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PREFACE

The world is currently facing the greatest challenge of all time. Rapid climate change is transforming 
the conditions under which life has persisted for millions of years. These changes are threatening the 
life-support systems upon which we depend. 

Humanity is at the crossroads. The message is quite simple and the choice stark: act now or face an 
uncertain, potentially catastrophic future.

Concentrations of atmospheric carbon dioxide are increasing at a rate that dwarfs any seen over the 
last million years at least. Temperatures are rapidly rising, weather patterns changing and biological 
systems responding profoundly. And the oceans, having nurtured life on this planet, are now 
approaching crisis. 

World leaders can change the history of the planet and directly infl uence the survival of millions 
upon millions of people, and generations to come. But to do so, they must identify those steps that 
will have the greatest and most lasting impact on the problem. 
 
One of these opportunities lies in a heavily populated area of our planet, the Coral Triangle, which 
stretches across six countries in Southeast Asia and Melanesia. In an area that is no more than 1% of 
the Earth’s surface, evolution has produced ecosystems unrivalled in diversity and colour. On land, 
some of the richest rainforests and unique terrestrial species can be found. And beneath the seas, lie 
the most diverse marine communities and ecosystems to be found anywhere on planet Earth.
This incredible cauldron of evolution should be protected in its own right. However, its value is much 
greater. In addition to the incredible biological diversity of the Coral Triangle, over 300 
million people from some of the most diverse and rich cultures on our planet live here.

Many of these people live on coastlines of the Coral Triangle, depending on healthy coastal 
ecosystems for their survival. Ecosystems such as coral reefs, mangroves and seagrass beds provide 
food, building materials, coastal protection, industries such as fi shing and tourism, and many other 
benefi ts. The services that these ecosystems provide are essential to the 150 million people living in 
and around the coastal areas of the Coral Triangle. 

Unfortunately, the coastal ecosystems of the Coral Triangle are in deep trouble – 40% of coral reefs 
and mangroves have been lost in Southeast Asia over the past 40 years. Coastal deforestation, 
wetlands reclamation for urban development, aquaculture and agriculture, declining water quality, 
pollution, sewage, destructive fi shing and over-exploitation of marine life have led to severe impacts 
on these essential ecosystems. These changes are now starting to affect the people of the Coral 
Triangle.

Rapid changes in the Earth’s climate are now also beginning to affect the terrestrial and marine 
ecosystems of the Coral Triangle. Changing weather patterns are increasing the risk of fl oods, 
landslides and severe storms in some parts of the Coral Triangle, while causing crippling drought 
in other areas. Rising sea levels are putting pressure on coastal communities through storm surge 
and inundation of fresh water supplies. Damage to coastal vegetation from storms and wildfi res are 
breaking down barriers to erosion.
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PREFACE

Coastal ecosystems in the Coral Triangle are already being impacted by warming, acidifying and 
rising seas. Coral reefs have experienced severe mass bleaching events across the region, which, if 
they increase in intensity and frequency, threaten to seriously degrade these important ecosystems. 
Mangroves face similar problems with rising sea levels threatening their future. With the build up of 
coastal infrastructure, there is no place for mangroves to retreat. The downstream effects on human 
beings of losing these critical coastal ecosystems are enormous.

Basically, the future is looking very gloomy unless we act immediately and decisively.
This report brings together a vast amount of information from the climate, biological, economic, 
policy and social sciences to build credible pictures of two potential worlds. These two worlds are 
instructive in terms of the impact of the decisions that we take today.

In one world, based on the Intergovernmental Panel on Climate Change (IPCC) A1B scenario, our 
attempts to stabilize the Earth’s climate fail, as does our resolve to deal with the multitude of local 
threats to the coastal ecosystems in the Coral Triangle. In this world, temperatures soar and the 
current rich coral reef and mangrove ecosystems disappear, with huge impacts on food security, 
human survival and regional security. This is a world that we must avoid at all costs.

In the other world, based on a modifi ed version of the B1 scenario of the IPCC, the international 
community takes decisive and effective action which rapidly reduces greenhouse gas emissions, and 
resolves to assist countries like the Coral Triangle nations develop effective solutions to the growing 
problems they face. These actions, while not without challenges, limit the impacts of the changing 
climate and maximise the resilience of biological, ecological and socioeconomic systems to those 
climate change impacts that are currently unavoidable. This is a world in which the poorest people 
are not abandoned to the impacts caused by the developed world.

This report delivers a sombre warning that action must be taken immediately. There are a number of 
actions (discussed in detail in chapter 10), which, if implemented by regional and world leaders, will 
avoid this crisis. Let us hope that these actions become central to the future of the Coral Triangle.
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EXECUTIVE SUMMARY

This study brought together the experience, viewpoints and analysis of over 20 experts from the 
climate, biological, economic, policy and social sciences. The major focus of the study was to 
examine how the future might unfold for one of the most ecologically rich yet most populated 
regions of the planet. In doing so, this report has developed a series of policy recommendations 
which must be taken on board if we are to avoid a major environmental and human catastrophe. If 
we don’t do this, hundreds of thousands of unique species, entire communities and societies will be 
in jeopardy.

THE EARTH’S EVOLUTIONARY CAULDRON
Stretching across six countries in Southeast Asia and Melanesia (Indonesia, the Philippines, 
Malaysia, Papua New Guinea, Solomon Islands and Timor Leste), the Coral Triangle contains the 
richest marine ecosystems on earth. While encompassing just over 1.5% of the world’s oceans (and 
1% of the earth’s surface), it contains a staggering proportion of the world’s marine diversity: 76% of 
reef-building coral species, and 37% of coral reef fi sh species. The Coral Triangle is the epicentre for 
the biodiversity of not only corals and fi sh, but many other marine organisms as well. Like the land-
based ecosystems of this region, the marine ecosystems are of enormous signifi cance and priceless 
value in terms of our biological inheritance and future. 

The signifi cance of the marine ecosystems lining over 132,800 km of coastline within the Coral 
Triangle goes far beyond their biological value or evolutionary signifi cance. Coastal ecosystems in 
this region are critically important for human livelihoods and communities, providing food and 
resources to over 100 million people. Many people in this region forage on coral reefs and other 
coastal ecosystems such as mangroves, to collect their daily food and income. Commercial fi sheries 
provide over $3 billion per year to the six nations. These ecosystems also contribute to the 
maintenance of water quality along coastlines, with mangroves and seagrass beds stabilising 
sediments and acting as fi ltration systems as water runs from land to sea. Coral reefs provide 
important coastal barriers in many regions, reducing the power of waves and preventing damage to 
human communities and infrastructure. These functions cannot be replaced if these ecosystems are 
removed.

