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Key Messages and Next Steps
Compared to just a few decades ago, the ever-increasing number and strength of forces affecting coastal
ecosystems, including mangroves, require coastal managers to respond and adapt to ensure the
sustainability of valued ecosystem services and products. One of the major challenges in the Pacific Islands
region is adjusting to the responses of coastal ecosystems to the climate change-induced rise of relative sea
levels by developing and implementing appropriate, affordable, and cost-effective adaptation measures with
limited resources.
Accurate predictions of changes to coastal
ecosystem area and health, including those
originating from climate change effects, enable
advanced planning to minimize and offset anticipated
losses and reduce threats to coastal development
and human safety for specific sections of coastline.
Relative sea level rise is a major factor contributing to
recent losses and projected future reductions of
coastal habitats, including mangroves and other tidal
wetlands. These losses exacerbate coastal hazards,
increasing threats to human safety and shoreline
development.
Especially in the Pacific Islands
region,
shoreline
development
and
coastal
Fig. 1. Pacific island coastlines are particularly
ecosystems are particularly vulnerable to small
sensitive to sea level rise (photo by J. Ellison).
increases in sea level and other climate change
effects. Many of the low islands do not exceed 4 m
above current mean sea level, and even on islands with higher grounds, most development is located on
narrow coastal plains. The small land mass, high population densities and population growth rates, limited
funds, poorly developed infrastructure, and susceptibility to damage from natural disasters limit the capacity of
small island states to adapt to relative sea level rise and the resulting ecosystem responses. It may not be
physically or economically feasible for many small island communities to retreat from a landward migrating
mangrove and other coastal ecosystems, or to establish zoning setbacks from coastal habitats for new
development.
The central aim of this publication is to highlight the results and recommendations from a study that has
assessed the capacity of Pacific Island countries and territories to determine mangrove vulnerability and
adapt to mangrove responses to climate change effects. The report identifies national and regional priority
needs for technical and institutional capacity-building and discusses how results from this Pacific Island study
could contribute to other relevant regional and international initiatives. It also describes the status, trends and
diversity of Pacific Island mangroves; the services and products derived from mangrove communities; and
considerations for the development of a strategy to plan and adapt to site-specific mangrove responses to
climate change effects, including the critical need for community-based approaches, integrated coastal zone
management, increased mangrove resistance and resilience, and outreach activities.

Status, trends, and threats to Pacific Island mangroves
•

The Pacific Islands, while containing only three percent of the global mangrove area, support unique
mangrove communities and provide valuable site-specific services and products. Papua New Guinea has
the highest global mangrove diversity and hosts over 70 percent of the region’s mangrove area. Pacific
island mangroves decline in diversity from west to east, reaching a limit at American Samoa. There is
little information available on trends in the extent and health of Pacific Island mangroves.

•

Mangroves migrate landward as a natural response to a rising sea level. In some cases where this
natural landward migration is not possible, e.g., because of the natural physiographic setting or due to the
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presence of seawalls and other obstructing development, the mangrove area reduces over time. Global
mean sea level is projected to rise 9 to 88 cm between 1990 and 2100. Some Pacific islands are
experiencing a rise in relative sea level while others are experiencing lowering. The ten countries and
territories in the Pacific Islands region with native mangroves belonging to the former group have
experienced an average rise in relative sea level of 2.0 mm per year over the past few decades.
Mangroves could experience serious problems due to rising sea level, and low island mangroves may
already be under stress. By the year 2100, a reduction in area by as much as 13 percent of the current
524,369 ha of mangroves of the 16 Pacific Island countries and territories where mangroves are
indigenous is possible.
•

Increased frequency and levels of extreme high water events could affect the position and health of
coastal ecosystems and pose a hazard to coastal development and human safety. Extreme high water
events are projected to increase over coming decades as a result of the same forces projected to cause
global sea level rise, and possibly additional forces such as variations in regional climate and changes in
storminess.

•

The responses of mangrove wetlands and other coastal systems to global climate change effects other
than sea level rise, such as increased air and sea-surface temperatures, changes in precipitation and
salinity, and changes in storminess, are less certain and not well understood.

•

In addition to climate change effects, mangroves and other coastal ecosystems face numerous other
threats, ranging from logging and filling for development to disease outbreaks.

Services and products from Pacific Island mangrove ecosystems
•

Pacific Islanders value mangroves as a resource for a wide range of goods and services, including their
role in supporting seafood important for their diets, protecting coastlines and development from coastal
hazards, supporting good water quality, and providing natural materials used in traditional practices such
as dye from mangrove bark used in tapa and to treat textiles, nets, and fish traps.

•

The annual economic values of mangroves, estimated by the cost of the products and services they
provide, have been estimated to be between USD 200,000 -- 900,000 per ha. The range of reported
costs for mangrove restoration is USD 225 -- 216,000 per ha.

•

The existence of functional links between coastal ecosystems, including mangroves, seagrass beds, and
coral reefs, means that degradation of one habitat type will adversely affect the health of neighboring
habitats.

Capacity-building priorities to address mangrove responses to climate change effects
It is a priority to:
•

Strengthen management frameworks that regulate coastal activities and develop a plan for adaptation to
mangrove responses to climate change effects. This requires developing the capacity to (i) conduct sitespecific mangrove vulnerability assessments and incorporate this information into land-use and master
planning; and (ii) increase resistance and resilience to climate change effects by reducing and eliminating
other stresses that degrade mangroves. Managers need the institutional capacity to plan for site-specific
mangrove responses to climate change effects, such as instituting setbacks from mangroves for new
development for appropriate sections of coastline.

•

Continually develop and augment a mangrove conservation ethic through outreach and education.
Mangrove management frameworks will only be effective if local communities and management
authorities recognize the value of mangrove conservation;
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•

Determine projections for trends in mean relative
sea level and frequency and elevation of extreme
high water events. Incorporate this information
into land-use planning processes;

•

Measure trends in changes in the elevation of
mangrove surfaces to determine how mean sea
level is changing relative to the elevation of
mangrove surfaces.
Use this information to
assess site-specific mangrove vulnerability;

•

Assess how the positions of mangrove margins
have changed over past decades through
observations of a time series of historical imagery.
Use this information to predict the future mangrove
position and assess site-specific mangrove
vulnerability;

Fig. 2. Instilling a mangrove conservation ethic in
our next generation will help ensure that local
communities and future leaders recognize the longterm benefits of mangrove conservation (photo by E.
Gilman).

•

Provide training opportunities for in-country staff to
conduct monitoring and assessment of relevant
mangrove parameters, in part, to facilitate adaptive
management and to increase regional capacity to
restore and enhance mangrove wetlands;

•

Produce maps showing mangrove boundaries, topography and locations of coastal infrastructure and
other development. Use these products to assess site-specific mangrove vulnerability to projected sea
level rise; and

•

Establish mangrove baselines and monitor gradual changes through regional networks using
standardized techniques in order to distinguish local and climate change effects on mangroves.
Establishing a regional mangrove monitoring network may enable many of the identified capacity-building
priorities to be fulfilled, and is one of the highest regional priorities. Participating countries and territories
could share technical and financial resources to maximize monitoring and conservation benefits due to
economy of scale.

Considerations for developing a coastal site planning and adaptation strategy
•

Management authorities are encouraged to assess site-specific mangrove vulnerability to climate change
effects now and not wait for problems to become apparent when options for adaptation will be restricted.
Managers can incorporate the results of vulnerability assessments into coastal land-use policies to
provide adequate lead-time to minimize social disruption and cost, reduce losses of valued coastal
habitats, and maximize available options.

•

Community-based approaches for managing natural resources, including managing the responses of
mangroves and other coastal ecosystems to climate change effects, are appropriate in many areas of the
Pacific Islands region.

•

The policy adopted to manage site-based shoreline response to rising sea level should be made as part of
a broader integrated coastal management planning analysis, which includes an assessment of the
cumulative effects of coastal activities. This analysis requires balancing multiple and often conflicting
objectives of sustaining the provision of ecological, economic, and cultural values; addressing priority
threats to natural ecosystem functioning; maintaining ecological processes and biodiversity; achieving
sustainable development; and fulfilling institutional, policy, and legal needs.

•

Site planning for some sections of shoreline containing mangroves that are not highly developed may be
suitable for long-term managed retreat with relative sea level rise. Zoning rules for building setbacks can
be used to reserve zones behind current mangroves for future mangrove habitat. However, for some
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sections of highly developed coastline adjacent to mangroves, results of site planning may justify the use
of shoreline erosion control measures. As a result, the mangroves’ natural landward migration will be
prevented and the mangrove fronting the development will eventually be lost.
•

Protected areas are one coastal resource management tool that can contribute to mitigating anticipated
mangrove losses in response to climate change effects. When selecting sites and boundaries for
individual protected areas, reviewing the effectiveness of existing protected areas, and designing
protected area systems, managers need to explicitly incorporate anticipated coastal ecosystem responses
to climate change effects as well as the functional linkages between ecosystems. Networks of protected
areas are needed to achieve ecological connectivity to permit the movement of species and exchange of
genes. Protected areas established and managed through community-based approaches are more likely
to be successful in most areas of the Pacific Islands region.

•

Reducing and eliminating non climate-related stresses that are affecting mangroves will increase
mangrove resistance and resilience to sea level rise and other climate change effects.

•

Mangrove rehabilitation, the restoration of areas where mangroves previously existed, enhancing
degraded mangroves by removing stresses that caused their decline, and creating new mangrove habitat
will contribute to offset the anticipated reductions in mangrove area and health, and increase their
resilience to climate change effects. Determining the stress or stresses that caused a mangrove to
decline is necessary to identify an effective restoration or enhancement method. Establishing optimal
hydrologic regime and protecting the site from disturbance typically will allow a mangrove to self-repair.
Planting mangroves may not be successful or necessary in many cases where there is natural recruitment
of mangrove seedlings.

•

Local communities and leaders must recognize the long-term benefits of mangrove conservation if we are
to reverse historical trends in loss of mangrove area. Outreach and education activities can help develop
or augment a mangrove conservation ethic.
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Introduction
Accurate predictions of changes to coastal ecosystem position, area and health, including in response to
climate change effects such as relative sea level rise, enables advanced planning appropriate for specific
sections of coastline to minimize and offset anticipated losses, and reduce threats to coastal development and
human safety (Titus, 1991; Mullane and Suzuki, 1997; Ramsar Bureau, 1998; Hansen and Biringer, 2003;
Ellison, 2004; Gilman et al., 2005a). Relative sea level rise is a major factor contributing to recent losses and
projected future reductions in the area of valued coastal habitats, including mangroves 1 and other tidal
wetlands, with concomitant increased threat to human safety and shoreline development from coastal hazards
(Gilman et al., 2005a). Global sea level rise is one of the more certain outcomes of global warming, 10-20 cm
occurred during the last century, and several climate models project an accelerated rate of sea level rise over
coming decades (Church et al., 2001 and 2004a; Cazenave and Nerem, 2004; Holgate and Woodworth,
2004; Thomas et al., 2004).
Over the past few decades, the average change in sea level of the ten countries and territories in the Pacific
Islands region with native mangroves that are experiencing a rise in relative sea level is 2.0 mm a-1. Based on
general estimates of mangrove sedimentation rates (Ellison and Stoddart, 1991), and the possibility that
subsurface sediment subsidence from organic matter decomposition, sediment compaction, and fluctuations
in sediment water storage and water table levels may result in substantially higher rates of sea level rise
relative to mangrove surfaces (Krauss et al., 2003), island mangroves could experience serious problems due
to rising sea level, and low island mangroves may already be under stress. Gilman et al. (2005a) determine
that American Samoa could experience a 50% loss in mangrove area and a 12% reduction is possible in the
Pacific Islands region due to mangrove responses to relative sea level rise when employing the
Intergovernmental Panel on Climate Change’s upper projection for global sea level rise through the year
2100.
Shoreline development and coastal ecosystems in the Pacific Islands region are particularly vulnerable to
small increases in sea level and other climate change effects. Many of the low islands do not exceed 4 m
above current mean sea level, and even on high islands, most development is located on narrow coastal
plains. Small island states have limited capacity to adapt to relative sea level rise, including accommodating
landward migration of mangroves and other coastal ecosystems. This is a result of their small land mass,
high population densities and growth rates, limited funds, poorly developed infrastructure, and susceptibility to
damage from natural disasters (Nurse et al., 2001). It may not be physically or economically feasible for
many small island state communities to retreat from a landward migrating mangrove and other coastal
habitats, or to establish zoning setbacks from coastal habitats for new development.
Pacific Island governments have recognized the value of mangroves and the need to augment conservation
efforts (e.g. South Pacific Regional Environment Programme, 1999a). The Pacific Islands contain roughly 3%
of the global mangrove area, a small area in global terms, but each island group has a unique mangrove
community structure (Ellison, 2000) and mangroves provide site-specific functions and values (e.g., Gilman,
1998; Lewis, 1992). Reduced mangrove area and health will increase the threat to human safety and
shoreline development from coastal hazards such as erosion, flooding, and storm waves and surges.
Mangrove loss will also decrease coastal water quality, reduce biodiversity, eliminate fish and crustacean
nursery habitat, adversely affect adjacent coastal habitats, and eliminate a major resource for human
communities that traditionally rely on mangroves for numerous products and services (Ewel, 1997; Ewel et al.,
1998; Mumby et al., 2004; Victor et al., 2004). Furthermore, mangrove destruction can release large
quantities of stored carbon and exacerbate global warming trends (Kauppi et al., 2001; Ramsar Secretariat,
2001; Chmura et al., 2003).

1

The term ‘mangrove’ as used in this report refers to the mangrove habitat type, community, or mangal, as coined by MacNae
(1968) and further defined by Tomlinson (1986), and not the constituent plant species.
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Land-use planners can obtain information from assessments predicting shoreline responses to projected
relative sea level rise and climate change over coming decades and use this information to mitigate habitat
degradation and damage to coastal development. This advanced planning will enable coastal managers to
minimize social disruption and cost, minimize losses of valued coastal habitats, and maximize available
options.
Here we assess the capacity of Pacific Island countries and territories to determine vulnerability and adapt to
mangrove responses to sea level and climate change. Results highlight priority technical and institutional
capacity-building needs nationally and regionally. We discuss how results from this study contribute to other
relevant regional and international initiatives. We also describe the status, trends, and diversity of Pacific
Island mangroves; valued services and products derived from mangroves; and considerations for the
development of a strategy to plan and adapt to site-specific mangrove responses to climate change effects,
including the critical need for community-based approaches, integrated coastal zone management, increased
mangrove resistance and resilience, and outreach activities.
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Pacific Island Mangroves
•

•
•

In Brief
Roughly 50% of the global mangrove area has been lost since 1900 and 35% has been lost in the past
two decades. Due to limited monitoring, there is little information available on trends in the area and
health of Pacific Island mangroves.
The Pacific Islands, while containing only 3% of the global mangrove area, support unique mangrove
community structures and provide valuable site-specific services and products.
Papua New Guinea has the highest global mangrove diversity and supports over 70% of the region’s
mangrove area. Pacific Island mangroves decline in diversity from west to east, reaching a limit at
American Samoa.

Status and trends
The cumulative effects of natural and anthropogenic pressures make mangrove wetlands one of the most
threatened natural communities worldwide. Roughly 50% of the global area has been lost since 1900 and
35% of the global area has been lost in the past two decades, due primarily to human activities such as
conversion for aquaculture (IUCN, 1989; Ramsar Secretariat, 1999; Valiela et al., 2001). Between 56 and
75% of different Asian mangroves have been lost during the 20th century primarily due to overuse and
conversion for aquaculture (Primavera, 1997; Smith et al., 2001). There are roughly 17 million ha of
mangroves worldwide (Valiela et al., 2001; FAO, 2003). Mangroves are declining in area worldwide. The
global average annual rate of mangrove loss is about 2.1%, exceeding the rate of loss of tropical rainforests
(0.8%) (Valiela et al., 2001; Wells et al., 2006).
The estimated area of mangroves in the Pacific Islands is 524,369 ha with largest areas in Papua New
Guinea (372,770 ha), Solomon Islands (64,200 ha), Fiji (41,000 ha), and New Caledonia (20,250 ha). The
Pacific Islands contain roughly 3% of global mangrove area, a small area in global terms, but each island
group has a unique mangrove community structure (Ellison, 2000) and mangroves provide site-specific
functions and values (e.g., Gilman, 1998; Lewis, 1992). Also, while a mangrove species may have a wide
range, certain portions of its range may be genetically isolated resulting in unique varietal characteristics
(Duke, 1992; Ellison, 2004). There is little available quantitative information on trends in area or health of
Pacific Island mangroves due to limited monitoring, and many of the above area estimates are based on
dated primary sources.

