twentieth century an increased
interest in the use of the ocean space and its resources was accompanied by concomitant concerns
on the security risks associated with an open and aggressive race for control and dominion of
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the open sea. The two world wars had demonstrated the importance of modern naval power
and the advent of large aircraft carriers, the importance of the ocean to project military force
to distant locations. The emergence of the Cold War as the dominant security scenario after
the Second World War and the trauma over Hiroshima and Nagasaki put ocean affairs centre
stage, at least from a global security stand.>

With the establishment of the United Nations in 1945, depositary of a strong and universal
mandate to avert regional and global security risks, this state of affairs was considered problematic
and eventually became untenable. Progress in marine technology and the impact of new scientific
discoveries brought forward renewed interest on old and new civilian uses. The discovery of
poly-metallic nodules at the bottom of the sea pre-figured a future with large deep-sea mining
operations. This fact triggered a series of extensive deep-sea mining claims in the equatorial
Pacific, registered by private companies under national law.’

The extension and intensification of whaling and fisheries in the High Seas, and the develop-
ment of large fleets that were accompanied by factory vessels that could operate for many weeks
in distant waters, highlighted the need to better define and protect fishery rights. Already facing
a ‘plethora of conflicting claims by coastal states’ (Koh, 1983) and the expansion of world trade,
made securing passage through international straits imperative, as well as the need to craft a
common universal definition of maritime national jurisdictions. These concerns received varying
levels of attention and reactions around the world. Due to the lack of capabilities to master
sophisticated seagoing technologies, issues related to the open ocean were seen by many coastal
states as issues for ‘the rich and powerful countries’. Nations with large navies, commercial fleets
and an increasing capability to conduct scientific research in the open ocean were clearly
beneficiaries of the status quo based on the ‘freedom of the sea’ doctrine and might have had
some level of reservations with regard to entering into a broad and complex negotiation under
the UN. Nevertheless, global and regional security concerns were widely shared among all nations,
regardless of their size and power.

This chapter describes first the scope of UNCLOS with a summary of its outcomes,
discussing next the context in which UNCLOS was negotiated. Then a brief review of the
series of international instruments and institutions available today to manage the open ocean is
provided, including a description of the UN system and its key role in ocean governance. Next,
the relationship of ocean governance and ocean law to civil society is critically analysed, followed
by a brief analysis of the role surveillance and enforcement of regulations play. The challenges
posed by the introduction of integrated management and the application of the ecosystem
approach as standards of good practice are presented next. Finally, the chapter ends with a reasoned
proposal laying down a ‘feuille de route’ for organizing and improving action at the national level.

UNCLOS: the United Nations Convention on the
Law of the Sea

Without any doubt, UNCLOS is the major legal instrument addressing the governance of the
open ocean and High Seas. UNCLOS is often referred to as a constitution of the ocean and at
least in one respect this is exact: UNCLOS is far from being a self-contained code. UNCLOS
combines its norms and jurisdictions with ‘a series of frameworks for developing specific rules
in the context of other arrangements and organizations’ (Oxman, 2002). For example, for all
issues relating to shipping it is the International Maritime Organization (IMO) that acts as the
‘international competent organization’; similarly, the United Nations Food and Agriculture
Organization (FAO) does the same for fisheries and aquaculture, and the Intergovernmental
Oceanographic Commission of UNESCO for ocean sciences and ocean observations.
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The new international legal regime that emerged in 1982 was conceived to provide: first a
framework to harmonize the rights and duties specified in the pre-existing Conventions into a
single text, re-enforced by a common system for settling disputes; second, a common redefinition
of ocean areas, the zonal or ‘spatial’ jurisdictions, i.e. the nature and extension of the new
jurisdictions for the ocean space derived from the harmonized texts; and third, new functional
principles and norms in domains such as protection of the marine environment, living marine
resources and deep-sea mining.

In terms of zonal regimes, the common redefinition of ocean areas contained in UNCLOS
provides precise definitions of Baselines at the coastal territorial boundary of states, Internal Waters,
located behind the baselines, Territorial Sea, extending 12 miles offshore of the baselines,
Contiguous Zone up to 20 miles, allowing control by coastal state of unlawful acts, Exclusive
Economic Zone, a sui generis jurisdiction giving exclusive economic rights to coastal states up to
200 miles from baselines, the Continental Shelf regime giving exclusive access to the coastal state
to its resources, the High Seas regime, preserving beyond EEZs the freedoms of the freedom of
the sea’ doctrine for the water column and surface; and The Area, i.e. the international seabed
area beyond EEZs or continental shelf boundaries, defined as ‘the common heritage of humanity’.
It is interesting to note that due to the conflicting interests that needed to be accommodated,
the definitions of these zonal regimes were far from being exclusively a matter of geographic
boundaries alone. The jurisdictions attached to them are limited functionally or functional
principles are affected by them.

The new functional principles that UNCLOS incorporated include environmental con-
siderations on: Pollution Prevention (generally), Dumping at Sea; Fishing Rights, both in the
EEZ and on the High Seas; Protection of Marine Mammals; Biodiversity; Land Based Pollution;
Atmospheric Based Pollution; and Pollution from Ships.

UNCLOS also created four new Agencies:

e the Commission on the Limits of the Continental Shelf charged with the mandate of
resolving claims for an ‘extended continental shelf”;

* the International Seabed Authority with its Assembly, Council, and Secretariat managing
the Mining Code of part XIV and monitoring activities in The Area;

e the Enterprise, pertaining to the Mining Code established in part XIV; and

e the International Tribunal for the Law of the Sea, charged with the regime for the settlement
of disputes.

UNCLOS also completed the preliminary work done in Geneva during the First UN
Conference on the Law of the Sea Concerning the Compulsory Settlement of Disputes where an
Optional Protocol (that entered into force in September of 1962) had been agreed, providing
for the compulsory jurisdiction of the International Court of Justice, or for submission of the
dispute to arbitration or conciliation. UNCLOS establishes a comprehensive regime for
Settlement of Disputes, (Part XV) provides it with its own Tribunal and explicitly regulates
three Enforcement regimes by: the Flag Nation, Port Nations, and more generally by Coastal
Nations not acting as Port Nations.

It is a singularity in international affairs, that precisely during the bi-polar world of the Cold
War, and during the discussion within the UN of a new international economic order’, a
sophisticated and complex negotiation on ocean affairs could succeed. In the 1960s, codifying
‘a single body of rights and duties’ for the use of the ocean space and its resources and agreeing
on ‘a precise allocation of jurisdictions applicable to all” (Oxman, 2002), was a pending issue
in international law. Once in the first half of the twentieth century* and twice in the second
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half] in 1958 and 1960 under the UN, efforts to negotiate an integral agreement on the law of
the sea had failed. The First UN Conference on the Law of the Sea in 1958 was unable to find
a common base for the negotiation and concluded giving rise not to one but to four separated
conventions: the Convention on the Territorial Sea and the Contiguous Zone; the Convention
on the High Seas; the Convention on Fishing and Conservation of the Living Resources of
the High Seas; and the Convention on the Continental Shelf. The Second UN Conference
on the Law of the Sea in 1960, convened to address the breadth of the territorial seas and fishery
limits, was unable to reach a consensus, adopting instead just two non-binding resolutions.

It was during the third Law of the Sea Conference (1973-1982) that the international
community finally agreed on the current text of the United Nations Convention on the Law
of the Sea, UNCLOS. The Success of the Third UN Conference on the Law of the Sea depended
on the definition of a balanced negotiating package and on adopting a sui generis procedural
rule. In the words of Bernard Oxman, ‘many treaties, by permitting reservations, sacrifice
uniformity of substance in order to promote universality of ratification” but UNCLOS aimed
at ‘uniformity of substance and universality of adherence’ (Oxman, 2002). For achieving this,
the Convention had to be negotiated and adopted as a whole, in fofo, as a package deal, prohibiting
reservations. To achieve this ambitious goal, the Third Conference was carefully prepared with
a lot of informal preliminary work that outside or within the UN had started as far back as
1967.

The negotiating package did contain elements that would change the balance from the
traditional ‘freedom of the seas’ doctrine that exclusively dominated ocean aftairs for centuries
to a more nuanced and modern system where the powers and rights of coastal states could be
significantly extended, especially from an economic point of view, but at the same time preserving
the basic rights of movement in the ocean, so essential from a sovereignty, commercial and
security point of view.

Developing countries actively contributed to creating the base for a negotiating package
between north and south. Triggered by the Truman declaration in September 1945 (i.e. the
unilateral declaration by the USA of national jurisdiction over the resources of the continental
shelf), Argentina with one of the widest continental shelves in the world did the same in 1946,
extending its jurisdiction over the resources in overlying waters. The nations of western South
America, neighbouring the subduction zone between the Antarctic and Nazca Plates and the
American continent and having a series of deep-sea trenches off their coasts instead of an extensive
continental shelf, established sovereign jurisdiction over 200 miles off their coasts regardless of
the actual extension of their continental shelf: Chile in 1947, Peru in 1948 and Ecuador 1950.
These early developments in South America were followed by Arab countries who asserted
sovereign domain over the resources in the continental shelf; and later on by African countries.
The archipelagic states of Indonesia and the Philippines also claimed jurisdiction over their ‘interior
waters’. This fast evolving legal landscape brought home to all coastal states the fact that regardless
of their stage of development they also had a stake in the High Seas and some of these newly
proposed jurisdictions became key negotiating points adopted by the new group of 77, that in
the rhetoric of the time federated the ‘non-aligned and developing countries of the third world’.
Although South American countries were first in claiming sovereign jurisdiction over 200 miles,
it was Kenya that in a working paper presented at the Thirteenth Session of the Asian—African
Consultative Committee (Lagos, 18—25 January 1972),> proposed the term ‘economic exclusive
zone’ for the 200 mile zone (Nandan, 1987). The evolution of the 200 mile zone concept from
1947 to 1982 reflects a compromise that legitimizes functional sovereign economic rights over
the resources but not over the space, as a territory.
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In contrast with the series of treaties and conventions negotiated a decade later in Rio de
Janeiro, or the Antarctic Treaty designed primarily to solve territorial claims over the Antarctic
territory and that protects what in 1959 was seen as a pristine continent, UNCLOS is far from
being a Convention negotiated around the protection of the environment. It is a convention
that deals with development and the potential benefits that nations could obtain from the ocean
and its resources, and maintains the security equilibrium existing during the Cold War.

In the dynamic of the negotiations of a package with dissimilar contents, during the Third
Conference ‘quid pro quo’ transactions had to emerge. Parts XIII and XIV of the final text reflect
very well this aspect of the negotiations. With the aim of protecting the economic rights
vested on the coastal states by the new EEZ jurisdiction, Part XIII regulates the conduct of
Marine Scientific Research inside the EEZ; in fact one of the freedoms preserved in Part VII
for the High Seas. Since most developing nations do not have the capabilities to conduct
scientific research in distant waters, the protections and guarantees in Part XIII affected pre-
dominantly research conducted by developed nations inside the EEZ of coastal states that could
reveal or prospect for potential resources.

On the other hand, Part XIV tries to build a legal instrument to level the ground of capabilities
for access to marine resources by exhorting all nations of the world to cooperate in the transfer
of marine technology under fair and reasonable terms and conditions’ (Art. 266.1), and to foster
favourable economic and legal conditions for the transfer’ (Art. 266.3).

At the time, for developing countries that had recently established the Group of 77, the
context for Part XIV was provided by the larger discussion on equity in international economic
affairs taking place under the UN Conference on Trade and Development (UNCTAD). The
UN General Assembly had adopted on 1 May 1974 a strong Declaration containing a series of
principles promoting a New International Economic Order (UN A/RES/S-6/3201, 1974). Part
XIV was seen as a sort of promise of large country-to-country programmes of transfer of marine
technology that would open access to marine resources, specially mining. The transfer of deep-
sea mining technology is fully part of the mining code (Part XI Art. 144). This article turned
out to be one of the final stumbling blocks to approving the whole treaty. Developed countries
interpreted Part XIV as being part of the more general commitment to cooperate; something
that they felt they already did under multilateral and bilateral agreements. Forty years on from
the UNCLOS negotiations, it is fair to say that in most cases the key actor has been the private
sector and not the states that negotiated the transfer of technology for the exploitation of marine
resources, usually in compensation for being granted access to the resources of coastal states.

Are nations of the world assuming the challenges that UNCLOS put in their hands? For a
great majority of coastal and developing nations the High Seas has been and remains a remote
space. Most coastal nations do not have the specialized skills, expensive infrastructure and financial
means to access the High Seas and its resources. Therefore, in practice, the effectiveness of the
approach adopted relies on the commitment and engagement of those that possess the assets
and capabilities to access the High Seas. However, for this very same reason the treatment that
UNCLOS gives to the High Seas also raises basic questions of equity.

International instruments and institutions

The fact that UNCLOS combines its norms and jurisdictions with frameworks developed under
other arrangements and organizations gives a special role to the UN in the implementation of
UNCLOS, especially beyond territorial seas. This role is not exclusive, since in a court of law,
all International Law will be called upon in the resolution of disputes, but gives the UN a priority
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central role that has been assumed and developed in time. Furthermore, a sort of tacit agreement
exists among nations that governance of the sea is to be treated at the level of the General
Assembly of the UN. Since 1982 this tacit agreement has been strictly adhered to, with the
only exception the negotiation and adoption by UNESCO of the Underwater Cultural Heritage
Convention in 2001 that entered into force on 2 January 2009, after its twentieth ratification.

On the other hand, there are 641 bilateral and multilateral agreements, including modifi-
cations, regulating the use of the ocean space and its resources (Mitchell, 2002—2014). Not all
these agreements and treaties have the same relevance or importance, and many are bilateral
arrangements written to solve ad hoc conflicts among neighbours; nevertheless their existence
(or persistence) shapes international jurisprudence. This proliferation of international agree-
ments reveals a low level of engagement or confidence on the global ocean governance system
from the part of states. Many parts of UNCLOS have never been tested in the court of law,
and many governments when given the opportunity by UNCLOS to choose, preferred the
International Court of Justice in The Hague rather than the Law of the Sea Tribunal in Hamburg
as their arbiter in the settlement of disputes. This means that when litigating a marine case,
the legal advice on which tribunal or jurisdiction should take the case still remains a critical
first step. The review below follows to a great degree the selection made by Haward and
Vince (2008).

1 The 1995 UN Fish Stocks Agreement (UN)

In 1992, at the UN Conference on Environment and Development in Rio de Janeiro, nations
agreed to call for a UN Conference to negotiate a complementary agreement for highly migratory
and straddling fish stocks. Before 1992, several crises had developed in situations where a fish
stock lying within national jurisdiction had a significant part of the same stock lying outside
national jurisdiction, leaving it open to the exploitation by distant waters’ fishing fleets. Real
incidents in the 1980s resulted in the capturing of foreign fishing boats in the High Seas by
coastal states trying to enforce fishing regulations and protect their stocks. These incidents could
have been treated as acts of piracy or an unlawful act of aggression among nations, bordering
on an act of war. Fortunately, diplomacy prevailed and parties concerned finally recognized
that a real problem existed. After six sessions held between 1993 and 1995, the 'UN Agreement
for the Implementation of the Provisions of UN Convention of the Law of the Sea of 10
December 1982 relating to the Conservation and Management of Straddling Fish Stocks and
Highly Migratory Fish Stocks’” was adopted. Better known as the UN Fish Stocks Agreement
(UNEFSA), it entered into force on 11 December 2001. As its long official name indicates, this
agreement is understood to be an implementing agreement’ for UNCLOS,® signalling a
practical and low-risk way of complementing UNCLOS without opening its basic original text
to lengthy negotiations, amendments and modifications.

Articles 19, 20, 21, 22 and 23 of UNFSA provides that states will ensure that vessels flying
their flags shall comply with regional and sub-regional management measurements adopted by
Regional Fisheries Management Organizations and Agreements (RFMO/A). A crucially
important addition to international law contained in these articles was that nations were
authorized to enforce those measures, regardless of where the violation occurs’, including the
High Seas. Some of these very same articles still remain today a major obstacle for several fishing
nations to subscribe this agreement on the basis that they violate exclusive flag-state jurisdiction
over fishing vessels in the High Seas (Balton and Koehler, 2006).

UNEFSA contains a significant body of non-flag-state enforcement provisions that contribute
significantly to strengthening port-states’ authority (Rayfuse 2004, cited in Haward and Vince,
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2008): 1) member states’ members of a RFMO can detain vessels that they suspect have acted
to undermine the effectiveness of the conservation measures adopted by the REMO, until the
flag state concerned adopts ‘appropriate’ actions; ii) port-states have the right and duty to inspect
gears, documents and cargo of fishing vessels calling voluntarily on their ports; iii) port-states
can prohibit landings and trans-shipments when it can be established that the catch has been
obtained undermining the effectiveness of management and conservation measures adopted by
a RFMO/A.

Only states that belong to a RFMO or have agreed to apply the conservation measures adopted
by a REMO can fish the resources (species) regulated by those measures. Most REMO/A were
established to regulate single species stocks, such as the 17 tuna commissions. This feature of
most RFMOs also makes the application of the ecosystem approach to fisheries difficult, where
consideration of the catch of non-targeted species and the impact on other species should also
be considered. Since REMO/ As allocate quotas or levels of fishing effort among their members,
this in effect should limit fishing in the High Seas only to those countries that are members of
a REMO. This clause has become very contentious. ‘Free rider’ vessels that fish regardless of
complying with regulations remain a real threat in many parts of the world. Some RFMOs
manage different types of stocks, such as NAFO in the North West Atlantic. This is also the
case of the new South Pacific RFMO that in its western region will manage essentially Deep
Sea Fisheries, and in its Central and Eastern region will manage a large pelagic fishery. The
bottom line is that each RFMO is an autonomous international agreement (or treaty) binding a group
of fishing nations, the parties to the agreement, that self-regulate their own behaviour. Many RFMOs
have a good record and adhere to acceptable international standards. However, many have resisted
or grudgingly accepted efforts to establish a system of external review of their procedures (Balton
and Koehler, 2006).

2 The Compliance Agreement (FAO)

Reflecting the level of difficulty with the enforcement of fisheries in the High Seas, ‘the
Agreement to promote Compliance with International Conservation and Management Measures
by Fishing Vessels on the High Seas’ had to be established to deter the practice of reflagging
vessels to avoid compliance with the conservation and management measures adopted for the
High Seas. In the words of Balton and Koehler (2006, p. 9) this is a problem because ‘many
developing States (and some developed States) allow High Seas fishing vessels to fly their flags
without any meaningful ability or intention to control the operations of those vessels’. The
agreement was intended to be applied to all vessels fishing or intending to fish in the High Seas,
although parties can exempt vessels below 24m length. Entering into force in 2003, today it has
39 ‘acceptances’, which in the context of FAO agreements have the same function as ratification
or accession. The last three acceptances were given by Senegal, Mozambique and Brazil in 2009.

3 Code of Conduct (FAO)

A voluntary ‘soft law’ instrument, it contains a comprehensive prescription to guide fisheries
practices towards a trajectory of sustainability. It deals with: i) fisheries management practices;
ii) fishing operations; iii) aquaculture development; iv) integrating of fisheries into coastal area
management; v) post-harvest practices and trade; and vi) fishery research. The compliance
agreement (above) is an integral part of the Code of Conduct as well as several International
Plans of Action (IPOAs) drafted within the FAO system answering a call contained in the Code
to provide guidance for ‘the formulation of international agreements, and other legal agreements’.
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There are several IPOAs: 1) ‘for the management of fishing capacity’; ii) ‘for the conservation
and management of sharks’; iii) ‘for reducing incidental catch of seabirds in longline fisheries’;
and iv) ‘to prevent, deter and eliminate illegal, unreported and unregulated fishing’ (IPOA-
IUU). As part of the ‘Code’ all these instruments are voluntary.

4 International Whaling Commission (IWC)

Established in 1946 under the International Convention for the Regulation of Whaling, the
IWC was intended to serve as the primary international mechanism for the conservation of
whales as a fishing (hunting) stock. Since 1970, a contrario sensu however, the Commission has
become the primary international mechanism for the protection and conservation of all species
of whales (Caron, 1995). In 1986 the IWC adopted a five-year moratorium on commercial
whaling that has been extended to the present and has designated an Antarctic sanctuary for
whales. “The IWC power to “legislate” a moratorium or quotas is very restricted because any
member state may opt out of a quota or moratorium simply by objecting to it’ (Caron, 1995).
Furthermore, the IWC has no authority or practical means to enforce them and any member
might shield itself from the obligation of compliance by leaving the Commission, as Iceland
did in 1992 until rejoining in 2002.

5 Marine Pollution and Safety of Life at Sea (IMO)

Opver time the IMO has developed a total of 58 treaties and arrangements, dealing with safety
issues related to cargo (shipping of dangerous substances), safety of life at sea, search and rescue
procedures, dumping of substances into the ocean, ship construction standards (double hull tankers,
safe containers, safe fishing vessels), and pollution from vessels, and more recently with rules
dealing with the abatement of terrorism and terrorists acts.

According to the IMO itself, the three most important instruments are:

1 the International Convention for the Safety of Life at Sea (SOLAS), 1974, as amended;
the International Convention for the Prevention of Pollution from Ships, 1973, as
modified by the Protocol of 1978 relating thereto and by the Protocol of 1997 (MARPOL);
and

3 the International Convention on Standards of Training, Certification and Watchkeeping
for Seafarers (STCW) as amended, including the 1995 and 2010 Manila Amendments.

Everything that happens at sea on board a ship falls under the responsibility of a state through
the Flag-State regime of UNCLOS. The state that registers or licenses the vessel, granting it
the right to carry its flag to navigate in international waters and to enter into the territorial
waters of other states, has first and exclusive responsibility of what the vessels and the people
on board do vis-a-vis compliance with international and national laws and regulations.

According to the UN Review of Maritime Transport (UNCTAD, 2011), 90 per cent of
foreign controlled tonnage of the world fleet is registered in ten countries that maintain ‘open
and international registries’. These ten countries are: Antigua and Barbuda, Bahamas, Bermuda,
Cyprus, Isle of Man, Liberia, Malta, Marshall Islands, Panama and Saint Vincent and the
Grenadines. In fact four countries: Panama, Liberia, the Marshall Islands and Hong Kong (China)
register 47.5 per cent of the world fleet (UNCTAD, 2011). A less elegant name for this universal
practice is ‘flags of convenience’.
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In general terms, it can be said that a vessel flies a flag of convenience when it has no
real economic connection (or no ‘genuine economic link’) with the country whose flag
it flies. From a viewpoint of the countries of registration, an ‘open registry’ country is
one which accept vessels on its shipping register with which it has no genuine
economic link . . . real owners live outside the jurisdiction of the Flag State.
(Benham, 2003, pp. 126, 128)

UNCTAD identifies the following elements as relevant for determining whether a genuine
link exists (Benham, 2003):

1 the merchant fleet contributes to the national economy of the country;

2 revenues and expenditures of shipping, as well as purchases and sales of vessels, are treated
in the national balance of payments accounts;

3 the employment of nationals on vessels; and

4 the beneficial ownership of the vessel.

The genuine economic link that appears broken by the practice of open registries is what
UNCTAD was supposed to guard ‘in order to help developing countries make headway in the
development of shipping capabilities ... in a participatory international economic system’
(Behnam, 2003, p. 124). Today, developing countries have a dominant economic participa-
tion in the provision of seafarers, ship scrapping and in registration, although there is also
progress in ‘maritime sectors of higher business sophistication and technical complexity’
(UNCTAD, 2011).

6 Convention on Biological Diversity (CBD)

The Convention on Biological Diversity was opened for signature on 5 June 1992 at the United
Nations Conference on Environment and Development (the Rio ‘Earth Summit’) and entered
into force on 29 December 1993. The objectives of the Convention as stated in Article 1 are:

[TThe conservation of biological diversity, the sustainable use of its components and
the fair and equitable sharing of the benefits arising out of the utilization of genetic
resources, including by appropriate access to genetic resources and by appropriate transfer
of relevant technologies, taking into account all rights over those resources and to
technologies, and by appropriate funding.

Early on, CBD adopted in 1995 the Jakarta Mandate on the Conservation and Sustainable Use
of Marine and Coastal Biological Diversity, committing to:

a series of specific goals including the development of a global system of marine and
coastal protected areas, the establishment of and implementation of a global program
of making fisheries and mariculture sustainable, blocking the pathways of invasions
of alien species, increasing ecosystem resilience to climate change, and developing,
encouraging, and enhancing implementation of wide-ranging integrated marine
and coastal area management that includes a broad suite of measures at all levels of
society.

(Secretariat CBD, 2012)
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The 2008 Conference of the Parties of CBD adopted criteria for the identification of Ecological
and Biological Significant Areas, EBSAs (decision IX/20 annex 1) as well as guidance concerning
the development of representative networks of marine protected areas (decision IX/20 annex
2). An inter-sessional CBD expert workshop reviewed the experience with the application of
the CBD EBSA and the FAO’s Vulnerable Marine Ecosystems (VME) criteria, concluding that
the two sets of criteria were compatible. The inter-sessional workshop results fed into the 2010
COP decision X/29 that, inter alia, outlined regional processes to apply the criteria for the
identification of EBSAs. These processes have already taken place in several regions of the world
(NE Atlantic, SW Pacific, Tropical West Atlantic and Caribbean, South Indian Ocean, Eastern
and Tropical Pacific, South East Atlantic and North Pacific), generating a list of 187 EBSAs
(Dunn, et al. 2014).

Part of the Rio Convention’s’” CBD does encourage and invite a strong presence and
participation of civil society in their proceedings. This is in contrast to the strict procedural
rules that can govern the UN General Assembly proceedings, closing all discussions to all
except state representatives as well as in state parties’ meetings of UNCLOS. To correct
this lack of participation of civil society in UNCLOS and based on a recommendation of
the UN Commission on Sustainable Development, the UN General Assembly (UN A/RES/
54/33, 1999) established the Informal Consultative Process on Oceans and the Law of the Sea
(Simcock, 2010).

7 The Convention on International Trade in Endangered Species
of Wild Fauna and Flora (CITES)

A multilateral treaty to protect endangered plants and animals, the convention was proposed in
1963 at a meeting of the International Union for Conservation of Nature (IUCN). Its text,
adopted by 80 countries in Washington, was opened for signature in 1973, entering into force
on 1 July 1975. CITES aims to ensure that international trade in specimens of wild animals and
plants does not threaten the survival of the species in the wild. Roughly 5,000 species of animals
and 29,000 species of plants are protected by CITES. Each protected species or population is
included in one of three lists, called Appendices, that are afforded different levels or types of
protection from over-exploitation. Appendix I lists species that are threatened with extinction
and CITES prohibits international trade in specimens of these species, except when the purpose
of the import is not commercial, for instance for scientific research. Appendix II lists species
that are not necessarily now threatened with extinction but that may become so unless trade is
closely controlled. Appendix III is a list of species included at the request of a Party that already
regulates trade in the species and that needs the cooperation of other countries to prevent
unsustainable or illegal exploitation. Parties may enter reservations with respect to any species
listed in the Appendices in accordance with the provisions in the Convention.

The role of the United Nations system in the Law of the Sea

The United Nations is a complex system composed of a central system and a wider ‘family’ of
UN specialized agencies and related organizations. Sensu stricto, the United Nations is the body
constituted in 1945, around the UN Charter. This central system is built around the Governance
provided by its General Assembly that meets annually in New York and incorporates programmes
and other bodies created by the General Assembly.

Parallel to this central system there are 15 specialized agencies, including the World Bank
and the International Monetary Fund, each of them constituted under their own independent
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international treaty or convention, that answer to the governance of their own supreme bodies.
These two groups, given the common and shared principles and aspirations, cooperate and try
to integrate and harmonize as much as practical their policies and actions. This combined group
of institutions is what is generally called the ‘UN family’.?

The closest to an executive board for this family is the UN System Chief Executives Board
for Coordination (CEB), presided over by the UN Secretary General, that includes the CEOs
of 30 entities: the United Nations central system; 15 specialized agencies established by inter-
governmental agreement; the World Trade Organization and the International Atomic Energy
Agency; and 12 funds and programmes.” What is important to retain is that the whole UN
family is not a single organization, but many organizations.

Similarly to IMO for shipping (see above), for fisheries and aquaculture FAO is the inter-
national competent authority setting the international technical standards. FAO advises and serves
as an umbrella organization for the Regional Fisheries Management Organizations and Arrange-
ments (RFMO/A). There are 20 REMO/As, each of them constituted around an autonomous
treaty or agreement whose parties or members are the fishing nations participating and benefiting
from a given fishery or group of fisheries.

With 165 state members, the Intergovernmental Oceanographic Commission has responsi-
bility for coordinating international research programmes (WCRP, GEOHAB) and the
collection of oceanographic observations and data through its Global Ocean Observing System
(GOOS). IOC has several regional sub-commissions: IOCARIBE in the Caribbean Region
based in Cartagena de Indias and Kingston, WESTPAC based in Bangkok for the Western Pacific
including Australia, and the IOC Sub-commission for Africa based in Nairobi serving both coasts
of Africa. IOC also runs the Global Tsunami Warning System, with main operational centres
in Hawaii, Alaska, San Juan, Perth, Tokyo, Jakarta and Hyderabad.

UNESCO having eliminated its Marine Sciences Division in 1990 in favour of concentrating
ocean sciences under the IOC maintains other science programmes focusing on small island
development states (SIDS), the secretariat for the World Heritage Convention with its 46
Marine World Heritage sites, the Underwater Cultural Heritage Convention and the Division
on Education on Sustainable Development.

Other UN organizations are also involved with the ocean; the World Meteorological
Organization (WMO) dealing with ocean—atmosphere interaction, marine meteorology and
climate and its implications; the International Atomic Energy Agency (IAEA), monitoring marine
pollution of radioactive substances; the United Nations Industrial Development Organization
(UNIDO) with industrial marine technology, and active in the management of Large Marine
Ecosystems; the International Labour Organization (ILO) in the protection of maritime workers
in the shipping and fisheries industries; the World Health Organization (WHO) for ocean-related
health problems and food safety; the United Nations Development program (UNDP) and the
‘World Bank, financing the sustainable development of ocean and coasts.

Several Divisions of the central UN Secretariat also play a role: the Division of Economic
and Social Affairs (UN-DESA) acted for 20 years as the secretariat for the Commission on
Sustainable Development, coordinating programmes for coastal management, small island devel-
opment states and oceans. In 2012, at the United Nations Conference on Sustainable Develop-
ment (Rio+20), member states agreed to establish a High-level Political Forum on Sustainable
Development,' to replace the Commission on Sustainable Development. The Division of Ocean
Affairs and the Law of the Sea (UN-DOALOS), acts as the secretariat for UNCLOS, the
Commission on the limits of the Continental Shelf and by default for any other meeting on
oceans that is organized under the central UN system in New York, as is the case today for
the Informal Consultative Process on Oceans and the Regular Process for the Assessment of
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Table 3.1 Roles of agencies, programs and secretariats of the United Nations ‘family’ in relation to the ocean

Direct roles: management
& governance

Indirect roles

Standard setting roles

ILO

FAO

UNESCO

UNESCO/

10C

ICAO

WHO

WB

IMF
UPU

ITU

WMO

IMO
WIPO
UNIDO
UN-WTO
UN-DESA
UN-
DOALOS
UNDP
UNEP
TIAEA
UNISDR.
UNU
UNOPS
CTBTO
UNCLOS
UNFCCC

CBD

Fisheries and aquaculture
management

World heritage — ocean
science, services and
observations

Coastal and ocean development

Ocean observations for
weather and climate
forecasting

Shipping regulation
Marine pollution

Coastal industrial development

Sustainable development of
oceans, coasts and SIDS

Law of the sea. Extension

of the continental shelf
Coastal and ocean management
and governance

Regional seas/coastal and
ocean environment
Radioactive pollution
monitoring and control
Disaster prevention, disaster
mitigation

Coastal communities research/
awareness

Framework convention for
ocean. Limits of the
continental shelf

Climate change adaptation —
mitigation

Biodiversity of oceans and
coasts

Capacity development on labour
protection at sea
Land nutrient inputs into the ocean

Education sustainable development

Overflight and innocent passage
EEZ

Public awareness (Ocean Stamps
editions)

Frequency and bandwidth allocation
for ocean communications and
instruments

Operational warning of ocean
extreme events to the commercial
fleet

Meteorological and climate services
Search and rescue operations at sea
Emergency communication system
Property of data and databases
Management of LME projects

Capacity development on the law
of the sea

Capacity development in ocean
management and governance

Capacity development on ocean
governance

Management of LME ocean projects
Data for tsunami warning

Biodiversity-inclusive Environmental
Impact Assessment (EIA). Strategic
Environmental Assessments (SEA)

Shipping and fisheries labour

Fisheries and aquaculture.
‘Codex alimentarium’

Open and free exchange
of ocean data. Heritage
preservation

Food safety. Public Health
‘Codex alimentarium’
Financial management

Financial standards

Meteorological data exchange

Pollution of ocean or from
ocean-going sources

Coastal tourism

Environmental protection
standards
Radioactive pollution standards

Disaster preparedness

MPA:s. Ecological and
biologically significant areas
(EBSAs). Access and benefit
sharing

44



State ocean strategies and policies

the Marine Environment. Table 3.1 contains a listing of the different UN competent organiza-
tions and their roles in relation to the Ocean.

Oceans, UNCLOS and civil society, a broken link

Ocean dwellers are a distinct, tiny minority of the human population.!" There are very few
human activities that are truly oceanic in nature: national navies and commercial shipping crews,
mariners and long-distance fishermen are probably the human beings that spend most of their
lives ‘out at sea’, roaming in the High Seas.!? They constitute highly specialized, cohesive and
isolated ‘guilds’ that follow old ‘corporative’ traditions. Sociologically and politically this fact
has huge consequences both for our collective perception of the ocean and for the effectiveness
of the institutions and jurisdictions created to provide governance and stewardship to the different
ocean spaces.

The rights and responsibilities that modern states give to citizens close the loop of
accountability for elected and designated officials, for the High Seas are certainly not embodied
in these minority groups. There are no true citizens of the ocean empowered to exert that
function. Faced with this reality, and lacking the political will to create a body empowered
with the authority to exert at least some of the functions of modern states for the High Seas,
the law of the sea entrusted these obligations collectively to nation states. This fundamental
decision is in stark contrast to the treatment that UNCLOS gave to the bottom of the sea in
Part XI under the principle of ‘the common heritage of mankind’.

Although the exhortation contained in UNCLOS is for the collective, cooperative, concerted
action of all nations, in practice this responsibility is delegated in different circumstances to coastal
states, flag states and port states. This means that it is through individual national-state strategies,
policies and actions in marine affairs that the system is supposed to operate. Few nations have
evolved the institutions to deal with this challenge properly. Ocean Ministries or Departments
with sufficient power to oversee marine affairs across the board do not exist and relatively
competent substitutes exist only in a tiny minority of nations. This leaves the weakest link to
establish the minimum standard. Nations are to provide the financial muscle and scientific know-
how for the management of the marine environment as a whole and of the open oceans and
deep seas in particular.

However, the entities that extract benefits from the High Sea, with the exception of defence
activities, generally are not public entities but rather private individuals or private corporations.
Depending on the effectiveness of national policies, laws, and institutions and of the associated
capabilities, this arrangement allows for a wide range of behaviours, many of them at variance
with international legal standards.

There is little doubt that nation states assume full responsibility and exert the monopoly in
the use of force in terms of security, and that there is a one-to-one correspondence between
these concerns and what is said and not said in UNCLOS about security. Negotiated during
the Cold War, what is said about security in the text is as important as those security issues on
which the Convention is ‘silent’. There is no doubt that at least informal high-level consultations
had to be conducted between the USA and the USSR, to define the envelope of the negotiations
before engaging in the UNCLOS process. Even after both nations concurred to the consensus
that adopted the text in December 1982 in Montego Bay, additional negotiations had to be
conducted between the USA and the USSR to clarify the interpretation of some security-related
language in the Convention, for example the USA-USSR Joint Statement with attached Uniform
Interpretation of Rules of International Law Governing Innocent Passage protocol that was
negotiated between 1986 and 1989 was adopted in Wyoming in September 1989, only six weeks
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before the fall of the Berlin wall. The new multi-polar world emerging in the twenty-first century
will certainly witness new challenges to existing arrangements and interpretations. Innocent passage
is a keystone of the security arrangements in UNCLOS. What is a military vessel supposed to
do with all its non-destructive remote surveying equipment on board when undertaking
innocent passage over an EEZ or territorial waters of another nation? Are military surveys subject
to the previous consent regime applicable to Marine Scientific Research under Part XIII of
UNCLOS, as some nations sustain they are?

Surveillance and enforcement

There is a legitimate argument around whether it is a lack of governance that generates sub-
standard types of behaviours in the High Seas, or is it simply that we have the converse situation
— there is plenty, or maybe even an excess of governance but we lack effective surveillance and
compliance mechanisms.

A wide range of good and bad practices can be catalogued for each of the major conventions
and agreements. For example, trans-shipment in the High Seas goes on regularly in distant-
fleet fishing operations, a practice that makes enforcement of conservation measures extremely
difficult. On the other hand, finding solutions is not easy, as the piracy crisis in the Horn of
Africa and the North-Western Indian Ocean has shockingly showed the world. Expanding the
role of the defence community for ‘constabulary’ and ‘benign’ roles on the coast always faces
cultural and practical obstacles. Even in the case of prosecuting criminal acts, restrictions exist
for most naval organizations undertaking ‘police functions’ in terms of law enforcement outside
national territorial waters (Bernal, 2010). These can assume bizarre expressions: confronting a
flagrant violation in the Indian Ocean, where intervention was clearly legitimated by UNCLOS,
officers on board a naval vessel deployed to deter illegal operations in the High Seas found
themselves inhibited from taking action because there was no equivalent rule under national
law authorizing military personnel to take the type of action required by the circumstances.
The bottom line is that naval personnel perform their duties under national jurisdiction, the
jurisdiction of their flag. After signing and ratifying UNCLOS each country should conduct a
process of harmonizing to the extent possible its precepts with national law to render it fully
effective. Unfortunately, it seems that this has been done for all possible cases in very few countries.

When such action is possible, the tangle of legal arrangements necessary to render it effective
soon becomes overwhelming. In the Caribbean Region, for example, with intensive illegal
trafficking of drugs and people, the US Coast Guard works under more than 22 bilateral agree-
ments, allowing for law enforcement within the territorial waters of other countries (Bernal, 2010).

But there are positive signs. The Malacca Strait is a critical and strategic waterway in the
global trading system. It carries more than one fourth of the world’s commerce and half the
world’s oil. In 2006, having rejected a previous offer of the USA to patrol the strait, Singapore,
Malaysia and Indonesia signed the Straits of Malacca Patrol Joint Coordination Committee Terms
of Reference and the Standard Operation Procedures to act jointly in order to tighten security
in the Strait. In 2008 Thailand too became part of the joint committee for joint air and surface
patrols. This combined effort had a decisive effect in limiting the piracy activity in the strait.
In 2004 there were 38 cases of piracy but only two in 2008 (Bernal, 2010).

The challenge of integrated management

Since the early 1970s a more integrated approach to ocean management has been advocated,
focusing first on the coastal zone. Integrated Coastal Zone Management (ICZM)' came first,
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probably because impacts on marine ecosystems from the development of the coastal zone are
visible and easier to grasp. However, after the UNCED conference in 1992 in Rio de Janeiro,
the concept of integrated management of ocean systems was extended beyond the coast to the
formulation of ocean policy and governance in national and international jurisdictions. This
trend was accompanied by other changes in emphasis through the emergence of the ‘ecosystem
approach to management’ concept.

From a natural sciences point of view these changes recognize the biological, ecological and
biogeochemical interconnectedness of natural ocean systems. From a sociopolitical point of view,
this mutation recognizes that management is essentially the management of human behaviour
associated with the extraction of human benefits and that in using the resources of the ocean
there always will be conflicting interests that need to be resolved, hopefully through rational,
consensual and peaceful means.

During the Second London Ocean Workshop, convened in 1998 by the Minister of
Environment of Brazil and the Minister of Environment of the UK, Dr Meryl Williams, then
Director of the International Centre for Living Aquatic Resources Management, stated the
challenge in stark terms: ‘Section A, Chapter 17 of Agenda 21 lays down a comprehensive pre-
scription for integrated development of the ocean environment. However, six years after the
Rio de Janeiro conference, most nations can demonstrate only limited progress towards filling
this prescription’(Williams, 1998). In the same Workshop, Mr Atle Fretheim, then Minister of
Environment for Norway, stated the issues around integration with clear precision:

[TThere is a special need for better integrated international action to deal with ‘offshore
and deep sea environments’, related in particular to action on ‘marine activities’ such
as shipping, offshore oil and gas activities and fisheries. However, most marine eco-
systems are open ecosystems with complex interactions. Consequently, impacts on the
ecosystem in one part of the marine environment will influence on other parts. Clearly
activities in the coastal zone may have considerable impact on the offshore environ-
ment. So will also land-based activities causing pollution of the marine environment,
directly or indirectly. A truly integrated approach to international action to protect
the offshore/deep sea environment should therefore look at all activities having
negative effects on the marine environment, and not only ‘maritime activities’.

(Fretheim, 1998)

Coordination of policies across national ministries is not standard, nor a universal practice around
the world. On the contrary, as Meryl Williams also pointed out in her paper there is a clear
institutional inequality among sectors, especially between the sectors dealing with large
economic activities such as ports and tourism and those dealing with natural resources and the
environment’ (Williams, 1998).

During the UN International Year of the Ocean in 1998, high-level national legislation with
long-term management implications was initiated or promulgated, most notably in Australia,
Canada and the USA (IOC, 2007). The majority of these texts introduce the concept of integrated
management, defining standards that should guide policy development in a process leading to
integration across sectors and jurisdictions. The experience shows that efforts to design horizontal
integrated policies in ocean affairs had faced the challenges of their intrinsic complexity as well
as the resistance from the strongly vertical structure of the political system of management currently
in place. Nevertheless, and despite the difficulties, the nature of ocean process that calls for a
horizontal treatment across sectors has made significant inroads in the institutional arrangements
of nations.
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A fascinating example comes from Australia’s Ocean Policy, initiated in December 1995 and
after broad national consultations, promulgated on 23 December 1998 during the International
Year of the Ocean. This was an ambitious piece of legislation containing 390 initiatives that
laid down a set of standards, created an independent agency, the National Oceans Office, a
ministerial-level National Oceans Ministerial Board, and called for the development of integrated
Regional Marine Plans (RMPs).

Implementation of the policy started with the development of the RMPs. Despite significant
progress, this was a slow process and after five years a performance assessment review concluded
that the initial implementation of the regional marine planning was ‘very ambitious’, adding
that there ‘was uncertainty about what will be delivered, how it will work and weather it will
add value’. The review also criticized the policy for the lack of a legislative base and noted that
among the major impediments was the fact that the Oceans Policy having been originated and
promulgated at the federal level by the Commonwealth ‘did not represent an agreed position
with the States and Territories and it has not been subsequently endorsed by them’ (TFG
International, 2002). In 2005 Australian Oceans institutions were restructured. The National
Oceans Office lost its executive agency status and was relocated inside the Marine Division of
the Department of Environment and Heritage (Haward and Vince 2008, p. 114), and the Minister
of Environment announced that RMPs would be established under section 176 of the
Environment Protection and Biodiversity Conservation Act 1999, a pre-existing law providing
a legislative basis for their implementation (Haward and Vince 2008, p. 115). These were hard
lessons to be learned. Under this new institutional arrangement Australia has progressed
significantly its Ocean Policy through the implementation of marine bioregional plans that also
provide a platform for the National Representative System of Marine protected areas. Much
of what has been used can be traced back to the initial work of the National Ocean Office and
the first RMPs.

Canada, New Zealand, the USA and China have also laid down integrated ocean policies
and can show interesting trajectories of their implementation, unfortunately beyond the scope
of this review. The excellent book by Haward and Vince (2008) has a detailed account of the
similarities and differences of the first three cases mentioned and an abundant literature in the
social sciences and policy has documented the interesting shifts taking place in marine policy
during the last 20 years.

The ecosystem approach to management

In terms of ‘ecosystem approach to management’ the way most fisheries are managed today
offers a paradigmatic counterexample. Traditional management of fisheries deals with individual
fish populations strictly in demographic terms, i.e. accounting for the input of individuals as
population growth or immigration and the output in terms of natural and fishing mortality. In
the ocean this is a highly complex task dealing with huge numbers and where measurements
and the precision of population estimates are such that almost always they are close to the limits
of empirical sufficiency. Nevertheless, the problem is that fish populations are also affected by
changes in other external factors, such as predators and prey abundances and other changes in
their bio-physical environments and at the same time what happens with their numbers will
affect all the surrounding ecosystem of which fish are part. We can say that in traditional fish
population dynamics, all this additional ecological complexity is subsumed in the error term of
the demographic numerical estimates. The fact that a given population of fish could be main-
tained under these circumstances, despite a significant fraction being taken out of the system
by fishing, doesn’t mean that the situation created provides a stable ecological trajectory for the
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system as a whole, 1.e. for all the series of accompanying fish in the community and other
organisms participating in the same food chain.

A well-documented example is the anchovy (Engraulis ringens) and sardine (Sardinops sagax)
fisheries off Central Peru and Northern Chile, where close to 30 per cent of the total throughput
of solar energy in the pelagic ecosystem is taken out in the form of fish catch that is transformed
into fishmeal and oil. This has been going on for at least the last 60 years. There is no question
that all animal populations in the Humboldt ecosystem have already shifted their demographic
equilibrium points from where they were before this fishery was developed in the 1950s. Decreases
in the abundance of toothed whales, sea lions, birds, squid and other large predator populations
are quite apparent and have been abundantly documented (Pauly and Tsukayama, 1987; Pauly
et al. 1989). The fossilized excrement of the ‘guanay’ (Phalacrocorax bougainvillii) formed in the
past the world-famous guano deposits in central Peru. A decrease of 30 per cent in its population
made the ‘guanay’ a near threatened species and guano is no longer accumulating at the same
rate. Abundance of other fish and crustacean components of the same food chain, although less
visible, have also changed. This still seems to be an acceptable state of affairs in terms of human
benefits and economic development in Chile and Peru, where revenues from the fish-meal
industry are a significant fraction of their exports, but show clearly that the ecological changes
in the system extend well beyond the demographics of the single species of anchovies or sardines.
Wherever intense fishing operations have been sustained over stocks during decades, similar
impacts must have happened, unfortunately less well documented than in Peru. Anchovies and
sardines are closer to the bottom of the food chain than larger predators such as whales, sharks
and tuna. The amount of biomass consumed by these large predators is huge and diminution
in their numbers must have shifted dramatically the flux of organic matter in the ocean, favouring
the demographic explosion or collapse of other organisms. In the real world there is no such
thing as an ‘ecological vacuum’, as the BIOMASS project’s robust negative result showed in
the 1980s, assessing the expected huge size of ‘Antarctic krill’ populations due to the disappear-
ance of its main predator, the ‘blue whale’ (Fraser ef al. 1992; Kock and Shimadzu, 1994).

Une feuille de route

Ocean governance has been appropriately described as a ‘two level game’, insofar as the process
of formulating its principles and building their institutions, the domestic political apparatus,
accustomed to act without external limits, enters into contact with the international relations of
nations. In other words, in a world that is increasingly more interdependent, ocean governance
concerns do not emerge exclusively out of the domestic political and social dynamics of a nation;
rather a nation maintains and projects its presence internationally, thereby emerging from its
international engagements or at least being in contact with these international engagements.
‘Two level game’ is a valid description of these relationships creating a special domestic and inter-
national political scenario ‘so long as . . . countries remain interdependent, yet sovereign’ (Putnam,
1988, p. 434). Keeping in mind this two-level game dynamics, in what follows and as a form
of conclusion, the different challenges for a nation to address their interests and responsibilities,
challenges or opportunities vis-a-vis ocean governance are presented.

1 Full application of domestic norms and standards

Every nation has norms and standards, usually defined sector by sector (industrial, agricultural,
environmental, health, etc.), whereby regulating activities on land has an impact on coastal and
ocean waters and their living resources. Their full application is a prerequisite and their
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systematic harmonization with the International Treaties, Conventions and Agreements
subscribed by each nation is a must. With regards to the ocean, the UNEP Global Programme
of Action for the Protection of the Marine Environment from Land-based Activities (GPA)
was adopted by the international community in Washington DC in 1995. The GPA is a tool
that provides guidance and capacity development opportunities for coastal states to address this
first-order challenge. It ‘aims at preventing the degradation of the marine environment from
land-based activities by facilitating the realization of the duty of States to preserve and protect
the marine environment’. The GPA targets major threats to the health, productivity and bio-
diversity of the marine and coastal environment resulting from human activities on land and
proposes an integrated, multisectoral approach based on commitment to action at local, national,
regional and global levels.

2 Coordination and harmonization of sectorial regulations
and policies with international standards and obligations signed
by the state

In fact the task of harmonizing national law and lower level regulations containing standards
(e.g. levels of pollutants from industrial solid or liquid residues, treatment and disposal of
radioactive medical material, levels of organic, inorganic pollutants and pesticide loads on
rivers, sewage disposal, etc.) with international treaties is a major challenge that only a few nations
have addressed in a comprehensive way. Much progress could be accomplished if such
harmonization were to take place. Most nations have a designated authority charged with the
administration of its maritime territory, usually in charge of maritime and related activities
(shipping, ports, among others). Although all sovereign jurisdictions of the nation extend to its
maritime territory, most functional regulations remain with the administration of origin and are
not delegated or transferred to the designated maritime authority (e.g. health, environment,
agriculture, fisheries, etc.). Although in principle the designated authority could address this
harmonization, by its institutional identity, usually closely linked to the security or sovereign
aspects of the maritime territory, it is frequently ill-equipped to the task and conflicts between
authorities with different but overlapping functional mandates do emerge. With increasing
pressures for the use of maritime space these inter-sectorial conflicts tend to become more acute
and paralyse action.

Furthermore, it is frequent to find the situation where there is no predefined authority charged
with monitoring new duties emanating from international treaties endorsed and ratified by the
state and of leading the process of harmonization with national laws and regulations. Furthermore,
regulations designed to be applied in the ocean should take into account the dynamic and fluid
nature of the marine environment, an aspect absent from all land-based legislation.

3 Coordination across sectors

The new trends calling for integrated ocean policies on the coast and in the open ocean implicitly
call for the definition of policies across productive sectors. This is a huge political challenge
since it affects long-established practices. It is an additional challenge in strongly federal systems
of government where many functions and jurisdictions cascade down to different levels of the
administration: state or provincial, regional, county or departmental and cities. As reviewed
above, for the case of Australia, the establishment of a high-level Ocean Policy act or instrument,
appears to be a plausible strategy to introduce incremental but clearly directional change.
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The establishment of National Institutions with the mandate of coordinating across all
productive sectors benefiting from ocean resources or oceanic ecosystem services is another.
For example in a spatial sequence:

e Coastal Commissions with the mandate of verifying the integrated character of policies
impacting the coastal domain;

¢ National Administration for the EEZ, as in China; can improve the performance of the
state in terms of their ability to provide stewardship to EEZs, beyond shipping and fishing,
improving the ability of coastal states to benefit from their EEZ. This is becoming more
important in cases where mining (coastal or deep-sea), oil and gas exploitation, extensive
aquaculture and the establishment of large wind parks for harvesting energy exist. An
administration or authority is needed for the EEZ: the successtul application of marine spatial
planning techniques, requires a minimum institutional framework to support it;

e adedicated Agency answering to the highest levels of the Executive Branch with the mandate
of verifying the integrated character of policies emanating from ministries and departments
as an alternative. The National Accounting Offices reports assessing the progress on the
integrated ocean policies in Canada and Australia are sobering examples of the challenges
and limits of reports of this nature if other political issues are not well aligned with the
mission of this agency.

4 Beyond the EEZ

In terms of compliance with international norms what is lacking is an effective mechanism to
enforce national and international norms and standards over all individuals and entities operating
under the jurisdiction of the ‘flag state’. This is perhaps the weakest link of the current system.
A nation could empower an administration to monitor the activity of everything that takes
place under its ‘flag-state’ jurisdiction. However, it would be naive to expect flag states to exer-
cise proper control unless some minimum requirements were laid down on an international
instrument. Voluntary mechanisms at the hand of corporate interest might not be sufficient
(fishing nations and fishing operators within RFMOs, or shipping nations and shipping operators
through voluntary quality assurance protocols), and eventually some international agreement
would be necessary to improve performance in the High Seas through the ‘flag-state’ regime.

5 National coordination for the formulation of national positions
in international fora

In the words of Edgar Gold (1999), referring to the shipping industry: ‘As international
organizations had no enforcement power (which had traditionally been left to flag states),
acceptance or adherence to international codes and conventions did not entail that the accepting
State was willing or able to enforce such codes.” This is a strong description of the current state
of affairs and not only in shipping.

‘The international community’ is a difticult concept. On one side the international
community is the best instrument for nations to act in a coordinated and harmonious way under
at least the spirit of the UN Charter. However, nations do not speak with one voice within
the international community. They speak with the voice of their national interest in the more
limited context of the forum in which they are participating. For example: The Ministry of
Foreign Affairs with close advice from defence and intelligence represents nations in the
Security Council of the UN, the Fishing and Agriculture Minister in the FAO, the Transport
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Ministry in the IMO, the Education, Science and Culture minister in UNESCO, the Minister
of Environment in UNEP and the Minister of Finance in the IMF, the WB and the GEF.

Small nations see in the International Community an opportunity to defend their interests
collectively, since they can hardly confront bilaterally, through one-on-one negotiations, all
issues of their interest. The UN family uses a sort of regional caucuses to organize its debates,
and within those caucuses, usually in front of a smaller and more empathic audience, small nations
can more easily find the bases for concerted action. Nevertheless, in smaller groups leadership
can play a key decisive role. Some nations have developed sophisticated coordination
mechanisms, usually entrusted to their Foreign Affairs ministries, to build a presence and leadership
image when operating in the International Community. Surprisingly, these are not the most
powerful nations in the world, but mid-size emerging powers.

So the least that a nation must do in order to engage in the Ocean Governance processes
at the global level is to have an effective national coordination across sectors and stakeholders
in order to represent appropriately their interests in international negotiations. Some of these
mechanisms are permanent task groups with diftferent stakeholders from the public and private
sector. For example, for climate change, for international fisheries, or for Antarctic affairs, or
crafting national positions for regional and sub-regional bodies. Others might respond to special
high-level UN Conferences, such as the one for the Conservation and Sustainable Use of Marine
Biodiversity in the High Seas. This mechanism requires an honest broker, usually the Minister
of Foreign Affairs, and a clear political leadership from the top. Given the increasing importance
of ocean affairs, this is and will continue to be the minimum requirement of the future.

Notes

1 The ‘life support system’ is the network of complex natural dynamic processes that maintain the
conditions that make life possible on the planet. Key properties of the system are the heat capacity of
the ocean, the oxygen production, the carbon capturing by water and the carbon sequestration by
sediments, and the nutrient cycling and conversion of organic matter to inorganic nutrients on a global
scale. The point usually missed is that these properties are not fixed and stable forever; they can and
do change by being part of a complex set of dynamic equilibrium. The fact that every second breath
of oxygen we take comes from the oxygen produced in the ocean by phytoplankton and that the
accumulation of CO, and other gases in the lower atmosphere, changing the ‘permeability’ of the
upper atmosphere to electromagnetic radiation and causing global warming, are just two examples of’
those interlinked dynamic processes.

2 During the Cold War the freedom to move naval assets across the ocean became a cornerstone of the
strategic equilibrium between the USA and the USSR. Both nations developed a nuclear retaliatory
capability and deployed it on board their submarine fleets. Because the ocean is essentially opaque to
electromagnetic radiation, satellites can only see a few millimetres below the surface; the submarines
carrying nuclear weapons were able to hide and avoid detection. A massive nuclear attack with
intercontinental ballistic missiles could annihilate the response capabilities of the adversary, but would
leave intact their submarine retaliatory power.

3 For example, poly-metallic nodules claims by Anaconda Co. under the State of Arizona (USA) law.
Anaconda, at the time one of the largest producers of copper in the world, was probably using a strategy
of co-opting the access of a new source of concentrated copper laced together with other minerals
such as nickel and cobalt. Since the entry into force of UNCLOS, the status of these claims has never
been tested in a court of law, a situation that is complicated by the fact that the USA, although signing
UNCLOS and benefiting from all its zonal jurisdictions, has not ratified UNCLOS, precisely due to
the strong opposition to part XI in some segments of American society. The chemical composition
of nodules of economic interest varies but on average has the following constituents: Manganese 29
per cent; Iron 6 per cent; Silicon 5 per cent; Aluminum 3 per cent; Nickel 1.4 per cent; Copper 1.3
per cent; Cobalt 0.25 per cent.

4 The League of Nations Codification Conference held in The Hague from 13 March to 12 April 1930,
addressed the issue of ‘the extent of territorial waters’, failing to reach agreement.
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5 In this paper the rationale for the emergence of the exclusive economic zone concept was clearly
stated from the point of view of developing nations: the ‘present regime of the high seas benefits
only the developed countries . ... The developed countries, because of their advanced
technologies, were able to engage in distant-water fishing activities wherever and whenever they
chose to do so. At the same time, developing countries were often incapable of exploiting the
resources in waters closely adjacent to their own coasts much less in waters great distances away.

(Cited from Nandan, 1987, p. 9)

6 Strictly speaking the first ‘implementing agreement’ of UNCLOS should be considered to be the one
negotiated for Part XI, which significantly modified the original text of its ‘mining code’, opening
the road for the signing of the Convention by the USA.

7 Around UNCED 1992 in Rio de Janeiro three environmental agreements were negotiated: The United
Nations Framework Convention of Climate Change, the Montreal Protocol on Cloro-fluorocarbon
Emissions and the Convention on Biodiversity.

8 Articles 57 and 63 of the UN Charter refer directly to and define the status of ‘specialized agencies’
and many aspects of the operation of the whole system are common to all. The employees of the
central system and the wider family have a single system of remuneration and retirement, are protected
while in mission by a single worldwide security system and utilize a single daily allowance scale, adjusted
regularly to place and time.

9 There are 19 other UN entities and bodies that are not members of CEB, including all the UN regional
economic and social commissions.

10 The High-level Political Forum on Sustainable Development provides political leadership and guidance
in implementing sustainable development commitments and addresses new and emerging sustainable
development challenges. It meets every four years at the level of Heads of State and Government
under the auspices of the General Assembly and every year under the auspices of the UN Economic
and Social Council.

11 Coastal dwellers and in particular many islanders could enlarge this number. These populations have
an enhanced appreciation of ocean processes and usually know how to extract benefits from the
sustainable use of ocean resources.

12 Maybe we could add today the crews operating day and night on the most distant offshore oil and
gas platforms.

13 Perhaps one of the earliest initiatives was the California Coastal Initiative established by voter initiative
in 1972 (Proposition 20) creating the California Coastal Commission that later was made permanent
by the Legislature through adoption of the California Coastal Act of 1976.
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INTERNATIONAL
MARINE GOVERNANCE
AND PROTECTION OF
BIODIVERSITY

Jeff A. Ardron and Robin Warner

Introduction

Oceans governance is a relatively recent phenomenon, with the protection of marine biodiversity
generally emerging later in the twentieth century, after the agreements that focused on oceans
resources and management were established. The first such global institutions were developed
post Second World War to regulate sectoral issues associated with increased international shipping
and expanded global fisheries. Key institutions established in this period were the International
Maritime Organization (IMO) for shipping and the Food and Agricultural Organization (FAO)
for fisheries, both UN specialized agencies and treaty based bodies (FAO, 1945; IMO, 1948).
These institutions have played pivotal roles in regulating their respective sectors, adopting a
mix of hard and soft law instruments to achieve their objectives. Later, after these sectoral bodies
were established, came the negotiations that led to the establishment of the 1982 United Nations
Convention on the Law of the Sea (UNCLOS).

Since 1959, the IMO has been the primary regulatory body for international shipping,
providing a proactive forum for member States and other stakeholders in the shipping industry
to cooperate on a wide range of technical matters relating to maritime safety, navigation and
vessel source marine pollution. As well as regulating the myriad routine issues associated with
international shipping, the IMO has frequently taken the initiative in regulating emerging issues
such as the protection of particularly sensitive sea areas from adverse shipping impacts, the
elimination of toxic anti-fouling paints from ships and combatting the introduction of alien
species from ships ballast water (IMO, 2001, 2004, 2005).

In contrast to the IMO, which has initiated multiple binding treaties, the FAO has exercised
its regulatory influence primarily through developing soft law instruments such as Codes of
Conduct, International Plans for Action and Guidelines setting best practice standards for respon-
sible fishing and providing technical guidance for regional fisheries management organizations
(RFMOs) and member States. The FAO Code of Conduct for Responsible Fisheries is an
extensive primer on best practice in fisheries management including concepts and measures
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designed to lead to responsible and sustainable fisheries (Edeson, 2003). The FAO International
Plans for Action have provided global level statements of aspiration and guidance on prominent
problems in global fisheries.! In the fisheries sector, however, regional and national level
institutions have been the focal point for formulating and implementing fisheries conservation
and management measures with quite disparate levels of achievement in terms of responsible
and sustainable fishing (Cullis-Suzuki and Pauly, 2010).

The United Nations began to examine ocean governance issues from a more holistic
perspective in the 1950s through the work of the International Law Commission (ILC). The
ILC’s 1956 draft articles on the Law of the Sea provided the basis for negotiations at the First
United Nations Conference on the Law of the Sea (UNCLOS I) in 1958. However, it was
not until the Third United Nations Conference on the Law of the Sea (UNCLOS III) from
1973 until 1982 that a wider measure of consensus among States was achieved on a more
comprehensive code of ocean governance. The 1982 United Nations Convention on the Law
of the Sea was the first real attempt at holistic ocean governance and has been widely acclaimed
as laying the foundation for oceans governance (UNCLOS, 1982).

Overview of the international law framework and institutions

Table 4.1 lists the key international treaties and their implementing institutions (henceforth,
simply ‘agreements’) relevant to the protection of marine biodiversity, and Figure 4.1 illustrates
these schematically. These various marine- and maritime-related governance bodies evolved
largely independently of one another, resulting in what has been criticized as a fragmented
regulatory framework (Tladi, 2011), which does not readily allow for the implementation of
integrated conservation measures, such as marine protected areas (MPAs) (Gjerde and Rulska-
Domino, 2012). At first appearance an ‘alphabet soup’, there are some patterns that emerge,
most notably between the sectoral and conservation agreements. The agreements on the right
of Figure 4.1 are those that regulate sectoral activities — fishing, mining and shipping — that are
explicitly covered in UNCLOS and its two implementing agreements. However, the conserva-
tion, scientific and cultural agreements, on the left of Figure 4.1, that are not linked to specific
sectoral activities are also not explicitly linked to UNCLOS or its implementing agreements,
though they still fall under its general legal umbrella (as well as customary international law).
Instead, many of them are administered under the UN. The governance bodies in the middle
of Figure 4.1 share attributes of both sectoral and conservation agreements.

In general, the sectoral agreements focus on usage and exploitation, and rely heavily upon
binding measures, such as fisheries closures and shipping discharge restrictions, though may
also utilize voluntary measures such as recommended ship routeing and reporting requirements.
The conservation agreements, on the other hand, rely mostly upon voluntary measures, and
often lack the mandate to manage those activities that adversely affect the species or habitats
that they seek to protect. The Convention on Migratory Species (CMS, below), for example,
is a framework agreement under which both binding agreements and voluntary memoranda of
understanding (MoUs) have been adopted relating to the protection of migratory species and
their habitats in the marine environment. However, even in the case of the binding agreements,
the CMS is limited in its regulatory options and must rely on its Parties to unilaterally adopt
measures (which many are reluctant to do, since it could put their nationals at a competitive
disadvantage), or to submit measures to the relevant sectoral agreements, which may or may
not agree to adopt them.

The Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES, below), a conservation agreement, is an exception to the above generalization in that
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it has the authority to adopt binding regulations and compliance mechanisms. However, these
are trade measures only, focused on individual species, and CITES does not consider holistic
conservation measures such as protected areas. Furthermore, sectoral agreements can, and often
do, pass conservation measures, thus blurring the distinction made above. The International
Whaling Commission (IWC), for example, was established after the Second World War
originally as a sectoral body to manage whaling, much as fisheries are managed today. However,
over time its character has changed until it more resembles a conservation agreement, reflecting
the values of its membership that includes mostly non-whaling States. In 1986 it passed measures
that amount to a moratorium on commercial whaling.?

Unlike the IWC, the membership of regional fisheries management organizations/agreements
(RFMOV/ As) is comprised only of States engaged in fishing in the region. REMO/As have often
been criticized for not taking conservation under sufficient consideration (Cullis-Suzuki and Pauly,
2010). The one exception is the Commission for the Conservation of Antarctic Marine Living
Resources (CCAMLR), which does manage fisheries, but under a strong conservation mandate,
not unlike a regional seas organization/agreement. CCAMLR’s membership reflects these two
themes, comprised of nations engaged in fisheries as well as those engaged solely in scientific
research, and disagreements within CCAMLR can often be traced to these differing national
priorities (Brooks, 2013). Were other REMO/As to allow non-fishing States to join them, it
follows that their decisions would likely reflect interests of non-fishing States as well, which
could be more conservation-oriented.

United Nations Convention on the Law of the Sea

UNCLOS outlines a vision for an integrated approach to ocean governance in its preamble
which acknowledges that ‘the problems of ocean space are closely interrelated and need to be
considered as a whole’” (UNCLOS, 1982, Preamble). The ‘equitable and efficient utilization’
and the ‘conservation’ of ocean resources are prominent elements in that vision and these
objectives underpin many UNCLOS provisions (UNCLOS, 1982, Preamble). UNCLOS
further elaborated the system of offshore maritime zones to include an exclusive economic zone
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(EEZ) in which the coastal State has sovereign rights over the natural resources of an area adjacent
to the outer limit of its territorial sea to a maximum distance of 200 nautical miles from its base-
lines (UNCLOS, 1982, Arts. 55-57). UNCLOS also defines the extent of the continental shelf
in more precise terms than the 1958 Continental Shelf Convention, allowing for coastal States
with physical continental shelves extending beyond 200 nautical miles from their baselines to
claim sovereign rights over the resources of an extended continental shelf out to a maximum of
350 nautical miles (UNCLOS, 1982, Art. 76(8)).> The EEZ and continental shelf provisions
of UNCLOS have opened up the potential for huge resource gains for many coastal States.

For marine areas beyond national jurisdiction (ABN]), UNCLOS provisions create a divided
rather than an integrated resource jurisdiction, and the different legal status of the high seas
water column and the deep seabed beyond national jurisdiction complicates the development
of a coherent approach to the protection of the marine environment and the conservation of
marine biodiversity in ABN]J. UNCLOS confirms the principle that no State may validly appro-
priate parts of the high seas (UNCLOS, 1982, Art. 89). It lists the freedom of the high seas in
Article 87(1) including the freedom of fishing, which is not an unfettered freedom, but rather
is subject to provisions on the conservation and management of the living resources of the high
seas in section 2 of Part VIL.* These provisions require States to take both unilateral and coopera-
tive measures to conserve the living resources of the high seas with a view to maintaining their
populations above levels at which their reproduction may be seriously threatened (UNCLOS,
1982, Arts. 117-119). Conservation and management measures must be based on the best
scientific evidence available that considers factors such as the interdependence of fish stocks
and the impacts of fishing on associated and dependent species (UNCLOS, 1982, Art. 119(1)).
These obligations were further elaborated in the UN Fish Stocks Agreement (1995) negotiated
to address the over exploitation of highly migratory and straddling fish stocks transiting the high
seas and zones within national jurisdiction and associated tensions arising between coastal and
distant water fishing States. It provided the first comprehensive template for sustainable fisheries
management in ABN]J and model provisions for cooperation between coastal States and flag
States with high seas fishing fleets. In addition to codifying relevant international environmental
law principles such as the precautionary and ecosystem based approaches for fisheries, it provided
practical guidance for REMOs on establishing cooperative compliance and enforcement measures
on the high seas rather than relying solely on the individual efforts of flag States of fishing vessels
to enforce compliance with conservation and management measures (Tahindro, 1997). Since
the UN Fish Stocks Agreement was adopted in 1995, a complex pattern of high seas fishing
regulation has emerged as existing RFMOs continue to adapt their agreements, and institutions
to incorporate the Agreement’s provisions and new RFMOs are established. Recent reviews
of RFMO practice at the global level reveal several factors that have limited their effectiveness
in implementing fisheries conservation and management measures in an ecologically sustainable
manner (High Seas Task Force, 2006; Lodge et al., 2007).

Juxtaposed with the high seas regime for marine living resources, is Part XI of UNCLOS
which declares that the non-living resources of the deep seabed beyond national jurisdiction,
known as the Area, are the common heritage of mankind and places them under the adminis-
tration of a global institution, the International Seabed Authority (ISA) (UNCLOS, 1982, Arts.
136, 153(1)). Part XI of UNCLOS establishes an elaborate system to regulate exploration for
and exploitation of deep seabed minerals and the distribution of derived profits among States
Parties to UNCLOS on the basis of equity and need.

Extensive informal consultations sponsored by the UN Secretary General in the early 1990s
resulted in the Part XI Implementation Agreement (1994). This agreement is an integral part
of UNCLOS with its provisions prevailing over Part XI in the event of inconsistency for those
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States that are parties to both instruments (ibid., Art. 2(1)). While reaffirming the common
heritage of mankind principle, the Part XI Implementation Agreement removed many of the
contentious provisions of Part XI, reduced some of the potential costs involved in deep seabed
mining for industrialized States Parties and reflected a more market-oriented approach to the
development of the deep seabed mining industry (Nelson, 1995; Oxman, 1999).

In its first two decades of operation, the ISA has presided over only exploration activities
but commercial interest in deep seabed mining is gathering pace with a greater number of appli-
cations for exploration licences in recent years (Nelson, 1995; Oxman, 1999). It has developed
detailed rules, regulations and procedures for exploration activities that include requirements
for exploration contractors to conduct prior environmental impact assessment, baseline studies
and ongoing monitoring of the impacts of their activities on the marine environment of the
Area (ISA, 2010, 2012, 2013a, 2013b).

An integral component of the UNCLOS ‘legal order for the seas’ is the compulsory dispute
settlement system created under Part XV of UNCLOS. The International Tribunal of the Law
of the Sea (ITLOS) is a permanent institution established by Annex VI of UNCLOS to resolve
disputes related to the law of the sea (UNCLOS, 1982, Annex VI, Art.1). ITLOS has a bench
of 21 judges who have ‘recognized competence in the field of the law of the sea’ (UNCLOS,
1982, Art. 2(1)). Although the ITLOS case load has not been extensive it has developed a
body of jurisprudence and principles particularly around prompt release and bonds in fisheries
cases and delivered an important Advisory Opinion clarifying the environmental protection
responsibilities of States sponsoring deep sea mining exploration contractors in the Area ITLOS,
2011).

As well as the institutions created by UNCLOS itself, other multilateral institutions relevant
to ocean governance are recognized in UNCLOS through the use of the term ‘competent inter-
national organization’. In most contexts this has been interpreted as meaning the International
Maritime Organization (IMO) but there are some articles where the term could be interpreted
as referring to other organizations such as regional seas organizations/agreements (RSO/As) or
regional fisheries management organizations/agreements (RFMO/As).’

Key marine conservation agreements

A considerable body of hard and soft law instruments have developed that complement and
extend the framework for protection and preservation of the marine environment in Part XII
of UNCLOS. Developments in international environmental law and policy over the past
40 years, since the 1972 Stockholm Conference on the Human Environment, have promoted
a more integrated approach to the protection of the marine environment that has aligned
environmental protection objectives with social and economic goals and focused on marine
ecosystems rather than concentrating principally on a single sector.

Convention on Biological Diversity (CBD)

Although negotiated in a separate process, the objectives of the CBD are closely linked to the
principles set out in the 1992 Rio Declaration (discussed below) and the action programme
contained in Agenda 21 for integrated and ecosystem-based management of the environment
including its marine components (Grubb ef al., 1993, pp. 75-76). The CBD was negotiated to
assist States in arresting the alarming rate of extinction of species and the destruction of their
habitats (Grubb et al., 1993, p. 75; Joyner, 1995, p. 644). In the context of the marine environ-
ment, the concept of biodiversity was allied to the notion of large marine ecosystems forming
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an interconnecting web of marine living resources and their habitats (Joyner, 1995, p. 637).
This multidimensional approach transformed law and policy for the protection of the marine
environment which had previously focused on pollution control and the protection of single
species (Joyner, 1995, p. 637). The conservation of marine biodiversity entails protection of a
range of components of biodiversity including species, habitats, ecosystems and genetic material
(Joyner, 1995, p. 646). The three broad objectives of the CBD, set out in Article 1, are the
conservation of biodiversity, the sustainable use of its components and the fair and equitable
sharing of the benefits arising out of the utilization of genetic resources. The jurisdictional scope
provision in Article 4 of the CBD limited its application to components of biodiversity in areas
within the limits of national jurisdiction, whereas beyond national jurisdiction only processes
and activities carried out under the jurisdiction or control of the Contracting Parties are applicable.
Article 5 of the CBD limits the obligations of Contracting Parties in relation to conservation
and sustainable use of components of biodiversity in ABN]J to a duty to cooperate directly or
through competent international organizations.

In contrast to UNCLOS, the CBD has an active Conference of the Parties (COP), which
meets biennially and regularly takes decisions and sponsors initiatives concerning conservation
of marine biodiversity. The CBD has laid some of the groundwork for area-based management
in ABN]J at the regional level through the provision of expert advice on describing ecologically
or biologically significant areas (EBSAs) and in addressing biodiversity concerns in sustainable
fisheries. In 2008, the Ninth Meeting of the Conference of Parties (COP 9) of the CBD adopted
the following scientific criteria for identifying EBSAs ‘in need of protection in open ocean waters
and deep sea habitats’ (CBD, 2008, Annex 1):

*  uniqueness/rarity;

*  special importance for life history stages of species;

*  importance for threatened, endangered or declining species and/or habitats;
*  vulnerability, fragility, sensitivity or slow recovery;

*  Dbiological productivity;

*  Dbiological diversity; and

*  naturalness.

This decision also provided scientific guidance for selecting areas to establish a representative
network of marine protected areas including in open ocean waters and deep sea habitats (CBD,
2008, Annex II). The Tenth CBD COP in 2010 agreed on a process of regional workshops
for the description of EBSAs (CBD, 2010a, §36), to inform relevant regional and global
organizations. The CBD also recognized that the identification of EBSAs and the selection of
conservation and management measures (such as MPAs) is a matter for States and competent
intergovernmental organizations (CBD, 2010a, §26). Regional workshops on describing EBSAs
have been organized in most regions of the world (CBD, 2012a).

CBD COP has also investigated the scientific and technical aspects of environmental impact
assessments (EIA) for activities in ABNJ. It convened an Expert Workshop on Scientific and
Technical Elements of the CBD EIA Guidelines that focused on ABNJ in November 2009
(CBD, 2009). The Tenth Conference of Parties of the CBD in 2010 endorsed the development
of voluntary guidelines for the consideration of biodiversity in EIAs for marine and coastal areas,
drawing on the guidance from the Workshop (CBD, 2010a, §50). The Guidelines were devel-
oped for all marine and coastal areas rather than simply for ABNJ, emphasizing the inter-
connections between ocean ecosystems across jurisdictional boundaries, and endorsed by the
Eleventh COP CBD in 2012 (CBD, 2012b, p. 7).

62



Marine governance and biodiversity

Convention on Migratory Species (CMS)

The objective of the CMS is to conserve migratory species of wild animals and their habitats,
including marine species such as marine mammals and seabirds that migrate through marine
areas within and beyond national jurisdiction (CMS, 1979). The CMS establishes a framework
within which States can cooperate in conducting scientific research, restoring habitats and
removing impediments to the migration of endangered species listed in its Appendix I. It also
provides for the conclusion of formal conservation agreements between range States of particular
migratory species listed in its Appendix II as having unfavourable conservation status. The blue,
humpback, right and bow head whales are listed in Appendix I, and Appendix II includes white
whales and certain populations of common grey and monk seals, various species of dolphin,
seabirds and the dugong. Agreements have been concluded under Appendix II among range
States dealing with seabirds (ACAP, 2001), seals and small cetaceans (ASCOBANS, 1992;
ACCOBAMS, 1996). The effectiveness of the CMS for marine and other species has been
limited by the non-party status of a number of important range States and regions (such as North
America) although this is slowly changing (Boyle and Redgwell, 2009, pp. 684—685).

Convention on Trade in Endangered Species (CITES)

CITES (1973) has an indirect role in the conservation and management of ocean resources. Its
objective is to control or prevent international commercial trade in endangered species or their
products. It regulates international trade in species listed in its three appendices by means of a
permit system. Trade is prohibited for species listed in Appendix 1 that are threatened with
extinction. Trade is permitted subject to control for species listed in Appendix 2, that is those
species not yet threatened with extinction but which could be so if trade is not monitored and
controlled. Marine species including cetaceans, fish and seabirds appear in all the CITES
Appendices. In recent years, CITES has become involved in the protection of endangered marine
species of commercial value, including some species of sea horses, corals, eels and sharks.
Nevertheless, as the opposition to the proposed listings of Bluefin Tuna and various shark species
demonstrates, States engaged in those fisheries consider such listings to be inappropriate and
have opposed CITES listing on the basis that the regulation of fisheries should remain the exclusive
domain of existing fisheries agreements. On the other hand, it has been argued that adding a
global trade component would support the regional decisions of the RFMO/As, and hence the
invocation of CITES could be mutually beneficial for fisheries management (Vincent et al.,
2013). CITES has a large number of ratifying parties and is considered to be quite effective as
it provides sanctions for non-compliance (Birnie, Boyle and Redgwell, 2009, p. 68).

World Heritage Convention

The World Heritage Convention is a well-established vehicle for protecting places of outstanding
universal value, taking into consideration both cultural and natural heritage (WHC, 1972).
Increasingly applied in national waters, the designated sites can cover vast areas (e.g. Great Barrier
Reef (Australia), Papahanaumokuakea (USA), and Phoenix Islands (Kiribati)), as well as more
typically smaller nearshore sites. To maintain World Heritage status, States must demonstrate
that sites have operational management plans that are protecting the identified cultural and natural
values. There is growing interest in considering how the WHC’s marine coverage could be
expanded (UNESCO, 2011, Recommendation 5). At a glance, the definitions of ‘natural’ and
‘cultural’ heritage in Articles 1 and 2 of the Convention show that its application is not restricted
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to the protection of heritage in areas under national jurisdiction. Certainly, before being applied
in ABN]J, a number of issues would need to be resolved, such as identification and possible
establishment of a responsible body for developing management plans and monitoring com-
pliance, but these hurdles are not necessarily insurmountable.

Soft law developments regarding international marine conservation

Increasing international attention and acknowledgement of the global nature of many
environmental problems have precipitated international conferences where States have made
soft law commitments to better protect the environment. The 1972 UN Stockholm Conference,
which focused on environmental degradation and pollution, set a precedent that was followed
by the UN ‘Earth Summits’, beginning with the Conference on Environment and Development
(UNCED) in Rio de Janeiro in 1992. Since then there have been Earth Summits every ten
years, in Johannesburg in 2002 (World Summit on Sustainable Development (WSSD)), and
again in Rio in 2012 (Rio+20). The range of global environmental problems considered has
broadened considerably to include, inter alia, climate change, depletion of the ozone layer,
deforestation, desertification and land degradation, hazardous waste, poverty alleviation, and
loss of biological diversity on land, in freshwater, and in the marine environment. The 1992
Rio Earth Summit, arguably the most successful, served as a platform for several initiatives and
aspirational statements, particularly Agenda 21 (UN, 1992), and the Rio Declaration on
Environment and Development, which included 27 principles such as public participation
(UNGA, 1992, Principle 10) and most famously, the Precautionary Principle (UNGA, 1992,
Principle 15). The health of the marine environment is specifically covered in the 136 paragraphs
of section 17 of Agenda 21 (UN, 1992). This first Earth Summit also launched three international
conservation treaties: the Convention on Biological Diversity (CBD) (1992), the Framework
Convention on Climate Change (1992), and the United Nations Convention to Combat
Desertification (1994). With regard to the marine environment, the CBD has been the most
relevant.

At WSSD in 2002, some of the aspirations developed at Rio were further consolidated in
the form of the Johannesburg Plan of Implementation, which included many general
commitments to action, as well as some explicit targets, such as maintaining or restoring fisheries
‘stocks to levels that can produce the maximum sustainable yield with the aim of achieving
these goals for depleted stocks on an urgent basis and where possible not later than 2015’ (UN,
2002a, §31a); and ‘the establishment of marine protected areas consistent with international law
and based on scientific information, including representative networks by 2012’ (UN, 2002a,
§32¢).

Unlike the first Rio Earth Summit, which impressively launched three environmental
agreements, the third Earth Summit, Rio+20, committed only to making a decision by August
2015 on whether a new international instrument concerning the conservation and sustainable
use of marine biological diversity in ABN] should be developed or not (UNGA, 2012, {182).
There was only one new marine target (set for 2025, to ‘achieve significant reductions in marine
debris’ (UNGA, 2012, §163)). For the most part, Rio+20 consolidated and re-affirmed targets
and commitments from the previous two Earth Summits and related international efforts.

In operationalizing the Earth Summit commitments, the CBD has been a key actor. It has,
for example, elaborated guidelines for biodiversity-inclusive EIAs and strategic environ-
mental assessments (SEAs) specifically for marine and coastal areas, including ABNJ (CBD, 2012b).
In 2010, its Conference of Parties (COP) adopted 20 Aichi Biodiversity Targets, two of which
are particularly relevant to marine conservation: Target 6 seeks to establish sustainable fisheries
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by 2020, and Target 11 seeks to protect through ‘protected areas and other eftective area-based
conservation measures’ at least 10 per cent of coast and marine areas (including ABN]) by
2020 (CBD, 2010b). This latter target replaced the previous (unfulfilled) CBD MPA target of
10 per cent by 2012 (CBD, 2006), which had been inspired by the 2002 Johannesburg WSSD
commitment. Nevertheless, as noted above, the CBD lacks the regulatory authority to directly
implement its commitments, either within or beyond national jurisdiction. Rather, it relies on
compliance through the actions of its Parties nationally and, in ABN]J, through their actions as
flag States and their participation in the sectoral agreements.

The UN Millennium Development Goals (MDGs) and their planned successor, the
Sustainable Development Goals (SDGs) arose out of the 2000 UN Millennium Declaration
(UNGA, 2000). There are eight MDGs, one of which concerns ensuring environmental
sustainability by 2015. Endorsed by 189 countries, a roadmap for the MDGs was completed in
2002, setting out goals to be reached by 2015 (UNGA, 2002). Beyond 2015, the Rio+20 Earth
Summit agreed that a new set of goals, the SDGs, should be developed. With a stand-alone
marine goal, marine sustainability figures more prominently in the SDGs. Goal 14 calls on
states to ‘conserve and sustainably use the oceans, seas and marine resources for sustainable dev-
elopment.” However, interpretation of this double-barrelled goal promoting both conservation
and sustainable development could be challenging.

Global initiatives on cooperation in ocean conservation,
management and science

United Nations Informal Consultative Process (ICP)

The disjunction between the global policy meetings and institutions considering marine
environmental protection and the meeting of the States Parties of UNCLOS was acknowledged
by the Commission for Sustainable Development (CSD) at its seventh session in 1999 (CSD,
1999, §38) where it recommended that UNGA set up a mechanism to provide more detailed
and expert preparation for the UNGA oceans debates (CSD, 1999, §39). At its 54th session in
1999 the UNGA passed resolution 54/33 establishing the United Nations Informal Consultative
Process (ICP) to facilitate annual review of developments in ocean affairs. ICP’s annual meetings
have raised the profile of issues associated with protection of marine environment beyond national
jurisdiction and identified a variety of oceans management issues that could benefit from enhanced
coordination between UN organizations and national governments. The fifth meeting of ICP
in 2004 discussed the risks that would continue to arise from new and emerging uses of the
high seas to the conservation and sustainable use of biodiversity beyond national jurisdiction
in the absence of environmental safeguards (UNICPOLOS, 2004). Recommendations from
that meeting to the UNGA resulted in the establishment of the BBN]J Working Group (below)
(UNGA, 2004).

UN-Oceans

UN-Oceans was established in 2003 to provide a regular inter-agency coordination mechanism
on ocean and coastal issues within the United Nations system. It includes representatives from
all the relevant UN agencies with interests in ocean affairs and also involves intergovernmental
organizations and non-governmental organizations in its work.® It operates as a flexible
mechanism to review joint and overlapping ongoing activities and to support related deliberations
of the ICP, coordinating as far as possible its meetings with ICP sessions. It has four current
task forces, each coordinated by a lead UN institution: on Marine Biodiversity beyond National
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Jurisdiction, Establishing a Regular Process for the Assessment of the Global Marine
Environment, a Global Partnership for Climate Fisheries and Aquaculture, and Marine Protected
Areas and Other Area Based Management Tools.”

UN BBNJj

Recognizing the need to better protect biodiversity in ABNJ, the UN General Assembly decided

in 2004 to establish the Ad Hoc Open-ended Informal Working Group to Study Issues

Relating to the Conservation and Sustainable use of Marine Biological Diversity beyond Areas

of National Jurisdiction (BBNJ) (UNGA, 2004). BBN]J first met in 2006, where there and at

subsequent BBNJ meetings it has been emphasized that more could be achieved through better

cooperation, coordination and implementation of existing global and regional arrangements.
Additionally, in 2011, States at BBNJ recommended a process that

would address the conservation and sustainable use of marine biodiversity in areas beyond
national jurisdiction, in particular, together and as a whole, marine genetic resources,
including questions on the sharing of benefits, measures such as area-based management
tools, including marine protected areas, and environmental impact assessments, capacity-
building and the transfer of marine technology.

(UNGA, 2011, §1b)

This has been interpreted as a ‘package deal’; i.e. until progress is made on all issues, including
difficult questions related to benefit sharing of marine genetic resources in ABN]J, there will
likely be reluctance at BBNJ to proceed on issues related to marine conservation (Druel et al.,
2013). Consideration of these issues led to the landmark decision in June 2015 by the UNGA
to ‘develop an international legally-binding instrument under the Convention [on the Law of
the Sea] on the conservation and sustainable use of marine biological diversity of areas beyond
national jurisdiction’ (UNGA, 2015, §1). At least 40 days of preparatory committee meetings
are to be held in 2016 and 2017, with negotiations expected to commence after that.

Intergovernmental Oceanographic Commission (I0C)

The IOC resides within the UN system under the United Nations Educational, Scientific, and
Cultural Organization (UNESCO), and is responsible for ocean science, observatories, data storage
and exchange, and specialized services such as the Pacific Tsunami Warning System. IOC
coordinates ocean observation and monitoring through the Global Ocean Observing System
(GOOS) which aims to develop a unified network providing information and data exchange
on the physical, chemical, and biological aspects of the ocean. IOC sponsors the World Climate
Research Programme and the IOC’s GOOS serves as the ocean component of the Global Climate
Observing System, which supports the Intergovernmental Panel on Climate Change (IPCC).
UNESCO-IOC is co-convener with the World Meteorological Organization of the World
Climate Change Conference which aims to systematically make the existing knowledge on climate
science available to a wide variety of potential users.® IOC also co-led with the UN Development
Programme (UNDP) the Assessment of Assessments (below).

UN World Ocean Assessment

At the 2002 Earth Summit in Johannesburg, it was decided that the health of the global ocean
required regular monitoring (UN, 2002b). In 2005, the UN General Assembly endorsed a ‘regular
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process for the global reporting and assessment of the state of the marine environment, including
socio-economic aspects’ (UNGA, 2005). To provide background information for this regular
process, a global assessment of existing assessments of marine health was completed in 2009,
the so-called ‘Assessment of Assessments’ (UNEP and UNESCO-IOC, 2009). A total of 1,023
assessments currently reside in the dedicated database.’

Under the direct authority of the UN General Assembly through an ad hoc Working
Group of the Whole, the first World Ocean Assessment (WOA-I) began in 2010, ending in
2014. At the time of writing, the 57 chapters of the ambitious assessment are in the drafting
stage, in the hands of teams of scientists nominated by UN Member States. WOA-I will assess:
i) major marine ecosystem services; ii) food security and food safety; iii) other human activities
and the marine environment; and iv) marine biological diversity and habitats; as well as
providing an overall assessment. The draft WOA-I will be submitted to UN Member States
for their comments, as well as to independent peer-reviewers who have not been involved in
the assessment.'” It is hoped that WOA-I, global in its breadth and ambition, will inform inter-
national maritime/marine decision making. However, it remains unclear how willingly the
international governance institutions will take on board this scientific information, and other
information such as the CBD’s EBSASs, originating from outside their own dedicated processes.
Currently, there is no obligation to use such knowledge, or to report back to the information
providers on its usage.

