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Conclusion

TWAP
TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

9.1 Meeting Transboundary Waters Assessment Programme
(TWAP) objectives
The first objective of the current TWAP project was to undertake the first global assessment of transboundary
waterbodies through a formalized consortium of partners to assist the Global Environment Facility (GEF) and other
international organizations to improve priority setting for funding allocations. The assessment of the world’s 66
LMEs and the Western Pacific Warm Pool (WPWP) presented in the preceding chapters of this report fulfil the first
TWAP objective. This consists of a Level 1 global baseline comparative assessment and a limited Level 2 assessment
at the sub-LME scale in the Bay of Bengal LME, the latter focusing on nutrients. The Level 1 assessment is based on
averages at the scale of the entire LME and does not reflect the situation at smaller scales, such as the scale of an
individual country’s exclusive economic zone (EEZ). This assessment aimed to answer a number of key questions to
help identify LMEs that are most at risk of degradation from human and natural causes and/or have the greatest
dependence on ecosystem goods and services. It provides a scientific foundation that will contribute to improved
strategic focus and cost-effectiveness of investments of GEF and other international stakeholders. In addition, the
global baseline developed will allow improved reviews of the state of LMEs and the WPWP in the future.
The second objective was to formalize the partnership with key institutions aimed at incorporating transboundary
considerations into regular assessment programmes, resulting in periodic assessments of transboundary
groundwater, lake/reservoirs, river basins, large marine ecosystems (LMEs), and open ocean areas. The working
group of institutional partners and experts that was established by IOC-UNESCO to conduct the current assessment
forms the basis for a partnership to contribute to future LME assessments. Details are presented in a separate
document on Sustaining Mechanisms (see onesharedocean.org).

9.2 Main conclusions
Conclusions drawn from the preceding chapters are presented according to the five LME modules representing the
human and natural systems, as illustrated in the conceptual framework (Figure 2.1).

HUMAN SySTEM
9.2.1 Socio-economics
Assessment of socio-economics of LMEs aimed to identify where human dependence on LMEs goods and services is
greatest and to describe patterns of risk to coastal communities from a combination of ecological degradation and
current climate-related extreme events, taking into account socio-economic dependence and capacity to adapt to
change. Coastal population, contribution of fish protein to total animal protein, and tourism contribution to GDP,
are used together as a metric of dependence. The Indonesian Sea LME has the highest dependence, followed by
the Gulf of Thailand and the Bay of Bengal LMEs. Climate-related extreme events and changing ecosystem states are
further burdens that coastal communities already at risk from socio-economic factors may face. Taking into account
the combined current effects of socio-economic dependence, capacity to adapt, ecological conditions, and threats
from climate-related extreme events, the LMEs where coastal populations are at highest risk are all in developing
regions across the world. Most at risk are the Bay of Bengal, Canary Current, and Gulf of Thailand LMEs. Reducing
vulnerability of coastal populations must be addressed without sacrificing ecosystem health, and vice-versa.
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9.2.2 Governance
Formal transboundary governance arrangements relevant to fisheries, pollution, and biodiversity and habitat
modification in the 49 multi-country LMEs and the WPWP were assessed. There is considerable room for improvement
in the design of transboundary governance arrangements for LMEs. Current and new agreements should have
appropriate mechanisms for all stages of the policy cycle. Fisheries arrangements need improvement in institutional
collaboration for implementation. Few pollution arrangements include provisions for repercussions for lack of
compliance, and accountability is limited for most biodiversity arrangements. Lack of data and information provisions
is a serious shortcoming at the LME level for many biodiversity arrangements. For ecosystem-based management
to be effectively implemented in LMEs, greater effort is needed to strengthen collaboration among organizations
involved in transboundary governance and to create overarching integrating mechanisms. The Mediterranean LME
has the lowest overall risk level related to governance arrangements, mainly because it has a functioning overarching
integrating mechanism to address transboundary issues. The LMEs with the highest risk level are all in developing
regions.

NaTuraL SySTEM
Indicators cover drivers of change in LME condition, anthropogenic stress (or pressure) on the ecosystem, and
environmental state. Primary productivity, chlorophyll, and sea surface temperature (SST) indicators are representative
of natural LME variability and are not associated with risk levels. In addition, three composite indicators or indices
were assessed: Reefs at Risk Index, Cumulative Human Impacts (CHI) Index, and Ocean Health Index (OHI). Most
indicators were assessed for current conditions. Projections to 2030 and 2050 were made for nutrients, the Reefs at
Risk Index, and fish catch potential as affected by global warming.

9.2.3 Productivity
Primary productivity, chlorophyll a and SST indicators give no clear indication of ‘good’ or ‘bad’ ecosystem state.
Changes can be beneficial or detrimental, depending on the context. From a global ocean perspective, coastal waters
within LME boundaries have the highest primary productivity. All but two LMEs have warmed since 1957, with the
East China Sea LME showing the largest increase in SST. The Southeast US Continental Shelf and the Barents Sea LMEs
were the only two LMEs to cool during this period. There is no consistent link between SST trends and environmental
risks. Precautionary management actions, however, are needed in the light of the uncertainties about the effects of
climate warming in LMEs.