COASTAL ECOSYSTEMS IN TROUBLE
Unfortunately, coastal ecosystems throughout the Coral Triangle are being severely threatened by 
the activities of humans. These threats arise from two distinct sources. The fi rst set arise from local 
sources such as destructive fi shing practices, deteriorating water quality, over-exploitation of key 
marine species, and the direct devastation of coastal ecosystems through unsustainable coastal 
development. The second set arise from rapid anthropogenic climate change, which is caused by the 
build up of greenhouse gases such as carbon dioxide in the Earth’s atmosphere. These threats are 
escalating and ecosystems like coral reefs are already showing major changes to sea temperature and 
acidity. Further changes are putting the future of these important biological systems in serious doubt.
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EXECUTIVE SUMMARY

Examination of the trends of how the climate is changing reveals that sea temperatures in large parts 
of the Coral Triangle are increasing at ~0.4oC per decade, while other parts are increasing at lower 
rates (~0.1°C per decade). Disturbances to the hydrological cycle in the region will almost certainly 
lead to changes in rainfall across the region, with rainfall intensity increasing in some regions, and 
dramatically decreasing, causing drought, in others. This may bring about large-scale changes in 
sediments and river effl uent fl owing into coastal areas. Rises in sea level represents a serious threat 
with world-leading scientists at the recent climate science meetings in Copenhagen (March, 2009) 
suggesting that sea level change may have been severely underestimated by the International Panel 
on Climate Change (IPCC 2007) Fourth Assessment Report and that seas may rise by at least one 
metre (if not more) by the end of this century. At the mid to upper end of these scenarios, sea level 
rise could have devastating impacts on coastal ecosystems such as coral reefs, mangroves and 
seagrass beds, as well as inundating coastal communities.

The combination of local and global stresses puts enormous pressure on coastal ecosystems 
throughout the Coral Triangle. The coral reefs of Southeast Asia are the most seriously threatened, 
with 40% of reefs effectively lost, 45% under threat, and 15% at low threat. In contrast, more reefs in 
the Pacifi c Islands and nearby Australia, including Melanesia, are in better condition, with 2 to 8% 
effectively lost, 2 to 35% under threat, and 44 to 90% at low threat. Similar proportions of 
mangroves and seagrass beds have also been lost across the Coral Triangle, affecting the primary 
habitat for thousands upon thousands of species. Most importantly, these changes have resulted in a 
reduced ability of coastal ecosystems to provide food and benefi ts to coastal communities. 

A CRITICAL LEVEL OF ATMOSPHERIC CO2 TO AVOID: 450 PPM
Climate change and its impacts are accelerating and suggest a very worrying future for the people of 
the Coral Triangle if both local and global stresses are not reduced. Coral reefs appear to be 
particularly sensitive to increases in sea temperature. Corals, which are the fundamental organisms 
that build coral reefs, bleach and die if temperatures increase by a couple of degrees above long-term 
average temperatures. Increases in atmospheric CO2 that exceed 450 parts per million (ppm) 
seriously reduce the ability of corals to grow and maintain reefs. Mangroves and seagrass beds 
face similar threats from the accelerating sea level rise associated with these changes. 

These changes are driving major changes in the health of coastal ecosystems, and are increasingly 
exposing coastal populations to the erosion of food security, income, deteriorating coastal protection 
and other challenges. They are affecting people who are, ironically, already impoverished and are 
among the least able to respond to the changes that are occurring in their environment. If they are 
allowed to continue, these changes will exacerbate poverty and social instability within the region, 
with wider consequences for the region and the world. It is an imperative that we address the core 
issue of climate change while at the same time addressing the key threats that are rising from local 
stresses. Only if we deal with both of these challenges, will these coastal ecosystems of the Coral 
Triangle, and the many people that depend on them, have any future at all.

This study explored the strong links between people and coastal ecosystems within the Coral 
Triangle, and established two scenarios of the future in the face of a changing climate. The scenario 
planning was done after a comprehensive review of a multitude of social, environmental and 
economic drivers.

THE CORAL TRIANGLE AND CLIMATE CHANGE
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TWO WORLDS: OUR CHOICE
The global scenarios used in this exercise are based on those originally developed by the Intergovern-
mental Panel on Climate Change (IPCC 2001), adjusted to accommodate recent insights into how the 
world is changing. Since the Fourth Assessment Report, it has become clear that many of the physical 
and chemical changes associated with human driven climate change are accelerating, or were simply 
underestimated by the IPCC. 

The best case scenario presented in this report is based on an updated interpretation of the IPCC’s B1 
scenario, with its global cooperation and environmentally friendly policy framework. 

The current fossil fuel intensive A1FI (extreme variant of the A1 scenarios of the IPCC) is widely 
regarded as extremely risky and dangerous. This scenario (A1FI) is explored in the report but is soon 
set aside as being too extreme given the impacts and devastation it would have on our natural world 
and global economy. Therefore, the intermediate case, A1B scenario, was used as the worst case 
scenario for this report. This scenario describes a world in which fossil and renewable fuels are used 
in what the IPCC called a ‘balanced mix’. 

After exploring the economic drivers for the two scenarios (B1 and A1B) from global to regional 
economic drivers, the impacts of the alternative scenarios for the coastal ecosystems and the people 
that depend on them in the Coral Triangle were explored. The potential state of coastal ecosystems 
were estimated from our current understanding of how these ecosystems are likely to be impacted as 
climate conditions change. 

WORST CASE (A1B) SCENARIO: FAILURE TO REDUCE 
CLIMATE CHANGE AMID ESCALATING LOCAL THREATS
In the A1B world, atmospheric CO2 rises above 700 ppm by the end of this century. This results 
in global temperatures (NB tropical sea temperatures roughly follow global temperature increases 
closely) that lie between 1.5 and 6.4°C above today – with an 89% chance that temperatures would 
rise above the critical level of 2°C, which is enough to destroy coral communities due to widespread 
bleaching and mortality. At the same time, seawater within the Coral Triangle falls below the critical 
aragonite saturation value of 3.3, which is the amount of calcium and carbonate ions required to build 
and maintain carbonate coral reef ecosystems. The signifi cant chance of catastrophic breakdown 
of ice sheets in Greenland and Antarctica coupled with sea level rise due to thermal expansion will 
almost certainly push sea levels to one metre above today’s levels, if not higher. 

The world that has these characteristics will not have healthy coastal ecosystems such as coral reefs 
and mangrove forests. It will be a world in which human poverty grows rapidly, destabilising 
societies and leading to the movement of people towards large sprawling urban centres, exacerbating 
issues within those cities. The destabilisation of communities and societies will also pose a potential 
threat to regional security.  No amount of managing other stresses within the region will make much 
difference to the declining health of ecosystems, which would have little chance of recovering if and 
when atmospheric CO2 had been stabilised.
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BEST CASE (B1) SCENARIO: DECISIVE INTERNATIONAL
ACTION ON CLIMATE CHANGE WHILE BUILDING 
SUSTAINABLE COASTLINES AND COMMUNITIES
In the B1 world, there is a high level of environmental and social consciousness combined with a 
coherent global approach to sustainable development. Heightened environmental consciousness 
might be brought about by clear evidence that impacts on natural resources pose serious threats to 
human livelihoods and economies. As argued within the scenarios, a range of demonstrative lessons 
might lead to these types of changes in our approach. Economic development in the B1 world is 
balanced, and efforts to achieve equal income distribution are effective. As in A1B, the B1 storyline 
describes a fast-changing world but with different priorities. Whereas the A1 world invests its gains 
from increased productivity and know-how primarily into further economic growth, the B1 world 
invests a large part of its gains into improved effi ciency of resource use, equity, social institutions 
and environmental protection.