Intergovernmental Platform on Biodiversity and Ecosystem
Services (IPBES)

IPBES was established in 2012 as an independent intergovernmental body to synthesize, review,
assess and critically evaluate relevant information concerning ecosystems globally (terrestrial and
marine) from knowledge generated worldwide, encompassing a wide variety of scientific,
traditional and indigenous knowledge. Its first session was held in October 2011, and the second
in December 2013 where an initial work programme was presented. There are possible overlaps
with WOI-I (above); however, it was noted at the December 2013 meeting that in the draft
IPBES work programme there was a lack of substantive reference to marine and coastal
ecosystems (IPBES, 2013, §26). Although still in its early stages, States have agreed to a fast-
track assessment of scenarios and modelling of nature’s benefits to people, in order to provide
insights into the impacts of plausible future socio-economic development pathways and policy
options and to help evaluate actions that can be taken to protect them in terrestrial, inland water
and marine ecosystems (IPBES, 2013, Annex 6, p. 71). Once these early results are available,
synergies with WOA-I may be better identified.

Regional governance in ABN]

Regional governance has proven to be critical in the implementation of many global agreements.
For example, fisheries agreements and commitments are to be implemented in ABNJ mainly
by REMO/As, which including those just coming into force will cover most of the globe (Ban
et al., 2014). However, practices among these RFMO/As vary considerably, and none appear
to yet be fully meeting the sustainability objectives of the Straddling Fish Stocks Agreement,
or similar conservation objectives for resident stocks (Cullis-Suzuki and Pauly, 2010).
Furthermore, enforcement and compliance mechanisms within RFMOs remain incomplete,
despite many RFMO/As having been in existence for several years (Gilman and Kingma, 2013;
Koehler, 2013; Englender et al., 2014). There have been some promising developments in the
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protection of vulnerable marine ecosystems (VMEs), a commitment that arose from UN General
Assembly debates and the subsequent Resolutions 61/105 and 64/72 (UNGA, 2006, 2009).
Though more work needs to be done in protecting VMEs, the progress to date is a reminder
that properly worded global decisions, such as UNGA resolutions, though technically ‘soft
law’ can nonetheless positively affect the protection of biodiversity in ABN]J (Ardron et al.,
2014a, 2014c¢).

Regional Seas organizations and agreements (RSO/As) were typically created with a shared
interest among States in reducing marine pollution in a given region, but have since expanded
their conservation mandates. Currently, they are largely confined to national waters, with just
three extending into ABNJ — in the North-East Atlantic, South Pacific ‘donut holes’ (surrounded
mostly by EEZs of neighbouring States), and the Mediterranean (where some States have not
yet declared EEZs, leaving about 29 per cent as high seas — see Chapter 34). In all three cases,
some steps have been taken to protect parts of ABN], with efforts in the North-East Atlantic
arguably the furthest advanced, including the establishment there of seven MPAs (O’Leary
et al., 2012). However, full management plans for these MPAs have not yet been completed
(Freestone et al., 2014). The expansion of other RSO/As into ABN]J has been argued as desirable,
representing a practical mechanism by which to implement integrated management and
conservation (Rochette ef al., 2014).

Civil society involvement

Interest and participation by civil society in ABNJ governance has been increasing. In part, this
is a reflection of the increasing level of activities in ABN], and the growing recognition of
the expertise and assistance that non-governmental actors can provide. For international bodies
such as the IMO, industry groups have long played a role (e.g. World Shipping Council,
International Bunker Industry Association, etc.), as well as educational institutions (e.g. Inter-
national Association of Maritime Universities); however, there is an increasing presence of sustain-
ability- and conservation-oriented organizations as well (e.g. Clean Shipping Coalition, Friends
of the Earth International, World Wide Fund For Nature, etc.). In general, the rules for public
access to meetings and meeting documents have been slowly improving; nevertheless, trans-
parency remains a topic that within the international governance bodies is more often discussed
than practised (Ardron et al., 2014b), and more could be done to encourage public participation.

The scientific community has long cooperated among themselves in oceanographic research
and cruises, and is becoming increasingly better organized; for example, the International Network
for Scientific Investigation of Deep-sea Ecosystems (INDEEP!!) that arose, in part, at the con-

clusion of the ten-year Census of Marine Life!?

in 2010, which was itself a significant undertaking
in global scientific cooperation. Science-based initiatives have also formed around specific policy
processes. The Global Ocean Biodiversity Initiative!® has played an active role in providing
scientific and technical support to the CBD Secretariat in the operation of its regional EBSA
workshops (discussed above). The Deep Ocean Stewardship Initiative (DOSI') is focusing on
providing advice concerning the impacts of deep seabed mining.

Similarly, non-governmental environmental organizations have also been organizing
themselves globally around specific policy issues in ABNJ. The Deep Sea Conservation
Coalition!® is focused on reducing deep sea trawling and other damaging bottom fisheries,

and has recently turned to deep-sea mining. The High Seas Alliance!®

is mainly focused on
encouraging the development of an international agreement to better protect biodiversity in
ABNJ. In both cases, these NGO coalitions have contributed substantially to the international

discussions on these topics.

68



Marine governance and biodiversity

Conclusions

Under the umbrella of UNCLOS, governance and conservation of biodiversity in ABN]J is
accomplished through a mix of hard- and soft-law instruments that continue to evolve.
Increasingly, high seas governance is about more than just governments, and includes industry,
science and civil society organizations. Nevertheless, States play the central role, and any new
initiatives need ‘champion’ States to promote them (Freestone ef al., 2014). Cooperation
among ABN]J governance institutions is still weak to non-existent, and will need to be increased
significantly if integrated management reflecting an ecosystem approach is to be achieved (Ardron
et al., 2008, 2014a). Considering the deteriorating condition of high seas fish stocks, some have
called for a hiatus to high seas fishing altogether, arguing that under UNCLOS the so-called
‘right to fish’ is contingent upon properly managing the stocks (White and Costello, 2014; Brooks
et al., 2014). Many argue for a new agreement under UNCLOS to better protect biodiversity
(Gjerde and Rulska-Domino, 2012; Druel and Gjerde, 2014). However, whatever steps are
taken in the future, most States and experts agree that concurrently making better use of existing
mechanisms, including reforming those in need of reform, represents a necessary and sensible
approach to protection of biodiversity in ABN]J, without in any way foreclosing the possibilities
of new and improved legal instruments.

Notes

1 FAO, International Plans of Action, www.fao.org/fishery/code/ipoa/en, accessed September 2015.
Iceland and Norway have opted out of these measures and still continue to commercially hunt whales,
and Japan exercises a hunt under the banner of scientific research. The Commission continues to set
catch limits for aboriginal subsistence whaling.

3 UN, Commission on the Limits of the Continental Shelf, www.un.org/depts/los/clecs_new/cles_
home.htm, accessed September 2015.

4 UNCLOS, Art. 87(1) defines the freedom of the high seas as ‘comprising, inter alia, both for coastal
and land locked States:

(a) freedom of navigation;

(b) freedom of overflight;

(c) freedom to lay submarine cables and pipelines, subject to Part VI;

(d) freedom to construct artificial islands and other installations permitted under international law,
subject to Part VI,

(e) freedom of fishing, subject to the conditions laid down in section 2;

(f) freedom of scientific research, subject to Parts VI and XIII.’

5 For example Article 205 of UNCLOS provides that ‘States shall publish reports of the results obtained
pursuant to Article 204 or provide such reports at appropriate intervals to the competent international
organizations, which should make them available to all States.” Article 204 relates to monitoring of
the risks or effects of pollution.
UN-Oceans, About UN-Oceans, www.unoceans.org/en/, accessed September 2015.
UN-Oceans, UN-Oceans Task Forces, www.unoceans.org/task-forces/en, accessed September 2015.
www.unesco.org/new/en/natural-sciences/ioc-oceans/about-us/, accessed March 2014.
9 www.unep-wcemce-apps.org/ GRAMED/index.cfm, accessed March 2014.
10 www.worldoceanassessment.org/?page_id=6, accessed March 2014.
11 www.indeep-project.org, accessed March 2014.
12 www.coml.org, accessed March 2014.
13 www.GOBl.org, accessed March 2014.
14 www.indeep-project.org/deep-ocean-stewardship-initiative, accessed March 2014.
15 www.savethehighseas.org, accessed March 2014.
16 highseasalliance.org, accessed March 2014.

w0 N

69


http://highseasalliance.org
http://www.un.org/depts/los/clcs_new/clcs_home.htm
http://www.savethehighseas.org
http://www.indeep-project.org/deep-ocean-stewardship-initiative
http://www.GOBI.org
http://www.coml.org
http://www.indeep-project.org
http://www.worldoceanassessment.org/?page_id=6
http://www.unep-wcmc-apps.org/GRAMED/index.cfm
http://www.unesco.org/new/en/natural-sciences/ioc-oceans/about-us/
http://www.unoceans.org/task-forces/en
http://www.unoceans.org/en/
http://www.un.org/depts/los/clcs_new/clcs_home.htm
http://www.fao.org/fishery/code/ipoa/en

Jeff A. Ardron and Robin Warner

References

ACAP. (2001) Agreement on the Conservation of Albatrosses and Petrels, 19 June 2001, entered into force
1 February 2004, ATS 5.

ACCOBAMS. (1996) Agreement on the Conservation of Cetaceans of the Black Sea, Mediterranean Sea and
Contiguous Atlantic Area, 24 November 1996, entered into force 1 June 2001, 36 ILM 777.

ASCOBANS. (1992) Agreement on the Conservation of Small Cetaceans of the Baltic, North East Atlantic, Irish
and North Seas, 17 March 1992, entered into force 29 March 1994, 1772 UNTS 217.

Ardron, J. A., Gjerde, K., Pullen, S. and Tilot, V. (2008) ‘Marine spatial planning in the high seas’. Marine
Policy, 32(5), 832-839.

Ardron, J. A., Clark, M. R., Penny, A. J., Hourigan, T. F., Rowden, A. A., Dunstan, P. K., Watling, L.
E., Shank, T. M., Tracey, D. M., Dunn, M. R. and Parker, S. J. (2014a) ‘A systematic approach towards
the identification and protection of vulnerable marine ecosystems’. Marine Policy, 49, 146—154.

Ardron, J. A., Clark, N, Seto, K., Brooks, C., Currie, D. and Gilman, E. (2014b) ‘Tracking 24 years of
discussions about transparency in international marine governance: where do we stand?’ Stanford
Environmental Law Journal, 33(2), 167-190.

Ardron, J. A., Rayfuse, R., Gjerde, K. and Warner, R. (2014c¢) ‘The sustainable use and conservation of
biodiversity in ABN]J: what can be achieved using existing international agreements?” Marine Policy, 49,
98-1.

Ban, N. C., Bax, N. J., Gjerde, K. M., Devillers, R., Dunn, D. C., Dunstan, P. K., Hobday, A. J., Maxwell,
S. M., Kaplan, D. M, Pressey, R. L., Ardron, J. A., Game, E. T. and Halpin, P. T. (2014) ‘Systematic
conservation planning: a better recipe for managing the high seas for biodiversity conservation and
sustainable use’. Conservation Letters, 7(1), 41-54.

Boyle, B. A. and Redgwell, C. (2009) International Law and the Environment, 3rd edn. Oxford, Oxford
University Press, pp. 684—685.

Brooks, C. M. (2013) ‘Competing values on the Antarctic high seas: CCAMLR and the challenge of
marine protected areas’. The Polar_Journal, 3(2), 277-300.

Brooks, C. M., Weller, J. B., Gjerde, K., Sumaila, R., Ardron, J., Ban, N. C., Freestone, D., Seto, K.,
Unger, S., Costa, D. P., Fisher, K., Crowder, L., Halpin, P. and Boustany, A. (2014) ‘Challenging the
“right to fish” in a fast-changing ocean’. Stanford Environmental Law Journal, 33(3), 289-324.

CBD. (1992) Convention on Biological Diversity, Nairobi 22 May 1992, entered into force 29 December
1993, 31 ILM 1455.

CBD. (2006) CBD. ‘Framework for monitoring implementation of the achievement of the 2010 target
and integration of targets into the thematic programmes of work’. Decision VIII/15; Annex II.

CBD. (2008) ‘Report of the Ninth Meeting of the Conference of the Parties to the Convention on Biological
Diversity’. UNEP/CBD/COP/9/29, Decision 1X/20.

CBD. (2009) ‘Report of the Expert Workshop on Scientific and Technical Aspects relevant to
environmental impact assessment in marine areas beyond national jurisdiction’. UNEP/CBD/EW-
EIAMA/2.

CBD. (2010a) ‘Report of the Tenth Meeting of the Conference of the Parties to the Convention on
Biological Diversity’. UNEP/CBD/COP/10/27; Annex, Decision X/29.

CBD. (2010b) ‘Strategic Goals and the Aichi Biodiversity Targets’. Decision X/2, §IV.

CBD. (2012a) ‘Briefing on organizing a series of regional workshops on describing ecologically or
biologically significant marine areas (EBSAs)’. CBD Secretariat. www.cbd.int/doc/meetings/mar/ebsa-
briefing/other/ebsa-briefing-oth-01-en.pdf, accessed March 2014.

CBD. (2012b) ‘Report of the Eleventh Meeting of the Conference of the Parties to the Convention on
Biological Diversity’. UNEP/CBD/COP/11/27; Annex, Decision XI/18.

CITES. (1973) Convention on International Trade in Endangered Species of Wild Fauna and Flora, Washington
1973, entered into force 1 July 1975, 992 UNTS 243.

CMS. (1979) Convention on the Conservation of Migratory Species of Wild Animals, Bonn 1979, entered into
force 1 November 1983, 19 ILM 15.

CSD. (1999) ‘Report of the Seventh Session of the Commission on Sustainable Development (19-30
April 1999)’. E/CN-17/1999/20.

Cullis-Suzuki, S. and Pauly, D. (2010) ‘Failing the high seas: a global evaluation of regional fisheries
management organizations’. Marine Policy, 34, 1036—1042.

Druel, E. and Gjerde, K. M. (2014) ‘Sustaining marine life beyond boundaries: options for an implementing
agreement for marine biodiversity beyond national jurisdiction under the United Nations Convention
on the Law of the Sea’. Marine Policy, 49, 90-97.

70


http://www.cbd.int/doc/meetings/mar/ebsa-briefing/other/ebsa-briefing-oth-01-en.pdf
http://www.cbd.int/doc/meetings/mar/ebsa-briefing/other/ebsa-briefing-oth-01-en.pdf

Marine governance and biodiversity

Druel, E., Rochette, J., Billé, R. and Chiarolla, C. (2013) ‘A long and winding road. International discussions
on the governance of marine biodiversity in areas beyond national jurisdiction’. IDDRI, studies
no. 07/2013.

Edeson, W. R. (2003) ‘Soft and hard law aspects of fisheries issues: some recent global and regional
approaches’. In M. H. Nordquist, J. N. Moore and S. Mahmoudi (eds), The Stockholm Declaration and
the Law of the Marine Environment. The Hague, Kluwer Law International, pp. 165-182.

Englender, D., Kirschey, J., Stofen, A. and Zink, A. (2014) ‘Cooperation and compliance control in areas
beyond national jurisdiction’. Marine Policy, 49, 186—194.

FAO. (1945) Constitution of the United Nations Food and Agriculture Organization, Quebec 16 October 1945,
entered into force 16 October 1945, as amended in 1947, 12 UST 980, TIAS 4803.

Freestone, D, Johnson, D., Ardron, J. A., Morrison, K. K. and Unger, S. (2014) ‘Can existing institutions
protect biodiversity in areas beyond national jurisdiction? Experiences from two on-going processes’.
Marine Policy, 49, 167-175.

Gilman, E. and Kingma, E. (2013) ‘Standard for assessing transparency in information on compliance
with obligations of regional fisheries management organizations: validation through assessment of the
Western and Central Pacific Fisheries Commission’. Ocean and Coastal Management, 84, 31-39.

Gjerde, K. and Rulska-Domino, A. (2012) ‘Marine protected areas beyond national jurisdiction: some prac-
tical perspectives for moving ahead’. The International Journal of Marine and Coastal Law, 27, 351-373.

Grubb, M., Koch, M., Thomson, K., Munson, A. and Sullivan, F. (1993) The ‘Earth Summit’ Agreements:
A guide and assessment. London, Earthscan Publications.

High Seas Task Force. (2006) Closing the Net: Stopping illegal fishing on the high seas. Governments of Australia,
Canada, Chile, Namibia, New Zealand and the United Kingdom, WWF, [UCN and the Earth Institute
at Columbia University.

IMO. (1948) Convention on the Intergovernmental Maritime Consultative Organization, Geneva 6 March 1948,
entered into force 17 March 1958, 289 UNTS 3.

IMO. (2001) International Convention on the Control of Harmful Anti-fouling Systems on Ships, London 5 October
2001, entered into force 17 September 2008.

IMO. (2004) International Convention on the Control and Management of Ships Ballast Water Sediments, London
13 February 2004 (not yet in force) IMO Doc BWMCONE/36.

IMO. (2005) ‘Revised Guidelines for the Identification and Designation of Particularly Sensitive Sea Areas’.
IMO Assembly Resolution A982(24).

IPBES. (2013). ‘Report of the second session of the Plenary of the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services’. IPBES/2/17.

ISA. (2010) ‘Decision of the Assembly of the International Seabed Authority relating to the regulations
on prospecting and exploration for polymetallic sulphides in the Area’. ISBA/16/A/12/Rev.1.

ISA. (2012) ‘Decision of the Assembly of the International Seabed Authority relating to the Regulations
on Prospecting and Exploration for Cobalt-rich Ferromanganese Crusts in the Area’. ISBA/18/A/11.

ISA. (2013a) ‘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’. ISBA/19/A/9.

ISA. (2013b) ‘Decision of the Council of the International Seabed Authority relating to amendments to
the Regulations on Prospecting and Exploration for Polymetallic Nodules in the Area and related matters’.
ISBA/19/C/17.

ITLOS. (2011) ‘Advisory opinion on responsibilities and obligations of states sponsoring persons and entities
with respect to activities in the area’. International Tribunal of the Law of the Sea. www.itlos.org/
fileadmin/itlos/documents/cases/case_no_17/adv_op_010211.pdf, accessed March 2014.

Joyner, C. C. (1995) ‘Biodiversity in the marine environment: resource implications for the Law of the
Sea’. Vanderbilt Journal of Transnational Law, 28, 644.

Koehler, H. (2013) ‘Promoting Compliance in Tuna RFMOS: A comprehensive baseline survey of the
current mechanics of reviewing, assessing and addressing compliance with RFMO obligations and
measures’. ISSF Technical Report 2013—-02. International Seafood Sustainability Foundation, McLean,
Virginia, USA.

Lodge, M. W., Anderson, D., Lobach, T., Munro, G., Sainsbury, K. and Willcock, A. (2007) Recommended
Best Practices for Regional Fisheries Management Organization. London, Chatham House.

Nelson, L. (1995) ‘The new deep sea-bed mining regime’. International Journal for Marine and Coastal Law,
10(2), 189-203.

O’Leary, B. C., Brown, R. L., Johnson, D. L., von Nordheim, H., Ardron, J., Packeiser, T. and Roberts,
C. M. (2012). “The first network of marine protected areas (MPAs) in the high seas: the process, the
challenges and where next’. Marine Policy, 36, 598—605.

71


http://www.itlos.org/fileadmin/itlos/documents/cases/case_no_17/adv_op_010211.pdf
http://www.itlos.org/fileadmin/itlos/documents/cases/case_no_17/adv_op_010211.pdf

Jeff A. Ardron and Robin Warner

Oxman, B. (1999) ‘The 1994 Agreement Relating to the Implementation of Part XI of the UN
Convention on the Law of the Sea’. In D. Vidas and W. Ostreng (eds), Order for the Oceans at the Turn
of the Century. The Hague, Kluwer Law International, pp. 15-36.

Part XI Implementation Agreement. (1994) 1994 Agreement relating to the Implementation of Part XI of the
United Nations Convention on the Law of the Sea of 10 December 1982, New York 28 July 1994, entered
into force 28 July 1996, 33 ILM 1309.

Rochette, J., Unger, S., Herr, D., Johnson, D., Nakamuar, T., Packeiser, T., Proelss, A., Visbeck, M.
and Wright, A. (2014) ‘The regional approach and the conservation and sustainable use of ABN]J’.
Marine Policy, 49, 109-117.

Tahindro A. (1997) ‘Conservation and management of transboundary fish stocks: comments in light of
the adoption of the 1995 Agreement for the Conservation and Management of Straddling Fish Stocks
and Highly Migratory Fish Stocks’. Ocean Development and International Law, 28(1), 1-58.

Tladi, D. (2011) ‘Ocean governance: a fragmented regulatory framework’. In P. Jacquet, R. Pachauri and
L. Tubiana (eds), Oceans: The new frontier — a planet for life. Delhi, TeriPress, pp. 99-111.

UN. (1992) ‘Agenda 21°. United Nations Conference on Environment & Development, Rio de Janerio, Brazil,
3 to 14 June 1992. http://sustainabledevelopment.un.org/content/documents/Agenda21.pdf, accessed
March 2014.

UN. (2002a) ‘Plan of Implementation of the World Summit on Sustainable Development’. www.un.org/
esa/sustdev/documents/WSSD_POI_PD/English/WSSD_PlanImpl.pdf, accessed March 2014.

UN. (2002b) ‘Report of the World Summit on Sustainable Development’. Johannesburg, South Africa,
26 August to 4 September 2002. A/CONF.199/20, §36b. ISBN 92-1-104521-5.

UN Fish Stocks Agreement. (1995) 1995 Agreement for the Implementation of the Provisions of the 1982 United
Nations Law of the Sea Convention Relating to the Conservation and Management of Straddling Fish Stocks
and Highly Migratory Fish Stocks, New York 4 August 1995, entered into force 11 December 2001,
2167 UNTS 3.

UNCLOS. (1982) 1982 United Nations Convention on the Law of the Sea, Montego Bay, 10 December
1982, entered into force 16 November 1994, 1833 UNTS 3.

UNEP and IOC-UNESCO. (2009) ‘An Assessment of Assessments, Findings of the Group of Experts.
Start-up Phase of a Regular Process for Global Reporting and Assessment of the State of the Marine
Environment including Socio-economic Aspects’. ISBN 978-92-807-2976—4.

UNESCO. (2011) ‘Final report of the Audit of the Global Strategy and the PACT initiative’. WHC-
11/35.COM/INF.9A; p. 24.

UNGA. (1992) ‘Rio Declaration on Environment and Development’. Report of the United Nations Conference
on Environment and Development. A/CONF.151/26 (Vol. I) Annex 1.

UNGA. (2000) UN General Assembly Resolution 55/2.

UNGA. (2002) ‘Road map toward the implementation of the United Nations Millennium Declaration’.
United Nations General Assembly Document A56/326.

UNGA. (2004) ‘Oceans and the Law of the Sea’. (Published 2005); A/RES/59/24 §73.

UNGA. (2005) UN General Assembly Resolution 64/71, §177.

UNGA (2006) UN General Assembly Resolution 61/105, §§83—87.

UNGA (2009) UN General Assembly Resolution 64/72, §§113,114, 119-123, 129.

UNGA (2011) ‘Letter dated 30 June 2011 from the Co-Chairs of the Ad Hoc Open-ended Informal
Working Group to the President of the General Assembly’. A/66/119, §1b.

UNGA. (2012) ‘The Future We Want’. A/RES/66/288.

UNGA. (2015) UN General Assembly Resolution 69/292.

UNICPOLOS. (2004) ‘Report on the work of the United Nations Open-ended Informal Consultative
Process on Oceans and the Law of the Sea at its Fifth Meeting’. A/59/122.

Vincent, A. C. J., Sadovy de Mitcheson, Y. J., Fowler, S. L. and Lieberman, S. (2013) “The role of CITES
in the conservation of marine fishes subject to international trade’. Fish and Fisheries, 15(4), 563—592.

WHC. (1972) Convention for the Protection of the World Cultural and Natural Heritage, entered into force
1975. 1-15511; UNTS1037.

White, C. and Costello, C. (2014) Close the high seas to fishing? PLoS Biology, 12(3), ¢1001826.
http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio. 1001826, accessed 10 July 2015.

72


http://WHC-11/35.COM/INF.9A
http://WHC-11/35.COM/INF.9A
http://www.un.org/esa/sustdev/documents/WSSD_POI_PD/English/WSSD_PlanImpl.pdf
http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1001826
http://www.un.org/esa/sustdev/documents/WSSD_POI_PD/English/WSSD_PlanImpl.pdf
http://sustainabledevelopment.un.org/content/documents/Agenda21.pdf

5

REGIONAL* ECOSYSTEM-
BASED IMPERATIVES
WITHIN GLOBAL OCEAN
GOVERNANCE

Lee A. Kimball

The purpose of this chapter is to revisit the rationales for and pathways toward eftective regional
ocean governance. It argues that the fundamental imperative for regional approaches is to
strengthen ecosystem approaches to ocean assessment and management, including social and
economic dimensions. Part 3 of this handbook covers in more detail developments in several
ocean regions. This chapter provides background and context for evolving ocean regionalization
more generally and ruminations over future directions and opportunities. It takes stock of the
merits of regional approaches and then considers the implications of the following developments:

e changing ecological knowledge, including
— a shift in international political support for ecosystem approaches to ocean management,
and
— improved methods and tools for ecosystem approaches;
e greater international attention on marine biodiversity in areas beyond national jurisdiction
(ABN));
* new challenges and opportunities, including the effects of climate change; and
e growing appreciation of the need for focused analysis of international institutions, including
— how to “promote the science/policy interface through inclusive, evidence-based and
transparent scientific assessments”, as called for in the Rio+20 outcome document (UN
2012), and
— how to “manage” the interplay between regional and global bodies as they continue to
multiply and intersect.

Background and context

The rationales for regional ocean approaches have evolved to some extent during the last century,
but fundamentally they remain the same. While the list below may seem obvious, it is useful
to reiterate and deconstruct them when considering new developments and challenges.

* “Regional” refers to international arrangements, not to large-scale areas within a single nation.
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The most ancient and obvious is shared resources—whether fish stocks, marine mammals or
sedentary marine species. Over the years, small initiatives between coastal communities to allocate
and maintain these resources and avoid conflicts have been scaled up. Today regional fisheries
agreements, most of which were concluded after World War II, aim to encompass the full range
of target stocks.

The protected areas rationale related initially to shared resources. From the early sealing agree-
ments (Conventions: 1911/1957 Seals, 1972 CCAS) to contemporary regional fisheries
agreements, they allow areas to be set aside to prohibit harvesting for conservation purposes
and/or encourage scientific study. Today, international agreements have substantially expanded
the goals of protected area designations—in order to protect vital habitat for endangered or
threatened species or sites of special ecological, scientific, cultural, aesthetic or other values. At
the regional level these agreements are normally subsidiary instruments, or protocols, to the
regional seas agreements (see below). When the parties to the Convention on Biological Diversity
(Conventions: 1992 CBD) adopted a major program on marine and coastal protected areas in
1995 (Decision 1I/10), this set in motion a substantial push to match terrestrial protections
in the marine area and to develop a more systematic, conservation-oriented approach. The
concrete target set by the 2002 World Summit on Sustainable Development (WSSD), to establish
representative networks of marine protected areas (MPAs) by 2012, shifted and strengthened
momentum toward a more systematic approach, within and beyond regions and drawing on
mandates under both regional and global agreements.

The transboundary effects of marine pollution led to a third focus of regional agreements, first in
Europe in the early 1970s (Conventions: 1972 Oslo, 1974 Paris, 1974 Helsinki) and subse-
quently under the auspices of the UNEP regional seas programme, launched in 1975. The early
agreements covered pollution from land-based sources that could flow easily from one nation
to another, and the deliberate at-sea disposal of wastes (dumping) by one nation that could
adversely affect another. The main dumping concern at the time was nuclear wastes disposal in
the northeast Atlantic beyond national jurisdiction that might adversely affect other states in the
region.

A fourth rationale, originally subsumed in the early resources agreements (e.g., CCAS), is
to identify protected species that warrant special measures due to their conservation status. Since
the mid 1980s, a number of the regional seas agreements have adopted subsidiary instruments
to identify and conserve such species throughout their range. Additional agreements concluded
under the 1979 global Convention on Migratory Species (Conventions: 1979 CMS) also cover
populations of species throughout their range, whether restricted to a given region (e.g., seals,
sea turtles), or those that migrate through two or more regions (e.g., small cetaceans, sea-
birds, sea turtles).

These “ecological” rationales for regional agreements are complemented by several functional
rationales. Specifically, cooperation in data collection, research and analysis form a fifth rationale
for regional agreements. In fact, the earliest regional marine agreement focused on just these
issues—the 1902 International Council for Exploration of the Sea (ICES), concerned primarily
with the North Atlantic Ocean. The exchange of scientific information on shared species is
vital for understanding their biology and thus how to manage and conserve them, and for
determining further research needs. It requires common standards and methods, so that data
and analyses in different countries can be easily compared and integrated. Moreover, such coopera-
tion helps establish trust between experts from different countries, which fosters a collective
stake in research findings and management decisions.

A further rationale for functional regional collaboration is to share information and work together
on appropriate technical and policy response measures for common problems. This emerged in early
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sealing and marine pollution control agreements (Kimball 1996), and today a prominent feature
of regional agreements is to promote and expedite “learning,” among both government
representatives and at the expert level.

A final step in functional cooperation, of course, is for parties fo cooperate in harmonizing and
enforcing response measures so that all nations in the region share the burden and none is dis-
criminated against.

Such functional cooperation can increase knowledge and skills in each country, foster
personal relationships and trust among individuals from different countries, and pool technical
and financial resources for common ends and priorities, reducing costs to individual governments.

Beyond the region

All these rationales for regional approaches have implications beyond the region. The ecological
bases reflect the fact that many shared marine species do not range widely beyond a given region,
that transboundary marine pollution is largely contained within regions, and that vital habitats
such as estuaries, mangroves and coral reefs rarely span more than two countries. At the same
time, fish species such as salmon or tuna may spawn or breed in one region yet spend a substantial
part of their life cycle in another. Marine pollution may originate from shipping or airborne
sources outside the region, and even river-borne and coastal pollution from one region can be
carried long distances by ocean currents. The migratory range of certain species of sea turtles
or seabirds also traverses more than one region, while some whale and seabird species roam vast
ocean areas around the globe. Conservation of these species may need to include critical breeding,
nursing and feeding grounds in different regions and in areas beyond national jurisdiction.

The functional bases for regional cooperation also extend beyond the region. Scientific and
technical information exchanged within a region can advance ocean knowledge generally.
The spread of innovative methods for scientific research and assessment helps increase skills and
capabilities worldwide. Similarly, the exchange of information on appropriate technical and policy
response measures for particular problems and conditions increases human knowledge and skills
everywhere. Today regional agreements offer an important platform for exchanging knowledge,
experience and best practices for dealing with ocean problems, not only within the region but
drawing on and contributing to appropriate models around the world.

Global institutions can more easily design cost-effective support programs when neighboring
countries have similar problems and capacities. They can mobilize worldwide skills and resources
but target programs to address the unique combination of circumstances (environmental, social
and economic) and priorities in each region. It is up to stakeholders in the region to take the
initiative in determining priorities and to assert a major role in targeting external resources.

Shifting boundaries

Two major factors bear on the role and evolution of regional agreements: changing jurisdictional
boundaries and growing ecological knowledge. The 1982 UN Convention on the Law of the
Sea (Conventions: 1982 UNCLOS) vastly expanded coastal state rights and obligations in offshore
zones. It extends coastal state sovereign rights over natural resources throughout a 200 nautical
mile exclusive economic zone (EEZ); it further extends exclusive coastal state sovereign rights
over mineral resources and sedentary species to the outer edge of the continental margin if the
margin goes beyond 200 nm (articles 76 and 77); and it extends coastal state jurisdiction over
the protection and preservation of the marine environment and marine scientific research
throughout the EEZ as specifically provided. These changes do not alter the rationales for regional
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agreements but they shift the boundaries seaward for cooperation on shared species, habitat and
transboundary pollution, including pollution originating in areas beyond national jurisdiction.

Following the conclusion of UNCLOS, coastal states asserted greater control in offshore
zones; just as human activities began to intensify, with greater potential to affect neighboring
countries, access for international research was curtailed. The result was that the extent of species
decline, marine pollution and habitat degradation were not widely known within let alone beyond
the regions. Numerous piecemeal projects supported by national and international bodies did
not produce a coherent picture of the health of the marine environment and resources at any
level. Although the Convention contemplated enhanced regional cooperation, it took some
time for mounting problems to produce the necessary momentum.

The second major factor bearing on the role and evolution of regional agreements was grow-
ing understanding of ocean problems and marine ecology. The 1992 UN Conference on
Environment and Development (UNCED) in Rio de Janeiro served as the impetus for an import-
ant oceans stock-taking—especially on marine pollution and fisheries management. Several studies,
notably the 1990 global assessment of the state of the marine environment, were important in
drawing attention to the infer-connections of oceans problems; specifically, that marine pollution
stems not only from a variety of contaminants but also from physical degradation and sediments;
that watershed development can significantly impact coastal environments and habitat; and that
fisheries and marine species are heavily impacted by habitat degradation in addition to direct
take. Also as a consequence of the 1990 assessment, the focus for action on marine pollution
shifted from shipping and offshore oil and gas development to damage caused by land-based
activities (GESAMP 1990).

Marine living resources were the subject of other studies, with growing understanding within
the scientific community of relationships between harvested, dependent and associated species
and the effects of environmental conditions on marine species. The first express international
institutional manifestation of this “ecosystem” approach to marine species came with the 1980
adoption of the Convention on the Conservation of Antarctic Marine Living Resources (Con-
ventions: 1980 CCAMLR), whose geographic scope was intentionally designed to encompass
fully the Antarctic marine ecosystem. But it would be over 20 years before an ecosystem approach
to fisheries was more widely promoted. Unfortunately, information on the status of stocks within
national jurisdiction was seriously deficient or closely held in many regions. Beyond national
jurisdiction, it was difficult to piece together a complete picture due to national practices on
data collection and reporting and the limitations of statistics collected and assessed by FAO
on a global basis. Systematic attempts to collect and assess inter-species and environmental data
in relation to target fish stocks were even more limited. Finally, in 2001, the international
community’s Reykjavik Declaration on Responsible Fisheries in the Marine Ecosystem
opened the door for FAO to support technical work on an ecosystem approach to fisheries
(FAO 2003).

During the last two decades a crescendo of studies has drawn attention to the deteriorating
health of the oceans and marine resources, especially in coastal and nearshore areas. They have
documented ecological linkages and the important role of vital systems such as coral reefs,
seagrasses and mangroves—highlighting how deteriorating ecosystems deprive humans of goods
and services. Further studies on the conservation status of marine species have helped identify
critical breeding, nursing and recruitment habitat, both within and beyond national jurisdiction.
The expanding scale of oceans problems, within and across national boundaries, and growing
perception that cumulative and interactive threats originate in different countries have spurred
greater regional cooperation and agreement. For global bodies, regional agreements and programs
have increasingly become the vehicle of choice to assist states in addressing oceans problems.
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These studies and trends have, on the one hand, led to more systematic attempts to delineate
and classify larger regional marine systems and the ecological roles of smaller, vital systems nested
within (UNESCO 2009); and, on the other, underscored the urgency of more integrated
approaches to ocean planning and management, scaled up small marine protected area and coastal
zone initiatives. The Global Environment Facility (GEF) undertook the first practical steps to
apply marine ecosystem approaches across sectors on a large scale. Its 1995 operational strategy
uses large marine ecosystems (LMEs) as units for assessment and management in international
waters. Building on the concept utilized in CCAMLR, these projects address not only marine
living resources but also marine pollution and habitat degradation. Today the GEF, together
with partners, funds some 16 LME projects involving more than 100 countries (Duda 2009).

International political endorsement of ecosystem approaches in the ocean arena came more
slowly. Although the CBD adopted ecosystems as its primary implementation framework in
1995 (Decision II/8), it was not until 2001 that the UN General Assembly (UNGA), the
overarching international body for ocean discussion, expressly acknowledged the importance
of ecosystem approaches to ocean management (Resolution 56/12). (The delay was due to two
opposing reasons: some distant-water fishing nations were worried that coastal states might use
the concept to seek greater control over “straddling” stocks that move within and beyond the
EEZ; conversely, some coastal states were concerned that distant-water fishing states might seek
to expand the scope of international fisheries agreements, reaching international controls into
areas within national jurisdiction.) Since 2001, there has been further political endorsement—
the WSSD encouraged the application of ocean ecosystem approaches by 2010, and the UNGA
regularly supports them in its annual discussions and in 2006 drew attention to agreed consensual
elements of ecosystem approaches to ocean management (Resolution 61/222). This has finally
opened the door wide to strengthening the application of ecosystem approaches to ocean
assessment and management through international instruments.

Two remaining challenges for ecosystem approaches

Two major challenges remain. The first is technical—developing tools and methods to support
marine assessment and management on an ecosystems basis (recognizing that significant data
gaps remain in various regions of the world) (UNEP and IOC-UNESCO 2009). The second
is institutional—to address the sectoral silos within which international oceans decision making
normally takes place and design a more coherent process, with implications both for regional
and global agreements. (The latter is addressed further below.)

The two are linked. Technical tools are needed to provide decision makers with a compre-
hensible, integrated picture of all the human activities affecting particular ocean ecosystems
(species, habitat and environmental components) and associated social and economic aspects.
Analytical findings need to address the policy questions posed by decision makers and present
clearly any response options and the trade-offs involved. In addition, they must generate trust;
that is, the tools and methods used to assess problems and evaluate response options, and the
assessment process itself, must be considered credible and legitimate. Thus, for complex marine
assessments, integrated on an ecosystems basis, an agreed assessment process is an integral part
of the institutional landscape, both at regional and global scales.

During the last decade there has been major progress on the technical means for aggregating
information; for example, a variety of mapping tools, marine spatial planning (MSP, see Agardy,
chapter 31 this volume) and strategic environmental assessment (SEA, see Kenchington, chapter
12 this volume). Many additional tools and “apps” provide support for decision makers and
other stakeholders to undertake ecosystem approaches and sort out conservation priorities.! On
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the social and economic front, there has been progress in valuing ocean products and accounting
for the environmental costs of activities impacting the oceans; capturing the economic and
social value of marine ecosystem services and their loss is a more difficult prospect (see Kildow
and Scorse, chapter 11 this volume). As the world considers shifting to a new “green” economy,
having tools fit for purpose is an essential prerequisite.

Greater attention on areas beyond national jurisdiction (ABN])

Scientific studies during the last decade, complemented by vivid underwater photography and
computer graphics, have revealed major damage to important deepsea habitats caused by bottom
trawling and produced greater understanding of the extent and role of deepsea habitats such as
seamounts, hydrothermal vents and deepsea corals, new knowledge of the migratory routes of
scores of marine species, and a more systematic accounting of marine biodiversity in different
regions and habitats (CoML 2010). This has spawned two important and ongoing conservation
initiatives in ABNJ:

1 to review and reform the regional fishery management organizations (RFMOs) so that
they reflect ecosystem approaches and other provisions of the 1995 UN Fish Stocks Agree-
ment (Conventions: 1995 UNFSA) and protect vulnerable marine ecosystems (VMEs) as
agreed by the UN General Assembly in 2006 (Resolution 61/105), subsequently elaborated
through FAO (FAO 2008); and

2 to develop MPA networks at both regional and global levels, including in ABN]J. In order
to advance this goal, scientific criteria to identify ecologically or biologically significant
areas (EBSAs) were adopted in 2008 under the auspices of the CBD, together with scientific
guidance for designing representative networks (Decision IX/20, Annexes I and II). There
are ongoing regional workshops to identify EBSAs, and a major report on biogeographic
classification of the open oceans and deep seabed provides the basis for ensuring that networks
are representative (Rice et al. 2011, UNESCO 2009).

The state of international fisheries in ABN]J makes (1) the most pressing concern. Nevertheless,
international shipping, enormous agglomerations of marine debris, greater reliance on subsea
cables for electronic communications, growing interest in deepsea minerals development and
renewable ocean energy and other potential uses threaten to increase impacts in ABN].

As marine research continues to find linkages between regions and with ABN]J in the
distribution and movements of marine species and habitat (CoML 2010, Toropova et al. 2010),
this poses new challenges for regional agreements. And it underscores the protected areas rationale
as a keystone of regional, ecosystem-based approaches. Marine species may follow different paths within
and beyond national jurisdiction, concentrating to feed, spawn or breed in different locations,
but those locations themselves are vital for the health of ocean species and ecosystems. Thus,
achieving (2) above, before human activities intensify in ABN], becomes equally compelling.

The critical (dis)juncture in advancing ecosystem approaches—linking actions at regional levels
with actions in ABNJ—lies at political and institutional levels. Geographically, the RFMOs
have long encompassed ABNJ in order to encompass the full range of target stocks. The same
is true of the regional and inter-regional CMS agreements. On the other hand, most of the
regional seas agreements cover only areas within national jurisdiction, although for historical
and other reasons, the 1992 OSPAR, 1986 South Pacific Convention and 1959 Antarctic Treaty
include ABN]J (Conventions: 1992 OSPAR, 1986 SPC, 1959 AT). However, regional agree-
ments are generally limited in the scope of activities covered; that is, RFMOs are restricted to
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fishing and related research, while the regional seas and CMS agreements do not regulate
international shipping or fishing covered by other international agreements. Moreover, all of
these agreements function within the Law of the Sea Convention framework, which strictly
specifies the rights and obligations of coastal states in areas within national jurisdiction and the
rights and obligations of all states in ABINJ.

New challenges and opportunities, including the effects of climate change

With growing understanding of marine ecosystems and linkages, and the critical role of essential
habitat (EBSAs, as shorthand), new challenges arise for regional agreements:

*  how to protect essential habitat for non-fish species (or fish species not covered by an
RFMO) that migrate through two or more regions, whether through collaborative
initiatives between regional seas agreements, between regional seas and CMS agreements,
and/or between regional seas agreements and RFMOs;

*  how to protect essential habitat such as cold water corals and other sedentary species of
the extended continental shelf (beyond the EEZ) from high seas fishing activities, through
collaboration between RFMOs and the relevant coastal state(s);

*  how to protect essential habitat and ecosystems that “straddle” areas within and beyond
national jurisdiction, such as the Sargasso Sea;? and

e how to protect essential habitat in ABN]J for non-fish species that migrate within and beyond
national jurisdiction, including endangered and threatened species that may be subject to
regional or inter-regional agreements.

Further challenges to existing regional arrangements are posed by climate change. Sea level rise,
warming waters, extreme weather events, and ocean acidification due to increased CO, uptake
will increasingly affect coastal and ocean ecosystems by changing the freshwater/saltwater mix
in coastal areas, altering the distribution, range and productivity of marine species, physically
damaging important coastal habitat, spreading disease or the introduction of new species, or
causing die-offs of “foundation” species in the marine food web such as corals, shellfish and
phytoplankton. Such changes may alter species composition and reduce ecosystem resilience,
with consequent effects on a wider range of species and the coastal and island communities
dependent upon them. They may also shift ecosystem boundaries.

The ocean ramifications of climate change have bolstered support for ecosystem approaches
through “blue carbon” adaptation initiatives. The aim is to protect and restore marine ecosystems
to enhance resilience and improve protective barriers against coastal storms, slow or reverse
ongoing loss of carbon capture and storage in marine “sinks,” help maintain fisheries and other
marine biodiversity, and maintain services such as nutrient cycling and improved water quality.
The potential benefits for both natural and human communities resonate in many coastal and
island nations and such initiatives will most likely occur within the context of existing regional
seas agreements (Herr and Galland 2008; Nellemann ef al. 2009). At the same time, changes in
species migration, habitat health and distribution, or even large-scale ecosystem boundaries have
implications for the geographic scope of RFMOs and the regional seas and CMS agreements
and pose challenges for EBSAs, noted above.

Various proposals have emerged during the last decade supporting regional ocean governance
arrangements that can address more comprehensively multiple threats and are more aligned with
large-scale regional ocean systems. The question is how to accomplish this within the UNCLOS
framework:
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*  proposals to modify the geographic scope of RFMOs or the CMS agreements to encompass
the full range of species are generally not problematic, although any resulting overlaps
between RFMOs will need to be worked out;

*  proposals to expand the geographic scope of the regional seas agreements are problematic
if they seek to extend coastal state jurisdiction or alter the UNCLOS balance between the
rights and obligations of coastal states and the high seas rights and obligations of all states;
and

*  proposals to expand and or merge the substantive scope of any of these agreements are
problematic if they seek to alter that UNCLOS balance.

Yet the UNCLOS regime is by no means static. It expressly recognizes that its “constitutional”
framework will continue to be developed and harmonized through new international instruments
at regional and global levels—notably, to protect and preserve the marine environment and to
conserve and manage high seas living resources. Numerous provisions offer scope for further
measures, for example, to protect rare or fragile ecosystems and habitat (article 194(5)); to prevent
and control pollution from the use of technologies (article 196); and to assess the potentially
harmful environmental effects of planned activities (article 206).

In recognizing special situations, UNCLOS may open the door to other special circumstances.
The Convention offers coastal states certain rights to regulate vessel-source pollution in
vulnerable ice-covered areas within the EEZ (article 234). By analogy, in ABN]J the IMO has
already adopted special measures to control marine pollution from ships in polar areas (Antarctic
Special Area under 1973/1978 MARPOL) and is currently considering a Polar Code applicable
to both Arctic and Antarctic areas. In addition, UNCLOS expressly defines the special situation
of enclosed or semi-enclosed seas, urging bordering states to cooperate and coordinate on marine
living resources, marine environmental protection and scientific research (articles 122—-123). The
definition is somewhat limiting, but the concept that in relatively closed seas a higher level of
cooperation might be required for bordering states to avoid adverse impacts and enjoy benefits
might be applied to other situations.

For example, is there a similar “special” concern of bordering states to encompass fully the
high seas segment of “straddling” ecosystems in a regional seas agreement, or to include patches
of ABNJ in order to cover fully a larger scale system encompassed by the regional agreement
(e.g., 1986 SPC Convention)? When changes occurring beyond national jurisdiction might impact
states within a region, whether due to marine debris, the effects of climate change, or other
causes, what is their recourse? Couldn’t the right of adjacent states to encompass ABN]J in their
regional initiatives be recognized, without altering the UNCLOS balance of rights and
obligations or the limits of national jurisdiction, giving them greater clout to pursue specific
actions in other regional or global bodies when additional cooperation and coordination is
required? Such a proposition would eliminate any presumption of coastal states extending the
limits of their jurisdiction yet recognize a collective role for potentially affected states to take
action and engage broader international cooperation as appropriate.

As noted above, three of the regional agreements already encompass ABNJ, but the rationales
were not ecosystem based. Do widespread international endorsement of, and growing technical
ability to apply, ecosystem approaches warrant additional steps to facilitate this? For example,
the Wider Caribbean regional agreement (Conventions: 1983 WCR) is one that might benefit
from a larger geographic scope, not least because, like the Mediterranean, many nations have
yet to extend and resolve EEZ boundaries. More broadly, an ecosystems basis might lead to
more logical ocean management units and help cohere the geographic scope of existing regional

80



Regional ecosystem-based imperatives

agreements. For example, although it does not appear to have been followed up, there was in
2009 a proposal in the Antarctic Treaty forum to extend existing vessel pollution control measures
beyond the northern boundary of the Antarctic Treaty to the CCAMLR boundary so that they
would cover the entire Antarctic marine ecosystem (i.e., to extend the boundary of the
Antarctic Special Area under MARPOL 73/78 through the IMO). (Final Report of the 32nd
ATCM 2009).

The results of the RIO+20 Conference in June 2012 suggest another opportunity to
leverage ecosystem approaches. In calling for further work on broader measures of progress to
complement gross domestic product (UN 2012), the conference encouraged ongoing efforts
by the UN Statistical Commission, UNEP, UNDP, the UN University, OECD, IMF and the
World Bank, in collaboration with academic and other experts, to develop a more integrated
set of measures and indicators that incorporate ecological limits as well as measures of social and
economic well-being. A recent report sums up progress toward more comprehensive accounting
of the true wealth of nations, including ecosystem services. Among the remaining challenges it
draws attention to are: incorporating into national accounts natural capital that cannot be privately
held, using the example of the open oceans (within national jurisdiction); and “oft-site” impacts
(environmental externalities) that are international—that is, ecosystem service flows like pollution
or the transfer of alien invasive species that spread regionally or globally. The report further
notes that from a global perspective, wealth accounts should “cover all assets on which human
wellbeing depends, including those beyond national jurisdiction” (UNU-IHDP and UNEP 2012).

Could the “keystone” role played by EBSAs in ecosystem approaches serve as a proxy for
spurring international conservation decisions within and beyond national jurisdiction? The report
noted above, through an example using mangrove loss in Thailand, illustrates progress in
accounting for the depreciation or appreciation of these natural assets in national wealth. In
addition to products produced, their “service” roles as nursery and breeding habitats for offshore
fisheries and in carbon sequestration are among the values tallied. Today there should be some
basis for habitat-focused analyses that estimate the value of certain vital open ocean areas vis-
a-vis known fisheries, if not for carbon sequestration, or of depleted fisheries due to degraded
deepsea habitat such as seamounts. In ABNJ, however rudimentary, the gains and losses would
accrue to the world community, illustrating what is at stake and helping to build the case for
conserving keystone habitat so as not to further undermine human welfare and the wealth of
nations. It would make sense to tackle first the value of EBSAs, where recent scientific studies
may offer substantial guidance. This will inform priority-setting by oceans decision makers and
is likely to add to current compelling evidence that stronger institutional arrangements are needed
to maintain and restore ocean ecosystems for present and future generations.

International institutions

With deeper understanding of ocean ecology and intensifying pressures from multiple human
activities, integrated ocean management has grown increasingly compelling. It has grown in
scale as relatively small MPAs or integrated coastal management initiatives are inevitably affected
by development in surrounding areas. And it has grown in complexity with the many new
global and regional agreements concluded following adoption of UNCLOS, each with its own
decision-making body and, for the most part, sectoral focus (Kimball 2001). The twenty-first-
century challenge is to address the scope of oceans problems at larger regional scales, taking
into account ecological linkages, limits and effects on human welfare. Effective institutional
arrangements remain elusive.
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In 1997, this author suggested ways to realign institutional arrangements for ocean governance
to respond to the changing problems and challenges of ocean space in order to:

»  strengthen well-coordinated collective action within each region to advance ecosystem
approaches, recognizing ecological linkages extending beyond the region;

*  help decision makers maintain an overview of interconnected ocean problems and at the
same time find practical solutions for individual sources of threat;

*  give full rein to the comparative advantages of regional and global bodies; and

e devolve appropriate responsibilities from global to regional levels in the interest of truly
vesting knowledge and capabilities in each region.

Within each region, it was suggested that governments either identify an existing regional
body(ies) or periodically convene an informal overview forum in order to:

e ensure integrated regional marine assessments (environmental, social, economic) that
take linkages among problems and potential response actions into account and enhance
information resources and expert capabilities within the region;

*  produce a roadmap of international institutional roles in the region, noting ecological and
management linkages;

* articulate regional goals and strategies and define priorities clearly;

*  determine the need to elaborate or reconcile policies and programs within the region to
ensure that they are mutually reinforcing;

*  coordinate regional views in preparing for global conventions and other intergovernmental
processes so that regional concerns receive due attention; and

* review progress periodically.

The following comparative advantages of global institutions were identified:

*  synthesize integrated regional assessments to provide an overview, identify emerging issues,
and highlight linkages across regions and problems;

*  extract the findings of regional assessments that have wider implications for international
decision making, both norm-setting and programmatic, and leverage wider global concerns
into regional action plans and capacity-building as appropriate;

* update worldwide knowledge with respect to particular issues, problems and response
measures, and ensure recourse to accepted methods and tools for data quality control, data
integration and problem diagnosis;

*  address global-scale problems where uniform global measures should provide at least a bottom
line, for example in international shipping; and

*  eclaborate norms and principles that can advance more effective and innovative approaches
at all levels (Kimball 1997, 2001).

The essential underpinning for an ecosystem approach to ocean management is an ecosystem
approach to ocean assessment. Marine regions are logical ocean management units for the reasons
stated above. Integrated assessments at the regional level provide the basis for integrated
management by offering decision makers specific information on issues and problems in the region,
the relative importance of different sources and impacts, and the implications and trade-offs of
different response options for ecosystem health and human welfare. In order to advance ecosystem
approaches, regional assessments should also identify external ecological linkages so that decision
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makers can consider where collaboration and coordination with other regional or global bodies
is needed to achieve regional and global objectives.

The launch by the UN General Assembly in 2010 of the Regular Process for global report-
ing and assessment, including socio-economic aspects (Resolution 65/37) offers a means for
strengthening integrated, ecosystems-based regional assessments combined with a regular global
overview. The first “baseline” global assessment will be considered by a specialized working
group of the General Assembly in September 2015, including lessons learned and what next.
That group’s recommendations will be taken up later in the year by the full Assembly. Early
workshops aim to strengthen regional capabilities and expert networks within a global framework
that can advance quality, comparability and inter-regional connections. The process of sorting
out institutional roles at the regional level to improve and cohere data collection and produce
integrated assessments is only just beginning. It is vital that the Regular Process preserve a
reputation for credibility, legitimacy and policy-relevant, non-prescriptive assessments (UNEP
and IOC-UNESCO 2009).

Recent attempts to understand and analyze the fragmented oceans institutional complex, at
national, regional and global levels, take two approaches. One simply uses a quantitative
assessment of intersecting institutional responsibilities to provide decision makers with baseline
information as they struggle with ecosystem-based management (Ekstrom et al. 2009, Fidelman
and Ekstrom 2012). A more analytical, interdisciplinary ten-year research initiative looks broadly
at governance of human impacts on the Earth’s biophysical systems. The research framework of
this new program of the International Human Dimensions Programme on Global Environmental
Change is designed to address interlinked problems and cross-cutting themes and explore effective
and equitable solutions. Its findings may have substantial implications for ocean institutions, inter
alia, as “scale” and “knowledge” are two of its cross-cutting themes (Biermann et al. 2010).

Pending further analysis, the weak link in oceans institutions remains an “overview”
mechanism at the regional level that has taken on board the imperative of ecosystem approaches:
to consider the findings of integrated assessments, agree on priorities, and provide agreed guidance
on responses to be taken at national levels and through collective action at regional and global
levels. Nevertheless, growing emphasis on healthy coastal and marine ecosystems and the goods
and services they provide is set to become a major driver of additional regional agreements and
cooperation.

There are some signs of regional, ecosystem-based priority-setting and of ecosystem
approaches leveraging more coherent, systematic international institutional support—through
the GEF program, some of the regional seas arrangements, and large-scale regional projects such
as the Coral Triangle and Caribbean Challenge Initiatives. More regional agreements are acting
on the need to establish specific, problem-oriented linkages with other regional and global
agreements; for example, RFMOs with CMS agreements to avoid adverse impacts of fishing
on migratory seabirds; and, in order to coordinate protections for designated critical and
sensitive sea areas in ABN]J, the OSPAR Convention with the IMO and ISA and the CCAMLR.
with the IMO. Efforts to strengthen protected areas networks at the regional level continue
also in the Mediterranean and South Pacific (Toropova et al. 2010, Rice et al. 2011). The Arctic
Council, an informal forum, continues to evolve toward a more robust “governance” mechanism
in the Arctic marine realm.

Conclusions

The fundamental rationales and benefits of regional initiatives in ocean governance have not
changed. Nor have the comparative advantages of regional and global bodies. What has changed
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with the growing imperative of ecosystem-based approaches is the need to highlight and address
the connections between regions and with ABNJ. An overview oceans “forum” within each
region could play a major role in cohering initiatives to support ecosystem approaches not only
within the region but also in relation to linkages between regions and with ABNJ. While respect-
ing the UNCLOS balance, such bodies could still address extra-regional sources and changes
of direct concern to the region.

At the global level, the Regular Process is to provide an overview of integrated, ecosystem-
based regional assessments and wider inter-regional and global linkages in 2015. This should
provide a basis for considering where institutional coordination is needed between regions and
in ABN]J to advance ecosystem-based management. Further institutional analyses may turn up
new ideas, but it is important to bear in mind that tools for integrated assessment and planning
do not necessarily require integrated implementation; they generally contemplate coordinated
implementation across sectoral agencies within the context of integrated goals and objectives.
A more effective coordination process at the global level between regional and global institutions
is certainly needed.

Progress in identifying and valuing EBSAs, including in open ocean and deep sea areas,
may provide focal points to catalyze international support (political, institutional) for ecosystem
approaches both within and beyond national jurisdiction. They may function as a basis for
pilot conservation initiatives in ABNJ and “straddling” systems, providing a testing ground for
focused institutional coordination to protect and conserve valued ecosystem goods and services,
and for focused international collaboration in scientific research and the exchange of scientific
data and samples of potential value to the international community as a whole. The growing
concern to address ecological limits and equity in the context of three-dimensional assessments
(environmental, social, economic) only underscores the need for assessment processes considered
credible, legitimate and policy relevant.

Notes

1 See Marine Ecosystem and Management bimonthly information service at www.meam.net and
Ecosystem-Based Management Tools Network at www.natureserve.org (accessed July 16, 2015).
2 See Sargasso Sea Alliance at www.sargassoalliance.org (accessed July 16, 2015).
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BLUE PLANET

The role of the oceans in nutrient
cycling, maintaining the atmospheric system,
and modulating climate change

Susan M. Libes

Introduction

This chapter explores the role of the oceans in nutrient cycling, maintaining the atmospheric
system, and modulating climate change. The essential connections between these topics are: (1)
nutrients are one of the most important controls on biological productivity in the oceans, (2)
this biological activity generates and consumes gases that are exchanged across the air—sea interface
and (3) these gases play an important role in the natural greenhouse effect that moderates global
climate. Rising levels of these greenhouse gases (GHGs) have the potential to cause the
temperature of the atmosphere to rise.

Readers are expected to understand basic concepts of biogeochemical cycling including fluxes,
residence and turnover times, positive and negative feedbacks, sources, sinks, and reservoirs.
See Chapter 1 in Libes (2009) for an explanation of these terms and processes. Sarmiento and
Gruber (2006) provide a more mathematical treatment of these concepts.

The crustal-ocean-atmosphere factory

How humans use and affect ocean resources is a consequence of the interconnected biological,
chemical, physical and geological processes that move materials and energy between the crust,
ocean and atmosphere. These movements are quantitatively referred to as fluxes. In some cases,
fluxes that supply materials are balanced by fluxes that remove materials from a given reservoir.
The amount of material in that reservoir remains constant over time as long as the supply and
removal fluxes are balanced. The reservoir is said to be in a “steady state.” This condition provides
stability to what humans experience and is a desirable feature as it enables reliance on that reservoir
as a renewable resource. Stability also arises from negative feedbacks among interconnected
processes in which a change in the flux from one process is countered by a compensating change
in the flux of another process.

Figure 6.1 is a mechanistic representation of these material movements between the crust,
ocean, and atmosphere. From an elemental perspective, such as that of carbon, material
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Figure 6.1 The crustal-ocean—atmosphere factory
Source: After Stumm and Morgan (1996), p. 874.

movement among the reservoirs forms a closed circuit when viewed over sufficiently long periods
of time. These periods of time are typically much longer than that of a human lifetime and
so are harder to appreciate as a renewable feature. Many of the negative feedbacks inherent
in the crustal-ocean—atmosphere factory occur on much longer timescales, i.e., in the order of
thousands to millions of years.

The Anthropocene

Human impacts to these material movements have reached such a large scale that we have greatly
altered many of the material fluxes in the crustal-ocean—atmosphere factory, including ones that
control biological productivity and climate stabilization. These changes have been so significant
that geologists have named this period of time in which we live the “Anthropocene.” Evidence
of the changes we have caused in global material fluxes is now being recorded in marine sediments.
These will eventually become sedimentary rocks and as part of the geological record, provide
geochemical evidence of our impacts. Human impacts to the world ocean are being experi-
enced from poles to equator and surface to bottom. As shown in the global map of human
impacts to marine ecosystems of Halpern ef al. (2008), these impacts are most intense in coastal
waters, reflecting the concentration of human populations along coastlines and the role of
these populations in mobilizing materials. These materials are, with some important exceptions,
transported into the ocean via discharge into coastal waters.
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Positive feedbacks and tipping points

In the crustal-ocean—atmosphere factory, not all changes in fluxes are counterbalanced by negative
feedbacks. Some changes are amplified as a consequence of interactions between various
interconnected material transport processes. These are termed “positive feedbacks” and are
undesirable to humans as they destabilize biogeochemical cycling, leading to changes in the
sizes of reservoirs that we rely on as natural resources. The amount of change in a flux that
must occur before a positive feedback leads to significant destabilization has been termed a “tipping
point.” Tipping points are viewed as thresholds that once exceeded lead to a rapid destabilization
and hence resource impairment. One of the tipping points that we appear to be reaching, or
have reached, is associated with nutrient loading into the oceans, particularly for nitrogen
(Rockstrom et al. 2009). The negative impacts of this loading are stimulation of algal growth
(aka “cultural eutrophication”), followed by eventual decay of the resulting organic matter by
aerobic bacteria. The latter process removes O, gas leading to O,-deficient conditions, called
hypoxia, which can kill benthic and pelagic animals.

Ocean-atmosphere linkages

The ocean and atmosphere are linked by processes that exchange heat and materials across the
air—sea interface. Gases that are exchanged include ones produced and consumed by marine
organisms, such as CO, and O,. This exchange is important enough to impact the atmospheric
levels of these gases. Other material exchanges include salts that are ejected from the ocean
surface as sea spray and the deposition of atmospheric dust, mostly windborne clay minerals, as
fallout onto the sea surface. The exchange of gaseous and liquid water via the processes of
evaporation and precipitation is an important part of the global hydrological cycle.

Human inputs of gases to the atmosphere have indirect impacts to the oceans. For example,
humans have injected gases, called chlorofluorocarbons, into the stratosphere that chemically
remove ozone in the stratosphere. This “ozone hole” is most intense over the poles and has an
important consequence for ocean biology as it permits more UV radiation to reach the sea surface.
The additional UV radiation has the potential to negatively impact phytoplankton in some of
the most productive waters of the world ocean. Since phytoplankton form the base of the marine
food web, a decline in these plankton would significantly impact global ocean productivity.

Ocean-climate linkages

The fluxes of gases across the air—sea interface are of particular importance to Earth’s climate
as many of these gases help the atmosphere retain heat. Earth’s climate is a consequence of
how incoming solar energy is retained and distributed in our planet’s atmosphere. This energy
is retained as heat that we experience as temperature. Heat is transported within the atmosphere
by physical processes including advection by vertical and horizontal winds, radiation, and
conduction. Some of the solar energy is first absorbed by the crust and oceans and then radiated
back as longwave infrared radiation into the atmosphere. This type of radiation is absorbed by
some gases, leading to an enhanced thermal content and higher temperature. This phenomenon
is termed the “Greenhouse Effect” and has led to Earth’s present moderate climate, which is—
at most latitudes—supportive of life. These natural GHGs include water, carbon dioxide (CO,),
ozone (O,), methane (CH,), and nitrous oxide (N,O). An increase in the atmospheric level of
these gases can lead to more retention of heat and hence a higher temperature. Humans are causing
such increases, with the resulting temperature rise termed the “Greenhouse Gas Problem”.
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The degree to which the ocean removes or supplies GHGs to the atmosphere varies over
space and time. Characterizing these fluxes is a major enterprise of chemical oceanographers as
this is key to understanding important climate controls.

Likewise, the role of the oceans in moving and supplying heat to the atmosphere varies over
space and time. This physical phenomenon is a consequence of the ability of water to absorb
and release heat, which is due to its relatively high heat capacity. For example, surface waters
at low latitudes tend to absorb heat. These waters can be transported poleward by surface currents
where the heat is eventually released into the atmosphere. Global ocean circulation involving
the movement of water from the sea surface to the sea floor also plays an important role in heat
transport. Other heat transport processes involve sea ice, which influences global albedo
(reflectance), the role of typhoons in episodic heat release, and even the salt content of the
oceans as this influences the heat capacity of seawater.

A complete circuit of global ocean circulation takes about a thousand years. Shorter term
changes in circulation, such as the El Nifo Southern Oscillation, the North Atlantic Oscillation,
and the Pacific Decadal Oscillation, can cause changes in regional climates at locations quite
far from these ocean phenomena. These eftects are termed “teleconnections.” They include
positive and negative climate feedbacks that appear to operate over timescales of decades.

Not all of the ocean—atmosphere—climate linkages are related to the Greenhouse Effect. For
example, evidence suggests that a negative feedback stabilizing atmospheric temperature involves
a biogenic gas, dimethylsulfoniopropionate (DMSP), which is created by some marine
phytoplankton. These phytoplankton release DMSP into seawater where it breaks down into
dimethylsulfide gas (DMS). DMS degasses from the surface waters of the ocean into the
atmosphere where it is oxidized into SO,(g). This gas leads to the production of sulfate aerosols
that serve as cloud condensation nuclei. The net effect is increased cloud cover that increases
the reflectance of incoming solar radiation, thereby decreasing the flux of solar energy available
to be retained by the atmosphere and lowering its temperature. This also reduces the growth
rate of the phytoplankton, so their gas production tapers oft until cloudy conditions dissipate
under cooler atmospheric temperatures. The negative feedback is then reactivated following
dissipation of the cloud cover as temperatures climb and the solar radiation necessary for photo-
synthesis increases. Since certain marine phytoplankton are essential to this feedback, other controls
on their growth, namely nutrient availability, are influential. These controls are discussed below,
including ones that involve more ocean—atmosphere—climate linkages.

The major biogeochemical cycles

Biological activity in the ocean is a major control on the distribution and transport of carbon
and of the macronutrients, nitrogen and phosphorus. This biological control also causes the
global elemental cycling of carbon, nitrogen, and phosphorous to be highly interdependent,
featuring many inter-elemental feedbacks. Marine organisms influence the global cycling of other
elements, but to a lesser degree. The global cycling of carbon is particularly important because
of the role of CO, as a GHG and hence feedbacks with the nitrogen and phosphorus cycles
have the potential to influence climate.

The part of the carbon cycle that humans interact with operates over timescales of millennia.
This has been termed the “Fast Carbon Cycle” and is highly linked to the cycling of the
macronutrients and to other essential elements, required in smaller quantities, and hence termed
“micronutrients.” The component of the carbon cycle that acts over timescales of millions of
years is termed the “Geological Carbon Cycle.” This involves processes that are part of the
rock cycle, such as CO, uptake during weathering and release from deposition of limestone
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(CaCO;). Changes in this uptake flux arise from processes controlled by plate tectonics, such
as mountain building and hydrothermal emissions of calcium ion into seawater.

Ocean macro- and micronutrient cycling

Autotrophy

The base of the marine food web is comprised primarily of single-celled photosynthetic algae
called phytoplankton. Other primary producers that are of local importance in some marine
ecosystems, such as hydrothermal vents, are chemoautotrophic bacteria that obtain energy from
reduced inorganic compounds such as hydrogen sulfide, methane, and hydrogen (H,). Although
these collectively comprise less than 1 percent of the total marine autotrophic production, their
metabolic processes help complete some of the elemental biogeochemical cycles.

Both types of primary producers have elemental requirements for the constituents that comprise
their soft tissues and hard parts. The latter include structural entities comprised of either silica
(S10,) or calcium carbonate (CaCOj;). The elements that are in scarce supply have the potential
to limit productivity of the entire food web by controlling the rates of primary production.
These elements are grouped into two categories: macronutrients and micronutrients. The former
are required in higher amounts than the latter. The three macronutrients are nitrogen,
phosphorus, and silicon. The latter is a macronutrient only for phytoplankton that deposit siliceous
hard parts, the most abundant of which are the diatoms. Most silicon is found in molecules
that include oxygen that are generically referred to as silica. Nitrogen and phosphorus are macro-
nutrients because they are components of some of the most abundant biomolecules comprising
the soft tissues, i.e., the ones that constitute cellular membranes, pigments, energy transport
agents (ADP/ATP), and genetic material (DNA/RNA).

Most of the micronutrients are trace metals, such as iron, molybdenum, vanadium, cobalt,
manganese, copper, zingc, and selenium. These trace metals are essential components of common
enzyme systems. For example, iron plays a role in electron transport processes associated with
photosynthesis, respiration, and nitrogen fixation, as well as the reduction of nitrate and nitrite
to ammonium. Under some conditions, the growth of autotrophs is limited by more than one
nutrient, but typically marine phytoplankton are considered to be limited by the availability of
nitrogen. Exceptions to this are some oceanic regions where iron appears to be limiting. These
include the subarctic Pacific Ocean, the Southern Ocean, and the equatorial Pacific Ocean,
which collectively represent 20 percent of the sea surface area.

Molecular forms of the nutrients

The molecular form of the nutrients is important in determining the degree to which algae and
microbes can utilize the elements. Since these organisms do not have mouths, all of their elemental
needs must be met by active transport of small molecules through their cell membranes, a process
called “nutrient assimilation.” In the case of phosphorus, most of this element is present in sea-
water as the small inorganic molecule phosphate, which is readily assimilated by the algae and
microbes. The situation with nitrogen is far more complex, as a variety of small inorganic forms
can be present in seawater, i.e., nitrate, nitrite, and ammonium. Ammonium is taken up most
rapidly, being energetically rich, since its nitrogen atom is in a redox state that matches the
target biomolecules, i.e., proteins, chlorophyll, ADP, ATP, RNA, and DNA. Some dissolved
organic nitrogen compounds, such as urea, are sufficiently small to be assimilated by autotrophs.
For the micronutrients, several dissolved forms can also be present, with some being more
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bioavailable than others. The bioavailability of many trace metals is enhanced through com-
plexation with dissolved organic matter as this serves to solubilize these elements.

Heterotrophy

Organic matter created by primary producers is consumed by heterotrophic microbes and animals.
The microbes include bacteria, archaea, and protozoans. Some are obligate aerobes or anaerobes.
Others are facultative. There are even examples of autotrophs that can engage in heterotrophy—
these are called “mixotrophs.” Some of the nutrients are incorporated into the biomass of the
heterotrophs and the remainder are returned to extracellular soluble forms as excreta, secretions,
or exudations.

Following death, the organic matter that constituted biomass is subject to sinking and microbial
degradation. The dead biomass is termed detrital particulate organic matter (POM). Viruses
play an important role in the degradation process as they cause cell lysis, which is the leading
cause of “death” for phytoplankton and bacteria. Cell lysis releases the dissolved organic
compounds present in the cellular matrix into seawater. Other sources of dissolved organic matter
(DOM) in seawater include the secretions and exudations from marine organisms as well as the
heterotrophic breakdown of POM by bacteria and archaea. Microbes continue the degradation
process on DOM, such that some portion of the carbon, nitrogen, and phosphorus are trans-
formed back into the small inorganic molecules required by the autotrophs, i.e., CO,, ammon-
ium, and phosphate. This occurs through a series of steps collectively called “remineralization.”
The resulting additional microbial biomass is consumed by protozoans, which serves to move
some of the carbon and nutrients back into the marine food web.

Microbially-mediated heterotrophic processes occur anywhere that detrital organic matter is
present. This detrital organic matter is present everywhere including the euphotic (aka “sunlit”)
zone where photoautotrophy occurs, the aphotic zone (generally depths greater than 200m
in the open ocean), and in marine sediments. Microbial heterotrophy is particularly prolific
at interfaces where detrital organic matter collects, including the air—sea interface, the sediment—
water interface, on the surface of suspended and sinking POM, and at boundaries between ocean
currents.

The nitrogen cycle includes several additional important microbial processes. Nitrogen fixation
is conducted by free living and endosymbiotic microbes, some of which are photosynthetic.
This process, in which the highly abundant N,(g), is converted into ammonium, plays an
important role in regulating the degree to which nitrogen is the limiting nutrient. Conversely,
nitrogen can be converted back into N,(g) via the anaerobic process of denitrification in which
nitrate is reduced using organic matter as the electron donor. The GHG, N,O, can be generated
as a by-product. Ammonium is another by-product and is subject to anaerobic oxidation to N,
via an autotrophic process called anammox. Ammonium is also a product of oxic heterotrophy.
Under oxic conditions, ammonium is oxidized by specialized bacteria to nitrite and then to
nitrate. This bewildering variety of processes is summarized in Figure 6.2 and includes another
mechanism for nitrate loss called dissimilatory nitrate reduction in which nitrate is reduced to
nitrite or ammonium. In some settings, this microbially mediated pathway is more important
than denitrification. The take-home message here is that the processes involved in the nitrogen
cycle are far more varied than those of the other nutrients, or even carbon, owing to the variety
of oxidation states of nitrogen.
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Figure 6.2 A simplified depiction of the marine nitrogen cycle illustrating redox and phase
transformations mediated by microbes. The boxes contain the nitrogen species and its oxidation number.
The arrows represent transformation reactions as follows: (1) nitrogen fixation, (2) solubilization, (3)
ammonification, (4) nitrification, (5) denitrification, (6) anammox, (7) anaerobic nitrification mediated
by manganese reduction, (8) dissimilatory nitrate reduction to ammonia (DNRA), (9) assimilatory
nitrogen reduction. A = anammox microbes. The dashed lines represent processes in which nitrogen is
incorporated into biomass.

Source: Libes (2009), p. 668.

The role of nutrients in the crustal-ocean-atmosphere factory

The “fast” carbon cycle

Humans have greatly increased nutrient fluxes into the ocean and GHG fluxes into the
atmosphere. The impacts of these increased fluxes can be predicted by considering the global
biogeochemical cycles of carbon, nitrogen, and phosphorus. As noted above, the carbon cycle
can be characterized by two sets of biogeochemical processes that serve to cycle this element
on timescales of thousands versus millions of years. In this chapter, we consider only the “fast”
carbon cycle since it is closely linked with the nitrogen and phosphorus cycles and is more
closely matched to human timescales.

Because of the interlinked nature of these cycles, some have proposed a geoengineering
approach to solving the GHG problem, i.e., by fertilizing the oceans, algae would proliferate
and in doing so, remove anthropogenic CO, from the atmosphere. If this could be realized,
two pollution problems—nutrient pollution of the coastal oceans and GHG loading into the
atmosphere—would seemingly work together to cancel each other out! Unfortunately this is
not happening. To understand why, as well as other more promising means to address the two
pollution problems, we need to consider in more detail the interconnected nature of the global
biogeochemical cycles of the three elements.

The fast carbon cycle moves carbon between the atmosphere, biosphere, ocean, its surface
sediments, and soils on land. Although humans have significantly increased the CO, content
of the atmosphere, it is still the smallest carbon reservoir in the crustal-ocean—atmosphere factory.
Most of the carbon resides in the crustal rocks, about 100,000 times more than is in the
atmosphere, but does not participate in the fast carbon cycle. Most of the atmospheric carbon
is in the form of CO, gas with a minor fraction present as gaseous CH, and CO. CO, is removed
from the atmosphere by photosynthesis on land and in the ocean and via the chemical weather-
ing of crustal rocks. The chemical reactions for these two processes are shown below:
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106CO,(¢) + 16HNO,(aq) + H,PO (aq) + 122H,0O(1) + Sunlight
— (CH,0),56(NH,)(H;PO,(s) + 1380,(¢) (Eqn 6.1)

CO,(g) + Crustal Rocks + H,O(l) = HCOj/(aq) +
Chemically Weathered Rocks (clay minerals) + Dissolved Salts (Eqn 6.2)

Photosynthesis creates new POM. The elemental ratios of this POM, as shown in Equation
6.1, are representative of marine plankton collected in net tows. An important consequence of
photosynthesis has been the provision of O, gas that degasses into the atmosphere. About half
of the global O, production is currently supported by marine photosynthesis.

In the ocean, most of the carbon is in the form of inorganic molecules, i.e., bicarbonate
(HCO;), carbonate (CO;?), and carbon dioxide (CO,). These are collectively referred to as
dissolved inorganic cartbon (DIC). The vast majority of the DIC is bicarbonate. Most of the
phosphorus is dissolved and in the form of orthophosphate. Most of the nitrogen is dissolved,
with the organic form being nearly as abundant as the inorganic forms. The most abundant
form of dissolved inorganic nitrogen is nitrate.

The biological pumps

The evolution of life on this planet had a profound impact on segregating carbon into the major
modern-day reservoirs. Prior to human influences, the atmospheric and oceanic reservoirs are
thought to have been in steady state over timescales of millennia. This condition was largely
controlled by biotic processes in which uptake via photosynthesis was approximately balanced
by respiration with a turnover time of carbon in the atmosphere of about 4.5 years.

The rates of photosynthesis on land and in the ocean are approximately equal but the effect
of these processes on the global carbon cycle is quite different because the fate of the resulting
organic carbon is quite different. On land, detrital POM tends to undergo oxidation via aerobic
microbial respiration that occurs in the soils. This rapidly returns the CO, to the atmosphere.
In the ocean, the detrital POM has a far better chance of escaping degradation by sinking into
the deep sea with a minor fraction settling onto the seafloor and getting buried. Even if this
POM undergoes remineralization, the carbon is trapped in the bottom waters until ocean
circulation returns it to the sea surface. Hence the sinking process acts to store carbon, keeping
CO, out of the atmosphere for a much longer period of time than is achieved on land. This
sinking process is referred to as the “soft-tissue biological pump.”

The soft-tissue pump operates as follows: primary production in the euphotic zone leads to
the production of new biomass. This new POM has three fates: (1) it can settle into the deep
sea, (2) it can be recycled in the surface waters by microbial heterotrophy, and (3) it can be
consumed by protists or animals. In the case of the latter, death of the consumers and their
excretory products both generate detrital POM that will either be recycled in the euphotic
zone or sink into the deep sea. In the deep sea, the detrital POM is remineralized by microbes,
thereby regenerating dissolved carbon and nutrients. A small fraction survives the trip to
become permanently buried in the sediments.

The soft-tissue biological pump is augmented by a “hard-part” pump fueled by marine algae
and zooplankton that create structural components comprised of calcium carbonate. The hard-
part pump works the same way as the soft-tissue pump, except that the sinking hard parts are
subject to dissolution as they settle into the deep sea. This dissolution is enhanced by the higher
CO, content of the deep waters through the following chemical reaction.

CO,(g) + CaCO4(s) + HO() — 2HCO5(aq) + Ca**(aq) (Eqn 6.3)
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Figure 6.3 Simplified model of global ocean circulation emphasizing circuit of deep and surface water
flows. Deep waters are created from sinking of cooled salty water at high latitudes. Water is returned to
the surface by wind-driven upwelling and turbulent mixing.

Source: Shimokawa and Ozawa (2011). After Broecker (1987).

The recycling of organic matter in the surface and bottom waters is very efficient such that
somewhat less than 3 percent of the primary production (as carbon) survives to be buried on
the seafloor. Most of the burial is occurring on the continental shelves as their water depths are
shallow and hence provide short sinking times for detrital POM to reach the seafloor. Because
of this low percentage of burial, the residence time of carbon in the ocean, just prior to the
Anthropocene, was on the order of 30,000 to 40,000 years.

The net effect of the biological pumps is to relocate carbon and the nutrients into the
deep ocean. Global ocean circulation moves water from the surface to the deep sea and back
to the surface on a circuit that passes through the entire ocean over a timescale of about a thousand
years. This circuit is shown in Figure 6.3. It is commonly referred to as the “Global Conveyor
Belt.”

Thus carbon and nutrient enriched deep waters are eventually returned to the sea surface
where both are re-utilized by algae. Any excess carbon will degas into the atmosphere. So on
timescales greater than 1,000 years, a more permanent removal of carbon is needed to counter
the GHG problem. This is achieved if the sinking soft and hard parts can survive to become
permanently buried in the sediments. This happens in shallow waters, i.e., on the continental
shelves. Benthic animals that deposit calcareous hard parts, such as coral reefs, also contribute
to a more permanent removal of carbon, but overall do not represent a significant carbon sink.
The efficiency of the biological pumps is influenced by many factors, such as the sinking rate
of the particles, the length of the water column, and how corrosive the seawater is towards the
calcareous hard parts. The latter effect is described below.

The solubility or gas-exchange pump

The ocean has one more pump that enhances its ability to store carbon. This is called the
“solubility or gas exchange pump.” It acts to remove atmospheric CO, by dissolution into
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seawater. The efficiency of this pump is determined by: (1) the physical movement of seawater,
which dictates how long the waters in the deep sea stay out of contact with the atmosphere
(remember the CO, content of the deep sea is enriched by degradation of detrital POM and
dissolution of CaCQy); (2) the temperature and salinity of the water, with solubility enhanced
by low temperatures; and (3) chemical reaction of CO, with dissolved carbonate. This
reaction is:

COj5(ag) + CO,(¢) + H,O() = 2HCO5(aq) (Eqn 6.4)

CO, exchange across the air-sea interface

In many locations, the ocean supports a net removal of CO, from the atmosphere as the biological
and solubility pumps are sequestering carbon, mostly in the deep sea. In regions where deep
water enriched in DIC is rising to the sea surface, either as part of the global conveyor belt or
due to wind-driven upwelling, CO, is released back into the atmosphere via degassing from
the sea surface. The major area of degassing is presently the equatorial zone of the Pacific Ocean.
Regions with the largest net removals are high-latitude waters where global ocean circulation
leads to sinking of cold, highly productive surface waters into the deep ocean, including the
North Atlantic, North Pacific, and Southern Oceans. These fluxes can vary seasonally and over
long timescales. Important examples of the latter are associated with the coming and going of
Ice Ages with atmospheric CO, levels being lower during the cold periods.

About half of the CO, released by humans has remained in the atmosphere. (This includes
carbon emissions arising from land-use changes such as deforestation.) About 30 percent has
been taken up by the ocean and 20 percent has presumably been removed by the terrestrial
biosphere. The ability of the ocean to continue to take up excess CO, will likely change over
time as its bufter capacity decreases due to the titration of carbonate by the reaction in Equation
6.4. When carbonate ion concentrations are low, seawater becomes acidic as H* (ag) accumulates
from the reaction in Equation 6.5.

CO,(g) + H,O(l) = H,CO4(aq) — HCO;(aq) + H'(aq) (Eqn 6.5)

This impact has already been detected as the pH of seawater has declined by 0.1 pH unit since
preindustrial times. This has made seawater increasingly corrosive to calcareous hard parts, which
has negative impacts on the survival of an important part of the phytoplankton and the function
of the biological pumps.

The interconnected marine carbon, nitrogen, and
phosphorus cycles

In the same way that carbon is pumped into the deep sea, leading to higher DIC concentrations
in the bottom waters, so are the nutrients reflecting their concurrent remineralization during
microbial respiration of organic matter. As the deep waters move around their global circuit,
remineralized carbon and nutrients accumulate from the continued decay of POM raining out
of the surface waters. So locations where these waters rise to the surface are enriched in both
CO, and nutrients. Elsewhere, surface waters have very low concentrations of nutrients due to
their rapid assimilation by phytoplankton.

The interconnected nature of the C, N, and P cycles is illustrated in Figure 6.4 which also
highlights interactions with the global cycling of O,. In the case of O,, the euphotic zone is a
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Figure 6.4 Schematic representation of the coupled marine carbon, nitrogen, phosphorus, and oxygen
cycles. The solid lines represent biogeochemical processes and fluxes. The dashed lines point from a
controlling property to a particular process where that control is highly important.

Source: Gruber (2004).

net source to the atmosphere. Remineralization of sinking detrital POM via microbially
mediated aerobic respiration creates an oxygen minimum zone (OMZ) at mid depths in the
open ocean. The existence of various feedback loops between C, N, and P has been postulated
as well as the potential for nutrient availability to be a master variable in global climate control.

Feedbacks that stabilize the ocean nitrogen cycle appear to rely on linkages between N, fixation
and denitrification. Since N, fixation relies on iron availability, processes that control iron fluxes
into the ocean and its molecular form are likely to be important. N, fixation is notable because
it represents an adjustable input of reactive nitrogen to the ocean that is under some degree of
biotic control. On the other hand, iron fluxes appear to be controlled by climate. For example,
increased fluxes from airborne dust occur during periods of drought.

Prior to the Anthropocene, the nitrogen cycle appears to have been in a steady state with a
residence time for reactive nitrogen in the order of a few thousand years. In contrast, the marine
cycle of phosphorus is largely controlled by riverine inputs and burial in the sediments with a
residence time on the order of 10,000 to 20,000 years.

The marine cycling of carbon, nitrogen, and phosphorus is influenced by physical processes
such as global ocean circulation and river runoff whose rates are influenced by feedbacks assoc-
iated with climate change. Another influence on these cycles is exerted by species diversity in
the phytoplankton. Not all phytoplankton deposit calcareous hard parts, some species sink
more rapidly than others, and some are nitrogen fixers or harbor nitrogen-fixing endosym-
biotic bacteria. Thus changes in species composition of phytoplankton communities have the
potential to affect carbon and nutrient fluxes into the deep sea and burial of these elements in
the sediments.
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What ecosystem services do ocean nutrients provide to humans?

Humans benefit in a diverse number of ways from the natural biogeochemical cycling of nitrogen
and phosphorus in the ocean. These include:

*  food production from commercial and recreational fisheries;

*  climate regulation services arising from the interconnection of the carbon, nitrogen, and
phosphorus cycles as described above;

*  maintenance of an oxic atmosphere as marine photosynthesis is a significant source of
O, gas;

* formation of natural resources based in geological reservoirs. These formation processes
take place over millions of years which is much slower than their rates of usage by humans.
Examples include: (1) chalk and limestone whose ultimate origin is in the calcareous hard
parts of plankton; (2) chert whose origin is in siliceous hard parts of plankton; and (3) the
sedimentary deposits that originate from the organic remains of plankton which include
phosphorites, oil, and gas. Phosphorites are the primary source of phosphatic fertilizers.
Oil and gas are components of fossil fuel resources and also chemical feedstocks for manu-
facture of plastics, rubbers, etc.;

*  waste treatment for sewage, septage, and polluted runoff that would otherwise have to be
disposed of on land. The treatment processes include physical ones, such as dilution and
dispersion, as well as uptake by phytoplankton and microbes leading to incorporation into
marine food webs;

*  support of marine organisms that synthesize unique organic molecules currently used as,
or have the potential for use as, pharmaceuticals, food additives, nutritional supplements,
cosmetics, and novel engineering materials;

* support of tourism and aesthetic enjoyment through the provision of healthy coastal
systems and recreational fisheries;

*  support of coastal marshes that provide: (1) storm protection; (2) pollutant removal;
(3) seafood production; and (4) a carbon sink for GHG emissions.

Anthropogenic alteration to nutrient fluxes

Despite the many values that ocean nutrient cycling provides to humans, the Anthropocene
has been characterized by significant alterations in several of the key fluxes of nitrogen,
phosphorus, and iron.

Reactive nitrogen

Reactive nitrogen includes all forms of nitrogen except N,(g). The latter is the most abundant
form of nitrogen in the crustal-ocean—atmosphere factory, but is biologically available only to
N,-fixing organisms. Anthropogenic sources of reactive nitrogen eventually make their way
from the land into the ocean via stormwater runoff, submarine discharge, and atmospheric
transport. Most of the anthropogenic mobilization of reactive nitrogen has resulted from the
widespread adoption of the Haber-Bosch process, in which a high-temperature combustion
reaction converts N, and H, into NH;. This industrial version of N, fixation was discovered
in 1913 and now supplies the nitrogenous fertilizers used on crops worldwide. It has been key
to increasing food production and thus has supported human population growth. Humans have
also increased biotic N, fixation through the planting of N,-fixing crops and burning of fossil
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fuels. By 2005, the anthropogenic rate of N, fixation had risen (and the natural rate declined
due to land-use change), such that human sources were close to 80 percent of the natural global
rate (Galloway et al. 2008). By 2050, the anthropogenic rate of N, fixation is expected to rise
to a level that exceeds the natural rate. Other anthropogenic processes that have mobilized reactive
nitrogen are land-use change including deforestation and the burning of fossil fuel, wood, and
grasslands. Combustion processes, particularly those associated with fossil fuels generate nitrogen
oxide gases (NO,).

Phosphorus

Increased fluxes of phosphate that eventually make their way from land into the ocean occur
similarly to nitrogen except for the absence of gas phase transport. As with nitrogen, most of
the increased fluxes are associated with the use of fertilizers. Phosphate is obtained by the mining
of phosphate rocks, called phosphorite, or from bird guano deposits. The latter were found on
remote oceanic islands that hosted seabird rookeries and had been largely depleted by 1900 AD.
Phosphorites are sedimentary rocks formed under highly productive waters supported by
wind-driven coastal upwelling that brought nutrient-enriched waters into the euphotic zone.
The ensuing flux of detrital POM was large enough to enhance its own burial due to fast
sedimentation rates. Over millions of years of overpressure, the sediments were physically and
chemically consolidated into rock. Humans have mined phosphorite deposits that, due to
geological uplift, are now accessible from the land surface. These deposits are limited in geo-
graphic scope and have been heavily mined. In countries that have not had, or no longer have,
these mineral deposits and in those with concerns about nutrient loading of the oceans, efforts
have turned to recycling of waste phosphate.