9.2.4 Fish and fisheries
9.2.4.1 Fisheries status
Nine catch-based indicators were assessed from time-series data from 1950 to 2010 for all LMEs except the Barents
Sea and Norwegian Sea LMEs, and the WPWP. Of these, three are drivers or pressures: ratio of capacity-enhancing
subsidies to the value of landed catch (a measure of potential overharvest), fishing effort, and catch from bottomimpacting gear (a measure of potential habitat destruction). Five indicators relate to ecosystem state: ecological
footprint (measured as primary production required to sustain fisheries landings), Marine Trophic Index (MTI),
Fishing-in-Balance (FiB) Index, percentage of collapsed or overexploited stocks, and catch biomass of exploited
stocks. Conclusions based on assessment of these indicators:
•

•
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The drivers and sources of pressure and degree of risk to the ecosystem from fisheries vary among the
LMEs. This suggests that management approaches need to be tailored according to the dominant drivers
and sources of pressure in individual LMEs.
LMEs with the highest average scores across all the indicators except change in catch potential are the Bay
of Bengal LME with the highest score, followed by the Sulu-Celebes Sea and Indonesian Sea LMEs (due to
high rate of increase of effective fishing effort). Among the LMEs with the lowest average scores are the

CONCLUSION

•
•

•

Beaufort Sea, East Siberian Sea, and Laptev Sea (marine regions with limited fishing activity), East Central
Australian Shelf, and Benguela Current LMEs. The WPWP shows similar trends to the mean LME trends
for some indicators, but has experienced greater increases in certain indicators, including fishing effort.
Although the number of collapsed stocks in LMEs is increasing, the number of rebuilding stocks is also
increasing in certain countries, an encouraging sign.
Warming seas will substantially reduce the fish catch potential in many LMEs by the 2050s. The East
Siberian Sea and Indonesian Sea LMEs are projected to be the most affected. The catch potential for the
WPWP is projected to drop by 7 per cent.
Because of poor data coverage for fisheries and other statistics at the national scale, the indicators derived
may not represent any specific country or policy. Catch data accounting for small-scale fisheries (artisanal,
subsistence, and recreational) at the national level are needed to improve the quality of the indicators.

9.2.4.2 Fish production potential
A first application of a new approach to estimating fishery production potential suggest that fisheries exploitation
rates should not exceed 25 per cent of available production in order to be sustainable. In some systems even lower
rates are warranted. If these potential yields are to be realized, an overall species diversification of the complex of
harvested species will have to be attained and exploitation rates on overfished species reduced.

9.2.5 Pollution
Land-based, and to some extent sea-based human activities are the major drivers of pollution by plastics, persistent
organic pollutants (POPs), and nutrients.
Modelled estimates of the abundance of floating micro- and macro-plastics showed that many of the LMEs with
the highest relative abundances of both size classes of plastics are located in east-Southeast Asia, with the Gulf
of Thailand having the highest values for both. Other LMEs with high levels of floating plastics are the Southeast
US Continental Shelf, Mediterranean, and Red Sea LMEs. Further observations, combined with more sophisticated
modelling approaches, are needed to increase the level of confidence in future assessments.
POPs were detected in all 37 LMEs for which empirical data were available. This included remote islands, showing
the widespread distribution of these substances in the marine environment. A number of hotspots were identified
within LMEs in both developing and developed regions. Time-series sampling of POPs is needed to detect trends, to
evaluate the effectiveness of regulation, and to identify emerging pollution sources so that mitigation actions can be
taken.
Coastal eutrophication in LMEs is associated with high nutrient loads (nitrogen, phosphorus, and silica) to coastal
areas from large urban populations and intense agricultural production with high fertilizer use and/or large numbers
of livestock. Although the majority of LMEs are at low risk for coastal eutrophication, 16 per cent are at ‘high’ or
‘highest’ risk, including the Gulf of Mexico and several LMEs in Western Europe and southern and eastern Asia. In
many watersheds around the world, river nutrient loads are projected to increase due to increase in human activities.
Based on current trends, the proportion of LMEs in the ‘high’ to ‘highest’ risk category for coastal eutrophication
is also projected to increase substantially by 2030 and 2050. LMEs with the highest risk of eutrophication in both
2000 and 2050 include the Bay of Bengal and Black Sea LMEs. Only two LMEs (Iberian Coastal and Northeast US
Continental Shelf) are projected to lower their coastal eutrophication risk by 2050.
As illustrated by a study of the Bay of Bengal LME, there can be considerable variation in the nutrient loads and
sources, as well as in eutrophication potential among the various river basins within an LME. In order to develop
appropriate nutrient reduction strategies for an LME, information on the relative contribution and location of
nutrient sources within river basins and across the LME is needed.
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Many LMEs, especially those with large coastal human populations, show high levels of risks related to some or all
of these substances (plastic debris, POPs, and nutrient inputs from watersheds). These LMEs include South China
Sea, Bay of Bengal, East China Sea, Indonesian Sea, Mediterranean, Kuroshio Current, Black Sea, Gulf of Mexico, and
Yellow Sea.

9.2.6 Ecosystem health
Ecosystem health assessment focuses on composite indicators or indices (Reefs at Risk, Cumulative Human Impacts
in LMEs, and the Ocean Health Index), a baseline measure of mangrove extent, and a single response indicator:
change in marine protected area (MPA) coverage.