In the B1 scenario, the stabilisation of atmospheric CO2 at or below 450 ppm leads to sea 
temperatures in tropical oceans that increase by between 0.8 and 2.7°C. Both the concentration of 
CO2 and increased sea temperature will bring corals very close to the point where their ability to 
maintain complex carbonate reef systems is marginal. Mass coral bleaching will occur every two to 
three years on reefs within the Coral Triangle, and the accumulation of calcium carbonate onto coral 
reefs would slow to a point where reefs will be fragile and easily damaged. Similar changes will 
occur to mangroves and seagrass beds, again with the possibility that they would be lost if local 
threats were not managed and reduced. The benefi ts of the B1 scenario would be indistinguish-
able from the A1B scenario up to the middle of the century, but would become increasingly clear as 
the century ended. At that point, atmospheric CO2 will be stabilising, with the result that the global 
stresses on coral reefs start to diminish, with the real possibility that the re-assortment of corals with 
different tolerances around the planet would see a slow increase in coral cover over the fi rst part of 
the 22nd-century.

These ecosystems will be relatively fragile compared to their current condition today, and will be less 
able to cope with local stresses such as poor water quality, overfi shing and pollution. For this reason, 
the management of local stresses would have a signifi cant effect and will slow the rate of loss of 
these systems this century and potentially speed up their recovery in the next. 

The B1 scenario clearly makes the case for deep and effective action on greenhouse emissions 
internationally while at the same time aggressively addressing local threats to coral reefs. Only if 
these two things are done together will the Coral Triangle have a sustainable future.

THE CORAL TRIANGLE AND CLIMATE CHANGE
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EXECUTIVE SUMMARY

URGENT ACTION IS REQUIRED TODAY NOT TOMORROW
Analysis of the potential impacts of climate change on the Coral Triangle leads to a number of policy 
actions for international leaders to consider. 

First and foremost we must prioritise signifi cant CO2 emission reduction in order to reduce the 
severity of the effects we can otherwise expect - leading us toward the best case rather than worst 
case scenario. This is essential as even the best case scenario is rife with challenges to communities 
and natural resources in the region, with very signifi cant losses to be expected. 

Second, climate change adaptation strategies must be applied as rapidly as possible, since delays in 
applying these strategies will result in insurmountable change, missed opportunities, reduced options 
and a more daunting task with less chance of success.

This report delivers a sombre warning that decisive action must be taken immediately or a major 
crisis will develop within the Coral Triangle over the coming decades. There are a number of actions, 
which, if taken up by regional and world leaders, will help Coral Triangle countries avoid this crisis. 
The policy steps recommended by this report include:

Create a binding international agreement to reduce the rate and extent of climate change.1.  
To do this, emissions should peak no later than 2020, and global warming limited to less than 2°C 
above pre-industrial temperatures (i.e. atmospheric CO2 < 450 ppm) by 2100. This will require 
steep global cuts in emissions that are 80% below 1990 levels by 2050. Inherent to this recom-
mendation is the creation of an aggregate group reduction target for developed countries of 40% 
below 1990 levels by 2020, and a reduction from business-as-usual emission levels for 
developing countries of at least 30% by 2020.

Take immediate action to establish national targets and plans to meet these commitments 2. 
such that the international agreement can be achieved. This report shows that nations in the 
Coral Triangle region have a great deal at stake if climate change continues unchecked. They 
must become part of the solution and must do this expeditiously. Lag-times and non-linear 
responses in the climate system mean that every day we wait to take action, the problem becomes 
dramatically more diffi cult and costly to address successfully. 

Pursue the establishment of integrated coastal zone management across the region to 3. 
reverse the decline of the health of coastal ecosystems. This should include implementation 
of policies that eliminate deforestation of coastal areas and river catchments, reduce pollution, 
expand marine protected areas, regulate fi shing pressures and abolish destructive practices. It is 
important that these actions not aim to restore or protect ecosystems for past conditions, rather 
they must prepare for conditions under a changing climate.

Support the establishment of a global fund to meet the adaptation needs4.  of developing 
countries. While some of the cost of adapting to climate change can be met by redirecting current 
resources that are being used in a manner that is vulnerable to climate change, the growing 
challenge of climate change will result in new and increasing costs. Funds will be required to 
meet these costs given the nature of the problem and that the disproportionate brunt of the 
hardship caused by the problem is borne by developing countries. International funds will be 
necessary to meet these needs.

THE CORAL TRIANGLE AND CLIMATE CHANGE
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Build adjustable fi nancial mechanisms into national budgeting to help cover the 5. 
increasing costs of adaptation to climate change. Climate change will require not only new 
funds, but also a reassessment of current spending so that funds are not spent in ways that are not 
‘climate-smart’, in other words on efforts that are not resilient to climate change. Every effort 
should be made to avoid spending funds and taking actions that exacerbate the problem of 
climate change

Establish governance structures that integrate resource and development management to 6. 
provide robust protection of both in the face of climate change. Adaptation plans cannot be 
developed on a sector-by-sector basis. Doing so risks creating problems such as adaptation being 
effective against one issue but maladaptive against another. It will be important to plan holisti-
cally and create governance structures that can support, implement and monitor these efforts.

Build the socio-ecological resilience of coastal ecosystems and develop stakeholder and 7. 
community engagement processes for communities to improve their ability to survive 
climate change impacts. Involving coastal people and communities in planning provides greater 
stability and effi cacy for solutions to social and ecological systems within the Coral Triangle. 
Fundamentally, it will be local knowledge that generates innovative adaptation strategies which 
may prove most successful. Reducing the infl uence of local stress factors on coastal ecosystems 
makes them able to better survive climate change impacts.  Protecting the diversity of components 
(communities, populations, and species) under the guidance and actions of local people strengthens 
the resolve of these systems in the face of climate change.

Critically review and revise conservation and development efforts at the local, national and 8. 
regional levels for their robustness in the face of climate change. Business-as-usual conservation 
and development will not achieve success. The new mode of action requires integration 
between conservation and development, and the realisation that many past approaches are no 
longer effective due to the impacts of climate change.

Build capacity to engage in planning for climate change. Climate change planning, both 9. 
mitigation and adaptation, will require that we educate current and future practitioners, as 
well as the concerned constituencies. Mechanisms must be created to develop current 
resource managers and planners so that they can immediately implement these new approaches. 
As the problem of climate change is not one that we will be solving in this generation, planning 
and responses to climate change will be iterative as the target continues to move over the com-
ing centuries. Therefore, it will also be necessary to develop training for future capacity through 
education in academic settings. Informed stakeholder and community engagement is at the core 
of successful adaptation, so in addition to professionals and students, civil society must be given 
access to the information they need to understand and respond to climate change.

Focus adaptation on playing a role in economic stimulus, especially in job creation and 10. 
fi nancial mobilisation. Private-public sector incentive schemes, regional/international 
arrangements and investment partnerships (e.g. national insurance reform and special-access loan 
schemes) need to better incorporate risk management and adaptation strategies to reduce 
investment risk and maintain positive fi nancial conditions. 
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CHAPTER 1
INTRODUCTION

“If we look at a globe or a map of the Eastern Hemisphere, we shall perceive between Asia and 
Australia a number of large and small islands, forming a connected group distinct from those great 

masses of land and having little connexion with either of them. Situated upon the equator, and bathed 
in the tepid water of the great tropical oceans, this region enjoys a climate more uniformly hot and 

moist than almost any other part of the globe, and teems with natural productions which are 
elsewhere unknown.”