Iron

One of the most dramatic impacts of land-use change has been the mobilization of soils from
the land. Humans became the prime agent of erosion sometime during the latter part of the
first millennium AD. Humans are now an order of magnitude more important at moving sediment
than the natural processes operating on the surface of the planet (Wilkinson 2005). The
resulting fluxes of sediment, via river transport into the ocean, have the potential to increase
the movement of iron into the ocean, which is a key micronutrient. As noted above, periods
of drought can also lead to enhanced dust fluxes, especially from areas that have experienced
land-use change.

Transport pathways of nutrients into the ocean

Nutrients mobilized by humans make their way into the ocean by several routes. River runoff
is a major conduit. It receives nutrient inputs via stormwater runoft of excess nutrients applied
to agricultural lands and from waste streams of livestock and humans. In many countries, these
wastes are discharged into rivers with little or no treatment and hence include both dissolved
nitrogen and phosphorus.

Various types of land-use change, including deforestation and draining of wetlands, has led
to the mobilization of nutrients that had been naturally stored in these environments. In some
cases, the rates of mobilization have been enhanced by the addition of acid supplied by acid
rain. This acid has its origin in the excess NO_, SO,, and CO, gases that are injected into the
atmosphere by anthropogenic burning of fossil and wood fuels.
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Terrestrial waters that percolate into soils have the potential to carry mobilized nitrogen and
phosphorus into the groundwaters. These subsurface waters can discharge into the coastal ocean
as seepage called “submarine ground discharge,” particularly along coastlines where limestone
rock is common.

Atmospheric deposition is most important for nitrogen and perhaps iron. In the case of
nitrogen, NO_ from burning activities and NHj; volatilized from manure are transported in
the gas phase. Both can dissolve across the air—sea interface. By the mid 1990s, atmospheric
deposition constituted 44 percent of the terrestrial input to the ocean and is projected to supply
almost 52 percent by 2050, with the impacts concentrated near the source, i.e., in coastal waters.
Thus the major impacts from the anthropogenic mobilization of nitrogen and phosphorus are
occurring in the coastal oceans.

Ship emissions are also recognized as a significant source of nutrients arising from discharge
of wastes directly into the water and from atmospheric release of combustion products generated
from burning of fossil fuel or wastes (aka “incineration at sea”).

Technically, fishing represents a net removal of nutrients from the ocean. In regions where
commercial stocks have been overfished, this can represent a significant local loss of nutrients.

Impacts to the crustal-ocean-atmosphere factory from altered
nutrient fluxes

The following impacts have been observed or are hypothesized as a consequence of anthropo-
genic alteration to nutrient fluxes.

Impacts to the ocean

Rising CO, levels in the atmosphere have increased the uptake of CO, by the oceans. Although
the carbonate—bicarbonate equilibrium reactions in seawater provide buftering against changes
in pH, the rate and amount of acid addition has been large enough to cause a 0.1 unit decrease
in global average pH since preindustrial times. As shown in Equation 6.3, this addition of acid
can lead to the dissolution of calcareous hard parts even in living plankton. This consumption
of buffering capacity has the potential to reduce the ability of the ocean to take up anthropogenic
CO, emissions due to reductions in the functions of the biological and solubility pumps.

The impacts of nutrient pollution into the coastal ocean are recognized nationally and
internationally as one of the most serious threats to ocean and human health. The primary impact
is through cultural eutrophication in which organic matter production is increased and the species
composition of algae is changed. As illustrated in Figure 6.5, oxygen-deficient conditions develop
in the sub-surface waters as sinking detrital POM is respired by aerobic microbes. The frequency
and duration of these low-oxygen events tends to increase over time as the impacts of nutrient
loading can be cumulative if POM created by cultural eutrophication accumulates in the
underlying sediments.

As nutrient loading into the coastal ocean has increased, so have the number of locations
where oxygen deficient sub-surface waters occur for at least part of the year. The current coastal
locations where these effects have been observed are distributed worldwide as mapped by Diaz
and Selman (2010). The number of coastal sites where oxygen deficiency has been so low as
to be classified as hypoxic (< 2 mg/L of O,) has approximately doubled each decade since the
1950s and currently numbers around 500 (Diaz and Rosenberg 2008).

Nutrient loading also appears to be altering the species composition of marine phyto-
plankton, favoring organisms that exert harmful effects (Heisler ef al. 2008). These phytoplankton
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Figure 6.5 Conceptual diagram showing the linkage between external nutrient loading, nutrient
enhanced algal bloom formation, and hypoxia in a vertically stratified water column

Source: Author.

proliferate in great numbers in response to the nutrient abundance. This condition is termed a
“Harmful Algal Bloom” or HAB, in which the harmful effects can include chemical poisoning
from toxins biosynthesized by these plankton or mechanical abrasion from hard parts that can
cause fatal haemorrhaging in the gills of fish. The net effects are impairments to fishing and
human health threats from ingestion of contaminated fish as well as dermal and respiratory contact
to the toxins. The high concentrations of POM can decrease light availability, leading to a decline
in submerged aquatic vegetation, such as sea grasses, thereby resulting in loss of habitat. Some
species secrete copious amounts of mucilage that fouls fishing nets and beaches with a malodorous
foam. All of these effects negatively impact commercial and recreational fishing, aesthetic values,
and tourism.

Impacts on the atmosphere

Atmospheric impacts resulting from alterations to the marine biogeochemical cycles of carbon,
nitrogen, and phosphorus involve changes to the fluxes of the biogenic gases that have already
been discussed, namely CO,, O,, NH;, and NO,. Other gases affected include two potent
greenhouse gases, CH, and N,O. Both are produced in the ocean by microbes respiring organic
matter under anaerobic conditions such as those present in sediments, coastal hypoxic zones,
and OMZs. Thus production rates are likely to increase if oxygen levels decline. The latter
appears to be occurring not just in coastal areas impacted by cultural eutrophication, but in the
OMZ in the central North Pacific Ocean and tropical oceans worldwide, particularly on
continental margins. The causes of this deoxygenation are not well understood nor are the time
trends since long-term datasets are limited. Some of the likely causes are described in the next
section.

Synergies

Many of the impacts of nutrient pollution have the potential to exert synergistic effects in response
to global warming and sea level rise resulting from climate change. Some that represent positive
feedbacks and hence have the potential to enhance negative impacts on the crustal-ocean—
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atmosphere factory are described below along with the important synergies that arise from
concurrent impacts of other stressors.

Positive feedbacks from climate change

Some positive feedbacks to the global biogeochemical cycles of carbon, nitrogen, and phosphorus

that arise from various impacts of climate change to the crustal-ocean—atmosphere factory include:

changes in global ocean circulation (Figure 6.3) that have the potential to affect the major
biogeochemical cycles and hence the biogenic gas content of the atmosphere. For example,
the effects of warming in the polar oceans or a reduction in salinity due to ice melt could
reduce the sinking of surface waters into the deep sea, thereby slowing down the entire
conveyor belt system. A slowdown has the potential to increase vertical density stratification
enabling an increased build-up of nutrients in the deep water via the biological pumps.
This leaves the surface waters with lowered levels of nutrients. Deoxygenation would
intensify due to the relative stagnancy of the water and decreased solubility of O, at higher
temperatures. Other circulation changes include impacts from increased storminess as this
enhances the mixing in the surface waters, thereby decreasing its vertical density stratifica-
tion. This would in turn negatively impact the phytoplankton by increasing the amount
of time spent below the euphotic zone;

more rapid rises in atmospheric temperatures due to accelerated emissions of GHGs from
the ocean. This includes production of N,O and CH, from newly deoxygenated waters
and the release of CH, from the melting of methane clathrates in marine sediments and
permafrost;

increased weathering, predicted as a consequence of: (1) higher atmospheric CO, levels
(as per Equation 6.2), (2) higher temperatures, and (3) and acceleration in the hydrological
cycle. The combined effects would increase riverine fluxes of salts, alkalinity (carbonate
and bicarbonate), and nutrients into the ocean;

changes in phytoplankton species composition and overall production arising from short-
to medium-term fluctuations in climate events, such as the El Nifio Southern Oscillation,
the North Atlantic Oscillation, and the Pacific Decadal Oscillation;

changes in phytoplankton species over longer timescales associated with rising temperatures.
Such a decline in global marine primary production is reportedly occurring at a rate of
about 1 percent per year (Boyce et al. 2010);

synergistic impacts of higher temperature on survival of tropical coral reefs already stressed
by ocean acidification, increased particle loads, and spread of disease. Similar concerns arising
from ocean acidification and warming exist for plankton that deposit calcareous hard parts
and mollusks;

loss of coastal marshes, one of the most productive habitats on Earth, due to the combined
effects of rapid sea level rise, nutrient pollution, and changes in extreme storm surges;
changes in the ranges of species that are functionally invasive, including pathogens.

Other stressors and the “rise of the slime”

The concurrent impacts of ocean acidification, deoxygenation, and warming are expected to

have profound effects on the global marine cycles of carbon, nitrogen, and phosphorus by aftecting
the biogeochemical function of key organisms in the marine food web (Bijma et al. 2013; Doney
2010; Gruber 2011; Noone et al. 2012; Norris et al. 2013). This has the potential to reduce
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biological productivity and diversity and to alter animal behavior, leading to declines in fisheries.
Other ocean-scale stressors that exert synergistic effects on marine life include the widespread
dispersal of plastics and in polar waters, increasing levels of semi-volatile toxicants, such as mercury
and DDT, which are migrating polewards via a fractional distillation process termed the
“Grasshopper Eftect.”

Other ocean stressors are exerting their impacts on a local scale, particularly in coastal waters.
These include coastal hypoxia, nutrient pollution, coastal habitat loss, overharvesting, especially
of keystone species such as filter-feeding oysters, and the introduction of invasive species. The
latter is partly a consequence of warming waters and changing circulation patterns. Still other
local stressors include the spread of disease, genetic pollution from aquaculture operations, and
hydrologic manipulations that have led to decreasing riverine fluxes of silica and increasing
inputs of iron to coastal waters. The latter two have collectively diminished the populations of
diatoms and favored an increasing dominance of cyanobacteria that are HAB species. Other
species changes that have emerged include: (1) bioinvasions of macroalgae and microbial mats
that have supplanted seagrass and kelp beds; (2) coral reef die offs; (3) infestations of jellyfish;
and (4) blooms of mucilaginous phytoplankton. Overall coastal zones have seen a decline in
plankton grazing and commercial fish production that has been described as a type of de-evolution
of formerly complex marine food webs. This process has been termed the “Rise of the Slime.”

Great unknowns and uncertainties

Developing management strategies for avoiding and reducing the negative impacts of nutrient
pollution, including its synergies with climate change, requires a more detailed quantification
of anthropogenic fluxes into the ocean and a better understanding of the following marine
biogeochemical processes:

e for the nitrogen cycle: (1) determining what microbes are responsible for biotic N, fixation
in the ocean, where they are living, and better quantifying their rates; (2) understanding
the feedbacks between N, fixation and denitrification; (3) understanding the biotic controls
on production of N,O; and (4) quantifying the rates of anammox and DNRA;

«  for the phosphorus cycle: determining the dynamics of the recent sedimentary reservoirs;

e for the micronutrients: (1) better defining the degree of limitation these metals exert on
marine production and (2) the molecular forms that control their bioavailability;

e for the carbon cycle: (1) better identifying and quantifying sedimentary sinks, especially in
coastal zones and esturies, (2) better quantifying the roles of various species of marine plankton
in the biological pumps, and (3) determining the impact of ocean acidification on the function
of the biological pumps.

To enable projections into the future of what ecosystem and interconnected climate impacts
we can expect, more accurate biogeochemical models are needed. Specifically, existing models
need a better mathematical description for the marine food webs including interactions
between viruses, phytoplankton, bacteria, archaea, and their primary consumers, protists and
microzooplankton. These interactions need to reflect responses to stressors that can cause
species-specific shifts in growth rates, habitat ranges, and loss of photosymbionts. For bacteria
and archaea, we need a better modelling of their rates of organic matter degradation of nutrient
remineralization. Another input pathway that is not well quantified in these models is submarine
ground discharge of nutrients. Finally, to test the hypothesis that tipping points exist, the models
need to reflect nonlinear interactions that can give rise to unstable conditions.
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Management implications

A particular controversy in managing the contributions of humans to global climate change and
nutrient pollution is deciding at what stage intervention becomes cost effective. This seems critical
given the interconnected nature of the global biogeochemical cycles of carbon and nutrient
elements, their nonlinear behaviors and potential for numerous positive feedbacks as all of these
suggest the existence of tipping points beyond which we risk inducing a mass extinction event.
Scientific understanding is so limited that a precautionary approach is likely to be the only practical
means of ensuring that the most negative environmental consequences are avoided. Part of
the limited scientific understanding is due to insufficient observational measurements over
space and time. These are costly and the recent global economic slowdown that began towards
the end of the 2000s has further reduced resources dedicated to collecting observational
measurements.

The other fundamental consideration is that multiple stressors are acting synergistically, but
over different time and space scales. Some of these stressors are locally manageable; others must
include management across national boundaries. Commercial fisheries are an example of the
latter.

An alternative view is to consider that catastrophic mass extinction events have occurred
numerous times in Earth’s past as a result of geologic phenomena, such as volcanic eruptions
that gave rise to the flood basalts that comprise large igneous provinces (LIPs), and from extra-
terrestrial events, such as meteorite impacts. Regardless of anthropogenic causes, mass extinction
events are inevitably going to happen in Earth’s future. While we might be able to reduce our
impacts or geoengineer the planet to maintain it in a form that is most conducive for human
sustainability, beyond some point this will not be possible.
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Introduction

Opver the past decade, the benefits that healthy oceans provide have increasingly become the
focus of science, management, and policy making (e.g., Halpern ef al. 2012, Samhouri et al.
2013). Productive oceans enhance food security (Garcia and Rosenberg 2010), and marine habitats
protect millions of people from floods, hurricanes, and typhoons (Barbier et al. 2014). At the
same time, there is increasing recognition that human activities and uses of the oceans, including
fishing, coastal development, and pollution, have profoundly altered many marine ecosystems
and are eroding their function and ability to provide benefits (Jackson et al. 2001, Worm et al.
2006). These impacts are compounded by current and projected impacts of climate change
(e.g., Doney 2010).

Given dependence on and substantial alteration of ocean ecosystems, rigorous assessments
of ocean health (OH) are critically needed. Assessments of OH are needed to measure the
state of ocean ecosystems, or of marine social-ecological systems, using some limited suite of
indicators, in the same way that a doctor might assess a patient’s health status by measuring
body temperature or blood pressure. The indicators selected to reflect OH should convey how
the ocean as a system is operating, considering multiple interacting forces and pressures. Because
OH assessments may provide a holistic view of status, the concept can be used in conjunction
with ecosystem-based management to manage a range of human activities and ultimately promote
productive and resilient oceans that provide benefits to society. The OH concept is also important
as a driver of attitude and policy change: focusing attention on the current state—or health—
of the oceans will highlight areas that need improvement and convey the consequences of inaction.

Despite the clear need for comprehensive assessments of OH, developing scientific
frameworks for conducting such assessments has been challenging. A first challenge lies in the
definition of OH. Environmental health is a normative concept that implies judgment on the
desirable state for an ecosystem. Such judgment is influenced by human values and needs, and
thus definitions of OH have varied from human-centric views that focus primarily on the benefits
that oceans provide to people (e.g., Halpern ef al. 2012), to nature-centric views that would
rate ecosystems with the fewest human pressures as the healthiest (e.g., McCauley et al. 2013).
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Setting baselines for healthy oceans has also been problematic. The status of ocean ecosystems
has undoubtedly changed substantially over time, making it difficult to assess what a healthy ocean
is (Pauly 1995, Jackson et al. 2001). A further challenge is how to capture the complexity of
relationships that drive the dynamics and functioning of marine social-ecological systems, where
the complexity of biophysical interactions is further compounded by equally complex feedbacks
with human systems. For example, it has proven difficult to relate the functioning and provision
of services of an ecosystem to some of its attributes, such as its diversity (Micheli et al. 2014).

Finally, an additional key challenge is how to ensure that assessments are conducted with
approaches and over spatiotemporal scales that effectively inform management actions. For
ecological assessments to foster sustainable outcomes, near-real-time data collection and system
monitoring may be needed at various scales of decision making (e.g., local, state, regional, national,
and international). Technological, analytical, and communication advances are needed in order
to provide this critical information to policy makers, environmental managers, and the public
in a useful and timely fashion.

In the past decade, there have been important advances that aid in defining and measuring
OH and implementing OH concepts as part of ecosystem-based management (EBM). Major
advances in the quantification of cumulative impacts to marine ecosystems (e.g., Halpern et al.
2008), historical reconstructions of past changes of ocean ecosystems (e.g., Jackson et al. 2001),
and projections of future scenarios (Cheung et al. 2009) can help in determining appro-
priate baselines and predicting future rates of change. Moreover, models linking ecosystem
condition to the flow of ecosystem services have contributed critical information on parts of
this complex set of feedbacks and interactions (e.g., marine Invest), www.naturalcapital
project.org. Comprehensive quantitative frameworks that integrate drivers, ecosystem states,
management actions, and services have also been developed (e.g., Halpern et al. 2012, Samhouri
et al. 2013). These frameworks and analyses provide powerful tools and represent important
first steps in ongoing efforts to include crucial social-natural feedbacks in assessments and
management of OH.

This chapter reviews and synthesizes selected concepts and data that are relevant to assessments
of OH. In particular, the following questions are addressed: (1) What is OH? (2) How is the
condition of marine ecosystems affected by multiple drivers, and what are the major current
and future threats to our oceans? (3) Are healthy oceans disease-free? (4) What indicators and
targets can inform management aimed at maintaining healthy oceans? The chapter concludes
by considering what recent advances and new frontiers can enable timely assessments of OH
and effective use of this information to protect ocean and human health simultaneously.

What is OH?

The idea that natural systems can be healthy or unhealthy dates at least to Aldo Leopold’s land
ethic, published 1949 in his Sand County Almanac. Over the years, the health metaphor has
been applied to various natural systems including the oceans. People intuitively understand the
concept “health,” even though health can be defined in different ways.

Based on review of the existing literature, Tett ef al. (2013, p. 1) defined OH as:

the condition of a system that is self~maintaining, vigorous, resilient to externally
imposed pressures, and able to sustain services to humans. It contains healthy organisms
and populations, and adequate functional diversity and functional response diversity.
All expected trophic levels are present and well interconnected, and there is good spatial
connectivity amongst subsystems.
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However, this definition requires some clarification to make OH a practical tool for ecosystem
managers. For example, what is a vigorous system? What are healthy organisms and populations?
What is adequate functional diversity and what represents good spatial connectivity?

OH can be about ecosystem services, the structure and functioning of ecosystems, and human
impacts—perhaps all at once. Two major attempts at evaluating OH at large spatial scales include
the Ocean Health Index (OHI; Halpern et al. 2012), and the descriptors of good environ-
mental status (GES) provided in the European Union’s Marine Strategy Framework Directive
(MSFD). Comparing these efforts illustrates the various definitions and attributes of OH
(Table 7.1). Nine out of ten OHI attributes directly describe ecosystem services, or benefits to
humans. Samhouri ef al. (2012) summarize this view as “a coupled systems perspective, defining
a healthy ocean as one that delivers benefits to people now and in the future.” The MSFD
GES, in contrast, describes a healthy ocean primarily as one without (human-caused) symptoms
of altered structure and functioning, stating the symptoms primarily in biological and physical
terms (Table 7.1).

Most people would agree on some general attributes or goals of a healthy ocean. These include
clean waters, sustainable seatood production, and persistence of some key components of bio-
diversity, such as large charismatic species and species that provide critical habitat. However,
finding a generally agreed-upon set of criteria for health of coastal or marine systems is at best
difficult, if not impossible. Difterent stakeholders have different understandings, different needs,
and different expectations of a healthy ocean, based on their own values, preferences, or level

Table 7.1 Characteristics of a healthy ocean according to the OH Index and the EU Marine Strategy
Framework Directive descriptors of Good Environmental Status

Ecosystem structure or function Ecosystem service
OHI goals OHI Goals
e Clean waters * Food provision
*  Biodiversity * Artisanal fishing
* Natural products
GES descriptors » Carbon storage
* Biodiversity (habitats, species) * Coastal protection
¢ Normal abundance and diversity at all trophic *  Coastal livelihoods/Economies
levels * Tourism/Recreation
* No major ecological changes due to non- * Sense of place (iconic species/places)
indigenous species e Clean waters
 Fish and shellfish populations within safe
biological limits GES descriptors
* No pollution effects due to contaminants * Contaminants in seafood below legal
*  Minimized effects of eutrophication thresholds

* No environmental harm due to marine litter

* High sea-floor integrity

* No adverse effects of permanent hydrographical
alterations

* No adverse effects of energy introduction

Source: OHI; Halpern et al. 2012; GES; ec.europa.eu/environment/marine/good-environmental-
status/index_en.htm (accessed August 24, 2015).

Note: To facilitate comparison, we have grouped each indicator (i.e., the OHI goals and GES descriptors)
under two categories: ecosystem structure or function, and ecosystem service. Italicized items fit under
more than one category.
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of well-being. For example, in a place where the local population suffers from malnutrition,
food provision might be the most important function of marine ecosystems. Indeed, one of the
major criticisms of the application of the health metaphor to ecosystems is that it inserts personal
values under the guise of scientific impartiality (Lackey 2001). However, in reality, management
of ecosystems is a human enterprise. If OH concepts and indices are meant to be useful to
humans, then the humans using them should have the ability to insert their values into manage-
ment goals, as long as the values are explicitly described in OH assessments.

Ultimately, it may be less important to develop a single, universally agreed-upon definition
of OH than it is to foster global recognition of the range of its important attributes and stressors.
The marine management and stakeholder community can constructively support numerous
practical definitions of OH, employed by different management agencies or communities. Collect-
ive investment in the importance of the OH concept can help promote active and adaptive
management (including policy change) to achieve certain health standards, even if the definition
of health varies, if standards are transparently defined and consistently measured. When manage-
ment is held accountable to standards, it creates a system with: 1) knowledge of ecosystem status,
2) active management to achieve status if performance is low, and 3) evaluation of the effective-
ness of management actions. Perhaps the most important role of the OH concept is to move
society toward positive change, much as we do for human health.

Human impacts on the oceans

Humans impact ocean ecosystems in multiple ways and cause change at a rapid pace. Human
activities—ranging from sea-based activities such as fishing, aquaculture, and shipping to land-
based activities such as development, agriculture, and mining—produce a suite of pressures on
marine species and ecosystems. Frequently, the total cumulative impact of these activities on ocean
ecosystems is greater than each activity’s impact in isolation, and the combination of activities
has the potential to cause severe environmental degradation (Crain ef al. 2008). However, in
evaluating human impacts to oceans, researchers have typically focused on the effects of a single
activity or stressor on single ecosystem components (but see Halpern ef al. 2008). This is, in part,
because it is difficult to track the sources of multiple stressors, measure them at appropriate temporal
and spatial scales, and determine baselines for measuring change in ecosystems.

Approaches for assessing the cumulative impacts of multiple drivers of ecosystem change are
discussed next, with an examination of how historical data can provide baselines for modern
management. We then look ahead at how we might expect OH to change in the near future
with emergent issues of warming, hypoxia, and ocean acidification.

Cumulative impacts of multiple drivers

A broad range of human activities that impact OH can occur in coastal and marine regions.
Each human activity produces a number of stressors or pressures that may occur at multiple
scales and impact the surrounding environment, including sedimentation, nutrient input,
contaminants, noise, acidification, and many others. These pressures may have impacts of varying
degrees on a suite of species and habitats in ecosystems, ranging from mortality to behavioral
and physiological change. Further, these pressures may manifest at different levels, from species
to whole ecosystems. The environmental effects caused by human and natural activities and
pressures do not occur independently of one another. Instead, each activity interacts with past
and contemporary human activities and the broad range of stressors they produce, resulting
in cumulative impacts to a suite of ecological components. Natural variability in ecosystem
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processes and interactions among components in the system add further complexity and affect
the manifestation of resulting impacts.

Opverfishing is arguably one of the most significant and pervasive human impacts on marine
ecosystems (Jackson et al. 2001). Poorly managed marine harvest can lead to the direct depletion
of targeted marine species as well as unintended, but equally severe effects on non-target marine
species (e.g., bycatch) and the degradation of marine habitats. These impacts can unleash
propagating indirect change on whole marine food webs (e.g., trophic cascades) and cause
decreased resilience of marine ecosystems to climate variability (Micheli et al. 2012).

There are, however, other pressures beyond fishing that undermine OH. Halpern ef al.’s
(2008) quantification and mapping of cumulative impacts to the oceans revealed for the first
time the global extent of human alteration of marine ecosystems. They combined spatial data
on the distribution of 17 anthropogenic drivers of ecosystem change, including fishing, pollution,
invasive species, and climate change, with the distribution of 20 marine ecosystem types and
expert-based weights estimating the vulnerability of each ecosystem type to each driver. This
systematic integration of the estimated cumulative human impact on marine ecosystems showed
that large portions of the global oceans are heavily impacted (40 percent), most areas of the
oceans are impacted by multiple drivers (typically ten or more in coastal areas), and less than 4
percent of the oceans remain relatively unimpacted, mostly in polar regions. The highest
cumulative impacts occur in heavily populated areas, including the North and Norwegian Seas,
South and East China Seas, Eastern Caribbean, North American eastern seaboard, Mediterranean,
Persian Gulf, Bering Sea, and the waters around Sri Lanka (Halpern et al. 2008). Ecosystems
with the highest predicted cumulative impact scores include hard and soft continental shelves.
Coral reefs, seagrass beds, mangroves, rocky reefs and shelves, and seamounts have few to no
areas remaining anywhere in the world with low cumulative impact scores. In contrast, shallow
soft-bottom and pelagic deep-water ecosystems had the lowest scores, partly because of their
lower vulnerability to a suite of activities and their associated pressures (Halpern et al. 2008).

The worrisome picture that this analysis unveils may yet be conservative, because some
important activities and pressures, including coastal hypoxia, marine debris, and illegal or
unreported fishing, could not be included in the analysis due to unavailability of global spatial
data. Moreover, estimated impacts of individual pressures were combined using an additive model.
However, pressures can interact to produce a variety of effects, including synergistic, antagonistic
or compensatory effects (Crain et al. 2008). For example, stressors are considered synergistic
when their combined effect is greater than predicted from the sizes of the responses to each
stressor alone and antagonistic when the cumulative impact is less than expected (Crain et al.
2008). Additional and better quality data, and an enhanced understanding of how multiple
pressures interact in their ecological impacts could be included in future analyses to present a
more accurate assessment of the cumulative impact of anthropogenic drivers to the ocean.

Looking back: historical change

Opver the past 10-20 years human perception of the status of the ocean, and consequently of a
healthy ocean, has changed radically. In many cases, what researchers considered natural was
indeed the results of centuries or millennia of unappreciated human impact on marine ecosystems.

s

The “shifting baseline syndrome,” an inter-generational loss of information on the states of
ecosystem and animal populations, has affected scientists, managers, and ocean resource users
due to humans’ limited observational experience and capacity to access and retain historic

information (Pauly 1995).
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Historical analyses have revealed that human impacts on ocean ecosystem functioning can
date back centuries, in most cases preceding the advent of monitoring programs and scientific
investigations (e.g., Pauly 1995, Jackson et al. 2001). The cumulative effects of fishing, coastal
development, pollution, and climate change have removed suitable habitats, depleted populations,
caused species range contractions and regional extirpations, and facilitated species invasions (Lotze
and Worm 2009). Large animals have been the most susceptible to declines because they are
preferentially targeted by harvesters and easier to catch. Thus, even ancient fisheries with limited
technological and spatial scope impacted populations of ecologically important large consumers
(Jackson et al. 2001). Historical analyses have also shown that loss of diversity coincided with
loss of services (Worm et al. 2006).

These patterns of ocean change have followed similar but asynchronous trajectories across
world regions. Human societies proceed through stages of resource exploitation, and conse-
quently ecosystems have responded in a similar fashion independent of context (Lotze et al.
2006, Worm et al. 2006). However, despite evidence of historical impact of humans on marine
ecosystems, there are examples in which past societies have used resources from the ocean in
a sustainable fashion. Historical reconstruction of coral reef ecosystems in the main and
northwestern Hawaiian Islands indicates that, while human impacts to ecosystems can be
cumulative and lead to environmental decline, there are records of recovery periods where
degraded systems begin to show improved ecosystem health (Kittinger ef al. 2011). These recovery
periods are attributed to a complex set of changes in underlying social systems that served to
release reefs from direct anthropogenic stressor regimes. These types of social-ecological
interactions may be common. In British Columbia, archaeological records of midden sites illustrate
that humans sustained continuous harvesting of herring populations for millennia, before
modern industrial exploitation (McKechnie ef al. 2014).

Marine managers need baselines to set recovery targets. In some instances, these reference
points can be drawn from well-enforced marine protected areas, but such places are rare (Guidetti
and Micheli 2011). Historical data sources can also provide some degree of understanding of
how OH has changed over time and give insight into benchmarks for OH management. Selection
of such baselines must be cautiously approached, as historical ecologists have demonstrated that
human impact on the oceans reaches back, in some instances, thousands of years (Lotze ef al.
2006). This process of critically examining the changing health of the oceans requires considering
both what species and habitats have been impacted by human activity, as well as determining
the functional significance of these losses. This process of critically looking back at OH is a
constructive first step toward moving forward.

Looking forward: current threats and future scenarios

Climate change is a global-scale issue that jeopardizes many aspects of ocean ecosystem health
and the sustainability and well-being of human communities. By absorbing heat and carbon
dioxide, the oceans have played a critical buffering role against climate change. However, this
service does not come without repercussions. Several pressures to the ocean result from climate
change, including increasing sea surface temperature, altered circulation and stratification
patterns, sea level rise, hypoxia, and ocean acidification. Below we outline how these stressors
can fundamentally alter the structure and functioning and service provision of ocean and coastal
ecosystems.

Global climate change alters environmental forcing mechanisms—or factors that impact ocean
circulation—such as wind, precipitation, temperature, and salinity patterns. Thus, climate
change is projected to cause the widespread warming of ocean surface and alter large-scale oceanic
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circulation patterns, which can alter the distribution and interactions among species. Marine
fishes and invertebrates are expected to track changing ocean temperatures when movement or
dispersal into new environments is possible. Species unable to move will either acclimatize,
evolve, or suffer local extirpations (Pinsky et al. 2013). Poleward movement of fish into cooler
waters has been documented for fish assemblages between 1970 and 2006 in 52 of 64 Large
Marine Ecosystems (LMEs) (Cheung et al. 2013). Some species are already at thermal tolerance
limits, particularly in tropical waters, so local extirpations and future declines in biodiversity are
expected. Changes in tropical waters are probably irreversible, with negative implications for
the future of marine ecosystems, as well as fisheries yields. Local extirpations of foundation species,
such as the mortality of corals through bleaching due to climate warming, could also cause the
loss of biodiversity dependent on these foundation species (Hoegh-Guldberg et al. 2007).
However, several species are adapting to global temperature change. For example, by switching
to heat-tolerant symbionts, coral species may be able to tolerate higher temperatures in some
regions of the oceans (Barshis et al. 2013). Further studies of adaptation will provide greater
understanding of how some species may evolve and maintain some aspects of ecosystem
functioning in the face of global temperature rise.

In addition to mean ocean temperature increase, climate change is associated with increased
temperature variability. Increased variability in ocean temperature can have profound effects on
marine organisms, where impact of temperature fluctuations on fitness or other performance-
related traits can amplify the impact of warming on species (Tewksbury et al. 2008). In fact, it
has been recently suggested that increased variability has an even greater effect than increased
mean temperatures (Vasseur et al. 2014).

Changes in forcing mechanisms associated with climate change may lead to changes in ocean
circulation and stratification of surface waters. Intensified stratification of ocean waters is expected
to diminish productivity of the upper layer, thereby reducing primary production and altering
food webs dependent on these primary producers (Carlisle 2014). As a result of climate change
and warming oceans, the productivity of many fish stocks and some ecosystems is expected to
decrease, while others may increase in productivity (Cheung ef al. 2013). Surface waters and coastal
areas will also experience more intense storms and catastrophic events, such as extreme hurricanes
that destroy mangroves, reefs, and other near-shore nursery habitats (Knutson ef al. 2010).

The rise in anthropogenic carbon dioxide (CO,) that is responsible for projected trends of
ocean warming and stratification is also causing profound shifts in seawater chemistry. Ocean
acidification is a series of predictable changes in seawater carbonate chemistry caused by the
absorption of atmospheric CO, into the ocean (Feely ef al. 2009). Since the industrial revolution,
seawater acidity has already increased over 30 percent and is expected to increase 150 percent
relative to the pre-industrial levels by the end of the century based on business-as-usual scenarios
of CO, emissions (Feely et al. 2009).

Ocean acidification is predicted to increase the energy needed to maintain a number of
important physiological processes, including calcification, across a wide range of marine species
(Kroeker et al. 2013). While there is variability in species responses, syntheses suggest that ocean
acidification may reduce the growth rates of many species, especially species that build their
shells or skeletons out of calcium carbonate, from corals to marine snails to oysters (Kroeker
et al. 2013). In contrast, the shifts in carbonate chemistry associated with ocean acidification
may decrease the energy necessary for primary producers to grow, resulting in enhanced growth
rates of marine algae and seagrasses (Koch et al. 2013). Understanding how the wide range of
species’ responses to ocean acidification will scale up to aftect OH remains a challenge.

Studies in naturally acidified ecosystems suggest that ocean acidification could cause local
reductions in the abundance of calcareous species, shifts towards dominance by algae, and overall
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reductions in biodiversity in the future (Kroeker ef al. 2011, Fabricius et al. 2011). In ecosystems
with calcareous foundation species, such as coral or oyster reefs, reductions in the abundance
of these ecologically important calcareous species could cause subsequent losses of those species
dependent upon them (Fabricius ef al. 2013) with repercussions for local and global economies.
Shellfish fisheries are also expected to suffer significant economic losses with continued ocean
acidification (Cooley and Doney 2009), and modeling eftorts suggest that OA-related reductions
in the abundance of calcareous prey (such as sea urchins or bivalves) could reduce the abundance
of groundfish species by up to 20—-80 percent, depending on the magnitude of the reductions
in the abundance of the prey (Kaplan et al. 2010).

There is some limited recent evidence that adaptation to ocean acidification is possible. In
temperate systems, one study has demonstrated genome-wide selection on sea urchin larvae
(Strongylocentrotus purpuratus) when larvae were exposed to acidified seawater. Selection led to
few changes in larval development (Pespeni et al. 2013). Thus, some species may have the ability
to tolerate broad pH fluctuations or have sufticient genetic diversity to allow rapid evolution
in response to environmental change.

The combined eftects of multiple pressures associated with climate changes, and the cascading
impacts of warming, acidification, and changes to ocean circulation, are likely to result in reduced
ecosystem service provisioning. For example, increased water temperatures are expected to affect
fish species and fish stocks that people depend on for food, by reducing fish sizes due to
physiological changes in fish metabolism with temperature, oxygen content, and other
biogeochemical properties of water (Cheung ef al. 2012). Fish sizes tend to be smaller in warmer
temperatures, partly because warmer water contains less oxygen, which restricts gill size and
ultimately metabolism and growth rates (Pauly 1984). Future modeling scenarios with high
emissions estimate that the assemblage-averaged maximum body weight of 600 marine fish species
will shrink by 14-24 percent between 2000 and 2050, and will be possibly more pronounced
in tropical and intermediate latitudes (Cheung ef al. 2012). These projections do not account
for ocean acidification, hypoxia, or disease outbreaks, so projections likely underestimate the
integrated impacts on fish stocks and marine ecosystems from climate change. Size shifts
induced by changes in ocean chemistry may further exacerbate reductions in fish size caused
by size-selective fishing.

Understanding how the ocean warming, stratification, acidification, and hypoxia will combine
and interact with human activities to impact OH remains a major challenge for science and
management. Mechanistic understanding of how individual drivers influence the physiological
response of marine species to other drivers is very limited (Griftith and Fulton 2014). Ecological
theory and data suggest, however, that declines in diversity due to any single driver are likely
to reduce resilience to other environmental changes or human activities and cause subsequent
reductions in ecosystem services (Micheli ef al. 2012, Worm et al. 2006).

We have thus far considered factors that affect OH as being confined to the marine
environment. This ocean-centric viewpoint of OH may in fact be short-sighted: the health of
the terrestrial environment influences the health of the oceans and vice versa. Such links have
been relatively well recognized in situations where terrestrial pollutants or other deleterious
materials transit from land to sea. Runoff from intensively modified terrestrial areas generates
high sediment loads in coastal water that can smother coral reefs. Fertilizers used in large-
scale terrestrial agricultural projects that are directed by rivers into the marine environment can
generate eutrophic conditions, such as the dead zone located in Gulf of Mexico near the outflow
of the Mississippi River. Connections between the health of terrestrial and ocean ecosystems
are also interlinked in more subtle, but equally or more important ways. Poor yields from marine
fisheries, for example, have been demonstrated to increase hunting of terrestrial wildlife in nature
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reserves (Brashares ef al. 2004). Such cryptic but important linkages demonstrate the intimacy
of the connections that exist between ocean and terrestrial health and suggest that marine managers
must engage colleagues in terrestrial ecosystem management.

Ocean health and marine diseases

A healthy person is, by definition, disease-free. Does the same hold for a healthy ocean? Marine
ecosystems contain a broad diversity of parasites, defined here as organisms that live in an intimate
(spatially close) and durable (temporally long) relationship with a host, where the host experiences
disease (i.e., negative fitness effects; Combes 2001). For parasites, the OH metaphor breaks down:
while outbreaks of pathogenic diseases sometimes decimate marine populations (Lessios 1988),
disrupt fisheries (Wilberg et al. 2011), cause cascading eftects in marine communities (Kennedy
et al. 2013), and contribute to species extinctions (Powles et al. 2000), parasites can also be normal,
natural, and even vital components of healthy, functioning ecosystems (Hudson et al. 2006;
Gomez et al. 2012). Proposed definitions of OH have, to date, rarely included consideration
of marine disease. Here, we outline the challenges faced when attempting to incorporate marine
disease into the definition of OH, and suggest some promising metrics to integrate parasite-
and disease-monitoring into ocean health assessments.

Disease ecologists have long recognized that “healthy ecosystems are rich in parasites” (Hudson
et al. 20006), and recent studies in marine ecosystems have borne this out. More parasite species
occur in restored salt marshes than in degraded ones (Hechinger and Lafterty 2005), in fishes
inhabiting pristine coral reefs than in those inhabiting heavily fished reefs (Lafferty et al. 2008a;
Wood et al. 2014), and in marine protected areas relative to open-access areas (Wood and Lafferty
2014). These rich parasite communities probably both arise from and contribute to ecosystem
health. That is, parasites need hosts, and are therefore more likely to be found in ecosystems
where hosts are diverse and abundant (Lafferty 2012). Parasites can also serve important
ecological roles in ecosystems, by checking host populations (Hudson et al. 1998), affecting the
species composition and increasing the diversity of marine communities (e.g., Poulin and
Mouritsen 2005), and changing the flow of energy through the food web (Lafferty et al. 2008b),
often by increasing the amount of energy flowing to apex predators (Lefevre et al. 2009). As
just one example, marine viruses are major players in the global carbon cycle through their
significant effects on marine microbial mortality (Suttle 2005).

But while parasite species richness appears to be positively associated with host species richness
in many healthy ecosystems, a more difficult question is whether parasite abundance or the
degree of pathology (i.e., loss of host fitness) caused by parasites should be lower in healthy
than in unhealthy ecosystems. Recent evidence suggests that the response of parasite abundance
to human disturbance varies, depending on parasite and host traits. For example, fish parasites
with complex life cycles appear to be especially likely to decline in abundance in response to
fishing pressure, while directly transmitted fish parasites (i.e., parasites transmitted directly between
conspecifics, without other host species in the life cycle) can sometimes capitalize on fishing-
driven community changes and experience dramatic increases in abundance if their hosts
increase in abundance (Wood et al. 2014).

While most marine parasites are of little public health concern, some can spill over from
their natural hosts to infect humans. One group of nematodes—Anisakis spp.—can infect humans
who consume uncooked marine fish, usually as sushi (Overstreet 2013). The worm’s natural
life cycle includes a marine mammal definitive host: the human host is a “dead-end.” Fortunately
for humans and anisakids, anisakiasis is not common and usually causes only mild symptoms in
the human host (Overstreet 2013). Several other marine helminths can infect humans, including
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cestodes in the genus Diphyllobothrium, and the trematodes Heterophyes heterophyes and Metagonimus
yokogawai (Adams et al. 1997).

Although human infections from marine diseases are rare, bacteria and viruses encountered
by consumption of raw or undercooked shellfish (e.g., Vibrio spp., noroviruses), during swimming
in coastal waters, or from drinking water can cause substantial pathology and are a major public
health concern (Shuval 2003). These parasites can occur naturally in marine and estuarine
ecosystems, as in the case of Vibrio spp. bacteria, or may be introduced into coastal waters through
sewage pollution (Bosch 1998). Every year an estimated 120 million human cases of gastroenteritis
and 50 million cases of respiratory disease around the world are linked with exposure to waste-
polluted coastal waters (Shuval 2003). Cholera, caused by the Vibrio cholerae bacterium, can be
transported between coastal cities by attaching to the exoskeletons of marine zooplankton that
are swept along by ocean currents or trapped in ballast water (Colwell 1996).

Just as ocean parasites can affect land animals, land parasites can sometimes affect ocean animals.
For example, the protozoan Toxoplasma gondii is globally distributed and can use nearly any
mammal or bird as an intermediate host (Lehmann ef al. 2006). Because the parasite is dependent
on cats as obligate, definitive hosts, T. gondii was long considered to be an exclusively terrestrial
parasite (Jackson and Hutchison 1989). Recent work has revealed that a substantial proportion
of sea otters (Enhydra lutris) in California are infected by T. gondii, their exposure probably due
to ingestion of oocysts washed into the ocean by runoff contaminated with cat faeces (Conrad
et al. 2005). Toxoplasmosis is a major cause of mortality and a contributor to the slow rate of
population recovery for sea otters in California (Conrad ef al. 2005).

Although parasites are clearly integral, natural components of healthy ecosystems, there is
increasing evidence that stress to marine organisms, caused by natural or human disturbance
such as climate change or pollution, can lead to disease outbreaks that are more severe than
expected for healthy, unstressed populations (Sokolow 2009; Morley 2010). There is compel-
ling evidence that coral diseases, including both stress-induced bleaching and several infectious
diseases, are on the rise (Sokolow 2009) and some coral diseases have been correlated with periods
of seasonal or inter-annual ocean warming (Harvell et al. 2009), increased nitrogen or sewage
pollution (Bruno et al. 2003), and runoft (Haapkyla et al. 2011). However, whether environ-
mental degradation, global warming, and human influences are promoting a general increase
in ocean diseases is still hotly debated (Harvell ef al. 2004; Wood et al. 2010).

Demonstrating the causal link between environmental degradation and disease is not
straightforward since drivers of disease are complex and sometimes opposing (Sokolow 2009).
Some marine diseases are caused by bacterial consortia or ubiquitous opportunists, rather than
one pathogen, which can make identifying causative agent(s) difficult (Bourne et al. 2009; Burge
et al. 2013). Moreover, even the most “pristine” locations often harbor diseases similar to those
seen at more degraded locations, obscuring the connection with anthropogenic drivers (Williams
et al. 2008).

Just as environmental degradation can influence disease risk, disease in marine populations
can increase ecosystem susceptibility to other stressors. For example, during the 1980s, white
band disease outbreaks rapidly killed large stands of Caribbean acroporid corals. The skeletons
of these corals were then weakened by bioerosion, making the ecosystem more susceptible to
hurricane damage (Aronson and Precht 2001). The disappearance of acroporids, along with that
of the urchin Diadema antillarum (also caused in part by a disease outbreak; Lessios 1988)
precipitated a change in the Caribbean-wide reef ecosystem from coral- to algal-dominance,
which may be difficult or impossible to reverse (Mumby ef al. 2007). This has had cascading
effects for many reef species and even some of the human communities that rely on healthy
reefs for their livelihoods (Bellwood et al. 2004).
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Increasing global connectivity can result in the rapid spread of parasites across regions, with
sometimes dire consequences for OH. Non-native, invasive parasites can be particularly harmful
(Torchin et al. 2002). For example, Anguillicola crassus, a parasitic nematode of the Japanese eel,
Anguilla japonica, was introduced into European waters in the 1980s. It became endemic in the
European eel (Anguilla anguilla) and is believed to have contributed, along with other anthro-
pogenic pressures, to the collapse of the species (Palstra ef al. 2007). Shipping traffic and ballast
water can move live bacteria, protists, algae, zooplankton, benthic invertebrates, and even fish
across ocean basins (Carlton and Geller 1993). The rapid spread of a human cholera pandemic
across continents in the 1990s has been linked to ballast water movements (Colwell 1996).

In this context, it is evident that disease outbreaks should be considered among the suite of
potential stressors that can impact OH. The Caribbean coral reefs are one example where
monitoring and prevention of disease in a few key populations could have impacted the health
of the whole ecosystem. Other examples where disease monitoring might be a priority for OH
assessments include ecosystems under threat of disease spillover from aquaculture, such as those
near abalone (Lafferty and Ben-Horin 2013), salmon (Torrissen ef al. 2013), and shrimp farms
(Walker and Winton 2010).

Interest in using parasites as bioindicators (i.e., taxa or functional groups that are able to
reflect the state of the environment; sensu McGeogh 1998) has grown in recent years for several
reasons. The US Environmental Protection Agency (EPA) highlighted the value of parasites as
bioindicators by demonstrating that the richness of trematodes in snails provides a rigorous
indicator of the condition of estuarine tidal wetlands in the US (Weilhoefer 2011).

While some parasites can capitalize on human impacts to cause conspicuous and sometimes
devastating epidemics, most are natural and even vital components of marine food webs. This
dichotomy may make some parasites useful indicators of ocean health—with the presence of
some species indicating health, and others indicating stress and even ecosystem collapse.

Measuring ocean health: indicators and targets

The above sections illustrate the complexity and diversity of issues and challenges that confront
marine managers when trying to understand, measure, and address OH. To address these
challenges and fulfill these mandates, marine and coastal managers need to determine the level
of impact that is acceptable and minimizes the risk of serious environmental degradation and
lost economic or cultural value. Legal mandates to assess the condition of marine ecosystems,
and to take actions to improve such condition through EBM (e.g., US National Ocean Policy,
EU MSFD and United Nations LME projects) confront managers with a need to clearly define
indicators and targets for OH, and select specific management strategies for achieving the goals
set by these policies. As previously discussed, specific OH goals may vary depending on local
needs and values, but it is crucial that goals are clearly defined and measurable indicators and
targets are specified.

Management goals are defined as broad statements about desired ocean conditions or health
that are specific enough to allow concrete management decisions. A target is a point of refer-
ence on the specific status or amount of benefit that equals goal achievement. Targets should
be informed by scientific evidence, and should follow SMART guidelines (Specific to
management goal, Measurable, Ambitious, Realistic, and Time-Bound) (Niemeijer and de Groot
2008). Targets can be specified in three ways based on: 1) an ideal state, 2) historical status, or
3) maximum possible value (Figure 7.1; Samhouri ef al. 2012). The ideal state can be derived
from functional relationships between the indicator of OH for an ecosystem goal and natural
or human pressure. Where a functional relationship is unavailable, either a historical status (time
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series) or spatial comparison may be used to set a target. Time series are useful in providing an
internal measure against which current conditions can be compared with historic conditions,
and may involve either a baseline comparison or a moving window approach. Spatial comparisons
gauge conditions in one area to those in a reference area elsewhere where maximum benefits
are assumed to be achieved. This could be used, for example, to assess the status of a fished
area where a fisheries closure (within a marine protected area) is used as a baseline.

The physical and ecological components and processes that provide effective warning signals
for changed conditions in relation to management goals are commonly called indicators.
Indicators of ecosystem health ideally reflect the broader ecosystem, thus eliminating the need
to measure every variable or species of interest or concern. It can be difficult to select indicators
that provide this accurate view of broader ecosystem structure and function, are easy to monitor,
and provide early warning for managers. However, a number of EBM processes are develop-
ing suites of indicators to monitor ecosystem change and OH. For example, the Puget Sound
Partnership developed indicators to assist managers monitoring ecosystem health in Puget
Sound, Washington (Orians ef al. 2012).

Long Term Ecological Research (LTER) and Ocean Observatory programs have emerged
to simultaneously monitor biological or ecological processes. Coupling of long-term physical
and biological observations has already detected climate-related change in sites such as the Palmer
LTER on the western Antarctic Peninsula (Hofmann et al. 2013). In the long term, these programs
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will provide decades-long data sets that will help determine the drivers and rate of change in
OH attributes at local and global scales.

Reference points for indicators should be set such that they provide enough warning to
allow managers to address the activities and stressors that are causing changes. Ideally, reference
points can delineate acceptable or concerning levels for indicating changes to ecological
structure, composition, or functions from those stressors (Kilgour et al. 2007), and can alert
managers when a system is approaching a threshold or change point (e.g., high water column
nutrient concentration). Early warning indicators can alert managers to the risk of crossing
ecosystem thresholds—where large, rapid, and sometimes irreversible ecological changes occur
in response to small shifts in human pressures or environmental conditions (Scheffer ef al. 2012).
Academic research continues to test methods for identifying early warning indicators. For example,
increased spatial and temporal variance, and a phenomenon known as “critical slowing down”
(Dakos et al. 2012) where ecosystems take longer to recover from disturbance, are thought to
be robust early warning indicators of ecosystem shifts (Schefter et al. 2012).

In response to the challenge of measuring and monitoring OH, Halpern et al. (2012) created
an index—the Ocean Health Index (OHI)—that combines ten goals for healthy human—natural
systems (Table 7.1, Figure 7.2). Goals represent individual components of the health of the
human—natural system, that include, but are not limited to established ecosystem services such
as food provision, coastal protection, opportunities for tourism and recreation, clean water, and
coastal livelihoods and economies (Table 7.1). A variety of global datasets and models were
used to determine the current status and probable future condition for each of the goals across
all coastal EEZs. The weighted sum for all ten goals gives OH value (or OH Index) for each
coastal country (Halpern et al. 2012). By default, all goals are given equal weight, but the weight
given to various goals can be altered based on values placed on the importance of each goal in
contributing to OH.

Halpern et al.’s (2012) study represents the most comprehensive effort to date to operationally
define and quantify OH. At a global scale, index score varied among countries from 36 to 86
out of 100 (mean score = 60). Many countries in Western Africa, the Middle East, and Central
America scored poorly, while parts of Northern Europe, Canada, Australia, Japan, and some
tropical islands and uninhabited regions scored well. Index scores are positively correlated with
the Human Development Index, a measure of development status, indicating that countries
with stronger economies, regulations, and capacity to manage pressures are able to maintain
healthier oceans and associated social systems. Results depart from expectations based on a purely
protectionist perspective, because health is assessed for human—natural systems, not for ecological
systems alone. Thus, intense uses of marine resources, if sustainable, can result in high index
scores. The long-term objective of the OHI is to provide a scorecard against which individual
countries can measure themselves and monitor progress. If, for example, a nation scored low
on the “clean waters” goal, and subsequently took steps to remove debris or stop marine pollution,
their OHI score should rise, reflecting that progress.

To apply the OHI concept to specific regions, Halpern et al. (2013) worked with managers
and experts in the California Current to assign regionally specific weights to the ten OHI goals.
In this example, clean waters and sense of place were ranked higher than any other goals, including
those that are most commonly discussed, such as livelihoods and food provision. This application
of the OHI reflects how, even within a single set of OH criteria, different regions or user groups
might place emphasis on different suites of criteria based on existing value systems.

Samhouri et al. (2012) outline the process by which OH criteria (or goals) can become part
of an OH scorecard that can serve policy, management, and communication purposes. This
work provides a roadmap for setting targets and evaluating current ecosystem conditions relative
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to them. As a general procedure, the authors recommend three steps: 1) precisely articulating
management goals, 2) setting targets, and 3) scaling the current status of management goals relative
to those targets. As described above, selection of indicators and targets is not a trivial task. Selecting
the right type of target is critical because targets set the bar for achievement of management
goals. Using functional relationships to define targets is preferred, but limited availability of data
may prohibit this approach in some cases. Selecting a range of indicators is also critical. In a
simulation done by Samhouri ef al. (2012), the status of marine livelihoods across the US depended
on which of three indicators was used: employment opportunities, job quality, or employment
satisfaction. The preferred option for indicators (as for targets) will ultimately depend on the
exact statement of the management goal.

Finally, in order to evaluate OH using indicators and associated targets, there should be an
evaluation of the functional relationship between them. Understanding functional relationships
and, in particular, non-linear functional relationships that identify ecological thresholds can help
managers of marine ecosystems predict how new activities are likely to alter ecosystem health
and improve the regulation of future development and use of ocean resources. However,
ecological thresholds and functional relationships can be difficult to determine and assess due
to the complexity of natural systems and the presence of multiple drivers and stressors. There
are very few examples of established reference points that delineate an acceptable level of
cumulative stressors or changes to ecological structure, composition, or functions from those
stressors (Kilgour et al. 2007). Alternatively, when relationships between indicators and OH
are not known, a range of values might be used to indicate when the goal has been achieved.
Using reference points based on levels of socially acceptable or ecologically tolerable change
may serve as placeholders until a better understanding of functional relationships and ecosystem
thresholds can be developed.
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Conclusions

Ocean health is intimately linked with human health and well-being. Legal mandates by several
nations to achieve OH goals reflect a shift in thinking about the oceans from commodities to
be exploited, to highly valuable systems upon which humans depend and that are in urgent
need of protection. Healthy oceans are productive, resilient, and able to maintain services that
people want and need. However, while the notion of health is intuitively obvious to most, and
emotionally easy to relate to, definitions that can be operationalized for assessing and managing
OH are challenging and are largely based on the values and needs of different people. Despite
challenges in the definition, monitoring, and assessment of OH, major recent advances are
providing tools and conceptual frameworks for effectively assessing and supporting OH. Moving
this agenda forward will require continued efforts to integrate physical, biological, and social
sciences, and greater political and public involvement and support.
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MARINE SCIENTIFIC
RESEARCH

Overview of major issues, programmes
and their objectives

Montserrat Gorina-Ysern

Introduction

Today, the relevance of Part XIII, 1982 United Nations Convention on the Law of the Sea
(hereinafter 1982 UNCLOS), governing Marine Scientific Research (hereinafter MSR), within
public international law scholarship is understood and recognized. However, MSR remains a
marginal area of legal scholarship generally because MSR activity triggers very few controversies
on the ground worldwide and therefore it does not generate a case law and a corresponding
jurisprudence. The satisfactory implementation on the international and domestic planes of the
1982 UNCLOS regime for MSR should be a cause for optimism.

MSR activity, however, is increasingly characterized by multifaceted layers of technological,
technical, scientific, political, and industrial complexity. This complexity is compounded by
the lack of a legal definition for MSR and an endemic lack of capacity at the worldwide base,
both of which lend an esoteric character to MSR for those outside the field and, increasingly,
for those within it as well. These layers of complexity thicken over a wide network of private
and public institutions and stakeholder interests, because MSR' does not operate in isolation
from other fields of activity governed by other areas of international, regional, and domestic
law. Each stakeholder pushes or pulls in a different direction, motivated by wider or narrower
agendas, and therefore MSR activity is increasingly governed by other existing and evolving
legal regimes outside the 1982 UNCLOS. This is relevant because the small circle of MSR.
legal experts no longer share a common working terminology with the massive number of
climate, environmental, conservation, microbiology, intellectual property, industry, and other
scientists, policy makers, and legal experts whose fields intersect with MSR activity. Within the
United Nations system, funding for comprehensive studies and follow-ups on MSR regime
implementation in areas within national jurisdiction have been limited; however, over the last
decade funding for the study of “marine genetic resources” in areas beyond national jurisdiction
has thrived, in spite of the statistically unrepresentative incidence of activity in those remotest
ocean depths. The terminology challenges that the term “marine genetic resources,” coined by
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policy makers in the marine conservation field, poses for microbiology (Heidelberg ef al. 2008),
intellectual property and law of the sea governance purposes, need to be addressed thoroughly.

Complexity of subject-matter and field-compartmentalization affect the agendas, dynamics,
and content of institutional negotiations that are necessary to achieve an effective implementation
of the 1982 UNCLOS MSR regime worldwide. Compartmentalization is a barrier to effective
integration, for governance and law enforcement purposes, of 1982 UNCLOS provisions
with climate, environmental, conservation, microbiology, intellectual property regimes—and
their institutional dynamics. Other fields that also need to be integrated with the 1982 UNCLOS
regime include relevant industries, scientific developments, governmental and inter-governmental
policies, and legal scholarship across all the fields being integrated. Often, complexity and com-
partmentalization also affect the political will to reach a clear, holistic, and integrated under-
standing of the physical phenomena in order to regulate and to govern oceanic research in all
its facets under transparent and predictable domestic and international laws. In light of the above,
there have been calls for the adoption of new treaties, in spite of the practical limitations and
delays that new treaty making faces pursuant to the norms and methodology of international
law. Together, complexity, compartmentalization, the absence of a common terminology, con-
flicting motivations, high costs of organizing conferences and symposia to figure a way forward,
and the lack of political will, undermine the chances that younger generations can be and are
being adequately trained to become the stewards of the oceans through MSR activity and other
oceanographic research. Because field capacity at the most basic level of technical and scientific
knowledge is lacking in most regions of the worldwide base (i.e., elementary school grades,
high schools, colleges and universities, laboratories and centers of study), and also within the
MSR  institutional inter-agency and inter-governmental maze (UN Secretary-General Report
2003, 2005; 2007; 2013), lofty efforts to protect coastal communities and global ocean health
and wealth are not likely to succeed in the short term or near future. The task is daunting and
the capacity to accomplish it is very limited.

To illustrate and to support the preceding observations four original figures are provided.
Figure 8.1 depicts maritime zones where sovereignty, sovereign rights, and jurisdiction are
exercised for MSR purposes, and divides ocean space between areas within and areas beyond
national jurisdiction under the 1982 UNCLOS. Figure 8.2 (Oceanic Research Family) outlines
five major technical and scientific areas of activity inter-twined with but different from MSR
under Part XIII, 1982 UNCLOS. Compromise on a legal definition for MSR as distinct from
these interrelated activities has not materialized (Bork et al. 2008), in spite of scholarly and practical
efforts by Roach (2007). Table 8.1 is not set in alphabetical or hierarchical order, but reflects
what oceanic and inter-governmental agencies have considered relevant and pressing to report
for inclusion in the annual Reports on Oceans and Law of the Sea by the Secretary-General
of the United Nations (2002-2013). Table 8.2 provides an original and comprehensive legal
analysis toolbox on major legal frameworks governing MSR activities, taking into account core
scientific interest, jurisdictional zone, rights and duties at stake, and applicable public as well as
private international and municipal (or domestic) laws.

Background

To fully understand the Legal Analysis Toolbox provided in Table 8.2, some preliminary
observations are necessary. It is not an exaggeration to say that from the perspective of
international and comparative law, MSR legal scholarship has been a rare jewel. As Professor
Alfred H. A. Soons, of the NILOS remarked (Soons 2007), since the publication of his
1982 study (Soons 1982), only two books on MSR in the English language have been published:
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One by Dr. Florian H. Th. Wegelein (2005), and the other by this author (Gorina-Ysern 2003,
2004). For those outside this Moses inner circle, it is important to know that in 1982 Soons published
a masterpiece on the international codification of the MSR regime under the 1982 UNCLOS.
To understand the degree of achievement that this represented, it is fair to observe that a leading
authority on the Law of the Sea in the early 1980s was D.P. O’Connell, whose two volumes
had been edited by the great Australian law of the sea scholar, Professor Ivan Shearer, and in
one volume there were exactly eight pages devoted to marine scientific research (O’Connell
1984). There appeared to be no other legal treatment of MSR in the English language in any
other Law of the Sea manual at the time. There were about a dozen articles in the English
language on the legal aspects of marine science or oceanographic research in the 1970s decade.
This was the state of the art on which Soons could build his PhD thesis. After Soons’ pioneer-
ing study, the literature on MSR in English increased modestly and, throughout the 1980s and
1990s, other experts published reports and analysis relating to MSR activity from different
perspectives (Treves 1980, 2008; Yankov 1983; de Marfty 1985; Franckz 1986 and 1990; Ross
and Landry 1987; Fenwick 1992; Glowka 1996; Roach 1996; Brandon 1997), though virtually
none approached MSR from the perspective of the sources of public international law. In 1999
MSR was given sixteen pages in a leading manual on the Law of the Sea (Churchill and Lowe
1999). Lee Stevens produced a practical Handbook for International Operations of U.S.
Scientific Research Vessels (UNOLS Handbook 1986). This was the legal state of the art in
the English language for MSR. Since 2000, German scholarship on the MSR regime legal
implementation has been considerable, thanks to the interest raised by the writings of Judge
Ridiger Wolfrum of the International Tribunal on the Law of the Sea (ITLOS), and Dr. Nele
Matz, of the Max Planck Institute (Wolfrum and Matz, 2000); and the work by Bork,
Karstensen, Visbeck, and Zimmermann (2008) on the legal regulation of floats and gliders, as
well as by Hubert (2011) on potential environmental impacts of MSR. In the Spanish language,
legal scholarship from Argentina and Italy has enriched the field. Tome Young has outlined,
however, the magnitude of the scholarship gap on MSR activity and its implications for the
Convention on Biological Diversity and the United Nations Environmental Program camps
(Young 2009).

The usefulness of MSR activity is clearly stated by the Secretary-General of the United Nations
in his 2010 Annual Report on Oceans and Law of the Sea. The generic concept of marine
science is described by its utility as follows:

a tool for exploring, understanding and using the marine environment in a sustainable
manner. Enhancing humankind’s knowledge of the natural processes of the oceans,
marine science and its supporting technologies can support decision-making, contribute
to improving integrated coastal management and the sustainable utilization of marine
resources and provide effective means for the protection and conservation of the marine
environment and its resources [making] a major contribution to the elimination of
poverty, ensuring food security, supporting human economic activity, conserving the
world’s marine environment, helping predict and mitigate the effects of, and respond
to, natural events and disasters, and generally promoting the use of the oceans and
their resources.

(UN Secretary General Report 2010)

Historically, MSR is anchored in scientific missions and voyages of exploration financed by

Royal Houses and Kingdoms, carried out pre-eminently on board naval vessels under Admiralty
rule. This characteristic lasted well into the twentieth century because civilian and philanthropic
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societies, in general, could not afford the cost of craft, instrumentation, and equipment. As a
result of the public nature of traditional oceanographic research, much of the information gathered
remained classified and was used in naval warfare up to the end of WWII, when a move by the
US and other Western nations to de-classify such information resulted in the explosion of
oceanographic data and research availability worldwide (Gorina-Ysern 1988-2010). New tech-
nologies have facilitated new fields of inquiry underpinning ocean uses — oil and gas extraction,
long distance fisheries. Satellite altimetry applied to MSR and other oceanographic research activity
has opened up since 2000 the vast field of operational oceanography applied to climate change.
The expansive march of marine science has brought attention to the need for legally binding
regional and global environmental laws, as well as hortatory codes of conduct calling for all
scientific activities at sea to protect the environment and preserve its habitats (Defying Oceans’
End 2004). Over a century after Gregor Mendel experimented with pea pods, the complex science
of genomics has opened the DNA secrets of marine biota for the world to study, survey, prospect,
collect and exploit (see Gorina-Ysern 1993-2009; Nicholl 1994/2002; Glowka 1996; National
Research Council 2003; Leary 2007; Heidelberg et al. 2008; Young 2009; Fedder 2013; UN
General Assembly 2013). The intersection of such complex fields calls for terminological clarity
for educational and governance purposes under the 1982 UNCLOS and related regimes.

Major international programs and current issues of concern

In the last decade (2002/3 to 2013) inter-governmental agencies within the UN system with
mandates bearing on the conduct of MSR and other oceanographic research, and other public
institutions, have reported progress with major international programs as well as issues of concern
to the Secretary-General of the United Nations for inclusion in his annual Report on Oceans
and the Law of the Sea.

Table 8.1 outlines MSR /oceanic research issues and concerns under international programs.
The list is not alphabetical, comprehensive, or by hierarchical order of issues. Each item outlined
below is discussed in the box provided in Table 8.1, and the year of the report is provided on
the right-hand side corner under UNSG Report:

*  vandalism of scientific equipment and instrumentation used in early warning systems that
aimed to minimize hazards for local communities;

*  massive gaps in the collection of oceanographic research data and information;

e lack of capacity in terms of marine scientific technical training and for basic hydrographic
surveys, undermining the ability of individuals and institutions to participate actively in
the programs of major international, regional and national scientific organizations;

e need for research into radioactive materials entering the food chain though dumping
at sea;

e need for research into protection of vulnerable ecosystems and fishing grounds against marine
pollution;

*  insufficient ocean sampling, exchange of real and near real time, and high quality information
exchanged through international mechanisms;

¢ need for research into marine sanctuaries for mammals;

e implementation of newly adopted Codes of Conduct to achieve the goals of sustainable
development through ecosystem approaches;

e Dbetter terminology and integration of biological and micro-biological research (under the
misnomer “marine genetic resources”);

*  depository role of the International Seabed Authority for MSR  data.
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In the 2013 Report on Oceans and the Law of the Sea to the General Assembly, the Secretary-
General of the UN announced the adoption of a “global strategy on capacity building”
(paragraph 49) on MSR and ocean observations, and a revised strategic plan for IODE (2013—
2016; paragraph 53), to respond to these concerns (UN Secretary-General Report 2013).

Governance and policy

Figures 8.1 and 8.2 are provided to illustrate the jurisdictional scope of the MSR regime under
the 1982 UNCLOS and the major activities in the oceanic research family. Table 8.2 contributes
an original legal analysis toolbox for a comprehensive study of MSR activity governance from
private/public agreements to domestic and international law perspectives.

Figure 8.1, describes “legal regime within national jurisdiction” as the ocean space within
200 nautical miles (hereinafter nm) situated above the line, with the water column underneath
the water surface line, and enclosing the continental shelf. On the bottom left-hand corner and
middle of the figure, each jurisdictional zone is listed with relevant articles governing MSR for
that zone under Part XIII, 1982 UNCLOS (Arts. 238 to 265). These articles govern the conduct
of MSR activities in the world’s oceans, building on principles established for the conduct of
fundamental and other oceanographic research activities in the 1958 Geneva Conventions on
the Law of the Sea. However, a more comprehensive analysis of the wider legal framework for
MSR activities is provided in Table 8.2.
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Territorial Sea:  Coastal States exercise sovereignty over MSR (express consent), subject to innocent passage of foreign ships.

Continental Shelf: Coastal States hold sovereign rights over natural resources (Art. 77 and 77(4): mineral and other non-living resources of the sea-bed and subsoil together with the sedentary
species in certain circumstances); jurisdiction over non commercial research (consent required but granted in normal circumstances), discretion to deny, Art. 246.5 (a through d).

EEZ: Coastal States exercise jurisdiction over MSR and sovereign rights over exploration and exploitation of EEZ natural resources; consent for MSR is required and granted in normal
circumstances;

High Seas Art. 87 recognizes freedom of MSR (freedom of scientific research not listed in 1958 Geneva Convention on the High Seas, Art. 2).

Outer Edge of the Arts. 246.6 and 7; 76.1, 5 and 6; and 77. Coastal States control MSR from 200 nm to a maximum limit of 350 nm of the continental shelf only in specific areas publicly designated

Continental Shelf: for exploitation, and Art. 82 makes annual payments for exploitation of non-living resources due to the International Seabed Authority.

The Area: Art. 145 and Part XIII, govern MSR for peaceful purposes and for the benefit of humankind.

Figure 8.1 Maritime zones where sovereignty, sovereign rights, and jurisdiction are exercised for MSR
purposes. Ocean space divided between areas within and areas beyond national jurisdiction under the
1982 UNCLOS.

Source: © Montserrat Gorina-Ysern and Alicia B. Gorina, 2013.
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Fundamental oceanographic research
or Marine Scientific Research.

Surveys

of a civilian and/or military nature
(i.e., hydrographic, cartographic,
other); pollution and other
assesments.

Operational oceanography (i.e.,
ocean state estimation, weather
forecasting, climate prediction,
early warning systems, other).

Exploration and exploitation of
natural resources - i.e.,
fisheries, oil & gas, energy, and
other traditional industries.

Pharmaceutical, biotechnology and
other industries (i.e., marine genomics
research or microbiology, using
bioactive molecules from marine
samples for: isolation, characterization,
extraction, purification, screening,
scaling, pilot studies, and production).

Figure 8.2 Oceanic research family

Source: © Montserrat Gorina-Ysern, 2013.

It is generally understood that for MSR activities to be conducted in areas within national
jurisdiction, coastal State consent is required, subject to various provisions. Article 250, 1982
UNCLOS, functions as the executive MSR article whereby the coastal and researching State
authorities and competent international organizations or other private parties, especially individual
chief scientists, can negotiate through official government channels the legal and technical details
of each MSR project, including its intellectual property aspects, where appropriate, over MSR.
data, samples, and results. The comprehensive legal analysis of this regime has been carried out
elsewhere (Gorina-Ysern 1988-2010).

The bulk of MSR activity takes place routinely in areas of national jurisdiction within the
200 nm boundary. However, since November 2004 and throughout the past decade, the Division
for Oceans Affairs and the Law of the Sea (DOALOS) agenda has focused pre-eminently on
the “conservation and sustainable use of marine biodiversity beyond areas of national jurisdiction”
(UN Secretary General Report, 2004; www.un.org/depts/los/index.htm). Commencing in 2003
and throughout 2005, MSR activity in those areas was portrayed as a “threat” (UN Secretary
General Reports 2003, 2005), even though such research is minimal, due to the cost and
complexity of reaching the depths of the seafloor, and turns out not to be statistically
representative of the bulk of MSR activity worldwide. In Figure 8.1, areas beyond 200 nm are
described as “legal regime beyond national jurisdiction.” Hundreds of UN delegates have sat
through lengthy discussions year in, year out. Many reputable experts have participated in the
debates and the intellectual output of these discussions may be relevant for MSR' purposes.
Nevertheless, a strong perception lingers that attention, time, effort, and funds were diverted
by sectoral interests (i.e., pharmaceutical and industrial companies engaged in biotechnology
development, as well as other commercial uses of biogenetic material), away from areas within
national jurisdiction, where attention, time, effort, and funds could have been better utilized,
particularly for capacity building purposes. This costly distraction, coupled with political and
financial crises within the Intergovernmental Oceanographic Commission’s Advisory Body
of Experts on Law of the Sea (IOC/ABE-LOS)—whose mandate is MSR governance and
policy—has prevented DOALOS from pursuing two useful mandates: consolidating the legal
analysis of developments in MSR State practice post 2010 Guidelines; and consideration of
public/private MSR agreements reached through official channels (i.e., Art. 250 UNCLOS),
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dealing with intellectual property rights over MSR data, samples, and results in areas within
national jurisdiction as depicted inside the 200 nm line in Figure 8.1.

On the left hand side of Figure 8.1 are listed coastal and oceanic zones based on marine
habitats by depth under scientific criteria of study. A more realistic, comprehensive and
integrated approach to MSR activity worldwide will require policy makers and legal scholars
to incorporate these geographical and scientific criteria into their governance and policy studies,
especially in the context of marine spatial planning tools. Major foundations have sustained the
work of the Intergovernmental Oceanographic Commission in this area since 2005 (www.
unesco-ioc-marinesp.be).

Table 8.2 provides a legal analysis toolbox for MSR activities. Though at first sight the table
may look daunting, it is a useful reminder that MSR governance does not end with Part XIII
1982 UNCLOS. Generally, MSR governance and policy issues tend to be reduced to discussing
Part XIII, 1982 UNCLOS. However, starting with the right-hand side boxes in the last column
of the table, under the rubric “applicable private, municipal and public international law,”
emphasis is placed on the need to link MSR to public international law and its sources. This
approach infuses any study with a sound legal method. Similarly, MSR governance and policy
need to be interpreted consistently with other rules of international law, as required by the
Vienna Convention on the Law of Treaties (1969) and by the 1982 UNCLOS itself, not least
of which because important oceanographic stakeholders such as the US are not part of the 1982
UNCLOS and therefore the 1958 Geneva Conventions on the Continental Shelf and the High
Seas may still apply in part to the relationships between the US and other States over MSR
activity, on a case by case basis and depending on the circumstances. The third box down lists
the major legal sources of MSR governance and policy when considered from a more compre-
hensive perspective. These include not only other major treaties but also more private and sectoral
agreements and arrangements, in addition to municipal laws that affect oceanographic vessels
Officers, scientific and ship crews, equipment, instrumentation, vessels, craft, and other aspects
of MSR activity in domestic and foreign waters, on the high seas, and in the course of satellite
communications between the vessel and the shore. In the bottom right-hand side box of the
last column are listed major intellectual property treaties governing MSR data, samples and results
in the context of Part XIII, 1982 UNCLOS. These aspects have been covered in great detail
elsewhere (Gorina-Ysern 2003, 2004, 2006).

The legal sources of MSR governance vary depending on the field of oceanic research pursued,
the nature of the research intended, the physical space where the activity is intended, the maritime
zone applicable to that physical space, and the distribution of intellectual property arising from
the activity for the scientists involved, their institutions, the coastal State and its own. The first,
second, and third columns in Table 8.2 intend to depict the relevance of these elements for
governance purposes.

Finally, the fourth column in Table 8.2 addresses the rights and duties of coastal and researching
States as well as those of third parties in the governance of MSR activity in areas within national
jurisdiction. A distinction is made between legally and non-legally binding rights and duties.
An important development for MSR governance and policy is the adoption of codes of conduct
and guidelines concerning a) vessel access issues, b) access to MSR data, samples and results,
c) protection of habitats against bad sample collection practices, d) and access and benefit sharing
best practices.

The 1982 UNCLOS does not define Marine Scientific Research; though it does not define
other key concepts such as “sovereignty,” “sovereign rights,” “jurisdiction,” or “resources” either.
These concepts are to be interpreted using criteria under the Vienna Convention on the Law
of Treaties and other principles of international law, including relevant jurisprudence (though
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there is none for MSR)). The definition of MSR has been a vexing issue ever since the term

itself’ was used from the 1970s onward to refer to what had previously been described as

fundamental oceanographic research, distinct from exploration for resources, and experiments,
and tests with hydrogen bombs in the Pacific (Gorina-Ysern 2003, 2004).

The vexing lack of a definition for MSR can be succinctly attributed to three major causes:

Lack of capacity. As depicted in Figure 8.2 (Oceanic Research Family), the wider concept
of Oceanographic research includes purely scientific or fundamental marine research, mari-
time and fisheries industry-useful surveys (cartographic, hydrographic, etc.), operational
surveys using de-classified military technologies and applied to climate change studies, and
a plethora of industry-sensitive research activities (i.e., fisheries, oil and gas, energy genera-
tion, environmental and pollution studies, and relatively new industries such as genomics
and microbiology engaging in bio-prospecting in areas within and beyond national juris-
diction). Very sophisticated human resources expertise, scientific, and technological infra-
structures are needed to discern what oceanographic activities are purely scientific and which
are not. Such capacity is not readily available outside a specific scientific discipline, neither
among the vast majority of UN delegates adopting governance regimes for the activities
described, nor in most parts of the world.

Ouwnership of federally funded research. Since the 1980s, in great part due to the US Supreme
Court granting a patent in Diamond v. Chakrabarty, (447 U.S. 303, 1980; Sears 1980), and
across the OECD region, talk of intellectual property rights has blurred the lines between
fundamental, applied, and industrial research. This is particularly noticeable in the marine
molecular microbiology field, where the phases of research and discovery, product and
process development, and commercialization are intertwined. Commercial links between
scientists, governments, companies needing to find whole organisms, hospitals and research
institutes, and the commercial and entrepreneurial strategies involved, have blurred the
traditional lines between non-commercial and commercially oriented MSR activity. Pride
in commercial competition has replaced the independence and transparency that university
laboratories and oceanography schools once oftered through fundamental oceanographic
research studies (Committee on Exploration of the Seas 2003). In the US, the Bayh-Dole
Act of 1980 (37 C.F.R 401) required a new approach to intellectual property and owner-
ship of federally funded research. These pressures have turned universities into competitive
centers tied to and at the service of commercial and industrial interests. This is not in any
way intended as a criticism of honorable and valuable goals pursued in the quest for new
antimicrobial agents from ocean mud and samples that offer tangible benefit to humanity
as a whole to combat drug resistant infectious diseases caused by an army of nasty micro-
organisms (see for example Professor William Fenical’s lecture in marine microorganisms
(Fenical 2008)). The preceding is intended to support what was indicated in Table 8.2,
that data, samples, and results from MSR activity may be subject to “open access
mechanisms” but also to “shared or proprietary” regimes. There is an urgent need to analyze
how these are implemented in private and public agreements of a domestic as well as
international nature.

Politics. In April 2009, DOALOS, Office of Legal Affairs, gathered at the United Nations
Headquarters in New York, a Group of twenty-one Experts representing Europe (4), Africa
(3), Middle East (1), South Pacific (5), North America (2) and South and Central America
(4). Among them, eight had legal credentials in international law and represented Argentina,
Canada, India, Indonesia, Jamaica, Peru, Russian Federation, and South Africa. The Group
of Experts was tasked to finalize “A revised guide to the implementation of the relevant
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provisions of the United Nations Convention on the Law of the Sea.” The revised guide
was published in 2010 as an update of the 1991 guide, and is a valuable addition to the
scarce literature on MSR (The Law of the Sea. Marine Scientific Research. A revised guide to
the implementation of the relevant provisions of the United Nations Convention on the Law of the
Sea, 2010—hereinafter DOALOS revised guide 2010).

The DOALOS revised guide 2010 used a core sample of seventy-two State responses to three
IOC questionnaires, representing slightly over one third of the UN membership, to outline
“the experience of States” concerning the conduct of MSR and to identify trends. It mentions
three major trends: emerging large-scale international collaboration programs in marine data
acquisition and dissemination; increased MSR data acquisition from autonomous platforms
using technology that increases the cost of ship borne research (as deployment-recovery of
instrumentation increases) and the demand for continuous high resolution for long-term ocean
observations to meet research as well as social needs; and finally, greater need for collaboration
regarding access to and interpretation of large data sets, which requires data dissemination standards
and protocols for the increased flow of data exchange at national, regional, and global oceano-
graphic data centers. Underlying these trends, capacity building and the transfer of marine
technology remain recurrent challenges in the field of MSR carried out within and beyond the
limits of national jurisdiction.

The DOALOS revised guide 2010 advocates for a loose definition of MSR according to
which “the validation by the coastal State of a given [MISR| project is what, in practice, defines its nature”
(italics and brackets added; para. 99 at 29). Although the DOALOS revised guide 2010 dis-
tinguishes “survey activities,” “prospecting,” and “exploration” as separate categories of “marine
research” (para. 14 at p. 6), distinct from MSR in Part XIII, 1982 UNCLOS, it is hardly rigorous
for DOALOS experts to conclude that the coastal State has the final word on the scientific
“nature” of a project. Such a reluctance to analyze in depth and with nuance the “experience
of States” in the provided sample (72), limits the eftectiveness of the revised 2010 guide, because
it lacks the element of “opinio juris” which in international law is the indispensable twin companion
of “State experience” when the pursued goal is to update State practice over time.

In essence, the DOALOS revised guide 2010 opted for omitting legal scholarship in the
field. The omission prevented DOALOS from using the methodologies of international law
appropriate for a more in-depth analysis of opinio juris. Technically, the DOALOS revised guide
2010 is also likely to disappoint marine scientists seeking a systematic road map from the IOC
Questionnaires on how researching and coastal States approach MSR  definitions in their
experience with authorizations and clearance negotiations.

Conclusion

The lack of capacity is precisely that: the inability to understand, to engage, and to transform
the physical world that surrounds us. In the UN system and in technologically developed countries
there are intellectual avant gardes, environmentally aware, scientifically and legally trained elites,
who live outside problem areas, but who understand the ever mounting and multilayered
complexities surrounding MSR and oceanic research activity, and can tackle the list of concerns
reported by institutional and specialized agency stakeholders to the UN Secretary General for
inclusion in his Annual Reports to the General Assembly (2002—2013). Many of these concerns
are tied to poverty and lack of capacity at all levels, especially for younger generations, and
compound the challenges posed by terminological chaos. The gap is ever wider between the
lofty goals and the inability to achieve them on the ground. Echoing the words of a great sage
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describing the previous decade: “the growth of increasing disparities between the worlds of the ‘haves’

and the ‘have-nots’” in the oceanographic research field remains (Bernal 2001).
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9
MARINE CONSERVATION

Guiseppe Notarbartolo-di-Sciara

Homme libre, toujours tu chériras la mer!
(Charles Baudelaire, 1858)

Suffering oceans

In human history, the oceans have come closer to the representation of infinity than any other
component of Planet Earth. Many marine biologists are probably more familiar with Thomas
H. Huxley’s famously faulty prediction in 1883, ‘Any tendency to over-fishing will meet with
its natural check’ (Roberts and Hawkins 1999), than with all of his substantive contributions
to the theory of evolution and with his staunch defence of Darwin’s revolutionary ideas. We
now know well that the oceans and their resources are far from being infinite. The ecological
integrity of the seas, as well as their physical, chemical and biological balance, are in jeopardy
as a result of human actions that are causing fundamental changes worldwide, from coastal waters
to the deep seas, and from the Tropics to the Poles. Humans have become the dominant
environmental force on Earth, to the extent that the current geological epoch is now being
referred to as the Anthropocene (Caro ef al. 2011), and it is commonly recognised that the
Sixth Great Extinction is in full swing (Chapin ef al. 2000). Entire marine ecosystems, such as
some tropical coral reefs, may be already condemned by overfishing, pollution, global warming
and ocean acidification (Pandolfi et al. 2003).

While the proximate causes for the pervasive degradation of the world’s environment, terrestrial
and marine alike, obviously reside in the impacts on a finite planet from a growing and increasingly
consumerist human population, a more fundamental consideration concerns the oceans. Unlike
land, the oceans lie outside of Homio sapiens” habitat, and as such are a free-for-all global commons
sanctioned by the still invoked principle of the freedom of the seas (Grotius 1609), largely alien
to the notion of property rights. This condition is conducive to a mistaken and noxious dearth
of sense of responsibility and stewardship for marine conservation, which totally contradicts the
oceans’ fundamental importance in maintaining the global balance. Thus the imperative of
conserving the health and speaking up for this neglected, albeit major portion of our natural
world, which is deprived of constituency, voice and rights, bestows special relevance on marine
conservation.
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Human impact on marine biodiversity deriving from various pressures (e.g., overexploitation
of marine protein, habitat destruction, pollution, climate change) is most often measured in
terms of the reduction in species abundance or diversity it can cause. Roberts (2007) suggested
that once abundant aquatic wildlife has declined due to overfishing to the extent that less than
5 per cent of the total fish biomass that once swam in Europe’s seas has remained. Jackson
et al. (2001) argued that historical abundances of marine consumers were ‘fantastically’ large
compared to today, with ecological extinctions caused by overfishing having preceded all other
human disturbances to coastal ecosystems. Although marine population collapses and extinctions
are improperly perceived today due to the rarity of accurate quantitative information from the
past — a phenomenon known as the ‘syndrome of shifting baselines’ (Pauly 1995) — projections
based on global fisheries data and long-term regional time series support the view that all taxa
currently fished could be collapsed around the middle of our century (Worm et al. 2006).

Just as important as the reduction in species’ abundance and diversity, albeit often more difficult
to detect, is the unwitting elimination of ecological interactions caused by anthropogenic
interference, which can occur even in the most remote of locations. McCauley ef al. (2012)
demonstrated that substituting native forests with coconut monoculture in the coastal area of a
near-pristine remote Pacific atoll dramatically simplified the chain of trophic interactions, with
cascading consequences ultimately affecting the distribution of manta rays feeding on zooplankton
in the atoll lagoon’s waters.

In a scenario of collapsing ecosystems and biodiversity (Butchart et al. 2010), with worldwide
fisheries in decline, in some cases irreversibly, and marine habitats becoming extensively and
increasingly degraded and dysfunctional, marine conservation is no longer optional or a luxury;
it has become a pressing necessity (Roff and Zacharias 2011).

The many souls of marine conservation

Historically, marine conservation has been the remit of ecologists. However, considering that
the need for conservation is caused by pressures on the marine environment solely derived from
human activities, the core of conservation resides in affecting human behaviour, which is
ultimately achieved through political, cultural, education and awareness actions. Marine
conservation planning therefore is a multidisciplinary endeavour, involving a collaborative effort
among ecologists and policy, economics, social and legal experts.

Marine conservation can be undertaken from many different angles. Roft and Zacharias (2011)
broadly classify conservation approaches into ‘species-based” and ‘space-based’, e.g., fisheries
management (a species approach), coastal zone management (a species and space approach),
ecosystem-based management (a species and space approach) and marine protected areas (MPAs:
a space approach). The need for managing fished stocks started to be perceived only about a
century ago, with the increased human ability of exploiting marine resources, derived from
technological advances combined with exponential human growth. During the second half of
the twentieth century increasing concern for the deteriorating quality of the marine environment
and habitats, mostly due to pollution and coastal development, resulted in the adoption of a
number of international conventions, such as the 1973 International Convention for the
Prevention of Pollution from Ships (MARPOL) and the 1975 London Dumping Convention.
Species-based conservation, emphasising the conservation of rare and endangered species, also
became popular starting from the mid-twentieth century, when a number of international
conventions and agreements were adopted for such purposes (e.g., the 1946 International
Convention for the Regulation of Whaling, the 1973 Convention on International Trade in
Endangered Species of Wild Fauna and Flora, and the 1979 Convention on Migratory Species).
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During the past few decades marine conservation has increasingly shifted from an emphasis
on species and on a ‘traditional’ approach to conserve the marine environment, perceived by
many to be scarcely effective, to a more holistic approach whereby species (i.e., biodiversity)
are protected within, and together with, their spaces (i.e., the ecosystems)(Agardy ef al. 2011a).
This often involves the establishment of MPAs. Just like with marine conservation in general,
effective MPA practice requires harmonisation among ecological and social, political and
economic considerations (Agardy 1997). MPAs are a testimony of our inability to properly manage
human activities at sea, as there would be little need for them in a scenario of diffused, effective
sustainability. In this sense, MPAs can be viewed as necessary but insufficient contributions to
marine conservation, and ideally would become redundant once humans have learned to live
in harmony with their environment and to treat it with respect (Roft and Zacharias 2011).

The success of MPAs largely depends on two fundamental components: proper designation
and effective management. Once it is ascertained that space-based protection is the most adequate
tool to address the specific threats to biodiversity that operate in the considered area, MPAs
need to be designated systematically on the basis of a) our understanding of the structure and
function of the ecosystems to be protected, and our often incomplete knowledge of the biological
and physical relationships between organisms and their environment, and b) our knowledge of
the existing and potential anthropogenic threats to the natural elements that we wish to protect.
MPA designation has been increasingly benefiting from the development of methods to identify
features to be protected, e.g., the process of selecting Ecologically or Biologically Significant
Areas (EBSAs) (Convention of Biological Diversity 2008), and the use of decision-support
software tools such as MARXAN (Leslie ef al. 2003). Managing MPAs to reach the goals and
objectives for which they were designated (Salm et al. 2000), including restoration of degraded
environments, is just as important, because designation alone will not ensure the fulfilment of
any MPA goal. This is a common problem because often MPAs get designated by politicians,
but then are left without management (Abdulla et al. 2008, Notarbartolo-di-Sciara 2009),
sometimes indefinitely; as such, they remain ‘paper parks’.

Space-based protection through MPA creation has evolved during the past decades from a
concept of isolated MPAs established in a piecemeal fashion to protect specific sites, to networks
of MPAs systematically planned to protect representative portions of whole regions or seascapes,
or of different, interconnected critical habitats of migratory species IUCN-WCPA 2008). A
further refinement of the design of MPA networks is systematic conservation planning, which
applies quantifiable targets to spatially explicit surrogates of species and ecosystems to design
networks to reach the goals of representation and persistence (Margules and Pressey 2000). Lately,
MPAs are increasingly becoming integrated within greater schemes seeking to harmonise a wide
range of human uses of the sea with the protection of biodiversity, such as Marine Spatial Planning
(MSP) and Ocean Zoning (Agardy 2010, Agardy et al. 2011b).