9.2.6.1 Habitats
Mangroves are rare and productive tropical coastal systems that are experiencing extensive loss and degradation
from deforestation, land clearing and sea-level rise. About 20 per cent of the global mangrove area was lost between
1980 and 2005 and decline continues at an estimated 1 per cent per year. Pressures on these endangered ecosystems
are both local and global in nature, with coastal development being the most widespread cause of mangrove loss.
This assessment shows that the relative impact of different drivers of mangrove loss is highest, and increasing, in
Southeast Asia.
Coral reefs are under threat from human activities, with overfishing and destructive fishing practices being of greater
threat than coastal development and marine pollution. Reefs are also threatened by rising sea temperatures and
ocean acidification. By 2030, more than 50 per cent of coral reefs are projected to be at ‘high’ to ‘critical’ risk from
ocean warming and acidification, increasing to almost 80 per cent by 2050. Conditions may be particularly severe in
the Gulf of California and Kuroshio Current LMEs.
Implementing measures such as MPAs may enhance ecosystem resilience in the face of increasing global threats.
There has been a 15-fold increase in global MPA extent since 1983. This increase indicates progress towards Aichi
Target 11 of the Convention on Biological Diversity’s target to conserve 10 per cent of the world’s coastal and marine
areas by 2020.

9.2.6.2 Cumulative Human Impacts (CHI) Index
In general, LMEs adjacent to heavily populated coastlines, particularly in developed countries that encompass large
watersheds, have the highest CHI Index scores. The most heavily impacted LMEs are adjacent to China (for example,
South China Sea, East China Sea, Yellow Sea, and Kuroshio Current) and Europe (for example, Norwegian Sea, North
Sea, Iberian Coastal, and Mediterranean). Stressors associated with climate change, most notably ocean acidification
and increasing sea surface temperatures, are the top stressors for nearly every LME. At smaller scales, however,
particularly along coastlines, many other stressors, such as land-based pollution and fishing, play a dominant role.
Efforts to manage marine ecosystems at the LME scale will require coordination not only among countries bordering
the LME, but also among sectors. The latter is critical for successful management because the key stressors are
global in nature, and are therefore beyond the scope of what can be identified and addressed through single-sector
management.

9.2.6.3 Ocean Health Index (OHI)
The OHI measures progress towards achievement of ten widely-held public goals for healthy oceans. These include
goals related to food provision, carbon storage, coastal livelihoods and economies, and biodiversity. Tracking how
scores for the ten goals contribute to the OHI score for each LME provides insight into which goals drive overall
ocean health and which parameters are in most need of improvement. The LMEs with the lowest OHI scores are
those along the equator, which suggests that priority should be given to improving LME health in tropical regions.
The highest scoring LMEs are around Australia and in the sub-polar North Atlantic. Ocean health tends to score lower
where coastal habitats are degraded or destroyed. Habitat restoration and protection is therefore a key strategy for
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improving ocean health. The use of the OHI together with the CHI Index can inform management of transboundary
issues. Managing to reduce human impacts should improve overall LME health. Improving data-reporting standards
for all UN member states will improve assessments of ocean health and in turn improve decision making.

9.3 Patterns of risk among LMEs based on multiple indicators
Single indicators or indices provide valuable information on LME condition and drivers of change and are important
for identifying LMEs at risk for the selected issue or issues. However, triggers of risk are usually multiple factors,
which may be some combination of biophysical, socio-economic, or governance-related factors. The complexity of
human–environmental interactions in coastal waters presents challenges in developing a single set of criteria against
which to rank and prioritize LMEs. For this assessment, the Human Development Index (HDI) was used as a weighting
factor in determining an overall risk score for each LME.
LMEs at ‘highest’ overall risk are fringed by developing countries in Africa and Asia, while those at ‘high’ risk include
the Mediterranean LME and LMEs in South and Central America. LMEs with largely rural coastal areas of developed
countries, such as the East Siberian Sea or LMEs surrounded by developed countries with frequented shipping routes
are at ‘medium’ risk. The coastal waters of the US and Canadian LMEs are at ‘low’ risk, and the Australian and New
Zealand Shelf LMEs are in the ‘lowest’ risk category. Results relate to the scale of the entire LME and do not reflect
on any individual country’s management of its coastal waters. Patterns may change as more spatial data specific to
the LMEs become available and depend on the weighting factors used.

