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This article discusses the implications of ecosystem management and its application
to large marine ecosystems (LMEs) from a scientific, legal, and political perspective. It explores the meaning of ecosystem management and its implications for international management of environmental resources, analyzes the necessity for adopting
an ecosystem approach to LME management, and discusses the difficulties and problems
in LME management. The article concludes that the complexity of LMEs requires an
ecosystem approach to their management, that the obligation to adopt an ecosystem
approach to the management of the marine environment and resources has been
established in international law, and that the successful application of an ecosystem
approach to LME management largely relies on collective political will and the
mutual cooperation of the states concerned.
Keywords ecosystem management, an ecosystem approach, LME management, LMEs

In recent years, the management of large marine ecosystems (LMEs) has become a
focus in international ocean governance. The United Nations and other international
organizations have launched a number of regional LME projects in Asia, Africa, South
America, and Europe. However, a comprehensive and systematic theory of LME management has not been fully established in academic circles. Comprehensive and systematic
research on this subject would be of great significance in both theory and international
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practice. This article discusses the implications of ecosystem management and its application to LMEs from a scientific, legal, and political perspective.

Ecosystems and Ecosystem Management
Ecosystems
The term “ecosystem” was introduced by Alfred George Tansley in 1935,1 though the
idea itself has a much longer history.2 Tansley defined an ecosystem as a biotic assemblage and its associated physical environment in a specific space.3 Since then, this definition has remained a fundamental concept in ecology.4 Although the term “ecosystem”
has been variously defined by numerous successors, including some international legal
instruments,5 the basic connotations embraced in Tansley’s definition have never been
altered.
The key features of an ecosystem can be summarized in five points. (1) An ecosystem exists in a space with boundaries that may or may not be explicitly delineated.
Ecosystems are distinguishable from each other based on their biophysical attributes and
their locations. (2) An ecosystem includes both living organisms and their abiotic environment, including pools of organic and inorganic materials. (3) The organisms interact
with each other, and interact with the physical environment through fluxes of energy,
organic and inorganic materials amongst the pools. These fluxes are mediated and functionally controlled by species’ behavior and environmental forces. (4) An ecosystem is
dynamic.6 Its structure and function change with time.7 (5) An ecosystem exhibits emergent properties that are characteristic of its type and that are invariant within the domain
of existence.8
Ecosystems are life-support systems and essential for the survival and welfare of
human beings.9 The health of ecosystems is not only essential to the environment, but
also important to the existence and development of human society which, however,
usually sees itself as apart from the environment.10 On the other hand, as components of
ecosystems, humans and their interactions have profound effects on the structure and
function of ecosystems. All over the world, ecosystems are increasingly affected by
human-induced impacts, which, conversely, often have profound effects on human habitats, human health, and even socioeconomic development. Ecosystem health has long
been a major concern in environmental protection and has become an important concept
associated with ecosystems. Ecologically, ecosystem “health” is defined in terms of “activity,” “organization” and “resilience.” These components of ecosystem health are embraced in the concept of “sustainability,” which means that the system is active, maintains its organization, and is resilient to stress over time.11 By contrast, an unhealthy
system is one that is not sustainable and will eventually cease to exist. Many guidelines
and measures have been suggested for assessing ecosystem health.12 Moreover, it should
be pointed out that the term ecosystem health is commonly used in a broader context,
i.e., including not only its ecological concept but also social, economic, and political
concerns. A healthy ecosystem thus could be described as one where the environment is
viable; the economy is equitable, sustainable, and adequately prosperous; and the community is liveable and convivial. 13
Ecosystem Management
Human beings have long been aware of their adverse impacts on ecosystems and have
been taking measures to combat these problems. However, traditional methods of ad-

Ecosystem Management and Its Application to LMEs

43

dressing these problems are based on species-specific and sectoral approaches, which
have often not achieved desired outcomes mainly because the interactions among system components, including human activities, have not been taken into consideration. In
order to change this situation, the Global Environment Facility (GEF) considers it “an
urgent need” to adopt “management systems embracing comprehensive and cross-sectoral
approaches” and highly recommends “integrated ecosystem management” as “a particularly useful system.”14
As with various definitions of ecosystem, there are also various definitions of ecosystem management.15 There is also little agreement on “the new terminology, conceptual
categories, and classifications” used to discuss it.16 Along with its various explanations, the
term ecosystem management is expressed in different phrases, such as ecosystem-based
management, integrated ecosystem management, and total ecosystem management, to
name a few. Generally, the term “management” might be defined as the regulation of
human activities and resources to achieve certain objectives.17 “Ocean management” means
the coordination of various uses of the oceans and the protection of the marine environment.18 It is also defined as “the process by which specific resources or areas are controlled
to achieve desired objectives.”19 Regarding the term “ecosystem management,” the Committee on the Scientific Basis for Ecosystem Management (CSBFEM) of the Ecological
Society of America defined it as management based on the “best understanding of the
ecological interactions and processes necessary to sustain ecosystem structure and function.”20 Schlaepfer described it as processes in which decision making takes into account
all major components of the affected ecosystems, including humans and the adjacent
ecosystems.21 Both highlight interrelations between components of ecosystems. Schlaepfer
further defines “ecosystem-based management” as a systemic process aimed at the sustainable use of natural resources largely through the integration of economic, ecological,
social, and technological elements and the protection of ecosystems in the utilization of
natural resources. 22
An important term associated with ecosystem management is “ecosystem approach.”
The meanings of these two terms partly overlap. The term ecosystem approach has been
variously defined in different settings; there exists no consensus on its exact meaning.23
A number of associated terms in use include an ecosystem-based approach, ecosystem
management approach, ecosystem process-oriented approach, etc.24 However, these similar
or overlapping terms all refer to a comprehensive, science-based approach to the conservation and management of environmental resources.
Among the numerous definitions of ecosystem approach, the one given by the Fifth
Meeting of the Conference of the Parties (COP) to the Convention on Biological Diversity (CBD) is representative. The COP-5 interpreted an ecosystem approach, consistent
with the definition of “ecosystem” provided in Article 2 of the CBD, as a strategy for
the integrated management of natural resources that equitably promotes both conservation and utilization. An ecosystem approach focuses on “levels of biological organization, which encompass the essential processes, functions and interactions among organisms and their environment.” It recognizes that humans are an integral component of
ecosystems. It takes adaptive measures to deal with the complex and dynamic nature of
ecosystems, and adopts the precautionary principle. It does not preclude other existing
conservation and management approaches, such as single-species conservation, protected
areas, biosphere reserves, etc.; rather, it may integrate all these approaches as a holistic
system. 25
Despite the variety of definitions, common features of ecosystem management
and ecosystem approaches exist. For example, in line with its definition of ecosystem
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management, the CSBFEM outlined the major elements of ecosystem management as
follows:
1) long-term sustainability as fundamental value; 2) clear, operational goals;
3) sound ecological models and understanding; 4) understanding complexity
and interconnectedness; 5) recognition of the dynamic character of ecosystems;
6) attention to context and scale; 7) acknowledgment of humans as ecosystem
components, and 8) commitment to adaptability and accountability.26
The COP-5 of the CBD also worked out some principles and operational guidance
for application of the ecosystem approach.27 Some of these principles form the theoretical basis for international regime building for ecosystem management as well as its
implementation, and thus are further elucidated here.