Distribution and biodiversity
Fig. 3 shows the mangrove species distributions in the Pacific Islands region, constituting a total of 34 true
mangrove species and 3 hybrids (Ellison, 1995). Pacific Island mangroves decline in diversity from west to
east across the Pacific, reaching a limit at American Samoa where there are an estimated 52 ha of
mangroves remaining with three mangrove species (Gilman et al., In Press). Southern Papua New Guinea
mangroves have the highest global mangrove diversity with 33 mangrove species and 2 mangrove hybrids,
located at the center of the Indo-Malayan mangrove center of diversity (Ellison, 2000). Mangroves do not
naturally occur further east of American Samoa due to difficulty of propagule dispersal over such a large
distance and historic loss of habitat during Holocene sea level changes (Ellison and Stoddart, 1991). In
addition, some islands may have lower number of mangrove species due to a lack of suitable intertidal habitat
(Ellison, 2001). Mangroves are recent human introductions in Hawaii, USA and French Polynesia.
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Fig. 3. Mangrove species distributions in the Pacific Islands region (Ellison, 1995).
Yellow squares give the number of mangrove species in the 16 countries and territories
where mangroves are indigenous, blue squares are the two locations where mangroves
are human-introductions. The number of mangrove hybrid species is in parentheses.
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Mangrove Ecosystem Values
In Brief
• Pacific Islanders value mangroves for a wide range of services and products, including protecting
coastlines and development from coastal hazards, supporting water quality, providing fish breeding
habitats, and providing materials used in traditional practices such as dye from mangrove bark used in
tapa and to treat textiles, nets, and fish traps.
• The annual economic values of mangroves, estimated by the cost of the products and services
provided by mangroves, have been estimated to be between USD 200,000 -- 900,000 per ha. The range
of reported costs for mangrove restoration is USD 225 -- 216,000 per ha.
• The existence of functional links between coastal ecosystems, including mangroves, seagrass beds,
and coral reefs, means that degradation of one habitat type will adversely affect the health of
neighboring habitats.
Ecosystem values
Pacific Island governments have recognized the value of mangroves and the need to augment conservation
efforts (e.g. South Pacific Regional Environment Programme, 1999b). Mangroves are valued by people in the
Pacific Islands region, in part, because they provide numerous ecosystem services:
•

•

Support traditional practices.
Mangroves
support traditional activities conducted by Pacific
Islanders (e.g., Ellison, 2001). Mangroves are a
source of (i) clams, crabs, fish, and Tahitian
chestnuts (Inocarpus fagifera), which are collected
for consumption (Fig. 4); (ii) wood used for
construction, handicrafts, and fuel (Fig. 5); (iii)
Ceriops tagal wood used as part of a wedding
dowry in the Central Province of Papua New
Guinea; (iv) materials used for fishing equipment;
(v) dye from pigments in Bruguiera gymnorhiza
mangrove bark used in tapa in Polynesia and dye
in Rhizophoraceae mangrove bark used to treat
textiles, nets, and fish traps owing to its fungicidal
Fig. 4. Hunting crabs in an American Samoa
properties; (vi) thatch used for mats and roofs; and
mangrove, a traditional way of life for some Pacific
(vii) plants used to make traditional medicines,
islanders (photo by E. Gilman).
such as infusion of Tahitian chestnut bark to treat
stomachaches.
Protect coastlines and development. Mangroves protect coastlines and development from erosion and
damage by tidal surges, currents, rising sea level, and storm energy in the form of waves, storm surges
and wind. Roots bind and stabilize the substrate (Fig. 6) (e.g., Krauss et al., 2003). For coastlines where
relative sea level is rising, protecting mangroves is one way to slow anticipated erosion. Protecting
mangroves sustains natural protection, and is less expensive than seawalls and similar erosion control
structures, which can increase erosion in front of the structure and at adjacent properties.
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•

•

•

6

Are wildlife habitat. Mangroves are nursery habitat for many
wildlife species, including commercial fish and crustaceans, and
thus contribute to sustaining local abundance of fish and
shellfish populations (e.g., Lal et al., 1984; Ley et al., 2002). As
fish grow and become less vulnerable to predators, they move
from the protective mangrove environment to mudflats,
seagrass beds and coral reefs where foraging efficiency
increases due to changes in their diet (Laegdsgaard and
Johnson, 2001; Mumby et al., 2004). While mangroves in the
Caribbean have been demonstrated to support juvenile coral
reef fish (Mumby et al., 2004), mangroves in Papua New
Guinea and the Solomon Islands have been found to be
important nurseries for sandy and muddy-bottom demersal and
surface feeding species and not coral reef species (Quinn and
Kojis, 1985; Blaber and Milton, 1990). Many migratory species
depend on mangroves for part of their seasonal migrations. For
instance, an estimated two million migratory shorebirds of the
East Asian-Australasian Flyway, which annually migrate from
the Arctic Circle through South-East Asia to Australia and New
Zealand and back, stop to forage at numerous wetlands along
this Flyway, including the wetlands of Oceania (Environment
Fig. 5. Mangrove lumber is used to
Australia, 2000). In addition to shorebirds, other waterbirds
make handicrafts on Pohnpei, Federated
(e.g., wading birds and waterfowl), some of which are widely
States of Micronesia (photo by E.
dispersing, and others which are more stationary, have
Gilman).
population dynamics that make them dependent on wetlands
(e.g., Haig et al., 1998).
Improve coastal water quality. Mangroves maintain coastal water quality by abiotic and biotic retention,
removal, and cycling of nutrients, pollutants, and particulate matter from land-based sources, filtering
these materials from water before they reach seaward coral reef and seagrass habitats (e.g., Ewel, 1997;
Ewel et al., 1998; Victor et al., 2004). Mangrove root systems slow water flow, facilitating the deposition of
sediment. Toxins and nutrients can be bound to sediment particles or within the molecular lattice of clay
particles and are removed during sediment deposition. Chemical and biological processes may transform
and store nutrients and toxins in the mangrove sediment and vegetation. Some wetland plants can
concentrate heavy metals in their tissues up to 100,000 times the concentration in ambient waters, and
many of these plants contain substances that bind heavy metals and are involved in metal detoxification
(Davies and Claridge, 1993).
Benefit and are connected to neighboring ecosystems. Mangroves are functionally linked to
neighboring coastal ecosystems (Mumby et al., 2004). For instance, terrigenous sediments and nutrients
carried by freshwater runoff are first filtered by coastal forests, then by mangrove wetlands, and finally by
seagrass beds before reaching coral reefs. The existence and health of coral reefs are dependent on the
buffering capacity of these shoreward ecosystems, which support the oligotrophic conditions needed by
coral reefs to limit overgrowth by algae (Ellison, 2004; Victor et al., 2004). Coral reefs, in turn, buffer the
soft sediment landward ecosystems from wave energy (Ellison, 2004). Mangroves supply nutrients to
adjacent coral reef and seagrass communities, sustaining these habitats’ primary production and general
health. Also, mangroves provide a natural sunscreen for coral reefs, reducing exposure to harmful solar
radiation and risk of bleaching: decomposing phytoplankton detritus and decaying litter from mangroves
and seagrass beds produce a colored, chromophoric component of dissolved organic matter, which
absorbs solar ultraviolet radiation, which can be transported over adjacent coral reefs and reduce coral
reef exposure to harmful solar radiation (Anderson et al., 2001; Obriant, 2003).
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Fig. 6. The Federated States of Micronesia airport, located on a lowlying mangrove island, as well as coastal houses of Sokehs village
located on a narrow coastal plane, rely on mangroves’ protection from
erosion and damage by tidal surges, currents, rising sea level, and
storm energy in the form of waves, storm surges and wind; water quality;
and other functions (photo by E. Gilman).

Store carbon:
Mangroves
are a carbon sink; mangrove
destruction can release large
quantities of stored carbon
and
exacerbate
global
warming
trends,
while
mangrove rehabilitation will
increase the sequestering of
carbon (Kauppi et al., 2001;
Ramsar Secretariat, 2001;
Chmura et al., 2003).
Provide
recreational,
tourism, educational, and
research
opportunities:
Mangroves
provide
recreational
and
tourism
opportunities,
such
as
boardwalks and boat tours,
and are important for research
and education.

Benefits as measured by market prices
Economic valuation of mangrove ecosystems needs to be treated with caution, as most cost-benefit analyses
included in site planning only examine costs and benefits as measured by market prices, ignoring mangrove
and other coastal system values not described by established monetary indicators (Dixon and Sherman,
1990; Ramsar Bureau, 1998; Wells et al., 2006). For instance, cultural and aesthetic quality-of-life benefits
derived from ecosystems are not easily assigned economic value. Furthermore, economic valuation of
ecosystems can produce different results depending on the length of time being considered and whether or
not future values, such as a mangroves future potential for tourism, are considered, and other assumptions
(Dixon and Sherman, 1990; Ramsar Bureau, 1998; Wells et al., 2006). Having clarified these limitations,
economic valuation is useful, as having a dollar value on mangrove functions is often needed to convince
decision-makers of the importance of mangrove benefits, and the concomitant need for and benefits of
mangrove conservation (Ramsar Bureau, 1998; Wells et al., 2006).
The annual economic values of mangroves, estimated by the cost of the products and services they provide,
have been estimated to be USD 200,000 -- 900,000 ha-1 (Wells et al., 2006). However, the location and
values of the beneficiaries can result in substantial variation in mangrove economic value. For instance,
mangroves fronting a highly developed coastline or located near major tourist destinations may have a higher
economic value than mangroves in less developed areas with little or no tourism sector development (Wells et
al., 2006).
The value of Malaysian mangroves just for storm protection and flood control has been estimated at USD
300,000 per km of coastline, which is based on the cost of replacing the mangroves with rock walls (Ramsar
Secretariat, 2001). The mangroves of Moreton Bay, Australia, were valued in 1988 at USD 4,850 ha-1 based
only on the catch of marketable fish (Ramsar Secretariat, 2001).
Mangroves can also be provided with an economic value based on the cost to replace the products and
services that they provide, or the cost to restore or enhance mangroves that have been eliminated or
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degraded. The range of reported costs for mangrove restoration is USD 225 to USD 216,000 ha-1, not
including the cost of the land (Lewis, 2005). In Thailand, restoring mangroves is costing USD 946 ha-1 while
the cost for protecting existing mangroves is only USD 189 ha-1 (Ramsar Secretariat, 2001).

Consequences of mangrove losses and degradation
Reduced mangrove area and health will increase the threat to human safety and shoreline development from
coastal hazards such as erosion, flooding, and storm waves and surges. Mangrove loss will also reduce
coastal water quality, reduce biodiversity, eliminate fish nursery habitat and fish catches, adversely affect
adjacent coastal habitats (Mumby et al., 2004), and eliminate a major resource for human communities that
traditionally rely on mangroves for numerous products and services (Satele, 2000; Ellison and Gilman, 2004).
In some locations, loss of mangroves might also result in reduced tourism revenue (Wells et al., 2006).
Furthermore, degradation of one coastal habitat can result in reduced health of adjacent coastal habitats.
Neighboring coastal ecosystems are functionally linked, although the functional links are not fully understood
(Mumby et al., 2004).
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Threats to Pacific Island Mangroves
•

•

•

•

•

•

•

•

In Brief
Stresses associated with rise in relative mean sea level, increase in the frequency and level of
extreme high water events, and other effects from climate change present one set of threats to
mangroves and other coastal ecosystems.
Mangroves migrate landward as a natural response to rising sea level relative to the mangrove
surface. This landward migration can be obstructed by seawalls and other development, reducing
the area of coastal ecosystems.
Global sea level rise is one of the more certain outcomes of global warming, 10-20 cm occurred
during the last century, and several climate models project an accelerated rate of sea level rise
over coming decades. Global mean sea level is projected to rise by 0.09 to 0.88 m between 1990
and 2100 due primarily to thermal expansion of seawater and transfer of ice from glaciers and ice
caps to water in the oceans, which are results of global warming.
Some Pacific islands are experiencing a rise in relative sea level while others are experiencing
lowering. Over the past few decades, the average change in relative sea level of the 10 countries
and territories in the Pacific Islands region with native mangroves that are experiencing a rise in
relative sea level is 2.0 mm a-1.
Mangroves could experience serious problems due to rising sea level, and low island mangroves
may already be under stress. Regionally, a reduction in area by 13% of the current 524,369 ha of
mangroves of the sixteen Pacific Island Countries and territories where mangroves are indigenous
is roughly predicted when employing an upper projection for global sea level rise through the year
2100.
Increased frequency and levels of extreme high water events could affect the position and health of
coastal ecosystems and pose a hazard to coastal development and human safety. Extreme high
water events are projected to increase over coming decades as a result of the same forces
projected to cause global sea level rise, and possibly additional forces such as variations in
regional climate and changes in storminess. An assessment of trends in extreme high water
events has been conducted only for American Samoa in the Pacific Islands region.
Outcomes from global climate change other than sea level rise, such as increased air and seasurface temperatures, changes in precipitation, and changes in storminess, are less certain than
global change in sea level and the response of mangrove wetlands and other coastal systems to
these changes are not well understood.
In addition to climate change effects, mangroves and other coastal ecosystems face numerous
other threats, ranging from filling for development to disease outbreaks.

Mangrove responses to changing sea level
When the force of relative sea level rise is the predominant force causing change in mangrove position,
landscape-level response of mangroves to relative sea level rise, over a period of decades and longer, can be
predicted based on the reconstruction of paleoenvironmental mangrove response to past sea level
fluctuations (Ellison and Stoddart, 1991; Woodroffe, 1995; Ellison, 1993, 2000; Gilman, 2004; Gilman et al., In
Press). Landscape-level response of mangroves to relative sea level rise, over a period of decades and
longer, can be predicted based on (a) the sea level change rate relative to the mangrove surface, (b) the
mangrove’s physiographic setting (slope of the land adjacent to the mangrove, slope of the mangrove, and
presence of obstacles to landward migration), and (c) erosion or progradation rate of the mangrove seaward
margin (Ellison and Stoddart, 1991; Ellison, 1993, 2000, 2001; Woodroffe, 1995; Alleng, 1998; Lucas et al.,
2002; Gilman, 2004). There are three general scenarios for mangrove response to relative sea level rise,
given a landscape-level scale and time period of decades or longer (Fig. 7):
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No change in relative sea level: When sea level is not changing relative to the mangrove surface,
the mangrove margins will remain in the same location (Fig. 7A);
Relative sea level lowering: When sea level is dropping relative to the mangrove surface, this forces
the mangrove seaward and landward boundaries to migrate seaward (Fig. 7B) and depending on the
topography, the mangrove may also expand laterally; and
Relative sea level rising: If sea level is rising relative to the mangrove surface, the mangrove’s
seaward and landward margins retreat landward, where unobstructed, as mangrove species zones
migrate inland in order to maintain their preferred environmental conditions, such as period, frequency
and depth of inundation and salinity (Fig. 7C, 8). Depending on the ability of individual true mangrove
species to colonize new habitat at a rate that keeps pace with the rate of relative sea level rise, the
slope of adjacent land, and the presence of obstacles to landward migration of the landward boundary
of the mangrove, such as seawalls and other shoreline protection structures, some sites will revert to
a narrow mangrove fringe or experience extirpation of the mangrove community (Fig. 7D).

Fig. 7. Scenarios for generalized mangrove responses to changes in relative sea level.
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Fig. 8. The seaward margin of mangroves will erode and trees will die back with relative sea level
rise (photos by J. Ellison, left, E. Gilman, right).