9.4 Overall conclusion
This first global comparative assessment of LMEs provides a valuable snapshot of LME condition with respect to a
number of priority issues identified in Transboundary Diagnostic Analyses conducted as part of GEF LME projects –
for example, unsustainable fishing, pollution, habitat destruction, and climate change. The patterns of risk among
LMEs (based on single as well as multiple indicators for both the human and natural systems) have highlighted those
LMEs at highest potential risk of degradation and the contributing factors, as well as where human dependence on
LMEs services and vulnerability to LME degradation and natural phenomena are greatest.
Exploring human–environment interactions in the assessment, with a focus on human dependence on ecosystem
services and vulnerability to environmental degradation and climate-related natural phenomena, reveals patterns
that are relevant for management and provides a multidimensional basis for determining risk. Management and
response options can be tailored to suit the specific socio-economic and environmental conditions in each LME.
Assessment results based on single indicators and indices, as well as on multivariate indicators, are fairly consistent.
They show that, in general, LMEs in developing regions (GEF-eligible) are at highest potential risk. However, LMEs are
impacted to different degrees by each issue assessed, and the factors accounting for high risk vary across LMEs. These
factors are largely anthropogenic and local and regional in scale. But global threats (warming seas and acidification)
are projected to play an increasing role in determining LME condition, as seen in changes in fish catch potential under
future warming, Reefs at Risk with warming and acidification, and the CHI Index. Furthermore, in a business-as-usual
scenario, risk levels in a number of LMEs are projected to rise in the future due to factors such as increasing nutrient
inputs from watersheds and increasing coastal populations. While this assessment focuses attention on LMEs at
relatively high risk, low and medium risk LMEs should not be ignored, as appropriate actions will be necessary to
ensure that the risk levels in them do not increase.
Because this was a global comparative assessment across all LMEs, it was not possible to examine cause and effect,
which is likely to vary among and within LMEs. Detailed assessments, including at the sub-LME scale, are needed to
link cause and effect in the conceptual framework for specific issues. More conclusive results can be obtained with
improved data, including data at the sub-LME scale. While this assessment presents an approach for prioritization of
LMEs based on multiple indicators, other types of indices can be created from the indicators based on stakeholder
priorities and user-defined weightings.
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9.5 Target audience
While the GEF Secretariat is the main target audience for this assessment, there are other major potential beneficiaries
of both the assessment and its methodology, including GEF LME projects (specifically for the transboundary
diagnostic analysis and strategic action programme processes), and LME commissions or similar regional bodies.
This assessment will also provide the LME community of practitioners with a robust, tested, and harmonized
assessment methodology and results that can be used to engage local stakeholders responsible for management of
marine resources. The assessment provides a valuable baseline for future assessments using the suite of indicators,
especially as most are regularly monitored or assessed at spatial scales that are amenable to aggregation at LME or
other scales. This baseline and the assessment methodology can make a significant contribution to other marine
assessment processes such as the World Ocean Assessment and the Regional Seas state of the coast reporting.
The LME assessment has been completed at an opportune time with respect to the UN’s new post-2015 development
agenda and its Sustainable Development Goal (SDG) 14 that calls for nations to “conserve and sustainably use the
oceans, seas and marine resources for sustainable development.” A number of the key targets are well-aligned with
those of LMEs, including the need to reduce marine pollution of all kinds (including nutrients), to sustainably manage
and protect marine and coastal ecosystems, and to support sustainable development of fisheries. This assessment
and future LME assessments support the monitoring of progress towards SDG 14.
The TWAP LME assessment results and data are freely available on the LMEs data portal (onesharedocean.org). The
majority of the data sets used to assess the indicators consist of global, gridded data that can be scaled to other
geographical units such as Regional Seas, countries, or smaller scales. These ‘raw’ data sets are available from the
respective TWAP LME partners.

9.6 Future TWAP LME assessments
The second objective of the current TWAP project was to formalize a partnership with key institutions aimed at
incorporating transboundary considerations into regular assessment programmes, resulting in periodic assessments of
transboundary water bodies. The current consortium of institutional partners and individual experts is the foundation
for a formal partnership for future LME assessments, and partners have expressed their interest in contributing to
such assessments. Other partners will be identified as necessary for the next assessment. The potential mechanisms
for sustaining the TWAP LME assessment are described the TWAP LMEs Sustaining Mechanisms document.
Future assessments will require improvements in data, with a focus on better quality and filling temporal and spatial
gaps. In addition, ground-truthing is needed to validate remotely-sensed data used in the assessment. As indicated
in the individual chapters, confidence levels in the assessment depend to a large extent on the availability or quality
of the data underpinning the indicators or models. Maintaining and sustaining the current data portal as new data
and information become available will also be critical in facilitating and improving future assessments. Adequate
resources will be required to ensure that the portal continues to be populated with the most recent available data.
In addition to the Level 1 global comparative assessment, the original TWAP LME assessment methodology included
Level 2 assessments at the sub-LME scale. Because of funding constraints, however, only a limited assessment was
conducted of nutrient inputs in the Bay of Bengal LME. In order to develop appropriate management strategies
for an LME, information at the sub-LME scale may be needed, depending on the issue to be addressed. The socioeconomics assessment also highlighted the importance of using finer-scale geo-referenced indicators of social and
economic attributes as they relate to environmental change.
Future TWAP LME assessments should incorporate Level 2 assessments and include more in-depth analysis to identify
cause and effect and to ground-truth the results of the current global assessment. Additional indicators can also be
assessed in the Level 2 assessment, depending on the priority issues and data availability. Future assessments should
also include an evaluation of the performance of governance arrangements for transboundary issues.
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The TWAP LME assessment will greatly benefit from strengthening the capacity at national and regional levels for
conducting assessments and for applying the results to develop management strategies for addressing transboundary
issues in LMEs. Mechanisms to facilitate capacity strengthening include the GEF LME-Learn project and the LME
community of practitioners. In addition, closer engagement with relevant regional stakeholders will be an important
exercise to ensure that the assessment meets their needs for information to manage their respective LMEs and
promote their acceptance and uptake of the assessment results.
Finally, and very importantly, the sustainability of TWAP LME assessments will depend to a large extent on the
availability of adequate financial resources. The current assessment was conducted with U$400 000 support from
the GEF. While this was a relatively small sum for a global comparative assessment of all LMEs, it was through this and
several times this amount of co-financing from partners, as well as partners’ continued interest and commitment,
that such a comprehensive assessment has been realized. Potential mechanisms for financing future assessments are
discussed in the Sustainability Mechanisms document.
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Glossary
Sources: (1) as defined or used in this report; (2) GEO 5 glossary (UNEP 2012); additional sources as noted.
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Adaptation (socio-economic and in
relation to climate change)