The natural sciences component of marine conservation suffers from the complexity of
ecological interactions in marine ecosystems, which we are able to understand still only in part.
Scientific knowledge is affected by a number of biases, e.g. taxonomic (with an emphasis on
metazoans, particularly vertebrates), and geographic, as scientific capacity is not equally distributed
on the planet (Rands et al. 2010). However, knowledge limitation is not the main challenge
to MPA practice. Policy, legal, social and economic issues, only apparently more readily
addressed than scientific uncertainty, are by far more demanding. This is not only because space-
based conservation involves opportunity costs that can be difficult to sustain in the short term
by the rural poor, but also because short-term economical advantages often get precedence over
long-term environmental benefits, and we have so far been unable to render the required changes
in economies and behaviours acceptable and embraced by all the concerned stakeholders.
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The imperative to conserve

Nature should be preserved because it makes the world a better place (Child 2009). Biodiversity
and natural ecosystems are fundamental components of our planet, and there is no doubt in
anyone’s mind that their degradation and destruction is to be avoided, because not only the
survival, but also the well-being and the quality of life of all species — including humans which
are an integral part of the biosphere — depend on the maintenance of evolutionary processes
and functioning ecosystems (Lavigne 2006). But numerous reasons exist underpinning why natural
ecosystems and their biological diversity should be protected, and these reasons can be traced
back to a range of different values. Roff and Zacharias (2011) list three main categories of values
providing the rationale for protecting biodiversity: anthropocentric, intrinsic and ethical values.
While classifying the difterent types of values into broad categories can be a slippery task, fraught
in places with philosophical difficulties, identifying the diversity of reasons for protecting the
marine environment is a useful exercise because it allows us to clarify who should do what,
and why.

Anthropocentric values, often also referred to as utilitarian values, provide the rationale for
protecting the marine environment and its biodiversity so that benefits are maintained to humans
in terms of goods and services, known to environmental economists as ‘natural capital’ (Dasgupta
2010). Goods include renewable resources such as food and pharmaceutical products, the
extraction of which can be sustainable if correctly performed, and non-renewable resources
such as hydrocarbons and minerals, normally extracted at significant environmental cost in terms
of habitat disruption, degradation and destruction. Services provided by coastal and marine
ecosystems, such as oxygen, water, depuration, nutrient cycling, shoreline erosion protection,
planetary homeostasis through climate regulation and carbon sequestration, but also including
attributes leading to aesthetic and recreational benefits, are tightly connected with the health
of the ecosystems themselves; unfortunately, many of the world’s ecosystems and the services
they provide are under threat, as more than 60 per cent of them are currently being used in an
unsustainable fashion (Millennium Ecosystem Assessment 2005). Also, since ecosystems become
more susceptible to perturbations when simplified by loss of biodiversity (e.g. Chapin et al.
2000, Duarte 2000), as biodiversity continues to decline the maintenance of ecosystem processes
is becoming an essential imperative for human survival (Rands et al. 2010). An approach to
create economic incentives for the sustainable use and restoration of ecosystems involves the
encouragement of beneficiaries to contribute to maintaining the services flow by forcing non-
market values into the marketplace through a scheme called Payment for Ecosystem Services
or PES (International Institute for Environment and Development 2012); thereby a source of
income can be generated that can be used to finance management, conservation and restoration
activities. Another way of viewing utilitarian use is by subdividing it into consumptive and non-
consumptive. Consumptive use of an endangered taxon — e.g. a population of whales — may
bring it to extinction, and although non-consumptive use such as whale watching may serve
to offset such process to some extent, in many cases even the combination of the two values
(consumptive and non-consumptive) is insufficient to provide the capital needed to stem the
tide of extinction (Alexander 2000). Adding existence value to the equation — which may be
considerable for some charismatic species — could significantly improve the situation and turn
the tables in favour of conservation. However, existence value is problematic because: a) it is
difticult to assess; and b) mechanisms to ensure that those who would benefit from consumptive
use are appropriated a sufficient proportion of existence value have not been sufficiently
experimented yet (Alexander 2000).

Intrinsic values are based on the notion that natural systems and biodiversity have their own
worth regardless of whether humans need them or not. This is a philosophical concept fraught
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with controversy, with many arguing that: a) values cannot exist without an evaluator, b)
evaluators can only be humans, and ¢) therefore values can only be human-centred. According
to Justus et al. (2009), the concept of intrinsic values is inherently confusing because non-human
natural entities that are targets of conservation do not possess properties considered intrinsically
valuable by traditional ethical theories, and the lack of clarity of what intrinsic value exactly
means impairs decision making. At the opposite end of the spectrum lies the notion, known as
biocentrism or ecocentrism (Naess 1986), that all species have intrinsic value and humans are
no more important than the others. Given that all species are intrinsically valuable, they deserve
protection regardless of their use to humans, and the onus to provide a justification for their
destruction should be on who wants to exploit them. In spite of claimed philosophical
difficulties, it is worth noting that the intrinsic value of biodiversity was recognised by the United
Nation’s 1982 “World Charter for Nature’, which stated that ‘every form of life is unique,
warranting respect regardless of its worth to man’. This general concept, however, is even more
ancient. Francis of Assisi (1181-1226) considered all elements of creation, regardless of whether
alive or inanimate, as his ‘brothers’ and ‘sisters’. He probably was the first Western thinker to
emphasize the beauty and goodness of the natural world, and to introduce into Western thought
the idea that humans have an obligation to care not only for each other but for all living beings
and natural processes.

Ethical values are also based on the view that humans are an integral part of nature. Considering
that we are the only species on the planet capable of simultaneously driving countless other
species to extinction and of striving to protect the environment, we have the moral obligation
to do the latter (Schweitzer and Notarbartolo-di-Sciara 2009). Aldo Leopold, the foremost
champion of the extension of ethical criteria to the relationship between people and land (assumed
generically as territory, thereby allowing for the inclusion of the sea), predicted that ethics will
be eventually extended to land because economic criteria alone have proved to be insufticient
to adjust men to society, and society to its environment (Leopold 1933).

Challenges

In spite of widespread agreement on the need to conserve the marine environment, progress
is too slow to be able to match the rate of degradation. The persistence of humanity on a steep
downward trajectory of habitat destruction, extinction of species and populations, and reduction
in the quality and quantity of ecosystem services provided by the oceans contributes to fears
that at least in part the damage will eventually be irreversible. Impediments to marine
conservation progress therefore need to be urgently identified and addressed. These include:
insufficient public awareness and concern, lack of assertiveness by the conservation community,
lack of implementation of commitments by decision makers, insufficient attention given to
practical planning, and lack of consideration for the value of biodiversity by the mainstream
economic and political mechanisms.

Public awareness and concern must grow to match the gravity of the situation. The urgent need for
marine conservation is still insufticiently understood by a large proportion of the general public,
and conservation must become more widely embraced than in the past. Acceptance that humans
are an integral part of organic evolution and that well-being, quality of life and survival of all
species, people included, depends on the maintenance of evolutionary processes and functioning
ecosystems, must become part of mainstream thinking and not the turf of a small portion of
society, as it still is today. When using nature, humanity as a whole, and not just a small fraction
of it, must resolve to reduce the risk of causing irreversible damage to the biosphere, and the
concept of sustainability must be transformed from the realm of dreams to that of reality (Lavigne
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2006). Current lack of environmental concern by the greater portion of the public opinion
hampers the radical changes that are required to recognise biodiversity as a global public good
that integrates biodiversity conservation into policies and decision frameworks for resource
production and consumption (Rands ef al. 2010).

Assertiveness by the conservation community is insufficient. Auster et al. (2009) advocated the
development by the ocean conservation community of a wider constituency to reverse the
degrading trends, through actions taken to shift public attitudes in ways that enhance marine
conservation efforts resulting in local conservation action and increased political will. New
pathways for effective communication with a much broader audience need to be opened to
expand the public’s understanding and motivation, so that the deterioration of the world’s oceans
is addressed and reversed. However, considering that at least part of the conservation community
has been engaged for decades in the effort of communicating the need for protecting the oceans,
one wonders whether the lack of substantial results so far is simply a matter of giving the process
more time, or whether there are inherent obstacles that cause such view to be totally unrealistic.
In fact, part of the problem resides in the nature of the conservation community itself, which
is not monolithic in its advocacy action. In striving to avoid recommending to decision makers
actions that they consider too hard to take, too often exponents of the conservation community
are prone to water down their own recommendations, forgetting that the politicians will water
them down further. Scientists should strive instead to issue recommendations that are solely
based on the objective results of scientific analysis, and if such recommendations are challenging,
so be it. Noss et al. (2012) also noted that those best equipped to say why biodiversity is continuing
on its downward ride are not being sufficiently assertive. A case in point is ‘Aichi Target 11°,
formulated during the 2010 meeting of the parties to the Convention of Biological Diversity
in Nagoya, whereby 10 per cent of the world’s marine and coastal areas should be fully protected
by 2020. Noss et al. (2012) argue that a science-driven target of 50 per cent, derived from empirical
data and rigorous analyses, poorly compares with the policy-driven target of 10 per cent,
considered to be inadequate to maintain the ecosystem services and restore connectivity across
large seascapes (Svancara ef al. 2005, McCauley ef al. 2012). Although arguing about targets in
terms of percentages of protected marine surfaces to be attained by a certain date could be viewed
as a conservationist foot in the door in the hard fight against political and industrial resistance,
the argument risks missing the points that, sooner than later, it is not over part of the ocean,
but over the whole, that human activities must be managed for sustainability, and eftectively
protecting biodiversity must remain one of the main goals of marine conservation (Dulvy 2013).
Accordingly, such management must include ensuring effective protection to all the areas that
are needed to conserve marine biodiversity, on the basis of rigorous ecologic reasoning, likely
to be place-dependent, rather than on that of an arbitrary, one-size-fits-all number.

Commitments are not implemented. The commitment by the world’s governments of reaching
the meagre 10 per cent target of marine protection was already taken in 2002 at the World
Summit on Sustainable Development, with the deadline set in 2012 (Wood ef al. 2008). Having
pushed forward in Nagoya this same commitment by eight years is emblematic of the
governments’ inability to fulfil their obligations, and one wonders whether simply postponing
the 10 per cent target’s deadline to 2020 will enable the world’s institutions to do a better job.
Failure to implement commitments is, however, not limited to decision makers, and should
not be entirely attributed to political inertia. Knight et al. (2006) suggest that the responsibility
of what is known as the ‘implementation crisis’ should at a minimum be shared with the
conservation practitioners themselves, noting that systematic assessments to identify defensible
priority conservation areas (e.g. gap analyses, MPA and network selection and design) are too
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rarely followed by systematic planning and management, whereby such assessments are linked
to processes towards the development of implementation strategies and conservation actions.
To avoid this (knowing—doing’ gap between assessment and planning, which hampers our ability
to effectively apply our ecological savvy to pragmatic conservation problems and empower
stakeholders to implement conservation action, Knight et al. (2006, p. 410) advocate that ‘academic
conservation planners’ should ‘climb down from their ivory towers to get their shoes muddy
in the messy political trenches, where conservation actually takes place’.

Rands et al. (2010) also point to the need for creating enabling conditions for policy
implementation to address the global loss of biodiversity. Based on their analysis, responses to
biodiversity loss typically fall into three tiers: 1) foundational (knowledge about the social and
biological dimensions of biological loss); 2) enabling (institutions/governance, social/behavioural
patterns); and 3) instrumental (legislation, markets/incentives, technology). Existing efforts tend
to jump from tier 1 to tier 3, with insufficient efforts to ensure that enabling conditions are in
place, and radical changes are required to focus on wider institutional and societal changes to
enable more effective implementation of policy. Unfortunately, conditions for the coexistence
of an adequate knowledge base with effective institutional and governance action rarely occur
across the world’s nations, and failure to address enabling factors may be facilitated by entrenched
practices of patronage or corruption in matters related to the use of natural resources (Rands
et al. 2010).

Economic and political systems still ignore the value of biodiversity. Mainstream economic systems
are still far from being amenable to integrating biodiversity — part of ‘natural capital’ — into
macroeconomic forecasts (Bayon and Jenkins 2010); the depreciation of this natural capital caused
by productive activities is never properly accounted for, because development policies ignore
human reliance on such capital (Dasgupta 2010). Public and private sectors, as well as civil society,
are insufficiently taking into account the benefits of conserving biodiversity and the costs of
losing it, and the value of biodiversity is still not an integral element of social, economic and
political decision making. Therefore, biodiversity loss will continue unless it is managed as a
public good through conscious and collective choices (Rands ef al. 2010). Things are even more
problematic when moving from land to sea; the world is still far from achieving a regime of
responsible ocean governance, capable of ensuring that ‘the oceans are used for the benefit of
all and in the interest of future generations’ (Soares 2008, p. 2). There are fundamental reasons
underlying the difficulties in accepting the simple paradigm of biodiversity managed as a public
good, and one of the most important concerns a time-scale mismatch. Environmental and bio-
diversity conservation are long-term policies, with a far longer horizon than what political
institutions are ready to contemplate. Until the full set of drivers that move individuals toward
or away from sustainable activities, rather than simply economic motivations, are pursued by
political action (Steinberg 2009), and until biodiversity and the environment are included among
our conventional measures of well-being, which now solely focus on wealth creation and
internationally recognized estimates of GDP, drivers to protect biodiversity are too weak to
make a difference (Rands ef al. 2010). Against such background, arguments that humans in the
present owe it to posterity to conserve the natural environment, although ethically and philo-
sophically proper (Partridge 1992), are destined to remain in the realm of the good but unful-
filled intentions. Efforts to conserve the natural environment and its biodiversity are still too
often perceived by many as a selfish rich-world attitude which is oblivious of the needs of the
poor, when it should rather be considered, quite uncontroversially, as the intergenerational
ecological justice-based imperative of striking a balance between the interests of the current
generation and those of its progeny (Weston 2012).
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Understanding where we want to go

Many conservation ecologists argue that a most effective way of saving nature today involves
its ‘commodification’ through the attribution of economic values to biodiversity and to
ecosystem services. Such approach is thought to provide incentives to the beneficiaries for
contributing to the maintenance of such services and the sustainable use of goods, also ultimately
concurring to a generalised appreciation and protection of nature’s non-market resources.
If ecosystem services have quantifiable economic value, this can be used to stimulate investment
in restoration and maintenance and to provide a source of income for such management and
restoration activities (Daily et al. 2000, Lau et al. 2010).

Market-oriented mechanisms for conservation work under the assumption that by identifying
ecosystem services and quantifying their economic value, it will be possible to induce decision
makers to fully perceive the costs of environmental destruction and biodiversity loss, and to
work to preserve nature (McCauley 2006). However, although PES schemes are seductive and
increasingly popular within part of the conservation community, warnings are voiced that by
involving the commodification of natural values these schemes entail the risk of significant backfire
(e.g. Redford and Adams 2009). For instance, when ecosystem services are provided not by
whole ecosystems, but by subsets of species that fulfil certain basic functions, the conservation
of other less ‘profitable’ species may be discouraged or abandoned (Ridder 2008), thereby
demolishing the economic justification of preserving biodiversity (Child 2009, Redford and
Adams 2009). Other ecosystem payment shortcomings include the likelihood that rights to
ecosystem services could become privately assigned, thereby entailing undesirable welfare
implications (Redford and Adams 2009), or that when the perceived value of an ecosystem
service is raised under a governance regime that is not just, it can become a value that is only
benefiting an elite (Monbiot 2012). McCauley (2006) argued that the conservation relevance
of ecosystem services has been grossly overstated, citing cases demonstrating their limitations as
conservation tools, e.g.: a) ecosystem services are often offset by ‘ecosystem disservices’; b) the
fluctuations of market forces can hardly ensure the needed constancy of conservation
commitments; c) technological advances may endanger conservation processes based on
ecosystem services by providing economically more viable alternatives; and d) several other
instances of unsolvable conflicts between profit and conservation, which can be mutually
exclusive. By contrast, advocates of the benefits of ecosystem services warn against polarizing
environment against economy, because ‘if nature contributes significantly to human well-being,
then it is a major contributor to the real economy’ (Costanza 2006). Furthermore, conservation
mostly relying on considerations of the intrinsic values of nature has been obviously ineffective,
and ‘it is time to add to the mix other approaches based on a fuller consideration of ecosystem
services and options for distributing costs and benefits’ (Reid 2006). Perhaps, rather than
considering the environment as a sector of the economy that needs to be properly integrated
into it, so that growth opportunities will not be missed, it seems that inverting the relationship
would be more appropriate: “The economy is part of the environment and needs to be steered
so that opportunities to protect our world of wonders will not be missed” (Monbiot 2014).

Clearly, more progress is needed in the adoption of nature value-arguments based on economic
rationalism, to extract the full potential of such approaches without unduly overshadowing the
aesthetic and ethical arguments that originally inspired the conservation movement (Jepson and
Canney 2003). Reverting to attributing deserved emphasis to ethical and aesthetic arguments
in conservation policy could contribute to recreating connections between the conservation
movement and the wider public at least in Western-style societies, ultimately leading to greater
conservation eftectiveness (Jepson and Canney 2003).
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Although humans are the cause of environmental degradation on land and at sea, they also
have the potential of being the solution, and this is why conservation action must focus on
people, on their needs and on their values. One of the ultimate goals of conservation should
be of enabling present and future generations to live healthy enriched lives, and be engaged
with nature which they are part of (Knight ef al. 2006). The weakness of the relationship between
GDP and alternative indicators designed to measure economic welfare in broader terms such
as the Genuine Progress Index (Kubiszewski et al. 2013), and ultimately between material wealth
and happiness (Happy Planet Index 2012), should warn against attributing excessive importance
to nature’s material benefits to people. People’s attitudes toward conservation, far from being
solely determined by economic and utilitarian considerations, often involve valuing nature for
its own sake (Noss et al. 2012). Facilitating reconnection between people and nature is a key
factor in the progress of conservation, and this is particularly true for the marine environment
considering the powerful attraction that the sea exerts on human beings.

As humans, we have not only the ability of identifying ourselves with other beings, but also
the capacity of experiencing strong connections to other organisms and the nonorganic world
(Naess 1986). Unfortunately, current governance mechanisms, strongly conditioned by eco-
nomic, social and political forces, and lifestyles influenced by consumerist drives, make the
expression of these attitudes impossible (Naess 1986). Nevertheless, societies in the developed
world are experiencing an increasing trend of reconnection with nature, as exemplified by the
growth of ecotourism (UNEP 2011) and of marine tourism in particular (Orams 1999);
however, this still involves a very small and privileged portion of humanity. Global mass
urbanisation is producing loss of contact and subsequent alienation from nature — the ‘Extinction
of Experience’ — an inexorable cycle of disconnection, apathy, and progressive depletion, facili-
tated by a prevailing climate of corporate growth and by a condition of ecological illiteracy,
both of which are inimical to sustainability (Pyle 2003).

The future of our environment, terrestrial and marine, certainly depends in large part on
the rational decision by human societies of altering activities that contribute to the demise of
Earth’s ecosystems, and will require a clear vision of the goals and the roles of societies in achieving
them, long-term planning, rigorous science, and an interdisciplinary, comprehensive approach
to conservation (Reynolds ef al. 2009). However, while pursuing our rational agendas and the
imperative of being systematic and strategic in setting our priorities, we should be careful to
keep alive the magic and beauty of nature, which is the cement of our allegiance to the natural
world, and ultimately an important component of our recipe for happiness.

Obviously, humanity’s condition is still too heterogeneous for much of this reasoning to
have an extended practical validity at the moment, and this adds significantly to the difficulty
of the task. While the developed world has the luxury — and at the same time the obligation
— of searching its soul on ethical matters and on the intrinsic rights and values of nature (Doak
et al. 2014), the majority of people on Earth are still forced to worry about feeding their children,
and keeping them alive, on a day-to-day basis (Marvier et al. 2006). Things are even worse
now, with the current global economic downturn, and it is an ironic tragedy that the
environment supporting human life is pushed aside as a problem rather than being protected
as a solution. The little attention humanity is ready to devote today to environmental problems
is almost entirely dedicated to climate change, which in spite of its undisputable conservation
relevance obscures other pressing problems such as the degradation of biodiversity — terrestrial
and marine alike — and diverts funding from addressing them (Noss et al. 2012).

Humanity has certainly the capacity of achieving marine conservation, providing that the
relevant elements of society will manage to work together towards the common goal. The path
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is difficult but practicable, and its direction known. The challenge resides in managing to influence
political change rather than letting ourselves be overwhelmed by political destructiveness.
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10
SCIENCE AND POLICY

Rebecca Koss and Geoffrey Wescott

Introduction

Global governments have come to recognise and acknowledge that an integrated approach to
coastal and marine policy and management in order to govern human activity is necessary
to maintain biodiverse marine ecosystems. This approach to policy and management requires
integration rather than simply coordinating policy, planning and management across the coastal
and marine interface (Wescott 2012). With just over a third of the global population living along
the coastal zone (Millennium Ecosystem Assessment [MA] 2005), it is necessary to consider
how natural and political boundaries, economic, social and environmental seascapes integrate
concurrently for coastal and marine policy planning and implementation. This is because human
activities take place on a continuous gradient across interconnecting catchment, coastal and marine
ecosystems, where resource use as diverse as agriculture in coastal marshland and offshore non-
renewable energy extraction have to be considered (MA 2003).

As highlighted by Cicin-Sain et al. (2011), the global marine environment is a quintessential
sustainable development issue with ocean management needing to consider economic dev-
elopment, social development and environmental protection in parallel. Emphasis in marine
science literature is often placed on using the best available physical and biological science to
underpin marine policy; however, science alone cannot create effective policy planning and
implementation. Science has progressed considerably over the past decades in identifying the
anthropogenic drivers and impacts on coastal and marine ecosystems. However, it is how science
integrates with social, political, legal and economic landscapes at local, national and regional
geographies that will determine the success of policy implementation (Hinrichsen 2011).
Connecting science to policy is a challenge widely acknowledged by scientists and policy makers.
The aim of this chapter is to describe how science amalgamates with these landscapes to create
an integrated framework for marine policy.

In order to address this aim, this chapter describes how each landscape is considered in the
integrated approach and the pertinent challenges for successful marine policy implementation.
Thus, this chapter will provide:

e abrief overview of the various landscapes and their context for integrated marine planning
and decision-making;
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* achronological history of global environmental directives that were instrumental in shaping
current marine policy to adopt the integrated approach; and
e frameworks and management tools currently in place to implement the integrated approach.

The various landscapes in marine planning and decision making

Science

Science is an important foundation in developing our understanding of impacts on coastal and
marine ecosystems from anthropogenic drivers. Overfishing, coastal development, natural
resource extraction, industrial waste, shipping, untreated sewerage and other pollution sources
have altered marine and coastal ecosystems, with profound effects specifically on coral reefs,
seagrass beds, mangrove swamps, continental shelves and seamounts (Hinrichsen 2011; Halpern
et al. 2012). Human activities in the medium- to high-impact range have already caused damage
to approximately 41 per cent of the ocean, equating to an area of nearly 170 million km?
(Hinrichsen 2011). Only 4 per cent of our oceans remains relatively unaftfected (Hinrichsen
2011). Marine scientists employ the best available scientific information and expertise to under-
stand how these anthropogenic pressures alter our marine systems. Scientific marine research
provides innovative, forward-thinking and comprehensive approaches to addressing complex
challenges. Yet, these approaches take time to yield tangible impacts due to the non-linear
integration of science into policy (Pietri ef al. 2011).

We have progressed considerably over the past 30 years, with research yielding a greater
understanding of coastal and ocean dynamics through monitoring, modelling and analysis. This
positive progression in scientific understanding of coastal and marine systems has allowed, for
example, Working Group 1 of the Intergovernmental Panel on Climate Change to predict impacts
of climate change on coastal populations. Continuous emerging scientific research and
information, for example, the Ocean Health Index (Halpern ef al. 2012), employs comprehensive
and quantitative methods to measure and monitor the health of coupled human—ocean systems,
which can be used as a tool to facilitate policy and management approaches.

However, integrating scientific outputs into marine policy is difficult and challenging due
to a number of reasons including:

1 the combination of a deficiency and limitation in our understanding of the complexity,
functions and dynamics of marine ecosystems (Sorenson 1997; Kidd et al. 2011);

2 poor communication due to language and terminology differences, institutional and cultural
differences between scientists and policy makers (Sorenson 1997; Pietri ef al. 2011);

3 potential costs of future research to address questions raised by current research (Sorenson
1997);

4 how to keep research findings adaptive to develop eftective policy (Sorenson 1997);

5  difficulties scientists face in using their research to inform policy planning while keeping
their scientific integrity (Pietri et al. 2011); and

6  reluctance of scientists to become involved and advocate in policy processes (Gray and
Campbell 2008).

Although the combination of these factors creates large barriers between science and its uptake
in marine and coastal policy, there is an emerging community of marine scientists acting as
advocates to address these science—policy interface barriers (Hopkins ef al. 2012). With increased
global accessibility to online social media, marine scientists and research organisations across the

158



Science and policy

globe are promoting increased public awareness in an attempt to change behaviours and
perceptions towards the challenges facing oceans.

Economics

The marine economic landscape was traditionally constructed from maritime trade, commerce
and tourism. Sectors within marine trade and commerce fulfil a dual role as stakeholders and
creators of global economic development. The success or failure of marine sectors and their
operations has far reaching implications on businesses, human employment, livelihoods and
well-being. The ability to calculate the economic value of coastal and marine resources has
increased over the past decades with information provided by organizations such as the
Fisheries and Agriculture Organization of the United Nations (FAO), The Economics of Eco-
systems and Biodiversity (TEEB), International Maritime Organization (IMO) and World Trade
Organization (WTO) giving us insight and understanding as to how, where, and what quantity
of natural resource use is in demand by the global population. Over the past decade the intro-
duction of ecosystem services as a means to assess the benefits humans derive from our natural
systems, has become the new political buzzword. The uptake of this paradigm as form of economic
assessment of our coastal and marine ecosystems, is slowly being established as the economic
arm of the integrated approach.

Ecosystem services together with the traditional maritime trade have been recently tagged
as the Blue Economy. The European Commission uses the term Blue Growth with contributions
from marine sectors providing work for 5.4 million people and accounting for gross value added
of just under €500 billion annually (European Commission (COM) 2012). This is indica-
tive of the important contribution our oceans make towards economic development. A number
of the main maritime sectors including: shipping, non-renewable energy, offshore renewable-
energy, wild fisheries, tourism and mariculture, annually contribute to international trade, employ-
ment and national gross domestic product (GDP). Raw materials extraction, telecoms, medical
and genetic bio-prospecting and ornamental resources also contribute to stimulating global eco-
nomic activity. With a growing global population there will be an increased reliance on natural
resources from our oceans and this needs to be considered in how we shape marine policy.

Social

For generations, humans have depended upon oceans for their well-being and in more recent
centuries, livelihoods. Of the current global population, 2.9 billion people depend on the sea
for 15 per cent of their daily protein intake and 40 per cent of the world’s population
(equivalent to 3 billion people) occupy a coastal strip 100km wide, representing 5 per cent of
the earth’s land surface (Hinrichsen 2011). Although large strides have been made in acknow-
ledging and recognising the importance of marine ecosystems in traditional customs, folklore
of indigenous cultures, religious experiences and coastal communities, the mechanisms for their
incorporation have been only successful at the local scale. This close connectivity humans have
to oceans and seas is globally recognised; however, the social landscape to understand these
beliefs, values and attitudes is the least researched sphere of the integrated approach.

Where science indicators such as the biodiversity index or spawning stock biomass for
commercial fisheries species can inform us of the oceans’ health and ecosystem elasticity, and
economic indicators such GDP and market values can determine the monetary value of our
marine resources, there are no overarching social indicators to provide a measure for our physical,
spiritual and mental well-being that is derived from coastal and marine systems. Much work
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still needs to be done in understanding the values and beliefs of the public and their relationship
to coastal and marine ecosystems to strengthen the social arm of the integrated approach for
marine policy. Greater research on defining these links is desperately needed as more people
move to coastal areas to improve their standard of living (National Research Council 2008).
Research is needed to identify human connectivity to marine systems in creating environmental
stewardship, community capacity, social and ecological connectedness, aesthetic value, inspiration
for creativity, art and design, the provision for cultural heritage, and influencing our mental,
spiritual and physical well-being. An exploration and definition of these linkages can assist in
developing a suite of measurable and relevant social indicators to be employed in marine policy.

Law, governance and constituency

If the integrated approach is analogous to a three-legged table, with each leg representative
of the science, economics and social landscape, then the tabletop is the overarching domain of
law, governance and constituency (Figure 10.1). This tabletop will effectively determine the
success or failure of policy implementation. Aside from national exclusive economic zones, oceans
and seas do not have the same ecological delineations visual to the naked eye as terrestrial systems.
This creates legal complications, and governing areas, such as the high seas, pose many
challenges. Even transboundary areas are fraught with logistical and political issues (National
Research Council 2008). By also including different governance models and their arrangements,
further complicated by vertical and horizontal multi-agency co-ordination and power sharing,
it is a wonder that any policies can be developed and implemented. Is this a classic case of
reductionism? Policy success is also dependent on a supportive constituency through engaging
and including stakeholders in decision making to overcome political opposition (Sorenson 1997;
Wescott and Fitzsimmons 2011). These confusing, politically sensitive and difficult but important
platforms will determine the success of the integrated approach in marine policy.

Law, Governance and
Constituency

Figure 10.1 The three-legged table as an analogy to the integrated approach in marine policy

A history of the integrated approach in global environmental directives

The evolution of the integrated approach needs to be briefly described in order to understand
how it has become mainstream in marine policy. It was during the 1960s and 1970s that
technology played an important role in exploiting marine natural resources, perpetuating the
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‘tragedy of the commons’ (Wescott, 2015). The declaration of exclusive rights to resources
evolved with legislating areas under national jurisdiction. These former free areas available for
resource extraction became under jurisdiction of the nation’s government requiring sectors to
obtain permission for any extractive activities. Although no longer a free for all, fisheries, oil
and gas extraction and pharmaceutical discoveries spurred on the increasing unsustainable
utilisation of these resources. These, in combination with land-based activities such as agricultural
runoft, untreated sewerage, chemical pollutants from industrial processes and increasing coastal
infrastructure to support growing populations, created a large number of pressures that caused
detrimental impacts to coastal and marine ecosystems. It was apparent and paramount that marine
policy consisting of a framework that accounted for resource extraction allocation and regulation,
input controls, while recognising population growth and human development, was needed.

The World Commission on Environment and Development, established in 1984 as an
independent body of the United Nations General Assembly, led the way in examining these
critical issues of environment protection and human development to formulate innovative and
realistic actions by strengthening international cooperation and raising the level of understanding
and commitment to action (World Commission on Environment and Development 1987b). It
was this Commission that introduced the integrated approach in global directives, by setting
the foundation of the integrated framework. The Commission hold national governments to
account in considering economic, political, social and environmental landscapes concurrently
in environmental policy decision making and implementation.

Law of the Sea

Public awareness of global marine ecosystems for human livelihood and development grew in
the 1950s and 1960s owing to the underwater cinematography of Jacques Cousteau, the iconic
imagery of the earth from the Apollo spacecraft with the planet wrapped in blue water, an
increasing number of fishery collapses and significant pollution events. This led to the UN General
Assembly passing a resolution in 1970 to revive discussions on the Law of the Sea (Wescott
2012). These discussions, held from 1974 to 1982, were formally titled the Third United Nations
Conference on the Law of the Sea (UNCLOSIII) and resulted in the Law of the Sea Convention
(LOSC) (Wescott 2012).

Over the ensuing decades, there have been considerable efforts to develop governance
frameworks in an attempt to manage and protect vast areas of the ocean. Marine expanses within
a certain nautical mile limit of numerous national coastlines are now considered exclusive eco-
nomic zones (EEZs) by nations who have ratified the LOSC. However, areas outside of these
EEZs, termed the high seas, may or may not have jurisdiction rights; this varies from nation to
nation based on their resource activities and conservation objectives.

As of January 2013, 165 nations have ratified the Law of the Sea Convention with 78 nations
agreeing to implement the provisions relating to the conservation and management of fish stocks,
specifically for migratory species that are more difficult to govern and manage (Wescott 2012).
A number of land-locked countries have signed on to LOSC in order to guarantee access routes
through neighbouring countries that host seaports, providing that nation is also a signatory to
LOSC (Wescott 2012).

National directives

Canada was one of the first nations to create an Ocean Act in 1996, which was closely followed
by Australia with their Ocean Policy formalised in 1998, the USA with their Oceans Act 2000
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and more recently, the European Union’s Integrated Maritime Policy adopted in 2007. Formal
bodies governing and managing regional seas also adopt the principles of LOSC. For example,
the Asia Pacific Economic Corporation (APEC) forum has a Marine Resources Conservation
Working Group and the Partnerships in Environmental Management for the Seas of East Asia
(PEMSEA) has operated for over a decade (Wescott 2012); HELCOM, the Helsinki
Commission, works to protect the Baltic Sea marine environment from all sources of pollution
through intergovernmental co-operation of nations surrounding this sea, and the OSPAR com-
mission works to protect and conserve the North-East Atlantic and its resources.

The type of framework used to implement LOSC will vary from nation to nation, yet most
governments use an integrated approach to incorporate social, cultural, political, economic and
science landscapes concurrently in addressing marine ecosystem conservation and resource use.
The acceptance and ratification of LOSC initiated an accountability system for nations. In con-
junction with a number of other global directives, LOSC was a major step forward in conserving
marine ecosystems while trying to manage resource exploitation.

Tokyo declaration and sustainable development

At the eighth and final meeting of the World Commission on Environment and Development
(WCED), the sustainable development paradigm was presented as part of the Tokyo Declaration
(WCED 1987a). Sustainable development is defined as (WCED 1987b, p. 41):

Development that meets the needs of the present without compromising the ability
of future generations to meet their own needs.

The Sustainable Development paradigm contains two key concepts (WCED 1987b, p. 41):

* the concept of ‘needs’, specifically pertaining to the world’s poor and developing countries
which should receive priority to provide opportunities to those for a better life; and

* the idea of limitations imposed by state of technology and social organization on the environ-
ment’s ability to meet present and future needs, where perceived needs are socially and
culturally determined and consumption values need to be within the bounds of what is
ecologically possible.

Together, the above concepts set the foundation for a combined social, cultural, economic,
political, legal and ecological approach to tackling overexploitation of our natural resources and
assisting populations marginalized by over-development. It is clear from this directive, that the
WCED were aware that a global paradigm was needed to address the rapid economic growth
and development causing physical change in the ecosystem. This paradigm instigated a process
of change where sustaining the overall integrity of ecosystems while progressing human
development was paramount. This holistic and integrated approach recognised that focusing on
one type of landscape would only contribute to a fragmented solution.

Agenda 21

The Programme of Action of Agenda 21, adopted by more than 178 national governments at
the 1992 Rio Earth Summit, changed the future of environmental policy development by holding
all nations to account by setting a blueprint for sustainable development in the twenty-first century
(United Nations (UN) 1993). Agenda 21, in conjunction with the Rio Declaration on
Environment and Development, provides a set of principles and strategies to halt and reverse
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the negative impact of human behaviour on the physical environment while simultaneously
promoting environmentally sustainable economic development for all countries by recognising
that human well-being is inextricable tied to nature (UN 1993). This led to declaring the
Sustainable Development paradigm as the underpinning principle for managing the environment.

Agenda 21 consists of 40 chapters divided into four sections that set up an integrated framework
to assist individual nations in developing their own Local Agenda 21 and include (UN 1993):

Social and Economic Dimensions
Conservation and Management of Resources
Strengthening the Role of Major Groups

B O R S R

Means of Implementation.

Chapter 17 exclusively focuses on the protection, rational use and development of living resources
in oceans including all kinds of seas, whether enclosed or semi-enclosed and coastal areas. The
chapter highlights the need for nations to improve fragmented processes to integrated approaches
in marine management (UN 1993). Activities and implementation of the integrated approach
are to improve human resource development and capacity building where specifically (UN 1993):

Coastal states should promote and facilitate the organisation of education and training
in integrated coastal and marine management and sustainable development for scientists,
technologist, managers (including community-based managers) and users, leaders,
indigenous peoples, fisherfolk, women and youth, among others.

This new integrated approach requires signatory nations to focus on the following programme
areas:

* integrated management and sustainable development of coastal areas, including exclusive
economic zones;

*  marine environment protection;

e sustainable use and conservation of living resources under national jurisdiction;

e addressing critical uncertainties for the management of the marine environment and climate
change;

e strengthening international, including regional, cooperation and coordination;

e  sustainable development of small islands.

What ensued was a dramatic change in the marine policy landscape with nation states developing
integrated marine policy containing the principles of sustainable development at its core. This
influenced a shift from single-sector management, where top-down governance structures only
consulted with the sector of interest, to a holistic approach with the inclusion of the community
voice (indigenous, non-indigenous, general public, non-government organisations, local author-
ities, the scientific community) in decision-making processes.! The success of Agenda 21 as a
blueprint for an integrated approach, underpinned by the sustainable development paradigm, is
reflected by its presence in national policies relevant to the environment and human development.

Convention on Biological Diversity

Alongside Agenda 21 and the Rio Declaration, the Convention on Biological Diversity (CBD),
signed by 168 nations and was entered into force in 1993 (UN 1992). The CBD addresses the
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importance of global biodiversity to human and social development while simultaneously
recognising the alarming rate at which species are disappearing. Its inception was inspired by
global commitment to sustainable development, where biological diversity is considered a global
asset for all. The objective of this Convention is (UN 1992, p. 3):

the conservation of biological diversity, the sustainable use of its components and the
fair and equitable sharing of the benefits arising out of the utilization of genetic resources,
including by appropriate access to genetic resources and by appropriate transfer of
relevant technologies, taking into account all rights over those resources and to tech-
nologies, and by appropriate funding.

Here, it is the wording of sustainable use in the CBD that adopts the sustainable development
paradigm in its core objective where (UN 1992, p. 4):

Sustainable use means the use of components of biological diversity in a way and at
a rate that does not lead to the long term decline of biological diversity, thereby
maintaining its potential to meet the needs and aspirations of future generations.

Similar to Agenda 21, the CBD promotes nature as being important to human well-being, with
nature’s products as the building blocks for the economic and physical health of communities
and society. More recently, the focus of the CBD has turned to assessing the various ecosystem
services derived from our natural systems as a framework to integrate social and economic
dimensions in costing the loss of global biodiversity.

Millennium Ecosystem Assessment and ecosystem services

The release of the Millennium Ecosystem Assessment (MA) in 2005, under the auspices of the
UN, was to identify how ecosystems and their services have changed due to natural and
anthropogenic pressures. The objective of the MA is to assess the consequences of ecosystem
change for human well-being and to establish the scientific basis for actions needed to enhance
the conservation and sustainable use of ecosystem and their contributions to human well-being
(MA 2005). This framework also adopts the sustainable development paradigm recognising
that humans are an integral part of global ecosystems where social, economic, cultural and
political landscapes can not only alter the human condition but can also influence ecosystem
state (MA 2005).

The MA focuses on the relationship between ecosystem change, how this affects the supply
of ecosystem services and what this means for human well-being. Here, an ecosystem service
is defined as the benefits people obtain from ecosystems which are grouped into four broad
categories:

e provisioning services — for example, food, raw materials, ornamental resources;

* regulating services — for example, climate regulation, air purification, coastal erosion
protection;

*  habitat services — for example, life-cycle maintenance and gene pool protection;

*  cultural services — for example, cultural heritage, aesthetic information and recreation and
tourism.

Ecosystems services can be incorporated into marine policies as a framework or be used within
a management tool to economically assess service values provided by marine and coastal
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ecosystems. To do so requires an explicit description and adequate assessment of the links between
the structures and functions of marine ecosystems, how they produce benefits for humans and
what is their economic value, whether as a use or non-use value that contains direct, indirect,
existence and bequest subcomponents (Barbier 2012).

Although the uptake of the ecosystem services in environmental economic assessments has
been rapid, with both scientists and policy makers seeing the benefit of placing a monetary
figure on marine and coastal natural capital, others are concerned that this approach will allow
the global community to view nature as a commodity. According to Barbier (2012), the global
community should consider marine and coastal ecosystems as assets, producing beneficial goods
and services for human survival and well-being over time. This means marine and coastal
ecosystems are no different from any other asset in the economy, and in principle, should be
valued in a similar manner. There are two advantages in viewing marine and coastal ecosystems
as capital assets in producing goods and services (Barbier 2012):

1 It allows application of the standard tools and analysis developed by natural resource
economics for modelling of these complex systems.

2 It facilitates a focus on competing uses, such as conservation versus development of coastal
and marine seascapes, and the need to account for the value of ecosystem services in order
to make efficient choices between these uses.

Opverall, assessing ecosystems services will highlicht the connectivity of coastal and marine
ecosystems across land and sea gradients and the need to manage these systems in a spatially and
temporal integrated way to preserve their synergistic effects (Barbier 2012). Ecosystem service
assessments address the integrated approach by using all landscapes from understanding the science
of marine and coastal systems, how these functions and processes link to supplying an ecosystem
service and how these services supply societal benefits that are economically valued.

In summary, the binding narrative for all of the above directives is sustainable development.
For this paradigm to be realised in our oceans, it requires the application of the integrated approach
in marine policy. To use the table analogy, the integrated approach requires all three legs to be
equal. If the table lacks one leg, or a leg is shorter than the others, or breaks, or there is no
table-top to attach the legs, then the table does not provide its function. Like a table, designing
and planning marine policy needs to address all landscapes concurrently in an integrated manner
for implementation to be successful. This clearly highlights that policy requires more than just
good science. Policy makers working with scientists, economists, legal experts and social/cultural
groups need to develop new frameworks to address all landscapes simultaneously.

Frameworks for integrated marine policy and management

The progressive development of global environmental policies supporting the integrated
approach in achieving sustainable development has led to the creation of various frameworks
over the past 25 years. Of relevance to ocean management, two such frameworks include:
Integrated Coastal Management (ICM) and the Ecosystem-Based Approach (EA).

Integrated Coastal Management

Immediately following Agenda 21 and the Rio Declaration, Integrated Coastal Management
(ICM) spearheaded the process of bringing together the different landscapes into a comprehensive
framework for integrated coastal and marine policy. With the use of the word integrated in its
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title, the ICM framework was a popular new approach to managing the coastal and marine
continuum. ICM is also termed Integrated Coastal Zone Management (ICZM), where the two
can be used interchangeably. ICM is defined as (Sorenson 1997, p. 9): ‘the integrated planning
and management of coastal resources and environments in a manner that is based on physical,
socioeconomic and political interconnections both within and among the dynamic coastal systems,
which when aggregated together define a coastal zone.” Here, an integrated approach requires
both horizontal (cross sectoral) and vertical (the levels of government and non-government
organizations) coordination of those stakeholders whose actions significantly influence the quantity
or quality of coastal resources and environment (Sorenson 1997; Wescott and Fitzsimmons 2011;
Wescott 2012).

The management of coastal and ocean resources as a continuum is difficult as both areas contain
different stakeholders, jurisdictions and ecosystem functions. This fragmentation within the large
system, creates a large challenge for effective planning and coordination (Hinrichsen 2011). To
address this, ICM requires five key operating principles (Cicin-Sain and Belfiore 2005):

1  intergovernmental (vertical) integration — between the tiers of government;
inter-sectoral (horizontal) integration — between the various sectors operating at the same
level of government;

3 spatial integration — between catchment, coasts and marine environments;

4 science-management integration — management responses and directions should be based
on the best available scientific information at the time;

5 international integration — co-operation and integration between and across national
boundaries and systems.

ICM requires the above five principles to be implemented in practice.

As of 2002, 145 of 187 nations, territories and semi-sovereign states with a coastline have
launched ICM programs and policies (Hinrichsen 2011). Due to the availability of ICM
literature spanning over five decades, there has been much analysis on the challenges and successes
of the framework, with most citing limited success of ICM. The most frequently cited failure
across most nations is the gap from planning to implementation. This is caused by (Hinrichsen
2011; Sorenson 2011; Hopkins et al. 2012):

*  complicated coordination of multi-agencies and the lack of creating appropriate institutions
in managing coastal and ocean areas;

» allocating a budget to move plans into practice;

*  retaining competent staff to implement the plans; and

» all landscapes are considered as separate dimensions from each other and have been rarely
successfully integrated.

Additionally, the lack of stakeholder and public engagement in planning processes (Wescott
and Fitzsimmons 2011), and more recently cuts across all public policy areas have created manage-
ment implementation gaps (Sorenson 2011). Undercutting funding and undermining the
support needed to move from planning into on-ground implementation has caused the inter-
national community to no longer consider ICM to be an effective and efficient means to achieve
sustainable development goals (Sorenson 2011).

However, not all hope has been lost, with multidisciplinary teams addressing the shortfalls
of ICM in practice. Recently, the Science and Policy Integration for Coastal Systems Assessment
(SPICOSA) project in Europe developed the Systems Approach Framework (SAF) as a specific
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tool for ICM and to evaluate sustainable development (Hopkins ef al. 2011; Hopkins et al. 2012).
By incorporating ecological, social and economic landscapes, SAF addresses the how to gap
between sustainable management goals and the information and actions needed to implement
or modify them using holistic perspectives and issue-oriented investigation (Hopkins et al. 2012).
The one drawback in the SAF methodological approach is that it does not include the dynamics
of policy making, where it is stated that ‘it is important to delineate the boundary between
science and policy as it separates the objective role of science and the democratic role of
governance’. It goes on to state that, ‘SAF attempts to strengthen the science-policy interface
by improving both the content of the information and the manner in which it is presented’
(Hopkins ef al. 2012, p. 5).

Is it possible to have successtul implementation of the SAF if it does not consider the policy
dynamics? As stated above, one of the major contributory failures of ICM is the lack of vertical
and horizontal institutional arrangements, which one could interpret as policy dynamics. This
leads to the question that although the SAF approach takes a positivist view in order to successfully
apply the integrated approach in practice, will its shortcomings by not including policy dynamics
be another failure in trying to achieve ICM in European seas? Although it is recognised that
there is a co-dependency, this example highlights the continuing difficulties in bringing science
and policy landscapes together. This continuing challenge has motivated scientists and policy
practitioners to rethink the integrated approach.

Ecosystem-based approach

The ecosystem-based approach (EA) is the new environmental paradigm, incorporating into its
framework environmental processes, environmental challenges, institutional frameworks and
practices to better manage the current exploitation of marine resources and to tackle current
fragmented approaches. The ratification of the CBD in 1992 initiated momentum for creating
a unifying formal definition of the EA to be (CBD COP 2000 V/6):

A strategy for the integrated management of land, water and living resources which
promotes conservation and sustainable use in an equitable way.

In this context, the EA acts as a framework allowing integrated management practices to focus
on application of appropriate scientific methodologies and recognising that humans are an
important component of all ecosystems. There are 12 EA principles (Table 10.1), with the first
principle being management of all living resources is a matter of societal choice. This highlights the
hegemonic approach to societal engagement in environmental management. Here, the EA
covertly persuades the public through institutional state apparatus (where the opposite is using
repressive state apparatus such as law and enforcement) to do something willingly. The EA is
trying to persuade society that it is their responsibility to look after our natural front yards through
environmental stewardship. In doing so the EA, via society, tackles the objectives of the CBD
through addressing the need to conserve biological diversity, the sustainable use of its com-
ponents, and the fair and equitable sharing of benefits from the use of genetic resources.

The EA framework extends to marine ecosystems in recognition that human impact on marine
resources is growing at an alarming rate. The EA has become the prevailing framework in ocean
policies, guiding new developments in marine management and planning (Kidd et al. 2011).
A 2005 scientific consensus signed by 221 USA scientists and institutions took the EA definition
one step further for marine ecosystems by defining marine ecosystem-based management
(EBM) to be (McLeod et al. 2005, p. 1):
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Table 10.1 The ecosystem approach principles as defined by the [IUCN Commission on Ecosystem
Management

Group 1: Key stakeholders and area

Stakeholders Principle 1 The objectives of management of land, water and living
resources are a matter of societal choice.
Principle 12 The EA should involve all relevant sectors of society and
scientific disciplines.

Area analysis Principle 7 The EA should be undertaken at the appropriate spatial
scale.
Principle 11 The EA should consider all forms of relevant information.
Principle 12 The EA should involve all relevant sectors of society and

scientific disciplines.

Group 2: Ecosystem structure, function and management

Ecosystem structure  Principle 5 Conservation of ecosystem structures and function, to maintain
and function ecosystem services, should be a priority.
Principle 6 Ecosystems must be managed within the limits of their
functioning.
Principle 10 The EA should seek the appropriate balance between, and
integration of, conservation and use of biological diversity.
Ecosystem Principle 2 Management should be decentralized to the lowest appropriate
management level.

Group 3: Economic issues

Principle 4 There is usually a need to understand and manage the
ecosystem in an economic context and to:
1) reduce market distortions that adversely affect biological
diversity,
2) align incentives to promote biodiversity conservation and
sustainable use, and
3) internalize costs and benefits in the given ecosystem.

Group 4: Adaptive management over space

Principle 3 Ecosystem managers should consider the effects of their
activities on adjacent and other ecosystems.

Principle 7 The EA should be undertaken at the appropriate spatial
scale.

Group 5: Adaptive management over time

Principle 7 The EA should be undertaken at the appropriate temporal
scale.
Principle 8 Recognizing the varying temporal scales and lag-effects that

characterize ecosystem processes, objectives for ecosystem
management should be set for the long term.
Principle 9 Management must recognise that change is inevitable.

Source: As cited in Kidd et al. 2011.
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Ecosystem-based management is an integrated approach to management that considers
the entire ecosystem, including humans. The goal of ecosystem-based management is
to maintain an ecosystem in a healthy, productive and resilient condition so that it
can provide the services humans want and need. Ecosystem-based management differs
from current approaches that usually focus on a single species sector, activity or concern:
it considers the cumulative impact of different sectors.

The emphasis of EBM is the application of the holistic approach to managing ocean systems,
where societal values and choices are tightly interlinked with how we manage, govern, and use
our natural marine resources. Marine EBM is about interactions and includes four key principles:

1 addressing multiple spatial and temporal scales in the design and implementation of EBM,;

2 recognising the linkages between marine ecosystems and human communities that depend
on these systems;

3 connecting environmental policy and management efforts across air, land and sea boundaries;
and

4 meaningful engagement with stakeholders to create management initiatives that are credible,

enforceable and realistic (Leslie and McLeod 2007).

Addressing each principle in practice and understanding the interlinkages between each principle
will determine the success of EBM (Box 10.1).

Kidd et al. (2011) articulate significant challenges in the application of EBM in marine planning
and management (Box 10.2). There is a synchronicity between each challenge and the different
landscapes required for the integrated approach. For example, connecting to wider agendas relates
to the landscape of law, governance and constituency while addressing key information
challenges correlates to the uncertainties and unknowns in the field of science. In summation,

Box 10.1 The barriers and successful characteristics for implementation

of the Marine Ecosystem-Based Approach (Kidd et al. 2011)

Barriers to EBM implementation
implementation

Successful characteristics of EBM

Ineffective stakeholder participation in
planning and management.

Limited understanding of what the
approach seeks to achieve.

The lack of capacity for decentralised and
integrated management.

Insufficient institutional cooperation and
capacity.

The lack of dedicated organisations able to
support delivery of EA.

The overriding influence of perverse
incentives.

Conflicting political priorities, including
those that arise when a more holistic
approach to planning is adopted.

Good stakeholder engagement.

Good public awareness.

Development of a management plan.
Good communication among
stakeholders.

Adequate funding.

Good communication among
stakeholders and agencies.

Good information sharing.

The availability of scientific information.
Adequate personnel resources.
Subsequent changes in the management
of activities.
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Theme 1:
Developing the human
dimension

Theme 2:
Addressing key information
challenges

Box 10.2 Significant challenges in applying the Ecosystem Approach

The significant challenges in applying the Ecosystem Approach in coastal and marine policy
grouped under three themes, developing the human dimension, addressing key information
challenges and connecting to wider agendas (Kidd et al. 2011)

Theme 3:
Connecting to wider
agendas

e Stressing the holistic
ambitions of the EA.

¢ Human activity as the
focus of planning and
management action.

¢ Developing objectives that
reflect societal choice.

e Stakeholder engagement.

¢ Informing societal choice.

e Spatial dynamics and
different planning and
management responses.

e Temporal dynamics: the
importance of a long-term
view and adaptive
management.

e Connecting marine and
terrestrial planning.

¢ Challenging the
ecological modernisation
paradigm.

* Understanding structural and
functional biodiversity.

¢ Dealing with complexity and
uncertainty.

Kidd et al. (2011) stipulate that although EA brings many benefits for integration and trans-
disciplinary discourse, its downfall is that it means all things to all people, that is, each individual
has a very different idea about what the EA entails, what it aims to achieve and how it should
be operationalized through EBM. Thus, EA application is not straightforward nor easy, requiring
an understanding of human beliefs and attitudes and how these translate into decision making
and acceptance of policy and management objectives.

Much of managing marine systems is understanding the factors that drive human behaviour
and the choices that are made regarding the use of marine resources (Ruckelshaus ef al. 2008),
of which there is little information as compared to economics or even the sciences. This is
partly due to the lack of social indicators in marine management and the EA being a relatively
new paradigm. There is a paucity of evidence to demonstrate improvements in ecosystem
outcomes as a result of long-term EBM applications (Tallis et al. 2010). Further research into
human behaviours would value-add to the EA and identify social parameters that can be used
as objectives or measurable indicators for tools to implement EA on-the-ground.

Tools for implementing an integrated approach

International Management Plans

As a precursor to many marine management tools, International Management Plans (IMPs)
(Hinrichsen 2011) recognised the interdependent relationships between marine and near shore
coastal ecosystems and their role as drivers for economical development and trade. As of 2002,
168 countries were participating in one or more international management plans at a regional
level where there was sharing of marine and/or coastal ecosystems (Hinrichsen 2011). Of the
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168 countries, there were generally two categories that captured the approach. The first cat-
egory was regional integrated coastal management programmes, involving 84 countries across
40 regions. The second was categorised under the banner of United Nations Environment
Programme (UNEP) Regional Sea Programs that included 13 large-scale regional efforts
involving 140 countries (Hinrichsen 2011). However, of the 13 plans only a few are successful,
namely: Baltic Sea Joint Comprehensive Environmental Action Program 1974, Mediterranean
Action Plan 1975, Wider Caribbean Action Plan 1981, Black Sea Convention 1992, North-
West Pacific Action Plan 1994 and the South Pacific Action Plan 1982.

Similar to ICM, the reduced success of the Regional Sea Programs is due to the gap between
planning and on-the-ground implementation. Although International Management Plans
initiated the integrated approach, there was much to learn for future tool development, namely
(Hinrichsen 2011):

1 creating a framework for policies that govern oceans and coasts at the national level that
is backed up by expertise and capacity (human and resource);

2 locally or regionally oriented site management programmes governing specific areas or
ecosystems;

3 ability to integrate planning and implementation across economic sectors and other
disciplines.

Large Marine Ecosystems (LMEs)

The Large Marine Ecosystems approach considers large spatial extents of coastal and marine
ecosystems at the regional level and considered the next step from IMPs in the conservation
and sustainable development of coastal and marine resources. LMEs provide a flexible approach
to EBM by addressing and identifying the main drivers of ecosystem change and applying
management and assessment strategies. The United States National Oceans and Atmospheric
Administration (NOAA) led the way in the creation of LMEs in 1984, facilitated by a number
of organisations including: the Intergovernmental Oceanographic Commission (IOC),
UNESCO, IUCN, UNDP, UNEP and the World Bank’s Global Environment Facility (GEF).

LMEs are defined by: bottom depth contours (bathymetry), currents and water mass
(hydrography), marine productivity and food webs (trophic relationships). Each LME should
be greater than 200,000 km? and encompass marine aspects such as continental shelves, oceanic
currents and coastal features including river basins and estuaries (Sherman 1991). As of 2009,
121 nations have developed management strategies to meet ecosystem-related targets in an attempt
to reduce anthropogenic pressures. Of these, 111 nations have been involved in transboundary
diagnostics analysis to identify primary loss of marine biomass, coastal pollution, damaged habitats
and depleted status (Sherman 1991; Hinrichsen 2011).

Unfortunately, only five out of 64 LMEs have an implementation mechanism in place that
considers the ecosystem as a continuum, with the rest only implementing fisheries measures
specific for the fisheries sector. Implementing ecosystem measures in LMEs can be tricky due
to legal and political boundaries not necessarily delineating onto ecosystem boundaries. This
can be frustrating for trans-boundary conservation efforts where for example, a marine habitat
spacing across multiple EEZs may have different conservation values. Even the most carefully
developed plans need to consider how and whether trans-boundary legal frameworks, national
policies and various sector resource dependencies within EEZs will work with either: current
institutional arrangements, the creation of new institutions or redefining institutional arrange-
ments among involved nations. This complex process has created a gap between planning and
implementation, and similar to IMPs, has caused limited successes for LMEs.
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Marine Spatial Planning

Marine Spatial Planning (MSP) is a popular management tool for implementing the integrated
approach. The use of MSP is dependent on the scope, objective and goals of the EA framework.
MSP is a planning framework providing a means to improve decision making as it relates to
the use of marine resources and space. The MSP framework focuses on the unique and dynamic
spatial planning requirements in marine ecosystems to sustain the goods and services society
needs or desires from these environments over time (GEF 2012). MSP is a spatial place-based
management process and is not a substitute for ICM, rather it builds on important approaches
and the policies that support them. The European Commission recognises MSP and ICM as
complementary tools, where both improve sea—land interface planning and management when
applied jointly (COM 2013).

The MSP framework supports temporal dimensions and can be employed at different spatial
scales within different economic, social, legal and scientific landscapes. Although still quite a
relatively new approach, there has been some success and it has the potential to greatly improve
marine management. Within European Union waters, MSP is gaining support to address the
increasing frequency of conflicts in sea space use where European Union Member States are
required to establish a process that identifies the problems, collects information and uses these
fields in planning and decision making while simultaneously monitoring implementation and
management using stakeholder participation throughout all processes (COM 2013).

At the core, MSP addresses multiple management objectives specifically for the allocation
of space and resources. It does so by incorporating the level of human use and activities that
can operate in line with management objectives specific to a locale. Similar to the above tools,
MSP needs to consider various governance structures and institutional arrangements and how
stakeholders should be engaged in the decision-making processes for implementation to be
successful.

In addition to addressing resource uses, MSP can include conservation tools, for example,
marine protected areas (MPAs). A MPA is an umbrella term to define sections of the oceans
set aside to protect and restore marine ecosystems from multiple stressors in order to support
the sustainable use of marine resources via legal and institutional frameworks. The core objective
of MPAs is biodiversity conservation. The IUCN defines a MPA to be (Laffoley 2008, p. 7;
Worboys 2015, p. 15): ‘A clearly defined geographical space, recognised, dedicated and
managed, through legal or other effective means, to achieve long-term conservation of nature
with associated ecosystem services and cultural values.’

The level of protection will be defined by the management objectives and the ITUCN has
compiled a list of protected area management categories to provide consistency and
standardisation across national and international jurisdictions (Laffoley 2008). The beginning of
this millennium saw MPA targets proposed and set, with 10 per cent of the world’s ecological
regions to be protected in 2010 and an extensive representative global system by 2012. Although
these targets have not been met, coastal nations have been progressing forward in a bid to increase
MPAs within their jurisdiction. Incorporating MPAs into a MSP framework may be a step forward
in meeting future targets. A successful example of MSP implementation is the Great Barrier
Reef Marine Park, Australia. Although titled as a park, the planning and decision-making
framework incorporates marine spatial planning to identify areas important for sector use,
recreation and tourism and conservation. The Great Barrier Reef Marine Park Authority
(GBRMPA) provides a governance structure to accommodate institutional arrangements and
regulatory bodies specific to the park. It is the creation of GBRMPA that makes this park
successful, allowing autonomy from state and federal institutions and restrictions.
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As with other tools, successtul implementation of MSP requires momentum and support to
jump the divide between creating a paper tool and seeing it through to actual on-the-ground
implementation. Stakeholder engagement is required for implementation to be meaningful and
successful, and sustainable financing is necessary to provide adaptive management and planning.
Finally, MSP must take into account the entire ecosystem, not just certain habitats of interest
for resource sectors.

Conclusion: the key challenge for successful implementation
of the integrated approach

Connecting science to policy, and integrating it with other landscapes, is a challenge widely
acknowledged by all actors involved in marine policy planning and implementation. Although
science is important for underpinning marine policy in order to understand how anthropogenic
pressures are impacting marine ecosystems and their response to management, science is only
one of six landscapes to be considered in developing an integrated framework. The uncertainties
that science raises are less significant as compared to the salient reoccurring theme of bridging
the gap between policy development and on-ground implementation; realising the integrated
approach is challenging, complex and requires investment in time, resources and capacity to
move from policy development to implementation.

If we continue with the three-legged table analogy, the success of the integrated approach
in marine policy requires:

e an agreed vision incorporating objectives;

e 2 flexible but defined framework;

*  incorporation of a range of expertise across the various landscapes;

e constituency support by engaging stakeholders including cross-national governments,
sectorial, cultural and community, in vertical and horizontal decision-making processes and
planning;

e the creation of relationships and communication across the different landscapes;

e monetary and human resource support throughout the planning and implementation
process; and

* implementing using adaptive processes and management measures.

The three-legged approach requires 100 per cent commitment from all actors from planning
to implementation for the integrated approach to be successful. Marine policy success will only
occur if all of these elements are rooted in an equitable cooperative within this global public
sphere.

Note

1 Authors’ note: Community inclusion in marine decision-making processes simultaneously addresses
the objective of Chapter 23 in Agenda 21, the need for broad public participation in decision making
to achieve sustainable development and here is interpreted as a social parameter under the social landscape
in the integrated approach.
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ECOSYSTEM SERVICES
AND THEIR ECONOMIC
AND SOCIAL VALUE

Jason Scorse and Judith Kildow

Introduction

The concept of “ecosystem services valuation” has become an important theoretical construct
for linking ecosystem functions to human well-being, using basic principles of natural science
combined with welfare economics (as well as contributions from psychology, sociology, and
even more recently, neuroscience). It is important to recognize that ecosystem services are
valued using inherently anthropocentric methods— nature is afforded no intrinsic value. The
socioeconomic value of an ecological resource depends solely on the value humans derive from
that resource. This value may be direct—in the case of fish harvested from the sea—or
indirect—in the case of water filtration provided by wetlands. It is the indirect ecosystem services
that are frequently overlooked in planning and decision-making since they often require
sophisticated scientific understanding, and provide value to human society through complex
mechanisms and interactions.

Understanding these links is becoming increasingly critical in a wide range of policy and
management contexts, because when ecosystem services are degraded or destroyed the costs to
society can be great, oftentimes eclipsing the benefits that are conveyed through the degrading
activity. For example, in the wake of Hurricane Katrina in New Orleans in 2005 it has become
apparent that the economic benefits that accrued over the decades from destroying the wetlands
surrounding the city (for ports, canals, and other forms of industrial development), were less
than the costs of the lost storm mitigation services that the wetlands naturally provided (Costanza
et al. 2014). In other words, when accounting for the full value of the benefits derived from
New Orleans’ wetlands’ ecosystem services, the decision to remove them in favor of industrial
uses was uneconomic, and would not have passed a cost-benefit test.

It is vital to establish a consistent definition for ecosystem services, even if the concept can
never be perfectly defined. The most recent attempt to standardize both a definition and to
create categories of ecosystems services came out of the United Nations’ Millennium Assessment
(MEA) in 2005: “ecosystem services are the benefits people obtain from ecosystems” (MEA
2005). While a very simple definition, this has become the standard for many studies today.
The Millennium Assessment goes on to describe specific categories of services that include
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provisioning services, such as food and water; regulating services such as flood and disease control;
cultural services such as spiritual, recreational, and cultural benefits; supporting services, such
as nutrient cycling that maintains the conditions for life on Earth, and biodiversity.

Although the Millennium Assessment helped to clarify current thinking about ecosystem
services, this definition has not been universally accepted. After surveying many competing
definitions of ecosystem services across many studies, Boyd and Banzhaf (2007) concluded that
“ecology and economics have failed to standardize the definition and measurement of ecosystem
service.” They proposed the creation of a consistent definition that can be easily integrated into
market accounting systems. To this end, they focus on defining “‘final” ecosystem services, which
are components of nature, directly enjoyed, consumed, or used to yield human well-being”
(Boyd and Banzhaf 2007, p. 619).

Their definition makes a distinction between final ecosystem services and final economic
goods. Ecosystem services can be thought of as inputs in a manufacturing process that contribute
to the production of final goods enjoyed by people. Boyd and Banzhaf point out that much of
the value of ecosystem services is already captured in economic models through normal
measures of GDP, to the extent that ecosystem services contribute to the final value of many
market goods (i.e., crop production or fisheries).

This is an important distinction because it is the “non-market” goods provided by ecosystem
services that are almost completely ignored in traditional measures of GDP. Non-market values
refer mostly to the indirect benefits of ecosystem services that are not currently priced in market
systems, and include, everything from climate regulation to the quality of life benefits from
clean air, water, open space, and the existence value of wildlife. In order to make more rational
decisions about how to use and manage resources—and attempt to maximize their social and
economic value—these non-market values must be captured in new models and incorporated
into all levels of decision making.

The reality is that markets will never account for the full range of ecosystem services unless
they are forced to. This point cannot be emphasized strongly enough. Even though measuring
ecosystem services and the values they provide is a challenge—both methodologically and
practically—the much greater challenge is using this information to change behavior and
produce better societal outcomes.

It is likely that under current regulatory systems, the lack of proper accounting for eco-
system services is leading to many uneconomic decisions from the local level all the way to the
international level, especially when longer time frames are considered and proper discount rates
are used (Stern 2006). Climate change will likely prove the largest “meta” example of collective
market failure—the damages that will be suffered due to the warming of the planet and the
acidification of the oceans will eventually eclipse the benefits accrued by burning excess
quantities of fossil fuel (Stern 2006).

But there are many more examples at a smaller scale as well, whether they are areas such as
New Orleans where wetlands destruction ultimately proved disastrous, offshore mining that ends
up fouling beaches and depressing tourism values, or the decimation of pelagic fisheries and
excessive marine mammal by-catch that ultimately impoverishes nations rather than enrich them.

Though a detailed discussion of why markets fail to account for ecosystem services is beyond
the scope of this paper (but see, for example, Scorse 2010), the primary reasons are relatively
straightforward:

1 Externalities—pollution costs are not borne by those who cause the pollution, which leads

to the underpricing of polluting goods. This distorts the entire economy in favor of resource-
intensive production.
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2 Lack of property rights—where there are no property rights, resources are exploited in a
“free-for-all” manner. This is especially true in the open oceans, but also has implications
near the shore.

3 Imperfect information—the complexity of ecosystem services and the fact that many are
poorly understood leads to a bias in favor of what is known and easily quantifiable (i.e.,
direct market benefits over non-market ecosystem services). This also plays out when those
who benefit from an ecosystem service may not be aware of it, and those who degrade
the service may not be aware of the values they are destroying (but it’s important to note
that even with perfect information about these costs and benefits the parties may still have
a very hard time using that information to create mutually beneficial transactions that protect
the ecosystem services over the long term).

4 Discounting—people value the future a lot less than the present and this creates a bias in
favor of short-term planning that is very difficult to overcome; this is partially driven by
two-to-six-year election cycles, but also corporate quarterly reports that cause publicly held
companies to invest for short-term gains to the detriment of long-term sustainability.

The field of environmental and natural resource economics has an extensive literature on how
to “correct” these market failures that has been developed over many decades. But much of
the world continues to ignore the bulk of this work largely because of very powerful socio-
political forces that favor the status quo, rather than a collective lack of knowledge of how to
make markets function more effectively for society. In addition, the high transaction costs inherent
in dealing with large numbers of actors over large distances make incorporating ecosystem services
into planning and management decisions very difficult, so absent institutions are needed to broker
these arrangements.

The economic value of coastal and marine ecosystem
services

Much of the market value of ecosystem services is derived through biological productivity that
produces goods directly exploited for human use and consumption (i.e., fish, kelp, coral, or
even shark fins), but there is also tremendous market value derived indirectly through all sorts
of non-consumptive activities, with tourism and real estate values being the most prominent.
In many coastal areas and island nations, the natural beauty, coral reefs, beaches, surf breaks,
and wildlife provide an important source of economic value that is directly measureable through
market prices (i.e., hotel, travel, restaurant, and diving revenue).

Non-market values exist on a continuum, with some that are completely divorced from
market prices and others that are actually embedded in them. For example, the ecosystem value
of carbon cycling through the oceans and atmosphere is not something that is recognizable in
market prices (although it is critical for life), whereas homes adjacent to beaches are much more
expensive than equivalent homes inland due to their proximity to the natural beauty of the
coasts. In essence, what at first appears to be a non-market value—an ocean view or a nearby
beach entrance—is actually incorporated into real estate prices in the market.

There is also a category of non-market value that is derived from the benefits that individuals
receive freely (or for very low cost) from ecosystem services, but for which they would be
willing to pay. Economists refer to this type of value as “consumer surplus,” and contend that
it should be considered when assessing a resource’s overall value. The logic is that if taking a
walk on the beach on a sunny day provides an individual with the equivalent of $10 in value
(perhaps akin to the value of going to a movie on a rainy day), then just because the beach has
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free access doesn’t mean that its value should be counted as zero; the $10 in value that individual
receives “internally” (since no actual dollars are exchanged) should be considered as real as if
they had paid an admissions ticket to enter the beach.

This example illustrates that many ecosystem services have both market and non-market values.
Coastal zones are the prime example; they contain market values from the fish that is harvested,
the tourist revenue, and also a portion of nearby home values, but they also provide consumer
surplus to many millions around the world just by their very existence, which is not captured
by market systems or traditional means.

In the U.S., reasonably good data exist to measure the market values of ocean and coastal
resources. Since 1933, the U.S. has kept national income and product accounts (NIPA), which
measure total income and output of the nation, and provide a comprehensive picture of the
nation’s economy (NRC 1999). These accounts measure production and income that arise
primarily from the market economy, where goods and services are traded openly through the
interaction of supply and demand. With the NIPA datasets it is possible to ascertain the value
the oceans and coasts generate for national, regional, state, and local economies. The national
accounts are divided into sectors, such as shipbuilding and repair, coastal construction, marine
transportation, fishing, offshore minerals, and coastal tourism and recreation. They provide a
reasonably accurate estimate of wages, employment, number of establishments, and GDP for
the ocean economy.

In 1999, the National Ocean Economics Program (NOEP) was launched at the Massachusetts
Institute of Technology (MIT). Its mission has been to produce time series data using NIPA
on the value of the oceans and coasts to the U.S. economy. The first of its kind, NOEP data
provide both snapshots in time as well as trends in ocean-dependent economic activities by
county, state, and the nation as a whole. Data are not available at a finer level because Internal
Revenue Service (IRS) and Bureau of Labor Statistics (BLS) rules do not allow disclosing
information that could compromise competition in the market place.

The NOEP data has revealed that marine transportation and coastal tourism and recreation
generate far more jobs and revenue for the U.S. economy than other ocean industries such as
fishing, offshore minerals, construction, and ship building. The NOEP also provides marine
natural resource production and value estimates, with data on annual production of oftshore
oil and gas in state and federal waters, and fisheries for more than 50 years (which shine a light
on which species have declined and which are stable).

The NOEP data have been cited hundreds of times by government, NGOs, and business,
as it has become the premier source for economic statistics on the status of and trends in the
ocean and coastal economy. The NOEP produces state-level multipliers, which can be used to
determine the overall wage and employment impacts of a dollar spent in an ocean industry after
it percolates through the rest of the economy. The NOEP also produces estimates of the
size of the coastal economy using shore adjacency criteria. In the U.S. in 2010 the total coastal
states’ economy generated 83 percent of total U.S. GDP, while only representing about 20
percent of the land mass. Coastal counties produced more than 50 percent of all jobs and wages.

The NOEP not only pioneered the use of ocean and coastal accounts in the U.S., but its
methodology has become the international standard, although each nation has customized the
basic categories for their own economies. Studies in Canada have been undertaken at the national
level (Gardner Pinfold 2009) and provincial levels (Gardner 2005), while ocean economy estimates
have been undertaken for the United Kingdom (Pugh 2008), France (Kaladjian 2009, Girard
and Kalaydjian 2014), Australia (Allen Consulting Group 2004), New Zealand (Statistics New
Zealand 2006) and China (2006-2012) (Song et al. 2013). Kildow and Mcllgorm (2010) compare
some of these international programs. Many Asian and Southeast Asian nations published their
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ocean accounts in 2009 (Tropical Coasts, 2009), expanding the number of nations to more than
20 that measure the ocean’s direct contribution to their economies.

Non-market values are understandably much more difficult to measure than market values.
Over many decades, however, economists have refined numerous statistical methods for
estimating them. The two primary methodological categories for assessing non-market values
can be divided into “revealed preference” techniques and “stated-preference” techniques.

Revealed preference methodologies examine observable human behavior that can be used
to estimate values derived from ecosystem services. For example, the Travel Cost Method (TCM)
uses data on how much time and money people spend to visit natural resources, such as beaches,
lakes, rivers, or national parks, to determine their consumer surplus from the public provision
of these goods.

The Hedonic Price Method (HPM) relies on real estate values to separate out from final
home prices the incremental contribution of environmental amenities, such as nearby air
quality, proximity to natural resources, and scenic views (Kildow 2009), as a means to directly
assign monetary values to these ecosystem services (in some ways HPM can be viewed as a
“quasi-non-market” valuation method since it relies on market prices to estimate what are
normally considered non-market values).

It is worth noting the magnitude of many of these non-market values in the coastal zones
and the associated policy implications. The value of an ocean view that is capitalized into a
single home can be worth upwards of a million dollars in California (and in this range in many
other parts of the world). This means that any attempts to diminish these views with offshore
oil rigs could potentially lead to large decreases in property values. In the same manner, proximity
to clean beaches with abundant wildlife can be capitalized at hundreds of thousands of dollars
per home, and therefore, anything that could potentially despoil the beaches and the surrounding
coastal areas could also greatly impact real estate prices (Kildow 2009). There is new research
underway that links home prices to the proximity to surf breaks and suggests that this ecosystem
service significantly increases nearby property values as well (Scorse et al. 2015).

More recently, the enormous damage and loss of life caused by the land fall of unusually
intense storms such as Hurricane Sandy in the U.S. and Typhoon Haiyan in the Philippines
may lead to plummeting coastal real estate values, both from the risk of loss and unaffordable
insurance premiums.

Coastal ecological services generate a relatively stable stream of revenue to local governments
through property taxes that can be sustained indefinitely if these resources are protected. Since
many communities and states rely on property tax as a major source of overall revenue, it is
critically important to understand the extent to which property values are impacted by changes
in nearby ecosystem services, for better and worse (Bagchi 2003, The Economist 2011).

Stated preference methods are used to estimate the most controversial elements of non-market
value: non-use value. Non-use value includes three sources of value—the pure existence value
of knowing ecosystems (or parts of ecosystems) are being protected, the option value of wanting
to reserve the right to visit these natural systems sometime in the future, and the bequest value
of wanting to ensure that future generations have the option of enjoying these ecosystems. Non-
use values are most easily understood in the context of a remote area such as the Arctic or the
middle of the Brazilian rainforest, which few people are ever likely going to visit, but from
which are derived some value from simply knowing that they are being protected and sustained.

The non-market value of ecosystem services for natural processes such as beach nourishment
or storm protection can be estimated using “replacement or avoided cost” methods. For
example, if a new jetty disrupts natural sand dispersal and reduces the width of down-current
beaches, the cost of replacing the sand can be imputed as an added cost of building the jetty—
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a non-market impact. Similarly, if mangroves provide storm protection that reduces average
annual damages to life and property of $100 million that value can be imputed to the mangroves.
In the wake of the 2004 Asian tsunami, analysis of wave impacts in areas where there were
relatively intact mangrove systems versus those where they were largely removed in favor of
coastal development showed that the former fared much better overall (Dahdouh-Guebas et al.
2005, Alongi 2008, Agardy 2014).

Mangroves are also being studied for their carbon sequestration potential. Recent research
posits that even at relatively modest CO, prices, this “blue carbon” may be extremely valuable
(Murray et al. 2011, McLeod et al. 2011, Ullman et al. 2012, Lau 2013). Increasing attention
is also being paid to the potential value of rare deep-sea creatures for use in medical research
or materials innovation. With deep-sea mining operations expanding exponentially around the
world (Haefner 2003, deVogelacere ef al. 2005), it is critical to document the non-market values
of deep-sea life and the threats they face. Even though the profits from deep-sea oil and mineral
operations are often great, the costs and risks they impose on marine systems and on society
can be great as well in terms of lost opportunities; only a comprehensive accounting can inform
policy makers and the public as to whether the net benefits are positive and worthwhile.

An illustrative example of the power of non-market valuation comes from a recent decision
by the government of the small island nation of Palau, which is extremely dependent on tourist
revenue for its economy. After careful analysis, the government concluded that the value of
keeping their sharks alive is orders of magnitude greater than selling them for shark fin soup;
research conducted by the Australian Institute of Marine Science indicates that over the course
of their lifetime each shark off the coast of Palau provides on average of $1.9 million in tourist
revenue (Jolly 2011).

Many of the dozens of nations that have robust whale-watching industries have also estimated
the economic benefits these (and other) cetaceans provide, and assessed ways to augment this
industry (Cisneros-Montemayor et al. 2010). While hunting whales is not allowed in most parts
of the world, whale mortality is often due in large part to human causes, whether through ship
strikes, pollution, or underwater sonar, and efforts to mitigate these impacts can provide net
benefits to regional whale-watching industries.

The social value of ecosystem services

Measuring the social value of ecosystems is considerably more difficult than economic value,
not only because social variables are harder to quantify, but because there is no consensus on
the definition of social value (see for example Schumpeter 1908, Tool 1977, Schweitzer 1981,
Morris and Shin 2002, Lange and Toppel 2006, Lewin and Trumball 2012). In general, social
values refer to issues of equity, opportunity, and vulnerability, as well as cultural benefits. For
example, a coastal ecosystem can provide social value through its local maritime cultures, the
sports and recreational activities that bring the community together, the variety of economic
activities that provide for social cohesion and mobility, and the resilience provided against extreme
climactic events. Given the complexity in measuring social value and the lack of an agreed-
upon definition, it is easiest to illustrate how to think about the concept using some current
case studies.

Take offshore oil and mineral development, which is expanding rapidly around the world
and tends to concentrate a tremendous amount of wealth in a small number of hands (see Chapters
18 and 20 this Handbook). The world’s oil and mining companies exert significant market power,
and act much more like oligopolies than firms in a competitive market (Moran 1987, Bolckem
2004, Dore 2006). This means that they often have the ability to set very favorable terms in
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the areas where they operate, and when they collude they can both move market prices and
restrict access (as may be the case with Chinese companies that control much of the world’s
rare earth minerals).

While the majority of the profits (benefits) of offshore oil and mineral extraction go to the
few, the risks of their activities are often spread out over large populations. A major oil spill
can decimate the livelihoods of literally millions of inhabitants in nearby coastal areas, and the
lost non-use values from degraded marine ecosystems will be felt way beyond the shores where
the spill occurred. This asymmetry between concentrated benefits and widespread social costs
is endemic in many areas around the world. The situation in the Niger Delta in Nigeria is
particularly extreme, where the environmental and social costs of oil production are externalized
onto a large and mostly poor population with very few mechanisms for redress (UNDP 2006).
But one doesn’t have to travel to the less-developed parts of the world to witness such power
and equity imbalances; in the U.S. some of the Alaskan indigenous populations are threatened
by oil and mineral exploration that undermines traditional ways of life.

From a social value perspective, such unequal power dynamics increase vulnerability for local
populations, and can greatly increase inequality and poverty in the event of an accident. They
also present a more fundamental problem in that the local people are often at the mercy of the
environmental and safety policies of companies that are not held accountable for their misdeeds.

There are ways for governments to address the social inequities inherent in this type of
industrial activity, even if it is very difficult to do. First, they can insist on high royalty payments
for the energy and minerals, and either funnel this revenue directly back to the communities
or use it for social ends, such as education, infrastructure, and healthcare. Governments can also
not only require strong environmental and safety protections from firms, but mandate
environmental insurance bonds as a precondition for approving offshore operations. These bonds
must be high enough to cover clean-up and compensation costs in the event of an accident.
The companies get the money returned (with interest) based on environmental and safety
performance metrics that must be met not only during operations, but during any decom-
missioning and remedial phase of the energy and mining projects.

The example of offshore mining presents a case where the diminishment of social value is
often imposed on communities through intensive natural resource exploitation in the coastal zones,
unless strong government negotiations can tip the scale in favor of greater social benefits and
protections. But what if communities want affirmative models for producing strong social values?

The natural sciences have demonstrated that more diverse ecosystems are the most resilient
(Chapin et al. 2000, Loreau et al. 2001), and new social science research points to economic
diversity as a key indicator of social resilience as well (Holling 2001, Folke ef al. 2002, Pickett
et al. 2004). Communities that derive employment and economic value through a variety of
activities are better suited to weather economic crises as well as environmental change. They
also provide greater opportunity and mobility to a wider class of the citizenry.

Monterey, California is a good illustration of a community that has evolved from an
economy predominantly based on natural resource-intensive industries (fishing and agriculture)
to a much more diverse economy. While fishing and agriculture still account for a large share
of employment and GDP, the development of very robust tourism, research, and education
sectors—based on the very ecological systems that have been under pressure for so long—has
produced a much more vibrant economy overall (Kildow and Colgan 2005, Thornberg et al.
2011). Monterey is home to many of the premier marine science and policy institutions, which
attract highly-educated students and workers, and Monterey Bay Aquarium is world famous.
According to the NOEP, which maintains a database on coastal economies at www.ocean
economics.org, wildlife viewing and other forms of coastal tourism and coastal recreation are
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now huge industries, employing more than 13,000 people and generating over $700 million
dollars in 2010 in Monterey. The much greater variety of economic activity supports a large
service, tech, and construction sector (Thornberg et al. 2011).

Tensions remain between the natural resource sectors and the larger community due to
continued threats to marine life, and very serious water and water quality issues. But whereas
in the past fishermen and farmers controlled most of the levers of power, there are increasing
pressures in this more diversified economy to balance needs and promote activities with less of
an ecological footprint and more dependence on ecological health.

Florida is an example of a state that has also realized that diversification is a key to economic
strength and resilience. Over the past decade, the state has attracted a number of highly prestigious
marine and medical research institutions that provide stability, high wages, and an alternative
to dependence on tourism, which is volatile given the frequency of extreme weather events in
Florida. Scripps Research Institute and Mayo Clinic have been enticed to Florida with generous
incentives. The Hubbs Research Institute complements Sea World and its program in Orlando,
and numerous other world-class research centers have established satellite operations in Florida.
In addition, the government of Florida has increased its own ocean research programs at its
universities; marine research budgets in Florida in 2008 were more than $300 million, with
only a little more than half of the institutions reporting precise figures (NOEP 2008).

Any discussion of social value from ocean and coastal ecosystems would be incomplete without
mentioning the fascinating new neuroscience research that has shown that the proximity to the
oceans, with their miles of beaches, dramatic sunsets, and abundant wildlife provide tremendous
psychological value to humans. Coastal zones make people happier, healthier, and reduce stress
through a number of channels (Volker and Kistemann 2011, White ef al. 2010). This trem-
endous social value is not captured by any of the current models, but is potentially very large.
The policy implications are large as well. The key, as always, is how to encourage human
settlement and use of coastal zones in ways that don’t threaten the very ecological systems that
make them so attractive; and also to generate diverse streams of economic activity to maximize
resilience and opportunity.

Incorporating ecological services into national accounts

Environmental accounts provide a framework for collecting and organizing information on the
status, use, and value of a nation’s natural resources and environmental assets, as well as on
expenditures on environmental protection and resource management (INTOSAI WGEA 2010,
and see also Chapter 2 of this Handbook).

Creating “green” national accounts that incorporate changes in ecosystem services and natural
capital into current measures of GDP has been an overarching goal of the environmental
movement for decades. The logic is simple: by incorporating the full range of environmental
values into economic accounts areas can identify where certain industrial activities actually make
society worse off, and also the areas where investments in natural capital can provide the greatest
returns to society.

The United Nations Conference on the Environment in Rio de Janeiro in 1992 produced
Agenda 21, which called for the UN to begin work on a handbook for green accounting. The
finished product was based on numerous approaches to environmental accounting, pioneered
in a series of workshops by the United Nations Environment Programme (UNEP) in collab-
oration with the World Bank. Because of the embryonic nature of this work, the discussion of
concepts and methods never reached any final conclusions, and the UN handbook and its System
of integrated Environmental and Economic Accounting (SEEA) were therefore issued as an
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interim version of work in progress (UNSD and UNEP 2000). However, the SEEA was
subsequently tested in Canada, Colombia, Ghana, Indonesia, Japan, Mexico, Papua New
Guinea, the Philippines, the Republic of Korea, Thailand, and the U.S.

In response to the issuance of the UN handbook, the U.S. Bureau of Economic Analysis
(BEA) in the Department of Commerce began to develop a system for extending NIPA to
include both market and non-market estimates of ecosystem values. Members of Congress were
tipped oft about this work in 1995 and held hearings. Some in Congress believed that the methods
for valuing the environment were still immature and not ready to be institutionalized; they
were also responding to pressures from the coal and other extraction industries, who feared that
their activities would show up negatively in the new green accounts. Other members felt that
it was inappropriate to change an economic accounting system that everyone trusted.

The result of the hearings was that Congress withdrew funding for this BEA experiment,
imposed a ban on any additional work until further notice, and asked the National Academy
of Sciences National Research Council to review the BEA strategies and report back to them.
The resulting report entitled, “Nature’s Numbers” (NRC 1999), provided an unequivocal
endorsement of green accounts and a call for a comprehensive assessment of market and non-
market values of ecosystem services. The authors expressed concern that the U.S. might lag
behind other nations if a system of green accounts wasn’t developed quickly, and that it was
in the best interests for U.S. investors and policy makers to have this information.

In 2000, sufficient progress towards a system of green accounts internationally prompted a
major interagency meeting between the U.S. Government Accounting Office (USGAO) and
the National Academy of Sciences to once again discuss the topic of environmental accounts
(USGAO 2007). This meeting followed the lifting of the Congressionally imposed ban on BEA’s
activities that had lasted from 1995-2005). In 2010, a report by the U.S. General Accounting
Office described the status of environmental accounting around the world, indicating that many
nations were now using some form of it and that there was a strong effort to standardize the
accounts (INTOSAI WGEA 2010). It is argued that the absence of U.S. participation prevented
the U.S. from having a voice in the setting of international green accounting standards.

Since 2010, The European Commission has instituted regulations on green accounts for the
entire European Community. Through the UN’s work and the European Community’s efforts,
many nations have now implemented an official system of environmental accounting. However,
the U.S. government has yet to follow suit, and there are no indications of any impending
plans to do so.

Conclusion

Much of the social and economic value of ocean and coastal resources is obvious to all, as it
shows up clearly in market data, for both income and employment. However, the value of the
ecosystem services in the ocean and coastal zones is poorly understood as they involve large,
distant, and complex processes, the magnitude of which is likely greater than the value of what
can be quantified (Moberg and Ronnbick 2003; Barbier ef al. 2011). A large portion of this
value is conferred to society outside of market mechanisms, and in ways that are often hard to
trace. However, new methods for estimating these non-market values are coming online, and
must be embraced in order to achieve long-term sustainability that guarantees widespread social
benefit and economic prosperity. It is up to natural scientists to establish and communicate the
links between ecosystem services, including important services coming from marine and coastal

ecosystems, and benefits to humans, and up to economists to determine their monetary values.

184



Ecosystem services and value

In turn, it is the role of decision makers and governing institutions, at all levels, to use this
information in promoting sustainable use.

Unfortunately, market failure is the norm, rather than the exception in the environmental
realm, meaning that markets alone will almost never take into account the value of ecosystem
services without some form of intervention. Governments, NGOs, and businesses, therefore,
must take an active role in building institutions and mechanisms to bring the non-market values
to light, as well as to incorporate them into decision making. This is hard to do in political and
economic climates dominated by short-term thinking, but it is absolutely essential. If this path
is not followed, much of what is believed to be economic growth will over the medium- to
long-term prove illusory, and the costs that are ignored will increase to the point that they
overwhelm the benefits.