So begins Alfred Russel Wallace’s seminal book The Malay Archipelago, fi rst published in 1869 
(Wallace 1869) and destined to become one of the foundations of modern biogeography.

SCIENTIFIC BACKGROUND
Wallace, concurrently with Darwin, looked for an interpretation of terrestrial modern faunal 
distributions in the light of past evolutionary events. In 1863 he read a paper to the Royal 
Geographical Society (Wallace 1863) which had a red line on a map starting at the deep strait 
between Bali and Lombok and passing up the Makassar Strait. To the west he wrote ‘Indo-Malayan 
region’ and to the east, ‘Austro-Malayan region’. This line, dubbed ‘Wallace’s line’ by T.H. Huxley in 
1868 has since become one of the best-known demarcations in the history of biogeography, yet it is 
one that was constantly questioned. Huxley re-drew it to run west of the Philippines, Wallace himself 
changed his mind (Wallace 1910), and different lines were drawn by other authors as a result of 
studies of different animal distributions (Fig. 1).

Fig. 1 Historical demarcations between the Oriental and Australian faunal 
regions (after (George 1964)).

The marine realm was virtually ignored by these as well as other authors of the time although there 
were occasional attempts to map marine life, notably by the American geologist James Dana 
(Dana 1853), the British naturalist Edward Forbes (Forbes 1856) as well as Charles Darwin 
himself (Darwin 1859). There were a few scattered
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publications on the distribution of some marine taxa during the latter part of the 19th century (George 
1981), but it was not until the publication of Bartholomew’s Atlas in 1911 (Bartholomew et al. 1911) 
and Ekman’s historic compendium in 1935 (Ekman 1935) that marine biogeography became 
established as a science in its own right. 

Over the past several decades, biogeographers have proposed centres of marine biodiversity of 
varying shapes, all centred on the Indonesian/Philippines Archipelago. Some stem from 
biogeographic theory or geological history, others from existing coral and reef fi sh distributions. 
These centres have been given a variety of names: Wallacea, East Indies Triangle, Indo-Malayan 
Triangle, Western Pacifi c Diversity Triangle, Indo-Australian Archipelago, Southeast Asian centre 
of diversity, Central Indo-Pacifi c biodiversity hotspot, Marine East Indies, among others (Hoeksema 
2007).

CENTRE OF MARINE BIODIVERSITY
It was not until the post-war era that coral biogeography came to the forefront of marine 
biogeography, a position effectively launched by the American palaeontologist John Wells (1954) 
when he published a table of coral genera plotted against locations. Many re-iterations of this table 
formed the basis of a sequence of published maps (Rosen 1971; Stehli and Wells 1971; Coudray and 
Montaggioni 1982; Veron 1993). These publications, all at generic level, highlighted the Indonesian/
Philippines Archipelago as the centre of coral diversity. More importantly, they also included the 
Great Barrier Reef of Australia as part of that centre (Fig. 2).

Fig. 2 Contours of coral diversity of Veron (1993). The Great Barrier Reef of Australia has the same generic 
diversity as the Indonesian/Philippines Archipelago.

This view was fundamentally altered when global distributions were fi rst compiled at the species 
level, an undertaking which needed a computer-based spatial database. This compilation clearly 
indicated that the Indonesian-Philippines archipelago, and not the Great Barrier Reef, was the real 
centre of coral diversity (Veron 1995), a pattern now well-established (Fig. 3). 
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Fig. 3 The global biodiversity of zooxanthellate corals. Colours indicate total species richness of the world’s 141 
coral biogeographic ‘ecoregions’ (after Veron et al., submitted).

The signifi cance of this seemingly innocuous fi nding was not lost on conservationists. It meant that 
the focus of coral and (by extrapolation) reef conservation was effectively taken away from the 
highly regulated World Heritage province of the Great Barrier Reef and turned over to an area that 
was relatively under-studied, where reefs were largely unprotected, and where human population 
densities and consequent environmental impacts were high by most world standards. 

Political response to the delineation of the Coral Triangle was prompt. In September, 2007, 
twenty-one world leaders attending the Asia Pacifi c Economic Cooperation (APEC) summit in 
Sydney proposed the Coral Triangle as a mechanism to conserve key components of the global 
centre of coral reef biodiversity. The Government of Indonesia through the leadership of President 
Susilo Bambang Yudhoyono hosted a two-day symposium on the subject in parallel with the Bali 
UN Framework Convention on Climate Change. This meeting developed the framework for a Coral 
Triangle Initiative Plan of Action to be developed during 2008 and adopted at the highest political 
level.

THE CORAL TRIANGLE
Importantly, the name “Coral Triangle” has spread well beyond specifi c relevance to corals. It was 
introduced to science in relation to fi sh and other biota in1998 (Werner and Allen 1998) and since 
then, this engaging concept has attracted an enormous array of biogeographic, conservation and 
faunistic accounts ranging from scientifi c reports to television documentaries.

The Coral Triangle was delineated by the spatial database Coral Geographic (Veron 2009) which 
divides all the coral reef regions in the world into 141 ‘ecoregions’ (Veron et al., submitted). Sixteen 
of these ecoregions each have >500 species: these delineate the Coral Triangle (Fig. 4). In total, the 
Coral Triangle has 605 zooxanthellate corals amounting to 76% of the world’s total species 
complement. 66% of these species are common to all ecoregions in the Coral Triangle.
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Figure 4. Ecoregions and species richness of reef-building (zooxanthellate) corals of the Coral Triangle (after 
(Veron et al. 2009)). A total of 1118 sites were studied within the 16 ecoregions of this province (left panel, 
showing number of species per ecoregion), however some islands of southern Indonesia (the two hatched 
ecoregions), especially their southern coastlines, remain data-defi cient. Note that this differs slightly from the 
broadly accepted classifi cation of 11 ecoregions of Green and Mous (2008) as discussed in Chapter 2 
(see Figures 4 of that chapter). 

Within the Coral Triangle, highest richness resides in the Bird’s Head Peninsula of Indonesian Papua 
(the western end of the island of New Guinea), which hosts 574 species. Individual reefs there have 
up to 280 species ha-1, over four times the total zooxanthellate Scleractinian (hard coral) species 
richness of the entire Atlantic Ocean (Turak and DeVantier). Within the Bird’s Head, The Raja Ampat 
Islands ecoregion has the world’s coral biodiversity bullseye, with 553 species (Turak and Souhoka 
2003). 

Importantly, boundaries of the Raja Ampat ‘bullseye’ and the Bird’s Head diversity centre are not 
strongly delineated. Indeed, more than 80% of all Coral Triangle species are found in at least 12 of 
the 16 Coral Triangle ecoregions. Nor is this region markedly distinct from neighbouring ecoregions 
to the south and southeast. Ninety-fi ve per cent of Coral Triangle species are found in one or more 
adjacent ecoregions - notably other parts of Southeast Asia and the Pacifi c Islands, including 
Malaysia, Thailand and Vietnam, Micronesia, the Great Barrier Reef, Vanuatu, New Caledonia and 
Fiji although all exhibit marked declines in species richness and ubiquitousness beyond the Coral 
Triangle.
 