Adjustment in natural or human systems to a new or changing environment, including anticipatory
and reactive adaptation, private and public adaptation, and autonomous and planned adaptation.
(2)
Making changes in order to reduce the vulnerability of a community, society, or system to the
negative effects of climate change or make the most of potential positive effects. It includes
building skills and knowledge as well as making practical changes such as strengthening coastal
infrastructure, adjusting farming systems, and improving water management. (SPREP 2012)

Adaptive capacity

The potential or ability of a system, region, or community to adapt to the effects or impacts of a
particular set of changes. Enhancement of adaptive capacity is a practical means of coping with
changes and uncertainties, reducing vulnerabilities, and promoting sustainable development. (2)

Adaptive management

A systematic management paradigm that assumes natural resource management policies
and actions are not static, but are adjusted based on the combination of new scientific and
socioeconomic information. (2)

Algal bloom

A large, often considered excessive, growth of algae on or near the surface of water (lakes or sea),
occurring naturally or as a result of an oversupply of nutrients from organic pollution. (UNEP WCMC
2015)

Areas Beyond National Jurisdiction
(ABNJ)

The United Nations Convention on the Law of the Sea (UNCLOS) provides that the areas beyond the
limits of national jurisdiction include the water column beyond the Exclusive Economic Zone (EEZ),
or beyond the Territorial Sea where no EEZ has been declared and the seabed which lies beyond the
limits of the continental shelf. (UNEP WCMC 2015)

Arrangement (governance)

The formal documentation and the institutional structures that have been put in place to
implement an agreement. (1)

Assessment (environmental)

The entire process of undertaking an objective evaluation and analysis of information designed to
support environmental decision making. It applies the judgement of experts to existing knowledge
to provide scientifically credible answers to policy-relevant questions, quantifying where possible
the level of confidence. It reduces complexity but adds value by summarizing, synthesizing, and
building scenarios, and identifies consensus by sorting out what is known and widely accepted
from what is not known or not agreed. It sensitizes the scientific community to policy needs and the
policy community to the scientific basis for action. (2)

Bacteria (marine)

Bacteria (microscopic one-celled organisms) that feed on nano-picoplankton. (1)

Benthic

Bottom-dwelling; living on or under the sediments or other substrate. (UNEP WCMC 2015)

Benthivores

Marine organisms that feed on benthos. (1)

Billion

109 (1 000 000 000)

Binding agreement

An agreement, such as a treaty, which gives rise to an obligation under international law. As
contrasted, for example, with a declaratory resolution, a voluntary code of conduct or a political
commitment. (UNITAR 2005)

Biodiversity (a contraction of
biological diversity)

The variety of life on Earth, including diversity at the genetic level, among species and among
ecosystems and habitats. It includes diversity in abundance, distribution, and behaviour. (2)

Biomass

Organic material, above and below ground and in water, both living and dead. (2)

Bleaching (of coral reefs)

A phenomenon occurring when corals under stress expel their mutualistic microscopic algae, called
zooxanthellae. This results in a severe decrease or even total loss of photosynthetic pigments. Since
most reef-building corals have white calcium carbonate skeletons, these then show through the
corals’ tissue and the coral reef appears bleached. (2)

Bottom-impacting fishing gear

Fishing gear types that can damage marine benthic habitat, including dredges and bottom trawls.
(1)

Bycatch (fisheries)

Species taken incidentally in a fishery; bycatch species may be of lesser value than the target
species, and are often discarded. Some bycatch species are of commercial value and are retained for
sale. Bycatch often consists of the juveniles of commercial species, and their loss has a deleterious
impact on the overall yield obtained from a certain area. (Froese and Pauly 2015)

Capacity

The combination of all the strengths, attributes and resources available within a community, society
or organization that can be used to achieve agreed goals. (UNISDR 2007)

Catchment (area)

The area of land from which precipitation drains into a river, basin, or reservoir. (2)

Chlorophyll

The green pigment involved in photosynthesis. (1)

Climate change

A change of climate which is attributed directly or indirectly to human activity that alters the
composition of the global atmosphere and which is in addition to natural climate variability
observed over comparable time periods. (UNFCCC 2014)

GLOSSARY

Cluster analysis (statistics)

A set of multivariate statistical techniques for grouping objects that are similar. (1)

Confidence level (statistical)

Probability that the provided estimates will be correct (that is, that the estimate or range of
estimates will in fact contain the true value of the parameter). (Statcan 2013)

Correlation (statistical)

A statistical measure of the relationship between measurable variates or ranks often expressed
as a percent. (1) In a negative correlation, the two variables tend to go in opposite directions. As
one variable increases, the other variable decreases. Therefore, it can also be called an inverse
relationship. In a positive correlation, the two variables tend to move in the same direction. When
one variable increases, the other variable also increases. (Statcan 2013)