However, over small temporal and spatial scales and where natural and anthropogenic forces other than
changing relative sea level exert a larger influence on mangrove margin position, change in mangrove
position will be variable (SCOR Working Group, 1991; Woodroffe, 1995; Gilman et al., In Press). For
example, forces affecting sediment-budget balances, including changes in sediment inputs from rivers,
variations in coastal currents and wind directions and strength, and construction of seawalls and other
shoreline erosion control structures, can produce erosion or accretion of the mangrove seaward margin
irrespective of any change in sea level. A discussion of the broad range of threats faced by Pacific Island
mangroves follows.
Table 1 estimates the change in area of mangroves of Pacific Island countries and territories where
mangroves are indigenous in response to projected relative sea level rise. Regionally, a reduction in area by
12.9% of the current 524,369 ha of mangroves of the 16 Pacific Island countries and territories where
mangroves are indigenous is roughly predicted when employing the Intergovernmental Panel on Climate
Change’s (Church et al., 2001) upper projection for global sea level rise through the year 2100.
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Table 1. Rough estimate of change in mangrove area in response to relative sea level change for the
16 Pacific Island countries and territories where mangroves are indigenous.

State/territory
American Samoa
Fiji
Guam
Kiribati
Marshall Islands
Federated States
of Micronesia
Nauru
New Caledonia
Northern Mariana
Islands
Palau
Papua New Guinea
Samoa
Solomon Islands
Tonga
Tuvalu
Vanuatu
a

Year 2100
mangrove
area
extrapolating
historical
mean relative
sea level
trends (ha) b
52
35,383
70
258
3.6

Year 2100
mangrove
area
applying
IPCC upper
projection
(ha) b
35
17,343
48
175
1.8

Mangrove
area (ha)
52 c
41,000 e
70 g
258 h
4I

Relative sea
level change
rate (mm a-1) a
1.97
6.7
-0.6
-0.4
2.8

Rate of
change in
mangrove
surface
elevation
(mm a-1)
3.55 d
4.5 f
1.2 f
1.2 f
1.2 f

8,564 j
1g
20,250 l

1.8
-1.94
0.2

1.3 k
1.2 f
4.5 f

8,299
1
20,250

4,616
0.8
17,314

10 m
4,500 n
372,770 g
700 o
64,200 p
9,200 q
40 g
2,750 g

0.9
1.0
-0.73
-5.0
-7.0
1.3
2.3
1.0

1.2 f
4.5 f
4.5 f
4.5 f
4.5 f
1.2 f
1.2 f
4.5 f

10
4,500
372,770
700
64,200
9,144
37
2,750

6
3,609
341,457
700
64,200
5,196
20
2,206

Calculated from fitting a simple linear regression model to mean monthly relative sea levels from historical tide gauge records.
Sea level data are from the Permanent Service for Mean Sea Level and the University of Hawaii Sea Level Center Joint Archive
for Sea level and GLOSS/CLIVAR Research Quality Data Set databases. For sites with a local tide gauge record of less than 20
years, sea level trends are calculated from TOPEX/Poseidon satellite altimetry data combined with historical global tide gauge
records over the period 1950-2001 employing a method by Church et al. (2004a) for Saipan, Commonwealth of the Northern
Mariana Islands, USA; Apia, Samoa; Nuku’alofa, Tonga; and Port Vila, Vanuatu.
b
For countries and territories where sea level is rising relative to the mangrove surface, estimated change in mangrove area is
based on results from an assessment of American Samoa mangrove response to sea level rise (Gilman et al., In Press). For sites
where either relative sea level is not rising or the estimated rate of change in elevation of the mangrove surface exceeds the
projected rate of change in relative sea level, we assume there is no net change in mangrove area through the year 2100. These
rough estimates assume that the slope of the land adjacent to the mangrove, seaward margin erosion rate, presence of obstacles
to landward migration of mangroves, proportion of the total mangrove area that has a seaward and landward margin, and other
factors are similar at these sites as was observed for American Samoa mangroves by Gilman et al. (In Press). Also, relative sea
level trends may be based on analysis of data from a tide gauge located distant from the mangrove sites and may not reflect the
relative sea level trend at the mangrove locations.
c
Bardi and Mann (2004).
d
Gilman et al. (2005a).
e
Watling (1985 and 1986).
f
For areas where mangrove sedimentation rates are unavailable, estimates by Ellison and Stoddart (1991) are applied. Based on
an assessment of stratigraphic records of Pacific Island mangroves during sea level changes of the Holocene Period, Ellison and
Stoddart (1991) generalize that low island mangroves (embayment, lagoon, and reef flat mangroves), which generally rely on the
accumulation of vegetative detritus for peat production for substrate build-up and lack a large source of inorganic sediment, could
keep up with up to a 1.2 mm/year relative sea level rise rate. Mangroves of high islands (deltaic and estuarine mangroves) and
continental coastlines, which have relatively large supplies of terrigenous inorganic and organic sediment from rivers and
longshore drift could keep pace with up to a 4.5 mm/year relative sea level rise rate (Ellison and Stoddart, 1991). This estimate of
change in mangrove surface elevation does not account for subsurface processes such as root production, decomposition, and
compaction, which change the elevation of the mangrove surface and hence affect the sea level change rate relative to the
mangrove surface (Lynch et al., 1989; Donnelly and Bertness, 2001; Krauss et al., 2003).
g
Scott (1993). For Papua New Guinea, estimate is between 353,770 – 391,770 ha. For Vanuatu, estimate is between 2,500 –
3,000 ha.
h
Nenenteiti Teariki-Ruatu (personal communication, February 2005, Republic of Kiribati Ministry of Environment, Lands, and
Agricultural Development).
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i

Estimate by John Bungitak, General Manager, Environmental Protection Agency, Republic of the Marshall Islands, August 2005.
MacLean et al. (1998), compilation of previous assessments interpreting aerial photography from 1976 combined with 1983
fieldwork.
k
Average of observed sedimentation rates from plots in Rhizophora spp., Sonneratia alba, and Bruguiera gymnorrhiza mangrove
stands in the Enipoas River basin, Pohnpei, Federated States of Micronesia measured using stakes driven to a depth of 70 cm
observed over 2.5 years (Krauss et al., 2003). Does not account for subsurface processes occurring below 70 cm (Lynch et al.,
1989; Donnelly and Bertness, 2001; Krauss et al., 2003).
l
Thollot (1987).
m
Gilman (1998, 1999a).
n
Maragos (1994); Metz (2000).
o
Pearsall and Whistler (1991).
p
Hansell and Wall (1976) and Solomon Islands Government (2004).
q
Aloua Ma’a Tonga Association (2001).
j

Global and Pacific projections for sea level rise
Changes in global mean climate over human time scales, on the order of decades, is primarily a result of
changes in the Earth’s output of radiation to space. The Earth absorbs radiation from the Sun primarily at the
surface. This energy is distributed by the atmospheric and oceanic circulations and is radiated back to space
as infrared radiation. Any change in the balance between incoming solar radiation and outgoing terrestrial
radiation, as well as alterations to the distribution of energy within the atmosphere, land, and ocean, can
change the Earth’s climate (Houghton et al., 2001).
Human-induced climate change by the production of greenhouse gases and aerosols, such as the
combustion of fossil fuels, biomass burning, and deforestation, affect the composition of the atmosphere and
Earth’s radiative budget. An increase in atmospheric concentrations of greenhouse gases warms the Earth’s
surface and lower atmosphere, and is thought to be the largest anthropogenic factor contributing to global
warming: Greenhouse gases absorb infrared radiation emitted by the Earth’s surface, the atmosphere, and
clouds, and emit infrared radiation both upward and back towards the Earth’s surface, retaining heat within
the atmosphere, tending to raise the temperature of the Earth’s surface and lower atmosphere (Baede et al.,
2001). Since the late 19th century, the global average surface temperature has increased 0.6 (+/- 0.2 95% CI)
degrees C (Houghton et al., 2001). Most of the observed warming over the last 50 years is likely to have
been due to the increase in greenhouse gas atmospheric concentrations (Houghton et al., 2001). The
Intergovernmental Panel on Climate Change has developed a range including 35 climate projections based
on several climate models. The full range of these 35 scenarios result in a projection that global averaged
surface temperatures will increase by 1.4 to 5.8 degrees C from 1990 to 2100 (Houghton et al., 2001).
The Intergovernmental Panel on Climate Change’s best estimate of global average sea level change during
the 20th century, based mainly on tide gauge observations, is 1.5 ± 0.5 mm a-1 (Church et al., 2001), while
Church et al. (2004a) provide an estimate of 1.8 +/- 0.3 mm a-1 from 1950 – 2000. Global sea level rise
during the 20th century has very likely been significantly influenced by global warming through thermal
expansion of seawater and loss of land ice (Church et al., 2001).
Fig. 9 presents a range of Intergovernmental Panel on Climate Change projections for global sea level
change from 1990 to 2100. Global mean sea level is projected to rise by 0.09 to 0.88 m between 1990 and
2100 based on the Intergovernmental Panel on Climate Change’s full range of 35 climate projection scenarios
(Church et al., 2001). The projected short-term sea level rise from 1990 to 2100 is due primarily to thermal
expansion of seawater and transfer of ice from glaciers and ice caps to water in the oceans, which both
change the volume of water in the world oceans (Church et al., 2001). Fig. 10. Illustrates the forces causing
sea level to rise. In some Pacific Island areas tectonic subsidence or uplift is occurring, causing a different
sea level change, which combines with the global eustatic sea level trend (Fig. 10) to result in local relative
sea level change.
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Fig. 9. Intergovernmental Panel on Climate Change climate models project the
response of sea level to scenarios of greenhouse gas and other human-related
emissions for the period 1990 through 2100. The six lines in the key are the averages
of results of a range of Atmosphere-Ocean General Circulation Models. Bars show
the range in possible sea level elevation by 2100 produced by several climate models.
(Church et al., 2001).

Fig. 10. Causes of sea level rise (United National Environment Programme www.unep.org/vitalwater/41.htm).

Table 1 (page 11) shows that, of the 16 countries and territories in the Pacific Islands with indigenous
mangroves, six are experiencing relative sea level lowering, and ten are experiencing a rise in relative sea
level. For example, Fig. 11 shows an observed trend in rise in relative mean sea level in American Samoa,
and Fig. 12 shows a falling trend in relative mean sea level in Nauru. The relatively short time period covered
by the Nauru tide gauge, just over 20 years, results in large error intervals around the point estimate of the
14
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Relative Mean Monthly Sea-Level
(mm)

trend in monthly mean sea level, and interannual variability associated wih the El Nino-Southern Oscillation
and decadal signals associated with phenomena like the North Pacific Decadal Oscillation may obscure a
long-term sea level trend (Church et al., In Review). Large negative spikes in relative mean sea level series
are known to be associated with ocean circulation changes during El Nino events in the Pacific (Woodworth
and Blackman, 2004). Mean monthly relative sea level data, calculated by averaging hourly sea levels by
month, adequately removes cyclical tidal constituents. Filtering out the effects of El Nino Southern Oscillation
phase signals was not attempted, but may result in the data fitting better to the regression models, better
estimate for the trend in change in relative sea level, and smaller error interval around the point estimate.
However, if El Nino Southern Oscillation events are undergoing a trend in frequency and intensity, then these
data should remain in the data series for assessment for trend in mean sea level.
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Fig. 11. Mean monthly relative sea level from a tide gauge located in Pago Pago, American Samoa,
from October 1948 – May 2004 (Gilman et al., In Press). A linear regression model is fit to the data
-1
showing a mean relative sea level rise trend of 1.97 mm a (+/- 0.32 95% CI). Serial correlation in
the tide gauge data, such as from seasonal cycles, likely has produced an artificially small 95% CI.
Based on the linear regression model (which does not include an acceleration term), mean sea level
in American Samoa will rise 189 mm between 2004 and 2100.
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Fig. 12. Mean monthly relative sea level from a tide gauge located in Nauru, from
May, 1974 – December 1994. A linear regression model is fit to the data showing a
-1
mean relative sea level rise trend of –0.3 mm a (+/- 1.8 95% CI).

Increased frequency and levels of extreme high water events could affect the position and health of coastal
ecosystems and pose a hazard to coastal development and human safety. Projected increase in frequency
and elevations of extreme high water events (Church et al., 2001, 2004b; Woodworth and Blackman, 2002,
2004; Gilman et al., 2005b) could affect the position and health of mangroves by altering salinity, recruitment,
and inundation, in addition to changing the wetland sediment budget. The frequency of extreme high water
events of a given height relative to a fixed benchmark are projected to increase over coming decades as a
result of the same atmospheric and oceanic forces that are causing global sea level to rise, and possibly also
as a result of other influences on extremes such as variations in regional climate, like phases of the El Nino
Southern Oscillation and North Atlantic Oscillation, through change in storminess (Hunter, 2002; Woodworth
and Blackman, 2004; Church et al., 2001, 2004b; Gilman et al., 2005b). There have been few studies of
trends in frequency and elevation of extreme high water events in the Pacific Islands. Gilman et al. (2005b)
analyze tide gauge data from American Samoa to determine that the highest annual 0.1% and 0.05% hourly
relative sea levels have both been increasing at rates that are within the range of observed trends in rising
relative mean and median sea level (Fig. 13). This indicates that, in American Samoa, the same forces that
are causing increased relative mean sea level are causing a rise in extreme high water levels to the same
degree, and other forces, such as variations in regional climate, are not a large force explaining the change in
extreme high waters above the influence this force has on change in mean and median sea level (Gilman et
al., 2005b). The frequency of extreme high water events exceeding a given height above each year’s median
sea level, analyzed as the number of events per year and as return period, has not demonstrated significant
change over the observed 55 years (Gilman et al., 2005b).
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Fig. 13. In American Samoa, the elevations of extreme high water events (the highest
-1
annual 0.1% hourly relative sea levels) have been increasing at about 1.85 mm a (+/0.29 95% CI, N = 555), while annual median hourly sea levels have been increasing at
-1
1.71 mm a (+/- 0.80 95% CI, N=55) over a 55-year period. Plot of date versus highest
annual 0.1% hourly relative sea levels, Pago Pago, American Samoa, and plot of annual
median sea level, 1949- 2003. Linear regression models are fit to the two data series.

Other threats
In addition to rising mean sea level and increased levels and frequency of extreme high waters, several other
forces can affect mangrove margin position, as well as structure and health. Other threats to mangroves
include changing nutrient, freshwater, and pollutant inputs; clearing mangrove vegetation; filling; changing
sediment budgets such as from the construction of seawalls and alterations within the wetland’s contributing
watershed area; displacing native species with alien invasive species; and harming vegetation from insect
infestations, fungal flora pathogens, and other diseases (Fig. 14) (Ellison, 1993, 1996, 1999; Gilman, 1999a;
Donnelly and Bertness, 2001; Saintilan and Wilton, 2001). These pressures can also reduce mangrove
resistance and resilience to the additional stress of relative sea level rise and climate change. Also,
degradation of adjacent coastal ecosystems from relative sea level rise and climate change may reduce
mangrove health. Mangroves are functionally linked to neighboring coastal ecosystems, including seagrass
beds, coral reefs, and upland habitat, although the functional links are not fully understood (Mumby et al.,
2004). For instance, mangroves of low islands and atolls, which receive a proportion of sediment supply from
productive coral reefs, may experience lower sedimentation rates and increased susceptibility to relative sea
level rise if coral reefs become less productive from climate change and sea level rise.
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Fig. 14. Threats to mangroves from cutting trees and construction
of seawalls. Construction of seawalls at the landward mangrove
margin prevents natural landward migration, and can cause erosion
of sediment in the mangrove and adjacent areas converting the
habitat to open water (photo by J. Ellison).