The Coral Triangle also encompasses the highest diversity of coral reef fi shes in world, comprising 
52% of Indo-Pacifi c reef fi shes and 37% of the reef fi shes of the world (Allen, 2007, unpublished 
data). Patterns of reef fi sh diversity (Fig. 5) are very similar to those of corals (Figs. 3), and since 
the Indo-Pacifi c is the most diverse region of the world, they identify the global centre of marine 
diversity for reef fi shes – an area very similar to the Coral Triangle defi ned based on coral diversity 
(Figs. 3 and 4).  
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Fig. 5 Coral reef fi sh diversity in the Indo-Pacifi c Region (Allen 2007, unpublished data). The highest diversity 
areas (90-100% of species) include most of the Coral Triangle. 

Other major faunal groups, notably molluscs (Wells 2002) and crustaceans (Grave 2001), have very 
high numbers of undescribed or cryptic species and thus are relatively little-known at species level 
(Meyer et al. 2005). However, many biogeographic publications indicate that a wide variety of taxa 
not necessarily associated with reefs reach maximum diversity in areas within the Coral Triangle 
(Briggs 2005). Although most of these taxa occupy shallow marine habitats, coral reefs are 
sometimes of secondary importance, as seen in the distributions of mangroves (Ricklefs et al. 1993; 
Hogarth 1999; Groombridge and Jenkins 2002) and seagrass (Spalding et al. 2003) which also have 
highest diversity within the Coral Triangle. Even non-reef-building corals, which have none of the 
physiological restrictions of zooxanthellate species, have a centre of global diversity within the Coral 
Triangle (Cairns 2007). These diversity maxima of fauna and fl ora, especially those not associated 
with reefs, are only seen in areas large enough to contain an extreme diversity of habitats created by 
the complex coastlines of island archipelagos.

THE EVOLUTIONARY CAULDRON
So much interest from so many points of view begs the question: why does the Coral Triangle exist? 
There is no one simple answer. There are several explanations which will now be described.

A. Geological inheritance
Two aspects of the geological history of the Coral Triangle are relevant:

(1) The southern half of the Coral Triangle has been tectonically unstable as far back as the Eocene 
(38 million years ago), creating a constantly changing geography leading to repeated environmental 
perturbations, habitat complexity and (we can only presume) evolutionary changes. The fossil record 
suggests that the corals of the Coral Triangle are the world’s youngest – less than half the mean age 
of their Caribbean counterparts. These relatively young genera either evolved in the region of the 
Coral Triangle or have survived there since going extinct elsewhere (Fig. 6) (Stehli and Wells 1971; 
Veron 1995).
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Fig. 6 Contours showing the average age of now-living reef coral genera (in millions of years). This pattern is 
due to the Indo-Pacifi c inheriting most genera of the ancient Tethys Sea (an ancient sea that existed between the 
continents of Gondwana and Laurasia during the Mesozoic era) and also having many other genera found 
nowhere else. Reefs enclosed by the 30 million year contour indicate the area where the most recent evolution 
took place (after Veron, 1995).

(2) However important plate tectonic movements were to ocean circulation patterns of the distant 
past, they are small when compared with the impacts of sea-level changes during the Pleistocene. 
At least eight times during the last two million years the shorelines of the Coral Triangle region 
have alternated between those shown in Fig. 7. All reefs (which cannot be viewed at this scale) were 
repeatedly aerially exposed, yet deep water remained in close proximity. The Coral Triangle is thus 
characterised by complex island shorelines creating diverse habitats and adjacent deep (>150 m) 
ocean. This created conditions for minimal dislocation, where coral species could exist, during times 
of rapid sea-level change.

Fig. 7 At least eight times during the last two million years the shorelines of the Coral Triangle region alternated 
between those shown here (existing land masses, and the existing land masses plus darkest grey areas).
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B. Dispersion
Dispersion also attempts to explain the high biodiversity of this region by looking to the 
oceanographic conditions that characterise the Coral Triangle.  The key parts of this hypothesis are 
as follows:

(1) The Coral Triangle acts as a ‘catch-all’ for larvae moving towards the region, entrained in both 
the South Equatorial Current and the North Equatorial Current (Jokiel and Martinelli 1992; Veron 
1995). 

(2) As also seen in Figures 3 and 8, dispersion occurs away from the Coral Triangle so that, at 
progressively increasing distance, species attenuate (latitudinally) according to ocean temperature 
(a) northward to mainland Japan, dispersed by the Kuroshio Current, (b) southward along the west 
Australian coast, dispersed by the Indonesian Through-fl ow and the Leeuwin Current and (c) south-
ward along the east Australian coast, dispersed by the East Australian Current (Wells 1955; Veron 
1995). This suggests that the Coral Triangle is the most diverse part of this whole central Indo-Pacifi c 
simply because all other regions have reduced (attenuated) species richness away from the region.

(3) Complex eddies created by the Indonesian Through-fl ow (Gordon and Fine 1996b) drives genetic 
mixing which constantly changes with wind, season and (over geological time) sea level. Genetic 
mixing of this nature creates genetic heterogeneity through vicariance (see below); it also drives 
reticulate evolution (see below).

Fig. 8 Major ocean currents fl owing towards, and away from, the Coral Triangle 
(after Veron, 2000).
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C. Biographic patterns
The boundaries of the Coral Triangle are defi ned based on patterns of biodiversity of corals and reef 
associated organisms, particularly fi shes and other invertebrates (Green and Mous 2008, Allen 2007, 
Veron et al., submitted). These boundaries are not intended to provide new biogeographic insights, 
and the Coral Triangle comprises portions of two biogeographic regions based on corals: the 
Indonesian-Philippines Region and the Far South-western Pacifi c Region (Veron 1995, Green 
and Mous 2008). 

Here we focus on the way that biodiversity refl ects biogeographic patterns and the environments that 
created those patterns:

(1) Diversity may be the result of (a) a high level of endemism (locally restricted species) (b) the 
overlap in the ranges of species with wide ranges. Importantly, the fi rst category contributes only 
2.5% of the coral diversity of the Coral Triangle (Veron, et al. unpublished). The biodiversity of 
corals is therefore due to the overlap of species ranges, ranges which extend eastwards into the 
Pacifi c and westwards into the Indian Ocean. Endemism becomes relatively more important with 
coral reef fi shes (Allen and Gillooly 2006) and other taxa in which species longevity is less than that 
of corals or which have a lesser capacity for long distance dispersal. For coral reef fi shes, Coral 
Triangle countries have some of the highest numbers of endemic reef fi sh species in the world, 
particularly Indonesia, Philippines and Papua New Guinea. 8% (225) of coral reef fi sh species in 
the Coral Triangle are endemic (Allen 2007, unpublished data). 