Data set

Any grouping of data which has a common theme or similar attributes. (Statcan 2013)

DDT (dichlorodiphenyltrichloroethane)

Includes DDT, a synthetic organochlorine insecticide, and its metabolites (degradation products),
DDD and DDE. One of the persistent organic pollutants listed for control under the Stockholm
Convention on Persistent Organic Pollutants. (1)

Dead zone

A part of a water body so low in oxygen that normal life cannot survive. The low-oxygen conditions
usually result from eutrophication caused by fertilizer run-off from land. (2)

Demersal (fish and fisheries)

Desmersal fish live and feed on or near the seabed. (1)

Disaster

A serious disruption of the functioning of a community or a society involving widespread human,
material, economic or environmental losses and impacts, which exceeds the ability of the affected
community or society to cope using its own resources. (UNISDR 2007)

Drainage basin (also called
watershed, river basin or
catchment)

Land area where precipitation runs off into streams, rivers, lakes, and reservoirs. It is a land feature
that can be identified by tracing a line along the highest elevations between different areas, often a
ridge. (2)

Driver

The overarching socio-economic forces that exert pressures on the state of the environment. (2)

Ecological footprint

A measure of the area of biologically productive land and water an individual, population or
activity uses to produce all the resources it consumes and to absorb the corresponding waste
(such as carbon dioxide emissions from fossil fuel use), using prevailing technology and resource
management practices. (2)

Ecosystem

A dynamic complex of plant, animal, and micro-organism communities and their non-living
environment, interacting as a functional unit. (2) The boundaries of what could be called
an ecosystem are somewhat arbitrary, depending on the focus of interest or study. Thus the extent
of an ecosystem may range from very small spatial scales to, ultimately, the entire Earth. (SPREP
2012)

Ecosystem health

The degree to which ecological factors and their interactions are reasonably complete and function
for continued resilience, productivity, and renewal of the ecosystem. (2)

Ecosystem resilience

The level of disturbance that an ecosystem can withstand without crossing a threshold to become
a different structure or deliver different outputs. Resilience depends on ecological dynamics as well
as human organizational and institutional capacity to understand, manage, and respond to these
dynamics. (2)

Ecosystem services (or ecosystem
goods and services)

The benefits of ecosystems. These include provisioning services, such as food and water; regulating
services, such as flood and disease control; cultural services, such as spiritual, recreational, and
cultural benefits; and supporting services, such as nutrient cycling, that maintain the conditions for
life on Earth. (2)

Ecosystem-based management

An approach to maintaining or restoring the composition, structure, function and delivery of
services of natural and modified ecosystems for the goal of achieving sustainability. It is based on
an adaptive, collaboratively developed vision of desired future conditions that integrates ecological,
socioeconomic, and institutional perspectives, applied within a geographic framework, and defined
primarily by natural ecological boundaries. (2)

Environmental degradation

The reduction of the capacity of the environment to meet social objectives and needs. Potential
effects are varied and may contribute to an increase in vulnerability and the frequency and intensity
of natural hazards. Some examples: land degradation, deforestation, desertification, wild land
fires, loss of biodiversity, land, water and air pollution, climate change, sea-level rise, and ozone
depletion. (SPREP 2012).

Eutrophication

The degradation of water or land quality due to enrichment by nutrients, primarily nitrogen and
phosphorous, which results in excessive plant (principally algae) growth and decay. Eutrophication
of a lake normally contributes to its slow evolution into a bog or marsh and ultimately to dry land.
Eutrophication may be accelerated by human activities that speed up the aging process. (2)

Exclusive economic zone (EEZ)

A marine zone prescribed by the Convention on the Law of the Sea. A state has special rights for
exploration and use of marine resources within its EEZ. (2)

Food chain

An abstraction describing the network of feeding relationships in a community as a series of links
of trophic levels, such as primary producers, herbivores, and primary carnivores. (Froese and Pauly
2015)
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Food security

The World Food Summit of 1996 defined food security as existing “when all people at all times have
access to sufficient, safe, nutritious food to maintain a healthy and active life”. (WHO 2015)

Food web

Network of food chains in an ecosystem. (Froese and Pauly 2015)

Geographic Information System
(GIS)

A computer-based tool used for collection and analysis of geographic data. Increasingly
used for hazard and vulnerability mapping and analysis, as well as for the application
of disaster risk management measures. (SPREP 2012)

Global warming

Increase in surface air temperature, referred to as the global temperature, induced by emissions of
greenhouse gases into the air. (2)

Governance

The act, process, or power of governing for the organization of society/ies. For example, there is
governance through the state, the market, or through civil society groups and local organizations.
Governance is exercised through institutions: laws, property-rights systems, and forms of social
organization. (2)

Greenhouse gas

The atmospheric gases responsible for causing global warming and climate change. The major
greenhouse gases are carbon dioxide, methane, and nitrous oxide. (UNFCCC 2014)

Gross domestic product (GDP)

The value of all final goods and services produced in a country in one year. GDP can be measured
by adding up all of an economy’s incomes – wages, interest, profits, and rents – or expenditures –
consumption, investment, government purchases, and net exports (exports minus imports). (2)