First, the fundamental goal or value of ecosystem management is to maintain longterm sustainability of natural resources. Under the principle of intergenerational equity
and sustainability, natural resources should be managed in a manner so as not to deny
future generations the resources and opportunities enjoyed today.28 Sustainability has
been widely accepted as a goal of natural resource management in policy and law in
recent years.29 At the Canadian National Workshop on Objectives and Indicators for
Ecosystem-Based Management, which was held in 2001, there was consensus that ecosystem-based management has two broad, overriding goals: (1) the sustainability of human usage of environmental resources, and (2) the conservation of species and habitats,
including those ecosystem components that may not be utilized by humans.30
Second, the planning and implementation of ecosystem management should be based
on sound scientific understanding of the ecosystems, particularly the ecosystem complexity and the interconnections between ecosystem components. This requires the refocusing of scientific research and technical training at the ecosystem level, especially in
developing countries. International cooperation in this respect includes joint scientific
research, exchange of information, knowledge and experience, transfer of technology,
etc. These issues have become focal points in many international fora in recent years.31
Third, the maintenance of the integrity of an ecosystem requires that management
measures cover a wide range of components and processes, including not only the targeted resources, but also habitats, communities, and the related environment that support
them. It means that the spatial scale of management has to extend across different biological units and jurisdictions to encompass an entire ecosystem.32 Ecosystem management becomes a legal transboundary issue where jurisdictional boundaries do not coincide with ecosystem boundaries. Sometimes it requires not only interagency coordination, but also international cooperation. In managing transnational ecosystems, for example, such cooperation is necessary. Some forms of international cooperation, such as
joint management zones, have proved to be effective.33
Fourth, since ecosystems are dynamic and each ecosystem has its own characteristics, the planning and implementation of ecosystem management should be based on
specific conditions of the ecosystem concerned.34 This would mean that there exists no
universal method for implementing the principles of ecosystem management, no single
way to implement ecosystem approaches. Under the general principles of ecosystem
management, strategies may vary from one ecosystem to the next. At the international
level, there is no single universal institution for planning or implementing ecosystem
management strategies. Ecosystem management should be carried out at local community, national, or regional levels depending on relevant conditions.35

Ecosystem Management and Its Application to LMEs

45

Fifth, human activities and ecosystems are interactive; humans play a dominant role
in many ecosystems.36 As an integral part of ecosystems, human activities are, on the
one hand, a major source of disturbance. On the other hand, humans can conserve and
protect ecosystems. The central goal of ecosystem management is to improve the overall
quality of human life at intergenerational time scales.37 However, ecology-based approaches alone cannot achieve long-term sustainability of natural resources. It is recognized that in ecosystem management, humans cannot manage the ecosystem as such, but
only the human activities that make use of it.38 In one sense, this requires a harmonization between socioeconomic development and the environment. As the Brundtland Report pointed out, poverty inevitably leads to ecological disasters. In order to survive,
poor people have to overexploit environmental resources, and the eroded environment
further impoverishes them: “Poverty reduces people’s capacity to use resources in a
sustainable manner; it intensifies pressure on the environment.”39 To achieve sustainability,
social and economic considerations should also be integrated into ecosystem management goals.40 In a watershed ecosystem, for example, the ecosystem approach not only
takes into account all of the biological resources within the watershed, but the economic
health of the human communities concerned.41 In short, the interaction between social
economic development, environmental protection, and ecosystem management indicates
that the eradication of poverty is an essential part of effective ecosystem management.
At the international level, this clearly implies the need for aid from economically developed countries to developing countries.
In summary, although the development of ecosystem approaches to environmental
resource management is still in its infancy, the understanding of its implications still
needs deepening, and the implementation of the approach is still limited in practice,42 it
is increasingly being adopted by management agencies worldwide.43 In the past, ecosystem management approaches were mainly applied to terrestrial resource management. In
recent years, however, the concept of ecosystem management has been extended to coastal
and ocean management. In ocean management, manifestations of this trend include the
adoption of ecosystem approaches to marine management in national ocean law and
policy and regional agreements, the emergence of the concept of LMEs, and the initiative of sixteen LME projects around the world.44

LMEs and LME Management
LMEs
There are many kinds of ecosystems such as terrestrial ecosystems, forestry ecosystems,
freshwater ecosystems, marine ecosystems, to name a few. All ecosystems overlap and
interact. Every ecosystem is part of a larger ecosystem and all ecosystems belong to the
biosphere. Marine ecosystems occupy the majority of the earth’s surface area. Along
with the increasing socioeconomic and environmental importance of the oceans on the
one hand and the drastic deterioration of the marine environment on the other, the issue
of marine environmental protection has occupied the world’s attention for decades. In
Agenda 21, a product of the 1992 United Nations Conference on Environment and Development, the concept of marine ecosystem is described as forming “an integrated whole
that is an essential component of the global life-support system and a positive asset that
presents opportunities for sustainable development.”45 The concept of LMEs emerged
only in the 1980s and only recently has become a focal topic in international ocean
governance.
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LMEs were defined by Sherman and Alexander as
regions of ocean space encompassing coastal areas from river basins and
estuaries on out to the seaward boundary of continental shelves and the seaward boundary of coastal current systems. They are relatively large regions
on the order of 200,000 km² or larger, characterized by distinct bathymetry,
hydrography, productivity, and trophically dependent populations.46

To date, 64 LMEs have been identified around the world.47 The salient features of
LMEs can be summarized. First, LMEs geographically cover the portions of the world’s
oceans that are most important to humans. LMEs normally cover coastal states’ territorial waters, exclusive economic zones, and, in case of the habitats of some straddling
stocks and highly migratory species, the high seas beyond 200 nautical miles (nm) from
shore. Most marine economic activities, such as fishing, aquaculture, shipping, and petroleum exploitation, etc. take place in these areas. As a result, LMEs are particularly
vulnerable to overexploitation and pollution. Major stresses on these areas include overexploitation of fish and other natural resources such as mangrove trees, corals, and hydrocarbons, and pollution from both land-based and sea-borne sources. Environmentally,
LMEs are “national and regional focal areas” 48 for prevention and restoration of the
marine environment and resources from degradation and deterioration. Moreover, as a
focal area of various sea uses, LMEs are also an arena for competing interests. Nationally, there are conflicts between various agencies as well as individuals. Internationally,
conflicts occur not only between neighboring countries, but also between coastal states
and high seas interests. In brief, LMEs are of great social, economic, and environmental
significance for coastal states49 and yet the most complicated part of ocean management.