Outcomes of global climate change besides global sea level rise, such as changes in precipitation and
resulting alterations to the salinity gradient, increases in air and sea-surface temperatures, changes in
frequency and intensity of storms, changes in prevailing ocean wave heights and direction, and changes in
tidal regimes may affect coastal systems, including mangroves. For instance, Snedaker (1995) hypothesizes
that the mangrove species Rhizophora mangle will increase peat production with increased freshwater inputs
(for instance, if precipitation increases or relative sea level is dropping), but will experience a net loss of peat if
salinity increases (for instance, if relative sea level is rising or precipitation is decreasing), as the increased
availability of sulfate in seawater would increase anaerobic decomposition of peat, increasing the mangrove’s
vulnerability to any rise in relative sea level. Areas with decreased precipitation will have a smaller water
input to groundwater and less freshwater surface water input to mangroves, increasing salinity. Increased
salinity decreases mangrove net primary productivity, growth, and seedling survival, and may possibly change
competition between mangrove species (Ellison, 2000, 2004). Decreased rainfall and increased evaporation
will reduce the extent of mangrove areas, with a conversion of landward zones to hypersaline flats, and there
will be a decrease in diversity of mangrove zones and growth (Ellison, 2000). Mangrove areas experiencing
increased rainfall will experience an increase in area, with mangrove colonization of previously unvegetated
areas of the landward fringe, and there will an increase in diversity of mangrove zones and growth rates
(Ellison, 2000). Areas with higher rainfall have higher mangrove diversity and productivity due to higher
supply of fluvial sediment and nutrients, as well as reduced exposure to sulfate and reduced salinity (McKee,
1993; Snedaker, 1993; Ellison, 2000 and 2004). However, projected changes to these other global climate
parameters, including Pacific precipitation patterns, are less certain than global change in sea level, and the
response of mangroves and other coastal systems to these changes are not well understood (Ellison, 2000;
Houghton et al., 2001; McLean et al., 2001).
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Capacity-Building Priorities to Address Mangrove Responses to
Climate Change Effects
In Brief
The UNEP Regional Seas Programme, Secretariat of the Pacific Regional Environment Programme, and
Western Pacific Regional Fishery Management Council sponsored a study to assess the capacity of
Pacific Island Countries and territories to assess mangrove vulnerability to climate change effects and to
adapt to mangrove responses to these forces. Ten of the 16 countries and territories in the Pacific
Islands region where mangroves are native participated in the study. These ten countries and territories
contain 84% of the area of the region’s indigenous mangroves. Results highlight the following seven
technical and institutional capacity-building priorities:
• Strengthen management frameworks regulating coastal activities to develop a plan for adaptation to
mangrove responses to climate change effects. This will require developing local capacity to (i)
conduct site-specific mangrove vulnerability assessments and incorporate this information into landuse and master planning; and (ii) reduce and eliminate stresses adversely affecting mangroves and
other coastal ecosystems, in part, to increase resistance and resilience to climate change effects;
• Determine projections of trends in mean relative sea level and frequency and elevation of extreme
high water events, and incorporate this information into land-use planning processes;
• Measure trends in changes in the elevation of mangrove surfaces to determine how mean sea level is
changing relative to the elevation of mangrove surfaces, and use this information to assess sitespecific mangrove vulnerability to projected relative sea level rise;
• Assess how the position of mangrove margins have changed over past decades through
observations of a time series of historical remotely sensed imagery and use this information to
predict the future mangrove position and assess site-specific mangrove vulnerability to projected
relative sea level rise;
• Provide training opportunities for in-country staff. In-country staff with training, experience, and
motivation are needed to conduct monitoring and assessment of relevant mangrove parameters, in
part, to facilitate adaptive management. Improved staff training and information-sharing is also
needed to increase regional capacity to restore and enhance mangrove wetlands;
• Establish mangrove baselines and monitor gradual changes through regional networks using
standardized techniques. This is needed to distinguish local and climate change effects on
mangroves; and
• Produce maps showing mangrove boundaries, topographic information, and locations of coastal
roads and development, and use these products to assess site-specific mangrove vulnerability to
projected sea level rise.
This section describes (i) the technical resources needed for the best possible prediction of how a mangrove
wetland will respond to projected relative sea level rise and climate change over coming decades, (ii) the
institutional resources needed to manage and adapt to these mangrove responses to climate change effects,
and (iii) the technical and institutional attributes that are in urgent need of strengthening in the Pacific Islands
region. Case studies were contributed from 10 of the 16 Pacific Island countries and territories with
indigenous mangroves (Fig. 15): American Samoa - USA, Republic of the Fiji Islands, Republic of Kiribati,
Republic of the Marshall Islands, Federated States of Micronesia, Commonwealth of the Northern Mariana
Islands - USA, Republic of Palau, Independent State of Papua New Guinea, Kingdom of Tonga, and Republic
of Vanuatu. These ten countries and territories contain 84% of the area of the region’s indigenous
mangroves. Table 2 (page 20) provides a synthesis of the case study information.
Hawaii and Tahiti, where mangroves are human introductions (Allen 1998; Ellison, 1999), are not included in
the assessment because management authorities in these areas may actively control the alien invasive
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species (e.g., Smith, 2005). While mangrove wetlands have been reported from Niue (Ellison, 1999), a Niue
government focal point reported that there are no mangrove wetlands in Niue (personal communication, 10
June 2005, Fiafia Rex, Fisheries Division, Niue Department of Agriculture Forestry & Fisheries). While one
true mangrove species Excoecaria agallocha is documented to be present in Niue (Yuncker, 1943;
Tomlinson, 1986; Whistler, 1992), in Niue this species is only found in dry littoral forest.

Fig. 15. Location of the eight Pacific Island countries and two territories
with indigenous mangroves included in this study, identified by a black
circle below the country/territory name, plus the additional six countries
and territories with indigenous mangroves, identified by a blue circle below
the name.
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Table 2. Summary of technical and institutional capacity of ten Pacific Island countries and territories with
indigenous mangroves to assess vulnerability and adapt to mangrove responses to relative sea level and climate
change.
Technical and
Institutional
Capacity Attribute

c

Northern
Mariana
Islands

Palau

Papua New
Guinea

Samoa

Fiji

Kiribati

Tonga

Vanuatu

56.2

31.2

11.0

58.5

47.7

23.1

33.8

39.7

13.4

10.9

Largest distance
between tide gauge and
mangrove (km)

6.5

800

Not
known

Not
known

563

10

700

500

17

Not
known

Percent of mangrove
boundaries delineated
and mapped

100

80

22

0

21

100

99

Not
known

90

0

2002

1993

1998

Not
applicable

2002

1989

1971

1993

2000

Not
applicable

Percent of mangrove
islands with topographic
map coverage

100

100

22

0

100

100

87.5

86

0

100

Percent of mangrove
islands with maps
showing buildings, roads,
and other development

100

100

25

20

100

100

0

0

33

100

Year of most current
map showing location of
b
development

2001

1993

1998

2004

2004

1999

Not
applicable

NA

1998

Not
known

Date pf earliest imagery
showing mangrove
margin (aerial photos,
b
satellite imagery, maps)

1961

1954

1960

2004

1944

1940

1946

1971

1995

1980

Have mangrove
sediment erosion/
accretion rates been
measured?

Yes

No

No

No

Yes

No

No

No

No

No

Is there a mangrove
monitoring program

Yes

Yes

No

No

Yes

No

No

No

Yes

No

Is there in-country staff
with skills to conduct
mangrove surveys and
inventories?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Have mangroves been
successfully
c
rehabilitated?

No

Not
known

Yes

No

No

Yes

Yes

No

Yes

No

Is there a permit or
zoning program for
coastal development?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Has there been sitespecific mangrove
vulnerability
assessments?

Yes

No

No

No

No

No

No

No

No

No

Year of most recent
mangrove boundary
b
survey

b

Federated
States of
Micronesia

Marshall
Islands

Length of tide gauge
record through Dec.
a
2005 (years)

a

Country or Territory
American

Is there a plan for
No
No
No
No
No
No
No
No
No
No
adaptation to coastal
ecosystem responses to
climate change effects?
Tide gauge record lengths based on the time span from the earliest to most current sea level records possessed by the Permanent Service for
Mean Sea Level and University of Hawaii Sea Level Center Joint Archive for Sea Level and GLOSS/CLIVAR Research Quality Data Set databases
as of October 2005. Does not account for gaps in data records.
Mangrove boundary surveys, maps showing roads and development, and historical imagery may have incomplete coverage of mangroves.
Successful mangrove rehabilitation is defined as one where > 25% of the project area was successfully restored, enhanced or created.
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Analysis of tide gauge data for trends in mean sea level and extreme high water events
A minimum of a 20-year local tide gauge record is required to obtain an accurate trend in relative sea level
(Hunter, 2002, Church et al., 2004a). Many Pacific Islands are located in tectonic settings that cause
differences in local relative sea level from the global eustatic sea level trends. In addition to vertical land-level
changes from tectonics, change in relative mean sea level over time as measured by a tide gauge can result
from glacial rebound, subsidence from extraction of subsurface groundwater or oil, oceanographic processes
such as El Niño phases and changes in offshore currents, long-term changes in regional temperature,
sediment consolidation, as well as from global sea level change (Komar, 1998; Church et al., 2001). The
closer the tide gauge is to the mangrove site, the more likely these forces causing the change in mean sea
level as measured by the tide gauge will be the same strength for the mangrove and the observed trend in
relative mean sea level as measured by the tide gauge will apply to that mangrove site. However, for sites
with a local tide gauge record of < 20 years or that are located far from the nearest tide gauge, sea level
trends can be calculated from the near global coverage of TOPEX/Poseidon satellite altimetry data combined
with historical global tide gauge records employing a method by Church et al. (2004a). Pacific Island
countries and territories also need the technical capacity to analyze available tide gauge data to determine
projected trends in mean sea level and extreme high water events, and incorporate this information into landuse planning.
Most (7 of 10) countries and territories have sufficiently long tide gauge records (>20 years) to determine
accurate trends in mean sea level and extreme high water events (Fig. 16). However, tide gauges of four of
the seven countries and territories with the long (> 20 years) tide gauge records are located several hundred
kilometers from at least one mangrove site in that country. Three countries with tide gauge records < 20
years require assistance to determine reconstructed sea level trends from satellite altimetry data combined
with historical global tide gauge records (Church et al., 2004a). Agencies managing coastal land use and
coastal ecosystems of Pacific Island countries and territories require assistance to determine trends in relative
mean sea level and trends in the frequency and elevations of extreme high water events (Church et al., 2001;
Woodworth and Blackman, 2002, 2004; Gilman et al., In Press, 2005b), and assistance to interpret and
incorporate this information into land-use planning processes.

Vanuatu

Tonga

Papua
New

Palau

Marshall
Islands
Fed St of
Micronesia
N. Mariana
Islands

Kiribati

Fiji

70
60
50
40
30
20
10
0

American
Samoa

Years

Length of tide gauge record

Country or territory
Fig. 16. Length of tide gauge records of ten Pacific Island countries and
territories with indigenous mangroves. Grey bars have a tide gauge record < 20
years.
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Information on change in sea level relative to mangrove surfaces
Information on trends in the change in elevation of the mangrove surface over recent decades is needed to
determine how sea level has been changing in recent decades relative to the mangrove surface. The most
precise method to obtain this information is to install an array of tide gauges throughout a site, but this is
expensive, laborious, and a minimum of a 20-year local tide gauge record is required to obtain an accurate
trend in relative sea level (Church et al., 2004). Measurement of 137Cs and excess 210Pb activity in shallow
sediment cores, observing sedimentation stakes, and using soil horizon markers can provide an accurate
estimate of rates of change in mangrove surface elevation over recent decades (e.g., DeLaune et al., 1978;
Lee and Partridge, 1983; Lynch et al., 1989; Krauss et al., 2003; Gilman et al., In Press), which can then be
compared to the relative sea level change rate as measured by the closest tide gauge. The measurement of
radioisotope activity in mangrove sediment cores is expensive, especially if multiple cores are taken in an
attempt to characterize an entire mangrove site, this method does not account for subsurface processes that
affect the elevation of the mangrove surface that occur below the depth of the cores, and there are several
potential sources of error, including that the sediment profile can be disturbed from bioturbation as well as
abiotic processes. Alternatively, precision surveying from a benchmark to points throughout a mangrove site
could provide information on trends in elevation of the mangrove surface (Cahoon et al., 2002), which could
then be compared to the relative sea level change rate from a nearby tide gauge.
American Samoa and the Federated States of Micronesia have some information on mangrove sedimentation
rates, obtained from monitoring the change in distance of the mangrove surface from the top of sedimentation
stakes and from determining 137Cs and Excess 210Pb activity depth profiles from shallow sediment cores
(Krauss et al., 2003; Gilman et al, 2005a). This contributes to understanding how sea level has been
changing in recent decades relative to the mangrove surface. Otherwise, regionally there is a lack of
information on how sea level is changing relative to mangrove surfaces. The mangrove surface can change
in elevation from sediment accretion or erosion and from subsurface processes, such as organic matter
decomposition, sediment compaction, fluctuations in sediment water storage and water table levels, and root
production (Lynch et al., 1989; Donnelly and Bertness, 2001; Krauss et al., 2003; Gilman et al., In Press,
2005a; Rogers et al., 2005). Information on trends in change in the elevation of the mangrove surface over
recent decades is needed.

Analysis of historical imagery to observe changes in mangrove margin positions
Analysis of a time series of recent historical remotely sensed imagery such as aerial photographs and satellite
imagery, which show the positions of mangrove seaward margins, can be used to observe trends in
movement of the mangrove margins (erosion or seaward progression). This information can then be used to
determine if the movement has been correlated with the observed trend in relative mean sea level, and
predict the future position of the seaward margin. Extrapolation from observations of historical shoreline
movement will be more accurate the longer the time period covered by the available imagery. The
extrapolation assumes that no new large forces, such as from future human alterations to the coastline’s
sediment budget, will substantially change the trend from the recent observations.
Eight countries and territories have historical imagery > 25 years old (Fig. 17). Only American Samoa has
analyzed available historical imagery to observe historical trends in changes in position of mangrove margins
(Gilman et al., In Press). An effort to identify additional historical aerial photographs, provide IKONOS and
QuickBird space imaging to in-country GIS practitioners, and provide assistance to co-register available
historical imagery to the georeferenced satellite imagery is needed. Some countries and territories may need
assistance to establish or augment capacity of a GIS program.
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Fig. 17. Age of oldest known historical imagery showing the location of
mangrove margins for ten Pacific Island countries and territories with
indigenous mangroves.

Mangrove boundary delineation
Periodic delineation of the mangrove landward margin using GPS or traditional survey techniques is needed
to observe any movement of the boundary, providing fundamental information needed to determine trends in
mangrove area. Interpretation of remotely sensed imagery (aerial photos and space imaging) generally can
be used to delineate the mangrove seaward margin (e.g., Gilman et al., In Press), otherwise, delineation with
GPS or survey equipment is needed.
Five of nine countries and territories have delineated 80% or more of their mangrove boundaries (Fig. 18).
Two countries have no mangrove boundary delineations. While Papua New Guinea has delineated mangrove
boundaries, the percent that has been delineated is not known, and is not included in Fig. 18. Only four of the
ten countries and territories have delineated mangrove boundaries within the last ten years. This highlights
the need by some countries and territories to delineate mangrove boundaries at regular intervals.
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Fig. 18. Percent of total mangrove area with boundaries delineated
of nine Pacific Island countries and territories with indigenous
mangroves.