There has been significant progress towards an international system of green accounts that
attempts to build the full value of ecosystem services into individual national accounts, but this
has yet to be fully realized, and U.S. participation has stalled. Even with the advent of national
green accounts, much of the most important data on the value of ecosystem services will be
needed at finer geographic scales so that cities, states, and provinces can have useful information
for planning. The data requirements of such an effort are vast, but the payoffs much larger. The
value of marine and coastal ecosystem services will only grow over the coming decades, as
population increases put ever greater pressures on natural resources, and humans around the
world seek the beauty of the oceans and coasts for the high quality of life they provide. At the
same time, as these natural assets and services in coastal areas grow in value, they are increasingly
threatened by climate change impacts of Sea Level Rise and Ocean Acidification to name but
two. Ignoring the value and importance of natural capital along coasts will be at society’s peril.
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STRATEGIC ENVIRONMENTAL
ASSESSMENT

Richard Kenchington and Toni Cannard

Introduction

In the 1960s the impacts of human activities on natural resource systems and environmental
health became matters of increasing national and international policy concern. The United States
National Environmental Policy Act (1969) introduced the concept of Environmental Impact
Assessment to address the possible impacts on the environment of proposed projects. During
the 1970s many nations drew on this example to develop similar legislation

The 1972 Stockholm Conference on the Human Environment (UNEP, 1993) and
subsequent collaboration by IUCN, UNEP, and WWF with UNESCO and FAO addressed
broader concepts of ‘sustainable development’ in the World Conservation Strategy (International
Union for the Conservation of Nature and Natural Resources, 1980). This reflected growing
agreement that environment and development strategies should be considered together which
was further developed by the Brundtland Commission (WCED, 1987) and in Agenda 21 adopted
at the Rio Summit (UN, 1992). By the1980s there was increasing criticism of the typically
narrow spatial and temporal scope of EIA and discussion of the need for Strategic Environmental
Assessment (SEA) to develop national, regional and global policy and legislative initiatives to
address environment and development issues on a sustainable basis (Kelly et al. 1987). Specific
outcomes included Australia’s National Strategy for Environmentally Sustainable Develop-
ment (NSESD, 1992), the European Union Directive 2001/42 (EC, 2001) on the assessment
of the effects of certain plans and programmes on the environment (known as the SEA
Directive) US SEA and the application of SEA in development assistance programs (Chaker
et al., 2006).

Addressing these issues in marine ecosystems has generally involved the transfer of terrestrial
practice to marine ecosystems. This presents challenges because many of the terrestrial practices
are centred on concepts of title and management responsibility with respect to areas defined by
geodesic points on the surface of the earth. These concepts reflect a presumption of separability,
limited connectivity (‘good fences make good neighbours’) because of the ability of substantially
different suites of activities to take place on either side of a boundary with little need for cross-
boundary management coordination.

The presumption of separability and primacy of use within defined areas is generally
reasonable on land where, at any location, the characteristics of soils, exposure, local rainfall,
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and unidirectional drainage flows down and within catchments are primary determinants of
site-associated ecological communities and potential economic uses of land. There can be
tricky trans-boundary issues through connectivity of migratory species, catchment water flows
or atmospheric interactions particularly where these transfer pollutants but most issues can be
addressed within a framework of spatial rights and responsibilities.

In contrast, the active, mobile third dimension of the water column is itself an important
functional habitat and a mass transport linkage sustaining complex assemblages of species for all
or part of their lifespan. It is a highly active and variable transport medium, providing hori-
zontal and vertical connection between habitats and biodiversity populations through currents,
tides and surface wind/wave interactions that typically have little relationship to jurisdictional
boundaries. Beyond the reach of sunlight, life on or within the seabed can depend on detritus
falling from the upper levels of the water column often brought over distances significantly
greater than national boundaries. Halpern et al. (2008, 2012) have reported the decline of marine
ecosystems and increasing reach of human impacts including pollution and debris to the
remotest marine areas.

The issues of linkage and scale present two substantial challenges to strategic assessment and
management of coastal and ocean areas. Intertidal and estuarine habitats are key ecological
boundary hotspots because of the linkage to events on land to through terrestrial run-off and
consequent impacts of changed water flows, water quality, pollution and debris. The costs of
social, environmental and economic impacts to a downstream or receiving jurisdiction and
ecosystem may exceed the social and economic benefits of the activities in an upstream
jurisdiction that causes those impacts. Where the scale of the linkage is greater than national or
regional jurisdictions the resolution of such issues is extremely complex. The issue of scale is
compounded by the possibility of multiple uses on the sea surface, in the water column, on
and beneath the seabed and the cumulative effects of an increasing range and volume of land
use and marine activities that have cross-boundary impacts on marine ecosystems and natural
resources.

Characteristics of SEA

While the concept of SEA developed from concerns over the narrow spatial and temporal scope
of EIA there has been a lack of systematic clarity concerning the differences between SEA and
EIA. The critical limitation of EIA is that it is concerned with specific projects and does not
apply further to policies, plans or programs (Therivel ef al. 1992). Noble (2000) sought a better
understanding through case studies of 18 SEA projects but saw no consensus for a definition
based on the strategic characteristics of SEA noting that Court ef al. (1994) considered that SEA
represented an ‘extension of project-based EIA’ to higher levels of decision making. This extension
of SEA involves moving beyond early single, sectoral, short-term considerations and influence
towards broader community/political consensus and greater certainty through long-term
planning for ecologically sustainable development.

Noble (2000) developed a list of defining characteristics that distinguish the tactical advanced
project/proposal focus of EIA from the broader strategic policy focus of SEA (Table 12.1).

Noble (2000) concluded that 11 of the 18 case studies demonstrated the characteristics of
strategic assessment in establishing a strategic approach to minimise potential negative
(environmental and social) outcomes by selecting the least negative options for meeting defined
sectoral goals/objectives in an economically feasible and environmentally acceptable manner.

In 2005, SEA Theory and Research were addressed in a series of workshops at a special
conference on ‘International Experience and Perspectives on SEA’. In an editorial paper for a
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Table 12.1 Defining characteristics of EIA and SEA

EIA

SEA

Timescale is project dependent

Represents an end
* Brings closure to an issue or undertaking

Goals and objectives are predetermined

e EIA predicts potential outcomes of an already
predetermined option

Proponent: predominantly by project development

proponent

Asks ‘what are the impacts of our project option?’

e Addresses project in terms of pre-determined
option

e Alternatives often limited to issues of
alternative design

¢ Theoretically contains ‘no action’ alternative —

a choice not to proceed
* Management emphasis on mitigating likely
negative outcomes

Fine spatial scale, local direct impact area

Forecasts
e Predicts and assesses likely outcomes of
specific undertaking

Reactive

e EIA is designed to react to, or assess, a
predetermined option

e Definitive — assesses a single undertaking:
well defined start: (project proposal) and end
(decision to proceed or not)

Project specific — assesses options for addressing
the impacts of a specific project proposal

Narrow focus and highly detailed

e Assessment generally technical, often
quantitative and highly detailed

e Impacts and benefits of primarily one
community analysed

Timescale 25 years min. commonly in Australia

Leads to a strategy for action
* A means to an end

Set in context of broad vision goals and
objectives

* examines strategies to accomplish particular
goals and objectives

Proponents can be local, state, regional or
national governance institution

Asks ‘what is the preferred option/s?’

* Broad range of alternative options at early
stage

* Contains a ‘no change’. Options to achieve
goal could include existing pathway.

* No action not an alternative.

*  Management emphasis on minimising
negative outcomes by selecting the least
negative alternative at an early stage.

‘Wide spatial scale, local and non-local impact
areas

Backcasts then forecasts
*  Determines a range of options and then
forecasts the likely outcomes of each option

Proactive

* Creates and examines alternatives leading to

the preferred option

*  On demand: can be implemented at any time
to assess whether strategic choices are meeting
specified visions or objectives, or should new
visions, goals of objectives should be
developed in order to maximize positive
outcomes

Not project specific — assesses alternatives and
implications of cumulative and interactive
impacts for regions and sectors

Broad focus and low level of detail

* Assessment is broad, usually non-technical
and qualitative

* Focus broadens moving upscale from
programs, plans and policies to alternatives.

* Impacts on various communities included in

the analysis

Source: After Noble (2000).
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special issue on those workshops (Wallington et al., 2007) provide a useful synthesis of discussion
among practitioners, policy makers and scholars on the apparent and increasing confusion on
the particular roles and methodological approaches to SEA. As part of that discussion Bina (2007)
identified three lines of argument for SEA:

e strategy — addressing the paucity of environmental considerations in policies, plans and
programmes;

*  procedure — responding to perceived limitations in practice of EIA;

e purpose — considering contribution to sustainable development.

These lines of argument are relevant in broader considerations of management of human uses
and impacts affecting biological diversity, natural resources in marine space.

Ocean and coastal strategic sustainability issues

By the mid-twentieth century, emergence and application of new technologies enabled a rapid
increase in the capacity and range of existing maritime industries of shipping and fisheries and
of impacts of terrestrial activities affecting marine ecosystems. Research was enabling the
development of new uses, including seabed hydrocarbon and mineral production, and demon-
strating the paucity of environmental considerations in policies, plans and programmes for
management of marine space. These considerations raised the need for a new governance and
strategic policy framework reaching beyond the historic concepts of a 3 nautical mile territorial
sea and sectoral regulation of activities on the high seas. Decadal discussions between 1958 and
1987 led to the United Nations Law of the Sea Convention (LOSC) which came into effect
in 1994.

At the same time, awareness of the need to protect and manage marine environments and
natural resources grew following major oil pollution events arising from the wrecks of
supertankers Torrey Canyon and Amoco Cadiz and reports by Heyerdahl (1971) of rafts of tar
balls and other floating debris on the surface of the Atlantic Ocean far from land. Three needs
were identified: to control pollution of the sea; to conserve marine fishery resources; and to
protect biological diversity in representative areas of marine environments. Since then experience
of terrestrial pollution of marine environments and the effects of extreme storm events and
tsunamis has increased the importance of addressing the strategic implications of human activities
and development for marine biodiversity, natural resource productivity and delivery of ecosystem
services (Scheffers et al. 2012).

While the term biological diversity is not used in the LOSC, several provisions (parts V,
VII, IX and XII) require States to cooperate bilaterally and regionally in a sustainable manner
to protect and preserve the living resources of the sea. The convention explicitly addresses both
conservation and sustainable utilisation of living resources in Part V (Articles 61-68), Part VI
(Article 77) and Part VII (Articles 116—120). It also addresses what is now called ‘biodiversity’
in Part XII when it calls for the protection and conservation of the natural resources of the Area and the
prevention of damage to the flora and fauna of the marine environment (Article 145b) and for action
to protect and preserve rare or fragile ecosystems as well as the habitat of depleted, threatened or endangered
species and other forms of marine life (Article 194.5).

Strategic environmental considerations for marine ecosystems were specifically addressed in
chapter 17 of Agenda 21 which identified actions needed in the twenty-first century to address:
‘protection of the oceans, all kinds of seas, including enclosed and semi-enclosed areas and the
protection, rational use and development of their living resources’ (UN, 1992).
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The allocation of exclusive economic zones under the LOSC led governments to review
research and commission studies to assess and develop the economic potential of uses of marine
space. Brief summaries provide two examples illustrating a more general pattern.

In Australia, the Government commissioned a review of the potential for marine industries,
science and technology entitled ‘Oceans of Wealth’ (Australia DITC, 1989) which provided
strategic guidance for subsequent research. An Oceans Policy (Tsamenyi and Kenchington, 2012),
adopted in 1998 by Australian federal, state and territory governments, resulted in the National
Strategy for Ecologically Sustainable Development (NSESDS, 1992) that included consideration
of coastal and marine sustainability. By 2006/7 the economic value of maritime industries to
Australia was in excess of $45 billion (AIMS, 2012) and the national research agency (CSIR O)
had established research programs with objectives of providing innovations in ocean and
atmosphere observation and modelling; to create understanding of the role of oceans; and to
deliver significant economic, social and environmental benefits for Australia and the region’.

In 2012 the European Commission produced a communication paper ‘Blue Growth —
opportunities for marine and maritime sustainable growth’ that summarised the outlook and
potential for gross value and employment generation after two decades of policy, research
and management (Figure 12.1).

The EC communication noted the need for sustainability, respect for environmental con-
cerns given the fragile nature of the marine environment and legislative measures that reassure

B employment B GVA (€Emin)

coastal tourism

offshore oil and gas
deepsea shipping
short-sea shipping
yachting and marinas
passenger ferry services
cruise tourism

fisheries

inland waterway transport
coastal protection
offshore wind

monitoring and surveillance
blue technology
desalination

]
aggregates mining [F—
marine aquatic products

marine mineral mining

ocean renewable energies

100 1,000 10,000 100,000 1,000,000 10,000,000

Figure 12.1 European Union: Blue economy values in terms of employment and gross economic value

added

Source: European Commission (2012).
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investors that there will be no unforeseen delays in planning processes or infrastructure
connections.

The tension between proper environmental consideration and timely development decision
making is a strategic concern in most jurisdictions. It operates at all scales from single project,
through sectoral strategy to integrated management. There are two core elements. The first is
the maintenance of the resource of biodiversity and ecosystem processes in their own right and
for their productivity of fishery resources and other ecosystem services. The second, particularly
for proponents of activities that do not appear to depend directly on ecosystem health is to
establish a rational basis for addressing the economic externality of additional project development
and operational costs imposed to address reasonable environmental concerns and maximise positive
social impacts. In the marine context, this tension is complicated by the scale and connectivity
of ecosystems, the legal constraints of allocating and enforcing title in marine space and the high
costs of marine research and development.

Procedure

Programmes addressing marine resource and biological diversity conservation and sustainability
understandably reflect sectoral objectives and diftering views on acceptance of risk, and on
the extent, costs and timescales needed for implementation of appropriate management to
address risk.

This is reflected in outcomes of international meetings. Thus the World Summit on
Sustainable Development (2002) which set a specific fishery target: “T'o maintain or restore stocks
to levels that can produce the maximum sustainable yield with the aim of achieving these goals
for depleted stocks on an urgent basis and where possible not later than 2015.” While in 2004,
the 7th Conference of the Parties (CoP) of the CBD, adopted a minimum target of 10 per cent
of marine ecosystems to be included in representative networks of MPAs by 2012 (Decision
VII/30, Annex II).

The diversity of approaches is apparent in a growing range of terminologies and acronyms
for specific but substantially overlapping technical or legislated protocols. A World Bank (2006,
pp- 9-12) report listed 32 marine management protocols identifying four groups through a
typology based on objectives and extent of the environmental protection offered:

*  marine protected area tools, primarily for biodiversity conservation and habitat protection;
*  multi-use management tools, primarily for balanced conservation and socio-economic uses;
*  sustainable use of marine-resource management tools, primarily for extractive use;

e culture/ecological/social protection reserves, primarily for indigenous and traditional non-

indigenous communities.

The list in World Bank (2006) is not exhaustive, and the growing list reflects competing sectoral
priorities and technical approaches to addressing overarching issues arising from the increasing
range of human uses and impacts affecting marine space. Each approach involves elements of
Strategic Environmental Assessment as identified by Noble and Storey (2000) and most apply
these through some form of planning and implementation cycle based on a broad goal and more
precisely defined objectives consistent with the goal.

The critical issue is the extent to which the principles of strategic environmental assess-
ment are or can be applied effectively within or in association with other marine management
procedures.
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Purpose

SEA has developed to address the limitations of project-based and often time-critical, pressured,
project assessments and decision making. Most of the examples relate to strategic assessment of
the environmental constraints on the development of policies or programmes for economic or
sectoral activities such as forestry, agriculture, urban development, power supply, transport and
service corridors, freshwater supply, location of alternative energy installations and other
developing industries such as aquaculture.

To the extent that SEAs are undertaken to address specific sectoral policies, plans or
programmes, their capacity to effectively address the likely cumulative impacts of multiple
competing sectoral strategic objectives may be limited. This is particularly critical in the context
of linkage and cross boundary factors in coastal and marine ecosystems.

Beyond SEA a diverse range of concepts and activities addressing marine conservation and
sustainable resource use reflects community and sectoral perspectives on marine ecosystem and
resource management.

The first is a broader community cultural perspective, using best available information to
determine areas that should be protected and managed to maintain particular environmental,
cultural, aesthetic, social or recreational values. Depending on the availability of time and resources
the information can range from Delphi consultation with expert scientific, indigenous, local
and industry expert knowledge holders to commissioned studies based on remote sensing, seabed
mapping and analysis of fishery data.

The second is a fisheries production perspective using commercially confidential data to
identify areas of particular importance for fishery production or productivity.

The third is a non-fishery maritime industry perspective relating to minimising construction
and operational costs and constraints to activities such as seabed or sub-seabed mineral resources
operations; fixed or permanently attached facilities, such as alternative energy, major port or
cargo transfer installations; and navigation, pipeline or cable corridors.

All three perspectives should be addressed together to achieve the purpose of Chapter 17 of
Agenda 21 (UNEP 1992) or Part XII of LOSC.

The management of the Great Barrier Reef'is an example of a management process to address
conservation and reasonable use of an iconic marine ecosystem. Specific overarching legislation
was passed in 1975 to provide for creation of a multiple use MPA applying processes of an
objectives-based, adaptive framework for planning, management, monitoring, outlook reporting.
The central element is a zoning system with subsidiary consistent and more detailed area plans
as needed. Initial zoning was completed in 1988 and a completed review and revision came
into effect in 2004 (Kenchington and Day 2011). The system provides for a wide range of uses
including fishing, tourism, shipping and defence operations but is not a complete model for
multiple use management because of explicit legislative exclusion of operations for exploration
or recovery of minerals except for the purposes of scientific research that reflect a core concern
in the history of protection of the iconic nature of the Great Barrier Reef. However, operational
history of the Great Barrier R eef Marine Park includes many cross-boundary arrangements with
respect to impacts on the Reef from land and water use in jurisdiction of the State of
Queensland.

The concept of ecosystem-based management flowed from the Rio Summit of 1992 and
projects have been undertaken in many jurisdictions, many with support from the United Nations
Environment Programme and Global Environmental Facility. UNEP has drawn on a range of
case studies to provide an introductory guide to marine and coastal ecosystem-based management
(UNEP, 2011).
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Douvere and Ehler (2009) drew on research and case studies of integrated coastal and
ocean management to discuss challenges of multi-jurisdictional and multi-sectoral planning and
suggest a systematic framework of marine spatial planning for strategic assessment and planning
of multiple use.

Discussion

The need to address management of new sectoral uses of marine space, and increasing recognition
of the vulnerability of marine ecosystems presented challenges for the established sectoral manage-
ment systems. For shipping, issues of the increasing length, draft and capacity of vessels, safety
of navigation in increasingly crowded shipping lanes, piracy and management of operational
and catastrophic pollution may be addressed within protocols under the LOSC but require
increasing engagement with other sectors.

From the mid-twentieth century fisheries management has had the strategic challenge of
pressured expectation of expanding food production through development of new fisheries and
of increasing experience of fish stock collapses (Hueting and Reijnders, 2004). Despite pro-
fessional appreciation of the medium and longer term resource conservation and economic needs
to reduce and better manage effort in many fisheries, the short-term social and economic depend-
encies present substantial challenges. The development and application of the FAO concept of
an ecosystem approach to fishery management provides a basis for addressing the complex sectoral
challenges (FAO, 2003; Rice et al., 2012, Kenchington et al., 2014).

The site-related nature of mineral and alternative energy uses are typically addressed by an
approach based on project EIA and sectoral SEA to assess and address the risks of establishment;
operational and accident contingency management and reasonable provisions for removal and
remediation in the event of accident or at project conclusion.

Eales and Sheate (2011), reviewing the effectiveness of policy-level environmental and sustain-
ability assessment, have noted a continuing need to go beyond the ‘business-as-usual” approach
of simply seeking to balance environmental, social and economic factors. They noted that the
most commonly used definition of sustainable development is that of the Brundtland Com-
mission (WCED 1987) but pointed out that its second sentence and key concepts that clearly
address the strategic social and environmental imperatives underlying sustainable development
are less frequently quoted.

Sustainable Development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs. It contains
within it two key concepts:

— the concept of “needs”, in particular the essential needs of the world’s poor, to
which overriding priority should be given; and
— the idea of limitations imposed by the state of technology and social organisation
on the environment’s ability to meet present and future needs.
(WCED, 1987)

The references to the essential needs of the poor, and the environment’s ability to meet present
and future needs introduce strategic considerations of scale in space, connectivity, information
and equity that go beyond the narrow spatial and temporal scope of conventional economic
development considerations and environmental impact assessment.
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Recognition of this need was reflected in Australia’s National Strategy for Environmentally
Sustainable Development (NSESD, 1992; Commonwealth of Australia, 1992) and Principle 17
of the Rio Declaration (UN 1992):

Environmental impact assessment, as a notional instrument, shall be undertaken for
proposed activities that are likely to have a significant adverse impact on the environ-
ment and are subject to a decision of a competent authority.

Agenda 21 of the Rio Summit provided a framework for development of national, regional
and global policy and legislative initiatives for strategic consideration of environment and dev-
elopment. Subsequent outcomes include the European Commission’s Strategic Environment
Assessment Directive (European Commission, 2001) and US SEA and the application of SEA
in development assistance programmes (Chaker ef al., 2006).

Noble and Storey (2001, pp. 491-502) proposed a seven-phase approach for the conduct of
SEA illustrating it with a case study relating to the development of an energy strategy to address
expected increase in demand for electricity in Canada (NEB, 1999):

Scoping the assessment issues
Describing the alternatives

Scoping the assessment components
Evaluating potential impacts
Determining impact significance
Comparing the alternatives

~N O U RN

Identify the best practicable environmental option.

The list suggests that the assessment approach is based on considering the environmental
externalities that must be addressed in order to implement a defined and implicitly accepted
sectoral policy or programme. In the linked transboundary situation of coastal and oceanic waters
many sectors contribute to and should be engaged in design and implementation of compre-
hensive ecosystem-based management actions to address cumulative and interacting impacts.
The objectives of sectors can conflict at scales from local site to regional, they can be shared or
mutually supported, as in the case of sanctuaries that also protect significant life cycle sites of
commercially or recreationally important species, or they can have no impact on each other
(Rice et al., 2012). These issues are ideally addressed through a trusted multi-sectoral process
of spatial planning or zoning to determine the purposes and operations for which specific areas
may be used, entered or impacted.

Typically such processes are conducted by agencies reporting to fisheries or environment
ministries that are perceived or expected to champion the interest of the respective sector. This
brings at least a perception of conflict of interest — a decision that favours the objective of the
host sector can be perceived as failure to address a legitimate interest of the other sectors, while
a decision favouring another sector can be perceived as failure to address the primary sectoral
stakeholder interests of the host. Other sectors tend to limit engagement to strong tactical defence
of immediate interests and opposition to measures that may limit options for future activities.

Ideally a planning and management regime should be implemented by a trusted non-sectoral
operating agency with overarching legislation to engage all sectors. This would deliver a policy,
planning and management implementation cycle that is monitored in relation to defined
management objectives, evaluated to report on the short and longer term outlook and adapted
as necessary to reflect experience and changing circumstances. In such a regime each sector
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would prepare and engage through a process similar to SEA but decisions relating to impacts
of specific proposals and conditions of use would reflect an open process for consideration of
cumulative impacts and interactions of multiple human uses.

Acknowledgements

This research is undertaken by the CSIRO Flagship Coastal Collaboration Cluster with fund-
ing from the CSIRO Flagship Collaboration Fund. The Coastal Collaboration Cluster is an
Australian research program designed to enable more effective dialogue between knowledge-
makers and decision-makers in Australia’s coastal zone.

References

AIMS. 2012. Valuing the Australian marine industry: discussion paper. Australian Institute for Marine Science.
Accessed 3 January 2013 at: www.aims.gov.au/c/document_library/get_file?uuid=25030f5e-02c¢9—-4d8f-
9a19-cecabc6dcba3&groupld=30301.

Bina, O. 2007. A critical review of the dominant lines of argumentation on the need for strategic
environmental assessment. Environmental Impact Assessment Review, 27 (6), 585—606.

Chaker, A., El Fadl, K., Chamas, L. and Hatjian, B. 2006. A review of strategic environmental assessment
in 12 selected countries. Environmental Impact Assessment Review, 26 (1), 15-56.

Commonwealth of Australia, Department of Industry, Technology and Commerce. 1989. Oceans of
Wealth?: A report by the Review Committee on Marine Industries, Science and Technology
(Chairman: K. R. McKinnon). Canberra, Australian Govt. Pub. Service, 1989. xix, 188 pp.

Commonwealth of Australia. 1998. Australia’s Oceans Policy, Caring, Understanding, Using Wisely.
Accessed 18 July 2015 at: www.environment.gov.au/archive/coasts/oceans-policy/publications/policy-
v1.html.

Court, J. D., Wright, C.J. and Guthrie, A. C. 1994. Assessment of Cumulative Impacts and Strategic Assessment
in Environmental Impact Assessment. A report prepared for the Commonwealth Protection Agency,
Australia: J.D. Court and Associates Pty Ltd.

CSIRO. n.d. Accessed 18 July 2015 at: www.csiro.au/en/Research/OandA/About.

DITC. 1989. Oceans of Wealth? Report by Review Committee on Marine Industries, Science and Tech-
nology, Dept Industry, Technology and Commerce, Aust Gov. Pub. Service, Canberra. 188 pp.

Douvere, F. and Ehler, C. N. 2009. New perspectives on sea use management: Initial findings from European
experience with marine spatial planning. Journal of environmental management, 90 (1), 77-88.

Eales, R. P. and Sheate, W. R. 2011. Effectiveness of policy level environmental and sustainability assessment:
Challenges and lessons from recent practice. Journal of Environmental Assessment Policy and Management,
13 (1), 39-65.

European Commission. 2001. EC. Directive 2001/42/EC of the European Parliament and of the Council
on the Assessment of the Effects of Certain Plans and Programmes on the Environment, Luxembourg,
27 June 2001, (PE-CONS 3619/3/01 REV 3). Accessed 4 July 2001 at: http://europa.eu.int/comm/
environment/eia/sea-support.htm.

European Commission. 2012. Blue growth: Opportunities for marine and maritime sustainable growth (text with
EEA relevance). Communication from the Commission to the European parliament, the Council, the
European Economic and Social Committee and the Committee of the Regions. Com (2012) final.
12 pp.

FAO (Food and Agriculture Organisation of the United Nations). 2003. No. 4 Suppl. 2. The Ecosystem
Approach to Fisheries. FAO Technical Guidelines for responsible Fisheries. FAO, Rome 112 pp.
Halpern, B. S., S. Walbridge, K. A. Selkoe, C. V. Kappel, F. Micheli, C. D’Agrosa, J. F. Bruno, K. S.
Casey, C. Ebert, H. E. Fox, Fujita, R., Heinemann, D., Lenihan, H. S., Madin, E. M. P., Perry,
M. T, Selig, E. R., Spalding, M., Steneck, R. and Watson, R. 2008. A global map of human impact

on marine ecosystems. Science, 319, 948-993.

Halpern, B. S., Longo, C., Hardy, D., McLeod, K. L., Samhouri, J. F., Katona, S. K., Kleisner, K., Lester,
S. E., O’Leary, J., Ranelletti, M., Rosenberg, A. A., Scarborough, C., Selig, E. R., Best, B. D.,
Brumbaugh, D. R., Chapin, F. S., Crowder, L. B., Daly, K. L., Doney, S. C., Elfes, C., Fogarty,
M. J., Gaines, S. D., Jacobsen, K. I., Bunce Karrer, U. R., Zeller, D. 2012. An index to assess the

197


http://europa.eu.int/comm/environment/eia/sea-support.htm
http://europa.eu.int/comm/environment/eia/sea-support.htm
http://www.csiro.au/en/Research/OandA/About
http://www.environment.gov.au/archive/coasts/oceans-policy/publications/policy-v1.html
http://www.environment.gov.au/archive/coasts/oceans-policy/publications/policy-v1.html
http://www.aims.gov.au/c/document_library/get_file?uuid=25030f5e-02c9%E2%80%934d8f-9a19-ceca6c6dcba3&groupId=30301
http://www.aims.gov.au/c/document_library/get_file?uuid=25030f5e-02c9%E2%80%934d8f-9a19-ceca6c6dcba3&groupId=30301

Richard Kenchington and Toni Cannard

health and benefits of the global ocean. Nature, 488, 615-620.

Heyerdahl, T. 1971. The Ra Expeditions. New York, Doubleday. Various republications.

Hueting R. and Reijnders, L. 2004. Broad sustainability contra sustainability: The proper construction of
sustainability indicators. Ecological Economics, 50, 249-260.

International Union for the Conservation of Nature and Natural Resources. (1980). World Conservation
Strategy: living resources conservation for sustainable development. TIUCN, Morges. Accessed 18 July 2015 at:
cisdl.org/natural-resources/public/docs/wcs.pdf.

Kelly, D., Cote, R. P., Nicholls, B., Ricketts, P. J. 1987. Developing a strategic assessment and planning
framework for the marine environment. Journal of Environmental Management, 25 (3), 219-230.

Kenchington, R. A. and Day J. C. 2011. Zoning, a fundamental cornerstone of effective Marine Spatial
Planning: Lessons learnt from the Great Barrier Reef, Australia. Journal of Coastal Conservation, 15 (2),
271-278.

Kenchington, R. A., Vestergaard, O. and Garcia, S. M. (2014). Spatial dimensions of fisheries and biodiversity
governance. In S. M. Garcia, J. Rice and A. Charles (eds). Governance of Marine Fisheries and Biodiversity
Conservation. Wiley Blackwell, Chichester, pp. 110-123.

National Strategy for Ecologically Sustainable Development (NSESD). 1992. Prepared by the Ecologically
Sustainable Development Steering Committee, Endorsed by the Council of Australian Governments.
Accessed 18 July 2015 at: www.environment.gov.au/about-us/esd/publications/national-esd-strategy.

NEB. 1999. Canadian Energy: Supply and Demand to 2025. Calgary, Alberta, Canada, National Energy
Board.

Noble, B. F. 2000. Strategic environmental assessment: What is it and what makes it strategic? Journal of
Environmental Assessment Policy and Management, 2 (2), 203-224.

Noble, B. F. and Storey, K. 2001. Towards a structured approach to strategic environmental assessment.
Journal of Environmental Assessment Policy and Management, 3 (4), 483-508.

OECD (2012). Strategic Environmental Assessment in Development Practice: A Review of Recent
Experience. OECD. Accessed 18 July 2015 at: http://dx.doi.org/10.1787/9789264166745-en.

Rice, J., Moksnsess, E., Attwood. C., Brown, S. K., Dahle, G., Gjerde, K. H., Grefsund, E. S.,
Kenchington, R., Kleiven, A. R,. McConney, P., Ngoile, M. A. K., Naesje, T. F., Olsen, E., Moland
Olsen, E., Sanders, J., Sharma, S., Vestergaard, O. and Westlund, L. 2012. The role of MPAs in
reconciling fisheries management with conservation of biological diversity. Ocean and Coastal
Management, 69, 217-230.

Scheffers, A. M., Scheffers, S. R., Kelletat, D. H. 2012. Coasts at Risk. In The Coastlines of the World with
Google Earth: Understanding our Environment, pp. 239-286. Coastal Research Library 2, (c) Springer
Science+Business Media B.V. 2012.

Therivel, R., Wilson, E., Thompson, S., Heany, D. and Pritchard, D. 1992. Strategic Environmental Assessment.
London, Earthscan.

Tsamenyi, M. and Kenchington R. 2012. Australian oceans policymaking. Coastal Management, 40 (2),
119-132.

United Nations. 1992. UN Conference on Environment and Development. Agenda 21, Chapter 17.
Accessed 18 July 2015 at: www.unep.org/Documents.Multilingual/Default.asp?’DocumentID=52&
ArticleID=65&]=en.

UNCED. 2012. Agenda 21. Accessed 20 September 2015 at: https://sustainabledevelopment.un.org/
milestones/unced/agenda21.

UNEP. 1993. Stockholm 1972. Report of the United Nations Conference on the Human Environment.
Action Taken by the Conference. Accessed 18 July 2015 at: www.unep.org/documents/default.
asp’DocumentID=97.

UNEP. 2011. Taking steps toward Marine and Coastal Ecosystem-Based Management — An Introductory
Guide. UNEP, Nairobi. Accessed 18 July 2015 at: www.unep.org/pdf/EBM_Manual_r15_Final.pdf.

‘Wallington, T., Bina, O. and Thissen, W. 2007. Theorising strategic environmental assessment: Fresh
perspectives and future challenges. Environmental Impact Review, 27 (6), 569-584.

WCED. 1987. Our Common Future, World Commission on Environment and Development. Oxford, Oxford
University Press.

World Bank. 2006. Scaling Up Marine Management: The Role of Marine Protected Areas. Report No. 36635
— GLB. Washington DC.

WSSD. 2002. World Summit on Sustainable Development Plan of Implementation. Johannesburg.

198


http://cisdl.org/natural-resources/public/docs/wcs.pdf
http://www.unep.org/documents/default.asp?DocumentID=97
https://sustainabledevelopment.un.org/milestones/unced/agenda21
http://www.unep.org/Documents.Multilingual/Default.asp?DocumentID=52&ArticleID=65&l=en
http://www.unep.org/pdf/EBM_Manual_r15_Final.pdf
http://www.unep.org/documents/default.asp?DocumentID=97
https://sustainabledevelopment.un.org/milestones/unced/agenda21
http://www.unep.org/Documents.Multilingual/Default.asp?DocumentID=52&ArticleID=65&l=en
http://dx.doi.org/10.1787/9789264166745-en
http://www.environment.gov.au/about-us/esd/publications/national-esd-strategy

13

GREENING THE OCEAN
ECONOMY

A progress report

Linwood Pendleton, Megan Jungwiwattanaporn,
Yannick Beaudoin, Christian Neumann, Anne Solgaard,
Christina Cavaliere and Elaine Baker

Introduction

The way we manage our global ocean economy continues to evolve. While new research clearly
shows the importance of ocean ecosystems to people (Barbier ef al., 2011), other evidence
clearly depicts an ocean in decline (Pandolfi ef al., 2003; Pauly et al., 2005; Worm et al., 2006).
In response, the United Nations Environment Program along with organizations including
UNDESA, UNDP, IMO, FAO, IUCN, GRID-Arendal and World Fish Center have promoted
a new effort in relation to marine management and economic development that applies a
green economy approach to the Blue World (UNEP et al., 2012). This approach seeks to change
economic and industrial behavior to reduce impacts on the marine environment and in turn
increase human welfare by carefully balancing the environmental, economic, and social capital
that are required to support a sustainable, ecosystem-based approach to marine economic activity.

What is a green economy?

The green economy offers an alternative framework to the largely unsustainable conditions
promoted by current growth and development policies. To date, nearly every ocean and coast
on the globe has been impacted by human activity (Lotze et al., 2006; Halpern et al., 2008).
This has led to the destruction of 35 percent of the world’s mangrove forests and 20 percent
of the world’s coral reefs, with a further 20 percent of coral reefs considered degraded (MEA,
2005). Over 30 percent of fish stocks are overexploited, depleted, or just recovering from
depletion; and over 400 oxygen-poor “dead zones” have been identified throughout the world
(Diaz and Rosenberg, 2008). The current trend is pushing the planet’s limits and could
negatively impact social and economic well-being in the future.

The green economy is an approach that attempts to align economic development with social
and environmental goals. A green-economy encourages institutional and policy reforms as well
as changes in private and public expenditure, in order to cut carbon emissions, reduce pollution,
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improve resource efficiencies, improve social equity and prevent biodiversity loss. The green
economy relies on a variety of economic and policy tools to promote environmental, social,
and economic well-being. The transition to a global green economy will, however, be
impossible without considering the planet’s heavy reliance on marine and coastal resources.

The three capitals of the green economy

A green economic approach simultaneously pursues economic, social, and environmental goals.
It also recognizes the importance of economic, social, and environmental capital in achieving
such goals. These three forms of capital are essential to long-term prosperity and together form
the foundation of a sustainable “green” economy. The three capitals are closely linked.
Environmental capital, such as trees, land, and non-renewable resources, can be transformed
into the tools and industry that make up economic capital. Developing economic capital can
lead to poverty alleviation and increased standards of living, forming a society’s social capital.
Ideally, increased productivity and living standards will enable societies to reinvest in their
environmental and social capital in order to ensure sustainable growth. Unfortunately, this often
does not occur. Even as global GDP increases, poverty rates in many areas are rising as habitat
loss and pollution are increasing (UNEP ef al., 2012).

The economic value of the marine world

Investing in the long-term health of coastal and marine resources is vital to the success of the
global economy. The ocean provides a vast amount of wealth, and yet many of its habitats are
deteriorating. Ecosystem services are the benefits humans receive from nature. The marine world
offers an abundance of ecosystem services—some of which are currently valued on the market
and some of which are not. Current estimates for the value of marine ecosystem services are
in the realm of trillions of US dollars per year (Costanza et al., 1997), ranging from the open
ocean’s value of $491/ha/year to the $352,249/ha/year of coral reefs (de Groot et al., 2012).
Yet much of the value of ocean and coastal ecosystems has been lost due to poor management.
Fisheries particularly exemplify the potential wealth and loss of the ocean economy. In 2009,
over 80 million tonnes of fish were harvested globally with an estimated value exceeding US
$100 billion dollars (FAO, 2010). However, overfished stocks mean that fisheries are producing
far less value than they could. A World Bank study estimated that overfishing results in lost
economic value of $50 billion each year (World Bank, 2009). Proper management of ocean
resources would ensure their long-term profit and viability.

Marine values: market and non-market

The seas provide a large array of resources currently valued on the market. Oceans contribute
to the market via tourism revenues, improving real estate prices, and through goods sold on
the market such as seafood, sand, minerals, and mangrove wood. The market value of these
contributions is significant. World travel and tourism currently produce 9 percent of the global
GDP, with coastal and marine areas remaining a popular destination (UNEP, 2011c). In 2003,
nearly 60 million recreational anglers spent US$40 billion in expenditures (Cisneros-Montemayor
and Sumaila, 2010). The 10 million recreational divers and 40 million snorkelers active in the
world are estimated to generate over US$5.5 billion each year (Cisneros-Montemayor and
Sumaila, 2010). Other sectors, such as fishing, contribute billions of dollars each year to the

200



Greening the ocean economy

global market. The ocean is economically important on an international scale; locally, many
developing countries are heavily dependent on marine-based revenues.

Many of the services provided by the ocean are not easily captured on the market. Such
services include human uses that are not charged for (e.g. recreation and views), natural
processes such as nutrient balancing and coastal protection from storms, as well as non-use values
that may be rooted in cultural and indigenous values and preferences. Many economists have
attempted to capture the economic value of these non-marketed resources through a variety
of techniques (Naber ef al., 2008; TEEB, 2010; UNEP-WCMC, 2011). Further, markets are
being created to capture some of these previously “non-marketed” goods and services through
Payments for Ecosystem Services (PES).

Examples of the greener ocean sectors

The following paragraphs highlight trends in ocean uses, wherein marine values are captured
with fewer externalities and greater sustainability. This discussion is not meant to be compre-
hensive but rather exemplary; readers are encouraged to examine sector-specific chapters that
provide further detail (especially Chapter 14—17 on fisheries and mariculture; Chapters 1821
on energy and genetic resources; Chapters 22—24 on shipping, communications, and seapower;
and Chapters 26—27 on tourism and marine heritage).

Fishing

The importance of the fisheries sector to food security and poverty alleviation gives it a significant
role in the transition to a green economy. Fishers provide food for 500 million people—or
8 percent of the world population (FAO, 2010). There are 120 million people employed by
fisheries in the world, 90 percent of which work in small-scale fisheries, mostly in developing
countries (World Bank, 2010). Aquaculture is growing, supplying over half of the world’s fish;
and alone generated $US 98.5 million in 2008 (FAO, 2010). Unfortunately, many of the world’s
fisheries are being harvested unsustainably—such that 32 percent of global stocks are considered
overexploited, depleted or recovering, with a further 50 percent considered fully exploited (FAO,
2010).

Opverfishing, especially in small-scale fisheries, could exacerbate poverty levels and affect food
security. Already many fishers are finding they must travel farther, and spend more on fuel, in
order to find fish (Tyedmers, 2004; World Bank et al., 2010; Suuronen et al., 2012). The fishing
sector must also address the eftects of agricultural runoft and climate change on fish populations,
the increasing number of powerful fishing vessels (Tyedemers et al., 2005), and the pollution
produced by aquaculture.

Although the fishing sector faces a variety of issues, its future in the green economy is bright.
The industry will need to address the three capitals of the green economy by investing in
environmental sustainability via resource efficiency and a reduced carbon footprint, while also
considering social equity and the health of small-scale fisheries. This transition to a green economy
will likely rely on increased investments in fishing operations and technical innovations, as well
as management and governance reforms.

Fortunately, positive examples within the fishing sector already exist. The FAO Code of
Conduct for Responsible Fisheries has informed fishery and aquaculture policies around the world.
A study of 130 fisheries showed that establishing a system of co-management led to social, eco-
nomic, and environmental success 70 percent of the time (Gutierrez ef al., 2011). The increasing
use of eco-labels could lead to increased conservation and the shifting of consumer preferences.
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Shipping
The size and international character of the shipping industry make it one of the leading drivers
of the global economy. Maritime shipping carries approximately 90 percent of world trade;
while freight rates contribute about US$380 billion to the world economy (ICS, 2012a). The
shipping industry is furthermore an important employer, giving jobs to 1.5 million seafarers
even as it generates many more onshore jobs (ICS, 2010). The industry can thus play an important
part in the green economy and has to date recognized this role.

The shipping industry’s impacts on the environment can include: pollution, the release of
invasive species from ship ballast, sea life collisions, the recycling of old ships, and CO,
emissions. Such impacts can come at a high economic cost. For example, invasive species can
disrupt fisheries, cause fouling, and affect recreation at an estimated cost of $100 billion each
year (Chisholm, 2004). Fortunately, the global nature of the shipping industry has long made
regulations necessary to ease the flow of trade. This long regulatory history has created the
frameworks necessary to implement policies for a green economy.

The main regulatory body for the shipping and cruise line industry is the International
Maritime Organization (IMO). Acknowledging the environmental impacts of shipping, the IMO
has instituted several conventions, including:

e International Convention for the Prevention of Pollution by Ships (MARPOL,
1973, amended 2010)

e International Management Code for the Safe Operation of Ships and for Pollution
Prevention (the ISM Code, 1993)

* International Convention for the Control and Management of Ships’ Ballast Water
and Sediments (2004)

e International Convention for the Safe and Environmentally Sound Recycling of
Ships (2009)

*  Ship building standards in the International Convention on the Safety of Life at
Sea (SOLAS, 2010).

(IMO, 2012)

Going forward, the main area for improvement in the shipping industry likely lies in reducing
CO, emissions. The introduction and increasing use of Liquified Natural Gas (LNG)-powered
vessels has caused some reduction in CO, and in other pollutants such as sulfur. Other sources
of power, such as hybridized sail and fuel or solar and fuel ships are in development. However,
truly “green” alternative fuel sources are not yet a practical source of power for ship engines.
Improvements will most likely come from increasing efficiency across the transport chain, greening
supply chains, and building local economies. The shipping industry has begun improving ship
performance and expects a 20 percent emission reduction per ton of cargo moved per kilometer
by 2020 (ICS, 2012b).

Marine-based renewable energy

The transition to a green economy will require investing in renewable sources of energy that
are cleaner and less volatile than the fossil fuels currently in use. Fortunately, coastal and
marine environments offer several potential options as research focuses on the ability of wind,
tides, ocean currents, salinity gradients, and marine algae to produce energy. Research and dev-
elopment for over 100 different marine-based technologies is currently underway in over
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30 countries (IPCC, 2011). Meanwhile, the IPCC’s Special Report on Renewable Energy
Sources (2011) estimates marine-based renewables could generate 7,400 exajoules (EJ) annually,
a number that exceeds today’s energy needs.

Currently there are over 85 countries that have established renewable energy targets (UNEP,
2011c¢). Further, the production of wind energy is increasing as wind power becomes more
economically competitive (Mosegaard ef al., 2009). The global capacity to generate wind energy
increased tenfold from the end of 2000 to June 2011 (WWEA, 2011). Wind energy is cleaner
than its non-renewable counterparts; it can also provide certainty to investors as its costs are
constant over its lifetime—which helps hedge against the changing prices of fossil fuels
(Awerbuch, 2003).

Many marine-based technologies are still undergoing development—tidal, wind, and algae-
based energy are not yet economically feasible. Yet research is ongoing to make these energy
types more competitive, by reducing upfront capital costs and increasing output. The main
challenges to deploying marine-based renewable energy on a global scale will likely revolve
around government incentives and policy, continued financing, creating the necessary infra-
structure, and gaining social acceptance. However, while challenges do exist, the technologies
for renewable energy suggest a positive step forward.

Deep sea mining

There are three main classes of globally occurring deep-sea mineral deposits—manganese
nodules, manganese crusts, and seafloor massive sulphides (SMS) (Rona, 2003). Recently, signifi-
cant occurrences have been found in the exclusive economic zones of several Pacific Island
Countries (PICs) (Glasby, 1982; Hein, et al., 2005); these include SMS deposits containing copper,
lead and zinc, gold and silver; and manganese nodules and crusts that contain nickel, copper,
cobalt, and rare-earth elements. The refinement of deep-sea mining (DSM) technology, the con-
tinued rise in global demand for metals (UNEP, 2011a), the high potential ore grades and increased
clarity in the governance of exploration and extraction, have led industry to consider DSM as
a viable prospect.

DSM activities have the potential to damage important ecosystem goods and services
(e.g., fish habitat, genetic resources, scientific research opportunities). While the mining foot-
print at sites (e.g., SMS) is expected to be small in comparison to land-based operations (Scott,
2006), there remain large gaps in our understanding of associated ecosystems, including spatial
connectivity and the resilience of the ecosystems (Nautilus, 2008; Van Dover ef al., 2011).

Benefits, costs and policy perspectives

The primary potential economic benefit of DSM is linked to the value of metals on the world
market. Incidental benefits include advances in technology and advances in scientific under-
standing that are difficult to put a price on. Benefits of technological advances fall into two
categories: (1) advances that will improve the feasibility and profitability of future DSM, and
(2) advances that will benefit other industries.

Key costs of DSM include destruction of the physical habitat of the sea floor and associated
biota and accidental release in the water column of contaminated materials during the recovery
process. Destruction of ecosystems associated with deep-sea minerals might involve the loss
of “existence values,” or “bequest values,”! or there may be future-use values of which we
are unaware. Studies have also shown the link between mining and political instability® whereby
mineral wealth may increase the risk of conflict in four ways: by affecting a country’s performance
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in other economic sectors; by making government weaker; by giving resource-rich regions
incentives to seek autonomy; and by providing financial resources to support political conflicts.

Environmental regulatory regimes that directly address DSM are either new or under dev-
elopment. At a regional scale, Pacific Island Countries are leading the way with the development
of a framework for the environmental management of deep sea areas that can be adapted for
national implementation. The International Seabed Authority, for its part, recommends the
“Dinard Guidelines” for the environmental management of deep-sea ecosystems, which aims
to protect natural diversity, ecosystem structure, function and resilience, while enabling rational
use (Van Dover et al., 2011).

Biodiversity and pharmaceuticals

The pharmaceutical industry is increasingly engaging in marine bioprospecting in the hopes of
discovering new drugs under the sea. Compounds produced by marine plants and animals may
hold the secret to new cures and products. Already there are several marine-based drugs on
the market. Retrovir (AZT), the first drug licensed for treating HIV, was based on compounds
extracted from a sponge (Harbor Branch, 2006a). Prialt (Ziconitide) was created from com-
pounds extracted from sea snails and is used to treat chronic pain in cancer and AIDs patients
(Harbor Branch, 2006b). A 2003—2004 marine pharmacology review shows initial results for
166 marine-based chemicals (Mayer et al., 2007). Meanwhile, drug developments from coral
reefs are estimated to be over US$ 6,000 per hectare (OECD, 2005).

The success of this industry is threatened however by biodiversity loss, as pollution, climate
change, and other environmental pressures threaten the health of marine populations. A
transition to a green economy will be necessary to ensure the continued success of this industry.
Bioprospecting itself is not without issues, however. In ensuring a green economy, frameworks
will have to be established ensuring the fair distribution of wealth and respect for indigenous
knowledge. In terms of environmental effects, the pharmaceutical industry often needs only
small samples in which to focus on genetic materials.

Tourism

Tourism is responsible for a significant proportion of world production, trade, employment, and
investments (UNEP et al., 2012). It is projected that the number of international tourists will
reach the historic one billion mark by December 2012 (UNWTO, 2012). As arguably the largest
global industry, tourism is also the largest sector supporting protected areas. The tourism economy
represents 9 percent of world GDP and contributes to 67 percent of total employment (UNEP
et al., 2012). In 150 countries it is one of the five top export earners and in 60 countries it is the
first. It is the main source of foreign exchange for one-half of Least Developed Countries (LDCs).

Tourism is growing at more than 4 percent per year; ecotourism is believed to be growing
at three times that rate (Milder ef al. 2010; UNWTO 2012). There is international demand for
these services and tourism-related Payment for Ecosystem Services (PES) can be a sustainable
financing mechanism for biological and cultural conservation. Globally, coastal tourism is the
largest market segment and is growing rapidly (Orams, 1999; Hall, 2001).

Challenges

In a business-as-usual (BAU) scenario, by the year 2050, overall tourism growth will result in
increases in energy consumption (111 percent), greenhouse gas emissions (105 percent), water
consumption (150 percent), and solid waste disposal (252 percent) (UNEP et al., 2012).
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Rapid growth in travel and preferences for further distances, shorter time-periods and energy-
intensive activities are resulting in the sector’s contribution of 12.5 percent of radiative forcing
and 5 percent of anthropogenic emissions of CO, (UNEP et al., 2012). Emissions cause coral
bleaching, ocean acidification, and sea level rise. Other coastal tourism pressures include water
pollution, land conversion, biodiversity, and loss of local and indigenous cultures and built heritage.

Opportunities

Sustainable tourism incorporates positive economic, sociocultural, environmental and climate
considerations and impacts, during planning and implementation. Sustainable tourism can serve
as a conduit for bio-cultural conservation and has major potential to raise investments for
conservation. The green investment scenario is expected to undercut the corresponding afore-
mentioned BAU scenario by 18 percent for water consumption, 44 percent for energy supply
and demand, and 52 percent for CO, emissions (UNEP, 2011c). Efficiency improvements, local
hiring, sourcing local products, and safeguarding local culture and environment can reinforce
employment potential. On the demand side, more than a third of travellers favor environmentally
friendly experiences. Increasing involvement of local communities in the value chain can con-
tribute to the development of local economies and poverty reduction and create “green
services” in energy, water, and waste management efficiency (UNEP et al., 2012). Meanwhile,
a combined Blue Carbon and sustainable tourism strategy can result in conservation and climate
change mitigation.

In addition there is a potential for financial mechanisms that result in payments for ecosystems
services (Wunder ef al., 2008). These services may involve the protection of natural heritage
sites, coral reefs, cultural sanctuaries, or traditional livelihoods (Mayrand and Paquin, 2004).

In summary, investment in energy efficiency and improving waste management can save
money for tourism businesses, create jobs, and enhance destination aesthetics. Investment
requirements in conservation and restoration are small relative to the high value of ecosystem
services (ES) that are essential for continued economic activities and human survival (UNEP
et al., 2012).

The majority of tourism businesses are small- and medium-sized enterprises (SMEs) and
contribute mostly to local livelihoods (UNEP et al., 2012). The use of internationally recognized
standards can assist businesses in understanding aspects of sustainable tourism and mobilize invest-
ment. Innovative multi-sector partnerships and financing strategies are required and can spread
the costs and risks of green investments. Cross-sectoral consultation and Integrated Coastal Zone
Management (ICZM) are required for good sustainable tourism, destination planning, and
development strategies (UNEP et al., 2012). Tourism planning has to include capacity building,
government commitment, enforcement, and climate change considerations. Tourism’s impacts
on local communities are complex and demand careful planning. Governments can use tax con-
cessions and subsidies to encourage investment.

Climate change is a key risk factor for tourism. The information base for effective adaptation
remains inadequate for developing nations, particularly SIDS. An efficient instrument to deal
with greenhouse gas emissions is to introduce carbon taxes on production and consumption
but can be challenging in developing nations (UNEP et al., 2012).

Making tourism businesses more sustainable will foster the industry’s growth, create more
and better jobs, consolidate higher investment returns, benefit local development and contribute
to poverty reduction, while raising awareness and support for the sustainable use of natural
resources (UNEP et al., 2012: 107). More research into Payment for Ecosystem Services including
markets for landscape beauty are crucial for valuing intact marine and coastal environments.
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Incorporating green economic thinking into ocean management

Planning for a green economy

The success of the green economy will largely depend on introducing proper policy frameworks,
incentives, and education platforms specific to each sector. In terms of ocean management, many
of the green economy success stories thus far have been due to excellent planning. Maritime
shipping instituted many green reforms largely because of the international frameworks already
in place to regulate shipping. Strides were made towards a greener shipping sector as governments
and industry agreed to conventions made through the IMO. In the fisheries sector advances
towards a greener economy have been made through co-management plans at the local level
and FAO conventions at the international scale. Certifications in Coastal Tourism can engage
businesses in sustainable actions and implement internationally recognized standards.

Planning for a green economy can occur at varying scales and a variety of planning tools
exist for policy makers. Planning can involve developing the regulatory frameworks necessary
at the international, national, or local level. Regulatory bodies can create the guidelines and
enforcements that are necessary and unique to each industry. Governments can also create
incentive plans to encourage green industry, or use taxes to discourage unsustainable behavior.
Education and capacity building can help foster engagement and support for a green economy
at a broader level. For example, the use of internationally recognized standards for sustainable
tourism is necessary to monitor tourism operations and management. The Global Sustainable
Tourism Criteria (GSTC) provides a promising current platform to begin the process of
grounding and unifying global standards (UNEP et al., 2012).

Strategic Environmental Assessments (SEAs) are often conducted at the earliest stages of a
project in order to evaluate environmental impacts and help decision makers adjust their plans
(see Chapter 12 of this Handbook). Such assessments can also include alternative options and
ensure projects or policies are aligned with larger national goals.

Ultimately, planning for a green economy will help policy makers achieve strategic decision
making, avoid costly mistakes, and strengthen public support for programs that encourage
developing all three capitals of a green economy.

Ecosystem based management and marine spatial planning

Marine ecosystems are highly interconnected, with their inhabitants weaving delicate webs of
interdependencies. Ecosystems are also spatial units in the oceans, defined by specific
characteristics such as productivity, and components both non-living and living.

Classical management of human activities in the marine environment is organized along
political boundaries and manages economic sectors independently of each other. This approach
does not necessarily align with how natural systems are structured, and so classical management
fails to consider critical aspects, including the compatibility of activities with each other and
with ecosystems, and the cumulative nature of impacts on species and ecosystems both within
and across boundaries. Further, management is often implemented from a human, not an
ecosystem perspective, failing to recognize all goods and services valuable in both monetary and
non-monetary terms.

Ecosystem based management (EBM) is an approach that explicitly recognizes ecosystem
services, builds on ecosystem boundaries and takes account of ecosystems’ inherent interactions
and dependencies (McLeod and Leslie, 2009; Agardy et al., 2011; UNEP, 2011b). It regards
associated human populations as integral parts of the ecosystem (UNEP, 2006). EBM allows
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for the development of management plans on small and large geographic scales, which can be
tailored to meet multiple, defined objectives. It is an approach enabling nature-based socio-
economic development.

EBM is not a product or endpoint, but rather an interactive process embracing change and
adaptation as objectives are redefined. Through continued stakeholder engagement and
monitoring and evaluation, the EBM process allows for management improvements to be made,
for example, in response to ecosystem changes (such as climate change).

Building on existing legislation and tools, such as fisheries management or Marine Protected
Areas, and building on knowledge that is readily available, EBM can mature from one focused
activity, time, or location into an ongoing highly inclusive process. An essential aspect of the
process is the continuous integration of management sectors and ecosystem elements. For example,
shipping channels can be moved away from cetacean migration corridors, or total allowable
fish catches can be linked to maximum bycatch levels of endangered species. EBM shares its
integrative nature with other management approaches such as ICZM, Watershed management
or Marine Spatial Planning (MSP). In fact, EBM can incorporate these approaches. MSP in
particular can be regarded as one of the most widely applied tools of EBM.

‘Where EBM aims at reconciling human activities with one another on the basis of marine
ecosystems’ services, MSP focuses on the compatibility of activities. “Marine Spatial Planning
is a public process of analyzing and allocating the spatial and temporal distribution of human
activities in marine areas to achieve ecological, economic, and social objectives that are usually
specified through a political process” (Ehler and Douvere, 2009). Originating in Australia’s
response to concerns over the need to protect the Great Barrier Reef, it has now been applied
by a growing number of countries and regions, including the US, in the UK, the Netherlands,
Belgium, Germany, and the Baltic Sea.

Long-established vested interests in the marine environment, such as fishing in certain areas,
which competes with growing sectors such as maritime transport and tourism, and new uses of
the sea, such as offshore wind farms, have made marine spatial planning a necessary process for
conflict resolution. While some human activities are incompatible, such as naval military
exercises with small-scale commercial fishing, others may be beneficial to one another, such as
small-scale commercial fishing and coastal tourism. In some areas, there may not be perceived
user conflict over marine space, and hence no immediate need for an MSP initiative. However,
rather than being reactive, MSP allows for future-oriented planning, and for optimizing econ-
omic activities.

Usually encompassing the mandates of several management authorities, a clear governance
structure should support the application of MSP. These can include new or adapted legislation,
but could also be based on inter-ministerial or inter-agency consultations. The objectives of
MSP are a matter of definition, and a public process of informed stakeholder consultation should
guide MSP from the very beginning. This can ensure the process is meeting both needs and
objectives, and should be repeated as spatial plans, maps, and agreed-upon visions are reviewed
periodically.

Both EBM and MSP are approaches and tools that can resolve conflicts between our marine
activities; and help us achieve cultural, social, and environmental development based on the
goods and services marine ecosystems provide us with.

Environmental and ecological impact assessments

Environmental impact assessments (EIAs) have become a standard planning tool that examines
the possible positive and negative effects a proposed project may have on the environment and
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nearby communities. The International Association for Impact Assessment (IAIA) defines EIAs
as “The process of identifying, predicting, evaluating and mitigating the biophysical, social, and
other relevant effects of development proposals prior to major decisions being taken and com-
mitments made” (IAIA, 1999). Social Impact Assessments (SIAs) too are becoming recognized
tools to assess community impacts. SIA and EIA are essentially management tools for policy
makers to inform and encourage taking environmental issues into account during their decision
making process.

The specific methodology used in an EIA will depend on the industry and project being
assessed. Tools can vary from life-cycle analysis to mathematical modeling to rapid rural
appraisals (UNEP, 2008). The process, however, generally involves an initial screening and scoping
stage, followed by a mitigation stage and monitoring stage, and ending with an audit of the
EIA itself. The goal of the EIA is to suggest ways in which a policy or project can mitigate
environmental impacts and display a variety of options.

EIAs are currently in use in a variety of countries. The United States was among the first
to promote the use of this tool with its National Environmental Policy Act of 1969 (EPA,
2012). The act requires all federal agencies to conduct an EIA on projects receiving federal
funding. Many countries have since implemented their own equivalents including Australia,
the EU, China, and India (UNEP, 2004).

Conclusions

A greener approach to the marine and coastal economy will require new management approaches
and new science. Integrated, indeed transdisciplinary science that combines natural and social
sciences will be required to understand how humans affect marine ecosystems and how changes
in these ecosystems in turn affect human well-being. Such integrated science needs to be driven
by carefully articulated policy and management needs. We will never fully understand the entire
marine and coastal ecosystem, but we can begin to understand those key components that are
most affected by people and upon which people most critically depend.

Notes

1 Existence value can be defined as the benefit derived from simply knowing something exists even if
it is never used. Existence values are often associated with marine biodiversity (Hageman, 1985). Bequest
value is the value placed on the knowledge that resources and opportunities will be available to future
generations (Beaumont ef al. 2007).

2 Examples include Professor Michael Ross of UCLA and Professor Paul Collier of Oxford University.
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GLOBAL FISHERIES

Current situation and challenges

Yimin Ye

Introduction

Fishing for food is an ancient practice in human history, dating back at least 40,000 years. With
the development of civilization and the ever-rising human population, the increasing human
demand for fish has led to improvement of fishing tools and techniques. Today, large fishing
vessels are able to cross oceans to fish anywhere they like, and modern equipment for navigation,
fish detection, and handling of heavy machinery have made fishing so efficient that any targeted
fish species can be wiped out if fisheries are not well managed.

Although fisheries today still remain an important source of food provision and make a
significant contribution to the economy and well-being of human society, commercial fishing
vessels have earned a bad reputation because they overfish fish stocks and cause negative impacts
on ecosystems. Overexploitation and impacts on ecosystems do not only result in environmental
concerns, but also harm the fishing industry itself. In open access fisheries, overexploitation and
degradation of ecosystems reduce productivity of fishery resources, while the decline in
production in turn makes fishermen fish even harder to stay in business. Without external
interruption, such a vicious circle just gets worse over time. In contrast, if proper regulation is
exercised, overexploitation can be avoided, overfished stocks can be restored, and the entire
fishery ecosystem will become healthier. As a result, fish production will be increased in com-
parison with the overfished situation. Reconciling fishery production with environmental
conservation is thus the goal of sustainable development of fisheries.

This paper first summarizes the social and economic significance of fisheries for food security
and nutrition, supporting livelihoods of human society. It then reviews the current situation in
global marine fisheries, the status of fish stocks, the state of fishing fleets, and management
practices. A diagnosis of the issues and challenges fisheries are facing today follows; finally, this
chapter discusses how fisheries can make a successtul transition to achieve long-term sustainability.

Significance of fisheries in food security and human well-being

Food security and nutrition

Food security requires ‘all people, at all times, have physical, social and economic access to
sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active
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and healthy life’ (FAO, 1996). Food security always occupies a high position in national planning,
whether in developed or developing countries. Fishing aimed to produce a reliable source of
food in ancient times and remains so today in many subsistence fisheries. Although fishing is
considered a commercial activity in many fisheries, its contribution to food security and human
nutrition needs is still the core concern at national level, particularly in low income, food-deficient
countries.

Hunger and malnutrition are still identified as among the most significant problems facing
the world’s poor, and the major challenge governments and international development com-
munities need to address. Globally, about one billion people — one sixth of humanity — are
chronically hungry (FAO, 2010).

Fisheries can contribute to food security in two ways: directly as a source of essential nutrients,
and indirectly as a source of income to buy food. In 2010, the global average fish consumption
reached 23 kg per person annually. In many small island developing countries, people’s
dependence on fish for food is much higher than the average, reaching 153.2 kg per person in
Maldives and 123.4 kg per person in Palau (FAO, 2007). The role of fish for meeting the food
security needs of the poor cannot be overstated.

Fish is a well-known and frequently traded food product in the poorest communities and is
therefore a source of income. For some households, selling fish is a means to obtain products
or services that household members are not able to produce. Through trading, fishers and aqua-
culturists thus contribute to better food security, not only for their own households but also
for households where members neither capture fish in the wild nor raise it in captivity (Tacon
and Metian, 2013).

Fish is highly nutritious, rich in essential micronutrients, minerals, essential fatty acids and
proteins, and represents an excellent supplement to nutritionally deficient cereal-based diets
(Garcia and Rosenberg, 2010). World wide, fish provide about 17 per cent of the human animal
protein intake (FAO, 2012). As can be expected, the contribution of fish as a protein source is
particularly important in small island states where, in fact, frequently more than 50 per cent of
the animal protein consumed comes from fish. A similar situation prevails in several coastal
States in West Africa and in such large countries as Indonesia and Japan. In some lesser developed
coastal states — especially in Asia, but also in some parts of Africa — fish proteins are absolutely
essential to food security as they comprise a large share of an already relatively low level of
animal protein consumption.

Social and economic contributions

Poverty is most often seen in remote rural areas, and so are many small-scale and subsistence
fisheries, particularly around lakes, rivers, deltas, floodplains and coastal areas. Globally more
than 60 million people are engaged in artisanal capture fisheries, and about 50 per cent of those
employed in the sector are women. Therefore, fisheries provide an important source of liveli-
hood. Fisheries and aquaculture directly employed over 34 million people in 2010 (FAO, 2010).
Considering secondary industries such as boat building, equipment and maintenance, vessel
supplies, fish processing and trade, etc., fisheries support the livelihoods of 660-820 million
people, or about 10-12 per cent of world population. The fisheries and aquaculture sector con-
tribution to gross domestic product (GDP) ranges from around 0.5 to 2.5 per cent, but may
reach as high as 10 per cent in island countries such as Nauru.

In many parts of the world fisheries form an indispensable source of livelihood, providing
food, employment and income to millions of families. For many, fishing is a ‘last resort’ with
an important safety net function: in situations of failing agriculture or job loss, fishing may provide
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part-time or temporary income and relatively cheap and nutritious food. The social and
economic contribution of the small-scale fisheries sector, however, tends to be obscured by
national statistics in many countries, because fish landings by the small-scale sector may not be
reported, or if data are collected, are typically under-reported. As a result, the role of small-
scale capture fisheries in rural livelihood, trade and food security remains critically unrecognized
in development and poverty reduction approaches (Garcia and Rosenberg, 2010). However, it
is clear that healthy fisheries can contribute to poverty reduction through generation of revenues
and wealth creation, operating as a socio-economic ‘lift” at the community level and contributing
to economic growth at the national level.

Current situation of marine fisheries

Global fish landings

The world’s total fish production has increased linearly since 1950, reaching 154 million tonnes
in 2011, of which marine capture fisheries contributed 51 per cent. Compared to marine capture
fisheries, the largest sector, mariculture (13 per cent), freshwater aquaculture (29 per cent) and
inland capture fisheries (7 per cent) contribute relatively less to fisheries production (Figure
14.1). The world’s marine fisheries produced only 16.7 million tonnes in 1950, but increased
explosively to 87.7 million tonnes in 1986, and remained relatively stable afterwards until 2002.
During the last decade, marine fisheries decreased by about 10 per cent from the previous decade,
settling at 78.9 million tonnes annually by 2011 (Figure 14.1).

Marine fisheries have experienced different development stages. Rapid development was seen
in the late 1950s and 1960s and between 1983 and 1989 (Figure 14.1). The first boom was believed
to be caused mainly by post-war ship-building expansion in the 1950s, new technologies such as
motor trawlers in the 1960s and the extension of jurisdiction to 12 nautical miles by most coastal
states. This is the region that encompassed the ocean’s most productive upwelling and continental
shelves. The second rapid expansion was associated with the extension of jurisdictions from
12 to 200 nautical miles, which occurred with the establishment of Exclusive Economic Zones
(EEZs) under the legal provisions of the UN Convention on Law of the Sea (UNCLOS).

180

-
(o2}
o

- " -
o n B
o o o

Million tonnes

o]
o

60

40

20

i - e -
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2009

® Marine capture Marine aquaculture m Inland aquaculture w Inland capture

Figure 14.1 World fish production from different sectors of fisheries
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Species composition

Pelagic species dominate global marine catches. Small pelagics (herrings, sardines, anchovies,
etc.) contributed about 22 per cent (19.9 million tonnes) of the total catch in 2009 (Figure
14.2). This share is down from 29 per cent in the 1950s and 27 per cent in 1970s. The large
pelagics (tunas, bonitos, billfishes and miscellaneous pelagics) accounted for 19 per cent (16.6
million tonnes) of the total catches in 2009. This is an increase in their share from 13 per cent
in the 1950s. Demersal fishes (lounders, halibuts, soles, cods, hakes, haddocks and miscellaneous
demersals) contributed 12 per cent (10.9 million tonnes), compared with almost 26 per cent in
the 1950s and 1970s. Miscellaneous coastal fishes increased slightly to 8 per cent (7.2 million
tonnes) from 7 per cent in 2009. Catches of crustaceans (crabs, lobsters, shrimps, prawns, krill,
etc.) contributed 6 per cent (5.4 million tonnes) in 2009, slightly lower than the 7 per cent
share of marine fisheries in 2002. Molluscs (abalones, conchs, oysters, mussels, scallops, clams,
squids, octopus, etc.) increased slightly from 6 per cent in the 1950s and 1970s to 7 per cent
(6.2 million tonnes) in 2009.

Species composition varies from area to area around the world. All the major species groups
are represented more or less equally in the Northwest Pacific (Area 61) (Figure 14.3). Small
pelagics (mostly anchoveta) dominate catches in the Southeast Pacific (Area 87). In the Northeast
Atlantic (Area 27), demersal fishes were the most abundant, followed by larger pelagics and
small pelagics. In the Western Central Pacific, catches were dominated by larger pelagics, which
were also the most abundant group in the Western Indian Ocean (Area 51). Small pelagics were
also dominant in the Eastern Central Atlantic (Area 34), Mediterranean and Black Sea (Area
37), Western Central Atlantic (Area 31) and Eastern Central Pacific (Area 77). In contrast,
demersal fishes were the dominant species group in the Northeast Pacific (Area 67) and
Southwest Pacific (Area 81).
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Figure 14.2 World marine catch by main species groups in 2009 (million tonnes and %)

Source: Author.
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Figure 14.3 Catch species composition by main species groups in FAO statistical areas in 2009

Source: Author.

Regional variations in landings

Based on the average catches in 2005-09, the Northwest Pacific is the largest contributor (25
per cent) to the global catch, followed by the Southeast Pacific (16 per cent), Western Central
Pacific (14 per cent), Northeast Atlantic (11 per cent) and Eastern Indian Ocean (7 per cent).
All other FAO areas contribute less than 5 per cent of the global total catch (Ye and Cochrane,
2011). World marine fisheries have gone through significant development and changes since
1950 when FAO started collecting fisheries statistics data. Accordingly, the levels of exploitation
of fish resources and their landings have also varied over time.

The temporal pattern of landings differs from area to area, depending on the level of urban
development and changes that countries surrounding that area have experienced. In general,
they can be grouped into three types. The first group are those FAO areas that have demonstrated
oscillations in total catch (Figure 14.4). These are the Eastern Central Atlantic, Northeast Pacific,
Eastern Central Pacific, Southwest Atlantic, Southeast Pacific and Northwest Pacific. These
areas provide about 53.5 per cent of the world’s total catch. Some areas in this group may have
shown a clear drop in total catch in the last few years, e.g. Northeast Pacific, but, over the
longer period, a declining trend is not evident.

The second group consists of areas that have demonstrated a decreasing trend in catch since
reaching a peak at some time in the past. This group has contributed 19.9 per cent of global
catch on average in the last five years, and includes the Northeast Atlantic, Northwest Atlantic,
Western Central Atlantic, Mediterranean and Black Sea, Southwest Pacific and Southeast Atlantic
(Figure 14.5). It is interesting and noteworthy that such declines occurred at different times: in
the Northwest Atlantic in the late 1960s; in the Northeast and Southeast Atlantic in the mid
1970s; in the Western Central Atlantic and Mediterranean and Black Sea in the mid 1980s; and
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in the Southwest Pacific in the early 1990s (Figure 14.5). This sequence largely reflects the fact
that areas surrounded by the most-developed countries experienced the earliest decline in catches.
The largest decline was seen in the Northwest Atlantic, where landings dropped by 55 per cent
from their peak to 2009. The second-largest drop was in the Western Central Atlantic with 46
per cent, followed by the Southwest Pacific with 37 per cent and the Northeast Atlantic with
35 per cent. The total catches in the Mediterranean and Black Sea dropped by 28 per cent.
The third group comprises the FAO areas that have shown a continual increase in catch
since 1950 (Figure 14.6). There are only three areas in this group: Western Central Pacific,
Eastern and Western Indian Ocean. They have contributed 26.4 per cent of the total catch on
average in the last five years. Minor drops in catch have also been seen in Western Central
Pacific and Western Indian Ocean in the last two years. However, considering the uncertainty
involved in catch reporting and the natural fluctuations in fish stock abundance, such declines
might have been caused by environmental ‘white noise’ and need to be further monitored.

The state of marine fish stocks

Fish are renewable resources — living beings that replenish their numbers naturally and may be
caught, within limits, on a continuous basis without this leading to their elimination. The
renewability of a fish stock is determined by its biological parameters and its abundance. When
a fish population is large or close to its carrying capacity, fish will grow slowly and mortality
caused by natural factors will be high, with surplus reproduction low. In contrast, if the populations
of fish stocks are low, fish can grow faster with lower natural mortality, benefiting from a lower
competition for food and space among individual fish. In this case the total surplus production
of the stock will also be limited to a low level by the low reproductive biomass. Generally
speaking, surplus production of a stock is a parabolic function of its biomass. It increases with
stock abundance initially, reaches a maximum when the stock grows to a certain level, and then
decreases gradually to zero while the stock reaches its carrying capacity.

The maximum annual surplus production is often called maximum sustainable yield in the
fishery (MSY). The MSY and its associated stock biomass is the most frequently applied reference
point in fisheries management and international instruments. When a fish stock is below the
level that can produce MSY, the stock is said to be overfished. Therefore, it is necessary to
know the current stock size and the stock level associated with MSY in order to determine
whether a stock is overfished. Such information cannot be obtained simply from the landings
data alone, but through stock assessment, which requires numerical modelling based on other
data such as fishing effort and biological parameters, as well as catch landing data.

The FAO has monitored the state of the world’s marine fish stocks since 1974, periodically
reviewing 548 stock items. In 2009 the 395 stocks that were assessed represented about
70 per cent of global catch. The assessment methods are described in detail in Ye and Cochrane
(2011).

Of the fish stocks assessed, 57.4 per cent were estimated to be fully exploited in 2009. These
stocks produced catches that were already at or very close to their maximum sustainable pro-
duction. These offer no room for further expansion in catch, and even some risk of decline if
not properly managed. Among the remaining stocks, 29.9 per cent were overexploited, and
12.7 per cent non-fully exploited in 2009. The overexploited stocks produced lower yields
than their biological and ecological potential. They require strict management plans to rebuild
their stock abundance to restore full sustainable productivity. The non-fully exploited stocks
were under relatively low fishing pressure and have a potential to increase their production.
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Figure 14.7 Stock status of the world’s marine fishery resources from 1974 to 2009

Source: Author.

However, these stocks often do not have high production potential. The potential for increase
in catch may be generally limited. Nevertheless, proper management plans should be established
before increasing the exploitation rate of these non-fully exploited stocks to avoid following
the same track of overfishing.

The proportion of non-fully exploited stocks has decreased continuously since 1974, when
the first FAO assessment was accomplished (Figure 14.7). In contrast, the percentage of over-
fished stocks has since increased, especially in the late 1970s and 1980s from 10 per cent in
1974 to 26 per cent in 1989. After 1990, the number of overfished stocks continued to increase,
but the rate of increase slowed, until the last two assessments, reaching about 30 per cent in
2009. The fraction of fully exploited stocks demonstrated the smallest change over time. The
percentage dropped from about 50 per cent at the start of the series to 43 per cent in 1987 and
subsequently increased to 57.4 per cent in 2009 (Figure 14.7).

A primary goal of fishery management is to control fishing at a level that allows the fishery
to produce a sustained annual yield. This yield should be as close to maximum sustainable yield
as allowed by responsible management within the context of an ecosystem approach. At the
same time, it allows for increasing exploitation rates on non-fully exploited stocks. This would
maximize the sustained contribution of fisheries to global food security and human well-being.
The increasing trend in fully exploited stocks after 1990 may indicate the positive impact of
fishery management towards maximizing production. However, close attention is required
to all fully exploited stocks to ensure that they are not over-exploited in the future. Further,
the increase in overfished stocks is cause for concern. Nevertheless, the deceleration in the rate
of increase of overfished stocks after 1990 in comparison with the 1980s may indicate some
progress in improved management. It suggests that some fish resources have benefited from the
management efforts of coastal states and the international community.
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The state of the fishing industry

With the development of fisheries, the world’s fishing fleets have expanded along with the number
of fishers engaged in fishing. The total number of fishing vessels reached 4.36 million in 2010
(FAO, 2012), of which 74 per cent were from marine fisheries. The fleet in Asia was the largest,
accounting for 73 per cent of the global fleet, followed by Africa (11 per cent), Latin America
and the Caribbean (8 per cent), North America (3 per cent) and Europe (3 per cent). Similarly,
total number of fishers in marine fisheries were 12 million in 1970, and reached 34 million in
2008 (FAO, 2012), increasing nearly threefold.

Along with the fleet expansion, fishing technology and equipment has also improved greatly.
As a result, fishing effort, defined as the number of decked vessels multiplied by technological
coeflicients that reflect the increase in fishing efficiency over time, increased linearly ninefold
from 1970 to 2008 (Ye et al., 2013).

Today’s large fishing effort is not at a level compatible with sustainable production of fisheries.
Based on Ye et al. (2013), the capacity of global fishing fleets needs to be cut back by 36-43
per cent from the 2008 level to match the level at which the MSY can be produced. Achieving
this target requires 12—15 million fishers moving out of marine fisheries worldwide.

Opvercapacity is a problem recognized 20 years ago. The Rome Consensus on World Fisheries
(FAO, 1995a), the Code of Conduct for Responsible Fisheries (FAO, 1995b), and the Kyoto
Declaration and Plan of Action (FAO, 1995¢) all noted the need for management of fishing
capacity. Since then, the issues of fleet overcapacity and capacity management — especially as a
key threat to the long-term viability of exploited fish stocks and the fisheries that depend on
them — have become essential elements of work to avoid the degradation of fishery resources,
the dissipation of potential food production, and significant economic waste.

In 1999, the FAO Committee on Fisheries adopted the International Plan of Action for the
Management of Fishing Capacity (FAO, 1999), which specifies a number of actions to be urgently
taken:

i) assessment and monitoring of fishing capacity;
il) preparation and implementation of national plans;
iii) international consideration; and,

o~ o~ o~ —~

iv) immediate actions for major international fisheries requiring urgent attention.

Indeed, the immediate objective of the Plan of Action is for ‘States and regional fishery organ-
izations, in the framework of their respective competencies and consistent with international
law, to achieve worldwide, preferably by 2003 but no later than 2005, an efficient, equitable
and transparent management of fishing capacity’.

Unfortunately, overcapacity of the global fishing fleets remains a serious issue ten years after
this deadline. The major constraints and issues include difficulties in finding alternative
employment for displaced fishers, pressures imposed by industry (harvesting and processing) not
to reduce fleets or catch, difficulties in monitoring, control and surveillance and a lack of
institutional capacity to develop and implement capacity management plans as well as to
undertake the appropriate research required (e.g. stock and capacity assessments).

The ninefold increase in fishing effort since 1970 has resulted in only 50 per cent increase
in fish landings. This clearly suggests that catch rate per unit effort has decreased and so has the
direct economic efficiency of fishing operations. The excess fishing effort has also caused fish
stocks to be overfished. The double edges of overcapacity made world fisheries lose US$5 billion
in 2004 (The World Bank and FAO, 2009).
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The state of international trade of fish products

Fish and fishery products are among the most traded food commodities worldwide. Trade plays
amajor role in the fishery industry as a creator of employment, food supplier, income generator,
and contributor to economic growth and development. About 25 per cent of fish production
entered international trade in 1976, increasing to about 38 per cent (57 million tonnes) in 2010
(FAO, 2012). This increase reflects the sector’s growing degree of openness to, and integration
in international trade, as well as sustained demand, trade liberalization policies, globalization of
food systems and technological innovations in the international fish trade.

In the period 1976-2010, the world trade in fish and fishery products grew significantly also
in value terms, rising from US$8 billion to US$109 billion, with annual growth rates of 8.3
per cent in nominal terms and of 3.9 per cent in real terms (FAO, 2012).

The average trade flows of fish and fishery products for the period 2008-2010 show that
Latin America and the Caribbean have solid positive net fishery exports, as is the case for Oceania
and the developing countries of Asia. By value, Africa has been a net exporter since 1985, but
it is a net importer in quantity terms, reflecting the lower unit value of imports (mainly for
small pelagics). Europe and North America are characterized by a fishery trade deficit. In general,
developing countries tend to export products at high prices for hard foreign currencies, and
developed countries often import fish products to meet their increasing demand for fish.

Through international trade, fisheries provide an important source of foreign currency for
developing countries. In addition, trade creates more, often new, employment and enhances
labour based entitlements particularly among women. It is now well established that women’s
employment tends to contribute more to family welfare and food security. It may be concluded
that the international trade in fish will improve fishers” income and consequently contribute to
food security and livelihoods of the fishing communities.

Moving towards sustainable fisheries

What is a sustainable fishery?

The concept of sustainable fisheries is a derivative of the more general concept — sustainable
development. In 1987 the United Nations released the Brundtland Report (WCED, 1987),
which included what is now one of the most widely recognized definitions: ‘Sustainable develop-
ment is development that meets the needs of the present without compromising the ability of
future generations to meet their own needs.” The United Nations 2005 World Summit Out-
come Document (UN, 2005) refers to the ‘interdependent and mutually reinforcing pillars’ of
sustainable development as economic development, social development and environmental
protection.

People working on fisheries used the term of sustainable yield long before 1987. Sustainable
yield is the ecological yield that can be extracted without reducing the base of the capital resource
itself, emphasizing the indefinite sustainability of the yield. The concept of sustainable
development also focuses on temporal continuity through balance between generations, but
has a broader content. Fishing as an economic activity pursues catch and its derivative profit,
and in turn the catch it caught and job opportunities it provides support people’s livelihoods
and also contribute to human well-being, although fishing may also cause changes to the
environment and ecosystems. So, the social, economic and environmental aspects of fishing are
consistent with the three pillars of sustainable development. A sustainable fishery must strike a
balance among the three pillars that is pragmatic and satisfactory for all the relevant stakeholders
of a specific fishery.
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The complexity and the diversity of fisheries lead to the promotion of different concepts.
For example, maximum sustainable yield (MSY) is a popular concept used in many international
instruments: the Law of the Sea (UN, 1982), the United Nations Fish Stocks Agreement
(UN, 1995), the 2002 World Summit on Sustainable Development Goals (UN, 2002), the
United Nations Millennium Development Goals (UN, 2013), the Convention on Biological
Diversity 2010 targets (UNEP, 2010), and the outcome document of the Rio+20 World Summit,
“The Future We Want’ (UN, 2012). In contrast, economists believe that maximum economic
yield (MEY) should be the goal of sustainable fishery management as MEY supports a higher
economic efficiency. In practical fishery management, the USA, the EU and New Zealand
have set MSY as their target reference point and Australia sets MEY as its management target
reference point.

Although MSY and MEY seem to be working for commercial fisheries, a large number of
small-scale fisheries and subsistence fisheries may find both MSY and MEY unsatisfactory because
they pay more attention to social contributions of fisheries to local communities. Social benefits
are reflected in many different aspects such as food production, employment, and support
to upstream and downstream industries. Some of these are proportional to the volume of pro-
duction, and others in line with the scale of employment and the extent of support to secondary
industries. The three metrics of social, economic and ecological sustainability do not always
vary proportionally with the development of fishing, and in some circumstances, they may conflict
with each other. For example, when fishing effort exceeds the level that can produce MSY,
any increase in effort will reduce production from the fishery, but can add more job oppor-
tunities. As a result, the impact on upstream industries such as gear and boat maintenance may
still be positive, but that on downstream industries for instance marketing and distribution is
more likely to be negative as a result of reduced production volume. In addition, social benefits
often materialize in various forms of ripple effects in a society, and therefore cannot be easily
measured using a single quantitative measure. Further, economic efficiency or rent maximization
is achieved even at an effort level lower than that associated with MSY. Difterence in emphasis
on social, economic and production concerns will lead to different levels of desired development.

Adding to the difficulty in measuring economic and social benefits is environmental
sustainability. For pure conservation purposes, the pristine condition of a fish stock may be an
ideal situation. However, this is a utopia difficult to justify for fisheries because catching fish
for human well-being is the primary purpose of all fisheries. Environmental sustainability is to
protect fish stocks so that human well-being derived from these stocks can be maintained forever.
In this sense, environmental sustainability serves the purpose of sustainable production.

The single species theory tells us that surplus production maximizes when abundance of a
fish stock is fished down to a certain level, and this level is called biomass at maximum sustainable
yield (BMSY). Once a stock falls below BSMY, sustainable productivity of the stock will be
impaired. The low stock level may also increase the likelihood of causing negative impacts on
other components of the ecosystem in which the stock resides. Given the common belief that
the higher the stock level, the less the environmental impact, it may be justifiable to set BMSY
as the limit level for environmental sustainability.

The environmental impact discussed above is limited to what may occur through the target
species. There are also other kinds of impacts that are side effects of fishing activities, for example,
bycatches incidentally caught, and damage to benthic habitats by bottom trawling. These kinds
of impacts on the environment are often considered separately and dealt with by supplementary
regulations.

In summary, a sustainable fishery should be defined by three pillars: social, economic and
environmental. The metrics of the three pillars may conflict with each other. Each fishery is
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different and every fishery operates under different circumstances. There is no universal
definition for sustainable fisheries, nor a single measure for sustainability. It is necessary to balance
social, economic and environmental objectives based on the social and economic conditions
and the characteristics of the fishery through smart design, realigning incentives and involving
stakeholders. Nevertheless, it is not difficult to find a limit beyond which each of the three
pillars of sustainability shall not fall. A sustainable fishery should not impair its production potential,
should not run in economic deficit, and should not cause irrecoverable damage to the ecosystem
upon which it relies.

Challenges to achieving sustainability in fisheries

Resource overexploitation, economic loss, and ecological degradation are three critical issues
the world fisheries face today (Ye ef al., 2013). These certainly fall beyond the limits that define
unsustainable fisheries discussed above. How can fisheries solve these problems and move towards
long-term sustainability?

These three critical issues are consequences of overfishing, which is an inevitable result of
overcapacity of fishing fleets. Why has the world fishery accumulated such an excess capacity
in fishing fleets? Poor management and governance are to blame. In the past, fishery management
failed to control fishing at a level that can maintain long-term sustainability. This is partly caused
by the open-access nature of fish resources and partly by the myriad subsidies provided to fisheries.
The former allows free entry of vessels into fishing, and the latter provides economic incentives
for fishing vessels to continue fishing even if they operate in the red. Subsidies exist initially
for amelioration of the economic difficulties encountered by fishing vessels due to consideration
of social concerns, but these often make the situation worse (OECD, 2009), albeit providing
temporary relief. If clear ownership of fish resources is established, fishermen will have the
incentives to move towards an environmentally sustainable and economically profitable fishery.
Therefore, the priority to transform fisheries is to promote rights-based management approaches.
A successful transition of the world fisheries to sustainability also requires capacity building in
design and implementation of such rights-based approaches at all levels from individual to
communities, national and regional.

Rights-based management

The current unsatisfactory situation of the world’s fisheries is the tragedy of the commons that
lack an appropriate system of property rights. Common pool resources such as fisheries are open
to anyone who wants to enter. The benefits of resource exploitation accrue to individuals, each
of which is motivated to maximize his or her own use of the resource, while the costs of
exploitation are distributed among all those to whom the resource is available. Fishermen have
no incentives to protect fish resources and to arrange fishing activities to achieve a long-term
social, economic and environmental sustainability.

Rights-based management (RBM) is a tool that creates rules that define not only the right
to use and the allocation of fisheries resources, but also the responsibility to protect resources
and to sustain the fishery (Scott, 2000). Thus, fishermen, fishing vessels, fishing communities
and so forth can be awarded a licence, quota or fishing right to stocks. These rights in turn also
stimulate their owners to act accordingly for their own maximum benefits to retain these rights.

There are a large number of different RBM approaches, such as limited non-transferable
licensing; community catch quotas; individual non-transferable or transferable effort quotas,
individual non-transferable or transferable catch quotas, vessel catch limits or territorial use rights
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Table 14.1 Examples of difterent rights-based approaches

Rights-based
approach

Different categories

Examples

Access rights

TUREFs (Territorial Use Rights in
Fishing)

Limited Entry Licenses

Community-based management

Chilean Loco Fishery rights
Ben Tre Clam Fishery

Australian Spencer Gulf Prawn fishery
Kuwait prawn fishery

Negros Island Community Fishery
Zanzibar’s Small Pelagic Fishery

Input rights

Numbers of gear units/fishermen
Numerical rights to use a certain
amount of fishing time for a specific

gear

Indonesian Sardine Fishery

Australian Northern Prawn Fishery
Parties to the Nauru Agreement Tuna
fishery

Output rights

ITQs (Individual Transferable

Alaskan Bering Sea Crab Fishery

Quotas) « California Morro Bay Groundfish

Fishery

* TAC:s (Total Allowable Catches) ¢ New Zealand Sanford Fishery
e Torres Strait Rock Lobster Fishery

Source: Revised from Tindall, 2012.

in fisheries. Table 14.1 gives examples of such RBM approaches used for different fisheries
around the world.

For an RBM system to function in line with sustainability, it needs to be applied within a
framework that incorporates the three pillars of sustainable development. When determining
resource access, rights-based approaches to the management of small-scale fisheries need to take
account of their collective nature, as well as the social and cultural dimensions of their activities.

One of the important elements of a rights-based approach to fisheries management is that
it gives the fishing industry security. A rights-based system gives fishermen security and a sense
of ownership of the resource and therefore significantly increases their willingness to invest and
participate in initiatives to protect fishing grounds and fish resources. They know that even
though they may not be able to fish in any one year, they will be able to fish in future years
and reap the benefits. By changing the incentives, it is within fishermen’s interests to help manage
the resource for the long term.