LME Management
The Natural Characteristics of LMEs Require an Ecosystem-based Management. As mentioned
above, the geographical scope of an LME ranges from river basins and estuaries on out
to the seaward boundaries of continental shelves and coastal current systems. Not only
does an LME normally cover several maritime zones, it also encompasses many component ecosystems and relates to other interconnected ecosystems. To be effective, the
boundaries of LME management need to correspond with the natural boundaries of an
LME. Since ecosystem components are interdependent and interactive, LME management not only must take into account the populations of exploited organisms, but also
the unexploited species that may be dependent and associated, their habitats, and even
the socioeconomic development of the area concerned. Such a holistic approach encompasses the entire ecosystem as an integrated management unit, including the full array of
species, processes, structures, and their interrelationships.50 It seeks to conserve and manage
entire communities of organisms and their habitats as a whole, rather than certain species populations within a politically delimited space. The concept of LME management
thus reflects a large-scale and holistic approach to assessment and control of marine
environmental resources. The existing LME projects are using five linked modules to
monitor, assess, and manage marine ecosystems: productivity and carrying capacity, fish
and fisheries, pollution and ecosystem health; socioeconomic conditions; and pertinent
governance regimes.51 These modules cover all the major aspects of the protection and
management of an LME, representing a paradigm shift from a sectoral, species-specific
approach to a holistic, ecosystem approach to the assessment and management of the
marine environment and resources. 52
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Ecosystem Approaches to LME Management as an International Legal Obligation. The
origin of the movement towards an ecosystem approach to ocean management is said to
be a proposal of the International Council for the Exploration of the Sea (ICES) at its
first meeting in 1901. This advocacy was the consequence of the awareness of the limitations of marine resources and the adverse impacts of overexploitation. Since the mid1970s, ICES has been giving increasing prominence to a multispecies approach to the
management of marine living resources.53 This approach has evolved into a broader
concept of ecosystem approaches.54 The movement towards an ecosystem approach to
environmental resources was gradually promoted worldwide, and the concept of an ecosystem approach was gradually incorporated into a series of international legal instruments and “soft law” documents.
CCAMLR. The first global convention to adopt an ecosystem approach to ocean
management was the 1980 Convention on the Conservation of Antarctic Marine Living
Resources (CCAMLR).55 The impetus behind this Convention was that the large-scale
krill fishery in the 1970s aroused concern for its harmful impact on the whole Antarctic
marine ecosystem. Because krill forms the basis of the Antarctic food chain, its exploitation threatened to jeopardize other dependent and associated marine living resources in
the area.56
The CCAMLR provides that, in view of the importance of the integrity of the Antarctic ecosystem,57 its objective is to conserve the Antarctic marine living resources58,
which are defined as “the populations of fin fish, molluscs, crustaceans and all other
species of living organisms, including birds, found south of the Antarctic Convergence.”59
The CCAMLR’s ecosystem approach to marine living resources conservation is
defined primarily in sub-paragraphs (b) and (c) of paragraph 3 of Article 2 of the Convention.60 First, sub-paragraph (b) requires the maintenance of the ecological relationships between all the organisms concerned in the Antarctic ecosystem. The conservation
measures, therefore, are not only to focus on the harvested species but also involve the
dependent and related populations. While regulating fishing for target species, for example, krill, not only should its impact on the populations of krill be considered, but
also its impact on dependent or associated species such as whales and penguins who
feed on krill. The dependent or associated species should be protected from the adverse
impact of the harvesting of the target species. This provision gives the CCAMLR a
multispecies approach that differs from the traditional single-species approach under which
only the target species is considered when setting the catch limits.61 Second, sub-paragraph (c) provides that the Antarctic marine ecosystem is to be preserved from irreversible changes. This is the so-called precautionary principle. It means that any risk or
threats of long-term adverse effects on the Antarctic marine ecosystem must be prevented or minimized without delay, even if sufficient and solid scientific evidence for
such effects is not available.62 The precautionary principle plays an important role in the
ecosystem approach of the CCAMLR.63 One important aspect of the precautionary approach to the preservation of the whole Antarctic ecosystem is to set a “conservative
(i.e. precautionary) krill catch limit”64 so that enough is left to meet the needs of dependent and associated species.
The CCAMLR’s ecosystem approach is further reflected in its geographic scope of
application, that is, the whole Antarctic area within the Antarctic Convergence, which is
the natural ecological boundary of the Antarctic ecosystem.65 Its jurisdictional boundary
is therefore consistent with the ecosystem boundary. Furthermore, for any stocks or
stocks of associated species which occur both within the CCAMLR Convention Area
and in its adjacent marine areas, CCAMLR is to harmonize its conservation measures.66
Lastly, CCAMLR provides mechanisms and measures to implement the ecosystem
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approach to the conservation of the Antarctic marine ecosystem.67 In short, the CCAMLR’s
ecosystem approach is innovative and has been recognized as setting the benchmark for
a new international regime for the conservation of marine living resources.
UNCLOS. Although CCAMLR was negotiated during the time of the negotiation of
the United Nations Convention on the Law of the Sea (UNCLOS),68 and UNCLOS was
concluded two years after CCAMLR,69 UNCLOS does not explicitly provide an ecosystem-based management regime for marine living resources. Only once in the Convention text does each of the terms “ecosystem”70 and “ecological balance”71 appear. This
has led to controversy over whether UNCLOS contains legal principles or a legal
regime for large marine ecosystem management and ecosystem-based management.
Martin H. Belsky repeatedly advocates that the legal principles and regime for large
marine ecosystem management are well established in UNCLOS and have become customary international law.72 This view is opposed by William T. Burke, who asserts that
UNCLOS does not mandate ecosystem management,73 and that the obligations provided
in the fisheries provisions of UNCLOS, such as protection of associated species and a
duty of states concerned to cooperate in utilization and conservation of transboundary
species, are not customary international law.74
Lewis M. Alexander points out that, although UNCLOS does not explicitly provide
a legal regime for LME management, its objectives are “parallel to those of LME management”75 and its relevant texts are “supportive of the LME concept.”76 Other scholars
have similar opinions.77 This opinion should be accepted.
First, the concept of ecosystem-based management coincides with the spirit and
objectives of UNCLOS. One of the objectives of UNCLOS is to promote efficient utilization of marine resources, the conservation of marine living resources, and the protection and preservation of the marine environment.78 Moreover, UNCLOS realizes that
“the problems of ocean space are closely interrelated and need to be considered as a
whole.”79 Reading these provisions together supports the view that an integrated ecosystem approach is the optimum manner to deal with the complicated issues of LME management. The last paragraph of the preamble of UNCLOS affirms that “matters not
regulated by this convention continue to be governed by the rules and principles of
general international law.” This wording keeps UNCLOS open to accepting legal norms
of ocean governance should they be generally accepted by nation states.
Second, although UNCLOS does not explicitly mandate an ecosystem-based management approach, it is supportive of such a management concept. The relevant provisions are Articles 61, 63, 64, 66, 67, 118, 119, 123, 145, 192, and 194 (1) (5), which, to
a certain extent, embrace some attributes of ecosystem-based management.
• The recognition of the ecological integrity of the ocean.80 UNCLOS not only
recognizes the interrelation between harvested species and associated species, but
also the ecological integrity and geographical interrelation of transboundary stocks.
According to Articles 61 (3) (4) and 119 (1) of UNCLOS, when determining
allowable catch and establishing conservation measures for living resources in
EEZs and high seas, the interdependence of stocks and the effects on dependent
and associated species are to be taken into account with a view to maintaining or
restoring populations of such species above levels at which their reproduction
may become seriously threatened. Articles 63, 64, 66, and 67 recognize the ecological and geographic integrity of transboundary stocks as well as the interrelation of conservation and management measures between EEZs and the high seas
and require states concerned to cooperate in conservation and/or management of
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such stocks. Especially in the case of highly migratory species, international cooperative arrangements for conservation and optimum utilization apply to the entire migratory range of the stocks. Article 64 is “in fact dealing with such resources in terms of ecosystem approaches.” 81
• Not only ecological elements, but also socioeconomic factors are to be considered
in the utilization and conservation of marine living resources and environment.