Map products
Topographic information is needed to determine the mean slope of the land immediately adjacent to the
landward mangrove margins to estimate rates of landward mangrove migration. This requires a recent
delineation of the landward mangrove margin. Alternative scenarios for projected change in sea level relative
to the mangrove surface can then be used to estimate the distance that the landward mangrove margin will
move.
If sea level is rising relative to the mangrove surface, then information on the current location of any obstacles
to the landward migration of mangroves, such as seawalls, buildings, and roads, and the distance that these
structures are from the current landward mangrove margin, is needed to determine how these structures may
obstruct future landward mangrove migration.
Some countries identified a need for topographic maps and maps showing the location of roads and
development in the vicinity of mangroves. Support for in-country GIS programs may be needed to produce
these map products. Seven of the countries and territories have > 85% topographic map coverage of their
islands with mangrove (Fig. 19). Two lack any topographic map coverage of their islands with mangrove.
Five countries and territories have maps showing locations of development and roads in the vicinity of all
mangroves (Fig. 20). Two countries lack maps showing development and roads next to any of their
mangroves.
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Fig. 19. Percent of the islands with mangroves that also have topographic
map coverage, for ten Pacific Island countries and territories with indigenous
mangroves.
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Fig. 20. Percent of islands containing mangroves for which maps showing the
location of development and roads are available, for ten Pacific Island
countries and territories with indigenous mangroves.
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Mangrove monitoring and assessment for adaptive management and regional mangrove
monitoring network
Given uncertainties about future climate change and responses of mangroves and other coastal ecosystems,
we need to manage adaptively and proactively. In-country staff with training, experience, and motivation is
required to conduct monitoring and assessment of relevant mangrove parameters, in part, to facilitate
adaptive management. Projections are available over coming decades for rising sea level and changes in
climate and weather (Church et al., 2001; Houghton et al., 2001). These changes are expected to alter the
position, area, structure, species composition, and health of most coastal communities, including mangroves.
Establishing mangrove baselines and monitoring gradual changes through regional networks using
standardized techniques will enable the separation of site-based influences from global changes to provide a
better understanding of mangrove responses to sea level and global climate change, and alternatives for
mitigating adverse effects (Ellison, 2000; Nurse et al., 2001). The monitoring system, while designed to
distinguish climate change effects on mangroves, would also therefore show local effects, providing coastal
managers with information to abate these sources of degradation.
Four countries and territories identify a strong need for training and capacity-building of in-country personnel
in mangrove assessment and monitoring: Vanuatu, Kiribati, Northern Mariana Islands, and Palau. Other
countries (American Samoa, Tonga, Fiji, Marshall Islands, Papua New Guinea, and the Federated States of
Micronesia) have some in-country capacity already, but identify information gaps. Fiji, Federated States of
Micronesia and American Samoa conduct some monitoring of mangrove tree girth (diameter at breast height
or DBH), which allows quantitative assessment of mangrove ecosystem change in community structure and
growth rates. Palau and Tonga have more limited monitoring, such as of birds or human impacts.
There has also been no coordination between the limited mangrove monitoring work that has been done. The
countries and territories with a mangrove monitoring program do not employ standardized techniques to
enable a meaningful comparison of results from the different programs. Other countries have no monitoring.
There is no Pacific Islands regional mangrove monitoring program in place. All countries indicate that they
would be interested in participating in a regional network to monitor mangroves and assess mangrove
response to sea level rise and climate change, if such a network were established.
Establishing a regional wetland monitoring network for the Pacific Islands region has been proposed in the
Action Strategy for Nature Conservation in the Pacific Islands Region (South Pacific Regional Environment
Programme, 1999a), and the Regional Wetlands Action Plan for the Pacific Islands (South Pacific Regional
Environment Programme, 1999b). This has not been implemented to date.

Strengthen management frameworks
Governments need the institutional capacity to manage a land-use permit or zoning program to ensure
coastal earthmoving and development activities are sustainable, including accounting for effects on
mangroves, and to plan for any landward mangrove migration.
While existence of a coastal permit and zoning program does not necessarily mean that current legal and
management frameworks and political will are adequately preventing mangrove degradation, it indicates that
the institution capacity needed to sustainably manage activities in mangroves and other sensitive coastal
ecosystems exists. Given an existing coastal development permit or zoning program, if the political will exists,
it could be possible to establish zoning setbacks for new coastal development adjacent to mangroves along
sections of coastline that are expected to migrate landward, adopt rules on where hard versus soft
engineering erosion control structures can and cannot be constructed, and determine which sections of
coastline would undergo managed retreat versus fortification.
All ten participating countries and territories report having some form of coastal permitting or zoning program
that regulates coastal activities such as earthmoving and development activities. The existence of a
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framework to manage coastal activities is part of the requisite institutional capacity to sustainably manage
activities in mangroves and other sensitive coastal ecosystems. However, this does not necessarily mean
that current legal and management frameworks and political will are adequately preventing mangrove
degradation. There is a need to assess the efficacy of national management frameworks at preventing
mangrove degradation to determine if this is an area in need of attention. For instance, despite the existence
of a permit program for coastal development activities, the wetlands management framework in the U.S.
Commonwealth of the Northern Mariana Islands has not been preventing site-specific, island-wide, or
cumulative losses of wetland functional performance or wetland area (Gilman, 1998, 1999a). And Palau’s
state Public Land Authorities have been leasing and allowing the development of property containing
mangroves (Republic of Palau Office of Environmental Response and Coordination, 2002).
Only American Samoa has assessed the site-specific vulnerability of mangroves to sea level and climate
change (Gilman et al., In Press). Information from the case studies and a review of National Communication
Reports to the United Nations Framework Convention on Climate Change reveal that none of the ten
countries and territories have developed a plan for adaptation to mangrove or other coastal ecosystem
responses to climate change effects. Technical assistance is needed to support conducting site-specific
vulnerability assessments and to incorporate this information into land-use and master planning.

Mangrove rehabilitation
Capacity to rehabilitate mangroves (restore, enhance and create mangroves) will compliment other activities
taken by people to adapt to mangrove responses to sea level and climate change. Restoring areas where
mangrove habitat previously existed, enhancing degraded mangroves by removing stresses that caused their
decline, and creating new mangrove habitat will help to offset anticipated reductions in mangrove area and
increase resistance and resilience to climate change effects (Hansen and Biringer, 2003; Ellison, 2004). If
successful mangrove rehabilitation has been achieved in the past, this indicates that it may be possible to
replicate this success at other sites. However, failure to provide adequate training to coastal managers in the
basics of successful mangrove rehabilitation leads to project failures or projects that only partially achieve
stated goals (Lewis, 2005).
There has been limited activity in the region in rehabilitation of mangroves, with small-scale successful
projects only recorded from Kiribati, Northern Mariana Islands, Palau, and Tonga and two failed mangrove
rehabilitation efforts in American Samoa and Papua New Guinea. The results of two additional rehabilitation
efforts in Palau and Fiji are not known. This highlights the need for improved staff training, capacity building
and information sharing.
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Considerations for Developing a Coastal Site Planning and
Adaptation Strategy

•

•

•

•

•

•
•

•

In Brief
Management authorities, especially of small island countries and territories, are encouraged to assess
site-specific mangrove vulnerability to climate change effects now and not wait for problems to become
apparent when options for adaptation will be restricted. Managers can then incorporate the results of
these vulnerability assessments into coastal land-use policies to provide adequate lead-time to
minimize social disruption and cost, minimize losses of valued coastal habitats, and maximize available
options.
Community-based approaches to managing natural resources, including managing mangrove and other
coastal ecosystem responses to climate change effects, are appropriate in many areas of the Pacific
Islands region.
The policy adopted to manage site-based shoreline response to rising sea level will be made as part a
broader integrated coastal management planning analysis, which includes an assessment of the
cumulative effects of coastal activities. This analysis requires balancing multiple and often conflicting
objectives of sustaining the provision of ecological, economic, and cultural values; addressing priority
threats to natural ecosystem functioning; maintaining ecological processes and biodiversity; achieving
sustainable development; and fulfilling institutional, policy, and legal needs.
Site planning for some sections of shoreline containing mangroves that are not highly developed may
allow for long-term managed retreat with relative sea level rise. Zoning rules for building setbacks can
be used to reserve zones behind current mangroves for future mangrove habitat. However, for some
sections of highly developed coastline adjacent to mangroves, results of site planning may justify the
use of shoreline erosion control measures. As a result, the mangroves’ natural landward migration will
be prevented and the mangrove fronting the development will eventually be lost.
Protected areas are one tool that can contribute to mitigating anticipated mangrove losses in response
to climate change effects. Managers selecting sites and boundaries for individual protected areas,
reviewing the effectiveness of existing protected areas, and designing protected area systems need to
explicitly incorporate anticipated coastal ecosystem responses to climate change effects as well as the
functional linkages between ecosystems. Networks of protected areas are needed to achieve ecological
connectivity to permit the movement of species and exchange of genes. Protected areas established
and managed through community-based approaches are more likely to be successful in most areas of
the Pacific Islands region.
Reducing and eliminating non climate-related stresses that are affecting mangroves will increase
mangrove resistance and resilience to sea level rise and other climate change effects.
Mangrove rehabilitation, the restoration of areas where mangroves previously existed, enhancing
degraded mangroves by removing stresses that caused their decline, and creating new mangrove
habitat will contribute to offsetting anticipated reductions in mangrove area and health, and increase
resilience to climate change effects. Determining the stress or stresses that caused a mangrove to
decline is necessary to identify the restoration or enhancement method to remove these stresses:
planting mangroves may not be successful or necessary in many cases.
Local communities and leaders must recognize the long-term benefits of mangrove conservation if we
are to reverse historical trends in loss of mangrove area. Outreach and education activities can help
develop or augment a conservation ethic.
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Community-based management approaches
Customary management systems, although weakened, still continue to function at some level throughout the
Pacific Islands region (Johannes, 1982; Huber and McGregor, 2001; Gilman, 2002). Community-based
approaches, which capitalize on traditional knowledge and management systems, and catalyze stakeholder
support for requisite conservation measures, are suitable in some regions. Stakeholders will be more likely to
comply with restrictions on their traditional resource use activities if they understand and support the rules,
which can be accomplished through direct community participation in monitoring, planning, and management
decision-making. The rural conditions, including relatively small population size, high dependence of local
communities on coastal and marine resources, social cohesion, customary tenure and traditional use of
coastal and marine areas and resources, existence of strong and intact traditional authority, and low
conventional government management capacity of some sites make local community-based management
through collaboration between local government and the local community (e.g. clans or individual villages)
appropriate (White et al., 1994; Whyte, 2001). In more urban areas, the larger and more heterogeneous the
local community, more complicated and numerous the multiple resource uses and users are, more numerous
external threats to the coastal and marine environment, less recognition of customary tenure and traditional
governance, and generally the more complex the site is, there will be a larger need for central government
management, where community-based management would be less effective (Huber and McGregor, 2001).
The optimal approach to manage adaptation to mangrove responses to climate change effects will depend on
the local context.
Successful measures to manage natural resources were in use in the tropical Pacific centuries before they
were conceived of in Western nations. Many of these traditional conservation systems declined after Western
contact due in part to the introduction of money economies, the breakdown of traditional authority, and the
imposition of new, legal regimes (Johannes, 1982). But their "community based" approach has recently
received acceptance among scientists and managers worldwide. Systems of traditional rights and taboos
have successfully conserved island resources and are a deep part of some Pacific Islands' cultures. These
customary forms of management are not irrevocably fixed, but successfully evolve as conditions change
(Ponter, 1982). The Western practice of conservation, when it conflicts with traditional rights, and neglects to
catalyze community involvement and support, will meet with resistance, will require enormous investment in
policing, and is unlikely to result in effective conservation (Carew-Reid, 1990; Gilman, 1997; IUCN and
European Commission, 1999).
Therefore, if resource management rules are intended to change the behavior and values of resource users, it
is necessary for the local community and government to collaborate to coordinate planning and management
activities. Attempts to establish restrictions on the use of resources in ways other than building on customary
systems of management are not likely to be effective in certain regions. Employing community-based
management maximizes stakeholder support for sustainable biodiversity management by getting local
communities directly involved in developing management measures so that the rules mesh with traditional
management practices, and lets the community understand that rules benefit them, fostering a sense of
ownership by the community for management initiatives.
Process tools are available to facilitate participatory resource management (Pretty, 1993; Chambers, 1994;
Institute for Development Studies, 1996; de Negri et al., 1998). Participatory Learning and Action is a term
used to describe a group of community development methods and approaches where facilitators work with
communities to help them analyze their needs, identify solutions to meet these needs, and develop and
implement an action plan (de Negri et al., 1998). Participatory Rural Appraisal, an older term synonymous to
Participatory Learning and Action, also is used to describe methods to enable people to collaborate and
interpret their local knowledge and situation (Chambers, 1994). Participatory Programme Development is the
process of working in partnerships with communities to develop sustainable programs, and uses Participatory
Learning and Action methods (de Negri et al., 1998). These standardized participatory processes attempt to
build community capacity and encourage stakeholder participation in targeted activities, and typically are
initiated through workshops.
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Integrated coastal management and site planning
An integrated management approach manages all interrelated elements (natural resources, environmental
processes, human activities, socioeconomic factors, and political factors) that affect a region or specific
natural resource under a single unifying approach, through the collaboration of all management authorities
and stakeholders, to conserve biodiversity and protect ecological integrity, and to sustain the provision of
valued services and products (Cicin-Sain, 1993; Czech and Krausman, 1997; Sorensen, 1997; Cicin-Sain and
Knecht, 1998; Gilman, 2002). An underlying principle of integrated management is that ecosystem
functioning, anthropogenic forces, and the sustainability of human societies are interconnected and should be
holistically managed through the collaboration of all groups. The Integrated Coastal Management approach is
recognized in the 12 guiding principles that were drawn up at a meeting in Cairo in February 2005 by the
United Nations Environment Programme Asian Tsunami Disaster Task Force, in collaboration with the United
Nations Environment Programme Coordination Office of the Global Programme of Action for the Protection of
the Marine Environment from Land-based Activities and other organizations, known as the Cairo Principles
(United Nations Environment Programme Global Programme of Action, 2005).
Individual, project-specific coastal development decisions are often made without considering the cumulative
effects of development activities (Gilman, 2002). Management of coastal and marine resources is typically
the responsibility of independent sectors of government, with jurisdiction divided by resource use activities
(e.g., fishing, agriculture, forestry, mining, tourism, seaport). This sectoral approach can be patchwork in
nature and lead to a lack of coordination and conflicting missions, legislation, and policies, with concomitant
degradation of natural resources. For instance, this lack of integration can result in a lack of a single
organization assuming the lead responsibility to conserve and manage a specific coastal habitat, where
agencies have piecemeal jurisdiction over activities that occur in overlapping coastal and marine areas,
resulting in a lack of adequate protection for the coastal habitat (e.g., Gilman, 1998). Integrated ecosystem
management is a governance structure or process that resolves this fragmentation inherent in single-sector
management approaches (Cicin-Sain and Knecht, 1998). An integrated coastal and marine resource
management approach would involve coordinating legislation, policies, plans, programs, and activities, and
directly involve all interest groups in planning and management, where all groups work towards a common
goal, ensuring that decisions of all sectors and levels of government are harmonized and consistent with
overarching national policies (Cicin-Sain and Knecht, 1998). The management framework for coastal and
marine natural resources should be as integrated as are the interconnected ecosystems and human forces.
Planning for the sustainable management of coastal and marine ecosystems of discrete sites, referred to as
coastal and marine site-planning, is a process of reviewing past progress and assessing current and future
issues, threats, and needs to develop a management strategy (Gilman, 2002). Site-planning identifies priority
management intervention activities that will allow managers and stakeholders to sustain the provision of
ecological, economic, and cultural values; balance multiple and often competing objectives; address priority
threats to natural ecosystem functioning; maintain ecological processes and biodiversity; achieve sustainable
development; and fulfill institutional, policy, and legal needs. Site-planning typically involves relatively shortterm interventions to improve planning and management, and results in products and outcomes such as a
monitoring program, legislation, national policy, site management plan, or other addition or improvement to a
component of the management framework. The purpose of site-planning and management for local
communities and stakeholders will tend to focus on material benefits associated with sustainable
development, such as fisheries optimal yield. External organizations may wish to focus on regional and global
benefits, such as biodiversity conservation. Despite these groups' disparate desired outcomes, there is
typically an overlap in the objectives and activities for management intervention to achieve both groups' goals.
Site planning for some sections of shoreline containing mangroves that are not highly developed may call for
abandonment and adaptation to manage long-term retreat with relative sea level rise (Dixon and Sherman,
1990; Mullane and Suzuki, 1997; Ramsar Bureau, 1998; Gilman, 2002). “Managed retreat” involves
implementing land-use planning mechanisms before the effects of rising sea level become apparent, which
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can be planned carefully with sufficient lead time to enable economically viable, socially acceptable, and
environmentally sound management measures. Coastal development can remain in use until the eroding
coastline becomes a safety hazard or begins to prevent landward migration of mangroves, at which time the
development can be abandoned or moved inland. Adoption of legal tools, such as rolling easements, can
help make such eventual coastal abandonment more acceptable to coastal communities (Titus, 1991).
Zoning rules for building setbacks and permissible types of new development can be used to reserve zones
behind current mangroves for future mangrove habitat. Managers can determine adequate setbacks by
assessing site-specific rates for landward migration of the mangrove landward margin (Gilman et al., In
Press). Construction codes can be instituted to account for relative sea level rise rate projections to allow for
the natural inland migration of mangroves based on a desired lifetime for the coastal development (Mullane
and Suzuki, 1997). Any new construction of minor coastal development structures, such as sidewalks and
boardwalks, should be required to be expendable with a lifetime based on the assessed sites’ erosion rate
and selected setback. Otherwise, the structure should be portable. Rules could prohibit landowners of
parcels along these coasts from constructing coastal engineering structures to prevent coastal erosion and
the natural inland migration of mangroves. This managed coastal retreat will allow mangroves to migrate and
retain their natural functional processes, including protecting the coastline from wind and wave energy.
Employing shoreline erosion control measures, such as surge breakers, dune fencing, and detached
breakwaters, can help reduce the rate of coastal erosion (Mullane and Suzuki, 1997). Use of hard
engineering technology, including groins, seawalls, revetments, and bulkheads, a traditional response to
coastal erosion and flooding in small island states and worldwide, can increase coastal vulnerability (Tait and
Griggs, 1990; Fletcher et al., 1997; Mullane and Suzuki, 1997; Mimura and Nunn, 1998; Nurse et al., 2001).
These coastal engineering structures usually can effectively halt erosion as relative sea level rises, but often
lead to the loss of the coastal system located in front of and immediately downstream in the direction of
longshore sediment transport from the structure, converting the seaward coastal system into deepwater
habitat (Fig. 21) (Tait and Griggs, 1990; Fletcher et al., 1997; Mullane and Suzuki, 1997). For some sites, it
may be less expensive to avoid hard solutions to relative sea level rise and instead allow coastal ecosystems
to migrate inland. These ecosystems provide natural coastal protection that may be more expensive to
replace with artificial structures (Mimura and Nunn, 1998; Ramsar Bureau, 1998). However, results of site
planning may justify use of hard engineering technology and shoreline erosion control measures to prevent
erosion for some sections of highly developed coastline adjacent to mangroves. As a result, the mangroves’
natural landward migration will be prevented and the mangrove fronting the development will eventually be
lost, along with its valued function of buffering the developed coastline from wave and wind energy.