By reducing the ‘race to fish’, management authorities may loosen controls over when to
fish and where to fish so that fishermen can make more scientific arrangements that will subse-
quently benefit the fish supply chain and safety at sea as seen, for example, in the North Pacific
halibut fishery (Tindall, 2012). The benefits seen in the transition to rights-based management
differ from fishery to fishery (Table 14.2).

However, rights-based management is by no means a panacea and also has social and economic
impacts. For example, Individual Transferable Quotas (ITQs) may marginalize the small-scale
fishing sector. Moreover, ITQs may also concentrate fishing rights in the hands of a minority
of individuals or companies who have the available capital to buy out their competitors’ share
(Beddington et al., 2007). The price of quotas may increase dramatically over time, making it
difficult for new entrants. This is a particular issue for communities that depend on fishing and
have limited other employment opportunities. These impacts can be mitigated by tailoring
the rights-based management system to the specific characteristics of the fishery. For instance,
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Table 14.2 Benefits from rights-based management approaches

Benefits

Economic * Improving economic returns and efficiency of the fishery through better
capacity management
* Reducing fishing costs via removing the ‘race for fish’ factor
* Increasing price by adjusting fishing in accordance with market demand

Social *  Clear rights ownership leading to clearer responsibility and collective incentives
of all stakeholders
* Improved safety at sea
*  Fish supply better matched with market demand
* Benefits for future generations

Environmental * Incentives to prevent overfishing
» Incentives to protect environment such as reducing bycatch and discards and
protecting habitats
* Fishermen’s willingness to support management for the long term

Source: Tindall (2012).

the North Pacific halibut fishery imposed an ownership cap as well as rules on leasing to ensure
it essentially remained a fisher-owned enterprise (Tindall, 2012).

Integrating fisheries management into national development plans

Fisheries are a complex dynamic natural-human system, extending vertically from social—
economic—natural ecosystems and horizontally from fish stocks to environmental issues (Ye,
2012). Different parts of a complex system are intertwined and interact to form collective
consequences. Therefore, a successful fishery requires coordinated policy and actions in all other
relevant sectors. Unfortunately, fisheries are frequently marginalized in the development of
national policy and development plans and do not receive sufficient support and attention from
other sectors, because in most countries fisheries form a small component of the national economy,
0.5-2.5 per cent of GDP, with the exception of a few small island nations.

A popular topic in many developing countries is the increase of fishery production in order
to address national food security concerns. Governments encourage more vessels to become
engaged in fishing. Such decisions are often not based on scientific advice and even contradict
the need for reducing the excess capacity of fishing fleets. To avoid conflicting sectoral policies,
it is necessary to mainstream fisheries into national plans for development, food security and
poverty eradication in order to achieve a general appreciation of the value of natural resources
and thereby the need for conservation and management, as well as the national coordination
of management actions.

Decommissioning the excess fleet capacity requires 12—15 million people moving out of the
fishery industry and a large lump investment sum of $96-358 billion in the event of implementa-
tion of buyback programmes (Ye ef al., 2013). Both the financial support and the creation of
alternative employment opportunities can hardly be accomplished by the fishery sector alone,
but demand coordinated efforts from different sectors and levels of government under national
planning policy frameworks.

Illegal, unreported and unregulated (IUU) fishing is a global threat to sustainable fisheries
and to the management and conservation of fisheries resources and marine biodiversity. It is
currently estimated that [UU fishing practices are worth around $13 billion each year. [UU
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can take place in zones of national jurisdiction, within the areas of competence of regional fisheries
bodies, and on the high seas. An FAO Conference approved the Agreement on Port State
Measures to Prevent, Deter and Eliminate Illegal, Unreported and Unregulated Fishing (PSM)
in 2009. However, implementing and enforcing PSM may require national legal framework
and coordination that can enable port states to apply PSM to combat IUU fishing.

Capacity building

To achieve a sustainable fishery, it is necessary to collect data, carry out assessment and develop
a management plan for the fishery, which specifies the goal and specific regulations to achieve
that goal. Without stock assessment, people do not know the productivity of a fish stock, the
present rate of fish removal, and the current stock status. What is not measured cannot be managed
efficiently (Ye, 2012).

This is not to say that without formal stock assessment, it is not possible to manage fisheries.
If the management system is sufticiently responsive and adaptive, it is possible to monitor some
simple indicators such as catch rates and total landings, though the effectiveness and efticiency
of management may not be comparable to an assessment-based management system. However,
such a responsive and adaptive system often requires good infrastructure and an efficient regu-
latory mechanism, which is often lacking in fisheries that do not have the capacity for stock
assessment and implementing regulatory measures. The costs of such non-assessment-based
management may also prove high, as indicated by the estimated loss of US$50 billion a year of
the world fisheries by the World Bank and FAO (2009).

Unfortunately, worldwide only about 20 per cent of global marine landings have sufficient
data and have been quantitatively assessed and only a small fraction of fish stocks have
sufficient data and have been quantitatively assessed (Branch ef al., 2011). Many fisheries have no
management plan in place, especially in developing countries where the majority of fishing takes
place. It is easy to come to the conclusion that without scientific management of all the world
fisheries, the current gloom regarding the state of the world’s fisheries will remain. There is an
urgent need to provide transfer of technology and to build capacity for developing country fishing
communities.

Sustainable fishery management requires a strong partnership among all stakeholders, fishers,
managers, scientists, conservationists and other sectors such as marketing and the seafood
industry. People are used to thinking inside the box of their own sector and consider only sectoral
objectives. Such segmented approaches focus on only a few dots in the complex fishery system.
A partnership approach can connect all the dots in the system, provide a comprehensive solution
that balances all the objectives of different sectors, and form a collaborative working arrangement.
As discussed above, the decommissioning of excess fishing capacity can be more easily achieved
through a collective effort involving all sectors of society. However, this kind of partnership is
new and capacity building is needed for all those involved.

Concluding remarks

The world’s fisheries face serious problems: overfished stocks, excess fleet capacity, degradation
of habitats and environment. As a result, food production potential has been lost, fishing fleets
are running in the red, and biodiversity and functioning of marine ecosystems are compromised.
Some of these consequences are temporary but others may have implications for many genera-
tions to come. It is necessary to act immediately to make changes towards sustainability and the
benefits will be tangible.
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The international community has launched a series of campaigns to end overfishing. The
2002 World Summit on Sustainable Development and the 2010 Conference of the Parties to
the CBD set time-bound goals for fisheries, and the Rio+20 Conference in 2012 reiterated its
commitment to achieve these goals. Why has so little obvious progress been made so far? The
solutions to overfishing are known and well-documented, but rebuilding overfished stocks for
sustainability is complicated by institutional weakness and short-term socio-economic
consequences. A partnership approach of all stakeholders may unite different sectors into a whole
society task force to tackle the problems that confront the world fisheries.

A global agenda for fisheries must also realize that fisheries in different regions have unique
economic and institutional barriers to sustainable fishing. The appropriate policies best able to
achieve the goal can vary widely. There is a need for countries to build practical policy- and
decision-making capacity for sustainable management of fisheries. Capacity building eftorts should
typically work in service to developing countries as well as to many fisheries in the developed
world. Today, the fisheries that do not have a management plan are still the majority. Without
bringing these under management, sustainability of the world fisheries will be difficult to achieve.
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THE HIGH SEAS AND
[UU FISHING

Henrik Osterblom, Orjan Bodin, Anthony J. Press
and U. Rashid Sumaila

The high seas and global trends in fisheries

The high seas are the areas beyond national jurisdiction, offshore from the productive shelf
areas, where most fisheries are operating (Figure 15.1). However, decreasing fish stocks in many
coastal areas (Jackson et al. 2001, Christensen et al. 2003) have historically pushed fisheries
operations further offshore and to new species. In the 1950s, only 9 per cent of global catches
were taken from the high seas, whereas the corresponding number in 2010 was 12 per cent
(Sumaila et al. 2015). Global and regional patterns of fishing are characterized by catches at
increasing depths (Pauly ef al. 2003, Morato et al. 2006, Villasante ef al. 2012) and further from
markets (Swartz et al. 2010). The deep sea beyond the continental shelf edges and away
from individual nations” jurisdiction is thus becoming an increasingly important area for wild
capture fisheries. Many of the species caught in these areas are long-lived, start reproducing late
and have limited capacity to sustain commercial catches (e.g. Norse et al. 2012). It is also not
uncommon that these species aggregate around deep-sea features such as hydrothermal vents
or deep-sea corals, with high or unknown biodiversity values making them vulnerable to
overfishing.

Although a large number of fisheries are licensed to operate in the high seas and have legitimate
quotas, monitoring and enforcement is a problem for much of high seas fisheries (Norse ef al.
2012). Compounding this problem is the problem of flags of convenience, the use of which is
more prevalent on the high seas (Miller and Sumaila 2014).

Challenges to high seas governance

Building on earlier work on fisheries governance, Sumaila (2012) identified a number of reasons
why oceans and fisheries governance is challenging. By the very nature of the high seas, the
problems identified in that research become even more acute.

A key challenge is illegal, unregulated, unreported (IUU) fishing! that occurs in the high
seas (and within exclusive economic zones (EEZs), see further down) because this part of the
global ocean is, in contrast to the coastal zones, relatively poorly regulated (Sumaila et al., 2006).
IUU fishing leads to a failure to achieve both management goals and sustainability of fisheries
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Figure 15.1 Global map of the world’s oceanic fishing areas. Light and dark areas indicate the locations
of coastal exclusive economic zones (EEZs) and the high seas, respectively

Source: Sumaila ef al. (2007).

(Pitcher et al. 2002). These reasons make it important to eliminate IUU fishing, which is known
to be a widespread activity worldwide (Sumaila ef al. 2006, fig. 1; Agnew et al. 2009).

A second challenge is that the common property and/or open access nature of fishery resources,
which was identified as a generic challenge to successful resource management decades ago
(Gordon 1954; Hardin 1968), is a bigger problem in the high seas than in coastal waters, as
ownership is essentially shared by all citizens of the world (UN 1982).

The third challenge relates to the provision of subsidies to the fishing sector which is a key
driver of over-capacity and overfishing (Milazzo, 1998). Again, the effect of subsidies on over-
fishing is likely to be higher with respect to high seas fishing because, all else being equal, it
will have a bigger effect on the profitability of fishing companies (Sumaila ef al., 2010).

A fourth challenge stems from recent technological progress, which many have argued has
been instrumental for the global expansion of fishing towards the high seas. The development
of flash freezing technology, for example, has directly contributed to the observed patterns.
During the post-war period, the world has also seen a rapid globalization of fish markets (Swartz
et al. 2010) combined with industry consolidation and increased capital investments in high seas
fishing fleets, driven by global commercial actors. It is worth noting that many technological
developments (e.g. satellites) have improved the capacity for monitoring and enforcement on
the high seas.

Governance and policy frameworks for the high seas

Coastal states can declare an EEZ out to 200 nautical miles, within which they have exclusive
right to regulate their fisheries. Much of the high seas areas beyond national jurisdiction (200
nm) are covered in global policy frameworks, including UNFSA (United Nations Fish Stocks
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Agreement), the FAO Port state agreement, IPOA-IUU, the Compliance agreement. Imple-
mentation of these agreements is the responsibility of member states collaborating in Regional
Management Fishery Organizations (RFMOs). These REMOs cover all of the high seas areas,
and develop individual policies for the species and fisheries under their mandate. RFMOs and
the member states within them also have a responsibility for ensuring that vessels flying the flags
of member states, or nationals of member states flying flags of convenience, comply with these
policies. However, an analysis of the performance of RFMOs suggests that many have limited
regulation and enforcement (Cullis-Suzuki and Pauly 2010). In the rest of the chapter, we describe
an example of high seas management (i.e. CCAMLR, an international institution for managing
fisheries in the Southern Ocean) that has been relatively successful in reducing IUU fishing in
the high seas. We focus in particular on the factors that made CCAMLR successful where other
RFMOs have failed.

CCAMLR - an example of successful reduction of IUU fishing
in the high seas

International cooperation in the Southern Ocean yields results

The Commission for the Conservation of Antarctic Marine Living Resources, or CCAMLR,
was established following the agreement of the Convention of Antarctic Marine Living
Resources, in 1983. Its mandate is to manage finfish and krill stocks in the Southern Ocean,
around Antarctica, using an ecosystem approach. The area within which the Commission has
responsibility includes vast high seas areas around the Antarctic continent, as well as a number
of areas within the national jurisdiction of some member states with Sub-Antarctic islands and
associated EEZs? (Figure 15.2). The Commission includes some twenty member states that meet
annually to negotiate new and revised policy measures, review compliance and take decisions
about fishing quotas, based on scientific advice (Constable et al. 2000, Miller et al. 2010).

As a consequence of depleted fish stocks in other regions, substantial fishing efforts displaced
to the Southern Ocean during the 1990s. This overcapacity from elsewhere included, e.g. tuna
vessels from adjacent RFMOs. When toothfish fisheries developed in the 1990s, CCAMLR
had still to develop important policy measures to regulate this fishery. The international markets
for Patagonian toothfish (aka Chilean Sea Bass) developed rapidly, however (e.g. in the USA),
and the high price of this fish in combination with low likelihood of detection contributed to
a rapid increase in IUU fishing. In the mid 1990s, it became evident that this was a critical
challenge for CCAMLR. The scientific committee of CCAMLR concluded that this fishery
risked not only leading to the substantial reduction of toothfish stocks, but also to the likely
collapse of globally threatened seabird stocks, caught on the baited hooks set to catch toothfish.

However, as a consequence of extensive diplomatic pressure directed at flag and port states
associated with IUU fishing, combined with new policy tools (including vessel blacklists), and
novel forms of collaboration, IUU fishing has been substantially reduced (see Figure 15.2 —
Osterblom et al. 2010, 2011, Osterblom and Sumaila 2011, Osterblom and Bodin 2012, Bodin
and Osterblom 2013, Osterblom and Folke 2013). Many countries in CCAMLR, including
for example Great Britain, Australia, France and New Zealand, have devoted substantial
resources to monitoring and international cooperation. No new ships have been discovered
during the past few years. This reduction of IUU fishing has enabled CCAMLR to raise the
levels of licensed quotas (Osterblom and Sumaila 2011) and there are now signs that albatross
populations (previously caught as bycatch on baited longlines used by IUU operators) are now
beginning to recover from illegal and unsustainable fishing (Robertson ef al. 2014). Detecting
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Figure 15.2 A map of the CCAMLR area (shaded), including relevant Sub-Antarctic Islands and
adjacent EEZs (or fisheries zones) and the official estimates of [UU fishing in the CCAMLR area

Source: modified from Osterblom and Sumaila 2011, Osterblom and Folke 2013.

vessels, uncovering information on illegal landings or transport, investigating complex networks
of ownerships and securing convicting sentences for globally operating and adaptive illegal fishing
operators has required extensive multinational cooperation. The results from CCAMLR show
convincingly that there is great potential in international cooperation for marine resources
(Osterblom and Folke 2013). Although there are still many unresolved questions — for example
where will the illegal fishing operators appear next — it is clear that a number of lessons can be
drawn from the CCAMLR ‘solution’ to illegal fishing. Here we present how international political
pressure, the inclusion of non-state actors, problem reconceptualization, and the development
of tools that facilitate collaboration have contributed to the successful reduction of the ITUU
fishing in the Southern Ocean.

Political pressure to clean up your own backyard

During the first years of high levels of IUU fishing, most identified IUU vessels were flagged
to CCAMLR member states. The shipowners who were pioneering illegal fishing in the region
first used mainly Chile and Argentina as flag states. Since these countries are members of
CCAMLR, it created a delicate diplomatic situation when it became known that they were
associated with IUU activities. These and other countries within CCAMLR that were used as
flag states, however, mostly had a good capacity to react when it was discovered that ‘their’
ships were involved in irregularities, and were therefore able to take appropriate action. Hence,
these countries took rapid steps to deregister the identified vessels. Several vessels received
substantial fines and some were even seized and scrapped. Owners of vessels that managed to
escape enforcement, however, developed increasingly sophisticated techniques to minimize the
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risk of penalties, including continuous change of the flag state — there is a clear trend among
many illegal fishing operators, over time, to flag their vessels to states with lower governance
capacity where problems with, e.g. corruption are common (Osterblom et al. 2010). North
Korea and several countries in Central Africa are currently often used as flag states. These countries
probably have limited interest and capacity related to fisheries regulations in very distant
regions. IUU vessels operating in the CCAMLR are also continuously changing the name, colour
and call sign. Over the past fifteen years there has been a gradual change and now no illegal
vessels are flagged to CCAMLR. (Osterblom et al. 2010). This has meant that in principle they
are also not subject to the CCAMLR regulations. The fishing activities are thus unregulated,
rather than illegal, but still considered to be serious by members of CCAMLR and result in
blacklisting. However, a number of CCAMLR member states, including the European Union,
have also developed complementary national (and international) legislation that is focusing on
improving the prospects for prosecuting their nationals (Erceg 2006).

Non-state actors take action

Illegal fishing operators in the Southern Ocean did not affect a disorganized community of weak
voices. Instead, they were affecting very valuable and untapped commercial fish stocks that were
of large interest to a growing licensed fishing industry. At the same time, IUU operators were
killing thousands of charismatic seabirds, which quickly mobilized the community of
environmental NGOs. These non-state actors (licensed fishing companies and NGOs) rapidly
formed an alliance as they had a shared and strong interest in reducing [UU fishing. Governments
and non-state actors, or environmental NGOs and the fishing industry do not always share the
same agenda when it comes to practical management of natural resources, but in the case of
CCAMLR, they did. States representing emerging licensed industries were quick to support
the development of policy measures directed at reducing IUU fishing, but due to consensus
mechanisms in CCAMLR, this turned out to be a slow process. Initial attempts were filled
with loopholes, which were only corrected several years after the implementation of some policy
measures (Miller et al. 2010). The US, one of the major markets for toothfish, enforced a unilateral
ban on the import of toothfish products from some areas as an emergency measure — although
this was not perceived as the way forward for CCAMLR as a forum for international
collaboration building on consensus. Initially, the political will was not sufficient to mobilize a
strong commitment for developing and enforcing effective policies. However, the licensed fishing
industry and the NGO community were able to engage in a different way than CCAMLR
member states. For instance, they conducted their own investigations, carried out their own
monitoring in the high seas and used this information for ‘naming and shaming’ suspected
offenders. They went public with controversial reports that implicated countries (including
CCAMLR member states), but also individual fishing companies and banks implicated as
associated with IUU fishing. These reports used information derived from the NGO community
and the fishing industry, who were conducting investigations in ways that governments were
unable to do. The publication of such material raised the level of public awareness in several
countries and hence also the political awareness within CCAMLR (Fallon and Kriwoken 2004,
Baird 2006). Over time, member states also increasingly included non-state actors in their national
delegations, as they could contribute with complementary functions. There has been an
increasing number of NGOs and fishing industry representatives in the Commission, as well as
an increasing diversity in national delegations (Osterblom and Sumaila 2011). Reasons for the
very active engagement by these non-state actors include the high conservation value of the
region, combined with the very high value of the toothfish stocks. The fishing industry is relatively
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consolidated, with only a small number of fishing companies engaged in the licensed fishery
from each country. There is thus a very clearly defined system of property rights for the industry,
which consequently has a clear stake in reducing IUU fishing — lower levels of IUU fishing
mean higher levels of licensed quotas (Osterblom and Sumaila 2011).

Conceptualizing the problem in an attractive narrative

Successful policy entrepreneurs (cf. Kingdon 1984) often use narratives to conceptualize
problems that need to be addressed (Huitema and Meijjerink 2010). One powerful narrative
that appears to have changed the perception of many organizations involved in reducing IUU
fishing is that of the problem as a form of organized international crime (Osterblom et al. 2011).
This is a powerful analogy and one that appears highly relevant for this fishery (Osterblom
et al. 2011). For instance, both organized crime and this fishery are carried out by loosely organized
and adaptive networks, both without any central authority or form of control. Both activities
use bribes to intimidate members of the networks and use shell companies to hide the beneficial
owners (Griggs and Lugten 2007, Osterblom ef al. 2011). A “fight’ against both types of problems
often involves spending large resources on identifying and investigating potential major bosses,
while the problems often are complex and involve a diversity of actors operating in loose
networks, often without centralized control. Organized crime and illegal fishing in countries’
economic zones both represent a new form of security threat — and are both perceived as
threatening the sovereign rights of affected states; they are subject to a new form of non-traditional
security threat that requires other than traditional military means. Conceptualizing IUU fishing
as a form of organized crime probably contributed substantially to generating important political
will, within CCAMLR, to protect national borders against perceived foreign perpetrators
(Osterblom ef al. 2011).

Facilitate collaboration

Several member states were constrained by their limited jurisdiction in the high seas. Australia,
for instance had limited ability to engage in fisheries enforcement outside of their EEZs around
the Sub-Antarctic Islands of Heard and McDonald Islands. Effective enforcement in the high
seas required well-developed policy measures and international collaboration. Initial policy
attempts were filled with loopholes that were easy to circumvent by IUU operators and ITUU
fishing remained a key challenge for CCAMLR during most of the early 2000s. CCAMLR
has subsequently developed more effective policy measures, however, that has contributed
substantially to the current and much reduced levels of IUU fishing (Osterblom and Sumaila
2011). These tools were often developed as a response to crisis situations within CCAMLR
triggered by TUU fishing (Osterblom and Sumaila 2011) and include, e.g., an electronic catch
documentation scheme (e-CDS, see Agnew 2000) that enables tracking toothfish products from
vessels to markets and a black list of all vessels detected to be operating outside the agreed
framework. The catch documentation scheme and vessel IUU list have been identified as critical
resources for CCAMLR. (Osterblom and Bodin 2012). Governments, but also NGOs and the
licensed fishing industry can report suspected activities and thereby contribute to the monitoring
of compliance — at sea and in the market. The CCAMLR secretariat has been empowered with
these tools and functions as an important coordinating node in the network by facilitating
collaborating (Osterblom and Bodin 2012). There is frequent cooperation between and within
countries, and between governments and non-state actors — the diversity of actors contributes
with important complementary components (Bodin and Osterblom 2013). These different
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organizations have different agendas and priorities — but they also have a common interest
in reducing IUU fishing. This common interest, in combination with the tools developed by
CCAMLR and the coordinating function provided by the secretariat has made it easier for
a diverse set of organizations to collaborate at the global level for sustainable management of
Antarctic marine living resources.

An important aspect for the success in CCAMLR is also the substantial investments made
in surveillance capacity. Australia and France have invested in a shared system of satellite
monitoring over the French Kerguelen Island and the Australian Heard and McDonald Islands.
Both countries also have substantial enforcement capacities. For instance, Australia has con-
structed a purpose built monitoring and enforcement vessel that operates more than 200 days
per year in the region. France has substantial monitoring and enforcement capacity, in part by
using a converted (and previously confiscated) IUU vessel whose operations are in part funded
by the licensed French toothfish industry. France also has substantial military capacity stationed
at Reunion, at close range to the French Sub-Antarctic Islands. Australia and France carry out
joint training and enforcement in the region (Osterblom and Sumaila 2011), while Great Britain
and New Zealand have substantial monitoring and enforcement capacities that are partially
deployed to the region (including aerial surveillance). This strong and increasing presence of
CCAMLR member states in the high seas is producing an important deterrent for IUU
operators.

Conclusion

Fishing has been expanding into the high seas in recent decades mainly because of overfishing
in coastal waters and the increasing demand for fish due to increasing populations and rising
incomes in many parts of the world. We have identified and presented a number of reasons
why high seas fisheries governance is challenging. We illustrated, using CCMLR as an example,
that it is possible to be successful in governing high seas fishing, given the right conditions. The
experiences from CCAMLR are relevant for other regions in the high seas, but also at the global
level. For instance, a number of RFMOs are increasingly using tools that have been critical for
the success of CCAMLR, including vessel blacklists and catch documentation schemes. There
are also some indications that policy makers and practitioners are starting to address the global
challenge of TUU fishing in a more consistent matter (Osterblom 2014), but the four challenges
addressed initially still remain as key for marine sustainability in many areas of the high seas.

Notes

1 Tllegal fishing is conducted by national or foreign vessels in waters under the jurisdiction of a state
without its permission, or in contravention of its laws and regulations. Unregulated fishing occurs
within the high seas under the management jurisdiction of RFMO, by a flagless vessel, or vessel flying
the flag of a state or entity not a party to the REMO, in a manner inconsistent with the conservation
and management measures of the RFMO. Unreported Fishing is defined as fishing that has not been
reported, or has been misreported, to the relevant national authority or to the relevant REMO.

2 It should be noted that in addition to EEZ there are also extended continental shelf claims.

References

Agnew, D. J. 2000. The illegal and unregulated fishery for toothfish in the Southern Ocean, and the
CCAMLR catch documentation scheme. Marine Policy 24: 361-374.

Agnew, D. J., Pearce, J., Pramod, G., Peatman, T., Watson, R., Beddington, J. R. and Pitcher, T. J.
2009. Estimating the worldwide extent of illegal fishing. PloS ONE 4: ¢4570.

238



The high seas and IUU fishing

Baird, R. J. 2006. Aspects of Illegal, Unreported and Unregulated Fishing in the Southern Ocean. Springer,
Dordrecht.

Bodin, O. and Osterblom, H. 2013. International fisheries regime effectiveness: Activities and resources
of key actors in the Southern Ocean. Global Environmental Change 23: 948-956.

Christensen, V., Guénette, S., Heymans, J. J., Walters, C. J., Watson, R. Zeller D. and Pauly, D. 2003.
Hundred year decline of North Atlantic predatory fishes. Fish and Fisheries 4(1): 1-24.

Constable, A. J., de la Mare, W. K., Agnew, D. J., Everson, I. and Miller, D. 2000. Managing fisheries
to conserve the Antarctic marine ecosystem: practical implementation of the Convention on the
Conservation of Antarctic Marine Living Resources (CCAMLR). ICES Journal of Marine Science 57:
778-791.

Cullis-Suzuki, S. and Pauly, D. 2010. Failing the high seas: a global evaluation of regional fisheries
management organizations. Marine Policy 34: 1036—1042.

Erceg, D. 2006. Deterring IUU fishing through state control over nationals. Marine Policy 30:
173-179.

Fallon, L. and Kriwoken, L. 2004. International influence of an Australian nongovernment organization
in the protection of Patagonian toothfish. Ocean Development and International Law 35: 221-266.

Gordon, H. S. 1954. The economic theory of a common property resource: the fishery. Journal of Political
Economy 62: 124-42.

Griggs, L. and Lugten, G. 2007. Veil over the nets: unravelling corporate liability for IUU fishing oftences.
Marine Policy 31: 159—-168.

Hardin, G. 1968. The tragedy of the commons. Science 162: 1243-1248.

Huitema, D. and Meijerink, S. 2010. Realizing water transitions: the role of policy entrepreneurs in water
policy change. Ecology and Society 15(2): 26. Available at: www.ecologyandsociety.org/vol15/iss2/art26/
(accessed 6 June 2015).

Jackson, J. B. C., Kirby, M. X., Berger, W. H., Bjorndal, K. A., Botsford, L. W., Bourque, B. J., Bradbury,
R. H., Cooke, R., Erlandson, J., Estes, J. A., Hughes, T. P., Kidwell, S., Lange, C. B., Lenihan,
H. S., Pandolfi, J. M., Peterson, C. H., Steneck, R. S., Tegner, M. ]J. and Warner, R. R. 2001. Historical
overfishing and the recent collapse of coastal ecosystems. Science 293: 629—637.

Kingdon, J. W. 1984. Agendas, Alternatives and Public Policies. HarperCollins College Publishers, New York.

Milazzo, M. 1998. Subsidies in World Fisheries: A Re-examination. World Bank Technical Paper No.
406, World Bank, Washington, p. 86.

Miller, D. D. and Sumaila, U. R. 2014. Flag use behavior and IUU activity within the international fishing
fleet: refining definitions and identifying areas of concern. Marine Policy 44: 204-211.

Miller, D. G. M., Slicer, N. and Sabourenkov, E. 2010. IUU fishing in Antarctic Waters: Actions and
Regulations by CCAMLR, in D. Vidas (ed.) Law, Technology and Science for Oceans in Globalisation.
Brill Academic Publishers, Leiden, pp. 175-196.

Morato, T., Watson, R., Pitcher, T. J. and Pauly, D. 2006. Fishing down the deep. Fish and Fisheries 7:
24-34

Norse, E. A., Brooke, S., Cheung, W. W. L., Clark, M. R, Ekeland, L., Froese, F., Gjerde, K. M., Haedrich,
R. L., Heppell, S. S., Morato, T., Morgan, L. E., Pauly, D., Sumaila, U. R. and Watson, R. 2012.
Sustainability of deep-sea fisheries. Marine Policy 36: 307-320.

Osterblom, H. 2014. Catching up on fisheries crime. Conservation Biology 28: 877-879.

Osterblom, H. and Bodin, O. 2012. Global cooperation among diverse organizations to reduce illegal
fishing in the Southern Ocean. Conservation Biology 26: 638—648.

Osterblom, H. and Folke, C. 2013. Emergence of global adaptive governance for stewardship of regional
marine resources. Ecology and Society 18(2): 4.

Osterblom, H. and Sumaila, U. R.. 2011. Toothfish crises, actor diversity and the emergence of compliance
mechanisms in the Southern Ocean. Global Environmental Change 21: 972-982.

Osterblom, H., Constable, A. and Fukumi, S. 2011. Illegal fishing and the organized crime analogy. Trends
in Ecology and Evolution 26: 261-262.

Osterblom, H., Sumaila, U. R., Bodin, O., Hentati Sundberg, J. and Press, A. J. 2010. Adapting to regional
enforcement: fishing down the governance index. PLoS ONE 5: ¢12832.

Pauly, D., Alder, J., Bennett, E., Christensen, V., Tyedmers, P. and Watson, R. 2003. The future for
fisheries. Science 302: 1359-1361.

Pitcher, T., Watson, R., Forrest, R., Valtysson, H. P., Guénette, S. 2002. Estimating illegal and unreported
catches from marine ecosystems: a basis for change. Fish and Fisheries 3: 317—-339.

239


http://www.ecologyandsociety.org/vol15/iss2/art26/

Henrik Osterblom et al.

Robertson, G., Moreno, C., Arata, J. A., Candy, S. G., Lawton, K., Valencia, J., Wienecke, B., Kirkwood,
R., Taylor, P., Suazo, C. G. 2014. Black-browed albatross numbers in Chile increase in response to
reduced mortality in fisheries. Biological Conservation 169: 319-333.

Sumaila, U. R. 2012. Seas, oceans and fisheries: a challenge for good governance. Round Table 101: 157—-166.

Sumaila, U. R., Alder, J. and Keith, H. 2006. Global scope and economics of illegal fishing. Marine Policy
30(6): 696—703. Available at: www.seaaroundus.org/journal/2006/GlobalScopeEconomicsIllegal
Fishing.pdf (accessed 6 June 2015).

Sumaila, U. R, Zeller, D., Watson, R., Alder, J. and Pauly, D. 2007. Potential costs and benefits of marine
reserves in the high seas. Marine Ecology Progress Series 345: 305-310.

Sumaila, U. R., Khan, A., Teh, L., Watson, R., Tyedmers, P., Pauly, D. 2010. Subsidies to high seas
bottom trawl fleets and the sustainability of deep-sea demersal fish stocks. Marine Policy 34: 495—497.

Sumaila, U. R, Lam, V., Miller, D. D., Teh, L., Cheung, W. W. L., Watson, R., Pauly, D., Zeller, D.,
Rogers, A. D., Coté, I. M., Roberts, C. 2015. Winners and losers in a world where the high seas is
closed to fishing. Scientific Reports 5: Article number 8481.

Swartz, W., Sala, E., Tracey, S., Watson, R. and Pauly, D. 2010. The spatial expansion and ecological
footprint of fisheries (1950 to present). PLoS One 2010 5: e15143.

United Nations (1982). United Nations Convention on the Law of the Sea. 1-202. Division for Ocean
Affairs and the Law of the Sea, Office of Legal Affairs, United Nations. Available at: http://www.un.org/
depts/los/convention_agreements/texts/unclos/ UNCLOS-TOC.htm (accessed 6 June 2015).

Villasante, S., Morato, T., Rodriguez-Gonzalez, D., Antelo, M., Osterblom, H., Watling, L., Nouvian,
C., Gianni, M. and Macho, G. 2012. Sustainability of deep-sea fish species under the European Union
Common Fisheries Policy. Ocean and Coastal Management 70, 31-37.

240


http://www.un.org/depts/los/convention_agreements/texts/unclos/UNCLOS-TOC.htm
http://www.seaaroundus.org/journal/2006/GlobalScopeEconomicsIllegalFishing.pdf
http://www.un.org/depts/los/convention_agreements/texts/unclos/UNCLOS-TOC.htm
http://www.seaaroundus.org/journal/2006/GlobalScopeEconomicsIllegalFishing.pdf

16

RETHINKING
SMALL-SCALE FISHERIES
GOVERNANCE

Ratana Chuenpagdee and Svein Jentoft

Introduction

Despite the general recognition of their social, cultural and economic importance, small-scale
fisheries are still ignored or dismissed as relics of the past. In many countries, this marginalization
is shown by inadequate financial, institutional and scientific support for small-scale fisheries
(Béné and Friend, 2011; Teh ef al., 2011). Further, management decisions, especially regarding
rules and regulations, are not sensitive to the conditions and needs of this sector. They do not
reflect the roles and contributions that small-scale fishing people make to the society in terms
of income generation, food security, poverty alleviation and fisheries sustainability. They also
do not respect traditional user and access rights of small-scale fishing people. On the contrary,
fisheries management tends to view the small-scale fishing sector as a problem that needs to be
solved. For instance, when faced with resource degradation and overexploitation issues, one
common solution has been to reduce fishing capacity, which often implies cutting down on
the large number of small boats. On the other hand, gear and technological enhancement aimed
at improving the fishing efficiency of large-scale fishing operations may be framed as a good
thing, when argued from a food provision perspective. But from the justice point of view
there are many other factors that need to be considered in the decision about what policy inter-
ventions are most suited to address the current and emerging fisheries challenges.

Four key concerns have been identified in fisheries governance, namely, ecosystem health,
social justice, livelihoods and food security (Chuenpagdee ef al., 2005; Bavinck et al., 2013).
They are all related to issues and challenges found in many fisheries around the world, such as
unsustainable resource exploitation, poor recognition of fishing rights, poverty, lack of alternative
employment and distortion in markets and supply chains (Jentoft and Eide, 2011). These concerns
are exacerbated by current global changes in the environment, economics, demography and
politics. Despite major efforts expended to address these challenges, fisheries resources continue
to dwindle, conflicts continue to rise, poverty persists and livelihood displacement is widespread.
For people interested in fisheries, whether from a research, governance or human rights per-
spective, the challenge is daunting.

It has been suggested that dealing with major concerns in fisheries requires a perspective that
explicitly differentiates small-scale from large-scale fisheries (Jentoft and Chuenpagdee, 2009;
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Khan and Neis, 2010; Berkes, 2012). After all, very little attention has been paid to the fact
that the overwhelming majority of people involved in fisheries are small scale. Alternative
governance thinking has been proposed (see for example, Gray, 2005; Kooiman et al., 2005).
Transdisciplinary and interdisciplinary research, as well as stakeholder participation and local
knowledge integration have been promoted. Still, tools and measures employed in fisheries
management nowadays appear to have seen little innovation. Even recent ideas, such as catch
shares for resource allocation (Costello et al., 2008) or Marine Stewardship Council seafood
certification (Ponte, 2008), are still based on a thinking that considers fisheries as dominated
mostly by the large-scale industrial and commercial sector.

We argue in this chapter that any discussion about fisheries should begin with the recognition
that: (1) fisheries differ with, but also beyond, scale, and (2) fisheries governance needs therefore
to correspond with the specificities of fisheries in order to address the key concerns. This implies
that the particular context of fisheries also must be taken into account. For instance, while it
may matter less for large-scale fisheries what goes on in fishing communities, the governance
of small-scale fisheries must be attuned to their needs. It follows thus that a policy directed at
alleviating poverty in small-scale fisheries must also include community welfare services such
as health and education. Further, commonly used instruments such as marine protected areas
and individual transferrable quotas are not similarly applicable in large- and small-scale fisheries.
Rather, a broader range of approaches and tools, including those generated from within
communities based on local experience and knowledge, should be considered.

In the following, we present aspects of small-scale fisheries that differentiate them from their
large-scale counterparts. We discuss important characteristics and considerations for small-scale
fisheries that can help make them viable while serving both their communities and the concerns
of the society at large. We conclude with a discussion of relevant governance principles for
small-scale fisheries that if implemented could facilitate better governance and sustainable
livelihoods.

Fisheries differ beyond scale

At one stage, all fisheries were operated using traditional, small-sized gears in near shore areas.
Fishing was an integral part of the livelihood portfolio of coastal communities, along with
farming and other food production systems. The ‘great fish race’ (Butcher, 2004), an era of
ocean industrialization (Smith, 2000), and the ‘blue revolution’ (Bailey, 1988; Bavinck, 2011)
in the late nineteenth and early twentieth century all contributed to a paradigm shift in
the industry and subsequent changes to the sea- and landscapes. Large, engine-powered vessels,
with mechanized towing gears, enhanced storage capacity and refrigeration were introduced
and operated alongside the small boats, as well as further from shore. Major investment in
infrastructure such as harbours and roads, improved processing facilities and international market
expansion were part of the development. For many countries, fish became an important export
commodity, bringing in foreign currency and generating national growth. Such expansion resulted
in a fivefold increase in the world fisheries production (marine/inland capture and culture) in
less than fifty years, from about 20 million tonnes in 1950s to about 90 million tonnes in 1995.
Production has continued to grow but at a much slower rate (about 1 per cent annually from
2002 to 2008), with the estimate of 154 million tonnes for 2012 (FAO, 2009a, 2010, 2012a).
This increase was accompanied, however, by a shift from fisheries taking place mostly in developed
countries to developing and less developing countries, where small-scale fisheries dominate
(Chuenpagdee et al., 2006). Today, about 80 per cent of the world’s fisheries production comes
from developing countries, with the value surpassing 50 per cent (FAO, 2009a).
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The changing nature of fisheries, and the consequences for fishing communities, is not trivial.
With 20 per cent of the world’s population relying on fish as the main source of protein, and
at least 135 million people depending on fishing for their livelihoods (FAO, 2009a), it is impera-
tive to have not only a whole portrait of the fisheries, but also an ability to differentiate the
multidimensional characteristics of fisheries. The term ‘fishery’ when used without a qualifier
can lead to different interpretations. For instance, what type of fisheries ‘are in crisis’
(McGoodwin, 1990; Clark, 2006) — marine, inland or brackish, or capture or culture? Similarly,
what fisheries ‘rhyme with poverty’ (Béné, 2003) — small, medium or large-scale? The diversity,
complexity, dynamics and scale issues associated with fisheries, which give rise to concerns and
challenges in governance, are different depending on the type and nature of fisheries (Kooiman
et al., 2005; Jentoft and Chuenpagdee, 2009). This implies that small-scale fisheries cannot be
governed as if they are a miniature version of large-scale fisheries or a small business sector that
is waiting to grow. Neither should the goal of governance necessarily be to expand and develop
all fisheries into large scale. Also in fisheries, the ‘small is beautiful” doctrine has merit in ecological
as well as in social and economic terms. From a local food security perspective, the role of
small-scale fisheries should not be undermined or underestimated, but in reality this has
happened. Fisheries development promoted in most countries tends to encourage moderniza-
tion and industrialization of fisheries sectors and professionalization of fishers, replacing the
occupational pluralism that often characterized small-scale fisheries with one that emphasizes
specialization (Bavinck, 2011). Those who are not able to adapt, are unwilling to change, or
unable to demonstrate financial contribution to the country are marginalized, as a consequence
(Cadigan, 2009). This has led to declining fishing populations and displacement in developed
countries, as seen in Spain (Pascual-Fernindez and De la Cruz Modino, 2011), Newfoundland
(Walsh, 2011), Iceland (Einarsson, 2011) and Norway (Jentoft, 2013).

Making a distinction between large and small is not as straightforward as it seems. Physical
characteristics of the fishing operation are the first noted aspects since they are the most observable.
Based on a global review, Chuenpagdee ef al. (2006) conclude that most countries define small-
scale fisheries using features such as fishing methods, gears employed, boat type and length,
engine size, number of crew, fishing location (distance from shore) and time spent at sea. Pauly
(2006) and Jacquet and Pauly (2008) add other attributes such as level of fuel consumption,
amount of discards and utilization of catch to distinguish small-scale from large-scale fisheries.
These aspects are commonly referred to because they can be directly compared with the large-
scale sector. They are also easier to measure, monitor and control than social and cultural dimen-
sions commonly associated with small-scale fisheries, such as roles and involvement of family
members, including women and children in fishing and post-harvest activities. Rather than
defining what small-scale fisheries are, the United Nations Food and Agriculture Organization
(FAO) refers to their characteristics as a dynamic and evolving sector that employs labour-intensive
harvesting, processing and distribution technologies in their exploitation of aquatic resources
(FAO, 2005). Similar to Johnson (2006), they also note the seasonal nature of the fisheries, the
use of food for household consumption, and the different commodity chains associated with
small-scale fisheries. Whether they are in developed or developing countries, policies for small-
scale fisheries have direct consequences on the viability and livelihoods of coastal people who
consider fishing not only as an income generating activity, but also as a way of life (Thompson
et al., 1983; Kraan, 2011; Marciniak, 2011; Onyango, 2011).

Small-scale fisheries contribute to revenue generation, job creation and employment too,
and in many cases, more so than the large-scale fisheries sector. The ‘values’ of small-scale fisheries
can be spelled out in how well the sector performs with regard to fuel efficiency and eco-
logical sustainability, as noted by Thomson (1980), Berkes et al. (2001) and Pauly (2006).
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The importance of small-scale fisheries goes beyond the quantifiable items, however, with a good
portion of catches shared and consumed within fishing households and in the community (Dyer
and McGoodwin, 1994). From the social perspective, it can also be argued that kinship and other
relationship networks unique to small-scale fisheries are the sources of resilience and safety nets
for the communities (Johnson, 2006; Islam, 2011). They represent, for instance, cultural heritage
that helps to sustain communities, providing the inhabitants not only with a place to live but
also markers of identity, family and kinship that are trans-generational (Carothers ef al., 2010).

In the new guidelines for securing sustainable small-scale fisheries coordinated by FAO, they
refrain from defining what small-scale fisheries are on the global scale due to their contextual
particularities, leaving it to the individual member states to determine what small-scale fisheries
are in their own situation (FAO, 2015). In governance terms, this means that policies for sustaining
small-scale fisheries must happen at a lower scale than the global. In other words, policies need
to be tailored to accommodate the local characteristics of small-scale fisheries as they exist, and
where they exist. Small-scale fisheries are simply too diverse for ‘one size fits all’ policies. Such
policies must take into account the contributions of small-scale fisheries to food security, liveli-
hoods, community identity and social cohesion (Allison and Ellis, 2001; Acheson and Gardner,
2010; Onyango and Jentoft, 2010), as well as ownership and tenure structure (Korten, 1986;
FAO, 2012b) and use of local knowledge (Neis and Felt, 2000; Ruddle, 2000; Bundy and Davis,
2013). Combined, all of these characteristics further distinguish small-scale fisheries from their
large-scale counterpart. Because these qualities are harder to capture, not readily quantified, and
unique to small-scale fisheries, they are often not well incorporated in the institutional design
and decision making about fisheries. It is precisely these aspects of small-scale fisheries, however,
not the scale per se or the technological attributes, that lead us to care for them, find them
important from a societal perspective and intriguing from a social science research point of view.

Key concerns affecting small-scale fisheries

Four key concerns have been identified in fisheries governance, namely, ecosystem health, social
justice, livelihoods and food security (Chuenpagdee et al., 2005; Bavinck ef al., 2013). In their
deliberation about these four main concerns, the authors do not make a point of distinguishing
between large- and small-scale fisheries. It is indisputable, however, that issues related to ecosystem
health, social justice, livelihoods and food security affect small-scale fisheries differently than they
do large-scale. It can also be said that the ability to address these concerns is not the same in
small- and large-scale fishing enterprises. Again, the need to consider the two sectors separately,
although not independently from each other, is critical for fisheries policies and governance.
In fact, their relationships are in many instances a key determining factor for small-scale fisheries
development. As the weaker party, they often lose in the competition for resources and space.
It is for these reasons that FAO emphasizes the need to provide secured tenure rights for small-
scale fisheries. In reality, the efforts to keep large-scale fishing vessels outside of inshore waters
where small-scale fisheries operate are simply not sufficient. Many countries, particularly in the
South, lack the institutional capacity to provide such security. Small-scale fisheries’ tenure rights
therefore end up as words on paper that do not make much difference on a daily basis.

Ecosystem health

Concerns about ecosystem health stem largely from the increasing recognition of impacts that
fishing practices generate on aquatic ecosystems (see, for example, Dayton ef al., 1995; Watling
and Norse, 1998; NRC, 2002). It is well recognized that many fishing practices are harmful to
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the ecosystem. While not scale-specific, the assessment of fishing gear impacts by Chuenpagdee
et al. (2003), in terms of by-catch and habitat damage, illustrates that impacts differ among gear
types with large-scale industrialized towing gears such as bottom trawls causing the most damage.
On the other hand, gears generally employed in a smaller operation such as traps and hand-
lines generate a lower level of impact. These findings align well with what Pauly (2006) and
others have long argued and called for, which is to consider gears and fleet interaction on the
ecosystem in fisheries management policies and decisions (McConney and Charles, 2010). Global
efforts are required to prevent destructive gears known to cause high levels of impacts from
operating, at least in biologically sensitive locations, and to minimize impacts from other gears,
including small-scale ones, through technological innovation, regulations and local cooperation.

The flip side of damage and destruction is conservation and stewardship. Since these concepts
are closely linked with community-based management (Conrad and Daoust, 2008) and other
civic engagement initiatives (Shandas and Messer, 2008), it is not unreasonable to expect high
level of contributions from small-scale fishing people towards these efforts. Examples of these
can be found in the establishment and management of several marine protected areas around
the world, as well as in other customary practices and voluntary measures, including area and
temporal closures during migration or spawning seasons in accordance with conservation and
precautionary principles. The potential for successful implementation of these initiatives is higher
when fishing communities are involved in the process than when a top-down process is taken
(Chuenpagdee ef al., 2013). In addition, other features of small-scale fisheries that make eco-
system health very relevant to their existence are related to a high level of dependency on fisheries
resources and good knowledge about the fisheries and the ecosystem. Given the above, it is
highly plausible that successful maintenance and restoration of ecosystem health would rest upon
the goodwill and involvement of small-scale fishing people. It is also worth noting that concerns
from various global change processes, including those related to climate and markets, on ecosystem
health are rising and affecting the viability of fisheries. Despite being highly vulnerable to these
changes, small-scale fishing communities may be able to find mechanisms to cope and adapt
with their strong social capital and local support network (Islam and Chuenpagdee, 2013).
In instances where occupational pluralism exists, fishing communities can rely on other sources
of food and income to sustain their families during the stressful periods, and be resilient in
case of natural disasters.

Social justice

Given the marginalization, the prevalence of poverty and low political priority, social justice
is a major concern for small-scale fisheries, requiring careful consideration in all aspects of
governance. The concept is difficult to define, however, and since it often means different things
to different people and relates to various aspects, its inclusion in decision making is always
contentious. In the case of distributional justice, for instance, allocation rules that seem just to
some may seem unfair to others, particularly if they are on the losing end of the deal. Like many
other concepts, justice can be contextual (Walzer, 1983) or local (Elster, 1992), with principles
that do not always apply in the same way and without a single criterion to evaluate its function
(Dahl, 1989). Throughout fisheries development history, many rules and regulations have been
made in favour of industrial fishing companies, allowing them to expand their operations and
secure their access to resources. In a similar vein, subsidies have often favoured large-scale fisheries,
creating over-capacity and subsequent competitions that have negatively affected small-scale
fisheries. Furthermore, individual catch quotas, whether transferrable or not, employed in many
developed countries, have generated uneven opportunities for fishers, disadvantaging those
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who may have traditional rights but without the financial assets to compete in the market-based,
property-rights system. Even in Iceland where the implementation of such a scheme receives
high praises, the success is questionable from a social justice perspective with small-scale fishing
people being excluded from the programme (Sabau, 2011 and Einarsson, 2011). In Denmark,
individual transferable quotas have turned small-scale fisheries into a lease-based fishery, where
small-scale fishers lose access to the fisheries resources they relied on (Hest, 2015).

In the context of small-scale fisheries, Jentoft (2013) submits that a good place to start a
discussion about justice is human rights. At an international meeting on small-scale fisheries
held in Bangkok in 2008, a statement that fishing rights for small-scale fisheries are also human
rights was clearly articulated. The event was one of the major steps toward the development
of the “Voluntary Guidelines for Securing Sustainable Small-Scale Fisheries’ (FAO, 2015), which
included inputs from fisheries stakeholders, for discussion and approval by member states. In
the document, small-scale fishing people must be respected in order to secure their human rights,
including their right to food, and their right to have secured access and use of fisheries
resources. These rights are made explicit as one of the key principles in accord with the FAO
Code of Conduct for Responsible Fisheries (FAO, 1995). Small-scale fishers’ rights include the
rights to organize and to participate in management and governance of fisheries resources, as
well as in other aspects affecting their communities. Such involvement is part of procedural
justice and the right to be heard, which can encourage people to publicly state their opinions
and concerns about allocation rules and other regulations (Perusse Daigle ef al., 1996). As well,
given that participation in management is time consuming, governments and other relevant
agencies need to provide support to enable fishers’ involvement. Considerations about mecha-
nisms, formats and avenues for participation are also required for meaningful engagement, as
promoted in co-management (Jentoft, 1989; Pinkerton, 1989).

Livelihood viability

The dismal state of the world fisheries today begs for a reiteration of the importance of fisheries
to the livelihoods and food security of small-scale fishing people. These two concerns are most
prominent for them because of their vulnerability and high dependency on fisheries resources.
When fishing is not just an occupation of last resort but in fact a way of life (Onyango, 2011),
its meaning with regards to a livelihood goes beyond income and employment. For many small-
scale fishing communities, fishing is a part of their heritage, culture, tradition, and has other
intrinsic values that cannot be easily replaced. While fishers in an impoverished condition may
be willing to move out of the sector for a better life, studies show that many would prefer to
stay, given a choice (see examples in Jentoft and Eide, 2011). This strong tie to a fishing lifestyle,
an important feature distinguishing small-scale from large-scale fishers, is a part of the overall
well-being of small-scale fishers that should not be undermined in fisheries governance. Instead,
efforts should be made to understand fisheries’ livelihood values and to incorporate them in the
formulation of policies and the design of institutions. Principles relevant to livelihoods and well-
being of small-scale fisheries, such as inclusion, reflexivity, adaptation, precaution and social
justice, should be applied (Johnson, 2013).

Not only do fisheries support small-scale fishing livelihoods, small-scale fishers in turn
contribute significantly to the well-being and livelihoods of their communities. This connection
is obvious in places where small-scale fishing people are well integrated in the communities.
Consequently, small-scale fisheries serve an important niche, as well as contributing to local
food security and providing a social safety net along with local employment and development
opportunities. In the south of Thailand, for instance, the social and cultural importance of small-
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scale fisheries to the communities was most evident in the recovery efforts after the Indian Ocean
tsunami in 2004 (Chang ef al., 2006). This is, in fact, one of the distinguished features of small-
scale fisheries. Small-scale fishers fish from communities where they and their families also live
— the very places where they have histories and connections. The social values guiding fishing
activities are also those guiding community lives (Palsson, 1991). At the end, it is small-scale
fishing people who live, work and spend money in their communities, while large-scale fishing
enterprises place their investments elsewhere and fail to contribute to sustaining the local economy.

Food security

Among the key concerns, food security is probably the most recognized by government and
inter-governmental bodies, non-government organizations and donors alike. This is also why
small-scale fisheries have recently received international interest. They are increasingly valued
for their contribution to food provision at the local level and also globally. Food security is
indeed one of the Millennium Development Goals, alongside poverty eradication. While its
importance in fisheries governance cannot be disputed, achieving food security — ensuring the
right of all people to have access to sufficient, safe and nutritious food — is, as Pullin (2013) puts
it, the ‘wickedest of wicked problems’ (p. 87). Indeed, the ‘fish chain’, which controls both
supply and demand through the interconnectivity of the ecosystem, harvest and post-harvest
systems, all the way to consumption, is highly complex and dynamic, and is affected by global
change processes.

The importance of fish to food security increases with a substantial portion of small-scale
fisheries catches consumed within fishing households and distributed to others in the com-
munities, local markets and beyond. Access to markets is, however, often hampered by poor
infrastructure such as roads and means of transportation. In many instances, such markets do
not exist but must be developed in order to provide equitable and non-discriminatory trade
options for small-scale fishers at local, regional and national levels. Rather than employing eco-
labelling and certification schemes developed for industrial fisheries, the nature and conditions
of small-scale fisheries need to be accommodated more so than has been the case in the past
(Ponte, 2008; Jacquet et al., 2010). This may include developing area-specific labelling schemes
(FAO, 2009b) and supporting alternative strategies such as the ‘Slow Fish’ network, which
promotes locally caught fish as ingredients in restaurants (Slow Food, 2013).

Securing the contribution of small-scale fisheries to food security would therefore require
attention along the entire fish chain, particularly at the post-harvest where in fact the majority
of small-scale fishing people, especially women, are employed. This may also involve providing
support to fishers and fish workers’ organizations, such as cooperatives, as a means of removing
bottlenecks in the value chain so small-scale fishing people can take advantage of market segments
that would otherwise not be available.

Governance for sustainable small-scale fisheries

Given the characteristics and values of small-scale fisheries, their actual and potential contribution
to society at large, and the concerns that confront the world’s fisheries nowadays, governance
of small-scale fisheries requires deep, as well as new, thinking rooted in key principles relevant
to the sector. Governance principles for small-scale fisheries must be different from those associated
with large-scale fisheries, but not necessarily unique for small-scale fisheries. Small-scale fisheries
are a way of life for the millions of people who depend on them, whose livelihoods and human
rights must be secured. In other words, small-scale fisheries and the people employed in them
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are important in themselves. That requires governance mechanisms that are people-centred,
community-oriented, culturally sensitive, and democratically structured. Second, governance
must aim to realize the potential of small-scale fisheries as a sector, along with their important
contributions to the overall social and economic well-being of the entire society. For this reason,
they are too important to fail. Their profile should be elevated. They should not be considered
a marginal sector, left to fend for themselves. In both instances, they need collective actions
and representations at all scales, i.e. from within the communities as well as at regional, national
and international scales. They also need a solid backing, not only by governments but also by
civil society organizations. Given the processes that are now occurring within international bodies
such as the FAO where countries in many instances seem to underestimate the challenges faced
by small-scale fisheries as well as opportunities available to them, their future is far from secured.
Appropriate governance mechanisms and suitable platforms need to be fostered to enable small-
scale fisheries to speak up against power, indifference and ignorance. For that, they need to be
empowered through various individual and collective capacity development programmes.

While environmental organizations have a role to play in fisheries governance, their
actions must be critically examined since it cannot be assumed that they will always have the
interest of small-scale fisheries in mind. In many instances, they have agendas that go against
those of small-scale fishing people, as can sometimes be seen in the case of marine protected
areas where small-scale fisheries are seen as part of the problem rather than a solution. There
are examples around the world where small-scale fishers have been pushed aside in the name
of conservation, thus denying them the opportunities to feed themselves (Mascia et al., 2010;
Isaacs, 2011; Rees ef al., 2013). Such initiatives go against the human right to food concept.
However, there are instances where synergies have been created between marine protected areas
and small-scale fisheries to achieve both conservation and sustainable livelihoods goals (see, for
instance, Jentoft ef al., 2012). Focusing on a single goal without consideration on others often
results in mistrust, resentment and conflicts, affecting both the processes and the outcomes of
such initiatives. These are, in many respects, the reasons why marine protected areas fail to
deliver (Chuenpagdee et al., 2013).

Governance principles for sustainable small-scale fisheries are well articulated in the new small-
scale fisheries guidelines (FAO, 2015). Rooted strongly in international human rights standards
and existing tenure rights, they include general principles related to human dignity, respect
for cultures, non-discrimination practices, equity and equality, meaningful participation, rule
of laws, transparency and accountability. In the context of fisheries governance, the human rights
based approach represents a new perspective on small-scale fisheries governance that has not
been highlighted before. Small-scale fishing people have both individual and collective rights.
Securing those rights, for instance through the rule of law that guarantees their customary practices,
is essential not only in the context of providing viable livelihoods and food security but also in
creating safe working conditions and living environments, free from external encroachment,
including human trafficking. Fisheries governance is also about protecting and encouraging their
rights to express their opinion, to organize and to be involved in the political process, as essential
to social justice and freedom (Sen, 2009; Jentoft, 2013).

The governance principles expressed in the small-scale fisheries guidelines are to be
implemented in concert with other guiding principles such as precautionarity and sustainability,
using holistic and integrated approaches that promote ecosystem health, social responsibility and
economic viability. These two principles, in particular, would involve a broader perspective —
one that goes beyond ecological considerations to one that also includes, and emphasizes, the
social and cultural aspects of small-scale fishing communities, who are often equally vulnerable
as the natural ecosystems. As was originally emphasized for instance by the so-called Brundtland
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Commission (United Nations, 1987), the conservation of nature cannot realistically be obtained
if the issues of poverty are left unaddressed. People who starve will tend to overfish if fishing
is the only way to feed themselves, despite their innate stewardship ethics (Nguyen and Flaaten,
2011). For instance, marine protected areas that do not take poverty issues into account are
likely to fail due to lack of compliance (Isaacs, 2011; Onyango, 2011). For the most part, major
institutional reform will be required to enable the implementation of these principles, which
may not be easy but is necessary if nations are serious about securing rights and sustainability
of the small-scale fisheries sector. Resistance may also be expected, particularly if such change
invokes conflicts with how things have always been and when only the benefits of large-scale
fisheries, and related enterprises, are considered. Some coordination and cooperation will need
to be facilitated, along with awareness raising, to garner support from the general public and
civil society organizations.

In addition to the principles promoted in the small-scale fisheries guidelines, others have
been suggested by social science research in small-scale fisheries. In Jentoft and Eide (2011), for
instance, a dexterity principle is called for to deal with the diverse ecological, social and political
context associated with small-scale fisheries. Governance based on the dexterity principle is
sensitive to details and the local context, while taking into account the importance of fisheries
to small-scale fishing people’s livelihoods. In support of the dexterity principle, the subsidiarity
principle offers legitimate reasoning for stakeholder involvement in fisheries governance (McCay
and Jentoft, 1996). Referring to how decision making should take place where the problem is
experienced and where many of the solutions may be found, the subsidiarity principle suggests
that management authority should be vested at the lowest possible organization. Also, decisions
about resource extraction and allocation should reside at the same level (Bavinck and Jentoft,
2011). This suggestion reflects the realization that states are, for the most part, incapable of
addressing all the issues pertaining to small-scale fisheries on their own, or even if they could,
it may not be sufficiently timely or effective. It should be noted that the subsidiarity principle
does not preclude the states from delivering services that they are responsible for and must
continue to provide (Jentoft and Eide, 2011). In fact, most of the paragraphs in the small-scale
fisheries guidelines start with a sentence, ‘State should. . .,” which suggests that the state has a
broad responsibility vis-a-vis small-scale fisheries, including the realization of the subsidiarity
principle. As a step in this direction, co-management schemes should be promoted by the state,
with the provision of enabling legislation as well as the organizational capacity to make this
management system implementable and effective.

Concluding thoughts

Given the dismal situation of small-scale fisheries in many parts of the world, the ‘urgency
principle’ is deemed essential. Small-scale fisheries can no longer be ignored. They are simply
too big and too important in world fisheries, from ecological, social and cultural perspectives.
Similar to other sectors addressed in the Millennium statement, efforts to alleviate their situation
cannot be postponed. As argued by Jentoft and Eide (2011), small-scale fisheries, especially those
in impoverished conditions, are vulnerable to the changing circumstances taking place around
them. But that is not the only reason why good governance thinking and proactive policies
that support their sustainability are needed. As previously argued, their contribution to poverty
alleviation, food security and ecosystem stewardship needs to be maintained and promoted. Failure
to do so will have negative consequences on small-scale fisheries, further marginalizing small-
scale fishing people and undermining their prospects and future, including damaging numerous
communities around the world that depend on them.
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Governability is an analytical lens provided by the interactive governance theory to help
address these concerns. A governability assessment involves an examination of the overall
quality of the governance system and its ability to deliver what it sets out to do (Kooiman,
2003; Jentoft and Chuenpagdee, 2015). It takes into account the basic characteristics of small-
scale fisheries, in terms of diversity, complexity, dynamics and scale associated with their biological,
social, economic and political dimensions. The analysis also includes an examination of the fit,
responsiveness and performance of chosen institutional arrangements. It helps to understand the
extent to which existing institutions and governance systems contribute to facilitating or
inhibiting the quality of governance relevant to small-scale fisheries. For example, it asks whether
instruments such as individual transferrable quotas promoted to manage large-scale fisheries are
really suitable for small-scale. Finally, the governability assessment pays close attention to the
meta-order elements of governance, such as the fundamental values, images and principles
influencing how people behave and act, arguing that they are the essence of what makes fisheries
more or less governable. An analysis of current governance discourse, e.g. what principles and
practices underlie key policies and decisions, how they materialize in governing institutions
and strategies, as well as how closely they relate to those of small-scale fishing people, fall within
the purview of the governability assessment.

Both ‘soft’ approaches in detecting and understanding values, images and principles of fisheries
stakeholders and ‘hard’ approaches from governments at local, national and global levels are
required to achieve the goal of securing sustainable small-scale fisheries. The governability assess-
ment offers a thorough analysis of where the opportunities for intervention in the fish chain as
well as in the governing system exist. Such analysis helps determine what needs to be done to
address social justice and power imbalance issues, and to design institutions and governance
mechanisms that foster the viability of small-scale fisheries. The realization of this depends largely
on the commitment of the government to act responsibly and with determination, and in accord
with the guidelines and principles suggested in the FAO guidelines for small-scale fisheries.
Governments must not only want the goals of sustaining small-scale fisheries, they must also
want the means that would be required in order to fulfil them. The voluntary nature of the
guidelines raises some concern about how it will be implemented. The experience in the North
of what has happened in small-scale fisheries may signal what may happen to those in the
South, which is not a positive experience. It will take effort from all parties, including civil
society organizations and research institutions, to turn adversity and antagonism into opportunities
and synergies that help conserve and protect small-scale fisheries and their future, for their own
sake as well as for society at large.
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17
MARICULTURE

Aquaculture in the marine environment

Selina Stead

Introduction

This is an exciting period for the global aquaculture industry as one of the fastest-growing food
producing sectors. In 2012, the aquaculture sector provided almost half of all fish for human
food (FAO, 2014). This chapter provides a broad overview of marine farming as a multi-species
and diverse industry that transcends complex biomes, ecosystems, governance arrangements and
social acceptability levels, to mention only a few of the current and future issues impacting
development.

Mariculture, farming of aquatic organisms in the marine environment, is increasingly being
considered by governments and non-governmental organisations as a potential solution to
addressing some of the world’s common and bigger societal issues, namely, food security and
income generation. As a commercial sector, aquaculture is relatively young, 4-5 decades, with
the Atlantic salmon, Salmo salar L., being the most intensely farmed in seawater (Figures 17.1
and 17.2). Interest in culturing other marine species such as aquatic plants, e.g. seaweed,
Kappaphycus striatum, in Zanzibar (Figure 17.3), molluscs including oysters, Crassostrea gigas in
Scotland (Figure 17.4) and various finfish is growing, unlike the availability of appropriate coastal
and marine space for farming purposes.

Aquaculture attracts a lot of media attention where arguably it is presented more commonly
in a negative context especially in terms of environmental impacts and sourcing of feed
ingredients. In contrast, positive benefits such as aquaculture providing an alternative or supple-
mentary form of protein and livelihood option receives less coverage. Aquaculture as a global
food production sector could do more to improve awareness about the benefits associated with
aquatic farming. This is important because it is harder to communicate benefits of food pro-
duced under water which most people will not see compared with its terrestrial counterpart,
agriculture which is more visible and better related to by consumers.

This chapter aims to present a broad overview of mariculture. The first objective and focus
of the next section is to describe production trends at different geographical scales including
global, regional, national and local level examples to help identify emerging patterns in
production. The second objective is to identify constraints to development of the sector
through reflecting on issues identified in developed countries and lessons learned using a case
study from a developing country before the final conclusions section.
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Figure 17.1 Photograph of a seawater salmon, Figure 17.2 Photograph of a freshly processed
Salmo salar L., cage on the west coast of Scotland salmon, Salmo salar L., farmed on the west coast of
Scotland

Figure 17.3 Photograph of a seaweed Kappaphycus ~ Figure 17.4 Photograph of the non-native Pacific

striatum farm in Zanzibar, East Africa oyster, Crassostrea gigas being cultured on the
west coast of Scotland. The Pacific oyster is
preferred for aquaculture rather than the native
oyster Ostrea edulis

Production trends

A global overview

Up to the last decade (2000-2010), estimates have shown an overall surplus of meat from cattle,
poultry and pork, as sources of protein, in meeting the predicted global human population’s
needs. Supplies from these terrestrial sources and their ability to meet human demand are reaching
a limit, more quickly than predicted in the case of some countries. Many governments are looking
at opportunities to expand production to provide sources of aquatic protein to meet any short-
falls from availability of meat. With fish remaining the most traded food commodity worldwide
(FAO, 2014), access to new markets especially given emerging changes in international trade
patterns will require a more integrated socio-economic and environmental evidence base to
support effective management and governance efficacy. Human behavioural drivers influencing
production trends including tenure security, market access, human rights and traceability in the
food supply chain are more widely acknowledged as important determinants to the future growth
of aquaculture around the world. Although beyond the scope of this chapter to detail these
influences on aquaculture production, more information can be found in the following report,
FAO, 2014 and should be considered in any future development planning of the sector.
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Approximately 89 per cent of all global aquaculture (freshwater, brackishwater and marine)
production, measured by volume of species farmed, occurs in Asia, with China accounting for
more than 60 per cent in 2010 (FAO, 2012). The majority (88 per cent) of worldwide pro-
duction is focused in the following countries, mostly Asian: Bangladesh, India, Indonesia, Japan,
Myanmar, Thailand, the Philippines and Vietnam (FAO, 2012). In 2010, aquaculture production
worldwide was estimated to be worth US$119 billion, a record level of 60 million tonnes
(excluding aquatic plants and non-food products), according to figures reported by FAO
(2012). In terms of trends in global consumption, farmed fish consumption, per capita on a
global scale increased from 1.1kg in 1980 to 8.7kg in 2010 (7.1 per cent average rate of increase
per annum) with demand estimated to continue rising (FAO, 2012). Values available in 2014
show 66.6 million tonnes of food fish were produced with estimates for 2013 expected to reach
70.5 million tonnes (FAO, 2014). Production trends vary significantly around the world
depending on: biophysical features of coastal areas that determine the species that are suitable
for mariculture, economic conditions, social factors, management efficacy, governance systems
in place, political and technological impacts among others.

Around 17 million people (3 per cent of the world’s population) are involved in fish farming,
with 97 per cent of those engaged in finfish aquaculture living in Asia, followed by Latin America
and the Caribbean (1.5 per cent), and Africa (1 per cent), according to FAO (2012). This report
showed the number of people engaged in fish farming had increased by 6 per cent per annum
compared with 0.8 per cent per year for those in the capture fisheries sector over a five year
period (2005-2010). Noteworthy is employment in capture fisheries is stagnating or decreasing
while aquaculture is providing increased opportunities (FAO, 2012). However, although the
largest decrease in individuals engaged in capture fisheries on a global scale occurred in Europe
(2 per cent p.a. between 2000 and 2010) there was little to no increase in people employed in
fish farming (FAO, 2012) suggesting minimal transfer of personnel between the fisheries and
aquaculture sectors. Recognising this trend in Europe, a conference was organised in Vigo in
2009 specifically to address opportunities for the fisheries sector to invest in developing aqua-
culture (Stead, 2009). Africa during the same period had a 6 per cent increase in people’s
involvement in fish farming, followed by Asia (5 per cent), and Latin America and the Caribbean
(3 per cent). According to the FAO in 2014, Brazil has improved its global ranking significantly
in recent years in terms of food fish production.

In 2010, FAO (2012) reported the least-developed countries (LDCs) have the smallest
involvement in aquaculture (4.1 per cent by quantity and 4 per cent by value), thus less access
to benefits associated with related food security and income generation. These were mostly in
sub-Saharan Africa and in Asia. They include Bangladesh, Myanmar, Uganda, the Lao People’s
Democratic Republic and Cambodia, developing countries in Asia and the Pacific (Myanmar
and Papua New Guinea). In sub-Saharan Africa the list includes Nigeria, Uganda, Kenya, Zambia
and Ghana. In South America, Ecuador, Peru and Brazil have been highlighted. All these countries
have efforts towards expanding development to become significant aquaculture producers in
their regions with varying rates of success. A major challenge is having a comprehensive
aquaculture development strategy that has the political will and financial support to optimise
opportunities that match market conditions. In contrast, developed industrialised countries have
seen a decline in production levels from 22 per cent in 1990 to 7 per cent (4 mt) by quantity
and 14 per cent (US$17 billion) by value in 2010. One exception to this trend is Norway,
where, Atlantic salmon (Salmo salar L.) aquaculture in marine cages increased from 151,000
tonnes in 1990 to over one million tonnes in 2010 (FAO, 2012).

According to the FAO (2012), marine finfish aquaculture only represented 3 per cent or
2 million tonnes (mt) of global aquaculture production with freshwater finfish comprising the
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majority (56 per cent and 34 mt), followed by molluscs (24 per cent, 14 mt), crustaceans
(10 per cent, 6 mt), diadromous fishes (6 per cent, 4mt), and other aquatic animals (1 per cent,
0.8 mt) in 2010. Mariculture accounted for approximately 29 per cent of world aquaculture
production by value compared with 62 per cent being comprised of freshwater species.
Brackishwater aquaculture makes up 8 per cent in terms of quantity, equal to 13 per cent by
value due to the high value of marine shrimps (FAO, 2012).

In summarising worldwide production trends over the last 50 years, growth of the aquaculture
sector was slowest during the 1970s, 1980s and 1990s. This was due to early piloting stages for
many different species to test their appropriateness for up-scaling to commercial levels of culture,
finding the best technologies that were cost-effective and optimising growth performance under
varying conditions. Knowledge of species with specific growth rates that returned greater profits
for the investor (reached market size in a short time) was a priority objective during this period.
Efforts to improve production continue to focus on improving husbandry and feed formulations
to achieve: good food conversion rates and growth performance; robust life history strategies
that are elastic and can tolerate high stocking densities among many factors; resistance to disease;
enhanced desirable genetic traits and good palatability of end products that appeal to a wide
range of consumers. Increased awareness about animal welfare including recommendations on
stocking densities, how animals are handled and killed have particularly influenced the way in
which the aquaculture sector operates its production units. Health and safety of personnel and
species grown in aquaculture has also received considerable attention in the last two decades.
Retailers have influenced calls for traceability of products demanding, for example, evidence
that organisms are fed from sustainable feed sources, which led to various certification schemes
being introduced.

Feed is considered to be a major constraint to expansion of global aquaculture development
and for some species such as the Atlantic salmon feed can represent nearly 50 per cent of pro-
duction costs. Improvements in the number of finfish requiring to be fed from artificial sources
continues as research in this field is realised and translated to development of the sector with
around 33 per cent of fish being fed diets including artificial ingredients in 2010, compared
with 50 per cent in 1980 (FAO, 2012). This decrease is due partly to improved diets resulting
in better food conversion rates. Furthermore, one-third of the world’s cultured food fish harvested
was without the use of artificial feed, mainly through production of bivalves and filter-feeding
carps (FAO, 2012).

Thus two further major constraints to development of the sector globally are: 1) matching
production levels to target market demand to reflect dynamic changes in consumer preferences
and perceptions; and 2) applying good governance principles to improve decision making about
aquaculture management. The latter constraint includes aquaculture policies needing to better
integrate some of the unique characteristics of the sector by providing, for example, incentives
for new and smaller businesses to have access to financial and business support to initiate a variety
of production models. In developing countries such as Africa, there is a growing consensus that
aquaculture should be developed as a commercial activity and private enterprise encouraged —
see the FAO (2014) report for more information.

Advancements in research and development on husbandry, feeding, immunology, production
technology, processing, packaging and logistics to mention only a few activities important to
the value-chain continue to develop; however, the rate of growth for the aquaculture sector
in some regions continues to be relatively slow. This is especially the case in Europe which
will be discussed later in this chapter.
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Regional trends

Brief overviews of aquaculture production levels for different regions are presented in this section
using statistics from FAO (2012) and recent observations during fieldwork. The aforementioned
report states although there have been improvements in some geographical areas regarding
systematic collection of data and analyses, around 30 per cent of 190 countries failed to submit
national aquaculture production statistics. Therefore caution should be exercised in using these
trends reported herein beyond the purpose for which they are intended; that is, the information
is used to give context about regional differences to try and identify constraints influencing
production trends. Nonetheless general patterns are described and some gaps are filled using
data from a range of sources to provide an indication of relative changes in production levels.

Asia

As indicated earlier, most aquaculture occurs in Asia, home to 89 per cent of worldwide
production in 2010 with China accounting for more than 60 per cent (FAO, 2012). The main
Asian producing countries are Bangladesh, India, Indonesia, Japan, Myanmar, Thailand, the
Philippines and Vietnam, dominated by finfishes (65 per cent), followed by molluscs (24 per
cent), crustaceans (10 per cent) and other species (1.5 per cent; FAO, 2012). With the current
high levels of interest in vulnerable small-scale fisheries sectors, especially in Asia, non-
government organisations such as the Haribon Foundation in the Philippines with whom
I continue to collaborate (Lavides et al., 2010) are exploring with fishery-dependent communities
the opportunities for introducing aquaculture as an alternative or supplementary livelihood.
In the past, many aquaculture livelihood programmes have been introduced in this and other
parts of the world without a fuller understanding of the socio-economic variables that contribute
to successful adoption of aquaculture in addition to knowledge needed about the environmental
considerations (Slater et al., 2013; 2014). This lack of a socio-economic context led to many
failed aquaculture projects aimed at alleviating poverty in communities due to human behavioural
drivers not being considered as part of introducing livelihood initiatives. In aquaculture liveli-
hood programmes where communities were selected based on their vulnerability to food
insecurity, for example, high dependence on depleted fisheries, with the aim being for aqua-
culture activities to provide food security and/or a source of income, failure of these programmes
can compound problems and hardship. Issues might include lack of trust in individuals being
unwilling to consider aquaculture at a future date if projects fail. A greater emphasis is now
being placed on integrated approaches to introducing community-based aquaculture where equal
consideration is given to the social, economic, environmental, policy, legal and technological
dimensions of production (Stead, 2013).

Oceania

Oceania makes a minor contribution to global aquaculture production levels compared to other
regions previously discussed and farms mostly marine molluscs (64 per cent in 2010, a decrease
from 95 per cent in the early 1980s) and finfishes (32 per cent). The major countries involved
are Australia and New Zealand which mainly farm Atlantic (Salmo salar) and Chinook salmon
(Oncorhynchus tshawytscha), respectively. Freshwater aquaculture accounts for <5 per cent of the
Oceania’s production (FAO, 2012). Major constraints to development in this region have been
identified as: lack of high quality genetic seed stock and the need for higher levels of expertise
in feed technology.
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In New Zealand, reasons presented around the debate on whether the country should expand
mariculture or not can be partly explained by the historic arguments over uncertainty perceived
by some over ownership of the foreshore and seabed. There is also opposition from a range of
protesters particularly in relation to expanding salmon aquaculture in New Zealand that include
environmental advocates, inshore fishers, recreational anglers, holiday home owners and tourism
companies. The uncertainty over sea and ocean tenure including wide ranging debates on
how to value natural resources including marine environments is a common debate around
coastal parts of the world. Not dealing with this uncertainty is a barrier to many countries in
their efforts to attract investors, especially international companies to help build the mariculture
sector. In contrast, Tasmania continues to attract investment in developing its aquaculture sector,
including for investment for expanding salmon production.

North and South America

In North and South America aquaculture in terms of production volume is mostly finfishes
(58 per cent), crustaceans (22 per cent) and molluscs (20 per cent), and according to FAO (2012),
South America is expanding its aquaculture development especially in Brazil and Peru. This is
in contrast to North America which has maintained production levels in the past few years
although this is changing. In North America estimates state that around 84 per cent of sea-
food is imported to meet consumer demands as the aquaculture industry is dominated by
freshwater farms rearing catfish and carp. There is growing interest in developing mariculture
to meet the rising demand for seafood in North America and the National Oceanic Atmospheric
Administration developed a marine aquaculture policy in 2011 to aid development of the sector.
Furthermore, future changes to trade routes as a result of climate change and possible new routes
opening through the Arctic could influence the ratio of imports to exports in North America.
In South America, there has been increased interest particularly in investment from international
companies to research and develop new species, methods and technologies. Clams, mussels and
oysters are being explored especially in Brazil where conflicts surrounding shrimp aquaculture
have influenced perceptions and attitudes about future sustainability of aquaculture production.

Europe

Mariculture in Europe has increased from 56 per cent of total aquaculture production in 1990
to 82 per cent in 2010 influenced mostly by expansion of the marine cage culture of Atlantic
salmon (Salmo salar; FAO, 2012). Finfish aquaculture represents 75 per cent of all European
aquaculture production with the remaining 25 per cent largely comprised of farming molluscs
(FAO, 2012). European producers have either maintained their current levels of production
over recent years or left the sector, especially in the case of the marine bivalve sector, e.g. in
Scotland a number of mussel, Mytilus edulis, farms ceased trading in 2013 (personal observation).
The proportion of bivalves in terms of total production in Europe has continued to decline
from 61 per cent in 1980 to 26 per cent in 2010 (FAO, 2012). Mussels were predicted to be
one of the fastest growing sub-sectors of mariculture, thus this decrease was unexpected but
illustrates some of the negative impacts of natural (unseasonal blooms), economic (decreased
price), social (low consumer demand) and technological (production levels not cost-effective
with available methods) influences that can be difficult to mitigate.
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Africa

Like Europe, Africa is dominated by finfish aquaculture (99.3 per cent by volume in 2010 accord-
ing to FAO, 2012), with only a small percentage of production arising from marine shrimps and
marine molluscs. Overall, African aquaculture production has increased from 1.2 per cent to 2.2
per cent in the last ten years whereas freshwater finfish farming declined from 55 per cent to
22 per cent in the 1990s but was again slowly increasing to 40 per cent in 2010 due to develop-
ment in sub-Saharan Africa, namely: Nigeria, Uganda, Zambia, Ghana and Kenya (FAO, 2012).
To date, there is a lack of success stories in this region for providing evidence to persuade larger
scale investment in diversification from finfish with more unsuccessful than successful examples
to draw on. To illustrate, in 2011, disease outbreaks were responsible for failure in marine shrimp
farming production in Mozambique. In contrast, an international company called Aquapemba
was the first to set up a pilot coastal cage farm to grow the marine finfish, Dusky Kob (Argyrosomus
Jjaponicas) in Pemba Bay in Northern Mozambique, yet the latter received less media coverage
and support than the former. Major constraints to development of the mariculture sector include:
limited microfinance and small loans especially to purchase feed; lack of capital and investment
especially from larger and more experienced investors; natural events causing destruction of equip-
ment, for example, storms damaging cages; risk of theft; training opportunities limited in aqua-
culture; availability of a regular supply of good quality seed stock; market intelligence; lack of
aquaculture-related policies; and negative perceptions of aquaculture. This is not an exhaustive
list and constraints will vary according to the size of the operation, intensity of difterent species
farmed and geopolitical characteristics. What is clear is that Africa needs to rethink how best to
build its aquaculture sector and, according to the FAO (2014), commercial growth including
private investment is the way forward.

In the Western Indian Ocean and islands off East Africa there has been growing interest in
invertebrate mariculture, namely sea cucumber (Holothuria scabra) farming where community-
based projects have been set up in Madagascar and piloted in Zanzibar, a semi-autonomous part
of Tanzania. The Seychelles is also exploring the potential to set up commercial production of
sea cucumbers in 2014 (personal communication). The next section presents a brief overview
of a case study from the Western Indian Ocean to share some of the lessons learned from piloting
community-based mariculture (Slater ef al., 2013; 2014; Stead, 2013).

Developing country case study: piloting community and
private based partnerships to address poverty alleviation using
sea cacumber aquaculture in Tanzania

Aim
In 2009, the Leverhulme Trust funded a pilot project with the overarching aim to investigate
whether poverty eradication could be addressed through a community-led aquaculture develop-
ment project in partnership with a University and private business enterprise in Tanzania. This
was a three year project that started in 2010, working with Professor Yunus Mgaya (University

of Dar es Salaam, Tanzania) and with a postdoctoral researcher, Dr Matthew Slater (Slater ef al.,
2013; 2014).

Approach and expected outcome

The main approach adopted to address the project aim was participative governance (Stead,
2005a). The philosophy underpinning this approach was to provide a participatory forum so
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that individuals and groups with an interest and/or who might be impacted and/or could benefit
from the expected project outcomes were given the opportunity to be involved in the decision-
making process of the project from the agenda-setting stage and throughout until its completion
when funding ended.

The expected outcome of the project was to develop and pilot a method that employed
good governance principles (e.g. cohesiveness, openness, participation, effectiveness and
accountability) to identify social (e.g. perceived interest in aquaculture as a livelihood) and
economic (e.g. income generated through farming sea cucumbers) drivers to introducing sea
cucumber aquaculture in coastal communities in Tanzania. Local conditions, cultures, practices
and political sensitivities were identified and taken into consideration when designing survey

instruments and activities.

Objectives

Five broad objectives were used to focus implementation of the research methods to: 1) develop
an adaptive learning process for introducing community-led sea cucumber aquaculture using
an interactive communication process between researchers, policy makers, private investors/
partners and community members; 2) build a stakeholder-led process to support the structure
and type of sea cucumber aquaculture operation desired by a local community; 3) construct
a user-friendly framework to aid managers and researchers in how to analyse results from a
community-led aquaculture development project; 4) identify future constraints to development
including guidance on communication of lessons learned; and 5) understand considerations of
regulatory and governance frameworks that impact private partners’ involvement.

An important part of the community-led project was to set up a pilot sea cucumber hatchery
and to attract a private partner. Larval rearing activities commenced in November 2010; however,
production of sea cucumber juveniles was not optimised, partly constrained by withdrawal of
the private partner and commercial support, limitations of infrastructure (unreliable seawater
supply and unstable electricity supplies) and resource constraints. Cage construction of sea
cucumbers and pilot farming workshops were undertaken nonetheless to show interested
individuals what would be involved if a successful hatchery operation could be realised.

Main project outcomes

Lessons learned in initiating an aquaculture community-based project

Establishing a good working relationship between the main project partners, Newcastle
University (UK) and University of Dar Es Salaam (Tanzania) in advance of the project starting
was considered a priority to ensure that expectations from all involved were established and
taken into consideration in tailoring the fieldwork. In particular, identifying key personnel who
could dedicate time to the project and had an established relationship with the communities
we worked in helped to facilitate progress.

Attending and presenting at a national workshop on aquaculture in Tanzania in 2009
(Stead, 2009) in advance of the project starting, provided an excellent opportunity to raise
awareness about the community-led approach being developed for sea cucumber aquaculture,
establish contacts at a local, national and international level, especially with prospective key
informants.

The aims and findings were presented in person and orally to village members at the start
and before the project finished, taking into account sensitivities around those with a lower
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educational background. Ilustrated reports were supplied to village members, village councils
and local authorities. Face-to-face meetings were effective in providing an opportunity to enthuse
locals about the project and resulted in providing a forum for successfully recruiting willing local
volunteers for the aquaculture pilot studies and extension work during the initial stages.

Findings

The details of how social and economic drivers can influence willingness of individuals to consider
sea cucumber aquaculture can be found in Slater et al. (2013). The important lesson learned
was that when trying to motivate decision makers to consider aquaculture livelihood programmes
there needs to be a demonstration of what information individuals use when trying to decide
whether to get involved in aquaculture as an alternative or supplementary livelihood. Unless
this information is fully understood and used by policy makers then future aquaculture livelihood
programmes aimed at tackling poverty will continue to fail.

The main difficulty encountered in this project was achieving the continued support of
an investor. A private partner was identified and recruited to the project to help develop the
pilot sea cucumber hatchery to supply juveniles for on-growing in sea pens alongside coastal
villages; however, the private partner withdrew and ceased hatchery support, thus constraining
development of the production facility. There were numerous reasons given, including there
needed to be more research to ensure completion of the life cycle under cultured conditions
in the pilot hatchery in Tanzania before the company would justify investing more time and
resources. The private partner decided to invest in research and development on sea cucumbers
back at its main head quarters in South Africa, to address observed constraints to the current
hatchery set-up. Constraints identified were: unstable electricity supply, unreliable fresh seawater
availability, remoteness of hatchery location and difficulties with obtaining specialised diets for
early stages of development post-spawning.

Future research would need to address the set-up of a fully operational hatchery in advance
of community involvement unless alternative resources and funding can be found. This is because
interviewees expressed that it is important for communities to see a successful hatchery first
so that they know there will be a supply of juveniles they can purchase for on-growing (Slater
et al., 2013). Many projects on developing aquaculture as a livelihood have failed in the past
and the reasons why have not been fully understood; thus the lessons learned from this project
may help others working in the sustainable development of the aquaculture field.

In terms of how the five broad objectives were addressed we: 1) used semi-structured and
face-to-face interviews, focus groups, workshop meetings and participant observation to show
that an adaptive process with two-way communication between researchers, community
members, policy makers and private partners was important to maintain from start to finish to
facilitate openness and participation; 2) realised learned communities needed to see a successful
hatchery in operation before they were willing to commit and get fully involved; 3) identified
Bayesian Belief Networks to be useful for analysing socio-economic data (Slater et al., 2013);
4) were made aware of major constraints including a lack of incentives to attract investors and
insufficient resources to meet their infrastructure requirements; and 5) highlighted the importance
of regulatory and governance frameworks needing to be in place to reduce risk and uncertainty
in investment by private partners interested in community/private aquaculture development
partnerships.

The participatory governance principles applied to the process and methods used in this project
led to a user-friendly framework being designed to aid managers and researchers on how to
conduct community-led aquaculture (for further information refer to Slater et al., 2013, 2014).
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The framework is generic and may be used for other community-based aquaculture development
projects to help optimise the project outcomes. Before ending this brief overview of this project,
special thanks must also go to Mr Kithakeni and Dr Lugendo for their technical support. Thanks
must also go to all those involved in the project in Tanzania and the students who helped with
this work who so kindly gave their time and effort to help identify lessons learned for future
development of community-based aquaculture.

Conclusions

In general, most research in aquaculture, especially in developed countries has focused on the
science underpinning growth performance and technologies underpinning production. This
chapter does not outline advancements in the different technological fields related to aquaculture
as these topics were considered beyond the scope of this review and there are some excellent
sources of information available on this topic. Nonetheless the patterns described in regional
production trends will be significantly influenced in future by the availability of technological
expertise and the resources required to implement technological advances in practice. The most
successfully farmed marine species to date has been the Atlantic salmon, although part of its life
cycle is spent in freshwater. Much interest in expanding mariculture has focused on offshore
aquaculture; however the costs to implement some of the technological specifications to deal
with extremes of weather conditions, logistics and safety of personnel make this currently an
expensive option with low margins for profit based on current seafood market prices. Thus it
is more likely inshore mariculture will expand faster than the offshore sector. There are many
opportunities to examine how mariculture can be developed, especially as co-location options
with other sectors such as the renewable energy sector including the offshore wind industry,
in those countries where this is being promoted.

Increasing attention has been paid to aquaculture management where aquaculture is more
frequently included as part of plans using integrated coastal zone management or marine spatial
planning principles (Stead, 2005a). Although widely recognised that management alone cannot
address sustainability goals of aquaculture development as its focus is too narrow, there is growing
recognition about the need for a broader governance framework that can take into consideration
social, economic, political and market-related issues, to mention only a few (Stead, 2005b; 2009;
2012a; 2012b; 2013; FAO, 2014).

Approaches to enhancing or introducing aquaculture in developing regions have focused
more on technical production, with less effort placed on social, economic, political and market
related issues (Ahmed and Lorica, 2002; Stead, 2005a; 2005b; 2009; 2013). Growth rates of
aquaculture in some developing regions (e.g. Western Indian Ocean — WIO) and developing
countries (e.g. Tanzania) have been slowed by insufficient investment combined with lack of
knowledge on governance — decision-making processes needed to support management, research
and business capacity to strengthen this sector. Furthermore, when aquaculture programmes are
trialled, for example, in Africa, there can be a lack of context-specific data or focus on resource
availability, environmental, social and market conditions (Brummet and Williams, 2000; Eriksson
et al., 2012) at multiple governance levels (local, national and regional). Thus a major constraint
to advancing aquaculture in regions such as the WIO is the lack of a regional coordination unit
that includes all the aforementioned considerations, leading to interventions tending to be
uncoordinated, of an ad hoc nature and in the longer term unsustainable (Charles et al., 1997).