For example, Articles 61 (3) and 119 (1) (a) provide that economic factors, including the economic needs of coastal communities and the special requirements
of developing countries, are to be taken into account when determining allowable
catch and establishing conservation and management measures.
• There are specific provisions on the protection of ecosystems and the ecological
balance of the marine environment. Article 194 (5) explicitly provides for the
protection and preservation of “rare and fragile ecosystems” and habitats of depleted, threatened, or endangered species and other forms of marine life. Article
145 expressly requires the protection of “the ecological balance of the marine
environment” from harmful effects of activities in the deep seabed area.82
• Other mechanisms and measures facilitate the ecosystem-based management of
the ocean, for example, the general obligation of states to protect and preserve the
marine environment;83 international coordination and cooperation in conservation
and preservation of marine living resources and environment,84 utilization of best
scientific evidence available and proper conservation and management measures,85
which keeps the relevant regimes open to adopting new knowledge such as the
theory of LMEs and management concepts such as ecosystem-based management.
The 1995 Agreement for the Implementation of the Provisions of the United Nations Convention on the Law of the Sea of 10 December 1982 Relating to the Conservation and Management of Straddling Fish Stocks and Highly Migratory Fish Stocks86
(hereinafter the Fish Stocks Agreement or the FSA), explicitly adopts an ecosystem
approach to the conservation and management of marine living resources.87 Had UNCLOS
no implications for ecosystem-based management, there would be little legal basis for
the FSA.88 As Francisco Orrego Vicuna points out, on the basis of the general obligation
to protect and preserve the marine environment in UNCLOS, a number of developments
in international environmental law, including particularly the ecosystem management
approach, “have been anticipated or actually accomplished.”89 He further states that,
“The concept of large marine ecosystem and ecosystem management were not alien to
that Convention (UNCLOS).”90
The FSA’s detailed regime governing highly migratory species was negotiated and
approved on the basis of principles and concepts embraced in UNCLOS, including the
ecosystem approach.91 Edward Miles argued that, with respect to fisheries management,
the approach provided in Part V of UNCLOS “is deliberately partially ecosystemic in
nature (i.e., target species must be treated in conjunction with associated and dependent
species).”92 He noted that, “All necessary components of a changed fisheries management paradigm” can be found within UNCLOS.93 Patricia Birnie is of the opinion that,
despite the absence of specific terms such as “ecology,” the goals of the fisheries conservation regime of UNCLOS “can be interpreted as implying that such concepts should
be applied” “in the light of subsequent advances of knowledge, and Agenda 21’s support.”94 Lee A. Kimball even argued that CCAMLR’s provisions on ecosystem-based
management, such as the protection of associated species and related environment, maintenance
of the balance between predators and preys, and restoration of depleted species, build
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substantially on the relevant articles in UNCLOS on fisheries.95 Lewis M. Alexander
opined that nothing in the LME concept is inconsistent with UNCLOS.96
The basic contents of the provisions of UNCLOS on marine living resources and
the environment had actually been in place by 1975. Since then new concepts and principles, including LMEs and ecosystem-based management, have emerged and many of
them have been incorporated into the FSA. The relevant provisions of UNCLOS cannot
be explained without taking the FSA into consideration. On the contrary, to interpret the
relevant provisions of UNCLOS in 1970s terms might not be consistent with the objectives of UNCLOS concerning the conservation and management of marine living resources and environment.97 According to Article 31 of the 1969 Vienna Convention on
the Law of Treaties,98 a treaty is to be interpreted in the light of its object and purpose,
taking into account, together with the context, any subsequent agreement regarding the
application of its provisions, any relevant subsequent practice, and any relevant rules of
international law. In the Case Concerning Gabcíkovo-Nagymaros Project (Hungary/Slovakia),
the International Court of Justice (ICJ) indicates that the interpretation and application
of an old treaty should take into account new environmental norms and standards.99 In
his separate opinion, Judge Weeramantry further stressed that the standards to be applied are those prevalent at the time of the application of the treaty and not those in
force at the time of the conclusion and early performance of the treaty.100
Although UNCLOS does not explicitly set forth an ecosystem approach to marine
environmental resource management, its objectives and relevant provisions can be interpreted as being supportive of such an approach. International regimes for more sophisticated ecosystem approaches to the conservation and management of the marine environment and resources gradually evolved after UNCLOS. Some instruments agreed upon at
the 1992 United Nations Conference on Environment and Development (UNCED), especially Agenda 21 and the CBD, refer more specifically to the ecosystem approach,
and this was carried forward by the FSA and the Code of Conduct for Responsible
Fisheries of 1995.101
Agenda 21. The 1992 Declaration of the UNCED (the Rio Declaration), which is
well recognized as a milestone of the development of international environmental law,
not only reaffirms the 1972 Declaration of the United Nations Conference on the Human Environment (the Stockholm Declaration), but also moves beyond it to introduce
many new principles,102 including ecosystem management. In its preamble, the Rio Declaration recognizes “the integral and interdependent nature of the Earth” and calls on
states to “protect the integrity of the global environmental and developmental system.”
Principle 7 requires states to “cooperate in a spirit of global partnership to conserve,
protect and restore the health and integrity of the Earth’s ecosystem.” Moreover, the
theme of the Declaration—the principle of sustainable development103—establishes a policy
basis for ecosystem-based management. The precautionary principle104 is also very supportive of ecosystem approaches.
The preamble to Agenda 21 points out that “the continuing deterioration of the
ecosystems” is one of the major issues with which humanity is confronted, and “better
protected and managed ecosystems” cannot be achieved without integration of environment and development as well as international cooperation. Agenda 21 leaves no doubt
that the marine environment, including the oceans and all seas and adjacent coastal
areas, forms an integrated whole and is to be conserved and managed in an integrated
manner. While confirming that UNCLOS provides an international basis for protection
and sustainable development of the marine environmental resources, Agenda 21 moves
beyond this and demands “new approaches to marine and coastal area management and
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development, at the national, subregional, regional and global levels, approaches that are
integrated in content and are precautionary and anticipatory in ambit.”105 These principles as well as the program areas106 laid out in Chapter 17 of Agenda 21 promote an
ecosystem approach to ocean management.
While UNCED rejected the idea of including the LME concept in Agenda 21, ecosystem approaches are endorsed in Chapter 17 and when, read as a whole, the crosssectoral, interdisciplinary, and regional elements which are intrinsic to LMEs are endorsed.107
The holistic element of the UNCED mind-set gives particular weight to ecological
awareness and to the ecosystem as a unit of ocean management.108 The holistic approach
to both marine and terrestrial ecosystems is firmly endorsed by Agenda 21.109
The relevant principles contained in instruments adopted by more than 178 governments at the UNCED are by no means merely political statements, but are important
“soft law” statements of ecosystem-based management and have become binding legal
principles by being incorporated into legally binding international instruments such as
the CBD and the FSA.