Fig. 21. Erosion control structures such as this seawall in American Samoa
can effectively protect coastal infrastructure and development, but are
expensive to maintain, and often lead to the conversion of the existing coastal
ecosystem into deepwater habitat (photo by E. Gilman).
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Most cost-benefit analyses included in site planning only examine costs and benefits as measured by market
prices, ignoring mangrove and other coastal system values not described by established monetary indicators
(Dixon and Sherman, 1990; Ramsar Bureau, 1998). Site planning and cost-benefit analyses employed to
determine if a section of coastline abutting a mangrove should be fortified or undergo managed retreat should
account for the benefits of allowing mangroves to undergo natural landward migration under a rise in relative
sea level. These benefits include the continued provision of valued services and products, including
consumptive benefits, education and research, aesthetic and cultural benefits, and future values such as a
mangroves future potential for tourism (Dixon and Sherman, 1990; Ramsar Bureau, 1998).

Coastal and marine protected areas
Protected areas are one coastal resource management tool that can contribute to mitigating anticipated
mangrove losses in response to climate change effects. Protected areas can range from areas completely
closed to all human activities to zoned multiple-use areas, and may be established using local, national, or
international designations (Gilman, 2002). Purposes for placing an area in protected status include:
protecting sites that support high biodiversity; maintaining, enhancing, or restoring the abundance, biomass,
size, density, and species diversity of commercially important species and species used for subsistence;
reducing user conflicts; conserving a site that is representative of a particular ecosystem type; protecting
areas of a community type that are resistant to climate change effects to serve as a refuge, in part, to be a
source of seeds to re-colonize adjacent areas degraded by a disturbance; conserving a fragile, unique, or rare
habitat type; enhancing tourism; and protecting cultural and historical resources (Kelleher, 1999; Gilman,
1997, 2002). There are about 685 protected areas worldwide containing mangroves, covering about 9% of
the total mangrove area (Spalding et al., 1997). An assessment has not been conducted to assess the
effectiveness of protected areas containing Pacific Island mangroves.
Managers selecting sites and boundaries for individual protected areas, reviewing the effectiveness of existing
protected areas, and designing protected area systems need to explicitly incorporate anticipated coastal
ecosystem responses to climate change effects (Barber et al., 2004). For instance, planners need to account
for the likely movements of habitat boundaries and species ranges over time under different sea level and
climate change scenarios, as well as consider an areas’ resistance and resilience to projected sea level and
climate changes and contributions to adaptation strategies. For instance, mature mangrove communities will
be more resilient to stresses, including those from climate change, than recently-established forests. Sitespecific analysis of resistance and resilience to climate change when selecting areas to include in new
protected areas should include, for example, how discrete coastal habitats might be blocked from natural
landward migration (Gilman et al., In Press), and how severe are threats not related to climate change in
affecting the site’s health.
Networks of protected areas, covering large geographical areas, spaced at suitable distances from one
another, and including a representative and replicated spectrum of habitats, are thought to provide the
greatest conservation benefit (Roberts et al., 2001; Gilman, 2002). Networks of protected areas are needed
to achieve the biologically-necessary connectivity to permit the movement of species and exchange of genes.
For instance, because eggs and larvae of certain marine species have a large dispersal distance, a small
protected area will not ensure self-sustaining populations of these species unless the protected area is
colonized by offspring produced in another protected area sufficiently close to exchange offspring (Roberts et
al., 2001). Also, some organisms require several habitats to be protected for various life history stages
(Huber and McGregor, 2001; Wells et al., 2006).
As a part of the recommended policy of adaptation to mangrove responses to relative sea level rise, the
selection of sites for protected areas should account for functional linkages between coastal ecosystems. For
instance, protected areas designed to preserve biodiversity and relatively pristine habitats should incorporate
adjacent coastal forests, mangroves, seagrass beds, and coral reefs to ensure all functional links are
maintained in a least disturbed state. Protected areas designed in this manner will have optimal resistance
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and resilience to global climate change, sea level rise, and other stresses. The existence of functional links
between coastal systems means that degradation of one habitat type will adversely affect the health of
neighboring habitats. If a protected area encompassing a mangrove wetland does not include adjacent
ecosystems, unsustainable activities occurring in the adjacent hinterland or offshore on adjacent coral reefs
and seagrass beds could result in degradation of the mangrove (Barber et al., 2004; Ellison, 2004; Mumby et
al., 2004).
The cultural context of most Pacific Islands makes it necessary to abandon the traditional concept of
protected areas, where the aim is typically to provide recreational opportunities, protect aesthetics, or protect
nature from development by preventing people from inhabiting an area and restricting activities in and access
to the area (Gilman, 1997). Protected area planning and management activities are most effective when all
interest groups are fully involved. Protected area management conducted through the collaboration of the
local community, government agencies and other groups, is an appropriate approach in many areas of the
Pacific Islands region (Gilman, 2002). When there is inadequate community involvement in decision-making
to establish and manage protected areas, natural resources remain under a de facto open-access regime
because resource users do not support or possibly know about a protected area's rules concerning the use of
natural resources, and the rules are not followed. Islands with contemporary pressures on their natural
environment that do not employ community-based decision-making nor allow for multiple purposes when
establishing protected areas produce "paper parks" whose purposes are not achieved, and natural resources
continue to degrade because enforcement measures are ineffective (Gilman, 1997). Conversely, protected
areas established and management through community-based approaches are more likely to be successful
because (Gilman, 1997):
•

•
•
•
•
•
•
•
•
•

A perception of equity develops among interest groups, a basic tenet of conflict management.
Representatives of all interest groups have equal opportunity to raise issues important to their interest
group, and to make decisions. This helps achieve equity even though it may not have existed before the
process began;
The protected area selection and management processes are flexible, allowing the protected area to fit
the needs of the local context;
Decision-makers account for local ecological knowledge, the knowledge that comes from observing and
using natural resources, in addition to information from technical experts and resource managers;
Community-based decision-making enhances the communicability of results because interest group
leaders disseminate information to the community;
Decisions respect tenets of traditional management systems;
Participation of all interest groups ensures that all issues are identified and addressed;
Community-based coordination results in educated user groups who take credit and ownership for the
protected area and its rules;
Continual communication with interest groups allows protected area managers to evaluate the efficacy of
the protected area and effectively adapt management measures;
Community-based selection, management, and enforcement is more effective and economical in the longterm than continual policing; and
Allowing the community to select multiple uses to be allowed in the area that are compatible with the
goals of the protected area ensures all needs are considered, reducing the likelihood of conflict. A greater
number of interest groups will support a protected area that permits numerous, but appropriate uses than
would support a single-purpose protected area. Also, the community will more likely support a protected
area if their interest group representatives can select the major goals than if goals are predetermined.

Coastal and marine protected areas have potential limitations, which can be avoided and minimized through
careful planning and management (Huber and McGregor, 2001; Gilman, 2002; Gilman et al., 2006):
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•
•

•
•

The resource use restrictions of a protected area may displace effort to adjacent and potentially more
sensitive and valuable areas, where weaker management frameworks may be in place;
Local communities may have a limited area available for exploiting natural resources, and may have
limited resources for managing a protected area, which results in only a small area of coastal and marine
habitats being able to be practicably set aside as a no-take zone of a protected area, limiting the
ecological value of the protected area due to its small size;
Protected areas can disproportionately affect certain sectors of the local community; and
Existence of a protected area may promote the misconception that the protected area is a panacea to
rescue troubled fish stocks, and could cause managers to disregard the need to employ additional
management techniques to achieve sustainable fisheries.

Increase mangrove resistance and resilience by reducing and removing stresses
Promoting overall mangrove ecosystem health by reducing and eliminating non climate-related stresses, such
as filling and pollution, will increase resistance and resilience to sea level and climate change. The value of
wetlands conservation is often underestimated, especially in less developed countries with high population
growth and substantial development pressure, where short-term economic gains that result from activities that
adversely affect wetlands are often preferred over the less-tangible long-term benefits that accrue from
sustainably using wetlands. The status of mangrove wetlands as one of the most threatened natural
communities worldwide, of which roughly 50% of the global area has been lost since 1900 (Ramsar
Secretariat, 1999), supports this observation. Stresses associated with relative sea level rise and other
effects from climate change present one set of threats to mangroves and other coastal ecosystems.
Mangroves experiencing stress from other anthropogenic activities such as clearing trees and dumping of
pollutants will be less resilient to these additional climate-related stresses. Local communities and leaders
must recognize the long-term benefits of mangrove conservation if we are to reverse historical trends in loss
of mangrove area, maximize mangrove resistance and resilience to climate change, and where sea level is
projected to rise relative to mangrove surfaces, enable unobstructed natural landward migration wherever
possible.

Mangrove rehabilitation
In addition to enhancing degraded mangroves by removing stresses that caused their decline, restoring areas
where mangrove habitat previously existed and creating new mangrove habitat will also contribute to offseting
anticipated reductions in mangrove area and health and increase resistance and resilience to climate change
effects (Hansen and Biringer, 2003; Ellison, 2004). Determining the stress or stresses that caused a
mangrove to decline is necessary to identify the restoration or enhancement method to remove these stresses
(Lewis, 2005). Too often the approach taken to restore or enhance a mangrove site is to plant mangroves,
without first identifying if some stress that is inhibiting natural regeneration is still present, which usually
results in low or no survival of the planted mangroves (Lewis and Streever, 2000; Lewis, 2005). Only when
the availability of waterborne seedlings of mangroves from adjacent stands is blocked is planting mangroves
necessary to restore a degraded mangrove site (Fig. 22). Mangrove wetlands can self-repair over a period of
15-30 years if hydrologic functions are intact and natural recruitment of mangrove seedlings occurs (Lewis,
2005), although planting mangroves after removing causes of decline can help expedite this recovery.
Rehabilitation sites must meet the environmental conditions (wave energy, substrate conditions, salinity
regime, soil and water pH, sediment composition and stability, nutrient concentrations, elevation, slope,
inundation, etc.) required for mangroves. While it may be feasible to establish mangrove vegetation at new
sites where they had not previously existed (habitat conversion) (Choudhuri 1994), rehabilitation may be more
successful and appropriate if mangrove wetlands are restored at sites where mangrove wetlands historically
existed (Gilman 1998, Kusler and Kentula 1990, U.S. Environmental Protection Agency 1993, U.S.
Department of Defense et al. 1995, Weems and Canter 1995). Restoring the full suite of functions performed
by a natural, healthy, relatively undisturbed mangrove community likely requires a long time period and might
require active management, for instance, to prevent the establishment of alien invasive species.
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A

B

C
Fig. 22. Photographs showing a time series of a restored mangrove at West Lake Park, Hollywood, Florida, USA.
The hydrologic regime was restored by grading the site to match the slope of an adjacent relatively undisturbed
mangrove wetland and constructing tidal creeks. No planting of mangroves occurred, and all three Florida
mangrove species established naturally on their own (Lewis, 1990, 2005). (A) initial completion of grading and
construction of tidal creeks (July, 1989), (B) after 28 months, and (C) after 78 months (photos by Dr. Roy R. Lewis
III).

Some site preparation requirements for mangrove rehabilitation include (Smith III, 1987; Kusler and Kentula,
1990; Naidoo, 1990; Lewis, 1994; Lewis, 2005):
•
•
•

•
•
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Elevation: If necessary, grade the site to the elevation that provides optimal hydrologic regime (period,
frequency, and depth of inundation) for the targeted mangrove species;
Slope: Gradual slope helps reduce erosion, filters runoff entering the wetland, and allows for surface
drainage at low tide;
Tidal exchange and wildlife access: It may be necessary for large mangrove rehabilitation sites to
include drainage channels to simulate natural tidal creeks, providing requisite tidal exchange, salinity
regime, and wildlife access;
Wave energy: If necessary, install an offshore structure (e.g., breakwater, rock berm, jetty, dike, or
submerged sandbar) if the rehabilitation site is exposed to too high a degree of wave energy;
Fertilizer: Consider if the time-release of fertilizer (N is a nutrient limiting growth of halophytes in intertidal
areas) is warranted; and
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•

Fencing and removal of loose debris: If researchers determine that the area is at risk of disturbance
from humans, pigs, dogs, etc., installing fencing around the perimeter of the restoration site can help
avoid damage to the rehabilitation area. Also, if there are dead trees or garbage on the site, then these
should be removed. Dead trees can become loose and roll with tides and waves, as can garbage and
other loose debris, and can damage the rehabilitation area.

The purpose of mangrove rehabilitation must be defined, as this controls the methods and materials to be
adopted and development of performance standards and monitoring techniques (Gilman, 1999). The
objectives of mangrove rehabilitation projects have included timber production or silviculture, enhancement of
coastal protection, improved water quality, but most commonly is for the objective of restoration of degraded
areas to attempt to restore structure and functional performance to a least disturbed state (Field, 1998; Lewis
and Streever, 2000; Lewis, 2005).

Mangrove conservation ethic though outreach and education
Education and outreach programs are an investment to bring about changes in behavior and attitudes by
having a better-informed community of the value of mangroves and other ecosystems. This increase in public
knowledge of the importance of mangroves provides the local community with information to make informed
decisions about the use of their mangrove resources, and results in grassroots support and increased political
will for measures to conserve and sustainably manage mangroves. Education programs are developed for
specific target groups as well as the general public. Examples include developing education kits for tour
operators; training school teachers; developing school curriculums or activity modules for students;
constructing boardwalks and interpretive signs (Fig. 23); disseminating management information via
pamphlets, radio, newspaper, and television; developing educational videos; and directly involving the local
community in monitoring (Gilman, 2002). Interpretive structures such as boardwalks and signs may be
counterproductive if sustainable financing is lacking to enable ongoing maintenance.