(2) Ocean temperatures of the Coral Triangle are commonly near the thermal cap of 31ºC 
(Kleypas and Lough 2008). This temperature, or maxima close to it, is commonly maintained for 
months during the summer of much of the Coral Triangle. It is a well-established maxim of 
biogeography (‘Rapoport’s Rule’) that the mean latitudinal range of major taxa increases with 
increasing latitude (Stevens 1989). This is another way of saying that increasing latitude is correlated 
with increasing environmental tolerance. Perhaps this is less well established for marine life (Clarke 
1992), but it does suggest that temperature tolerance is least limiting at equatorial latitudes. 
Abnormal extremes of high temperature in recent decades are another matter because they are 
beyond the evolutionary experience of most species (Veron 2008 ).

D. Evolution
In linking diverse scientifi c disciplines including taxonomy, biogeography and genetics, the subject 
of evolution has led to several general theories, two of which have special relevance to marine 
biodiversity, biogeography and (therefore) the Coral Triangle.

Darwin’s Centres of Origin Darwin (1859) proposed that dispersion was primarily driven by the 
evolution of new species through natural selection, a process where older and less competitive 
species become displaced from their place of origin to more distant places by fi tter and more 
competitive descendant species. 

Darwin’s Centres of Origin theory, or refi nements of it, dominated all marine biogeographical 
thinking until the theory of continental drift appeared to make a fundamental aspect of it – 
geographic centres – untenable (Briggs 1984). Interest in this theory, at least as far as corals are 
concerned, is historical for there are no identifi able centres of origin, only centres of diversity 
primarily created by overlapping species ranges.
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Vicariance Once heralded as the theory that puts an end to Darwinism (McCoy and Heck 1976), 
vicariance evolutionary theory proposes that, if one or more barriers forms across a species’ distribu-
tion, the divided population might diverge in time forming two or more distinct populations. If these 
remain reproductively isolated after the barriers are removed, then they may exist as two or more 
distinct species. This process on a larger scale leads to patterns of species that have no centre of 
origin. There is no requirement for dispersion to occur. 

Vicariance is the forerunner of the theory of reticulate evolution. Vicariance may indeed have 
relevance to many genetic processes, however it is a concept that leads to unending exponential 
increase in species numbers and lacks relevance to most marine taxa that have great powers of long 
distance dispersal. Furthermore it necessitates be that species be considered genetically isolated.

Reticulate Evolution This is arguably the main mechanism of evolutionary change in most life, 
especially marine life. It recognises (a) that oceanic currents are both genetic barriers (as in vicari-
ance) and paths of genetic connectivity, (b) that ‘species’ fuse as well as divide in time and space, 
(c) that species are not genetically isolated units and (d) that evolution is driven by the physical 
environment (ocean currents) rather than biological mechanisms (competition for survival)(Veron 
2002). Furthermore, reticulate evolution does not deny the existence of Darwinian evolution which 
could become uppermost were genetic mixing to become suffi ciently weak to isolate gene pools. This 
would allow evolution to occur through biological selection.

Conditions which promote reticulate evolution are at a maximum in the Coral Triangle because of 
habitat diversity and the ever-changing complexity of ocean surface currents.

SUMMARY
The diversity of the Coral Triangle has no single explanation. Plate tectonics created the biogeo-
graphic template for the region; one of complex island coastlines and extreme habitat heterogeneity. 
Patterns of dispersion, mediated by ocean currents, have formed sequences of attenuation away from 
the equator leaving the Coral Triangle with the region’s highest biodiversity. Many environmental 
parameters, especially ocean currents and temperature, underpin this pattern. Evolutionary patterns, 
the genetic outcomes of environmental drivers, show why the Coral Triangle is a centre of 
biodiversity, but not of evolution. 
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CHAPTER 2
THE GEOGRAPHY, BIOGEOGRAPHY AND 
ECOSYSTEMS OF THE CORAL TRIANGLE

The Coral Triangle includes all or part of six countries in Southeast Asia and Melanesia: Indonesia, 
Philippines, Malaysia (Sabah), Timor-Leste, Papua New Guinea, and the Solomon Islands (Fig. 1). 
The total area of the Coral Triangle is 6.8 million km2, consisting of 5.4 million km2 of ocean and 1.4 
million km2 of land. Most marine areas are deep (4.6 million km2), with shallow coastal shelves (less 
than 200m deep) occupying approximately 840,000 km2 (Green and Mous 2008; TNC 2009d)

The Coral Triangle also comprises over 18,500 islands, of which only a few thousand are inhabited. 
This geography dictates an enormous signifi cance of coastal processes within the region, with up to 
132,000 km of coastline (NB this estimate is higher than Green and Mous 2008, TNC 2009a who 
have updated the CIA 2008 estimates with careful satellite measurements) lining terrestrial areas 
that represent only 15% of the total territorial claims of the six Coral Triangle countries. Activities 
on land are by defi nition connected to those occurring within coastal waters, with only the centre of 
larger islands such as New Guinea being isolated to any real extent from the infl uence of the sea, and 
vice versa. 

The Coral Triangle lies between the Pacifi c Ocean and Indian Ocean, and two continents (Asia and 
Australia). This unique geographical position means that the Coral Triangle region is infl uenced by 
major currents that fl ow from the Pacifi c to Indian Ocean (part of the “Indonesian Flow-through”), 
the strength and direction is strongly dependent on seasonal and annual climate. These currents have 
great infl uence on the distribution of marine fauna, across the Coral Triangle. These currents also 
play a major infl uence in the world’s climate system through their infl uence on the balancing of 
temperature and salinity between the Pacifi c and Indian Oceans (Murray and Ariel 1988; Gordon 
and Fine 1996a; Gordon et al. 1999).

The climate of the Coral Triangle region is typically hot and humid all year round, with a large 
annual rainfall (CIA 2008).  Seasonal oscillations are dominated by a wet and a dry season, which 
are driven ultimately by the position and activity of the Northeast monsoon. Annual rainfall ranges 
between 2000 and 6000 mm per year, with the wet season lasting from November to March for 
the southern regions and from June to September in the Philippines. All countries within the Coral 
Triangle have mountains running down the spine of their larger islands, with the highest point being 
Puncak Jaya (4884 m) in West Papua, Indonesia. Many of these mountains climb to more than 2000 
m above sea level and remain covered with dense forests that are also rich in biological diversity.