Convention on Biological Diversity. The CBD deals with biological diversity, which
includes marine ecosystems.110 Being aware that the conservation of ecosystems is fundamental to the conservation of biological diversity,111 the CBD and its relevant supplementary documents adopt an ecosystem approach to biodiversity conservation.112 First,
two out of the three core objectives of the CBD are related to ecosystem protection, i.e.,
the conservation of biological diversity and the sustainable use of its components.113
Second, the jurisdictional scope of the CBD covers both areas within and beyond the
limits of national jurisdiction in consideration of the integrity of ecosystems.114 Accordingly, the CBD requires international cooperation beyond areas of national jurisdiction
and on other matters of mutual interest,115 such as transboundary species and transboundary
pollution, etc. Moreover, the CBD provides a set of specific regimes for the conservation of ecosystems as well as biodiversity,116 such as general measures for conservation
and sustainable use, in-situ and ex-situ conservation, monitoring, etc. Particularly,
Article 8 (d) and (f) specifically refer to the protection and restoration of ecosystems. In
short, as the only legally binding global instrument that covers all ecosystems,117 the
CBD adopts a holistic, multispecies approach to the conservation and management of
biological resources and environment, which differs from the traditional, single-species
approach.118
The Jakarta Mandate. It should be noted that, although the CBD is a global convention that deals with the general issues of biodiversity, it does not specifically refer to
the protection of marine biodiversity as well as marine ecosystems.119 However, it undoubtedly applies to the conservation and management of marine ecosystems and biodiversity.
Since September 1995, the marine environment has been on the agenda of the COP and
the Subsidiary Body on Scientific, Technical and Technological Advice (SBSTTA) of
the CBD. The COP and the SBSTTA have developed a series of recommendations and
decisions on the implementation of the CBD, among which the Jakarta Mandate on
Marine and Coastal Biodiversity120 is of most significance. Adopted by the Second Meeting
of the COP in November 1995, it is a program of action for implementing the CBD in
the conservation and management of marine and coastal biodiversity.
The Jakarta Mandate identifies major impacts on marine and coastal ecosystems121
and makes detailed recommendations on how to deal with these problems. It focuses on
five thematic areas: integrated marine and coastal area management; marine and coastal
protection areas; sustainable use of coastal and marine living resources; mariculture; and
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the introduction of alien species.122 With a central goal of achieving conservation and
long-term sustainable use of marine and coastal ecosystems as well as biodiversity, the
Mandate strongly recommends that ecosystem management approaches be widely adopted
in various aspects of the above-mentioned areas.123 The LME approach is highlighted in
Paragraph 8 of the Annex to Recommendation I/8:
On the regional level, integrated management of marine and coastal ecosystems could be promoted through the Large Marine Ecosystem approach to
monitor and evaluate ecosystem health. Through ensuring the integrity and
productivity of large-scale ecosystems, continuous benefits can be derived
from the vast array of biological resources they contain.124
The Mandate indicates that it cannot be successfully implemented without collaboration of other relevant instruments and organizations.125 Article 22 of the CBD makes it
clear that, with respect to the marine environment, the CBD is to be implemented “consistently with the rights and obligations of States under the law of the sea”126 and that
there is to be a link between the CBD and other international instruments related to the
ecosystem management of the marine environment and resources.127 Here, “the law of
the sea” not only refers to UNCLOS, but also includes other international conventions
and agreements formulating the corpus of international law of the sea, such as the FSA,
the Agreement to Promote Compliance with International Conservation and Management Measures by Fishing Vessels on the High Seas (the FAO Compliance Agreement),128
and customary law of the sea.129
The Fish Stocks Agreement. Agenda 21 called on states to convene an international
conference to address the problems regarding high seas management of straddling fish
stocks and highly migratory fish stocks.130 The result of this process was the FSA.
The unity and the health of marine ecosystems are the underlying philosophy of the
conservation and management measures set forth in the FSA. The preamble of the FSA
points out that the states parties are “conscious of the need to avoid adverse impacts on
the marine environment, preserve biodiversity, maintain the integrity of marine ecosystems and minimize the risk of long-term or irreversible effects of fishing operations.”
Article 2 provides that the objective of the FSA is “ to ensure the long-term conservation and sustainable use” of the fish stocks concerned. To this end, the FSA mainly
adopts the following ecosystem approach.
The application scope of relevant conservation and management principles and measures
of the FSA covers the full range of straddling and highly migratory fish stocks. Although the FSA regime applies mainly to straddling and highly migratory fish stocks on
the high seas, the measures provided in Articles 6 and 7 are extended to fish stocks
concerned within areas under national jurisdiction.131 Furthermore, coastal states are required to apply, mutatis mutandis, the general principles enumerated in Article 5 in
areas under national jurisdiction.132 The starting point of the FSA regime is “the biological unity of the stocks concerned.”133
The FSA adopts a series of principles related to the protection of marine ecosystems. These principles include, for example, ensuring the long-term sustainability of fish
stocks and promoting the objective of their optimum utilization;134 maintaining or restoring stocks at levels capable of producing the maximum sustainable yield; taking into
account fishing patterns and the interdependence of stocks;135 applying the precautionary
approach;136 assessing the impacts of fishing, other human activities, and environmental
factors on target stocks, associated or dependent stocks, and species belonging to the
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same ecosystem;137 maintaining or restoring populations of such species above levels at
which their reproduction may become seriously threatened;138 minimizing pollution, waste,
discards, catch by lost or abandoned gear, catch of nontarget species, and impacts on
associated or dependent species, in particular endangered species;139 protecting biodiversity
in the marine environment;140 and taking measures to prevent or eliminate overfishing
and excess fishing capacity and to ensure that levels of fishing effort do not exceed
those commensurate with the sustainable use of fishery resources.141 These principles not
only include those already established in UNCLOS, but also those developed in the
post-UNCLOS era, and therefore reflect the new concepts of marine conservation and
management, including the ecosystem approach. It merits emphasizing that the wide
application of the precautionary approach to conservation, management, and exploitation of fish stocks142 could play a very important role in the preservation and protection
of marine ecosystems. As Moritaka Hayashi pointed out: “The ecosystem approach is
taken fully into account in the precautionary approach.”143
The FSA requires compatibility of conservation and management measures in the
high seas and in areas under national jurisdiction.144 The purpose of this is to ensure
conservation and management of transboundary fish stocks in their entirety.145 To this
end, coastal states and states fishing on the high seas have a duty to cooperate in achieving such compatible measures. In determining compatible conservation and management
measures, some ecological elements, including human elements, are to be taken into
account: the biological unity and other biological characteristics of the stocks and the
relationships between the distribution of the stocks, the fisheries, and the geographical
particularities of the region concerned, including the extent to which the stocks occur
and are fished in areas under national jurisdiction;146 the respective dependence of the
coastal states and the states fishing on the high seas on the stocks concerned;147 and the
harmful impact on the living marine resources as a whole.148 With respect to highly
migratory fish stocks, the FSA emphasizes that the states concerned should cooperate to
ensure conservation and management of such stocks throughout their migratory range,
both within and beyond the areas under national jurisdiction.149
These mechanisms make the FSA an important international instrument in adopting
an ecosystem approach to the conservation and management of the marine environment
and resources.150
The Code of Conduct for Responsible Fisheries. The Code of Conduct for Responsible Fisheries, which was unanimously adopted on 31 October 1995 by the FAO Council, is a global, non-legally-binding instrument establishing principles and standards for
the conservation, management, and development of all fisheries.151 The thrust of the
Code is sustainable utilization of fisheries resources in harmony with the environment,
under which the ecosystem approach is widely adopted in various fisheries activities and
the conservation of the living aquatic resources and their environment.