Mariculture if applied at the appropriate scale and context-specific has the potential to ofter
livelihoods and support sustainable development of marine and coastal environments if an
ecosystem’s approach to aquaculture (EAA) is adopted (FAO, 2010; Troell ef al., 2011). In
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conclusion, mariculture operations are commonly undertaken in isolation from other marine
sectors and aquaculture is not afforded the opportunity to play on a level playing field in terms
of access to support required to develop the sector. On a final note, unless there is a stronger
political will to promote mariculture with the resources required to implement advances made
through research and development, combined with effective communication strategies aimed
at increasing demand for farmed sources of seafood then the mariculture sector will not fulfil
its full potential in contributing to tackling global food insecurity.
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18
OIL AND GAS

Hance D. Smith and Tara Thrupp

Introduction

The development of offshore hydrocarbon resources has a long history, with small beginnings
in the closing decades of the nineteenth century, followed by rapidly increasing importance
after the Second World War, from the late 1940s onwards. This chapter begins by tracing the
stages of development of the offshore industry within the broad context of the global oil industry.
This is followed by an outline of the resources concerned, ranging from crude oil to natural
gas, as well as their innumerable combinations, taking due account of the key factors that influence
the estimation, production and consumption of these resources. The offshore oil and gas industry
is associated with the development of advanced technologies in a number of fields, ranging
from petroleum engineering on the one hand, to offshore engineering designed to overcome
the considerable obstacles to working in the marine environment on the other. This in turn
focuses attention not only on the complex interplay of environmental influences and impacts,
but also on the economic and social implications of offshore industry operations at various
geographical scales. Finally, the governance and management of the industry are discussed.

Development

From the beginning of the use of crude oil in the course of the nineteenth century, the
development of hydrocarbon resources beneath the seafloor has proceeded in parallel with the
much more extensive development on land. The reason for this is the extensive presence of
hydrocarbon-bearing geological formations that straddle present-day postglacial shorelines, often
with greater resource potential offshore compared to onshore, so that oil production onshore
could relatively readily be extended onto the adjacent continental shelf, at least close to the
shore. Particularly notable early developments included offshore Baku in the Caspian Sea,
where the first offshore waterproofed wells were sunk 20-30m offshore as early as 1824, with
much more extensive developments in the final two decades of the nineteenth century (Patin
1999); the Caspian was also associated with the first modern oil tanker, the Zoraster, built in
1878, which made its maiden voyage from Baku to Astrakhan in the same year (LeVine 2007).
A second significant development was offshore California in the 1890s (Yergin 1991). Later,
in the 1920s, offshore production commenced in Lake Maracaibo in Venezuela (Salas 2009).
In the long stage of global development between the 1870s and the 1930s, demand for oil was

269



Hance D. Smith and Tara Thrupp

notably driven by the replacement of whale oil by kerosene; and by naval interests with the
adoption of the steam turbine in the years before the First World War: oil was twice as economical
as coal for raising steam.

Moreover, oil was four times as economical as coal when used in internal combustion engines,
which played a decisive role in the expansion of demand throughout the next long stage of
development between the 1940s and the 1990s through its applications in land, sea and air
transport, together with developments in electrical power generation and petrochemical
industries. Thus much more significant offshore development commenced in the late 1940s
adjacent to the United States coast in the Gulf of Mexico in particular. Later, in the 1960s and
early 1970s, oftshore development commenced in the North Sea, initially associated with gas
production in the southern North Sea following the discovery in 1958 of the giant Slochteren
onshore gas field in the Netherlands. This precipitated the North Sea continental shelf cases
between 1965 and 1971, when the region was subdivided among the littoral states by median
lines. Most of the development of production took place in the United Kingdom and Dutch
sectors (Hutcheson and Hogg 1975). Other notable continental shelf developments occurred
at about the same time in the Persian Gulf and South China Sea (Figure 18.1).

Production of hydrocarbons from the marine environment is almost always more costly than
comparable developments on land. Thus a crucial circumstance driving offshore exploitation
was the step changes in the value of crude (Figure 18.2). Between the initial steep rise in the
crisis of 1973 and the early 1980s, the value of crude in the market had increased approximately
tenfold. Thus, towards the end of this second stage advancing technology associated with con-
tinuing high prices of hydrocarbons made it economical both to explore and begin exploitation
in much deeper waters beyond the continental shelf, extending well down the continental
slope (Figure 18.3), as the demand for both oil and gas continued its global expansion. For
example, between 1948 and 1973 world oil consumption grew sixfold; it continued to grow
thereafter, with gas becoming ever more important, as it was especially suited to national gas
grids in key markets such as the United Kingdom; as well as for power generation and in the
petrochemical industry.

The industrial structure of the offshore oil industry is part of the wider structure of the global
oil industry, but has distinctive and sometimes specialised components derived from the nature
of the marine environment, associated technological development and high costs. The basic
operations in the handling of oil and gas may be classified into five groups: exploration,
production, transportation, processing and distribution, the first three of these being especially
maritime-oriented. In the long-term development of offshore provinces such as the Gulf of
Mexico and the North Sea — a process that takes place over several decades — there is a distinctive
sequence of development, beginning with exploration and the development of the service
industry, primarily located in ports accessible to the offshore fields. This is followed by the
manufacture and installation of production facilities, which is the primary function of offshore
engineering. The next and longest stage is production and maintenance, which is followed
by decommissioning of offshore installations as the provinces gradually near the end of their
productive lives. For relatively small provinces with few fields, all of these stages may be part
of a single development phase. For large provinces, such as those already mentioned, there are
several iterations involved that overlap with one another in time. Thus in the North Sea,
for example, the gas fields in the south were developed first; followed successively by the oil
(and some gas) fields in the central and northern region; and followed yet again by the deep
water developments on the edge of the continental shelf and on the continental slope west

of Shetland.
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The combination of operations and stages led in turn to the emergence of an offshore industry
with four major components. First is exploration and the development of production.
Exploration begins with airborne aeromagnetic and gravimetric surveys aimed at delineation of
possible hydrocarbon formations detectable at the regional geology scale. This leads into seismic
surveying at local scales to map out the detailed geology, which is done by seismic survey ships.
Once promising geological structures are identified, the next stage is test drilling, using
exploration rigs, discussed further below.

The offshore engineering industry is the second major element of the offshore industry. It
begins with the building of mobile exploration rigs, including jack-ups and semi-submersibles;
and drill ships. Once fields are proved and production is decided upon, production facilities are
developed, including the building and installation of production platforms, pipelines and
associated equipment. On shore this involves the development of production platform yards,
module building yards and pipe-coating yards. In the case of smaller scale steel-based production
platforms and module yards, yards may be developed from conventional shipyards and other
dockside industrial facilities. Large-scale steel or concrete platforms require dedicated dry dock
yards adjacent to deep water such as the sea lochs of western Scotland and the Norwegian fjords.
Decommissioning facilities may be located adjacent to service bases — operational or redundant.
The offshore engineering industry shades into the wider engineering industry which supplies
a wide range of specialised equipment, notably the risers used to transport chemicals, muds, oil
and gas between the reservoirs and the exploration and production rigs on the surface.
Meanwhile, offshore engineering firms involved in construction of platforms in particular are
closely related to or even offshoots of the larger building and civil engineering industry
companies.

Exploration is developed in tandem with the build-up of the service industry, which then
continues throughout the production and, to a diminished extent, decommissioning stages. A
primary requirement is the availability of sea- and airport facilities around the clock at locations
that are readily accessible to the exploration and later, production locations offshore. In the
North Sea in the 1960s and 1970s, for example, the maximum geographical sphere of influence
of service industry ports was strongly determined by the geographical ranges of operation of
offshore supply vessels and helicopters respectively. These roughly coincided at around 350km,
the convenient overnight operating range of the supply vessels and the maximum operating
range of the helicopters then used to ferry personnel to and from the exploration rigs and pro-
duction platforms. Ashore, the service industry requires shore bases in port areas in all-weather
harbours with ample adjacent storage space for pipes, drilling muds and chemicals, and
engineering equipment warehouses. Also needed are engineering facilities and engineering supplies
and services, including diving; specialised drilling; and hydrographic, geophysical and engineering
surveying firms. Also important are transport services, including specialised oil service vessels
and tugs; cargo shipping services; rail transport and heavy road haulage, scheduled and charter
air services, and helicopter services. In the accommodation and catering field as well as housing
it may be necessary to establish temporary accommodation including work camps; as well as
contract catering, laundry services, and other functions.

The fourth and final element is the finance industry. Offshore exploration and production
are capital intensive, operating at the cutting edge of a whole range of technologies, with
concomitant demands on financing. Even individual field developments may run into billions
of US dollars, beyond even the largest oil companies’ abilities to undertake the risk involved
single-handed. Thus such developments are financed via specialised offshore divisions of large
banks, often operating as consortia to spread the risk; as well as dealing with the long time
horizons of such developments, which are measurable in decades.
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Defining characteristics of the offshore industry include its complexity and global scale of
operations. At the core of the industry are the major international oil companies and state-
owned oil companies of some of the major producing countries, notably Russia and major
members of the Organisation of Petroleum Exporting Countries (OPEC) such as Saudi Arabia
and Venezuela. Here major exploration and production decisions are taken, as well as manage-
ment of long-term production and decommissioning. The international oil companies are head-
quartered in a handful of major cities in North America and Western Europe, with exploration
and production divisions located adjacent to major production areas, in cities such as Houston
and Aberdeen. Exploration and production components of the industry are necessarily located
adjacent to major oil provinces (Figure 18.1). While specialised engineering is widely distributed
in the larger engineering industries, offshore engineering is also concentrated geographically
near a handful of offshore provinces, but operating at global level. Supreme is the US Gulf
Coast, followed by certain areas adjacent to the North Sea such as Scotland, north-east England
and southern Norway. Transport operates in a similar way, notably including the specialised
shipping divisions of large shipping companies and national-level rail and road haulage
organisations.

Resources and reserves

Hydrocarbons under the seabed are the same as hydrocarbons under the land. There exists a
huge group of compounds ranging from crude oil to natural gas, with innumerable combinations
of the two. Crude oil is refined into a large range of products, including kerosene, used as aircraft
fuel; gasoline and diesel; as well as providing feedstock for the vast range of chemicals produced
by the petrochemical industry, including plastics, industrial chemicals, dyes and detergents. The
most important natural gases include methane, ethane, propane and butanes. Methane is used
directly for domestic gas supply through gas grids; ethane is mainly used in the petrochemical
industry to produce ethylene, the most important manufactured organic chemical.
Hydrocarbons are mainly located in sedimentary rock formations that include combinations
of source rocks, such as shales and coal; reservoir rocks including shales and limestones; and
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massive cap rocks such as sandstones. The geographical distribution of some of these resources
on the world’s continental shelves is indicated in Figure 18.1. Migration of hydrocarbons takes
place from the source rocks to the reservoir rocks on geological timescales. The cap rocks prevent
continued migration upwards from the reservoir rocks, not only by virtue of their lithological
characteristics, but also by geological structures such as folds and faults, which influence the
dispositions of the three respective categories of rocks in such a way as to seal the reservoirs to
produce structural or stratigraphic traps. With the aid of seismic data it is possible to construct
reservoir maps in 3D as a first step in estimation of the material reserves present.

The calculation of recoverable reserves is a complex business that continues throughout the
life of an individual field as well as that of an offshore province consisting of many fields. To
begin with, only a proportion of the resources can be extracted from the reservoir, partly due
in the first instance to the nature of the hydrocarbons, together with the lithology and structure
of the reservoir itself. This is further complicated by the installation of the production facilities,
notably the disposition of wells relative to the pressure patterns in the reservoir, and the presence
or absence of drive mechanisms such as water underlying the hydrocarbons that may maintain
pressure for a considerable time; drive pressures may be maintained artificially as pressure drops
by, for example, injection of water to lengthen the productive life of a field. Computer-based
simulation modelling is used to predict the behaviour of fields using various well configurations
for example, bearing in mind that the economic lifetime of a field is likely to extend over several
decades.

Since the 1970s estimated production lifetimes of individual fields and provinces have tended
to increase in the course of production, due to improvements in the science of petroleum geology
coupled with advances in the technology of petroleum engineering, so that recoverable reserves
have tended to increase from around 30 per cent to around 50 per cent in some cases. Calculation
of material reserves for individual reservoirs may employ a number of methods, including
comparison with nearby fields, volumetric estimation and material balance. However, the most
important calculations are based on the production decline curve, based on monitoring of
production throughout the productive life of the field. For offshore provinces — key to national
interests — it is possible to simply calculate the resources in place by summing the data of the
individual fields present. However, more useful is the use of the proved reserves concept that
is used to predict production based on existing economic and technological circumstances at
the time of the initial calculation, without taking into account economic and technological
changes (van Meurs 1971). As a result, offshore production in areas such as the Gulf of Mexico
and North Sea has already lasted much longer than initially assumed (Odell and Rosing 1975).

Beyond the physical and petroleum engineering influences on reserve estimation are
economic factors. The starting point is the demand for hydrocarbons as reflected in the price.
As the marine environment is associated with high costs of production, exploration and
exploitation of offshore hydrocarbons only really took off in the early 1970s when the first
major rise in the price of crude took place; the pace of development tended to slow down
during periods of relatively low prices, most notably in the later 1980s and 1990s, accelerating
again in the first decade of the twenty-first century (Figure 18.2). Bearing in mind the decadal
lifetimes of individual fields and the even longer lifetimes of offshore provinces, it is difficult
or even impossible from an economic perspective to be precise about reserve estimation more
than a few years ahead. The economics of offshore hydrocarbon production is further
complicated by the role of the state, in which the ultimate ownership of the resources is invested.
This is discussed in the final section of this chapter.

In summary, the resources, and therefore reserves of offshore hydrocarbons are in practice
primarily the outcome of the interplay of the geology of the resources; the influence of petroleum
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engineering factors that come into play once production commences; the relatively long-run
role of the economics of the industry expressed in supply and demand (BP annual) mediated
through prices and costs; and the role of the state through national policies, which are underlain
by political factors (Sandrea and Sandrea 2007).

Technology

While the marine environment influences the nature of the reserves calculations profoundly
through its imposition of high costs of production, it most obviously influences the industry
through the specialised technology required to overcome obstacles of water depth and the dynamic
ocean—atmosphere system. This is subject to large-scale variations on a range of timescales
including short-term storms of various kinds, through longer term seasonal variations to even
longer term climate changes that affect both atmosphere and ocean. Technology may be usefully
discussed in relation to the operations of exploration, production, transportation, processing and
distribution already introduced above, with the focus on the sea for the first three of these
functions, and the coast for the second two.

For the exploration phase, aeromagnetic and gravimetric surveys are conducted from the
air. The marine influence really begins with seismic exploration, which is undertaken using
specialist survey vessels. For the ensuing test drilling, a primary requirement is for mobility of
the drilling rigs, which can be readily moved from one test well to the next. Thus in relatively
shallow waters, less than 100m deep, jack-up rigs are commonly used: the deck can float, and
the supporting legs can be raised when the rig is moved and lowered to the seabed when drilling.
For deeper parts of the continental shelf and upper parts of the continental slope just beyond
200m depth, exploration is largely effected using semi-submersible rigs that are self-propelled
and can be maintained in position using systems of anchors supplemented by thrusters. In the
deeper waters down to the seaward limits of the continental slope at depths of several thousand
metres, dynamically positioned drill ships are employed.

The decisive influence of water depth on design remains present during the production phase
(Chakrabati 2005). Although both jack-ups and semi-submersibles can be modified for the
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production stage, and piers built out from the shore were often used during the very early stages
of production noted at the beginning of this chapter, a range of mainly steel fixed and floating
structures are used for production. These include a range of steel jacket platforms piled into the
seabed, which are widely used on the continental shelves in the major offshore provinces. In a
few areas, such as the northern North Sea there are also between 20 and 30 concrete gravity
platforms equipped with storage capacity. Fixed structures in the form of flexible compliant
towers and tension leg platforms are used in deeper water on the outer edge of the continental
shelf and well down the continental slope. In the deepest waters semi-submersibles, floating
production storage and offloading (FPSO) technology, and spar platforms are employed. Subsea
completions are used at all depths: in shallower waters these are useful for exploiting small,
otherwise uneconomic fields that can be connected to existing pipeline systems. In deep water,
these are connected to floating systems such as FPSOs. By 2005 the full current range of water
depths had been reached (Office of Ocean Exploration 2010) (Figure 18.3).

In offshore transportation, an initial distinction has to be made between liquid crude oil on
the one hand, and natural gas on the other, bearing in mind that it is necessary to separate the
two for large-scale transportation. For gas, pipelines are essential, and are linked to coastal shore
terminals, which may be either connected directly to land grids or processing facilities, or used
for loading liquefied natural gas (LNG) tankers, such as at Braefoot Bay and Moss Morran adjacent
to the Firth of Forth in Scotland, which were respectively developed both for tanker loading
and siting of an ethylene cracker plant. In the case of crude oil, various configurations of pipelines,
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offshore storage and transport to shore by tankers are used. For small fields not near other fields,
and for the initial stages of large field developments dedicated tankers with or without oftshore
storage are likely to be most economical, for example in the case of the Brent field in the North
Sea, where a floating spar was employed during the early phase of development (Owen and
Rice 1999), although tanker operations are vulnerable to and often interrupted by adverse weather
conditions. For large-scale transport over long timescales, such as large individual fields and
groups of fields typical of oftshore provinces such as the Gulf of Mexico and the North Sea,
pipeline systems have been installed. These are linked to tanker terminals on the coast and may
also be directly linked to coastal or inland gas processing plants, refineries and petrochemical
plants.

Offshore exploration and production also requires a substantial range of ancillary technologies.
These include supply and standby vessels as well as helicopters; crane barges, barges for trans-
porting modules and other equipment, and accommodation barges during platform installation;
trenching and pipe-laying barges. Firefighting barges may be needed throughout both stages;
and crane barges are needed for both installation and decommissioning, when platforms are
dismantled. Deep diving technology and remotely operated vehicles (ROVs) are needed for
work on the seabed, for example, periodic inspections of platforms and pipelines. There are
many thousands of wellheads on the seabed, comprising many abandoned dry wells or wells
that have ceased production. Flare stacks are needed to regulate the flow of gas from reservoirs.

Finally, while the shore side of the offshore industry includes a vast range of technologies,
particular interest in the present context attaches to the construction of rigs and platforms. Small-
scale rigs and platforms may be constructed in existing shipyards or dockside facilities, but large-
scale steel and concrete platforms are assembled in purpose-built dry docks located adjacent to
deep water. Steel jackets are built lying on their sides on pontoons that are floated out of dry
dock and towed to the production location for upending and piling in the emplacement operation.
For concrete gravity platforms, only the base containing the storage facility is completed in the
dry dock before floating out into adjacent deep water. The legs are then slip-formed as the base
is ballasted, with the topsides added to the legs before towing out to the production location
for emplacement.

The marine environment

The design and operation of all offshore installations and related technologies are profoundly
influenced by the marine environment. This includes local surface winds; wind-generated local
waves; swell generated by distant weather systems including storms, hurricanes, typhoons and
cyclones; and currents, including surface currents generated by local storms, tidal currents, deep
water ocean currents, and non-storm-related currents that are site-specific. On the seabed pipelines
especially are at risk from scour and exposure by shifting sand moved by bottom tidal and other
localised currents. Risk assessment in design is likely to be based on relatively long timescales,
such as the once-in-a-century storm (Department of Energy 1974). There are also regional
contrasts, notably between the temperate regions of the North Atlantic that exhibit large-scale
seasonal variations in weather with storms concentrated in the winter months; sub-tropical and
tropical regions such as the Gulf of Mexico and South China Sea that are characterised by
hurricane and typhoon seasons respectively; and the ecologically fragile Arctic and sub-Arctic
seas and coasts. Global climate change may also be a consideration on longer investment decision-
making scales (Burkett 2011).

The environmental impacts of oftshore hydrocarbon operations (Boesch and Rabalais 1987;
Cairns 1990; Holdway 2002; Speight 2015) may be considered in relation to exploration,
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production, transportation, processing and distribution, together with decommissioning. These
may in turn be classified into two broad categories, namely, impacts associated with routine
operations on the one hand, and those concerned with accidents of various types on the other.
Impacts can also be specifically related to key elements of the environment: the atmosphere,
sea surface, water column, seabed and coast with their associated ecosystems. Many, but not all
of the impacts relate to pollution by crude or refined oils and associated drilling muds and
chemicals that persist to varying degrees in the marine and coastal environment. Much of the
information and data on oil in the marine environment relates to large-scale oil spills associated
with tanker accidents, most of which are not directly related to offshore operations.

In the field of routine operations, noise generation by seismic surveying impacts cetaceans;
and flaring poses a hazard to seabirds. Exploratory rig operation impacts the seabed through
anchoring. Service industry shipping and port operations are associated with routine discharges
from vessels and port facilities. Offshore, exploration and production drilling gives rise to large
quantities of drill cuttings and associated drilling muds deposited on the seabed surrounding
wellheads which both smothers the seabed and pollutes the immediate environment to a limited
extent, while produced water and minor oil and chemical discharges from the rigs and platforms
affects the sea surface and enters the water column (Bakke ef al. 2013). The building of coastal
installations including service bases, platform yards, terminals, pipelines and pipeline landfalls
and downstream plants such as refineries has major environmental impacts. These include
modification of land use, visual intrusion, noise, pollution, and modifications of ecology and
hydrology. Offshore, platforms, pipelines and wellheads impact the seabed directly; while sea
use conflicts are especially important in intensely used sea areas, notably in the case of fisheries,
navigation associated with commercial shipping and peacetime military operations, and aggregate
dredging. Many of these impacts, especially those associated with construction offshore and on
the coast, are large scale and long term, although the impacts of routine marine pollution appear
to be more limited in both time and location.

By contrast, the environmental impacts of major accidents are spectacular, although again
frequently relatively limited with regard to locational extent. The principal outcomes are large
oil spills associated either with blowouts or tanker accidents; explosion and fire associated with
rig and platform accidents that may or may not involve oil pollution, but are liable to lead to loss
of life; and loss of exploration rigs — again associated with loss of life (Alford ef al. 2014). In the
case of blowouts, the effects are variable and unpredictable: key examples include those of Ekofisk
in the North Sea in 1977, which did not catch fire and resulted in a large sea surface slick comprised
of light oil fractions that dispersed before reaching land; and the Ixtoc I blowout in the Gulf of
Mexico that was associated with an explosion and fire. Platform accidents have notably included
the Piper Alpha explosion and fire in the North Sea in 1988 that resulted in 167 fatalities and the
loss of the platform (Cullen 1990); and the 2010 Deepwater Horizon blowout, explosion and fire
that caused 11 fatalities and massive oil pollution of the water column and adjacent coasts (National
Commission 2011). An example of a large-scale pollution incident at a terminal was that of the
Esso Bernicia, which collided with a jetty at the Sullom Voe Terminal in Shetland (Scotland) in
1978, rupturing the ship’s heavy fuel oil tanks. However, the majority of serious tanker accidents
are not directly related to offshore operations, such as one of the best documented environmental
impacts of a tanker accident, the loss of the Braer offshore Shetland in 1993 (Ritchie and O’Sullivan
1994). Between 1955 and 1968 over 20 mobile drilling units had been lost in disasters (Chakrabati
2005), although the worst single accident was the capsizing of the accommodation platform
Alexander Kielland in the North Sea in 1980, with the loss of 123 lives.

The impact of oil on the ocean takes a wide variety of forms (Speight 2015). Chemical and
physical changes include among others, biodegradation, dispersion, emulsification, evaporation,
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oxidation and weathering, physical transport, sedimentation and spreading. At the level of
individual organisms such as seabirds, fish and benthic fauna, implications include ingestion;
tainting; lethal toxicity; development, growth and reproductive effects; and smothering. At
ecosystem level there may be bioaccumulation in organisms and sediment; changes in ecosystem
structure; and degradation of ecosystems. Hazards are particularly acute in coastal intertidal
wetlands and in benthic ecosystems on the sea floor.

Economic, social and political implications

The driving forces in development of offshore oil and gas involve the interaction of economics
and technology. At local and regional scales, development most obviously creates employment,
not only within the specialised sectors of the offshore industry itself noted above, but through
multiplier effects in a wide range of industries in the engineering and service sectors, including
specialised survey and engineering firms, accommodation, transport and finance. A large
proportion of the jobs created are highly skilled specialisms mainly concentrated in urban industrial
regions in the developed world: the most important regions are the Gulf Coast of the United
States and the littoral states of the North Sea, especially the United Kingdom. Even in such
areas, development of offshore engineering and service bases are necessarily often located in
rural areas lacking the skilled populations required. Thus development is associated with
substantial population movements into these locations from other parts of the country involved
and abroad. There is considerable urban expansion. A high level of skills coupled with the time
pressures of development lead to high levels of both personal and regional incomes. Regional
industrial structures become more diversified, and substantial pressures may be placed on pre-
existing industries that find themselves in competition with the oil industry for labour (McNicholl
1977).

It is at local and regional levels that the social impacts of the offshore hydrocarbon industry
are most evident (Button 1976; Lyddon 1976; Moore 1982; Wills 1991). The proximate driver
is the increase in employment, associated with rises in wages and salaries, which increases personal
incomes. This is allied to influxes of population, either temporarily on large construction projects,
where workers are housed in purpose-built camps or liners moored alongside construction sites;
or permanently in expanded urban settlements. The former creates social tensions; and the latter
greatly increases pressure on infrastructure due to the supply of housing and public services. In
rural areas in particular, political tensions may arise within communities driven by the desire
to increase employment, personal and regional incomes on the one hand; and the resistance to
development perceived as undermining other industries and the way of life on the other.

At national level the economic implications of offshore development are frequently significant,
even if the offshore industry is only a part of a larger onshore oil industry. In the major industrial
centres adjacent to the Gulf of Mexico and the North Sea in particular, the full range of oil and
related industries are present (Mackay and Mackay 1975). However, many of the important off-
shore developments are in countries and large regions that do not possess the full range of
offshore engineering industries, so that the direct exploitation of the resource itself is paramount
as, for example, in Alaska, Brazil, Nigeria, Angola, India and Sakhalin (Figure 18.1). Either way,
the offshore hydrocarbon industry evolves into a major sector in national economies, and it
becomes necessary to develop clear national policies for development. These may vary, an often
cited example being the contrasting depletion policies of the United Kingdom on the one hand,
favouring rapid development; and Norway on the other, where a relatively slow rate of
development was preferred (Earney 1992). Internal national political tensions may also arise
regarding the role of government in the promotion of the industry and the use to which large-
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scale government revenue deriving from the offshore industry may be put, ranging from support
for industrial development, through social programmes to creation of sovereign wealth funds
(Harvie 1994; Kemp 2011-2012; Smith 2011).

At global level it is notable that the share of world oil production from the marine
environment has steadily increased since its inception in the 1960s, first on the continental
shelves and latterly on the continental slopes; it is now over 30 per cent, despite the offshore —
especially the continental slopes — being a high-cost environment. At the time of writing in early
2015 the vulnerability imposed by high costs is becoming evident, with the postponement or
shelving of plans for deep water projects, although several of these continue to progress. Politically,
the development of offshore hydrocarbon resources was a driver in the extension of coastal
state jurisdiction negotiated for the Law of the Sea Convention between 1973 and 1982 at a
time when offshore developments were accelerating worldwide. A comparable mindset is also
currently driving national claims to sea areas in the Arctic Ocean as sea ice coverage progressively
shrinks. Existing or potential developments are sometimes a catalyst for political instability, for
example, in the Niger Delta region of Nigeria; and offshore the Falklands/Malvinas, where
Argentina regards current exploration licensed by the Falkland Islands’ Government within the
exclusive economic zone as illegitimate. Offshore oil operations have also been severely affected
by corruption in certain cases, notably in Brazil.

Governance and management

The offshore oil and gas industry has evolved to constitute a large part of the oil industry overall,
a truly global industry dominated, as already noted, by a relatively small number of transnational
and state-owned oil companies. These lead on the major investment and production decisions,
including the never-ending quest for new resources, where the marine environment has come
to represent a decisive area of operation. The dominance of hydrocarbons in the energy budget
of the global economy is also associated with the large practical role and political influence of
states in its governance and management, in the present context coastal states with substantial
resources within their maritime jurisdictions. A third group of stakeholders is to be found
in civil society, notably the voluntary organisations that campaign on oil-related issues; and
communities at local and regional levels that are impacted by offshore developments. The
geopolitics and decision making regarding offshore oil are complex, and lie largely beyond
the scope of this chapter. Rather the discussion is now focused upon the practical measures of
governance and management that mediate the relationships between the offshore industry on
the one hand and the marine environment on the other (Kemp 2011-2012; Bridge and
Le Billon 2013).

The first task for management is licensing of exploration and production, which occurs before
and during the exploration and subsequent production stages. For a coastal state, the continental
shelf is first generally divided into blocks for licensing. Exploration licences are issued for relatively
short periods to avoid licence holders simply hanging on to the licences without doing
any exploration, and use of the licences is governed by sets of conditions. Licences are often
issued in a series of rounds: during early stages of exploration, if states wish to have substantial
exploration activity under way quickly, this may involve licensing many blocks at the same
time, while in a mature province the rate of exploration can be influenced by simply issuing
relatively small numbers of blocks for licensing in successive rounds. The selection of blocks is
also influenced by the progressive increase in geological knowledge as the offshore province is
explored and exploited. Once production decisions are taken by oil companies, governments
then begin to issue production licences, also governed by sets of conditions, but necessarily
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extending over much longer time periods. Overall, the licensing system can be used by
government as a tool to encourage exploration and production and to vary the rate at which
these operations take place.

The second set of tools that coastal state governments use relates to taxation. Oil companies
are subject to normal company taxation, although by virtue of their transnational nature are
subject to double taxation arrangements among states, to avoid the companies being taxed more
than once. Normal state practice also involves levying royalties on the wellhead value of
hydrocarbons produced, which is generally levied at a low rate of not more than the 10-15 per
cent range. However, because of the very large scale of revenues associated with offshore
production, states also levy additional special taxes on oil companies operating within their marine
jurisdictions, such as the petroleum revenue tax and supplementary petroleum duty introduced
in the United Kingdom in the mid 1970s and early 1980s respectively (Rowland and Hann
1987). In the United Kingdom’s case this resulted in over 80 per cent of the income being
generated being paid as tax during the period of peak production in the early 1980s, although
big variations in the circumstances of individual field developments resulted in these being
individually ring-fenced for tax purposes. Taxation is thus a major influence on investment
decisions; during periods of low prices, such as the late 1980s and at the time of writing in early
2015, governments are pressurised to reduce the tax burden to maintain investment in the
industry. Taxation is also a major tool in depletion policy.

The third management field concerns offshore safety. As already noted, the industry operates
in a hostile environment at the limits of technological development. Early stages of development
are thus associated with putting in place increasingly comprehensive safety legislation governing
all aspects of working, although this lagged behind events in the North Sea case, for example,
where several accidents occurred before legislation was put in place. Offshore industry-specific
measures relate to design, construction and operation of all installations and engineering
equipment, together with specialised functions such as diving. In common with many industries,
although safety was a major consideration it was not generally fully integrated into production
systems. This changed with the Piper Alpha accident referred to above, after which safety cases
have had to accompany offshore developments. The offshore industry is also subject to related
legislation, especially that relating to shipping operations. After the loss of the Braer noted above,
for example, standby tugs were based in northern Scottish waters to cope with emergencies
(Department of Transport 1994).

Onshore, coastal developments are also subject to government regulation. Much of this is
conventional environmental and planning legislation. However, in cases where large-scale
developments are being undertaken, especially if these are likely to be held up by bureaucratic
delay, governments may legislate. A striking example relates to Scotland, where the United
Kingdom Government enacted The Petroleum Development (Scotland) Act 1975 to clear the
way for platform yard development, together with the Zetland County Council Act 1974 and
the Orkney County Council Act 1974 on the initiative of the respective local authorities, to
similarly expedite the building of tanker terminals.

Conclusion

For both investment decision-making and operational reasons, the offshore oil and gas industry
necessarily operates on long timescales of many decades, but it can be profoundly influenced
by short-term economic and political circumstances. Of special interest is the transition to the
next long stage in global economic development, now under way (Chapter 1). On this timescale
the importance of new sources of energy is growing, including marine renewable resources
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already regionally significant, albeit on a limited scale, although there is no reason to suppose
that the dominance of hydrocarbons will be seriously affected at the global scale in the first half
of the twenty-first century (Odell 2004; Voudouris 2014). However, on the short timescale of
the business cycle, downturns have already led to substantial restructuring of the industry and
the introduction of economy measures, together with continuing technological innovation, not
least the move into ever deeper water, all being trends likely to extend into the longer term
future (Upton 1996; Pinder 2001; Smith 2011, Wood 2014).
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RENEWABLES

An ocean of energy

Sean O’Neill, Carolyn Elefant and Tundi Agardy

Introduction

Some look to the ocean and take in seascapes that calm the mind and soothe the senses, while
others see a bounty of living resources and biodiversity. The oceans have supported great societies
and civilizations, and have been the setting for innumerable historical events. But more and
more, people are looking to the sea for something the land is increasingly unable to provide at
the levels we demand: energy. Oceans offer a vast array of energy options, whether conventional
sources of oil and gas, renewable energy such as wind, wave and tidal, thermal, or radical new
forms of energy such as algal-based biofuels. As energy demands continue to grow and our
conventional sources dwindle or become inaccessible, the oceans will be looked to more and
more to meet energy needs.

The oceans span nearly three quarters of the earth’s surface, and directly support 70 percent
of the planet’s photosynthesis. There is thus a huge resource base and vast amounts of space in
which to derive and exploit energy. Solar, mechanical (wave and tidal), thermal, and wind energy
can all be generated at sea, to supplement conventional sources of non-renewables such as oil
and gas. And the oceans can support biofuel production as well.

It is true that whether we are at or near peak oil is a matter of great controversy. What is
indisputable is that new supplies and even new forms of energy are needed to meet ever-growing
demands, reduce the risks of continuing to emit high levels of greenhouse gases and other
pollutants, and allow countries to develop energy-independence. Besides emissions, fossil fuels
are subject to price spikes and can foment political conflict. This has led inventors and entrepre-
neurs to develop myriad ways to tap renewable energy from the sea. The ocean of energy is
there for the taking, and if we use it wisely and carefully, ocean energy may well be central to
supporting human life on the planet for many centuries to come.

Ocean-based renewable energy

Fossil fuels such as petroleum or other hydrocarbon resources are considered nonrenewable,
since it takes millions of years to convert organic matter into these energy resources. As oil and
gas become increasingly difficult to recover, as geopolitics complicate the access to both the
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resources and the markets for such energy products, and as existing supplies in accessible
areas diminish, interest in renewables is on the increase IEARETD 2012). Additionally, recent
attention on carbon emissions from hydrocarbon use and its role in global warming and other
climate change means that renewable energy resources are fast becoming a preferred alternative.
However, renewable energy resources are still, at this point in time, generally more expensive
than conventional non-renewables. Much technology remains in the research and develop-
ment domain, and few marketable technologies have come to scale. Nonetheless, developing,
deploying, and marketing ocean renewables has become a big business, and investments from
both public and private sectors will propel marine renewables to center stage in energy
development.

More than one hundred ocean renewable technologies are being investigated worldwide
with approximately 40 different technologies being researched in the United States. Marine
renewables have great potential as a sustainable source of energy for numerous reasons. For one,
water is approximately 800 times more dense than air, providing greater power and more accurate
predictability than most other renewable energy sources. Additionally, ocean renewable energy
is easily accessed from the most densely populated areas on major rivers and near coasts—
minimizing the need to construct thousands of miles of new transmission lines.

It is estimated that in the U.S., ocean wave and in-stream tidal hydrokinetic energy resources
could soon provide 7-10 percent of present electricity consumption—roughly equal to the
entire generating capacity provided by conventional hydropower. Ocean renewables support
energy independence by utilizing an abundant domestic resource for electricity generation while
creating jobs, supporting economic development, and diversifying the electric generating port-
folio. This diversification of electric generating resources is the foundation of a reliable electrical
system providing consumers with protection from over reliance on any single source of electric
supply, financial and other risks.

There are five major classes of renewable energy currently available at sea: 1) kinetic energy
derived in a way that is unique to the ocean, such as energy provided by waves and tides,
2) renewable energy at sea that is not unique to the ocean, such as offshore wind and solar
energy, 3) thermal energy, such as that produced by the temperature differential of surface and
deep ocean waters, 4) salinity gradient or osmotic power, and 5) marine biofuels, such as those
derived from algae. These are discussed separately in the following sections.

Kinetic energy: wave, tide, and current devices

Attempts have been made to harness the enormous energy potential of moving ocean water
for decades (Ocean Energy Systems 2012). As far back as the middle of the eleventh century,
people were making the logical extension from exploiting energy in running rivers, streams,
and canals (an ancient technology that probably predates even waterwheels for grinding flour)
to trying to harness that same mechanical energy contained in waves and tides. The first
commercial scale wave energy plant was commissioned for the Isle of Islay (Scotland) in 2000;
at about the same time, the Japan Marine Science and Technology Center created a large-scale
experimental wave energy platform.

Early harnessing of the kinetic energy contained in moving seawater was focused on estuaries,
where both river hydrology and tides influence the movement of seawater or brackish water.
But wave energy can be harnessed, in theory, anywhere where there are predictable waves,
including in offshore areas (Shields and Payne 2014). Much current effort is focused on
identifying criteria and developing algorithms that can prioritize areas suitable for marine
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renewable energy extraction (see for instance Davies and Pratt 2014 for a description of strategic
planning of renewable energy locations in Scotland). In addition, this information is increasingly
driving comprehensive spatial planning and ocean zoning in many parts of the world (Agardy
2010).

The first commercial scale wave power station was established in Scotland at the beginning
of the century. The designs for harnessing this water movement vary, but all systems use turbines
or attenuators that convert kinetic energy by using the water movement to propel turbines that
drive an electrical generator. Some of these devices use water movement to move air across
turbine blades, others use the movement of water directly to generate kinetic energy. In recently
developed devices, wave energy is converted to electrical energy using floating hinged devices
known as attenuators that operate on the surface parallel to the waves.

Oscillating Wave Surge Converters sit on the floor of the ocean and capture power using
a pendulum mounted on a pivoted joint. Scotland’s Aquamarine Power has developed their
Opyster 800 device, which successfully operated through three winters at the European Marine
Energy Centre (EMEC). Oscillating Water Column (OWC) devices are partially submerged
hollow structures that capture the ebb and flow of waves by having the rise and fall of water
compress and decompress air that in turn drives a two directional turbine to create electricity.
After a successful pilot in 1991, WaveGen developed the first commercial OWC in 2001, called
the LIMPET, on the Scottish Island of Islay to produce electricity for sale on the grid.
Engineering giant Voith subsequently bought WaveGen and developed 16 units in Mutriku,
Spain. Another well-known OWC developer is Ocean Energy, Ltd of Ireland which uses an
oscillating water column device floating on a barge or boat that was successfully tested in Galway
Bay, Ireland.

Other marine kinetic devices rely on what is known as heaving buoy technology, which
captures the kinetic energy in the orbital motion of surface waves. Point absorbers capture power
from waves as a heaving buoy moored or connected to the floor of the ocean, for example the
Wave Energy Technology—New Zealand device developed by Power Projects Limited and
Industrial Research Limited that was successfully tested at the open water test center operated
by the Northwest National Marine Renewable Test Center in Oregon (U.S.A.).

Similarly, overtopping devices capture water as waves break into a storage reservoir and the
captured water is returned to the ocean through a conventional turbine. AWS of the U.K. is
the best-known developer of overtopping devices.

There are also hybrids combining point absorbers and attenuators such as Columbia Power
Technologies device and Nualgi Nanobiotech’s Rock n Roll Wave Energy device in India, or
OWCs combined with wind turbines developed by Floating Power Plant AS of Denmark.
Columbia Power Technologies began with a direct drive point absorber that evolved to a
proprietary rotary hybrid design. Oscilla Power, Inc. of Seattle, Washington has developed a
wave energy converter based on magnetorestrictive materials or SRI International’s electroactive
polymer artificial muscle (EMPAMT) technology. With so many renewable wave energy
technologies being investigated and the technology evolving so rapidly, it is difficult to describe
them, and some technologies may well be obsolete (while unimagined new ones arrive on the
scene) by the time this Handbook of the Oceans is published.

Tidal and current energy technology development is running ahead of wave development,
although advances in wave energy are sure to bring these two sectors closer. Most tidal energy
plants use a dam, known as a barrage, that spans a narrow bay or inlet. Sluice gates on the
barrage allow the tidal basin to fill on the incoming high tide and empty through the turbine
system on the outgoing, or ebb tide. As in wave energy systems, there are units that generate
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electricity on both the incoming and outgoing tides (Charlier 2003). Like wave energy, tidal
technologies depend on the more esoteric principles of physics including vortex-induced
vibrations, as well as swarm technologies used to define and capture the strongest tidal or current
flows (Lyatkher 2014).

Some tide energy technologies use the rise and fall of tides to generate power while others
are designed to capture the power of the tidal currents, even the geographically large and powerful
currents such as the Gulf Stream that flows past the North American coast then veers off toward
Europe in the North Atlantic. Like wind power, tidal energy devices include horizontal and
vertical axis turbines, and in each of these classes there are subsets depending on blade styles
and configuration. For example, Marine Current Turbines (MCT) of the U.K. uses two double
bladed turbines sharing one large metal pole for installation, while Verdant Power of the U.S.
uses three bladed horizontal axis turbines mounted each on their own pole, very much like
onshore wind turbines. Ocean Renewable Power Company of the U.S. uses a horizontal axis
helical turbine that looks very much like an old push lawn mower.

Other tidal technologies include the Oscillating Hydrofoil that harnesses tidal energy as
it creates lift on either side of a foil to raise and lower an hydraulic system. Venturi devices
concentrate tidal flow through a turbine using a funnel-like collecting device and are favored
by the French engineering giant Alstom Hydro; this technology is also incorporated in devices
developed by Open Hydro. Archimedes Screw is a helical corkscrew device championed by
Flumill of Norway. Tidal Kites allow energy development in areas of relatively slow current
or nominal tide range, the prototype kites show how they fly in a figure eight motion while
tethered to the seafloor to attenuate water movement eightfold in order to efficiently generate
kinetic energy. Early developments in kite technology were undertaken by UEK in the U.S.,
but Minesto of Sweden is now the leader in this field. Minesto was recently the winner of the
Navigator Prize of the 2014 Ocean Exchange (see www.oceanexchange.org), competing against
innovations in energy, food production and resource use, waste management, shipping, water
management, and other technology challenges.

Marine wind and solar energy

Wind and solar energy generation are of course not unique to oceans. Yet oceans not only
provide vast amounts of space and sufficient sunlight and wind—they also provide these as a
commons property that can in theory be more easily accessed than private property to meet
the public good.

Offshore windfarms are common in some parts of the world, such as Northern Europe.
Oceanic wind is a preferred alternative to other forms of energy generation in areas where land
is in short supply, and where coastal winds are sustained and strong. As wind installations on
land have created visual impact and driven concerns about noise and light pollution, energy
investors and utilities have increasingly looked offshore (Shields and Payne 2014). Denmark initially
led the effort in harnessing sea wind, and constructed the first offshore wind farm in 1991 off
the Port of Vineby. The U.K. opened its first offshore wind farm in 2000 in Northumberland,
and is following Denmark’s lead with expanded wind farms and feasibility studies for siting in
new areas. Offshore wind developments have been prolific elsewhere in northern Europe and
the support of the European Commission for carbon-free electricity is tremendous.

Offshore wind energy benefits from long stretches of flat seas allowing wind to gain speed,
as well as proximity to population centers (Lynn 2012). The siting of large-scale offshore wind
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farms has generated public controversy, but this renewable sector has also catalyzed much
systematic marine spatial planning, at the local (state) and national level. For instance, the spectre
of wind farm development propelled the state of New Jersey (U.S.A.) to develop a compre-
hensive marine spatial plan for state waters to three nautical miles offshore; similarly, the planned
Cape Wind development off Cape Cod, MA and the Block Island Wind Farm in RI drove state
authorities to engage in some of the most comprehensive participatory planning processes ever
seen in the US. One area with huge potential for growth in the renewables sector is combined
systems, as described in a review of dual wave and wind systems (Pérez-Collazo ef al. 2014).

The oceans are also the world’s largest solar collector: one square mile contains more energy
potential than 7,000 barrels of oil (DiChristina 2007). Solar arrays with unfettered access to
sunlight can be installed in virtually any coastal area sheltered from excessive wind or waves.
Currently most offshore solar plants are used to power oil platforms and in situ research equip-
ment. Solar energy can be placed on many types of structures allowing for multiple uses
co-locating with other human uses.

Thermal energy: ocean thermal energy conversion (OTEC)

Marine areas—or at least some areas—can also be harnessed for energy by using the temperature
differential of surface and deep waters to drive energy generation. The differential exists because
the sun warms the surface layers of the ocean, especially in the tropics, while deep waters stay
cool. In order for the technology to be able to capture the thermal energy, this temperature
differential must be more than 25 degrees Celsius.

Using the temperature of seawater to make energy actually dates back to 1881, when a French
Engineer by the name of Jacques D’Arsonval first thought of using ocean thermal energy
gradients. His student, Georges Claude, built the first OTEC plant in Cuba in 1930, producing
22 kilowatts of electricity with a low-pressure turbine. OTEC (Ocean Thermal Energy
Conversion) is shorthand for all such thermal energy technologies, but it also refers specifically
to the best-known and largest scale pilot effort to harness ocean thermal energy, initiated in
Hawaii in 1974.

Three types of systems are used to convert ocean thermal energy to electrical energy. Closed
cycle systems use the warm surface water to vaporize a low-boiling point fluid such as ammonia.
As the vapor boils and expands, it drives a turbine, which then activates a generator to produce
electricity. Open cycle systems operate at low pressure and actually boil the seawater, which
produces steam to drive the turbine/generator. Hybrid systems use elements of each, in an attempt
to improve conversion efficiencies.

Although the temperature differential between surface waters and the deep ocean is significant
in almost all parts of the globe, there are constraints to being able to harness this potential energy.
Main among them is having deep cold water in close proximity to warm surface waters. Tropical
island nations in the Pacific Ocean are particularly suited. According to NASA, some 98 tropical
countries could benefit from the technology. OTEC also has spin-off benefits, including air
conditioning, chilled-soil agriculture, aquaculture, and desalination.

Thermal energy conversion has great potential, but enormous challenges remain. The tech-
nology is still very inefficient and piping large volumes across great depths of ocean (a kilometer
or more) is a major engineering feat. Yet some energy experts believe OTEC could produce
billions of watts of electrical power if it could be made cost-competitive with conventional
power technologies.
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Salinity gradient power

Salinity gradient or osmotic power is generated by the difference in the salt concentration between
seawater and river water that exists in estuaries around the world. Salinity gradient power relies
on osmosis with ion-specific membranes to generate electricity, through either reverse electro-
dialysis (RED) or pressure retarded osmosis (PRO). First invented in Israel by Prof. Sidney Loeb,
osmotic power operating plants have been developed by the Norwegian utility Statkraft, and
REDstack in the Netherlands. The technology is still in its infancy and has yet to come to
scale, but salinity gradients have potential as sustainable sources of energy because the osmotic
gradient is available everywhere rivers meet the sea, and because the only waste product is brackish
water (Jones and Finley 2003).

Marine biofuels

The last two decades have witnessed a flurry of interest in alternative fuels, especially biofuels.
Terrestrial sources of biofuels are now a major agricultural commodity and are the foundation
for profitable businesses in developed and developing countries alike. Biofuels can be derived
from agricultural and forestry residues, energy crops, landfill gas, and the biodegradable
components of municipal and industrial wastes. Such fuels can be used for transportation fuel,
to provide heat, or to generate electricity. Biomass residues have been burned to create power
since at least the middle of the nineteenth century, but inefficiencies tended to be extremely
high until research and development efforts became focused on making biofuels economically
viable.

Corn and switchgrass have received most of the attention as biofuel sources, but there is no
reason why marine plants cannot provide the same cellulose for fuel conversion. This emerging
technology is being tested in various venues, including research and development of marine
algae as biofuels being undertaken by the U.S. National Space Agency (NASA). Marine algae
produce lipids and photosynthesize very rapidly, making them highly suitable for biofuels. Marine
biofuels have several advantages over terrestrially derived biofuels—notably that land conversion
away from food crops is not necessary, and nutrient supply in most waters is sufficient to support
algal growth.

The potential global market for marine renewables

According to Ocean Energy Systems, “by 2030 ocean energy will have created 160,000 direct
jobs and saved 5.2 billion tonnes of CO, emissions” (Huckerby ef al. 2011). As new countries
enter the race to commercialize ocean renewables, the industry has shown unprecedented
cooperation as competitors acknowledge that no country has substantial market share at this
time, and that all boats rise with the tide. Some areas of international collaboration include
U.S. participation in the Ocean Energy Systems (OES) initiative, which brings together
22 countries and the International Electrotechnical Commission’s (IEC) Technical Committee
114 (TC-114) for marine energy, with 14 participating countries and nine observing countries.

At this point in the development of this emerging and potentially highly profitable industry,
issues such as deployment, moorings, and power take-off systems continue to be the primary
focus of technology developers. However, for those companies involved in project development
—the necessary steps for getting these technologies into open waters—there are numerous
challenges in the areas of permitting and regulation, potential environmental impacts, funding,
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the need for adaptive management, emerging marine spatial planning (MSP—see Chapter 31
on MPAs and MSP, this volume), and public acceptance of these developments. The main
constraints are detailed below, with a special focus on the dynamic and rapidly evolving situation
in the United States.

Current U.S. regulatory schemes for marine renewables

There are a number of components that make up the marine renewable energy regulatory process:
legislation or regulations that govern the consent or approval process (including any special
processes for demonstration projects), procedure for obtaining a lease or rights to use lands
for the project, review of project impacts, including environmental, navigation, fishing and
recreational use, and grid access.

In the United States, the Federal Power Act (FPA), 16 U.S.C. 791 et seq. governs licensing
of marine renewables projects. Under the FPA, Federal Energy Regulatory Commission
(FERC) may issue preliminary permits and licenses for marine renewables. A preliminary permit
enables a developer to study a site for three years and maintain priority to apply for a license
over competing applicants but does not authorize construction of a project (Federal Power Act,
16 U.S.C. sec. 800). As a result, a preliminary permit does not provide any opportunity to test
projects in real world conditions. A FERC license, by contrast, allows a developer to construct
and operate a project, generally for a term of up to 50 years. But the process for obtaining a
license is lengthy (as long as three to seven years) and requires data on a project’s potential
impacts, which are often unknown until a project is deployed and observed.

Recognizing the limited options for demonstration projects, FERC developed two
alternatives. The first alternative, known as “the Verdant exception” allows a developer to deploy
and operate a small (less than 5 MW) project for 18 months or less to gather data to support a
license application, so long as the developer agrees not to sell power to the grid during the test
period. The second alternative is the FER C created “pilot license process” for new technologies
in 2007. A pilot license has a five-year term, a processing time of one year, limited study
requirements up-front but rigorous post-deployment monitoring requirements. At the end of
the five-year pilot license term, a developer has the option of removing the project or applying
for a long-term license at the site. Two United States developers—Verdant Power and Ocean
Renewable Power Corporation were awarded pilot licenses by FERC in 2012.

The FERC process authorizes project operation but does not confer property rights for
constructing the project. For projects located on “state submerged lands”—that is, lands up to
three miles oft shore (with the exception of Texas and the West Coast of Florida where states
own lands up to ten miles offshore)—a developer will typically obtain a land lease or rights
of usage from the state. Projects beyond these limits are located on the Outer Continental
Shelf, where a developer must obtain a lease from the Minerals Management Service (MMS).
In April 2009, MMS issued rules for grant of leases and also entered into a Memorandum of
Understanding (MOU) with BoEM to coordinate the BoEM leasing process with the FERC
licensing process. Under the MOU between FER C and MMS, a developer must secure a lease
from MMS, before it can receive a FERC license.

For projects that connect to the interstate grid, FERC has power, under the Federal Power
Act and FERC’s own regulations, to oversee interconnection. FERC established a straight-
forward protocol that developers must follow to obtain grid access; the rules for smaller
generators are not complicated and the process is relatively quick. As marine renewables
projects expand in size, they will impose greater demands on the grid. Marine renewables projects
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Table 19.1 List of U.S. Federal Authorities and legislation requiring consideration in offshore renewable
energy development

¢ National Environmental Policy Act

*  Endangered Species Act

. Marine Mammal Protection Act

. Magnuson Stevens Fishery Conservation and Management Act
. Marine Protection, Research and Sanctuaries Act

¢ Executive Order 13186 (Migratory Birds)

. Coastal Zone Management Act

. Clean Air Act

. Clean Water Act

e Marking of Obstructions

. Executive Order 13547 (Stewardship of the Oceans, Our Coasts and Great Lakes)
. Ports and Waterways Safety Act

e Rivers and Harbors Appropriation Act

*  Resource Conservation and Recovery Act

. National Historic Preservation Act

e Archaeological and Historical Preservation Act

e American Indian Religious Act

. Federal Aviation Act

. Federal Power Act

¢ Executive Order 13007 (Indian Sacred Sites)

may face longer “queues” for access, as the utility or the regional transmission system operator
evaluates how to incorporate large amounts of new and variable power into the system.

In the United States, federal agencies that issue a license must prepare an environmental
analysis to assess the impacts of a project on the surrounding environment and other uses. The
FPA also requires FER C to review the effect of a project on navigation and to consider whether
it makes best use of the waterway (FPA, Section 803). Projects must also comply with a variety
of federal environmental laws, such as the Endangered Species Act (protects endangered species),
the Coastal Zone Management Act (CZMA—ensures that the project is consistent with state
plans for use of coastal areas), the Clean Water Act (protects water quality), while abiding by
state environmental regulations as well. In addition to the FERC license and a land lease,
developers must also obtain authorizations from the agencies that administer these federal statutes.
There is no process for coordinating issuance of a FERC license and issuance of a CZMA
authorization (issued by the state) or a water quality certificate and, as a result, the license process
is quite lengthy.

The list of U.S. Federal Authorities and legislation in Table 19.1, though by no means
complete, pertains to activities on the continental shelf and therefore must as a minimum be
considered in marine renewable development.

Some of the implications of this legislative context are discussed in the following section on
potential environmental impacts of ocean renewables.

Potential environmental impacts

Potential environmental effects of marine renewable energy development are being carefully
studied, and appear to be similar for many of these technologies. Effects on biological resources
could include alteration of the behavior of animals, damage and mortality to individual plants
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and animals, and potentially larger, longer-term changes to plant and animal populations and
communities (Gill ef al. 2014; Shields and Payne 2014). These impacts can occur at any stage
during the development of marine renewables, including during technology testing, site charac-
terization, device installation, operation and maintenance, and/or decommissioning. Many
installation and decommissioning impacts are analogous to those from conventional energy
industries (e.g., marine oil and gas) and appear to be short term in nature.

Ocean renewable energy systems are becoming both more efficient and more economically
viable IEARETD 2012). But these energy systems are not without cost. First, there are the
prospective ecological impacts. Constructing and operating facilities will undoubtedly have
environmental costs, as will diverting, moving, or variously treating large volumes of seawater.
Facilities will be generating their own pollution and wastes, including light pollution. Wind
turbines and underwater turbines generate noise, which is a growing concern of marine con-
servationists. And removal of nonrenewable resources such as methane hydrates and renewable
ones such as algae may alter both the geology or oceanography and the ecology of some
marine areas.

The specific environmental eftects of marine hydrokinetics are similar for many of the ocean
renewable technologies. Assessments have identified a number of potential environmental
effects; Shields and Payne (2014) detail both direct and indirect ecological eftects that would
result from extensive installation of offshore renewable energy developments. These include:

e alteration of currents and waves;

e alteration of substrates, sediment transport, and deposition;
e alteration of habitats for benthic organisms;

e noise during construction and operation;

e emission of electromagnetic fields;

*  toxicity of paints, lubricants, and antifouling coatings;

e interference with animal movements and migrations; and

*  strike by rotor blades or other moving parts.

It should be noted (and is stressed by Shields and Payne 2014) that not all environmental effects
are negative impacts. In some cases marine renewable installations boost biodiversity and pro-
ductivity, in part because the installations provide new habitat or habitat heterogeneity, and
in part because other more damaging uses of ocean space and resources are restricted at
such sites. Furthermore, as Shields and Payne (2014) and other authors have pointed out, the
environmental costs of marine renewable industries must be evaluated against the benefits that
these technologies provide—not least is the lessening of climate change-driving greenhouse
emissions.

Potential environmental impacts remain a concern, however. In the U.S., the Department
of Energy and other agencies, including the Bureau of Ocean Energy Management, the Federal
Energy Regulatory Commission, and the National Oceanic and Atmospheric Administration
(NOAA) have funded numerous studies since 2005 when ocean renewable energy was included
in the federal definition of renewable energy for the first time. The studies have been conducted
by national laboratories, the Electric Power Research Institute and private companies such as
HT Harvey Associates, Alden Research labs, and Re-Vision. Add to these broader studies the
site specific, in situ studies required by state and federal agencies in the permitting of the early
projects. While the U.S. has been amassing data from these early projects, there has been
international cooperation and a common thirst for data, as embodied in Annex IV of OES.
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Annex IV is a collaborative project Ocean Energy Systems-Implementing Agreement (OES-
IA) to examine environmental effects of ocean energy devices and projects. There is currently
a wide range of ocean energy technologies and devices in development around the world; the
few data that exist on environmental effects of these technologies are dispersed among different
countries and developers.

Annex IV member countries are currently collaborating to create a searchable, publicly available
database of research and monitoring information to evaluate environmental effects; the U.S.
currently leads the effort. The database, publicly available via Tethys, includes data from ocean
energy projects and research studies and case study reports compiled as part of this effort. Annex
IV will address wave, tidal, and ocean current energy development, but not ocean thermal energy
conversion (OTEC) or energy derived from salinity gradients. The construction of the data-
base, or knowledge management system, will be followed by a comprehensive report with a
worldwide focus on monitoring and mitigation methods including findings from the database,
the results of an experts” workshop, and lessons learned from the project (Copping et al. 2014;
Polagye 2011).

The quest for data unites the ocean stakeholder community more than any other dynamic.
IBM, as part of its Smart Planet Initiative supported the launch of the Irish Marine Weather
Buoy Network that provides weather and wave data at six locations around the Irish coast.
Real-time wave height and direction data are available on the website—updated hourly.
Commercial fishers can identify where the fish are, scientists are provided with real-time acoustic
information, surfers can tell when the surf’s up, and restaurants can identify what the catch of
the day will be—all because of IBM’s in situ, real-time data gathering.

Funding for ocean renewables

A recent study from the University of Edinburgh comparing U.K. research and development
funding with that of the U.S. revealed that a total approaching £160 million of public money
has been targeted at the ocean energy sector in the U.K., and approaching /60 million in the
U.S. These figures do not include production incentives such as the U.K.’s Renewables
Obligation Certificates, or other price regulation systems that encourage renewable energy
production in countries throughout Europe (Amar and Suarez 2011).

Consistent funding for research and development and testing infrastructure marks the
situation in Europe. Production-based incentives for marine and hydrokinetic energy are far
higher than in the U.S. For example, where the U.S. Production Tax Credit is 2.2 cents (U.S.)
per kilowatt hour for wind power and 1.1 cents for ocean renewables, in Italy Production Based
Incentives are over 32 Eurocents per kilowatt hour followed by Scotland at just over 27 Eurocents,
with Portugal, Ireland, England, Wales, and Northern Ireland, France, and Denmark providing
production-based incentives greater than fivefold the amount of U.S. Production Tax Credits.

Incentivizing marine renewables is also common elsewhere. In 2010, South Korea passed a
nationwide Renewable Portfolio Standard requiring utility companies to generate a certain portion
of energy from renewable resources (about 2 percent or 1,474 MW by 2012 and 8 percent or
6,648 MW by 2020. In 2008, the New Zealand Government launched the NZ$ 8 million Marine
Energy Deployment Fund (MEDF) to promote the deployment of prototype projects in NZ
waters. The Fund was a matching fund—developers had to provide at least 60 percent of the
proposed cost of the project. Four competitive rounds were conducted from 2008 to 2011 and
six awards were made. These awards went to both wave and tidal energy projects but required
developers to meet strict contractual targets. Providing incentives for marine renewables is a
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priority in many coastal countries, and innovative mechanisms for financing R&D and capital
construction are springing up as demand for energy only continues to increase. Marine spatial
planning underway in many of these countries is also acting to streamline permitting and lends
confidence to investors.

Ocean governance - the global context for energy development

Renewable energy has been welcomed into the many discussions on ocean governance
happening throughout the world and this Oceans Handbook has several in-depth articles covering
topics including Marine Spatial Planning, Strategic Environmental Assessments, and Adaptive
Management that are all central to developing good and effective ocean governance.

The cornerstone of global cooperation to effectively govern and protect ocean uses and the
ocean itself is the U.N. Convention on Law of the Sea (UNCLOS). The Law of the Sea Treaty
defines the rights and responsibilities of nations in their use of the world’s oceans, establishing
guidelines for businesses, the environment, and the management of marine natural resources.
The treaty also formally recognizes 12-mile territorial sea boundaries and 200-mile exclusive
economic zones (EEZs).

The United States has not ratified the Law of the Sea. Opponents are concerned that doing
so could compromise U.S. sovereignty or potentially subject users to added taxes. Support comes
from the oil and gas industry, environmental non-governmental groups, and the past five
Secretaries of State—both Democrat and Republican—have endorsed U.S. participation.
President Obama’s Executive Order 13547—Stewardship of the Ocean, Our Coasts, and the
Great Lakes—which laid the foundation for MSP in the United States, also calls for the U.S.
to sign the Law of the Sea. Despite the fact that offshore oil and gas interests, along with environ-
mental non-governmental organizations, agree that the U.S. should become a signatory to
UNCLOS, the prospects for the U.S. signing and ratifying the treaty remain bleak. In the absence
of a unifying convention to guide marine renewable energy development, ocean governance
remains fragmented and unable to set global standards for sustainability and equity.

Conclusions

The potential of ocean renewables to meet growing energy needs was elegantly summed up
by the International Energy Agency over a decade ago:

There is a growing awareness of economic, energy security and environmental values
of renewables and of its critical role to sustainable development. This is leading to
political initiatives to promote their development, such as the EU Directive that
establishes the target of increasing the 1997 6% share of renewables to 12% in 2010,
and recent approvals and ratifications of the Kyoto Protocol. Renewables are also high
on the agenda of developing countries, and expanded renewable energy deployment
is one of the key goals of the World Bank.

The U.S., Canada, Mexico, the UK., Ireland, Sweden, Norway, Denmark, Belgium, France,
Australia, New Zealand, Japan, China and India are now all invested in ocean energy development.

For too long the people of the developed world have taken energy for granted; it is only in
times of high energy costs (particularly rising costs at the fuel pump or on home heating bills)
that the public is even conscious of the fact that supplying energy is a costly, and sometimes
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unpredictable, endeavor. The sudden surge of interest in the effects of global warming, and
increasing geopolitical tensions between oil supplying and oil consuming countries, has opened
many people’s minds to considerations of new sources of energy, as well as to issues of energy
conservation.

Ocean renewable energy is now big business. In July of 2011, the United Kingdom’s Carbon
Trust estimated that the worldwide tradable market for marine energy devices accessible to U.K.-
based business was valued at /340 billion. Other countries increasingly rely on marine
renewables to supplement energy demand currently served mainly by fossil fuels. With fossil
fuel-based sources of electricity subject to price changes much like a variable rate mortgage,
renewables represent a fixed rate mortgage and diversity of supply. These features of renewable
energy support sustainability, reliability and affordability. To make sound energy choices and
meet future energy demands, new generating capacity needs to be installed and operating as
quickly as possible, the world over.

Acknowledgment

Some introductory text is taken from Agardy, T. 2007: An ocean of energy, there for the taking.
Published in World Ocean Observatory (www.w2o.net) and used with permission.

References

Agardy, T. S. 2010. Ocean Zoning: Making Marine Management More Effective. Earthscan, London.

Amar, E. and J. Suarez. 2011. Seasteading engineering report: floating breakwaters and wave power
generators. Available online: http://seasteading.wpengine.netdna-cdn.com/wp-content/uploads/2012/
02/Wave_Energy_and_Break_Water_Survey_Research.pdf (accessed July 22, 2015).

Charlier, R. H. 2003. Sustainable co-generation from the tides: bibliography. Renewable and Sustainable
Energy Reviews 7, 215-247.

Copping, A., H. Battey, J. Brown-Saracino, M. Massaua, and C. Smith. 2014. An international assessment
of the environmental effects of marine energy development. Ocean and Coastal Management 99,
3-13.

Davies, I. M. and D. Pratt. 2014. Strategic sectoral planning for offshore renewable energy in Scotland.
In M. A. Shields and A. I. L. Payne (Eds.) Marine Renewable Energy Technology and Environmental Interactions.
Springer Verlaag, Berlin, pp. 141-152.

DiChristina, M. 2007. Solar Power. Ocean Planet Smithsonian. Popular Science. Available online:
http://seawifs.gsfc.nasa.gov/OCEAN_PLANET/HTML/ps_power.html (accessed July 22, 2015).
Gill, A. B., I. Gloyne-Philips, J. Kimber and P. Sigray. 2014. Marine Renewable Energy, Electromagnetic
(EM) Fields and EM-Sensitive Animals. In M. A. Shields and A. I. L. Payne (Eds.) Marine Renewable

Energy Technology and Environmental Interactions. Springer Verlaag, Berlin, pp. 61-80.

Huckerby, J., H. Jeffrey, and B. Jay. 2011. An International Vision for Ocean Energy. Ocean Energy
Systems, A Technology Initiative of the International Energy Agency. Available online: www.ocean
renewable.com/wp-content/uploads/2011/05/0es_vision_brochure_2011.pdf (accessed July 22,
2015).

IEA. 2001. Agreement on Ocean Energy Systems. Available online: www.iea.org/topics/oceanenergy/
(accessed July 22, 2015).

IEARETD (International Energy Authority Renewable Energy Technology Deployment). 2012. Offshore
Renewable Energy: Accelerating the Deployment of Offshore Wind, Tidal, and Wave Technologies. Routledge,
London.

Jones, A. T. and W. Finley. 2003. Recent developments in salinity gradient power. Available online:
www.waderllc.com/2284-2287.pdf (accessed July 22, 2015).

Lyatkher, V. 2014. Tidal Power: Harnessing Energy from Water Currents. Wiley & Sons, New York.

Lynn, P. A. 2012. Onshore and Offshore Wind Energy: An Introduction. Wiley & Sons, Chichester,
New York.

294


http://www.oceanrenewable.com/wp-content/uploads/2011/05/oes_vision_brochure_2011.pdf
http://seasteading.wpengine.netdna-cdn.com/wp-content/uploads/2012/02/Wave_Energy_and_Break_Water_Survey_Research.pdf
http://www.waderllc.com/2284%E2%80%932287.pdf
http://www.iea.org/topics/oceanenergy/
http://www.oceanrenewable.com/wp-content/uploads/2011/05/oes_vision_brochure_2011.pdf
http://seawifs.gsfc.nasa.gov/OCEAN_PLANET/HTML/ps_power.html
http://seasteading.wpengine.netdna-cdn.com/wp-content/uploads/2012/02/Wave_Energy_and_Break_Water_Survey_Research.pdf
http://www.w2o.net

Renewables: an ocean of energy

Pérez-Collazo, C., D. Greaves, and G. Iglesias. 2014. A review of combined wave and offshore wind
energy. Renewable and Sustainable Energy Reviews 42, 141-153.

Polagye, B., B. Van Cleve, A. Copping, and K. Kirkendall (Eds.) 2011. Environmental Effects of Tidal
Energy Development. NOAA Technical Memorandum NMES F/SPO-116.

Shields, M. A. and A. I. L. Payne. (Eds.) 2014. Marine Renewable Energy Technology and Environmental
Interactions. Springer Verlaag, Dordrecht, Heidleberg, New York, London.

295



20
OCEAN MINERALS

James R. Hein and Kira Mizell

Introduction

Nearly 71 percent of the Earth is covered by ocean, yet during the entire history of societies,
the mineral resources essential for nation building have been acquired solely from the continents.
As we will discuss, this is changing for many reasons. There is a rapidly increasing need for rare
metals required for emerging technologies, such as cobalt, nickel, copper, zinc, gallium,
germanium, zirconium, niobium, molybdenum, platinum, indium, tellurium, tungsten, silver,
gold, bismuth, and the rare-earth elements (REEs). These metals are concentrated in a variety
of deep-ocean mineral deposits. This new search for resources is greatly expanding investiga-
tions of the deep-ocean environment.

Deep-ocean minerals were discovered over a century ago during the Challenger expedition
of 1873—1876, but only relatively recently did programs develop to determine their origin,
distribution, and resource potential. Modern scientific studies began in the 1970s with manganese
nodules. Mining of manganese nodules in the northeast Pacific Clarion-Clipperton Zone
(CCZ) was expected to take place in the late 1970s or early 1980s but did not occur. The study
of seafloor massive sulphides (SMS) began soon thereafter in the late 1970s, and ferromanganese
(Fe-Mn) crusts as a potential resource for cobalt commenced in the early 1980s. Investigations
of deep-ocean minerals continued for the remainder of the twentieth century, but due to
low global metal prices, there was little incentive to mine the deep ocean, until the turn of
the century.

Today, vast areas of deep-ocean floor have been contracted for exploration and several
deep-ocean mines are scheduled to start operations within the next few years. The primary
economic interests have been in nickel, copper, and manganese from nodules, cobalt, nickel,
and manganese from crusts, and copper, zinc, gold, and silver from SMS. Research undertaken
over the past decade has identified additional rare metals and REEs that are potential by-products
of mining of those focus metals (Hein ef al., 2010, 2013). These metals are essential for a wide
variety of high-tech, green-tech, emerging-tech, and energy applications (Table 20.1). Over
the past decade, global consumption of many rare metals has increased, but supplies can be
unreliable due to the limited number of major producers. Increased competition for metal
resources from rapidly expanding economies may lead to shortages. Deep-ocean mineral
deposits will not replace land-based mining but will offer an additional source of raw materials
to meet increasing demand.
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Table 20.1 Example rare metals for emerging and next generation technologies

Metal Application

Tellurium Photovoltaic solar cells; computer chips; thermal cooling devices

Cobalt Hybrid and electric car batteries, solar energy storage, magnetic recording media,
super-alloys, supermagnets, cell phones

Bismuth Liquid Pb-Bi coolant for nuclear reactors; bi-metal polymer bullets,
superconductors, computer chips

Tungsten Negative thermal expansion devices, superalloys, X-ray photo imaging

Niobium Superalloys, next generation capacitors, superconducting resonators

Platinum Hydrogen fuel cells, chemical sensors, cancer drugs, flat-panel displays, electronics

Yttrium Compact fluorescent lamps, LEDs, flat-screen TVs, medical applications, ceramics

Neodymium Hard disk drives, medical applications, portable electronics and small motors, high-
strength permanent magnets, wind turbines

Praseodymium Flat screen TVs, portable electronics and small motors, hard disk drives, magnets,
lasers, pigments, cryogenic refrigerant

Cerium Catalysts, metal alloys, radiation shielding, phosphors for flat screen TVs

Gadolinium Magnetic resonance imaging contrast agent, memory chips

Europium Liquid crystal displays, fluorescent lighting, LEDs, red and blue phosphors for flat

screen TVs, small motors
Terbium Green phosphor for flat screen TVs, lasers, fluorescent lamps, optical computer
memories, medical applications

Mining raw materials from the ocean is not new. Shallow-water, continental-margin deposits
have been mined for decades, particularly aggregate (sand and gravel) deposits used for
construction, and tin placer deposits have been extracted from offshore Southeast Asia and else-
where. Continental shelf phosphorite deposits also have an economic potential and may be the
next deposit type to be mined offshore. Here, we emphasize deep-ocean mineral deposits, but
will briefly describe these continental margin deposits that are presently being mined and those
that may be mined in the near future, including extraction from seawater.

Continental margin marine mineral deposits

Continental margin marine mineral deposits include aggregate, sand, placer minerals, and phos-
phorite. Aggregate, sand, and placers are detrital minerals that were transported and deposited
on the shelf, whereas phosphorite is a chemical sedimentary deposit that formed in place from
chemical reactions in the near-surface sediment.

Aggregate deposits are composed of quartz and lesser amounts of other minerals such as feldspar,
as well as rock fragments and shells. These deposits form by sorting that occurs when waves and
currents remove small particles and the larger sand and gravel particles are then concentrated
into mineable aggregate. Continental margin aggregate typically formed during the fall and subse-
quent rise of sea level during Quaternary glaciations. Shell aggregate forms when marine
shells are broken up in high-energy marine environments and concentrated into shell banks. Shells
respond uniquely to wave and current action because of their differing sizes and shapes and
therefore can be easily segregated from the other sediment.

Aggregate is used primarily in the construction industry, and by volume it is the most important
offshore hard mineral deposit being extracted today. Most aggregate is used to manufacture
concrete (sand, gravel) and cement (shell). Other construction uses include roads, fillers, railway
ballasts, mortar, and glass. Another important use of offshore sand is to replenish or nourish

297



James R. Hein and Kira Mizell

eroding beaches, which requires high quality white sand judged suitable for beaches. Beaches
are essential to the tourist economy of many nations, and many are undergoing active replenish-
ment, including such famous beaches as Waikiki in Hawaii. Aggregate is currently being mined
in shallow water in many places worldwide, most notable in Japan, the U.K., Canada, and the
U.S.A. The U.K. acquires approximately 25 percent of its aggregate from offshore sources. Japan
is the largest producer of oftshore aggregate, with production ongoing for more than 50 years.
Like the U.K., Japan mines about 20—25 percent of its aggregate offshore.

Placer deposits are concentrations of gemstones or metallic minerals transported to the ocean
by rivers, and concentrated into mineable deposits by sorting, except for placer diamond deposits
where sorting does not occur. Placer minerals are the resistant products (refractory) of the
breakdown of rock on the continents. All known placer deposits occur within the 200 nautical
mile (360 kilometers (km)) exclusive economic zone (EEZ) of coastal nations.

Placer minerals are classified according to their specific gravity. The heavy-heavy minerals
(specific gravity (SG) 6.8-21) include precious metal deposits such as platinum and gold and
the important tin placer mineral, cassiterite; the light-heavy minerals (SG 4.2-5.3) include the
refractory accessory minerals of igneous rock, such as zircon (source of zirconium), monazite
(source of REEs), and ilmenite and rutile (both a source of titanium). The most important placer
deposits currently being mined are diamond placers (SG 2.9—4.1) mined off Namibia. The water
depth of placer mining varies from the beach to about 200 meters (m); placer diamond mines
are the deepest water operations today.

Phosphorite is classified as a rock composed predominantly of phosphate minerals. The most
common phosphate mineral in marine deposits is carbonate fluorapatite (CFA). Phosphate minerals
replace and cement carbonate sediments; precipitate as oolites, granules, or pellets that concentrate
by sorting into sand deposits; and form slabs and nodules in the sediment that can later be exposed
at the seabed by erosion.

Phosphorite deposits occur predominantly along the west coast of continents on the
continental shelf and upper slope at water depths of less than 1000 m, and at the margins of
the oxygen minimum zone (OMZ). Marine phosphorite forms in low-to-middle latitude regions,
and is linked to divergence, coastal upwelling, and high primary productivity.

Phosphorite is used almost exclusively in the agricultural industry as fertilizers and also is the
source for production of phosphoric acid found in all soda drinks. Potential by-products of
phosphorite mining include vanadium, uranium, fluorine, and REEs.

A large submarine phosphorite deposit also occurs on Chatham Rise southeast of New
Zealand. The Chatham Rise deposit spans an area of 150 by 1000 km and consists of phosphorite
gravel. Chatham Rock Ltd. has an exploration contract granted by New Zealand for an area
estimated to contain 100 million tonnes of rock phosphate. The only other currently permitted
area for phosphate extraction belongs to Namibian Marine Phosphates, Ltd. for an area about
60 km off Namibia covering 7000 km?. The United States EEZ is estimated to contain approxi-
mately 6000 million tonnes of phosphate rock; Mexico’s deposits occur over a wide belt covering
about 13,000 km? Due to the importance of phosphate in agriculture, rapidly decreasing supplies
from land-based mines that currently supply all phosphorite, the lack of substitutes, and the
increasing global population, demand is expected to increase significantly.

Mining techniques: Most aggregate mining is accomplished by large dredging operations using
hydraulic or mechanical systems at water depths of less than 40 m. The types of operations are
dependent on local environmental conditions and are therefore specific to location and deposit
type. For example, strong winds, waves, and currents have a high impact and areas protected
from these forces are favored. Environmental restrictions can also affect the type of dredging
employed; the main consideration, besides removal of benthic organisms directly in the path

298



Ocean minerals

of the miner, is creation of a sediment plume that can affect benthic biology outside of the
immediate impact area. Also, the sand component of seafloor aggregate may limit the source
and therefore supply of sand available for the natural maintenance of adjacent beaches. Other
concerns include multiple use issues such as recreation, fishing, aquaculture, navigation routes,
seabed pipes and cables, among others.

Like aggregate, metallic placers are mined using both hydraulic and mechanical dredging
operations. Diamond mining uses traditional placer mining techniques as well as more sophisti-
cated vertical and horizontal suction dredging. Vertical mining entails drilling into the seabed
with a 6 to 7 m diameter drill head and sucking up the diamond bearing material. Horizontal
mining employs the use of Seabed Crawlers (remotely controlled, caterpillar-tracked underwater
mining vehicles) that move across the seafloor pumping gravel up to vessels where it is separated
and sorted. Limits to current ocean placer mining systems include extreme susceptibility of metal
components to corrosion, surface wind and wave impacts on platforms, and the creation of
sediment plumes.

Mining seawater

Seawater makes up 98.8 percent of the world’s surface water and contains every element in the
periodic table, mostly in trace concentrations. Currently, only sodium, magnesium, calcium,
potassium, and bromine are extracted for profit, but there is interest in the extraction of lithium,
uranium, and deuterium.

Sodium chloride (common table salt) makes up 71 percent of the dissolved solids in sea-
water and is immensely important to society. Most sea salt is produced via fractional solar
evaporation in which brines are allowed to evaporate for various periods of time in multiple
ponds. Magnesium and potassium are then recovered using electrolytic processes. India produces
over half of the world’s sea salt, and other coastal areas with a combination of low precipitation
and high evaporation such as Mexico, France, Spain, and Italy, make up the majority of remaining
production. Bromine occurs in seawater at a low concentration of about 65 parts per million
(ppm = grams per tonne) but can be produced as a co-product of sea salt extraction.

Lithium is used virtually in all electronic devices that require a rechargeable battery. It occurs
in seawater at 0.18 ppm and Japan and Korea have development programs for its extraction
from seawater using ion-exchange, adsorbent, and polymeric membrane technologies. Lithium
from seawater may become economically viable within the next few years. The U.S., Japan,
France, South Korea, Sweden, Taiwan, U.K., Canada, India, and Italy have research programs
to extract and concentrate uranium from seawater, which occurs at 0.003 ppm. The discovery
of high-grade, land-based uranium deposits in Australia and Canada has curbed investment in
ocean uranium extraction technology, although research programs continue. Deuterium is of
interest due to its potential as a fuel for nuclear fusion energy. The oceans are estimated to
contain approximately 46 million tonnes of deuterium; however, extraction processes have yet
to be perfected.

Deep-ocean mineral deposits: Ferromanganese (Fe-Mn) crusts

Fe-Mn crusts (Figure 20.1) are found on rock surfaces of seamounts, ridges, and plateaus as
pavements and coatings on talus in areas that remain sediment-free for millions of years. Fe-
Mn crusts precipitate from cold ambient seawater and are thus classified as hydrogenetic, also
called hydrogenous. Crusts are found at water depths of 400-7000 m, with the thickest and
most metal-rich crusts occurring at depths of about 800-2500 m. The distribution of crusts and
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Figure 20.1 Representative photographs of seafloor and samples of Fe-Mn crusts and nodules: (A)
seafloor paved with Fe-Mn crust from Horizon Seamount in the Johnston Island EEZ, central Pacific,
2000 m water depth; (B) Fe-Mn crust collected from a seamount in the Marshall Islands EEZ, NW
Pacific, water depth 1780 m; (C) cross-section of a 18 centimeter (cm) thick Fe-Mn crust showing
multiple growth layers and substrate rock, from seamount in the Marshall Islands EEZ, 1800 m water
depth; (D) diagenetic-hydrogenetic manganese nodules from the CCZ, NE Pacific Ocean; (E) cross-
section of a 13.6 cm diameter hydrogenetic manganese nodule from Lomilik Seamount, Marshall Islands
EEZ, showing concentric accretion layers; (F) seafloor photograph of 3 x 4 m area of a nodule field in
the CCZ and the sediment plume created by impact of the weight

Source: Author.
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characteristics of seamounts indicate that mining operations will likely take place at water depths
from about 1500 to 2500 m (Hein et al., 2009).

Fe-Mn crusts vary in thickness from <1 to 260 millimeters (mm), with thicker crusts occurring
on older seamounts. Crusts are thickest in the N'W Pacific where the ocean floor is the oldest,
more than 145 million years old (Jurassic age). N'W equatorial Pacific Fe-Mn crusts also typically
have the highest concentrations of rare metals and for these reasons the NW-central equatorial
Pacific is considered the prime zone for crust extraction (PCZ; Figure 20.2). The Atlantic and
Indian Oceans have less Fe-Mn crusts than the Pacific because there are fewer and generally
younger sediment-free seamounts and ridges.

Fe-Mn crusts adsorb large quantities of metals from seawater because of their very high porosity
(mean 60 percent), extremely high specific-surface areas (mean 325m? per gram), and remarkably
slow growth rates of 1-5 mm per million years (Hein ef al., 2000). Seamounts and ridges have
unique characteristics that aid in the development of Fe-Mn crusts and the acquisition of metals.
Obstructional upwelling is created by the impingement of deep-water currents along the flanks
of seamounts and ridges, which produces turbulent mixing that keeps them sediment free; the
upwelling also supplies nutrients to surface waters that promotes primary productivity. Organic
matter generated from primary productivity sinks and oxidizes in the water column creating an
OMZ that is a reservoir for dissolved manganese and its associated metals; the OMZ also decreases
Fe-Mn crust growth rates, thereby allowing considerable time for acquisition of metals from
seawater.

Hydrogenetic Fe-Mn crusts form by accretion of hydrated manganese oxide (MnO,) and
iron oxyhydroxide (FeO(OH)) colloids, which acquire trace metals by surface sorption. An
electrochemical model describes a first-order process for sorption of metals from seawater, with
positively charged ions sorbed onto the negatively charged surface of MnO, and negatively
charged and neutral ions in seawater sorbed onto the slightly positive charged surface of FeO(OH)
(e.g., Hein et al., 2013; Hein and Koschinsky, 2014). During formation of surface metal
complexes, both electrostatic bonding and chemical bonding play roles in the accumulation of
trace metals. Second-order processes include surface oxidation (cobalt, platinum, cerium,
tellurium, thallium) and substitution.

Fe-Mn crusts are composed of 8-MnO, (vernadite) and X-ray amorphous feroxyhyte.
Todorokite is rare, found in only 2 percent of open-ocean Pacific crusts (Hein et al., 2000).
CFA can make up more than 20 percent of the older layers (pre-middle Miocene) of thick
crusts. Minor quartz, feldspar, and other detrital minerals in the crusts are delivered by winds
and by seafloor weathering.

Iron and manganese occur in subequal amounts in crusts with manganese generally higher
in open-ocean Pacific crusts and iron generally somewhat higher in continental-margin crusts
around the Pacific and in Atlantic and Indian Ocean crusts. Cobalt and nickel have been the
metals of greatest economic interest in Fe-Mn crusts, and mean concentrations for large areas
of the global ocean range from 0.30 percent to 0.67 percent and 0.23 percent to 0.46 percent,
respectively. Smaller areas that would compose a 20-year mine site (Hein et al., 2009) can average
about 0.8 percent cobalt and 0.5 percent nickel. Another metal enriched in Fe-Mn crusts and
of great interest to the photovoltaic solar cell industry is tellurium, which globally averages about
50 ppm in crusts, with a maximum of 205 ppm. Total REEs average about 0.16 percent to
0.25 percent over large regions of the global ocean. However, localized areas can yield contents
as high as 0.7 percent and individual samples over 1 percent total REEs. Platinum has also received
attention because concentrations of this precious metal as high as 3 ppm have been reported.
However, for most locations, even small areas, platinum does not average more than about
0.7 ppm, which is still significant compared to land-based deposits if extractive metallurgy can

301



James R. Hein and Kira Mizell

Phosphates ()
B Nodules (:»)
8 Crusts (O0)
Metalliferous Mud

- 9,000 km? 1,184,720 km? S8

" 13 contracts

/811,393 km?

many company contracts

ot

60°E  100°E  140°E . 180° i 140°W

Figure 20.2 Map of deep-ocean exploration contracts as of January 2013, which also marks the only
extraction contract area, for SMS at Solwara 1. Note that some marked areas comprise contracts for
multiple countries/agencies; size of ovals not to scale. See text for description of contracts, pending
contracts and plans of work. About half of the 1,940,000 of contracted areas are in EEZs and the other
half in areas beyond national jurisdictions (The Area)

Source: Author.

be optimized. Other platinum-group metals (PGMs) are much less enriched in crusts. Mean
contents of other metals that are potential by-products of cobalt—nickel-manganese mining
in the PCZ crusts are bismuth (42 ppm), molybdenum (463 ppm), niobium (54 ppm), titanium
(1.2 percent), tungsten (89 ppm), and zirconium (559 ppm) (Hein ef al., 2013).

Manganese nodules

Manganese nodules occur throughout the global ocean on the surface of sediment-covered abyssal
plains at water depths of 3500 to 6500 m. The most extensive deposits have been found in the
Pacific Ocean, especially within the CCZ, the Peru Basin, and Penrhyn Basin (Figure 20.2).
A large nodule field also occurs in the Central Indian Ocean basin. Other nodule fields may
also occur in the Argentine Basin in the SW Atlantic and in the Arctic Ocean, although those
areas are poorly explored. The CCZ is the area of greatest economic interest for nodule mining
because of high Ni and Cu contents in the nodules and high nodule abundances.

Nodules are most abundant in abyssal areas with oxygenated bottom waters, low sedimentation
rates (less than 10 cm per kiloannum), and where sources for abundant nuclei occur. High-grade
(>2 percent Cu+Ni) nodules occur in areas of moderate primary productivity in surface waters;
nodule grade is influenced by location relative to the calcite compensation depth (CCD), which
is controlled by primary productivity in surface waters. Above the CCD, deposition of biogenic
calcite (shells of plankton) increases sedimentation rates and dilutes the organic carbon necessary
for the chemical reactions in the sediment (called diagenetic) that release Ni and Cu (Verlaan
et al., 2004; Cronan, 2006). The highest-grade nodules form near but generally below the CCD.

Nodules grow by accumulation of manganese and iron hydroxides around a nucleus. Unlike
Fe-Mn crusts, nodules acquire metals from two sources, seawater (hydrogenetic) and sediment
pore fluids (diagenetic). Nodules occur that are solely hydrogenetic (seamounts) or solely
diagenetic (Peru Basin), but most sequester metals from both sources. The pore fluids are the
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predominant source of nickel and copper, whereas seawater is the dominant source of cobalt.
Pore fluid metals are derived from oxidation/reduction (redox) reactions and organic matter
decomposition in upper sediment layers and are subsequently incorporated into the manganese
nodules forming at the seabed. The diagenetic component of nodules increases their growth
rates by a factor of 2 to 50 compared to Fe-Mn crusts, with measured rates of up to 250 mm
per megaannum. The greater the diagenetic input, the faster the growth rate. Growth rates of
hydrogenetic end-member nodules converge with those of Fe-Mn crusts. Typical nodules are
1-5 c¢m long. Diagenetic nodules in the Peru Basin can be up to 20 ¢cm long.

Manganese nodules are composed predominantly of hydrogenetic -MnO, (vernadite),
diagenetic 10A manganate (todorokite, buserite, asbolan), lesser amounts of feroxyhyte, and,
less commonly, diagenetic birnessite. Minor amounts of detrital aluminosilicate minerals and
authigenic minerals are commonly present. Key physical properties of Fe-Mn nodules are the
sheet and tunnel structures of the diagenetic manganese minerals, which allow for the acquisition
of large amounts of nickel, copper, and other elements that stabilize the mineral structure.