The boundaries of the Coral Triangle are defi ned by the diversity of reef building corals, with similar 
patterns evident for reef fi shes and other invertebrates (see Chapter 1). Within the same boundaries, 
however, there is unparalleled terrestrial as well as marine biodiversity.  
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Figure 1. Location of Coral Triangle (Green and Mous 2008). Please use high defi nition fi le available at: 
http://conserveonline.org/workspaces/tnccoraltriangle/documents/coral-triangle-maps

TERRESTRIAL BIODIVERSITY WITH THE CORAL TRIANGLE
The biodiversity of terrestrial ecosystems within the Coral Triangle is enormous and four major 
biodiversity hotspots (Mittermeier et al. 1998; Myers et al. 2000) are recognized within the Coral 
Triangle and adjacent areas (Fig 1). The hotspots are defi ned (CI 2009) as containing more than 1500 
species of vascular plants of which 70% or more are threatened (other plant and animal biota tend 
to correlate with plant biodiversity as discussed in Chapter 1). These regions contain large numbers 
of endemic plants (45% of all species) and vertebrates (50% of all species), many of which are now 
threatened by extinction (Table 1, (CI 2009)). Vegetation that houses this tremendous terrestrial 
biodiversity is poorly protected and is rapidly being eliminated by deforestation for timber products 
and agriculture. Deforestation over the period from 2000 to 2005 proceeded at a rate between -1.68% 
and -1.98% per annum across the four biodiversity hotspot regions (CI 2009).  As will be discussed 
later in this chapter, this rapid rate of deforestation and its effect on coastal ecosystems has implica-
tions for both terrestrial and marine biodiversity within the Coral Triangle. It is also important to 
recognize that this assessment of which areas should be classifi ed as biodiversity hotspots is based 
on the global assessment under one particular set of criteria and expert opinion. Much of Papua New 
Guinea, for example, contains an enormous and unique biodiversity comparable to other hotspots 
defi ned under these criteria, and while it has not included up to this point, it certainly has an excellent 
chance of gaining recognition as an important biodiversity centre in its own right. 
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Figure 2. Terrestrial biodiversity hotspots within Coral Triangle region. 1. Sundaland, 2. Philippines, 3. 
Wallacea and 4. East Melanesian islands. Note: dark areas denote Coral Triangle.
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East Melanesian 
islands

Philippines Wallacea Sundaland TOTAL

Hotspot Original Extent (km2) 99,384 297,179 338,494 1,501,063 2,236,120
Hotspot Vegetation 
Remaining (km2)

29,815 20,803 50,774 100,571 201,963

Endemic Plant Species 3,000 6,091 1,500 15,000 25,591
Endemic Threatened Birds 33 56 49 43 181

Endemic Threatened 
Mammals

20 47 44 60 171

Endemic Threatened 
Amphibians

5 48 7 59 119

Extinct Species 6 2 3 4 15
Percentage of endemic 
terrestrial plants

38 66 15 60 45 (average)

Percentage of endemic 
terrestrial vertebrates 

66 47 46 39 50 (average)

Human Population Density 
(people/km2)

13 273 81 153 98 (average)

Area Protected (km2) 5,677 32,404 24,387 179,723 242,191
Area Protected (km2) in 
Categories I-IV*

0 18,060 19,702 77,408 115,170

Deforestation rate 
(2000-2005, % per year)

-1.68 -1.98 -1.91 -1.91

Table 1. Characteristics of biodiversity within the Coral Triangle region.
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A. Sundaland hotspot
The Sundaland hotspot overlaps with the western portion of the Coral Triangle and includes the 
western half of the Indo-Malayan archipelago. It is dominated by some of the largest islands in the 
world, Borneo (725,000 km2) and Sumatra (427,000 km2), which include tall mountain ranges and 
fertile soils that are dominated by over 20 active volcanoes. Key habitats within this region include 
lowland rainforests, mangroves and peat swamps, with montane forests at higher elevations which 
eventually develop into less dense sub-alpine forests. Sundaland is one of the richest hotspots for 
terrestrial life, with 25,000 species of vascular plants (60% of endemic) including 3000 species of 
trees and 2000 species of orchids. Birds (770 species, 18.5% endemic), mammals (170, 45.5% 
endemic), reptiles (450 species, 53.8% endemic) and amphibians (240 species, 80.3% endemic) 
occupy the rich forests of this region. Flagship species include the Orangutan, Proboscis monkey, 
as well as the Javanese and Sumatran rhinos.

B. Philippines hotspot
Over 7100 islands dominate the Philippine archipelago, which originally was covered in rainforest 
prior to the extensive deforestation that has occurred over the past century. The country was origi-
nally blanketed by lowland rainforests dominated by hardwood trees of the family Dipterocarpaceae. 
Like with many locations within the Coral Triangle, montane and mossy forest dominate the higher 
altitude areas, giving way to scrubby sub alpine forests at the higher elevations and before for-
est gives way to open treeless areas at the tops of the mountains. The Philippine hotspot used to be 
extensive but is now limited to less than 10% of the original vegetation. As with Sundaland, many of 
the plants and animals in this region are endemic (CI 2009). 65% of over 9253 species of plants are 
endemic. Similar percentages hold for Philippine birds (535 species, 34.8%), mammals (167 species, 
61.1%), reptiles (237 species, 67.5%) and amphibians (89 species, 85.4% endemic). 

C. Wallacea hotspot
As described in Chapter 1, Alfred Russel Wallace, fi rst recognised the distinct biogeographic 
boundary between Java, Borneo and the Philippines, and Sulawesi, Papua New Guinea and Australia. 
Wallace noticed that Asiatic species such as monkeys, rhinos and elephants dominated areas to the 
west of what is now called the Wallace Line (Wallace 1869), while more Australian/Papua and New 
Guinea species such as marsupials (e.g. kangaroos and possums) dominated the eastern regions. The 
separation of fauna and fl ora is echoed in the distribution of many other taxonomic groups across the 
region. 

Wallacea is primarily an Australian/PNG associated terrestrial hotspot, taking in Sulawesi, much of 
Indonesia and Timor-Leste but excluding West Papua, which is highly species-diverse but apparently 
not regarded as being critically threatened according to the defi nition of biodiversity hotspots. The 
animals and plants of Wallacea are highly varied and many islands have distinct communities. 
The vegetation vary signifi cantly across the hotspot, with Sulawesi and the Moluccas being mostly 
dominated by tropical rainforest, while other islands such as those in the Lesser Sunda group only 
having rainforest along mountain slopes and in areas that receive rain. Other areas, typical of the 
more Australasian fl ora, are composed of Savannah Woodlands including eucalyptus forests. 15% of 
over 10,000 species of plants are endemic (CI 2009). Wallacea wildlife shows higher levels of 
endemism: birds (647 species, 40.5 %), mammals (222 species, 57.2%), reptiles (221 species, 44.6%) 
and amphibians (48 species, 20% endemic). One of the fl agship species for Wallacea is the Komodo 
dragon (Varanus komodoensis) from Komodo, Rinca, Flores, and Gili Motang islands in Indonesia, 
which is the largest living lizard species.
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D. East Melanesian islands hotspot
The comprehensive description of biodiversity hotspots by Myers and colleagues (Myers 1990; 
Myers et al. 2000) did include the East Melanesian Islands. Subsequent analysis revealed the 
enormous diversity and unique fauna and fl ora of this region, and it was added to the list of biodi-
versity hotspots by Conservation International. It has also received listing as one of 200 outstanding 
ecoregions by World Wildlife Fund (WWF) and joined the original Global 200 designation of 
ecoregions (Olson and Dinerstein 1998; Olson et al. 2001). The hotspot is closely associated with 
Papua New Guinea although it does not include it, and is defi ned by the rich and unique biodiversity 
associated with the Solomons-Vanuatu-Bismarck moist forests. 
  