First, the Code adopts a series of general principles that are either directly related to,
or supportive of, the ecosystem management approach. The first principle of the Code
makes it clear that the right to fish carries with it the obligation to conserve aquatic
ecosystems.152 The Code broadly endorses ecosystem management principles, such as:
“management measures should not only ensure the conservation of target species but also
of species belonging to the same ecosystem or associated with or dependent upon the
target species”;153 protection and rehabilitation of fisheries habitats in marine and fresh
water ecosystems;154 recognition of the transboundary nature of many aquatic ecosystems;155 international cooperation in conservation and protection of living aquatic resources throughout their range of distribution, taking into account the need for compatible
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measures in areas within and beyond national jurisdiction;156 further development and
application of selective and environmentally safe fishing gear and practices in order to
maintain biodiversity and to conserve aquatic ecosystems;157 and the application of the
precautionary principle.158 In addition, the Code provides guidelines for the application of
these principles in various fisheries-related activities, including fisheries management,159
fishing operations, 160 aquaculture development,161 and integration of fisheries into coastal
area management.162 In terms of ecosystem management of fisheries resources and environment, the Code is an important, comprehensive international soft law document.163
Other international documents also endorse an ecosystem approach to fisheries management: the 2001 Reykjavik Declaration on Responsible Fisheries in the Marine Ecosystem,164 the 1992 Cancun Declaration on Responsible Fishing,165 the 1995 Rome Consensus on Fisheries,166 the 1995 Kyoto Declaration and Plan of Action,167 the 1996 Rome
Declaration on World Food Security and the World Food Summit Plan of Action,168 and
UN General Assembly Resolutions on Large-Scale Pelagic Driftnet Fishing.169
In addition to all the above international instruments, the World Summit on Sustainable Development of 2002 encouraged the application of an ecosystem approach in ocean
management by 2010.170
The above-mentioned instruments are the major global documents related to the
ecosystem approach to the conservation and management of the marine environment
and resources. Besides these instruments, some other relevant global instruments are
also applicable to the ecosystem management of the oceans, such as the 1979 Bonn
Convention on the Conservation of Migratory Species of Wild Animals,171 the 1973
Washington Convention on International Trade in Endangered Species of Wild Fauna
and Flora (CITES),172 the 1995 Global Program of Action for the Protection of the Marine Environment from Land-Based Activities,173 the 1972 Stockholm Declaration on
Human Environment,174 the 1980 Draft World Charter for Nature,175 and the UNEP Guidelines
on Shared Resources.176
At the regional level, the concept of ecosystem-based management has been adopted
by some regional organizations as well as in some regional instruments, such as those
emanating from the LME Projects177 and the agreements on regional fisheries bodies.178
The UNEP Regional Seas conventions and some other regional agreements179 are also
applicable to the ecosystem-based management of the seas and oceans.
Based on the above, it can be concluded that the obligation to adhere to the ecosystem-based management of the marine environment and resources has been established in
international law.
International Practice. Many countries have made the commitment to apply ecosystembased assessment and management of the marine environment and resources. Sixteen
LME projects are underway in Asia, Africa, South America, and Europe, involving 126
countries.180 Each project involves at least two littoral states that share the same regional
sea. These projects are financially and technically supported primarily by the Global
Environment Facility (GEF), the World Bank, the United Nations Industrial Development Organization (UNIDO), the Intergovernmental Oceanographic Commission (IOC),
the World Conservation Union (IUCN), UNEP, UNDP, FAO, and the U.S. Department
of Commerce’s National Oceanic and Atmospheric Administration (NOAA). In these
projects, LMEs are used as assessment and management units for the marine environment and resources, and scientific, technical, and financial assistance is provided to the
developing countries concerned. The goal is to improve the long-term sustainability of
the global marine environment and resources.181
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At the national level, some countries, such as Canada, Australia, the United States,
and the United Kingdom are engaging in developing and implementing an ecosystem
approach to ocean management in national law and policy.
Canada has been a world leader in developing national oceans law. In December
1996, Canada passed the Oceans Act.182 The Act came into force in January 1997 and
made Canada the first country to have comprehensive oceans management legislation.
The Act refers to the development and implementation of a national oceans management
strategy based on the principles of sustainable development, integrated management, and
the precautionary approach.183 In July 2002, more than five years after the law was
enacted, Canada’s Oceans Strategy, the Canadian government’s policy statement for oceans
management, was announced. At the heart of the Strategy is an integrated approach to
oceans governance.184
In December 1998, the release of Australia’s Oceans Policy made Australia the first
nation to produce a comprehensive oceans policy.185 At the core of the Policy is a commitment to ecosystem-based management of the marine environment and resources. The
planning, development, and management of Australia’s oceans are based explicitly on
LMEs. In order to achieve ecologically sustainable development of marine resources,
the Policy requires that management be implemented through a new regional marine
planning process. The development of Regional Marine Plans is to be based on identified
LMEs and the integration of sectoral commercial interests and conservation requirements.
Since the late 1980s, a broader approach to natural resource management has been
advocated in the United States.186 Under the Clinton Administration, U.S. federal agencies
began to implement ecosystem approaches to natural resource management. Although
the U.S. federal government has not adopted any single, overarching legal instrument
which specifically provides for ecosystem-based management of the marine environment and resources,187 some of its existing legislation is supportive of these approaches.188
For example, the Magnuson-Stevens Fishery Conservation and Management Act provides for the development of regional fishery management plans; it requires that, “To
the extent practicable, an individual stock of fish shall be managed as a unit throughout
its range, and interrelated stocks of fish shall be managed as a unit or in close coordination.”189 The National Coastal Monitoring Act190 established national programs to monitor the environmental quality of coastal ecosystems; identify sources of degradation, and
evaluate the effectiveness of government programs in abating degradation. The National
Marine Sanctuaries Act authorizes the designation of marine sanctuaries to marine areas
of ecological importance.191 The Coral Reef Conservation Act192 provides mechanisms to
preserve, sustain, and restore the health of coral reef ecosystems. Although the current
system of U.S. ocean governance is structured around sectoral management, area-based
management, which can be made consistent with an ecosystem-based management, is
adopted in some programs, for example, coastal zone management, the National Estuary
Program, and the Marine Sanctuaries Program.193
The U.S. National Oceanic and Atmospheric Administration (NOAA) highlights the
harmonization of the development of the marine economy with the protection of the
marine environment and resources. To achieve this goal, it commits “to implement integrated approaches to environmental management and ocean and coastal resources development for economic and social health.”194 In practice NOAA has initiated a number of
ecosystem management-oriented programs.195 Moreover, a high-level Commission on Ocean
Policy196 was established under the Oceans Act of 2000197 to review “the state of marinerelated issues and the effects of federal ocean-related laws and programs”198 and make
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recommendations for “coordinated, comprehensive, and long-range” national ocean policy.199
Comprehensive ocean policy and management, the balance of economic and ecological
health, and the health of marine ecosystems are to be highlighted in the study of the
Commission.200 It is expected that the work of the Commission will lead to the adoption
of more comprehensive and integrated approaches in the management of ocean and
coastal environmental resources in the United States.