Manganese nodules typically have three to six times more manganese than iron, distinguishing
them from Fe-Mn crusts where Fe and Mn contents are similar. Nickel and copper have been
the metals of greatest economic interest and have a mean concentration in the CCZ nodules
of 1.3 percent and 1.1 percent, in Peru Basin nodules 1.3 percent and 0.60 percent, and in
Central Indian Basin nodules 1.1 percent and 1.0 percent, respectively. These abundances vary
somewhat in mine-site-size areas within these major nodule fields. Nodules contain more nickel,
copper, and lithium than crusts, and crusts are more enriched in the other rare metals and
REEs. Lithium in CCZ nodules averages 131 ppm and is especially high in diagenetic nodules,
averaging 311 ppm in Peru Basin nodules (Hein and Koschinsky, 2014). REEs in nodules are
also of economic interest but are generally two to six times lower than they are in Fe-Mn crusts,
with maximum total REEs plus yttrium in CCZ nodules of 0.08 percent. Other metals of
interest as potential by-products of nickel-copper—manganese mining in the CCZ include cobalt
(0.21 percent), molybdenum (590 ppm), and zirconium (307 ppm).

Seafloor massive sulphides (SMS)

SMS deposits are metal-bearing sulfide mineral-rich deposits (Figure 20.3) precipitated from
hydrothermal fluids on and below the seabed. In areas of volcanic activity, cold seawater moves
through cracks into the seafloor down to depths of several kilometers and is heated up to 410°C.
Heated seawater reacts with the surrounding rocks during its descent and leaches their contained
metals. These chemical reactions produce a fluid that is hot, slightly acidic, reduced, and enriched
in dissolved metals and sulphur. Due to the lower density of the hot fluid, it rises rapidly to
the seafloor and vents as focused flow into the water column and produces black-and-white
smoker chimneys. The dissolved metals precipitate as sulfides on contact with cold oxygenated
seawater. Much of the metal carried to the seafloor is deposited as fallout from the hydrothermal
particle plume, as well as forming the chimney structures. The ascending hydrothermal fluid is
replaced by descending cold seawater thereby forming a hydrothermal circulation cell.

The most abundant minerals in SMS deposits are pyrite (FeS,) and other iron sulphides. The
minerals of economic interest are chalcopyrite (copper sulphide) and sphalerite (zinc sulphide),
and their contained precious metals gold and silver (Petersen and Hein, 2013). Non-sulphide
minerals such as sulphates, amorphous silica and silicates also occur in SMS deposits.

The contents of metals are variable and not all are of commercial interest. Copper and zinc
are commonly less than 25 percent each. Gold and silver are highly enriched in some deposits,
up to several tens of ppm for gold and several hundreds of ppm for silver. Other trace elements
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Figure 20.3 Representative photographs of seafloor and a sample collected of SMS from the Mariana
volcanic arc, West Pacific: (A) active sulphide chimney emitting high-temperate fluids, East Diamante
Caldera, 354 m water depth, JAMSTEC cruise NT10-12; (B) cross-section through a large chimney;
the yellow conduit lining is silica colored with a trace of elemental sulphur; red-brown barite surrounds
the zinc-sulphide-rich chimney collected from 377 m water depth, JAMSTEC cruise NT10-12; digital
scale bar represents 10 cm; (C) white smoker chimneys from Champagne vent site, EW Eifuku volcano,
1610 m water depth; NOAA cruise TN167; (D) cluster of dead black smoker zinc sulphide chimneys
and host blocky dacite rocks, East Diamante Caldera, 348 m water depth, JAMSTEC cruise NT09-08

Source: Author.

(bismuth, cadmium, gallium, germanium, antimony, tellurium, thallium, indium) that usually
occur in SMS deposits in low concentrations (ppm level) can be up to several tens to hundreds
of ppm in some deposits, especially those that form in volcanic arc settings. These rare metals
are important in high-tech and green-tech applications. Weathering of old SMS exposed at the
seabed may increase the copper contents in the deposit due to formation of secondary copper-
rich sulphides.

Hydrothermal convection cells are found in all oceans and depend only on a heat source, a
fluid to transport heat and chemical elements to the seafloor, and pathways for that fluid to
penetrate and then exit the seafloor. Submarine volcanic activity is most extensive along the
divergent plate boundaries characterized by mid-ocean ridges but is also common along
convergent plate boundaries where volcanic arcs and back-arc spreading centers develop through
subduction of oceanic crust. The divergent/convergent zones in the oceans have a combined
length of 89,000 km, including 64,000 km of oceanic spreading centers and 25,000 km
of submarine volcanic arcs and back-arc-basin spreading ridges. The abundance of massive sulphide
deposits is related to the magmatic activity along those plate boundaries. Most high-temperature
hydrothermal systems at mid-ocean ridges occur in the axial zones of the spreading center and
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are associated with basaltic volcanism; however, a number of large hydrothermal systems also
develop at off-axis volcanoes. A new class of SMS deposit occurs along slow spreading ridges
where detachment faults direct fluid flow away from the ridge axis (Cherkashov et al., 2010).
These detachment faults expose ultramafic mantle rocks at the seafloor and hydrothermal
circulation can produce copper- and gold-rich deposits.

Hydrothermal circulation cells in subduction-related environments are similar to those at
mid-ocean ridges, but the geology and tectonic setting influence the mineralogy and chemistry
of the deposits. The most influential differences are host-rock compositions, the input of magmatic
fluids, volatiles, and metals into the hydrothermal fluids and venting in shallow-water environ-
ments. Active hydrothermal systems and sulphide deposits occur in the craters and calderas of
large arc volcanoes but most high-temperature vents and the largest sulphide deposits in the
western Pacific occur in the back-arc spreading centers (e.g., Lau Basin, North Fiji Basin, Mariana
Trough).

Besides these focused-flow hydrothermal systems, diffuse-flow systems form when the rising
metal-rich fluid mixes with downward moving seawater, which results in the precipitation of
mostly metal oxides over large areas of seabed. This type of hydrothermal deposit does not
usually contain metals of economic interest.

Drivers for confronting the challenges of mining deep-ocean minerals

The global population passed seven billion people in November 2011. More than 2.5 billion
live in countries with expanding economies and a rapidly growing middle class. An ever-growing
number of people live in developing countries that need to build the infrastructure and
acquire resources necessary for a sustainable energy future. The mineral resources required to
sustain that growth and to support green- and emerging-technologies can no longer be supplied
economically solely from land-based sources. Many rare metals required for these green- and
high-technology applications are abundant in deep-ocean mineral deposits. Existing sources for
many critical metals are limited; China is the major producer for 30 critical metals, including
the 14 REEs and yttrium. China’s exports of these metals are decreasing as internal use
increases.

The average grades being mined in land-based mines are continually decreasing. For example,
average copper ore mined in 1900 contained 4 percent copper, whereas now it is close to
0.5 percent copper (Mudd, 2009). Consequently, more ore must be processed to yield the same
amount of metal. In comparison, SMS deposit grades vary from about 1 percent to 12 percent
copper, although the tonnage reserves are unknown. Nodules also contain more than 1.0 per-
cent copper and occur in high tonnage deposits. Terrestrial mines must remove an increasing
amount of overburden to reach ore bodies, with super-deep open-pit and mega-underground
mines planned. In contrast, marine Fe-Mn crust, manganese nodule, and SMS deposits have
little or no overburden.

REEs found in Fe-Mn crusts and nodules have several distinctions from those produced
from terrestrial mines. The marine deposits have significantly lower grades, but the tonnages of
total REE metals are comparable in the CCZ nodules and PCZ crusts with the largest land-
based carbonatite-hosted deposits, Bayan Obo in China and Mountain Pass in the USA. More
important is the much larger complement of heavy REEs (HREEs) relative to light REEs in
the marine deposits. The large terrestrial REE deposits have <1 percent HREEs, whereas the
PCZ crusts and CCZ nodules have respectively 18 percent and 26 percent HREE complements
of the total REEs (Hein, 2012). This is key because the HREEs have the greatest economic
value (Hein et al., 2013).
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Current activities and major players in development of deep-ocean
mineral deposits

As of January 2015, exploration contracts have been signed or are pending signature for over
2 million km? of seabed (Figure 20.2), about half by coastal States for operations within their
respective EEZs, and the remainder by the International Seabed Authority (ISA) in areas beyond
national jurisdictions, known as The Area. About 40 percent of the contracted area is for SMS
deposits, most within EEZs of SW Pacific States, and only 60,000 km? for SMS in The Area.
Most of the remaining 60 percent of the contracts are for Fe-Mn nodules, all in The Area, with
two small contract areas for phosphorite, one off New Zealand, one off Namibia, and one very
small contract area for metalliferous mud in the Red Sea. In July 2012, the Council and Assembly
of the ISA passed regulations for the exploration for Fe-Mn crusts and soon after received three
plans of work for contract areas (9000 km? total) in the West Pacific, which were approved in
2014. Brazil submitted a plan of work for Fe-Mn crusts on Rio Grande Rise, Atlantic Ocean,
which has been approved by the Council of Nations; this 3000 km? is included in the total
contract area.

The following States through their Federal agencies have signed contracts for Fe-Mn
nodule areas of about 75,000 km? each: China, France, Germany, India, Japan, Korea, Russia,
and a group of States under the name Inter-Ocean Metals (Bulgaria, Cuba, the Czech Republic,
Poland, Russia, Slovakia); in addition, eight companies have nine contracts or pending contracts
of 75,000 km? areas for nodules, one for 58,620 km? China, France, Germany, India, Korea,
and Russia have signed or have pending contracts for SMS of 10,000 km? each. Japan,
China, Russia, and Brazil have plans of work approved by ISA Council for Fe-Mn crusts of
3000 km? each.

Comparisons with land-based reserves

To get a measure of how the metal tonnages of deep-ocean deposits compare with land-based
deposits, we use the best-studied area for nodules, the CCZ, and the best-studied area for crusts,
the PCZ. Comparisons of total contained tonnages of metals from those two marine areas are
made with the global terrestrial reserves (U.S. Geological Survey, 2012) and the global terrestrial
reserve base (TRB; U.S. Geological Survey, 2009), which includes resources that are currently
economic (reserves), marginally economic, and subeconomic. A conservative estimate of the
dry tonnage of nodules in the CCZ is 21,100 million tonnes (ISA, 2008) and for crusts in the
PCZ is 7533 million tonnes (Hein and Koschinsky, 2014).

Nodules in the CCZ have 6000 times more thallium, 1.2 times more manganese, 1.6 times
more tellurium, 1.8 times more nickel, 3.4 times more cobalt and 4 times more yttrium than
the entire TRB for those metals. Metals in CCZ nodules as a percent of the TRB are arsenic
88 percent, molybdenum 63 percent, thorium 27 percent, vanadium 25 percent, copper 23
percent, tungsten 21 percent, lithium 20 percent, niobium 15 percent, total REEs as oxides
(TREO) 10 percent, titanium 7 percent and PGM 4 percent.

With only 36 percent the tonnage of CCZ nodules, Fe-Mn crusts in the PCZ have just
over 1700 times more thallium, 9 times more tellurium, 3.8 times more cobalt, 3.4 times more
yttrium, and 1.8 times more arsenic than the TRB. Metals in PCZ crusts as a percent of the
total TRB are bismuth 46 percent, manganese 33 percent, nickel 21 percent, molybdenum 18
percent, vanadium 13 percent, niobium 13 percent, TREO 11 percent, tungsten 11 percent,
titanium 10 percent, thorium 8 percent, PGMs 5 percent, and copper 0.7 percent. These
calculations illustrate that significant tonnages of metals occur in the marine deposits, however,
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it should be kept in mind that not all the nodules in the CCZ or crusts in the PCZ would be
recovered, as is also true for the metals that make up the TRB.

Unique characteristics for recovery of deep-ocean minerals

Land-based mines leave a substantial footprint of roads, building complexes, and open pits, as
well as impacted waterways and millions of tonnes of waste rock; marine-based mine sites will
have no roads, seafloor ore-transport systems or buildings, and little seafloor infrastructure. Fe-
Mn crusts and nodules are essentially two-dimensional deposits and exposed at the seabed. SMS
deposits have a third dimension of several tens of meters, but have little or no overburden to
be removed. In land-based mines, removal of overburden to reach an ore body can be as much
as 75 percent of the material moved. Since the deep-ocean mining platform will be a ship, it
can be moved to new locations so that small high-grade deposits can be selectively mined.
In addition to the higher grades of the marine deposits, three or more metals can be recovered
from a single mine site for each of the three main types of deep-ocean mineral deposits. Deep-
ocean marine operations will not impact indigenous or native human populations; an increasing
concern with land-based mine sites. Further, no personnel will be in harm’s way at the mine
site in deep-ocean operations.

Technical challenges

There is a large body of literature on potential technologies for the exploration and exploitation
of deep-ocean mineral deposits (see Hein et al., 2000 for review). However, the first-generation
technologies for exploitation are currently available or are presently being built for mining Fe-
Mn nodules and SMS, but not Fe-Mn crusts. Extraction technology for SMS has been adapted
from that used in deep-ocean petroleum operations, such as seabed pipe trenching operations,
and from offshore placer diamond mining, the latter of which is being adapted from shelf-depth
operations to deep-water operations (see section above on placer diamonds).

Fe-Mn crusts have two major technological hurdles to overcome, one for exploration and
mine-site characterization and one for extraction. It is essential that an exploration tool be
developed that is deep-towed, or Autonomous Underwater Vehicle (AUV)-mounted, and will
measure crust thicknesses (tonnage) in place in real time. The best avenues may be the dev-
elopment of a multispectral seismic instrument or a gamma-radiation detector, although issues
with attenuation of the gamma-ray signal in seawater must be overcome. A second issue is the
development of a mining tool that will be able to separate the Fe-Mn crust from the substrate
rock on which it is attached without collecting the substrate rock, which would significantly
dilute the ore grade. This removal must take place on an irregular and often rough seabed at
1500—2500 m water depths, and with crusts attached with variable degrees of adherence depend-
ing on the type of substrate rock, which will require substantial technological advancements.

Environmental considerations

Disturbance of the Earth’s surface whether land-based (farming, logging, mining, cities, roads,
wind farms, solar farms, etc.) or deep-ocean based (mining, trawling, wind farms, etc.) will disturb
or even destroy habitat, so it is essential that the most environmentally sound practices be
developed and employed for all Earth-surface activities. Besides the potential environ-
mental advantages of deep-ocean mining listed above, deep-ocean ecosystems generally show
low population densities compared to areas of many land-based mines, with the exception of
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deep-ocean active hydrothermal black smoker vent fields. However, those vigorously venting
systems will not likely be exploited in the near term, rather extinct systems are currently the
focus of industry. Ecosystem compositions will need to be characterized at each potential mine
site, the degree of endemism determined, and an environmental assessment made. The Inter-
national Marine Minerals Society produced an Environmental Code that is posted on their website
(www.immsoc.org). A real-world example of an environmental impact statement is provided
by Nautilus Minerals Inc. for its Solwara 1 mine site and posted on their website (www.cares.
nautilusminerals.com).

The potential affects of Fe-Mn nodule mining have been studied during several international
programs that were based on extensive field studies, as well as theoretical and experimental
laboratory studies. It is clear that there will be damage of habitat in the path of a mining vehicle
and that a sediment plume of unknown extent will be created in the bottom-water layer. The
ISA’s Kaplan Project (ISA, 2008) concluded that it is difficult to predict the threat of nodule
mining to biodiversity and the risk of species decline because of limited knowledge of the numbers
and geographic distributions of species. Approaches to ameliorate these problems include dev-
elopment of proper mining equipment, use of un-mined corridors within the ore field so that
impacted species can repopulate the area, and mining down current from reference sites with
equivalent ecosystems so that larvae would be transported to the mined area.

Fe-Mn crust mining would not significantly involve sediment suspension and would cover
an area much smaller than that needed for nodule mining (Hein et al., 2009). Crust particles
can be an effective scavenger of trace metals, which might lead to depletion of some micro-
nutrients, whereas a release of particles within an OMZ around seamounts could lead to release
of metals. The generalization that seamounts are island habitats with highly endemic faunas that
comprise unique communities distinct in species composition from other deep-sea habitats is
not supported by a recent compilation of existing data (Rowden et al., 2010).

Deep-ocean ores will be transported to land-based processing plants. Once the ores are
transported to existing or newly built processing plants, the same environmental issues that
presently exist at such plants will continue; however, newly built plants may be more efficient
and employ advancements in green technologies. Processing on board ship will likely be limited
to dewatering of the ore, which would be pumped back down to the water depth of the
mine site.
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MAKING PROGRESS
WITH MARINE GENETIC
RESOURCES

Salvatore Arico

Marine genetic resources: an introduction

On the basis of the definition provided in article 2 of the Convention on Biological Diversity
(CBD), which deals with use of terms, marine genetic resources can be described as material
to be found in the marine environment of any living origin (plant, animal, microbial, other)
containing functional units of heredity of potential or actual value (SCBD, 1992; Arico and
Salpin, 2005). The 2010 Nagoya Protocol on Access to Genetic Resources and the Fair and
Equitable Sharing of Benefits Arising from their Utilization to the Convention on Biological
Diversity expands the definition of genetic resources in the text of the CBD to also encompass
marine ‘derivatives’; these, in article 2 of the Nagoya Protocol, on use of terms, are defined as
naturally occurring biochemical compounds resulting from the genetic expression or metabolism
of biological or genetic resources, even if they do not contain functional units of heredity (SCBD,
2011). These definitions de facto imply that, from the standpoint of the CBD and Nagoya
Protocol regime, all material that contains functional units of heredity and all naturally occurring
biochemical compounds to be found in the marine environment potentially fall within the
category of marine genetic resources.

Article 3 of the Nagoya Protocol, which deals with access to genetic resources, specifies that
the Protocol applies to genetic resources within the scope of article 15 of the CBD (access to
genetic resources), that is to say, with a strong focus on the sovereign rights of States over their
natural resources in determining access to genetic resources. But article 15 also contains
provisions related to creating the conditions to facilitate access to genetic resources for
environmentally sound uses by other Contracting Parties;! the full involvement in scientific
research based on genetic resources of the Contracting Parties providing such resources;? and
for sharing in a fair and equitable way the results of research and development and the benefits
arising from the commercial and other utilization of genetic resources with the Contracting
Party providing such resources.?

Article 11 of the Nagoya Protocol, which deals with transboundary cooperation, states:

In instances where the same genetic resources are found in situ within the territory
of more than one Party, those Parties shall endeavour to cooperate, as appropriate,
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with the involvement of indigenous and local communities concerned, where
applicable, with a view to implementing this Protocol.

Moreover, the global vocation of the Nagoya Protocol is well reflected in its article 10, which
deals with a global multilateral benefit-sharing mechanism, also in relation to benefits derived
from the utilization of genetic resources that occur in transboundary situations. The article states:

Parties shall consider the need for and modalities of a global multilateral benefit-sharing
mechanism to address the fair and equitable sharing of benefits derived from the utiliza-
tion of genetic resources and traditional knowledge associated with genetic resources
that occur in transboundary situations or for which it is not possible to grant or obtain
prior informed consent. The benefits shared by users of genetic resources and traditional
knowledge associated with genetic resources through this mechanism shall be used to
support the conservation of biological diversity and the sustainable use of its components
globally.

The definitions and provisions in the articles of the CBD and the Nagoya Protocol referred to
above, albeit cognisant of sovereignty issues in relation to resources to be found in areas within
national jurisdiction, seem to reflect the underlying assumption that, in the context of the CBD
and Nagoya Protocol regime, genetic resources are considered to be of potential importance
to humankind as a whole.

The collaborative provisions envisaged by the Nagoya Protocol in relation to trans-
boundary cooperation and to a global multilateral benefit-sharing mechanism can greatly assist
in promoting cooperation in regards not only to shared marine genetic resources or to genetic
resources the origin of which cannot be determined, but also to marine genetic resources that
clearly originate from areas beyond national jurisdiction, in support of implementation of the
general provisions on Marine Scientific Research under the UN Convention on the Law of
the Sea (UNCLOS).

Discriminating between marine genetic resources within areas of national justification from
shared marine genetic resources and from those to be found in areas beyond national jurisdiction,
albeit legally relevant, is not very meaningful from a scientific perspective:

e First, due to the very broad scope of the definition of genetic resources under the CBD
and Nagoya Protocol regime, in many cases it might be difticult, not to say impossible, to
define exact geographic boundaries when dealing with material of any living origin
containing functional units of heredity or naturally occurring biochemical compounds
resulting from the genetic expression or metabolism of biological or genetic resources.

¢ Second, marine species are distributed according to both taxonomic as well as physiognomic
features (habitat, water characteristics, seabed topography, ecological processes); these features,
together with those of the life cycles of species (for example, several sedentary marine species
have pelagic stages), determine patterns of species dispersal, isolation and evolution (Agostini
et al., 2008). Hence, from a scientific perspective, for genetic resources derived from several
marine species, it may be difficult to associate them with a specific geographic location.

e Third, the application of metagenomic analysis, which has shifted the biodiversity paradigm
from species and ecosystem centred to gene centred,* in the marine environment has
indicated clearly that the diversity of genes even in ‘poor’ parts of the world oceans such
as the Sargasso Sea’ is vast (Venter ef al., 2004). Furthermore, metagenomic analysis has
showed that some genes are clearly ubiquitous (Aziz et al., 2010); at the same time, research
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showed that some genetic sequences of marine samples in the water column were unique
in almost every sample collected (Rush ef al., 2007).

In essence, our scientific knowledge of how genetic diversity shapes itself on Earth, including
in the marine environment, is in its infancy, and it seems difficult to accommodate these findings
in the theoretical framework of conventional ecological sciences, to which legal instruments
often refer.

From a policy perspective, in the context of the current legal framework on the law of the
sea, it has proven very difficult even to agree on some basic principles on how to deal with
access to and the sharing of benefits deriving from the utilization of marine genetic resources.
The debate on the legal status of marine genetic resources in areas beyond national jurisdiction
has become increasingly heated since the first observations by Glowka in 1996 (Glowka, 1996)
on the applicability of the freedom of use principle versus the principle of common heritage of
mankind to these resources to more recent observations on the complexity of the debate, which
is still to be resolved (Scovazzi, 2015).

Treves (2010) has called the legal regime of genetic resources in the seabed beyond the limits
of national jurisdiction ‘the most “fashionable” law-of-the-sea problem of the present’. This
can be justified in light of two main types of reasons.

The first is the general perception that applications of findings of research on marine genetic
resources might be economically prosperous and societally beneficial. This is potentially true, as
illustrated by the number of, and trends in, patents filed on the basis of these resources (Arnaud-
Haond et al., 2011); as well as successful examples of applications of scientific discoveries based
on these resources in sectors such as health, industry and cosmetics (Leary et al., 2009; Leary, 2011).

Defining the regime according to which access to marine genetic resources in areas beyond
national jurisdiction and the sharing of benefits deriving from their utilization would be regu-
lated has a direct impact on who would benefit from these resources. In the absence of clarity
with regard to the legal status of, and due to the high costs involved in operations related to
research on these resources, access to them and the derived benefits have been a prerogative of
a lucky few (Arico and Salpin, 2005; Ruth, 2006; Leary, 2007; Arnaud-Haond et al., 2011).

The second type of reason why the debate on marine genetic resources in areas beyond
national jurisdiction has attracted so much attention is its complexity. Issues related to these
resources are multiple and multifold, as they span many aspects of a scientific, technical, techno-
logical, policy, social, economic and political nature. These entail inter alia issues related to
intellectual property rights, including modalities related to public—private partnerships and the
licensing to the private sector of patents filed on the basis of research conducted with public
funding (Arico and Salpin, 2005; Salpin and Germani, 2007; Chiarolla, 2013); who owns the
technology needed to explore the extreme environments (in terms of depth, temperature, toxicity
and remoteness) where marine genetic resources of particular interest are found, and issues related
to technology transfer and capacity building in general; ensuring disclosure with regard to where
marine genetic resources have been sampled (Vierros et al., 2015); and issues related to the
conservation of vulnerable species and ecosystems and legal and technical difficulties related to
the establishment of marine protected areas beyond areas of national jurisdiction (Salpin and
Germani, 2010).

The debate on marine genetic resources, as part of the consideration by the United Nations
General Assembly of the conservation and sustainable use of marine biodiversity beyond areas
of national jurisdiction since 2004, is largely responsible for triggering a process on the possible
elaboration of a new implementing agreement on the conservation and sustainable use of marine
biological diversity of areas beyond national jurisdiction under UNCLOS, with the aim of
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strengthening the current law of the sea framework. Discussions on a possible new implement-
ing agreement have been polarized as some States favour focusing on the implementation of
existing instruments, while others insist that the current law of the sea regime should be strength-
ened, including by taking in the emerging and unresolved issues related to marine genetic
resources, including questions on the sharing of benefits, as well as the need for a global mechanism
related to area-based management tools, environmental impact assessments and capacity building
and technology transfer. In Rio in 2012, high-level State representatives, building on the work
of the Ad Hoc Open-ended Informal Working Group to study issues relating to the conservation
and sustainable use of marine biological diversity beyond areas of national jurisdiction and before
the end of the sixty-ninth session of the UN General Assembly, committed to address, on an
urgent basis, the issue of the conservation and sustainable use of marine biological diversity of
areas beyond national jurisdiction, including by taking a decision on the development of an inter-
national instrument under UNCLOS.® In my opinion this process can be seen as a de facto
reopening of the way in which the UNCLOS regime is currently arranged.

Much has been written on the multiple issues that the debate on marine genetic resources
of areas beyond national jurisdiction has entailed; hence this chapter will not repeat those
considerations. Moreover, despite the complexity of the multiple dimensions of the problem,
there is a need to demystify and to unbundle the current debate on marine genetic resources.”

Further to the introduction provided thus far, this chapter recollects the history of the policy
debate on marine genetic resources of areas beyond national jurisdiction from its inception in
1995 up to the present, which may provide a useful lens though which to analyse and better
understand current discussions and deliberations under the auspices of the UN General Assembly.
The chapter focuses on those directions that seem to be more promising so as to deal with
issues related to marine genetic resources in an effective manner, namely technology transfer
and capacity building. It refers to the latest scientific developments in relation to the study of
genetic resources — a field that evolves at a rapidity much more significant than the pace of the
policy discussions. It also attempts to provide examples of practical experiences and lessons learned
in dealing with these resources at multiple scales, as well as best practices by the scientific
community and the private sector. Finally, the chapter suggests future prospects to make progress
with the current debate on marine genetic resources of areas beyond national jurisdiction, so
as to move from discourse to action on their conservation and sustainable and equitable use.

The primacy of the UN Convention on the Law of the Sea
and the important backstopping role of the Convention on
Biological Diversity

In 1995, the report on access and benefit-sharing in relation to genetic resources prepared by
the Secretariat of the CBD for consideration by the second meeting of the Conference of the
Parties (COP) to the Convention noted:

The genetic resource provisions of the Convention on Biological Diversity do not
apply to genetic resources in areas outside national jurisdiction, such as the high seas
and the deep seabed. Genetic resources in these areas may, however, have major value
for humanity. UNCLOS did not anticipate this value and it is unclear whether or
how the common heritage principle applies to the living resources of the deep seabed.?

The Secretariat suggested that an in-depth analysis be commissioned by the COP to the
Convention’s Subsidiary Body on Scientific, Technical and Technological Advice (SBSTTA);
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the study was to treat the relationship between the CBD and UNCLOS in relation to how to
address the use of genetic resources outside national jurisdiction and how UNCLOS and the
Convention on Biological Diversity could be mutually reinforcing with regard to access to marine
genetic resources under national jurisdiction.

The legal interpretation advanced by the CBD Secretariat with regard to the non-applicability
of the provisions of the CBD to genetic resources in areas outside national jurisdiction is correct
in light of Article 4 of the CBD, which deals with the jurisdictional scope of the Convention
(SCBD, 1992), and which in its paragraph (a) states: ‘[the provisions of this Convention apply,
in relation to each Contracting Party]| [i]n the case of components of biological diversity, in
areas within the limits of its national jurisdiction’. It can be questioned, however, that this
interpretation albeit correct is only partial in that paragraph (b) of Article 4 of the CBD states:

[the provisions of this Convention apply, in relation to each Contracting Party] [i]n
the case of processes and activities, regardless of where their effects occur, carried out
under its jurisdiction or control, within the area of its national jurisdiction or beyond
the limits of national jurisdiction.

In the latter regard, Salpin and Arico (2005) effectively make the argument that bioprospecting
of genetic resources from areas beyond national jurisdiction would be covered by the CBD in
so far as it is an activity that may have impacts on the biodiversity in those areas, not necessarily
from an access and benefit-sharing perspective.

As Arico and Salpin (2005) demonstrate extensively, ‘processes and activities” also entail a
number of steps related to seabed bioprospecting of marine genetic resources, which the authors
loosely define as the search for, and exploitation of, valuable compounds from genetic resources
of the seabed beyond national jurisdiction.

Regardless, the suggestion proactively put forward by the CBD Secretariat triggered a debate
at the second meeting of the COP, which led to the adoption of decision 11/10, in which:

The Conference of the Parties, [r]equests the Executive Secretary, in consultation with
the United Nations Office for Ocean Affairs and the Law of the Sea, to undertake a
study of the relationship between the Convention on Biological Diversity and the
United Nations Convention on the Law of the Sea with regard to the conservation
and sustainable use of genetic resources on the deep seabed, with a view to enabling
the Subsidiary Body on Scientific, Technical and Technological Advice to address at
future meetings, as appropriate, the scientific, technical, and technological issues
relating to bio-prospecting of genetic resources on the deep seabed.’

In 1996, the CBD Secretariat prepared document SBSTTA/2/15 on bioprospecting of genetic
resources of the deep seabed with a view to assisting SBSTTA in its work and recommendations
on the subject.!” This document was never considered, as the provisional agenda submitted to
the second meeting of SBSTTA meeting was orally amended by the Executive Secretary of the
Convention, who reported:

the Bureau had considered it inappropriate to include for discussion an item on
bioprospecting of genetic resources of the deep seabed, since the Secretariat had
been unable to consult with the United Nations Convention on the Law of the Sea
(UNCLOS) in time to coordinate their input.!!
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The position of the COP Bureau was reflective of a certain degree of nervousness on behalf
of some Contracting Parties to the Convention to tackle the potentially sensitive issue of if and
how the CBD should deal with an issue that many perceived as a legal gap under UNCLOS
(CBD Secretariat, pers. comm.).

When joining the CBD Secretariat in 1998 as the Head of its Marine and Coastal Unit,
which was in charge of coordinating the development and monitoring the implementation of
the Convention’s first thematic programme of work dealing with marine and coastal biological
diversity, the author of the current chapter found it of urgency to follow-up to decision I1/10,
paragraph 12, so that progress could be made in relation to clarifying the legal status of marine
genetic resources in areas beyond national jurisdiction. This process involved many interactions
between the CBD Secretariat and the UN Division for Ocean Affairs and the Law of the Sea
(DOALOS) as well as iterations by CBD’s SBSTTA and COP.

The 2003 study of the relationship between CBD and UNCLOS with regard to genetic
resources of the deep seabed jointly prepared by the CBD Secretariat and DOALOS concluded
that a legal lacuna existed in relation to these resources and that both CBD and UNCLOS
could offer potential solutions and tools to deal with issues related to marine genetic resources
in areas beyond national jurisdiction.'?

Consideration of the outcomes of the joint study by SBSTTA and subsequently by the COP
at its fourth meeting in 2004 led to the invitation by the COP to the UN General Assembly
to further coordinate work relating to conservation and sustainable use of genetic resources of
the deep seabed beyond the limits of national jurisdiction.'® Indeed, the dominant position of
countries, not only in the context of the CBD process but also in relation to annual debates
and deliberations of the UN General Assembly on ocean affairs and the law of the sea, was that
UNCLOS was the framework within which issues related to marine biodiversity in areas beyond
national jurisdiction ought to be tackled and resolved.

At the same time, the COP invited Parties and other States to identify activities and
processes under their jurisdiction or control that may have a significant adverse impact on deep
seabed ecosystems and species beyond the limits of national jurisdiction,'* thus reaffirming
its competence in relation to processes and activities affecting biodiversity, even in the event
that those took place in areas beyond national jurisdiction, consistently with Article 4 of the
Convention.

The implications of the facts recollected above are the following:

o first, the CBD has demonstrated its ability to contribute to elucidating issues related to a
complex and potentially controversial topic such as that of marine genetic resources in areas
beyond national jurisdiction while respecting its scope, which focuses on issues within
national jurisdiction;

*  second, the debate initiated within the CBD, and the explicit recognition of the primacy
of UNCLOS when dealing with marine areas beyond national jurisdiction, has triggered
an interlinked but also self-determining process under the UN General Assembly in
relation to UNCLOS and marine biodiversity in areas beyond national jurisdiction.

In its resolution 59/24 of 17 November 2004, the UN General Assembly decided to establish
an Ad Hoc Open-ended Informal Working Group to study issues relating to the conservation
and sustainable use of marine biological diversity beyond areas of national jurisdiction (hereinafter
referred to as ‘the Working Group’).!

The Working Group has met six times to date, in 2006, 2008, 2010, 2011, 2012 and 2013.
Since 2004, where it was tasked with, inter alia, examining the scientific, technical, economic,
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legal, environmental, socio-economic and other aspects and indicating possible options and
approaches to promote international cooperation and coordination for the conservation and
sustainable use of marine biological diversity beyond areas of national jurisdiction, its mandate
has evolved into undertaking a process with a view to ensuring that the legal framework
for such biodiversity effectively addresses conservation and sustainable use by identifying
gaps and ways forward, including through the implementation of existing instruments and the
possible development of a multilateral agreement under UNCLOS. At its sixth meeting in August
2013, the Working Group recommended that the UN General Assembly establish a process
within the Working Group to prepare for the decision to be taken at its sixty-ninth session on
the development of an international instrument under UNCLOS. !¢

The increased frequency of the meetings of the Working Group and the fact that it became
tasked with making recommendations to the UN General Assembly show the importance that
States attach to the issue.

Transfer of marine technology: from discourse to reality?

The history of technology transfer in the context of the law of the sea is summarized in the
IOC'" Criteria and Guidelines on the Transfer of Marine Technology (IOC, 2005).'® The account
recalls the genesis of the debate on marine technology transfer in the context of the III UN
Conference on the Law of the Sea in 1970 in relation to the proposal put forward in 1967 by
Ambassador Arvid Pardo of Malta to declare the seabed beyond national jurisdiction as com-
mon heritage of mankind. This proposal was subsequently reflected in the 1970 UN General
Assembly Declaration of Principles Governing the Sea-Bed and the Ocean Floor, and the Subsoil
Thereof, beyond the Limits of National Jurisdiction.

Issues related to technology transfer were dealt with in the context of the III UN Conference
on the Law of the Sea (1973-1982) under the agenda item dealing with ‘Development and
Transfer of Technology’ at the Conference’s first session in 1974. At the third session of the
Conference in 1975, specific provisions on technology transfer in a treaty language were intro-
duced. At the eighth session of the Conference in 1978, substantive negotiations on Part XIV
of UNCLOS, which deals with the development and transfer of marine technology, were
concluded and subsequently adopted at the eleventh session of the Conference in 1982 as part
of the final text of UNCLOS.

Despite the fact that the origin of the debate on technology transfer relates to non-living
resources in areas beyond national jurisdiction and that Part XIV of UNCLOS does not only
refer to technology for the exploitation of resources but also to research technology and other
technology, provisions in Part XIV of UNCLOS can be applied to marine resources in general
(a possible notable exception relates to articles 273 and 274 of UNCLOS, which refer specifically
to activities in the Area and the role of the International Seabed Authority.?

Article 271 of UNCLOS deals with the promotion by States, directly or through competent
international organizations, of the establishment of generally accepted guidelines, criteria and
standards for the transfer of marine technology on a bilateral basis or within the framework of
international organizations and other fora, taking into account, in particular, the interests and
needs of developing States.

IOC is recognized by UNCLOS as a competent international organization in relation to
marine scientific research.?! It is also mentioned among the organizations with which the
Commission on the Limits of the Continental Shelf may cooperate in order to exchange scientific
and technical information that might be of assistance in discharging the Commission’s
responsibilities.??
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The explicit recognition of IOC as a competent international organization by UNCLOS,
which entered into force in 1994, stimulated the establishment by the IOC Assembly in 1997
of the IOC Advisory Body of Experts of the Law of the Sea (IOC/ABE-LOS). The group’s
work has so far focused on the practice of States in the application of part XIII, dealing with
marine scientific research, and XIV, dealing with the transfer of marine technology, of
UNCLOS; the procedure for the application of Article 247 of the Convention in relation to
marine scientific research projects undertaken by or under the auspices of international orga-
nizations; and the legal framework, within the context of UNCLOS, which is applicable to the
collection of oceanographic data.

In 2003, the XXII Session of the IOC Assembly adopted the IOC Criteria and Guidelines
on the Transfer of Marine Technology that had been developed by IOC/ABE-LOS following
an invitation by the UN General Assembly.?

The scope of the Criteria and Guidelines reflects the related provisions of UNCLOS on
the transfer of marine technology (part XIV). In the Criteria and Guidelines, marine technology
is defined as encompassing information and data; manuals and guides; standards and refer-
ence materials; sampling and methodology equipment; observation facilities and equipment;
equipment for in situ and laboratory observations, analysis and experimentation; computer
hardware and software, including modelling techniques; and expertise, knowledge and skills in
relation to scientific, technical and legal know-how related to marine scientific research and
observations.

Against the assumption that the transfer of marine technology should enable all parties
concerned to benefit, on an equitable basis, from developments in the area of marine sciences,
the criteria presented involve: the requirement to develop specific legal, scientific and finan-
cial schemes at national, sub-regional and regional levels; the need to conduct transter of
technology on a free-of-charge basis or at a reduced rate for the benefit of the recipient country;
the specification to take into account the needs and interests of developing and land-locked
countries; the rights and duties of holders, suppliers and recipients of marine technology; the
importance of the transfer of environmentally sound technologies; and the need to rely on
existing or new cooperation schemes, including joint ventures and partnerships among States,
intergovernmental organizations, governmental and non-governmental organizations and private
entities.

Guidelines for the application of the above-mentioned criteria involve the development of
a clearing-house mechanism on the transfer of marine technology. This mechanism should list
donor parties; provide scientific and technological information and data; inform on marine
research institutes involved in training, cruises and universities and other organizations that provide
study grants, and access to workshops and seminars; list experts who could provide assistance
in the field of marine technology; and provide networking opportunities between these
organizations. The Guidelines also deal with the inclusion of technology transfer into the national
strategic plans of IOC Member States; the establishment of regional and sub-regional focal points
for marine technology, possibly with IOC’s regional commissions; and the establishment of a
voluntary cooperation fund for promoting and facilitating the transfer of marine technology.
The Guidelines also foresee a Transfer of Marine Technology Application (TMTA) and the
provision of assistance by IOC in the identification of donors of marine technology and in
the development of possible cooperative schemes, including joint ventures and partnerships.
The Commission would also promote the participation of the recipient country and facili-
tate the organization of expert missions, the delivery of technical training and the assessment
of the results of the projects implemented.
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Issues related to the technological capacity of States to deal with marine genetic resources
in areas beyond national jurisdiction would in many instances apply also to resources from areas
within national jurisdiction of those States where the scientific, technical and technological
capacity is still lacking. Hence, the discrimination between marine genetic resources within areas
of national jurisdiction from those in areas beyond national jurisdiction appears artificial from
the point of view of scientific cooperation, technology transfer and capacity building on marine
genetic resources.

The current legal framework in relation to technology transfer provided by UNCLOS is
comprehensive enough to operationalize existing provisions on technology transfer to deal with
marine genetic resources. Because of its neutral nature, technology transfer can provide a
constructive contribution to solving tensions between developed and developing countries when
dealing with access to and the sharing of benetits arising from the utilization of marine resources.
The Nagoya Protocol expressly refers to technology transfer as an element of benefit-sharing,
and Salpin (2013) demonstrates that possible synergies between the Protocol and UNCLOS to
foster coordination at national level and international cooperation largely overcome the challenge
of implementing two legal instruments that have been conceived thirty years apart.

Not surprisingly, on several instances, technology transfer has been referred to by many
countries as a most promising way forward to deal with many of the issues related to conservation
and sustainable use of marine biodiversity in areas beyond national jurisdiction, including marine
genetic resources:

* At the first meeting of the Working group in 2006, delegations recognized the need for
transfer of technology to developing countries in relation to the conservation and sustainable
use of marine biodiversity in areas beyond national jurisdiction. They also noted that the
relevant provisions of UNCLOS, which call for the transfer of technology on fair and
reasonable terms and conditions, were not effectively implemented. Developed countries,
relevant international organizations and financial institutions were invited to support
deep-sea scientific research in developing countries through bilateral, regional or global
cooperation programmes and partnerships, and developing countries were encouraged to
compile a list of relevant experts.**

* At the second meeting of the Working Group in 2008, it was stressed that capacity-building
and technology transfer were key efforts to address implementation gaps in UNCLOS in
relation to marine biodiversity in areas beyond national jurisdiction.?

*  Atits third meeting in 2010, the Working Group reiterated the need to promote capacity
building and the transfer of marine technology, including South—South cooperation, in
favour of marine biodiversity in areas beyond national jurisdiction. Competent organizations,
in cooperation with States, were invited to develop capacity building programmes and
workshops for the purpose of sharing information, knowledge and skills on these resources.
The application by States of the IOC Criteria and Guidelines on the Transfer of Marine
Technology was recommended.?

*  The fourth meeting of the Working Group in 2011 saw the adoption of the historical
recommendation according to which

a process be initiated, by the General Assembly, with a view to ensuring that the
legal framework for the conservation and sustainable use of marine biodiversity
in areas beyond national jurisdiction effectively addresses those issues by identify-
ing gaps and ways forward, including through the implementation of existing
instruments and the possible development of a multilateral agreement under the
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United Nations Convention on the Law of the Sea; [t]his process would address
the conservation and sustainable use of marine biodiversity in areas beyond national
jurisdiction, in particular, together and as a whole, marine genetic resources,
including questions on the sharing of benefits, measures such as area-based
management tools, including marine protected areas, and environmental impact

assessments, capacity building and the transfer of marine technology.?’

e At the fifth meeting of the Working Group in 2012, several delegations highlighted the
need for increased transfer of marine technology noting that this was the most significant
gap in the implementation of UNCLOS.?

e At the sixth meeting of the Working Group in 2013, the representative of the Group of
77 and China reiterated that technology transfer constituted the greatest implementation
gap in UNCLOS in relation to marine biodiversity from areas beyond national jurisdiction.?’

In light of the controversial nature of the debate on genetic resources, technology transfer measures
provide not only a ‘quick win’ approach to deal, in an effective way, with issues related to
access and benefit-sharing in relation to these resources as of now, until a possible international
instrument under UNCLOS is completed; they may also constitute the only approach currently
at our disposal.

At the substantive level, it would be useful to produce a comprehensive up-to-date assessment
of the technology capacity as well as needs of developing countries to assist in the way tech-
nology transfer can further assist the current discussions on marine genetic resources in areas
beyond national jurisdiction and in general, which is currently lacking.

Recent developments related to scientific and technological aspects
of marine genetic resources

In addition to oceanographic vessels, the technology involved needed to reach deep sea
environments includes manned as well as remotely operated vehicles (ROVs), sampling devices,
pressured aquaria, devices for culturing of microorganisms under pressure conditions equivalent
to the depth from which samples were collected and conventional biological oceanography
laboratory equipment. These equipments and operations, especially those related to manned
vehicles and ROVs, are very sophisticated and costly, and only a few countries have access to
them.*

In the case of genes or compounds of potential interest that are isolated, conventional molecular
biology techniques such as those employed for sequence analysis, gene expression and protein
structure are used. More recently, shotgun sequencing methods developed in the context of
the Human Genome Project have allowed gene sequencing to be enhanced significantly
(Venter et al., 2001).

The application of IT to organize and study the data collected through molecular biology
analyses (bioinformatics) and computer-based modelling of genetic information and biological
systems (computational biology) are seen as approaches that could considerably shorten the time
of study and discovery, as well as the life cycle that goes from discovery to application (Leary,
2007; Glowka, 2010). Synthetic biology is an emerging discipline that aims to design and engineer
biologically based parts, novel devices and systems as well as redesigning existing, natural biological
systems (Royal Academy of Engineering, 2009). All these areas of application of IT to biology
are potentially relevant to R&D on marine genetic resources.
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The computer technology to perform bioinformatics and computational biology is becom-
ing widely accessible. However, the knowledge associated with their application is not yet
widespread. Moreover, issues related to interoperability of databases, and the challenge to deal
with today’s ‘data deluge’ indicate that bioinformatics will still require efforts to promote its
very basic methods before this tool can be applied routinely and on a large scale.

On the other hand, techniques to conduct rapid sequencing that can assist in the discovery
of new gene systems are rather low-priced (Royal Academy of Engineering, 2009), and these
are likely to become more and more diftused.

Shimmield (2013) reviews the extent and types of research related to microbial marine genetic
resources to be found in open waters below the depth of 200 m (which may correspond to
areas beyond national jurisdiction, depending on sea floor topography features). These include
metagenomic (gene sequencing of generic samples); advanced cell sorting techniques followed
by massive DNA amplification; traditional culture methods; and culture collections of marine
microbes, many of which are associated with the World Federation for Culture Collection.’!
The author recalls the distinction between sequence-based metagenomics and function-based
metagenomics; the latter allows ecosystem functions to be identified such as production of
antibiotics, which in turn allows the genes that code for that particular function to be tracked
back. This approach may find a good response in those conducting research and development
(R&D) on marine genetic resources in the near future.

Selected examples of successful experiences to deal with the
management of marine genetic resources

The multiple theoretical aspects of issues related to marine genetic resources have been dealt
with in length and have largely been clarified from an academic perspective already. Because
solutions to deal with issues related to marine genetic resources ought to be based on practical
approaches that reflect successful experiences on the ground; and because information on experi-
ences by individual countries and best practices by the scientific community and the private
sector is generally poor, there is a need to start filling this significant knowledge gap in relation
to case studies on successful examples to deal with the management of marine genetic resources,
especially those to be found in areas beyond national jurisdiction.

The selection of case studies presented below exemplifies the type of information that is
needed to match the needs of multiple stakeholders concerned by marine genetic resources with
relevant experiences and best practices. Successful experiences may be replicated in the context
of a possible new implementing agreement under UNCLOS dealing with the conservation and
sustainable use of marine biodiversity in areas beyond national jurisdiction, including issues related
to marine genetic resources.

Examples of global, regional and national model regulations and
experiences dealing with genetic resources

The intersessional workshop on marine genetic resources convened under the auspices of the
Working Group held in New York in May 2013 depicts well the general state of current
reflections on marine genetic resources in relation to issues such as meaning and scope; types
and extent of research; applications and uses; impacts and conservation challenges; technological
aspects; access and benefit-sharing; intellectual property rights; relevant legal and policy regimes;
and international scientific cooperation and technology transfer. In addition, the workshop
represented an important step towards the identification of successful experiences to deal with

marine genetic resources.”
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The World Federation of Culture Collections (WFCC) relies on the Microorganisms
Sustainable Use and Access Regulation International Code of Conduct (MOSAICC) and the
World Data Centre for Microorganisms for promoting the exchange of microbial genetic
resources for research purposes, including marine genetic resources from areas beyond national
jurisdiction, and for recording their geographical origin. Broggiato refers to the work of WFCC
as contributing to operationalizing the notion of ‘common pools of resources’.?®

Broggiato recalls that in the 1990s, the CBD sparked the development of regional regimes
on genetic resources, which provided common frameworks with minimum legal requirements
for access and benefit-sharing in relation to genetic resources. The European Culture Collection
Organization (ECCO) has developed a core material transfer agreement for the transfer of material
for research purposes between entities using the same licensing conditions.** Through the Micro
B3 project (microbial biodiversity, bioinformatics and biotechnology), the European Union plans
to develop a standard access and benefit-sharing agreement for ocean sampling activities that
will discriminate between R&D for the public domain and corporate R&D.*® Broggiato stresses
the innovative character of this standard in providing a ‘come-back clause’ to renegotiate monetary
benefit-sharing if the product developed reaches commercialization.

The Mediterranean Science Commission has developed a draft charter on access and benefit-
sharing — a voluntary scheme for scientists that applies to sampling in marine areas within and
beyond national jurisdiction. The contents of the draft charter are organized according to the
following ‘core values’: equity and fairness; certainty of property rights; legality/liability; trans-
parency; traceability; reciprocal relations; concerted handling of commons; nature conservation
(environmental respect); efficiency.>®

A few States are quite active in the field of R&D on marine genetic resources, while many
are in need of assistance to develop adequate individual and institutional capacity to deal with
these resources. Yet comprehensive information in relation to national capabilities and needs is
lacking.

Gabrielsen considers that biological banks and repositories of sampled organisms play a
significant role in promoting research and applications on marine genetic resources, due to the
high costs involved in research on these resources. Norway has developed a legal regime to
regulate access to and use of genetic resources in areas of national jurisdiction, which includes
biogeographic information of samples, a Material Transfer Agreement (MTA) when applicable,
ownership, intellectual property rights and benefit-sharing arrangements.”” In 2001, Norway
had proposed a plan of action for Marine Scientific Research in areas under national jurisdiction,
which reflected Norway’s legislation in relation to the provisions under part XIII of UNCLOS.

Japan’s practical experience with research of marine genetic resources from the deep seabed
is recognized. The Japan Agency for Marine-Earth Science and Technology (JAMSTEC)?® has
a longstanding experience, in particular, with the technology involved in the study of these
resources. This technology includes unconventional oceanographic vessels such as manned
research submersibles and ROVs, which are based on very sophisticated and expensive tech-
nology, often comparable to space technology. Moreover, JAMSTEC is in the lead also in relation
to the sampling techniques and the sample laboratory analysis techniques involved. As a result
of these activities, JAMSTEC has filed several patents in relation to technological inventions as
well as scientific discoveries based on deep seabed genetic resources.*

An analogous organization very active in deep sea research technology and research is the
Woods Hole Oceanographic Institution (WHOI)*! in the USA, which unlike JAMSTEC is a
private and non-profit organization. WHOI has collaborated with the company Diversa in the
sampling of organisms that has ultimately led to the development of the commercial enzyme
for starch processing Ultra-Thin®.*
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Codes of conduct for scientists

Van Dover (2012) recalls that scientists are responsible stakeholders in relation to the conserva-
tion and sustainable use of deep sea ecosystems, as codified in the InterRidge statement of
commitment to responsible research practices at deep-sea hydrothermal vents.*’ InterRidge is a
non-profit organization that provides a platform for coordinating research focusing on mid-ocean
ridge systems and for the sharing of best practices. It contains guidelines for research practices
at hydrothermal vents, which include avoiding activities having a deleterious impact; avoid-
ing activities leading to long-lasting alteration; avoiding collections that are not essential;
avoiding transplanting biota between sites; avoiding adverse impacts of one’s research with research
activities conducted by others by familiarizing researchers with the status of current and
planned research; facilitating the fullest possible use of collected organisms by the global com-
munity of scientists through collaborations and cooperation.

Shimmield (2013) reports that several collections are in the process of aligning their practices
with the provisions of the Nagoya Protocol through codes of conduct reflecting inter alia the
following principles: sustainability; an ecosystem-based approach; integrated management;
the precautionary principle; stakeholder participation; transparency for all stakeholders; and
compatibility with international and domestic legislation.

Private institutions and corporations

In 2005, the US-based private company Diversa recognized the ethical, technological and
politico-sociocultural challenges of bioprospecting.** Diversa’s framework model for ethical
and successful bioprospecting collaboration aimed at engaging in ethical bioprospecting, in which
participating stakeholders (countries, institutions and corporations) can benefit from the research
and development applications associated with bioprospecting. In addition to securing legal
access through Prior Informed Consent (PIC) and provisions for the sharing of royalties, low-
environmental impact was also sought during the operations. Diversa, which then became
Verenium, has always been very transparent about having developed commercial products
based on bioprospecting of marine genetic resources in areas beyond national jurisdiction.
Unfortunately this initiative does not seem to have been replicated and applied widely by other
corporations dealing with marine genetic resources.

Open access data management and exchange systems

The Ocean Biogeographic Information System (OBIS) is a global database of geo-referenced
records of marine species that stemmed from the ten-year (2001-2010) Census of Marine Life
Programme. Currently managed by IOC, OBIS allows searching records per species name, region
and bathymetry. Currently 450 institutions from fifty-six countries provide data for OBIS.*

More specifically on marine genetic resources, and also contributing to OBIS, the
MICROBIS database provides geo-referenced and environmental data associated with
environmental sequencing surveys.*®

Monitoring patents is a difficult endeavour. Specifically related to marine genetic resources
is the Bioprospector project, a database of bioprospecting information resources in the Arctic,
Antarctic, Pacific and marine (other regions) areas maintained by the United Nations University.
As the database focuses on research on, but also commercialized products deriving from, marine
genetic resources, and due to the fact that the information available in the public patent domain
often lacks transparency, the information presented in the Bioprospector database is patchy, and

this database deserves to be populated further.*:*
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Information on patents filed according to different national patent systems is increasingly
available in the public domain, although details on the origin of sampling are often lacking due
to the fact that there is no requirement for disclosure of origin under the current patent
requirements. Useful resources to search patents are PATENTSCOPE,* which is managed by
the World Intellectual Property Organization (WIPO), and the Patent Lens initiative.>

Efforts centred on the recognition of relevant indigenous and local
knowledge and stakeholder participation mechanisms

Vierros (Vierros et al. 2010) illustrates the importance of traditional knowledge and associated
management practices in dealing with marine genetic resources in the Pacific region. Traditional
knowledge has benefited those wishing to commercialize products derived from marine genetic
resources; successful experiences of partnerships between indigenous and local communities
and R&D endeavours in the region reflect the need for clear royalty policies, regional schemes
for revenue-sharing due to the transboundary nature of marine organisms that provide the source
of active compounds and capacity-building in marine chemistry and biosystematics at the
local level.

Slattery, on the basis of evidence collected in countries in the Indo-Pacific and the Caribbean
regions, stresses the importance of education on the fundamental research partnerships that can
help countries, through collaborative action, move effectively on a path from discovery to
development.’!

A useful experiment in bringing together multiple stakeholders is the European Commission-
funded PharmaSea project, which focuses on bioprospecting of genetic resources from
marine extremophiles and sees the participation of partners from academia, industry and non-

governmental organizations.>?

Future prospects of the policy debate: towards a recognition of the
contribution of marine genetic resources to the post-2015 development

The debate on marine genetic resources boils down to the benefits of applications of discoveries
about the diversity of ways in which life in the marine environment manifests itself (who should
enjoy those benefits?) but also to the responsibilities entailed by some of those discoveries (shouldn’t
we conserve by all possible means such diversity, for the benefit of current and future generations, especially
in the case of vulnerable systems and organisms?). It is time to make significant progress with the
conservation and the sustainable use of, and sharing of benefits from, marine genetic resources
for the benefits of all.

Arico (2008) advocates that marine genetic resources have the potential to contribute to
meeting several of the Millennium Development Goals as far as health, diseases and possibly
also food security are concerned.

Heads of States and Government and high-level representatives attending the UN Conference
on Sustainable Development in Rio de Janeiro in 2012 acknowledged ‘the role of access and
benefit-sharing arising from the utilization of genetic resources in contributing to the
conservation and sustainable use of biological diversity, poverty eradication and environmental
sustainability’.>> Indeed, marine genetic resources hold a potential in all of these areas, as well
as in relation to improving human health.

The Pacific Small Island Developing States have proposed a Sustainable Development Goal
(SDG) on Oceans focusing on healthy, productive and resilient oceans and sustainable energy.>*
It would be important that, if endorsed, such SDG encompass targets related to the conservation
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and sustainable use of, and sharing of benefits from, marine biodiversity in areas beyond national
jurisdiction.

Such strong policy-enabling framework would assist in carrying out much needed actions
to improve the status of marine biodiversity in these areas and to prevent its degradation. For
example, several ecosystems where organisms with metabolic paths of interest to (often novel)
science and industry are to be found in deep sea areas such as hydrothermal vents which are
considered as vulnerable systems that are still insufficiently represented in systems of designated
marine protected areas, such as in the case of the European Natura 2000 network (Olsen et al.,
2013). Moreover, the recognition of the contribution of marine genetic resources to attaining
the SDGs is highly desirable if one is to boost international scientific cooperation and technology
transfer in the area of marine genetic resources.

Up to the present, issues related to access and benefit-sharing in relation to marine genetic
resources from areas beyond national jurisdiction have been dealt with as part of a package agreed
on by the Working Group in 2011 and comprised of marine genetic resources, including questions
on the sharing of benefits, measures such as area-based management tools, including marine
protected areas, and environmental impact assessments, capacity-building and the transfer of
marine technology.®

The notion of a package of issues was adopted mainly to make progress with negotiations
related to a possible new implementing agreement under UNCLOS. At this stage of negotia-
tions, in light of the lack of consensus on the need for a new agreement, there is a need to start
unbundling the above-mentioned issues that, albeit interrelated, also present challenges specific
to each of them.

Dealing with the multiple issues related to marine genetic resources, including questions
on the sharing of benefits, requires a pragmatic approach to make progress on these issues
and promote the conservation and sustainable use of, and the sharing of benefits from, these
resources. Technology transfer could become an important element to implement such an
approach.

Yet, a meaningful programme on technology transfer specifically dealing with marine genetic
resources at the intergovernmental level is lacking. The main constituents of such a programme
could reflect the current IOC Criteria and Guidelines on the Transfer of Marine Technology.
The programme could be developed under the framework of UNCLOS, agreed upon by the
UN General Assembly, and benefit from technical backstopping from UN bodies such as
the IOC (on modalities for technology transfer and capacity-building) and WIPO (in relation
to intellectual property rights issues), and possibly the United Nations Industrial Development
Organization (UNIDO) and the World Health Organization (WHO). The involvement of
UNIDO would reflect the organization’s mandate to promote and accelerate sustainable
industrial development in developing countries and economies in transition, while WHO’s
involvement and, in particular, that of its Department of Public Health, Innovation, Intellectual
Property and Trade would be justified in light of the demonstrated contribution of marine genetic
resources to health issues.

A process to prepare for a decision on the development of a new implementing agreement
under UNCLOS, focusing on the conservation and sustainable use of marine biological diversity
of areas beyond national jurisdiction is in train. This decision will be made at the sixty-ninth
session of the UN General Assembly on whether or not to have such an implementing
agreement.

Some have already compared this process to the III UN Conference on the Law of the Sea
process (undisclosed, pers. comm.). We cannot and should not wait any longer to promote the
conservation and sustainable use of, and the sharing of benefits from, marine biodiversity in

324



Progress with marine genetic resources

areas beyond national jurisdiction. In this regard, the transfer of technologies represents the most

obvious low-hanging fruit to achieve speedy progress with these issues, in a spirit of true partner-

ships among members of the United Nations and on the basis of the legitimate interpretation

of the various debates on marine genetic resources that have taken place since 1995 — that these

resources, including those to be found in areas beyond national jurisdiction, are the heritage of

mankind as a whole.
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Notes

Article 15 of the CBD, paragraph 2.

Article 15 of the CBD, paragraph 6.

Article 15 of the CBD, paragraph 7.

Cf. the section of this chapter on recent developments related to scientific and technological aspects
of marine genetic resources.

The Sargasso Sea is an ‘oligothrophic’ sea, that is to say, poor in nutrients.

Paragraph 162 of “The Future We Want’. Cf. also next section of this chapter.

In addition to investigations by established academia, the subject of marine genetic resources has become
increasingly popular with graduate students in the past new years. See for example Appiott, J. (2011)
‘Breaking the Stalemate: Analyzing State Preferences in the Global Debates on Marine Biodiversity
Beyond National Jurisdiction” (Masters Thesis); and Fedder, B. (2013) Marine Genetic Resources, Access
and Benefit Sharing: Legal and Biological Perspectives, Routledge, Oxon and New York.

Document UNEP/CBD/COP/2/13, available at www.cbd.int/doc/meetings/cop/cop-02/ofticial/
cop-02-13-en.pdf (last accessed on 19 August 2015).

Paragraph 12 of decision II/10 of the CBD COP, available at www.cbd.int/decision/cop/default.shtml?
id=7083 (last accessed on 19 August 2015).

Available at www.cbd.int/doc/meetings/sbstta/sbstta-02/official/sbstta-02-15-en.pdf (last accessed
20 September 2015).

Report of the Subsidiary Body on Scientific, Technical and Technological Advice on the work of
its second meeting, available at www.cbd.int/doc/meetings/cop/cop-03/official/cop-03-03-en.pdf’
(last accessed 20 September 2015).

Study of the relationship between the Convention on Biological Diversity and the United Nations
Convention on the Law of the Sea with regard to the conservation and sustainable use of genetic
resources on the deep seabed (decision I1/10 of the Conference of the Parties to the Convention on
Biological Diversity), available at www.cbd.int/doc/meetings/sbstta/sbstta-08/information/sbstta-08-
inf-03-rev1-en.pdf (last accessed on 19 August 2015).

Paragraph 55 of decision VII/5 of the CBD COP, available at www.cbd.int/decision/cop/
default.shtml?id=7742 (last accessed on 19 August 2015).

Paragraph 56 of decision VII/5 of the CBD COP.

Paragraph 73 of UN General Assembly resolution 59/24, available at www.unga-regular-process.org/
images/Documents/un%20a-res-59-24.pdf (last accessed 20 September 2015).

Summary of the discussions at the sixth meeting of the Ad Hoc Open-ended Informal Working
Group to study issues relating to the conservation and sustainable use of marine biological diversity
beyond areas of national jurisdiction (New York, August 2013) by the International Institute for
Sustainable Development, available at www.iisd.ca/oceans/marinebiodiv6/brief/brief_marinebio
div6e.pdf (last accessed on 19 August 2015).

Intergovernmental Oceanographic Commission of UNESCO.

See also the IOC web pages on the transfer of marine technology at http://ioc-unesco.org/
index.php?option=com_content&view=article&id=315&Itemid=100029 (last accessed on 19 August
2015).

UN General Assembly resolution 2749 (XXYV), available at http://daccess-dds-ny.un.org/doc/
RESOLUTION/GEN/NR0/350/14/IMG/NR035014.pdf?OpenElement (last accessed 20 September
2015).

Article 1 of UNCLOS defines the Area as ‘the seabed and ocean floor and subsoil thereof, beyond
the limits of national jurisdiction’.

UNCLOS, annex VIII, article 2.2.

UNCLOS, annex II, article 3.2.
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Paragraph 23 of UN General Assembly resolution 56/12, available at http://daccess-dds-ny.un.org/doc/
UNDOC/GEN/NO01/475/82/PDF/N0147582.pdf?OpenElement (last accessed 20 September 2015).
Report of the Ad Hoc Open-ended Informal Working Group to study issues relating to the
conservation and sustainable use of marine biological diversity beyond areas of national jurisdiction,
document A/61/65, available at www.un.org/depts/los/biodiversityworkinggroup/biodiversityworking
group.htm (last accessed on 19 August 2015).

Report of the Ad Hoc Open-ended Informal Working Group to study issues relating to the
conservation and sustainable use of marine biological diversity beyond areas of national jurisdiction,
document A/63/79 and A/63/79/Corr.1, www.un.org/depts/los/biodiversityworkinggroup/
biodiversityworkinggroup.htm (last accessed on 19 August 2015).

Report of the Ad Hoc Open-ended Informal Working Group to study issues relating to the
conservation and sustainable use of marine biological diversity beyond areas of national jurisdiction,
document A/65/68, www.un.org/depts/los/biodiversityworkinggroup/biodiversityworkinggroup (last
accessed on 19 August 2015).

Paragraphs 1(a) and (b) of the report of the Ad Hoc Open-ended Informal Working Group to study
issues relating to the conservation and sustainable use of marine biological diversity beyond areas of
national jurisdiction, document A/66/119, available at www.un.org/depts/los/biodiversityworking
group/biodiversityworkinggroup (last accessed on 19 August 2015).

Report of the Ad Hoc Open-ended Informal Working Group to study issues relating to the
conservation and sustainable use of marine biological diversity beyond areas of national jurisdiction,
document A/67/95, www.un.org/depts/los/biodiversityworkinggroup/biodiversityworkinggroup
(last accessed on 19 August 2015).

Summary of the discussions at the sixth meeting of the Ad Hoc Open-ended Informal Working
Group to study issues relating to the conservation and sustainable use of marine biological diversity
beyond areas of national jurisdiction (New York, August 2013) by the International Institute for
Sustainable Development, available at www.iisd.ca/oceans/marinebiodiv6/brief/brief_marinebio
div6e.pdf (last accessed on 19 August 2015).

See slides of the presentation by Sophie Arnaud-Haond at the intersessional workshop on marine genetic
resources (New York, May 2013), available at www.un.org/Depts/los/biodiversityworkinggroup/
workshop1_arnaud.pdf (last accessed 20 September 2015).

See www.wifcc.info (last accessed on 19 August 2015).

See Intersessional workshops aimed at improving understanding of the issues and clarifying key
questions as an input to the work of the Working Group in accordance with the terms of reference
annexed to General Assembly resolution 67/78: Summary of proceedings prepared by the Co-Chairs
of the Working Group, document A/AC. 276/6, available at www.un.org/depts/los/biodiversity
workinggroup/biodiversityworkinggroup.htm. See also the abstracts of the presentations at the Working
Group workshop on marine genetic resources (New York, May 2013), available at www.un.org/Depts/
los/biodiversityworkinggroup/workshop1_abstracts_website.pdf (last accessed on 19 August 2015).
See the abstracts of the Working Group workshop on marine genetic resources (New York, May
2013), presentation by Arianna Broggiato, available at www.un.org/Depts/los/biodiversityworking
group/workshop1_abstracts_website.pdf. See also copy of the presentation’s slides at www.un.org/
Depts/los/biodiversityworkinggroup/workshop1_broggiato.pdf (last accessed on 19 August 2015).
See www.eccosite.org/ (last accessed on 19 August 2015).

See www.microb3.eu/ (last accessed on 19 August 2015).

See www.ciesm.org/forums/index.php?post/2013/03/14/CIESM-Charter-on-ABS (last accessed on
19 August 2015).

See the abstracts of the Working Group workshop on marine genetic resources (New York, May
2013), presentation by Kjersti Lie Gabrielsen, available at www.un.org/Depts/los/biodiversity
workinggroup/workshop1_abstracts_website.pdf (last accessed on 19 August 2015).

Document A/AC.259/4 on ‘Marine science and the development and transfer of marine technology,
including capacity-building’ submitted by the Delegation of Norway to the Second Meeting of
the United Nations Informal Consultative Process on Oceans and the Law of the Sea, New York,
May 2001, available at http://daccess-dds-ny.un.org/doc/UNDOC/GEN/N01/328/92/IMG/
N0132892.pdf?OpenElement (last accessed 20 September 2015).

See www.jamstec.go.jp/e/index.html (last accessed on 19 August 2015).

See slides of the presentation by Kazuhiro Kitazawa at the intersessional workshop on marine genetic
resources (New York, May 2013), available at www.un.org/Depts/los/biodiversityworkinggroup/
workshop1_kitazawa.pdf (last accessed on 19 August 2015).
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41 See www.whoi.edu/ (last accessed on 19 August 2015).

42 This information is reported in Christoftersen, L. P. and Mathur, E. (2005) ‘Bioprospecting ethics and
benefits: A model for eftective benefit-sharing’, Industrial Biotechnology, vol. 1, no. 4, pp. 255-259.

43 The statement is available at www.interridge.org/IR Statement (last accessed on 19 August 2015).

44 Cf. Christoffersen, L. P. and Mathur, E. (2005) ‘Bioprospecting ethics and benefits: A model for effective
benefit-sharing’, Industrial Biotechnology, vol. 1, no. 4, pp. 255-259.

45 See www.iobis.org/ (last accessed on 19 August 2015).

46 See http://icomm.mbl.edu/microbis/ (last accessed on 19 August 2015).

47 See http://bioprospector.net (last accessed 20 September 2015).

48 See the abstracts of the Working Group workshop on marine genetic resources (New York, May
2013), presentation by Paul Oldham, available at www.un.org/Depts/los/biodiversityworkinggroup/
workshop1_abstracts_website.pdf (last accessed on 19 August 2015). See also copy of the presentation’s
slides at www.un.org/Depts/los/biodiversityworkinggroup/workshop1_oldham.pdf (last accessed on
19 August 2015).

49 See http://patentscope.wipo.int/search/en/search.jst (last accessed on 19 August 2015).

50 See www.patentlens.net (last accessed on 19 August 2015).

51 See the abstracts of the intersessional workshop on marine genetic resources (New York, May 2013),
presentation by Marc Slattery, available at www.un.org/Depts/los/biodiversityworkinggroup/
workshop1_abstracts_website.pdf (last accessed on 19 August 2015).

52 See www.pharma-sea.eu/pharmasea.html (last accessed on 19 August 2015).

53 Paragraph 199 of ‘The Future We Want’, the outcome document of the UN Conference on
Sustainable Development, endorsed through and annexed to UN General Assembly resolution 66/288,
available at www.un.org/en/ga/search/view_doc.asp?symbol=%20A/RES/66/288 (last accessed
20 September 2015).

54 Outcome document of the Pacific SIDS Regional Preparatory Meeting to the 2014 Third International
Conference on Small Island Developing States, available at https://sustainabledevelopment.un.org/
content/documents/5249233Pacific%200utcome%20Chairs%20R evised%20Final %20V ersion.pdf
(last accessed 20 September 2015).

References

Agostini, V., Arico, S., Escobar Briones, E., Clark, M., Cresswell, 1., Gjerde, K., Niewijk, D. J. A.,
Polacheck, A., Raymond, B., Rice, J., Roft, J., Scanlon, K. M., Spalding, M. Tong, E., Vierros, M.
and Watling, L. (2008) Global Open Oceans and Deep Seabed (GOODS) Biogeographic Classification,
UNESCO-IOC, Paris. Available at http://unesdoc.unesco.org/images/0018/001824/182451e.pdf
(last accessed on 26 July 2015).

Arico, S. (2008) ‘Deep sea genetic resources: What is their potential?’, in Proceedings of the Fifth Trondheim
Conference on Biological Diversity, Trondheim, Norway, October 2007, pp. 169-174.

Arico, S. and Salpin, C. (2005) Bioprospecting of Genetic Resources of the Deep Seabed: Scientific,
Technical and Policy Aspects, UNU, Tokyo. Available at www.ias.unu.edu/binaries2/Deep
Seabed.pdf (last accessed on 26 July 2015).

Arnaud-Haond, S., Arrieta, J. M. and Duarte C. M. (2011) ‘Marine biodiversity and gene patents’, Science,
vol. 25, 1521-1522.

Aziz, R. K., Breitbart, M. and Edwards, R. A. (2010) ‘Transposases are the most abundant, most
ubiquitous genes in nature’, Nucleid Acids Research, vol. 38, no. 13, pp. 4207—-4217.

Chiarolla, C. (2013) ‘Intellectual Property Rights issues’, in [IUCN Information Papers for the Intersessional
Workshop on Marine Genetic Resources (New York, 2-3 May 2013), pp. 37—45. Available at
www.un.org/depts/los/biodiversityworkinggroup/documents/ITUCN%20Information%20Papers%20for
%20BBN]J%20Intersessional %20 W orkshop%200n%20MGR .pdf (last accessed on 20 September 2015).

Glowka, L. (1996) ‘The deepest of ironies: Genetic resources, Marine Scientific Research, and the Area’,
Ocean Yearbook, vol. 12, pp. 154-178.

Glowka, L. (2010) ‘Evolving perspectives on the international seabed area’s genetic resources: Fifteen years
after the “Deepest of Ironies”, in D. Vidas (ed.) Law, Technology and Science for Oceans in Globalisation:
IUU Fishing, Oil Pollution, Bioprospecting, Outer Continental Shelf, Martinus Nijhoft Publishers,
Leiden/Boston, MA, pp. 397—420.

Intergovernmental Oceanographic Commission (2005) IOC Criteria and Guidelines on the Transfer of
Marine Technology, UNESCO, Paris. Available at http://unesdoc.unesco.org/images/0013/001391/
139193m.pdf (last accessed on 26 July 2015).

327


http://unesdoc.unesco.org/images/0013/001391/139193m.pdf
http://www.un.org/depts/los/biodiversityworkinggroup/documents/IUCN%20Information%20Papers%20for%20BBNJ%20Intersessional%20Workshop%20on%20MGR.pdf
http://www.ias.unu.edu/binaries2/DeepSeabed.pdf
https://sustainabledevelopment.un.org/content/documents/5249233Pacific%20Outcome%20Chairs%20Revised%20Final%20Version.pdf
http://www.un.org/Depts/los/biodiversityworkinggroup/workshop1_abstracts_website.pdf
http://www.un.org/Depts/los/biodiversityworkinggroup/workshop1_abstracts_website.pdf
http://unesdoc.unesco.org/images/0013/001391/139193m.pdf
http://www.un.org/depts/los/biodiversityworkinggroup/documents/IUCN%20Information%20Papers%20for%20BBNJ%20Intersessional%20Workshop%20on%20MGR.pdf
http://www.ias.unu.edu/binaries2/DeepSeabed.pdf
http://unesdoc.unesco.org/images/0018/001824/182451e.pdf
https://sustainabledevelopment.un.org/content/documents/5249233Pacific%20Outcome%20Chairs%20Revised%20Final%20Version.pdf
http://www.un.org/en/ga/search/view_doc.asp?symbol=%20A/RES/66/288
http://www.pharma-sea.eu/pharmasea.html
http://www.un.org/Depts/los/biodiversityworkinggroup/workshop1_abstracts_website.pdf
http://www.patentlens.net
http://patentscope.wipo.int/search/en/search.jsf
http://www.un.org/Depts/los/biodiversityworkinggroup/workshop1_oldham.pdf
http://www.un.org/Depts/los/biodiversityworkinggroup/workshop1_abstracts_website.pdf
http://bioprospector.net
http://icomm.mbl.edu/microbis/
http://www.iobis.org/
http://www.interridge.org/IRStatement
http://www.whoi.edu/

Salvatore Arico

Leary, D. K. (ed.) (2007) International Law and the Genetic Resources of the Deep Sea, Martinus Nijhoft Publishers,
Leiden.

Leary, D. K. (2011) ‘Marine genetic resources: The patentability of living organisms and biodiversity
conservation’, in P. Jacquet, R. K. Pachauri and L. Tubiana (eds) Oceans: The New Frontier, TERI
Press, Delhi, India, pp. 183-193.

Leary, D. K., Vierros, M., Hamon, G. Arico, S. and Monagle, C. (2009) ‘Marine genetic resources:
A review of scientific and commercial interest’, Marine Policy, vol. 33, pp. 183—194.

Olsen, E. M., Johnson, D., Weaver, P., Goni, R., Ribeiro, M. C. et al. (2013) Achieving Ecologically Coherent
MPA Networks in Europe: Science Needs and Priorities, Marine Board Position Paper 18, K. E. Larkin and
N. McDonough (eds), European Marine Board, Ostend.

Royal Academy of Engineering (2009) Synthetic Biology: Scope, Applications and Implications, R oyal Academy
of Engineering, London.

Rush, D. B., Halpern, A. L., Sutton, G., Heidelberg, K. B., Williamson, S. ef al. (2007) ‘“The Sorcerer 11
global ocean sampling expedition: Northwest Atlantic through Eastern Tropical Pacific’, PLOS Biology,
vol. 5, pp. 398—431.

Ruth, L. (2006) ‘Gambling, in the deep sea’, EMBO Reports, The European Molecular Biology
Organization, vol. 7, no. 1, pp. 17-21.

Salpin, C. (2013) ‘The Law of the Sea: A before and an after Nagoya?’, in E. Morgera, M. Buck and E.
Tsioumani (eds) The 2010 Nagoya Protocol on Access and Benefit-sharing in Perspective: Implications for International
Law of Implementation Challenges, Martinus Nijhoft Publishers, Leiden/Boston, MA, pp. 149-183.

Salpin, C. and Germani, V. (2007) ‘Patenting of research results related to genetic resources from areas
beyond national jurisdiction: The crossroads of the law of the sea and intellectual property law’, Review
of European Community & International Environmental Law, vol. 16, no. 1, pp. 12-23.

Salpin, C. and Germani, V. (2010) ‘Marine protected areas beyond areas of national jurisdiction: What’s
mine is mine and what you think is yours is also mine’, Review of European Community & International
Environmental Law, vol. 19, no. 2, pp. 174-184.

Scovazzi, T. (2015), “The assumption that the United Nations Convention on the Law of the Sea is the
legal framework for all activities taking place in the sea’, in S. Arico (ed.) Ocean Sustainability in the Twenty-
First Century, Cambridge University Press and UNESCO Publishing, Cambridge and Paris, pp, 232-248.

Secretariat of the Convention on Biological Diversity (SCBD) (1992) Convention on Biological Diversity:
Text and Annexes, United Nations, New York. Available at www.cbd.int/doc/legal/cbd-en.pdf
(last accessed on 26 July 2015).

Secretariat of the Convention on Biological Diversity (SCBD) (2011) Nagoya Protocol on Access to Genetic
Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization to the
Convention on Biological Diversity: Text and Annex, Convention on Biological Diversity, Montreal.
Available at www.cbd.int/abs/text/default.shtml (last accessed on 26 July 2015).

Shimmield, G. (2013) ‘Extend and types of research, uses and applications’, in IUCN Information Papers
for the Intersessional Workshop on Marine Genetic Resources (New York, 2-3 May 2013), pp. 7-14.
Auvailable at www.un.org/depts/los/biodiversityworkinggroup/documents/IUCN%20Information%20
Papers%20for%20BBNJ%20Intersessional%20Workshop%200n%20MGR .pdf (last accessed on 20
September 2015).

Treves, T. (2010) ‘The development of the law of the sea since the adoption of the UN Convention on
the Law of the Sea: Achievements and challenges for the future’, in D. Vidas (ed.) Law, Technology and
Science for Oceans in Globalisation: IUU Fishing, Oil Pollution, Bioprospecting, Outer Continental Shelf, Martinus
Nijhoft Publishers, Leiden/Boston, MA, pp. 41-58.

Van Dover, C. L. (2012) ‘Ocean policy: Hydrothermal vent ecosystems and conservation’, Oceanography,
vol. 25, no. 1, pp. 313-316. Available at http://tos.org/oceanography/archive/25—1_van_dover.pdf
(last accessed on 20 September 2015).

Venter, J. C., Adams, M. D., Myers, E. W., Li, P. W., Mural, R. J. ef al. (2001) ‘The sequence of the
human genome’, Science, vol. 291, pp. 1304-1351 (+ corrigendum). Available at www.sciencemag.org/
content/291/5507/1304.full.pdf (last accessed on 26 July 2015).

Venter, J. C., Remington, K., Heidelberg, J. F., Halpern, A. L., Rusch, D. et al. (2004) ‘Environmental
genome shotgun sequencing of the Sargasso Sea’, Science, vol. 304, pp. 66—74.

Vierros, M., Tawake, A., Hickey, F., Tiraa, A. and Noa, R. (2010) Traditional Marine Management Areas
of the Pacific in the Context of National and International Law and Policy, United Nations University—
Traditional Knowledge Initiative, Darwin, Australia.

Vierros, M., Salpin, C., Chiarolla, C. and Arico, S. (2015) ‘Emerging and unresolved issues: The example
of seabed and open ocean genetic resources in areas beyond national jurisdiction’, in S. Arico (ed.)
Sustainable Oceans in the Twenty-First Century, Cambridge University Press and UNESCO Publishing,
Cambridge and Paris, pp. 198-231.

328


http://www.sciencemag.org/content/291/5507/1304.full.pdf
http://www.un.org/depts/los/biodiversityworkinggroup/documents/IUCN%20Information%20Papers%20for%20BBNJ%20Intersessional%20Workshop%20on%20MGR.pdf
http://www.sciencemag.org/content/291/5507/1304.full.pdf
http://tos.org/oceanography/archive/25%E2%80%931_van_dover.pdf
http://www.un.org/depts/los/biodiversityworkinggroup/documents/IUCN%20Information%20Papers%20for%20BBNJ%20Intersessional%20Workshop%20on%20MGR.pdf
http://www.cbd.int/abs/text/default.shtml
http://www.cbd.int/doc/legal/cbd-en.pdf

Ocean space



This page intentionally left blank



22

SHIPPING AND
NAVIGATION

Jeanette Reis and Kyriaki Mitroussi

Introduction

Shipping was the world’s first truly global industry. The transportation of people and cargoes
from one place to another by sea pioneered global trade and has since been regarded as a useful
barometer of global economic development (Ng and Wilmsmeier 2012). To some ship owners,
the industry is very personal — providing the basis for a rich culture, steeped in tradition. Yet
as a business, it is specialised, capital intensive and subject to considerable variations in profits.
Approximately 90 per cent of all transport takes place by sea, primarily as it is considered to be
the most cost-eftective mode of long-distance transport (IMO 2009a). Consequently, current
seaborne trade amounts to approximately 8.7 billion tonnes per annum and continues to grow
(UNCTAD 2012).

The shipping industry has undergone several major transformations since its inception, many
of which continue to influence its current operations. This chapter will examine historical, current
and future global shipping trends and consider these within their evolving operational and
management framework. It will then go on to consider challenges and opportunities for the
industry that include mitigation of, and adaptation to, climate change, technological innovation
and geographical shifts in global economic activity. Together, these factors set the course for
the future development of the industry.

Shipping routes and commodities

Evidence of transport of cargoes by sea has been traced back nearly 10,000 years to Neolithic
times (Sidell and Haughey 2007). At that time, modest cargoes of locally sourced products such
as livestock and wood were transported on simple wooden rafts alongshore between settlements.
As skills in boatbuilding improved, so wooden boats became stronger and larger, oars were used
instead of poles and vessels became more stable in the water, therefore permitting travel further
offshore. The introduction of the use of sails, combined with continued enhancement of vessel
construction skills, permitted vessels to travel considerably further afield. A long list of seafaring
communities including the Phoenicians, Egyptians, Greeks, Carthaginians, Chinese, Vikings,
Omanis, Spaniards, Portuguese, Italians, British, French, Dutch, Polynesians and Celts rapidly
developed their skills in boatbuilding and navigation, and over time, each took their turn to
dominate the world’s oceans as part of their quest for new resources. Goods such as spices, silks
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and minerals were particularly valuable to the early coastal communities and as regular exchange
of these precious commodities developed, so the first sea trade routes became established.

Opver time, the distribution of raw materials such as coal, from extraction sites to processing
and manufacturing centres and on to consumer markets began to shape the local and then the
global economy. This laid the foundation of the first global industrial revolution. From the late
1800s onwards ships sailed from ports located near the vast mines of the UK, Australia, South
Africa and North America to the manufacturing centres of Europe and later, the Far East. Coal
was king for almost seventy years; however, following a relatively long period of exponential
growth in manufacturing lasting almost seventy years, the 1950s onwards saw oil supplement
and then almost entirely replace coal as the preferred primary source of fuel for manufacturing
and transportation. The demand for coal declined rapidly and trade patterns in oil became the
new indicator of global economic development. Oil has been transported predominantly from
sources in the Middle East, West Africa, South America and the Caribbean to the manufacturing
centres of Europe, North America and Asia. In 2011, an unprecedented 22,734 billion ton-
miles of oil was transported globally, compared to just 3,763 billion ton-miles of coal (UNCTAD
2012). Coal is no longer king.

Iron ore, another base resource of the industrial revolution was also transported great
distances from the 1800s onwards, primarily from extraction sites in South America and Aus-
tralia to the massive metal manufacturing and processing factories of Europe and East Asia. As
populations centralized to support the rapidly emerging manufacturing industries, industrial scale
food production and transportation, particularly grain, was required to feed the growing hungry
workforce. This led to further increases in seaborne trade and in 2011 grain accounted for 1,940
billion ton-miles (UNCTAD 2012) or 4 per cent of all goods transported by sea. The main
trade routes for grain currently operate between North and South America to Asia and Africa.
Interestingly, as demand for grain increased, so the demand for specialized vessels that could
carry greater quantities and travel faster also increased. This was to enable food products to be
delivered as freshly as possible to their destinations. Consequently, specialized vessels began to
emerge in the 1980s that were larger, easier to load and unload and that could travel at greater
speeds.

Technological developments have not solely related to ship design, but also to the way in
which goods are carried. The containerization of goods has led to a significant increase in the
volume of goods transported, a decrease in loading times and improved protection for the products
inside containers. This is particularly important for high-value goods such as mobile phones
and televisions which are becoming more widely used. Consequently, the last thirty years have
witnessed a significant growth in the transportation of containerized goods from the high-tech
manufacturing centres of the People’s Republic of China, Japan and Southeast Asia to the
consumer markets of the western world (UNCTAD 2011). In 2011, high-value goods were
transported 6,599 billion ton-miles and in the near future, this figure is expected to continue
to increase.

In addition to historical trade developments, it is useful to consider the more recent medium-
term trade of commodities. The total quantity of cargo transported globally has more than tripled
over the last forty years and in that time, the proportions of major cargo types have changed
considerably. Figure 22.1 illustrates key global trade routes of all cargo types and highlights the
top fifteen busiest ports.

For example, in 1970, oil accounted for 56.2 per cent of all shipped commodities, while
main bulks which include liquids, ore, grain, coal, bauxite and phosphate accounted for 17.46
per cent and other dry bulks accounted for 26.34 per cent (UNCTAD 2011). In contrast, by
2010, oil accounted for just 28.33 per cent (2,752 million tonnes) of all shipped commodities,
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Rotterdam

South Louisiana

Guangzhou*®
Hong Kong

Singapore

Port Heqland

TOP 15 PORTS BY CARGO
VOLUME (2011)
Port ‘000t Port ‘000t Port ‘000t

1 shanghai 500,439 6 Qingdao 372,000 11 PortHedland 246,672
2 Singapore 531,176 7 Ningbo 348911 12 South Louisiana 223,633
3 Tianjin 459,941 8 Qinhuangdao 284,600 13 Houston 215,731
4 Rotterdam 434,551 9 Busan 281,513 14 Dalian 211,065
5 431,000 10 Hong Kong 277,444 15 Shenzhen 205,475

Trade routes of more than 2,000 journeys per year

Figure 22.1 Key global trade routes
Source: Adapted from UNCTAD 2012.
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Figure 22.2 Global exports by commodity type 2011
Source: Based on UNCTAD Review of Maritime Transport (UNCTAD 2012).

while main bulks increased to 38.79 per cent (2,333 million tonnes) and other dry cargo increased
to 32.88 per cent (3,323 million tonnes). Changes in the types of cargoes transported are a
useful indicator of mass production and consumption patterns, and in particular reflect the more
recent reduction in the use of oil to produce energy. The most recent figures for global
commodity exports are illustrated in Figure 22.2 and reflect the predominance in transportation
of dry cargo, followed by crude oil and petroleum products.

The early years of the noughties decade were not good ones for the shipping industry.
Technological developments related to advancement of nuclear and renewable energy production
meant that fewer commodities were transported. In addition, global trade in oil and petroleum-
based products went into serious decline following the 2008 global economic crash, as illustrated
in Figure 22.3. This directly led to a dramatic and unprecedented decrease in global manu-
facturing, consumption and trade activity.
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Figure 22.3 Global exports 20052012
Source: Adapted from UNCTAD 2013.

At this time, the United States sub-prime crisis led to an immediate halt to inter-bank lending
as well as the closure or in some cases nationalisation of several high street banks such as the
Royal Bank of Scotland — a leading shipping bank. A deep and long recession followed, but
overall, global long-term demands for commodities have remained steady. This is primarily a
reflection of the activities of developing countries such as India and China that were relatively
unaffected by the crisis and have invested heavily in large-scale infrastructure and energy gen-
eration projects that support their growing manufacturing industries. Coal and iron ore for
these schemes are being exported mainly from Australia and Brazil, who are benefiting from
their neighbours’ advancements in these areas (Mitropoulos 2011).

Although there are debates about the production and consumption pendulum swinging from
west to east and the shipping yards of East Asia are busier than ever, at present it appears that
the pattern of commodity trade will remain as described here for at least the next decade.
However, there are clear signals that things are changing and it would be prudent for those
involved in the shipping industry to consider how best to meet these upcoming challenges —
particularly those relating to adaptation or relocation of existing infrastructure, location of training
centres and reconsideration of compliance measures.

The economic structure of bulk and liner sectors

The ‘service’ of the merchant shipping industry can be considered to be the provision of transport.
Shipping has a highly complex economic structure that can primarily be attributed to two
apparently contradictory characteristics — its international character and its fragmentation. Its
main assets, vessels, are very capital intensive, of diverse size and type and highly dependent
on technological advances in materials and processes. Vessels can be financed, owned, built,
flagged, operated, managed, crewed, maintained and regulated by entirely different stakeholders.
In addition, they can be new or second-hand and can have broadly different life spans, depend-
ing on the individual operating, regulatory and market conditions. Shipping therefore is not a
homogeneous activity and should be analysed according to its different activity sectors. The
main divisions in freight shipping se