Ground-truthing

A process by which the content of satellite images, aerial photographs – or maps based on them – is
compared with the reality on the ground through site visits and field surveys. It is used to verify the
accuracy of the images or the way they have been interpreted to produce maps. (2)

Hazard

A potentially damaging physical event, phenomenon, or human activity that may cause the loss of
life or injury, property damage, social and economic disruption, or environmental degradation. (2)

HCHs (hexachlorocyclohexane
isomers)

Organochlorine insecticides used from the 1950s to the 1970s in many countries and as late as
the 2000s in some countries. One of the persistent organic pollutants listed for control under the
Stockholm Convention on Persistent Organic Pollutants. (1)

Human well-being

The extent to which individuals have the ability to live the kinds of lives they have reason to value;
the opportunities people have to pursue their aspirations. Basic components of human well-being
include security, meeting material needs, health and social relations. (2)

Hydrographic fronts

Boundaries between water masses with different physical properties. (1)

Hypoxia

Lack of oxygen. In the context of eutrophication and algal blooms, hypoxia is the result of a process
that uses up dissolved oxygen in the water. (2)

Implementation

Actions (legislation or regulations, judicial decrees, or other actions) that governments take to
translate international accords into domestic law and policy. (UNFCCC 2014)

Index

A measure that combines two or more indicators, often with weighting factors to adjust for the
relative importance of the indicators. (1)

Indicator

Information based on measured data used to represent a particular attribute, characteristic, or
property of a system. (UNEP WCMC 2015)

Invasive species

A species whose introduction and/or spread threatens biological diversity. (UNEP WCMC 2015)

Landing (fisheries)

Weight of what is landed at a landing site. May be different from the catch (which includes the
discards). Landing value: Value of a product at the landing point (location at which boats land their
catch), not taking account of any transportation or handling costs. (FAO 2015)

Large marine ecosystem (LME)

Relatively large areas (200 000 km2 or more) encompassing coastal areas extending from river
basins and estuaries to the seaward boundaries of continental shelves and to the outer margins of
major coastal currents or enclosed/semi-enclosed seas. (1)

Mangrove

Highly productive tropical coastal system consisting mainly of trees and shrubs that are adapted to
marine and estuarine conditions. (1)

Marine protected area (MPA)

A geographically defined marine area that is designated or regulated and managed to achieve
specific conservation objectives. (2)

Mesozooplankton

Plankton that graze on microplankton. (1)

Microplankton

Plankton cells larger than 20 micrometres; principally diatoms and large dinoflagellates. (1)

Microzooplankton

Plankton cells larger than 20 micrometres that feed on bacteria. (1)

Mitigation

The lessening or limitation of the adverse impacts, for example of pollution or of hazards and
related disasters. (UNISDR 2007)
In the context of climate change, a human intervention to reduce the sources or enhance
the sinks of greenhouse gases. Examples include using fossil fuels more efficiently for industrial
processes or electricity generation, switching to solar energy or wind power, improving the
insulation of buildings, and expanding forests and other ‘sinks’ to remove greater amounts
of carbon dioxide from the atmosphere. (UNFCCC 2014)

GLOSSARY

Multilateral environmental
agreements (MEAs)

Treaties, conventions, protocols, and contracts between several states regarding specified
environmental problems. (2)

Nano-picoplankton

Combined nanoplankton and picoplankton production. (1)

Nanoplankton

Plankton cells 2 to 20 micrometres. (1)

Nutrients

The approximately 20 chemical elements known to be essential for the growth of living organisms,
including nitrogen, sulphur, phosphorus and carbon. (2)

Ocean acidification

An ongoing rise in acidity of ocean and sea waters. This is due to higher levels of
dissolved carbon dioxide, which are a direct result of increased levels of carbon dioxide in the
atmosphere. (SPREP 2012)

PCBs (polychlorinated biphenyls)

Synthetic organochlorine chemicals used for a variety of industrial applications from the 1950s to
the early 1970s. One of the persistent organic pollutants listed for control under the Stockholm
Convention on Persistent Organic Pollutants. (1)

Pelagic (fish and fisheries)

Pelagic fish spend most of their lives swimming in the water column with little contact with or
dependency on the bottom. Usually refers to the adult stage of a species. (FAO 2015)

Persistent organic pollutants (POPs)

Chemical substances that persist in the environment, bioaccumulate through the food web, and
pose a risk of causing adverse effects to human health and the environment. (2)

Phytoplankton

Microscopically small plants that float or swim weakly in fresh or saltwater bodies. (2)

Picoplankton

Plankton cells 0.2 to greater than 2 micrometres. (1)

Piscivores

Marine organisms that feed on fish. (1)

Planktivores

Marine organisms that feed on plankton. (1)

Policy

Any form of intervention or societal response. This includes not only statements of intent, but also
other forms of intervention, such as the use of economic instruments, market creation, subsidies,
institutional reform, legal reform, decentralization and institutional development. Policy can be
seen as a tool for the exercise of governance. (2)

Policy cycle

The iterative process of decision making. A generalized cycle includes the provision of relevant
data and information that are then provided in the form of analysis and advice to those making
decisions. These decisions are then implemented, monitored, and evaluated to determine the level
of success in addressing the problem for which the cycle was initiated. (1)