In the Irish Sea, which is a semi-enclosed regional sea with a range of stakeholders
and activities, a pilot project was recently established to test the potential for an ecosystem approach to managing the marine environment.201 The pilot project will seek ways
of improving in practice the integration of nature conservation with the activities of
other marine interest sectors, such as fisheries, oil and gas, and shipping. It involves the
Government of Ireland, the Isle of Man, and the devolved administrations in the United
Kingdom.
Difficulties and Problems of LME Management. The concept of ecosystem management
has its critics, and the idea of LME management is not exempt from questions and
doubts. Some authors opine that it creates difficult problems in application. The major
problems in the adoption of LME management, as pointed out by these authors, are
summarized below.
First, the understanding of marine ecosystems is lacking and the scientific basis for
LME management is not sufficient. It is asserted that, “Relatively little is known about
the dynamics of marine ecosystems.” 202 This is particularly true for the high seas where
knowledge of stock abundance, distribution, and life histories of many species is mostly
lacking.203 “The inadequacy of scientific understanding of complex relationships among
species means that States have had difficulty in developing management measures that
consider associated and dependent species except in a limited number of fisheries.”204
William T. Burke asserted that, “Remedying these handicaps to ecosystem management
will have to wait until at least several decades in the 21st century.” 205 Douglas Johnston
went further on this point: “Even when better understood, they might not prove to be
amenable to human control, and management may continue to be a futile quest.” 206
Not only do some individual scholars doubt the feasibility of LME management,
but some international organizations, such as FAO and the Parliamentary Assembly of
the Council of Europe, have also been cautious. In 1980, an FAO Technical Report was
pessimistic about states’ capabilities for ecosystem management because of insufficient
understanding of ecosystems:
The management implication of the term “ecosystem management” presumes
a reasonable understanding of the physical and chemical environment and
biological species which describe an ecosystem, plus an understanding of
the interactions among and between the species complex and their environment. Effective ecosystem management would also require an understanding
of the flow of material energy and nutrients within the ecosystem. At present
the totality of interactions is not sufficiently understood in any ecosystem to
allow for comprehensive ecosystem management.207
Nearly two decades later, the European countries were still cautious about the practical
applicability of ecosystem management, as reflected in a report of the Parliamentary
Assembly of the Council of Europe.
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“Large marine ecosystems” (LMEs) have been proposed, and aggressively
promoted during the last decade, as potentially suitable management units
for marine and coastal environment. Although the concept underlying LMEs
has been theoretically elaborated in a number of publications, and is notionally introduced in a number of programmes, its practical applicability still
requires verification in strictly scientific terms.208
Second, inconsistency between LMEs and maritime zones, especially exclusive economic zones (EEZs), may create jurisdictional problems. Few LMEs are limited to the
EEZs or fisheries zones of a single state.209 The problem is that EEZs are politically
delimited maritime zones, while LMEs are ecologically defined sea areas; thus, EEZ and
LME boundaries mostly do not coincide, and particularly in the case of highly migratory species, the LMEs cross many EEZ boundaries. This makes it difficult to effectively manage LMEs.210
That “Regimes based on ecosystems would tend to conflict or overlap with at least
some of the jurisdictional regimes so carefully negotiated at UNCLOS III”211 is why
LME as a management concept was not endorsed at the 1992 UNCED. In the preliminary sessions of UNCED, the LME concept was proposed as a major organizing principle for Chapter 17 of Agenda 21. However, this suggestion failed mainly because
developing countries were reluctant to accept perceived limitations to their newly gained
EEZ jurisdiction and surrender sovereign rights over stocks within their EEZs in the
interests of ecosystem management at the regional scale.212 Furthermore, high seas fishing states did not want to give up their exclusive jurisdiction over their vessels on the
high seas. William T. Burke pointed out that the LME as a management concept “is not
intended to and does not resolve” the existing jurisdictional conflict between coastal
states and high seas fishing states, but only “restates it in a different and not necessarily
helpful way.”213 Moreover, he argued that to “redefine” the limits of the coastal state
jurisdiction in terms of “the undefined (perhaps undefinable in any specific sense except
in particular instances, if then) and necessarily varying concept of an LME” causes “a
pervasive uncertainty” to the present maritime jurisdictional system.214 The jurisdictional
problems caused by the LME management concept not only challenge the global diplomatic efforts to advocate a large marine ecosystem approach to fishery management,215
but also become another major cause for some scholars to be pessimistic about its applicability and effectiveness. For example, Douglas Johnston argued: “Ecosystem-based
fishery management may prove to be unworkable because of recently extended institutional investment in ‘politically defined’ ocean spaces.”216 S. M. Garcia and M. Hayashi
concluded: “It is clear that such a system of sequential and overlapping jurisdiction will
make it difficult for ecosystem management to become as widely applied and effective
rule as it should.”217
As a compromise, it has been suggested that the geographical extent of ecosystems
to be considered in ocean-use management plans needs to be defined “in a pragmatic
manner,” based on “the stakeholder involvement” and “the artificial boundaries of the
political and administrative systems already in place.”218 This compromise is based on
the fact that the geographical boundaries are in many circumstances difficult to rigorously define and are sometimes defined to fit various interests. For example, the ecosystems are generally “large scale and species specific” while fisheries management areas
are normally defined “at smaller scales within national, provincial, regional, and municipal boundaries.”219 In addition, the management-of-sub-regional-seas (MOSS) approach
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to ocean and coastal management has been advocated by some experts. The CIDAfunded Gulf of Thailand Project and the GEF-funded Meso-American Barrier Reef
System can be seen as experimental MOSS programs. The rationale behind this approach is that global and macroregional seas mechanisms are “generally too large, too
clumsy, too expensive, and too politically divisive to be operationally effective” in ocean
management.220
The best case for international cooperation in ocean management and ocean regimebuilding exists at the subregional seas level where the littoral states enjoy good relationships. The optimal LME management should take into account not only the natural
characteristics of LMEs but also the socioeconomic and political elements of the human
communities connected to the ecosystem. This synthesis of geographic, scientific, and
political elements has been described as “the geo-political ecosystem (GPE).” 221
Third, not only can the LME management concept not resolve some existing problems of ocean management, but it may also magnify their complexity. An ecosystem
approach covers larger geographical areas, involves more species, involves more political entities and more stakeholders, and requires more initial funding than less ambitious
approaches.222 In the context of marine management, the larger the LME, the less likely
it is that it can be effectively managed.223 In the case of straddling stocks and highly
migratory species over which coastal states and high seas fishing states often conflict,
the requirement for ecosystem management may magnify the management difficulty.224
Fourth, the concept of ecosystem management may diversify existing uniform regimes. Ecosystem management
[T]hreatens to spawn highly diverse regimes, each negotiated largely on the
basis of the specific variables associated with the ecosystem rather than on
the basis of universal principles of law or ecology.225
Besides the above-mentioned problems, another major problem of LME management is that it overlaps or conflicts with existing marine management mechanisms. LMEs
inevitably overlap with existing management areas of some international organizations
or agencies such as UNEP (the Regional Seas Programs) and regional fishery bodies of
both the FAO and non-FAO. Almost every regional sea area is more or less covered by
various international agreements and programs and is governed by different intergovernmental institutions. However, the mushrooming of regional programs and institutions
with overlapping and even conflicting functions and goals has also led to problems.