Fig. 23. Education and outreach programs, such as this mangrove boardwalk in Samoa (left) and mangrove
viewing platform and educational signs in American Samoa, are an investment to augment a mangrove
conservation ethic and develop local community support for measures to sustainably manage mangroves
(photos by E. Gilman, left, T. Curry, right).
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Regional and International Initiatives
In Brief
The study of the capacity of the Pacific Islands region to assess the vulnerability of mangroves and adapt
to mangrove responses to climate change effects contribute to several other regional and international
initiatives.
• The United Nations Environment Programme Regional Seas Programme sponsored this study to
contribute to implementing the Regional Seas Strategic Directions for 2004-2007. This calls for the use
of Regional Seas as a platform for developing common regional objectives, promoting synergies and
coordinated regional implementation of relevant Multilateral Environmental Agreements, global and
regional initiatives and other international actors, as a contribution to the sustainable management of
the coastal and marine environment.
• The Secretariat of the Pacific Regional Environmental Programme sponsored this study, in part, to
contribute to implementing its Regional Wetlands Action Plan for the Pacific Islands, which identifies
priority management, capacity-building, and research and monitoring regional activities for
mangroves.
• The Western Pacific Regional Fishery Management Council sponsored this study as results and
recommendations are contributing to the development of new integrated, place-based Fishery
Ecosystem Plans.
• Results support the development of National Communication Reports to the United Nations Framework
Climate Change Convention (UNFCCC), development and implementation of plans for National
Adaptation Programmes of Action, and preparation of subsequent Assessment Reports by the
Intergovernmental Panel on Climate Change. Pacific Island governments’ National Communication
reports to UNFCCC highlight that there is a gap in information on anticipated site-specific responses of
mangroves and other coastal ecosystems to climate change effects, on identifying sections of
coastline and areas of sensitive coastal ecosystems that are especially vulnerable to these forces, and
how to plan to adapt to these forces to minimize social disruption and minimize and offset anticipated
losses of coastal ecosystems.
• This study advances the Ramsar Convention on Wetlands’ (i) Resolution on climate change and
wetlands, (ii) Wise Use guidelines, and (iii) Management Planning Guidelines.
• This study contributes to attaining the Millennium Development Goals, adopted at the United Nations
Millennium Summit in 2000, including ensuring environmental sustainability.
• This study contributes to the United Nation’s Millennium Ecosystem Assessment, which inventories
global ecosystem services, assesses how changes in ecosystem services have affected human
wellbeing, considers how ecosystem changes may affect people in future decades, and identifies
alternative management responses.
• Results contribute to meeting the Convention on Biological Diversity and World Summit on
Sustainable Development Biodiversity Targets, to achieve by 2010 a significant reduction of the current
rate of biodiversity loss at the global, regional and national levels as a contribution to poverty
alleviation and to the benefit of all life on earth.
• The study can contribute to the Convention on Biological Diversity’s programme of work on Island
Biodiversity.
• Results support objectives of the Bali Strategic Plan to meet capacity building needs in the Pacific
Islands region.

Beginning of international attention to threats to small island states from global climate effects
The First World Climate Conference in 1979 recognized the threat posed by climate change (Acosta et al.,
1999). Concern about the impacts of climate change and sea level rise on Small Island States first received
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international attention in 1987 when President Gayoom of the Republic of Maldives addressed the United
Nations about possible impacts (Ellison, 2004). This catalyzed the Small States Conference on Sea Level
Rise, held in the Maldives in 1989. Numerous vulnerability assessments followed, raising concern by
governments of Small Island States about their vulnerability to global climate change and rising sea level.

United Nations Environment Programme Regional Seas Programme
The United Nations Environment Programme (UNEP) Regional Seas Programme (RSP) provides a
comprehensive institutional framework for regional and global co-operation on issues pertaining to the coasts,
oceans and seas as well as for engaging governments in efforts to protect the coastal and marine
environment. Currently, RSP covers 18 regions, supported either through a regional convention or a regional
action plan (Fig. 24).

Fig. 24. The eighteen regions of the United Nations Environment Programme
Regional Seas Programme.
With nearly 30 years of experience, the Regional Seas Programme offers an operational environment in
which to construct regional sustainable development, using the deliberations and results of the World Summit
on Sustainable Development (WSSD) as its blueprint. Practically, it provides regional platforms for both
implementation of the principles of sustainable development and for regional implementation of programmes
and activities related to global conventions and Multilateral Environmental Agreements (MEAs).
The RSP supports the implementation of the six Regional Seas Strategic Directions for 2004-2007 (agreed by
the 6th Global Meeting of RSP, Istanbul December 2004) leading to a more efficient programme and a global
alliance of Regional Seas Conventions and Action Plans (RSCAPs). One of the Regional Seas Strategic
Directions calls for the RSP to increase the use of Regional Seas as a platform for developing common
regional objectives, promoting synergies and coordinated regional implementation of relevant MEAs, global
and regional initiatives and other international actors, as a contribution to the sustainable management of the
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coastal and marine environment. It is within this context that RSP has cooperated with SPREP and the
Western Pacific Regional Fishery Management Council on the issue mangrove responses to sea level and
climate change.
One of the priority areas for the RSP is the conservation and management of marine and coastal ecosystems.
The overarching goal of ecosystem-based management is to protect and restore natural functioning to ensure
the provision of ecosystem services. Marine ecosystem-based management is important, for example, for
fisheries management and for maintaining important habitats for endangered sea turtles and marine
mammals. Marine ecosystems around the globe are experiencing unprecedented change. Human activities,
including aquaculture, coastal development, fisheries, and introduction of invasive species, present a
cumulative threat to our oceans. Coral reefs are among the most productive and diverse of all natural
ecosystems but recent decades have seen 10 percent of the world’s reefs degraded beyond recovery, with
another 30 percent in decline. In addition, biologically rich coastal wetlands, including mangrove forests and
salt marshes, are favorite sites for dredging and filling by industry, farmers and home builders and are
threatened by global warming and rising sea levels.
The RSP is trying to help countries to work together to protect mangrove ecosystems, recognizing that
success involves transboundary action, regional cooperation and clear demonstration of successful
approaches. Establishing effective protected areas is one approach to provide a measure of protection to
coastal and marine ecosystems. Efforts to protect mangroves and other wetland habitats are underway in the
RSP, through programmes of Integrated Coastal Zone Management and establishment of Specially-Protected
Areas.
The Small Islands Developing States' Programme of Action (SIDS/POA) explicitly identifies coastal and
marine resources as requiring urgent action. It calls for the establishment and strengthening of programmes
within the framework of the GPA and the Regional Seas programmes, to assess the impact of planning and
development on the coastal environment, including coastal communities, wetlands, coral reefs and areas
under the national jurisdiction of SIDS, and to implement the POA.
As a group, SIDS have special needs if they are to develop in a sustainable way. They share characteristics
that make them economically, environmentally and socially vulnerable to forces over which they exercise little
or no control, placing them at a distinct disadvantage in comparison with larger countries. The marine and
coastal environments of SIDS represent a vital resource for socio-economic development. The ecosystems of
SIDS are much more fragile than those of countries with larger landmasses. Since the ecosystems of SIDS
are already under stress, they are consequently more vulnerable to the negative impacts of climate change
and sea level rise. The sensitivity and excessive fragility of the ecosystems of SIDS are partly a function of the
population’s management practices and increasing demands for resources. The coastal areas of SIDS
contain some of the worlds most diverse and productive ecosystems, including mangrove forests, coral reefs,
and sea grasses. Low-lying deltas, coral atolls and reefs are particularly sensitive to changes in the frequency
and intensity of rainfall and storms. The biological diversity of SIDS – the source of enormous environmental,
economic, and cultural value – will be threatened by rapid climate change.
The Regional Seas Programme provides an important globally coordinated, region-wide mechanism to
implement all relevant global environmental conventions and agreements. Though SIDS predominate in
mainly two regions; the Wider Caribbean and the Pacific, all SIDS are part of a Regional Seas programme.
The international Meeting for the Ten-Year Review of the Barbados Programme of Action (BPOA) for the
sustainable development of SIDS resulted in the Mauritius Strategy for the further implementation of the
Programme of Action for the Sustainable Development of SIDS. UNEP has prepared a workplan to internalize
the Mauritius Strategy in alignment with the BPOA. A Memorandum of Understanding covering the annual
programme of work to renew cooperation with the Secretariat of the Pacific Regional Environment
Programme was signed in May 2005.
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As part of its support to Small Island Developing States, UNEP is supporting workshops and training courses
to build capacities of SIDS to develop and implement strategies for sustainable development and
management of their marine and coastal areas. Also, in 2005, UNEP/RSP supported the Government of
Samoa to increase awareness on mangroves by printing the booklet “Mangroves of Samoa: Status and
Conservation”. The booklet is a means of conveying the message that the problem of mangrove ecosystem
degradation is quite serious in Samoa and remedial action needs to be taken immediately to ensure that the
future generations of Samoa benefit from services and products provided by mangroves.

Secretariat of the Pacific Regional Environment Programme
The Secretariat of the Pacific Regional Environment Programme (SPREP), a regional intergovernmental
organization based in Apia, Samoa, was established in 1982 through the UNEP Regional Seas Programme
as a programme of the South Pacific Commission to confront threats to the marine and coastal environment.
SPREP is the primary regional organization concerned with environmental management in the Pacific, and
serves as the Secretariat for three regional Conventions. It was previously known as the South Pacific
Regional Environment Programme. The 1986 Noumea (or SPREP) Convention for the Protection of the
Natural Resources and Environment of the South Pacific Region entered into force in 1990. The 1976
Convention on the Conservation of Nature in the South Pacific, known as the Apia Convention, entered into
force in 1990. It deals with protected areas, representative samples of natural ecosystems, geological
formations, and sites of aesthetic, historic cultural or scientific value. The 1995 Convention to Ban the
Importation into Forum Island Countries of Hazardous and Radioactive Wastes and to Control the
Transboundary Movement and Management of Hazardous Wastes within the South Pacific Region (Waigani
Convention) entered into force in 2001. SPREP member States and territories are American Samoa,
Australia, Commonwealth of the Northern Mariana Islands, Cook Islands, Federated States of Micronesia, Fiji,
France, French Polynesia, Guam, Kiribati, Marshall Islands, Nauru, New Caledonia, New Zealand, Niue,
Palau, Papua New Guinea, Samoa, Solomon Islands, Tonga, Tuvalu, United Kingdom, United States of
America, Vanuatu, and Wallis and Futuna.
SPREP’s activities are guided by the Action Plan for Managing the Environment of the Pacific Islands Region
as well as the SPREP Convention. The development and implementation of the Action Plan is the
responsibility of the 25 countries and territories that make up the region (all 21 Pacific Island countries and
territories, and four developed countries with direct interests in the region: Australia, France, New Zealand,
and the United States of America). SPREP has been assisting countries to comply with Conventions and
Agreements on marine conservation and sustainable development, by targeting five main areas: education
and awareness; monitoring, assessment and research; capacity building; legislation; and the creation of
networks and sharing of experiences between communities and amongst programmes. The current Action
Plan (2005-2009) identifies natural resources management, pollution prevention, climate change and
variability, sea level rise and stratospheric ozone depletion, along with a number of cross cutting issues, as
broad focus areas for the region.
In 2004 UNEP/RSP and SPREP signed a framework Memorandum of Understanding, which provides the
platform for developing joint activities. Within this context, UNEP/RSP supported SPREP and the Basel
Convention to develop preliminary elements for an Integrated Waste Management Strategy for Pacific Island
States. The purpose of this paper was to describe the state of problems encountered by Pacific Island
countries in managing hazardous waste and explore possible improvements through the integrated
management of solid and hazardous wastes. The paper also raised awareness in the international
community and Pacific Island region of benefits from an integrated waste management approach.
In 2004 SPREP moved from a project-based approach to a more coordinated approach through managing
activities under two overarching programmes. SPREP’s switch to this new structure was made to enable a
more systematic and longer-term approach to addressing environmental issues, and occurred in parallel with
programme funding becoming available from SPREP’s major donors. The two new programmes are:
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•

•

Island Ecosystems: The Islands Ecosystems Programme focuses on sustainably managing and
conserving terrestrial, coastal and marine ecosystems of Pacific Islands. It works to conserve priority
threatened species and reduce the impact of alien, invasive species and living modified organisms. It also
has a crosscutting capacity-building component.
Pacific Futures: The Pacific Futures Programme focuses on sustainable development policies for
improved environmental governance; capacity to monitor and report on environmental performance and
socioeconomic pressures on the environment; capacity to respond to climate change, climate variability
and sea level rise; management and response to marine pollution, hazardous waste, solid waste,
sewerage and other land-based sources of pollution; and integrated assessment and planning. It also
features the coordination and development of partnership mechanisms that provide new and improved
collaboration, coordination and effective implementation as well as leveraging and use of resources.
Pacific Futures has an element related to the development, support and implementation of integrated
regional strategies for environmental management and sustainable development.

SPREP’s nine components under these two programmes are (i) Terrestrial Island Ecosystems, (ii) Coastal
and Marine Ecosystems, (iii) Species of Special Interest, (iv) People & Institutions, (v) Managing Multilateral
Environment Agreements & Regional Coordination Mechanisms, (vi) Environment Monitoring & Reporting,
(vii) Climate Change, Climate Variability, Sea Level Rise & Stratospheric Ozone Depletion, (viii) Waste
Management & Pollution Control, and (ix) Environment Policy & Planning.
SPREP’s Pacific Islands Climate Change Assistance Programme was a three-year initiative funded by the
Global Environment Facility from 1997-2000 to assist ten Pacific Island countries that signed and ratified the
United Nations Framework Climate Change Convention with their reporting, training and capacity-building
under the convention, including assessing their vulnerability to climate change. Participants from 12 countries
(Papua New Guinea was the one participating country with indigenous mangroves) received training on
assessing climate change vulnerability and adaptation requirements during a six-month training course in
1998. Under this program, SPREP produced a document, “Adapting to Climate Change: Incorporating
Climate Change Adaptation into Development Activities in Pacific Island Countries: A Set of Guidelines for
Policymakers and Development Planners,” (South Pacific Regional Environment Programme, 2000). The
document presents general guidelines for Pacific Island governments to incorporate considerations of sea
level and climate change into new development planning.
The Regional Wetlands Action Plan for the Pacific Islands (South Pacific Regional Environment Programme,
1999b) specifies regional actions to monitor mangroves. Action 3.3.1 calls for the development of a regional
monitoring program to assess the status of mangroves in the region, evaluate the success of management
and conservation actions and develop more effective management practices. Furthermore, Action 3.3.5
identifies that mangroves, particularly those of low islands, are likely to be sensitive to rise in sea level. It
promotes the development of a mangrove-monitoring network for identification of changes.
SPREP implemented the progamme, “Capacity Building for the Development of Adaptation Measures in
Pacific Island Countries,” in the Cook Islands, Fiji, Samoa, and Vanuatu from 2002-2005. The project’s aim
was to build capacity of communities of these four countries to adapt to climate change, including
incorporation of climate change adaptation considerations into national and sectoral planning and budgeting.
The project focused on socioeconomic effects and policy development, and did not address coastal
ecosystem responses to sea level and climate change forces. As part of this programme, SPREP conducted
seminars for senior government officials from the four participating countries and produced and distributed
briefing papers and educational materials to raise awareness of climate change effects and adaptation
(Secretariat of the Pacific Regional Environment Programme, 2003).

Western Pacific Regional Fishery Management Council
In 1976, the U.S. established jurisdiction over fisheries in federal waters through the Magnuson Fishery
Conservation and Management Act, which created eight quasi-federal regional councils to oversee fisheries in
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their respective areas. Under the Magnuson-Stevens Act, the Western Pacific Regional Fishery Management
Council is the policy-making organization for the management of fisheries in the Exclusive Economic Zone
surrounding the U.S. insular possessions in the tropical western Pacific. The Western Pacific Council makes
policy for the management of fisheries in the EEZs adjacent to the Territory of American Samoa, Territory of
Guam, State of Hawaii, the Commonwealth of the Northern Mariana Islands, and U.S. Pacific Island
possessions of Jarvis Island, Howland and Baker Islands, Palmyra Island, Kingman Reef, Johnston Island,
and Wake Island. This constitutes an area of over 5.1 million km2, the largest EEZ management area of the
U.S. regional fishery management councils, representing about half of the total EEZ waters under U.S.
jurisdiction.
The main task of the Council is to protect fishery resources while maintaining opportunities for domestic
fishing at sustainable levels of effort and yield. To accomplish this, the Council monitors fisheries within its
region and prepares and modifies fishery management plans as needed. The Council develops fishery
management plans by following the management principles and scientific requirements of the Magnuson
Stevens Fishery Conservation and Management Act and by being guided by the social, cultural, and
economic values and realities of our island communities.
The Western Pacific Council’s interest in mangroves is due to mangrove wetlands’ functional links with other
Pacific Island coastal ecosystems and the important contribution of mangroves to nearshore fisheries
production. Moreover, the Council has recently begun to replace its existing suite of Fishery Management
Plans (FMPs) with integrated ecosystem-based plans for each island archipelago. The results and
recommendations stemming from this study are contributing to the development of these new place-based
Fishery Ecosystem Plans.