Pollutant

Any substance that causes harm to the environment when it mixes with soil, water or air. (2)

Pollution

The presence of minerals, chemicals or physical properties at levels that exceed the values deemed
to define a boundary between good or acceptable and poor or unacceptable quality, which is a
function of the specific pollutant. (2)

Poverty

The state of one who lacks a defined amount of material possessions or money. Absolute poverty
refers to a state of lacking basic human needs, which commonly include clean and fresh water,
nutrition, health care, education, clothing, and shelter. (2)

Primary productivity

Primary production, the photosynthesis of organic matter, supports and governs all ecosystem
production. It drives the flow of energy through food webs in LMEs and is related to the carrying
capacity of LMEs for supporting biological diversity, including fisheries resources. (1)

Principal Components Analysis
(PCA) (statistics)

A classification and ordination statistical technique that develops new sets of variables (principal
components) based on the variance of the values of the original variables. The first PC accounts for
as much of the overall variance as possible, the second PC accounts for as much of the remaining
variance as possible, and so on. (1)

Projection

The act of attempting to produce a description of the future subject to assumptions about certain
preconditions, or the description itself. (2)

Protected area

A clearly defined geographical space, recognized, dedicated, and managed, through legal or
other effective means, to achieve the long-term conservation of nature with associated ecosystem
services and cultural values. (2)

Purchasing power parity (PPP)

The number of currency units required to purchase an amount of goods and services equivalent to
what can be bought with one unit of the currency of the base country, for example, the US$. (2)

Regression (statistical)

A statistical method which tries to predict the value of a characteristic by studying its relationship
with one or more other characteristics. (Statcan 2013)

Resilience

The capacity of a system, community, or society potentially exposed to hazards to adapt by resisting
or changing in order to reach and maintain an acceptable level of functioning and structure. (2)

Risk

The chance of danger, loss, income reduction, or diminished or lost opportunity for an improved life
for an individual, a household, or a community. (2)

Run-off

A portion of rainfall, melted snow, or irrigation water that flows across the ground’s surface and is
eventually returned to streams. Run-off can pick up pollutants from air or land and carry them to
receiving waters. (2)

297

LARGE MARINE ECOSYSTEMS: STATUS AND TRENDS

298

Scale

The spatial, temporal (quantitative or analytical) dimension used to measure and study any
phenomena. Specific points on a scale can thus be considered levels (such as local, regional,
national, and international). (2)

Scenario (or pathway)

A description of how the future may unfold based on if–then propositions, typically consisting of
a representation of an initial situation, a description of the key drivers, and changes that lead to a
particular future state. (2)

Sea-level rise

A phenomenon that has been increasing in recent decades due to global warming. There are two
causes: thermal expansion as the ocean waters get warmer and the melting of ice from warming
glaciers. (SPREP 2012)

Sediment

Solid material that originates mostly from disintegrated rocks and is transported by, suspended in,
or deposited from water, wind, ice, and other organic agents. (2)

Species (biology)

An interbreeding group of organisms that is reproductively isolated from all other organisms,
although there are many partial exceptions to this rule. A generally agreed fundamental taxonomic
unit that, once described and accepted, is associated with a unique scientific name. (2)

Stock (fishing)

A taxon (at either species, genus, or family level of taxonomic assignment) that occurs in the catch
records for at least five consecutive years, over a minimum of a ten-year time span, and that has a
total catch in an area of at least 1 000 tonnes over the time span analyzed. (1)

Sustainability

A characteristic or state whereby the needs of the present population can be met without
compromising the ability of future generations or populations in other locations to meet their
needs. (2)

Sustainable development

Development that meets the needs of the present generation without compromising the ability of
future generations to meet their own needs. (2)

Threshold

The level of magnitude of a system process at which sudden or rapid change occurs. (2)

Toxic (pollutants)

Pollutants that cause death, disease, or birth defects in organisms that ingest or absorb them. (2)

Transboundary issue

An area of concern that has been identified and documented as affecting more than one country
within a given LME. (1)

Transboundary LME

An LME bordered by two or more coastal countries. (1)

Trillion

1012 (1 000 000 000 000)

Trophic level

Successive stages of nourishment as represented by the links of the food chain. Put simply, the
primary producers (phytoplankton) constitute the first trophic level, herbivorous zooplankton the
second, and carnivorous organisms the third trophic level. (2)

Urbanization

An increase in the proportion of the population living in urban areas. (2)

Variance (statistical)

A measure of spread, calculated as the average squared deviation of each number from the mean of
a data set. (Statcan 2013)

Vulnerability

The level of susceptibility of an individual, a community, an organization, or a system to adverse
conditions, emergencies, or disasters; a measure of its ability, or inability, to cope. (SPREP 2012)

Warm-water coral reef

A wave-resistant carbonate structure which is gradually built by stony corals, calcareous algae, and
other reef-building organisms. Warm-water coral reefs occur in the coastal areas of tropical and
subtropical regions. (UNEP WCMC 2015)

Water quality

The chemical, physical, and biological characteristics of water, usually in respect to its suitability for
a particular purpose. (2)

Western Pacific Warm Pool (WPWP)

An area of open-ocean warm water in the western Pacific Ocean, north of Papua New Guinea. (1)

CONCLUSION
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