Repetition and competition among some regional programs and institutions is one of the
major issues and this can result in a waste of management resources and inefficiency of
ocean management. A survey of existing regional marine programs and institutions unveils both geographical and functional overlaps and duplication of ocean management
mandates and tools.
There are three, mainly parallel, governance regimes for regional seas. The first is
fisheries management promulgated by FAO regional fishery organizations and numerous
other regional fishery bodies.226 The second is marine environmental protection fostered
by the UNEP Regional Seas Program initiated in 1974 and by the International Maritime Organization (IMO) regional mechanisms. There are now more than 140 coastal
states and territories participating in 14 of these regional programs. There are also three
partner programs (the Arctic, OSPAR for the North-East Atlantic, and HELCOM for the
Baltic). There are other programs of this kind. For example, the Partnerships in Environmental Management for the Seas of East Asia (PEMSEA), involving eleven countries
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since 1994, is a GEF project implemented by UNDP and executed by IMO.227 The third
is the LME Projects as mentioned above. In addition to the spatial overlaps of these
programs, the functional duplication among them and the implementing institutions occur mainly between: (1) Regional Seas Programs vs. LME projects in marine pollution
and ocean governance, and (2) LME projects vs. regional fishery bodies in marine living resource management.
Although there are many programs and institutions, the marine environment and
fisheries resources continue to decline. The problem is probably not a lack of regimes and
institutions, but the insufficient capacity and political will to cooperatively implement the
existing regimes. With regards to the necessity for the coordination of international marine-related institutions, Lee A. Kimball pointed out that the reason is not only to avoid
duplication and overlap among institutions and enhance efficiency, but a far more compelling reason is to adopt an integrated approach to the complexity of ecosystems.228
There are certainly many other difficulties and problems in the application of LME
management, involving science, technology, society, economy, politics, law, and other
dimensions. There exist no clear-cut answers to these problems. However, states and
other practitioners have been exploring various solutions and have gained some experience. The above-mentioned principles and guidance for ecosystem management are part
of the crystallization of such experience and are applicable to LME management. For
example, in regard to the insufficiency of understanding of marine ecosystems, the response is undoubtedly to strengthen scientific research and technical training, especially
for developing countries, and the exchange of information, knowledge, and transfer of
technology. Regarding jurisdictional problems, international cooperation is required in
principle. Solutions may include the establishment of international joint management
zones, comanagement, etc. As to the overlap of international marine management mechanisms,
coordination of different institutions is the apparent response. The question of how to
coordinate marine regional fishery bodies and regional seas conventions has been on the
agenda of UNEP and FAO.229 It has also been proposed that the Regional Seas Program
be restructured to facilitate its collaboration with other relevant institutions and change
from a sectoral approach to a comprehensive approach.230 The problem of diversification
of existing uniform regimes is a matter of regionalization, which has been clearly endorsed by UNCLOS, the FSA, Agenda 21, and other international instruments and has
long been implemented to some degree in most, if not all, sea areas throughout the
world. In relation to regionalization in ocean management, Lewis M. Alexander has
pointed out that it is “a process” and “an alternative” “regardless of whether it is likely
to be particularly effective.”231
As a new way of ocean management, it is expected that LME management will
encounter difficulties and problems. However, these difficulties and problems cannot
halt the worldwide trend towards LME management. On the other hand, however, these
multidimensional, complex problems will not be resolved without the concerted efforts
of relevant sectors and parties at local, national, regional, and global levels.

Conclusion
The recent conceptualization and definition of LMEs has aroused an international campaign for LME management. From a scientific perspective, although human understanding of LMEs is not sufficient or complete, the knowledge obtained so far shows that
a multispecies or a comprehensive ecosystem approach to the management of the marine environment and resources has a greater probability of being more effective than a
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species-specific approach. The major contribution of the natural scientific theory of
LMEs is that it provides the scientific evidence for a more rational approach to the
management of the marine environment and resources. An ecosystem approach is theoretically the optimal tool to deal with the complexity of LMEs.
From a legal perspective, although there exists no specific global legal instrument
on LME management, an ecosystem approach to natural (including marine) resources
and environmental management is obligated by a number of international instruments,
which are applicable to LME management. In addition, an ecosystem approach to ocean
and coastal management has also been adopted in some national legislation and ocean
policy documents.
The adoption of an ecosystem approach to LME management is not only a scientific and legal issue, but also, to a great extent, a political choice.
The adoption of an ecosystem approach to LME management is consistent with the
general trend in developments in international ocean management. The international maritime
communities are now in an age of adjusting and harmonizing the political maritime
boundaries and ecological marine boundaries, aiming at a more rational protection of
the marine environment and resources. After a process of “consolidation” and “harmonization” of the regimes for the sea areas under national jurisdiction in the 1980s, recent
developments in the law of the sea have been characterized by a similar process of
“redefinition and clarification” of the high seas regime, most particularly the “reordering” of the high seas fisheries.232 One important mark of this process is the emergence
of a number of international instruments that adopt ecosystem approaches to the conservation and management of resources and the environment. The LME management approach requires that the managed areas coincide with the ecological domains of marine
resources and their environment and not be constrained by the limits of artificial national maritime boundaries.233 The transboundary nature of LME management requires
the harmonization of different jurisdictions.
Some major problems of LME management require political solutions. Traditional
international law of the sea adopted a zonal approach in marine management under
which sea areas were divided into various zones within which states exercise different
jurisdictions and adopt different systems of resource management. The major deficiency
of the zonal approach is that political boundaries are not consistent with ecosystem
boundaries. This inconsistency has become the root of many maritime conflicts, such as
conflict between coastal interests and high seas interests and conflict between interests
of development and interests of conservation, etc. It has also led to the failure and
inefficiency of marine resource conservation in many sea areas, the result of which is
the decline and deterioration of the marine environment and resources. In order to make
up the deficiencies of the zonal approach to marine environmental protection, UNEP
launched the Regional Seas Program. In this program, marine environmental protection
is geography-based, with an attempt to attract full participation of all littoral states concerned. But such a regional approach has not proved to be as effective as expected. One
of the major problems is that, in some regions, some of the coastal states elect not to
join the regional arrangements or relevant agreements and this undermines the effectiveness of the regional mechanisms.234
Although the LME management approach is ecosystem-based, science-driven, and
holistic, with an attempt to tackle the deficiencies of the zonal approach, it may also
share some common deficiencies with the Regional Seas Program. For example, in the
Yellow Sea LME project, the Democratic People’s Republic of Korea (North Korea) has
declined full participation.235
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An ecosystem approach to LME management involves many more elements than
the traditional sectoral and single-species approach, and is much more complicated. Therefore,
the difficulties and problems encountered are also tougher. The major challenges with
which LME management seeks to cope also constitute the major barriers for its successful implementation. Inherent difficulties in harmonizing jurisdictional conflicts are mainly
of political nature. One important objective of an LME regime is to tackle the problems
resulting from political boundaries, but in the final analysis, it has to depend on political
solutions. The successful application of an ecosystem approach to LME management, to
a great extent, relies on collective political will and the mutual cooperation of the states
concerned.
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