Intergovernmental Panel on Climate Change
The Intergovernmental Panel on Climate Change (IPCC) was established in 1988 by the United Nations
Environment Programme and the World Meteorological Organization. It was given a mandate to assess the
state of knowledge on the climate system and climate change, impacts of climate change, and strategies for
response to climate change (Acosta et al., 1999). Since the first release in 1999 of the IPCC’s assessment
report on the scientific basis for climate change and projected impacts, it is no longer a hypothesis but
accepted as fact that humans have induced climate change and increased the rate of global sea level rise
over human time scales from the emissions of greenhouse gases and aerosols (Houghton et al., 2001;
McCarthy et al., 2001).

United Nations Framework Convention on Climate Change
The United Nations Framework Convention on Climate Change (UNFCCC) was adopted in 1992 one month
before the 1992 Rio Earth Summit and entered into force in 1994 (Acosta et al., 1999). The UNFCCC’s
mission is to stabilize, “greenhouse gas concentrations in the atmosphere at a level that would prevent
dangerous anthropogenic interference with the climate system,” (Climate Change Secretariat, 2004). At the
Third Conference of the Parties of the UNFCCC in 1997, the parties adopted by consensus the Kyoto
Protocol, which creates a legally binding commitment for developed, industrialized countries to reduce their
collective emissions of six key greenhouse gases by at least 5% compared to 1990 levels by the period 20082012 (Acosta et al., 1999). The Kyoto Protocol was opened for signatures in 1998, and required ratification
by at least 55 Parties to the UNFCCC, with developed countries representing at least 55% of the total 1990
carbon dioxide emissions from this group (Acosta et al., 1999). The Kyoto Protocol entered into force on 16
February 2005. As of this date, there were 128 Contracting Parties to the Kyoto Protocol, including 30
industrialized countries. Only four industrialized countries have not ratified the Kyoto Protocol: they are
Australia, Liechtenstein, Monaco, and the United States. Australia and the United States account for over one
third of the greenhouse gases emitted by industrialized countries.
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A central feature of the UNFCCC and Kyoto Protocol is to provide developed countries with flexible means to
meet requirements to reduce greenhouse gas emissions. The Clean Development Mechanism is a financial
mechanism that enables developed countries to offset reduction targets through contributing to development
projects that contribute to reducing greenhouse gas emissions in developing countries (Campbell, 2000).
Article 12, Paragraph 8 of the Kyoto Protocol states that, “a share of the proceeds from certified project
activities (funds generated by the Clean Development Mechanism) [will be] used…to assist developing
country Parties that are particularly vulnerable to the adverse effects of climate change to meet the costs of
adaptation” (Campbell, 2000). The UNFCCC identifies small island countries as being among the most
vulnerable.
All twelve Pacific Island countries with indigenous mangroves are Parties to UNFCCC. Of these, eleven
countries (Kiribati, Marshall Islands, Federated States of Micronesia, Nauru, Palau, Papua New Guinea,
Samoa, Solomon Islands, Tonga, Tuvalu, and Vanuatu) have submitted an initial National Communication to
the UNFCCC. Fiji has not yet submitted a National Communication. The eleven initial National
Communications discuss general considerations and guidelines related to coastal ecosystem vulnerability and
adaptation to future sea level and climate change (Federated States of Micronesia, 1997; Government of
Samoa, 1999; Government of Tuvalu, 1999; Kiribati Government, 1999; Republic of Nauru, 1999; Republic of
Vanuatu, 1999; Papua New Guinea Government, 2000; Republic of the Marshall Islands Environmental
Protection Authority, 2000; Republic of Palau Office of Environmental Response and Coordination, 2002;
Solomon Islands Government, 2004; Kingdom of Tonga, 2005). The reports do not discuss results of any
assessments of the vulnerability of coastal habitats to sea level or climate change or discuss site-specific
strategies for adaptation. The National Communication reports highlight that there is a gap in information on
anticipated site-specific responses of mangroves and other coastal ecosystems to changes in climate and
relative sea level, on identifying sections of coastline and areas of sensitive coastal ecosystems that are
especially vulnerable to these forces, and how to plan to adapt to these changes in order to minimize social
disruption and minimize and offset anticipated losses of coastal ecosystems. Examples of some of the
general adaptation strategies to manage the response of mangroves and other coastal areas to sea level and
climate change identified in the National Communication reports follow. These examples are representative
of the level of specificity in the National Communication reports to assess the vulnerability of and adapt to
coastal ecosystem response to sea level and climate change.
•
•

•

•

•
•
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Establish zoning rules for setbacks of new development from mangroves (Republic of Palau Office
of Environmental Response and Coordination, 2002; Solomon Islands Government, 2004);
Retreat to higher ground or off-island for appropriate sections of coastline as a last resort option
(Kiribati Government, 1999; Republic of the Marshall Islands Environmental Protection Authority,
2000; Republic of Palau Office of Environmental Response and Coordination, 2002; Solomon
Islands Government, 2004);
Fortify relevant sections of developed coastline. Promote the use of soft coastal erosion
protection measures such as revegetation and other traditional coastal erosion control methods
over hard measures such as seawalls (Federated States of Micronesia, 1997; Government of
Samoa, 1999; Kiribati Government, 1999; Papua New Guinea Government, 2000; Republic of the
Marshall Islands Environmental Protection Authority, 2000; Republic of Palau Office of
Environmental Response and Coordination, 2002);
Identify sections of coastal areas vulnerable to flooding and inundation to guide future
development and incorporate projected relative sea level rise scenarios into master planning
(Federated States of Micronesia, 1997; Republic of Vanuatu, 1999; Papua New Guinea
Government, 2000; Republic of Palau Office of Environmental Response and Coordination, 2002);
Rehabilitate mangroves (Federated States of Micronesia, 1997; Republic of Palau Office of
Environmental Response and Coordination, 2002);
Re-vegetate the coastal strand to reduce erosion (Republic of Nauru, 1999; Government of
Samoa, 1999; Republic of Palau Office of Environmental Response and Coordination, 2002;
Solomon Islands Government, 2004; Kingdom of Tonga, 2005);
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•

•

•
•

•

Prevent unsustainable cutting and clearing of mangrove trees, discharge of pollutants, and reduce
and eliminate other anthropogenic stresses on mangroves, to increase resilience to sea level and
climate change (Federated States of Micronesia, 1997; Republic of Vanuatu, 1999; Republic of
Palau Office of Environmental Response and Coordination, 2002; Solomon Islands Government,
2004);
Discourage reclamation (filling of mangroves and other coastal habitats for development) and
government leasing of mangroves for development (Government of Samoa, 1999; Republic of
Palau Office of Environmental Response and Coordination, 2002);
Institute integrated coastal zone management, including improved institutional coordination for
coastal management (Government of Samoa, 1999; Papua New Guinea Government, 2000); and
Raise public awareness of problems and strategies to adapt to sea level and climate change and
the value of mangroves (Government of Samoa, 1999; Government of Tuvalu, 1999; Republic of
Nauru, 1999; Republic of Palau Office of Environmental Response and Coordination, 2002;
Solomon Islands Government, 2004); and
Raise institutional capacity to plan and implement adaptation strategies, and develop appropriate
legislation (Republic of Nauru, 1999; Papua New Guinea Government, 2000; Republic of the
Marshall Islands Environmental Protection Authority, 2000; Solomon Islands Government, 2004).

Ramsar Convention on Wetlands
The Convention on Wetlands of International Importance especially as Waterfowl Habitat, an
intergovernmental treaty adopted in 1971 in the Iranian city of Ramsar, came into force in 1975, and has
come to be known as the Ramsar Convention. The Ramsar Convention provides the framework for national
action and international cooperation for the conservation and wise use of wetlands and their resources. As of
May 2006, 152 States have become Contracting Parties to the Convention, and these Contracting Parties
have designated 1,596 sites for inclusion on the Ramsar List of Wetlands of International Importance,
covering over 134 million hectares. The Ramsar Convention recognizes the importance of wetlands as key
elements of inland waterways and coastal systems. The Convention espouses the “wise use” of wetlands,
managing these areas to retain their ability to provide valued services for future generations. The Ramsar
Convention created the List of Wetlands of International Importance, or the “Ramsar List,” which includes
sites identified by the Contracting Parties as meeting the Convention criteria. The Ramsar Convention assists
countries to develop and implement national policy and legislative frameworks, education and outreach
programs, inventory projects, research efforts, and training projects. The Ramsar Convention also provides a
vehicle for regional and international collaboration between countries for the management of shared wetland
systems and species.
The study of the capacity of Pacific Island countries and territories to assess the vulnerability of their
mangrove resources to climate change effects and to adapt to mangrove responses to these forces advances
the Ramsar Convention’s Resolution VIII.3 on climate change and wetlands, which highlights the need for
advanced land-use planning, adaptation, and mitigation to prepare for the effects on wetlands from climate
and sea level change.
The study also advances the Ramsar Convention’s Wise Use guidelines
(Recommendation 4.10 and Resolution 5.6) and Management Planning Guidelines (Resolution 5.7).

Millennium Development Goals
At the United Nations Millennium Summit held in September 2000, 147 Heads of State adopted eight
Millennium Development Goals (MDGs), which set targets to reduce poverty, hunger, disease, illiteracy,
environmental degradation and discrimination against women by 2015 (United Nations Development
Programme, 2005). One of the eight MDGs is to ensure environmental sustainability, meeting human needs
without undermining the capacity of the planet’s ecological systems to support life over the long term. The
three targets of this goal are to:
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•
•
•

Integrate the principles of sustainable development into country policies and programmes and reverse the
loss of environmental resources;
Reduce by half the proportion of people without sustainable access to safe drinking water; and
Achieve significant improvement in lives of at least 100 million slum dwellers, by 2020.

MDGs are a framework for sustainable development, setting social equity goals and targets that contribute to
economic development while ensuring environmental sustainability.

Millennium Ecosystem Assessment
The Millennium Ecosystem Assessment (MEA) is an international work program designed to meet the needs
of decision makers and the public for scientific information concerning the consequences of ecosystem
change for human wellbeing and options for responding to those changes. MEA has conducted a global
inventory of the state of ecosystems, quantifies the effect that human activities are having on ecosystems and
makes suggestions for future actions. MEA was launched by the United Nations Secretary - General in June
2001 and was completed in March 2005. It is designed, in part, to help meet assessment needs of the
Convention on Biological Diversity, Convention to Combat Desertification, the Ramsar Convention on
Wetlands, and the Convention on Migratory Species. MEA focuses on ecosystem services, how changes in
ecosystem services have affected human wellbeing, how ecosystem changes may affect people in future
decades, and alternative responses that can be taken at local, national, or global scales to improve
ecosystem management. One of MEA’s reports, Ecosystems and Human Well-being: Wetlands and Water
Synthesis, was designed for the Ramsar Convention to meet the need for information about the
consequences of ecosystem change for human wellbeing and sought to strengthen the link between scientific
knowledge and decision-making for the conservation and wise use of wetlands. Integrated assessments may
be repeated every 5– 10 years and ecosystem assessments may be regularly conducted at national or subnational scales.

Convention on Biological Diversity and World Summit on Sustainable Development Biodiversity
Targets
To address global biodiversity loss, in 2002 the Conference of the Parties to the Convention on Biological
Diversity adopted a Strategic Plan to implement the convention. In its mission statement, Parties committed
themselves to a more effective and coherent implementation of the three objectives of the Convention, to
achieve by 2010 a significant reduction of the current rate of biodiversity loss at global, regional and national
levels as a contribution to poverty alleviation and to benefit all life on earth. This target was subsequently
endorsed by the 2002 World Summit on Sustainable Development (Earth Summit II or Rio + 10). The
Conference of the Parties identified seven focal areas and agreed on a limited number of trial indicators, to
assess progress at the global level towards the 2010 target, and to effectively communicate trends in
biodiversity related to the three objectives of the Convention. For each of the seven focal areas, goals and
sub-targets and indicators have been identified (http://www.biodiv.org/2010-target/default.asp).

Convention on Biological Diversity Island Biodiversity Programme of Work
In 2004 at its seventh meeting the Conference of the Parties to the Convention on Biological Diversity
established a new thematic programme of work on Island Biodiversity. This thematic programme establishes
a vision for, and basic principles to guide, future work; sets out key issues for consideration; identifies
potential outputs; and suggests a timetable and means for achieving these outputs. The convention
secretariat is in the process of establishing an Ad Hoc Technical Expert Group on Island Biodiversity
(http://www.biodiv.org/programmes/areas/island/).
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Bali Strategic Plan
Capacity building is increasingly an explicit priority for UNEP. The 2002 UNEP Governing Council/Global
Ministerial Environment Forum’s (GC/GMEF) review of international environmental governance identified the
need for an Intergovernmental Strategic Plan for Technology Support and Capacity Building to improve the
effectiveness of capacity building and to address the gaps identified by assessments of existing activities and
needs. The Bali Strategic Plan for Technology Support and Capacity-building was adopted by the High-level
Open-ended Intergovernmental Working Group on an Intergovernmental Strategic Plan for Technology
Support and Capacity-building at its third session in Bali, Indonesia in 2004. The Bali Strategic Plan is an
intergovernmental agreed approach to strengthening technology support and capacity building in developing
countries and countries with economies in transition. It stresses that capacity building should respond to
needs and priorities of countries in a holistic approach and be in line with regional and sub-regional
environmental initiatives. The capacity needs of the Pacific Islands identified in this report are in line with the
Bali Strategic Plan objectives.

Pacific Island vulnerability assessments
Due to anticipated effects of sea level and climate change in the Pacific Islands region, several international
and regional initiatives discuss the severity of this threat and provide general guidelines for planning.
However, there have been few site-based vulnerability assessments or identification of alternatives for sitebased management of mangrove and other coastal ecosystems’ responses to sea level and climate change.
There have been several national or island-scale vulnerability assessments in Pacific Island countries and
territories that provide qualitative assessments to describe the anticipated response of coastal systems to
projected sea level and climate change and concomitant threats to developed portions of the coastal zone.
For example, Phillips (2000) describes the vulnerability of Vanuatu’s coastal villages to sea level rise, where
the population is concentrated on narrow coastal plains of high volcanic islands, referencing global sea level
rise models produced by the Intergovernmental Panel on Climate Change and other projected global climate
change parameters (temperature and precipitation), as a basis for hypothesizing possible environmental,
social, and economic effects. Other vulnerability assessments have established the locations and elevations
of coastal habitats and development and use global or relative sea level change projections to make rough
predictions of the sections of coastline that will be affected. For example, Solomon et al. (1997) create a GIS
of a developed stretch of the coastline of Viti Levu, Fiji using existing topographic maps to identify the
locations and elevations of coastal development, including sea walls, revetments, and other shoreline
protection structures. They then use this GIS to assess the vulnerability of the coastline to inundation from
four sea level rise scenarios and storm surges. This latter approach to conducting a vulnerability assessment
does not incorporate natural coastal ecosystem responses to changes in sea level and climate.

Other initiatives
The “South Pacific Sea Level and Climate Monitoring Project” was initiated in 1991 to establish stations in
eleven Pacific Island countries to measure the relative motions of land and sea at each station (South Pacific
Sea Level and Climate Monitoring Project, 2001). The project is funded by AusAID and managed by the
National Tidal Facility, based at the Flinders University of South Australia. These data will assist in long-term
calibration of satellite altimetry and radio astronomy and provide a measure of regional vertical control, and
exchange information and data with national, regional and international climate change centers.
The South Pacific Applied Geoscience Commission (SOPAC) has developed an environmental vulnerability
index for application at national scales to provide a quick and inexpensive method to characterize the
vulnerability of natural systems at large scales. It is not designed for site-based vulnerability assessments
(South Pacific Applied Geoscience Commission, 2003). SOPAC produced a report, Towards Managing
Environmental Vulnerability in Small Island Developing States ( SIDS ) ( Kaly et al., 2002 ), which includes a
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general discussion of possible hazards to small island developing states resulting from sea level and climate
change.
The World Bank report, Cities, Seas, and Storms: Managing Change in Pacific Island Economies, includes a
general, broad discussion of the importance of planning to adapt to climate change and general guidelines for
adapting by Pacific Islands (World Bank, 2000).
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