The East Melanesian Islands hotspot is one of the most geographically complicated areas and 
involves a diverse set of islands of various ages and histories. Many of these islands are extremely 
mountainous, with peaks that exceed 2000 m. Habitats within this hotspot include mangrove forests, 
freshwater swamps, coastal vegetation, lowland rainforests, seasonally dry forests and grasslands 
and montane forests. Most of these habitats are species poor by comparison with New Guinea. As 
with other terrestrial hotspots associated with the Coral Triangle, there is a high degree of endemism 
among its plants and animals. Most are diverse and endemic (CI 2009): birds (360 species, 41.4 %), 
mammals (86 species, 45.3 %), reptiles (117 species, 46.2%) and amphibians (42 species, 90.5% 
endemic). A great deal of diversity (8,000 species) and endemism (50%) occurs within the plants. 
Signature organisms of the East Melanesian Islands hotspot include tree kangaroos, birds of paradise, 
echidnas, bowerbirds and gliding possums.

COASTAL MARINE ECOSYSTEMS WITHIN THE CORAL 
TRIANGLE
The Coral Triangle includes marine environments that are exceptionally rich and unrivalled anywhere 
else (Roberts et al. 2002 ). While the Coral Triangle has been defi ned as the area where reefs include 
more than 500 coral species in each ecoregion, it is also the epicentre of biodiversity for a vast array 
of other marine organisms including reef fi shes, mangroves, seagrasses, algae, molluscs, crustaceans 
and many other organisms (Roberts et al. 2002 ; Hoeksema 2007; Allen 2008). 

Putting the human value of these ecosystems aside, the Coral Triangle has enormous importance in 
terms of the conservation of marine life globally, since it comprises the highest marine diversity on 
earth and a large number of endemic species (Chapter 1). 

Understanding marine ecosystems of the Coral Triangle has been hampered by a lack of information 
about their composition and distribution (Roberts et al. 2002 ; Spalding et al. 2007). This effort has 
been complicated by the sheer diversity of habitats, which of course underpins the mega-biodiversity 
of the region. These factors have meant that the identifi cation and mapping of particular marine 
ecoregions has lagged behind that which has been done for terrestrial ecosystems in the region. 

In the last few years, regional governments, NGOs, and other partners have been systematically 
addressing this need for more information by conducting as series of rapid ecological assessments 
of coral reefs and associated ecosystems in the Coral Triangle (e.g. (Donnelly et al. 2003; Green et 
al. 2006). These surveys have provided the basis for a more detailed analysis of marine ecosystems 
of the Coral Triangle in recent years.

Biogeographic classifi cations represent an important step in defi ning the boundaries to key 
components of ecosystems, and are therefore critical for research and conservation efforts. They are 
also required for application of international conventions such as the Convention on Biological 
Diversity and the Ramsar Convention.
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Recent efforts by Green and Mous (2008) have established a widely accepted classifi cation which 
includes 11 ecoregions and 32 functional seascapes in the Coral Triangle (Figures 4 and 5). These 
ecoregions were used by Spalding et al (2007) who systematically applied biogeographic tools to 
establish a nested system of 12 realms, 62 provinces, and 232 ecoregions for the world’s coastal and 
shelf areas. The Coral Triangle ecoregions were spread among two biogeographic provinces: Western 
Coral Triangle and Eastern Coral Triangle (Spalding et al 2007). These biogeographic regions differ 
from those of Veron 1995 (coral biogeographic regions and ecoregions: see Chapter 1), because they 
take into account on a wider range of biological and physical characteristics (i.e. beyond just corals).  

Within each of the ecoregions in the Coral Triangle, there are a number of centrally important coastal 
ecosystems (coral reefs, mangroves, seagrass and salt marsh) which interact ecologically to underpin 
Coral Triangle biodiversity and human dependents. Like reef-building corals and reef fi shes 
(Chapter 1), the highest concentration of mangrove and seagrass species occurs within the vicinity 
of the Coral Triangle (Figure 6). In addition to the ecosystems that these organisms build, a series of 
rocky shore and soft bottom habitats such as sandy beaches and mudfl ats also develop in association. 
These high values when coupled with the fact that most people live in the coastal regions of these 
countries emphasise the major role that these resources play in human well-being.

Figure 4. Ecoregions recognized within that Coral Triangle (Green and Mous 2008)
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Figure 5. Functional seascapes defi ned within the Coral Triangle 
(Green and Mous 2008) 

Figure 6. Similar to corals, the region of greatest mangrove diversity is in Southeast 
Asia, particularly around the Indonesian Archipelago (Burke et al., 2001). There are 
three distinct areas of seagrass diversity in the Pacifi c region: the Indo-Pacifi c 
(areas around Indonesia, Malaysia, and Papua New Guinea), the seas around Japan, 
and southwest Australia (Spalding et al., 2002). This graphic illustrates the distribution 
and biodiversity (low, medium and high diversity) of corals, mangroves and seagrass in 
the world’s coastal and marine areas (http://www.unep.org/dewa/assessments/
ecosystems/water/vitalw).
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E. Coral reef ecosystems
Coral reefs are found in both temperature and tropical waters, extending down to depths of 100 m 
in those areas where waters are clearest (Kleypas et al. 1999a). Whereas high latitude coral reefs do 
not build extensive calcium carbonate structures, reefs such as those found within the Coral Triangle 
build signifi cant carbonate structures which form the habitat for 1 - 9 million species of other 
organisms (Reaka-Kudla 1997,2001). Coral reefs like mangroves and seagrass meadows are at their 
most diverse within the Coral Triangle (Veron and Stafford-Smith 2000; Veron et al. 2009). Reefs 
within the Coral Triangle contain 605 of the approximately 798 coral species (Veron et al. 2009), 
and literally hundreds of thousands of other species, making them the most biologically diverse 
cosystems in the ocean, and rivals of rainforests in terms of biological diversity and complexity 
(Reaka-Kudla 1997).

The corals that build reefs are also symbiotic with tiny dinofl agellate algae (zooxanthellae) from the 
genus Symbiodinium (Trench 1979). Living within the gastrodermal (endodermal) cells of the coral, 
single celled dinofl agellates photosynthesize and release over 95% of the captured energy to the host 
(Muscatine 1990). As a result, corals and their symbionts are extremely effi cient and are able to 
create the enormous amounts of energy required to build the limestone-like structures typical of 
carbonate coral reefs. Without this superstructure, the topology of reefs would be greatly diminished, 
and the habitat for the bewildering diversity of coral reef organisms unavailable.

The role of reef-building corals as the key framework builders on coral reefs is assisted by a range of 
other organisms, including coralline algae which act to cement the dead skeletons of corals together 
to form reef matrix.  Other organisms such as molluscs, crustaceans and single-celled foraminifera, 
whose skeletons build up over time, contribute to the formation of the reef. The process of calcifi -
cation on coral reefs is balanced by physical and biological erosion, which acts to break down and 
remove the calcium carbonate laid down by corals and other reef calcifi ers (Kleypas et al. 1999a). 
Waves, through sheer physical force, often destroy corals and even parts of the reef infrastructure into 
pieces. Organisms such as grazing fi sh and sea urchins grind away at deposited calcium carbonate 
from the outside, while boring worms, bivalves and sponges slowly destroyed the calcium carbonate 
within skeletons. On a healthy reef, calcifi cation occurs at a rate that balances the forces of erosion, 
leading to the longevity of reef structures. If erosion exceeds calcifi cation, coral reefs will crumble 
over the years and decades, and eventually disappear as signifi cant coastal structures (Kleypas et al. 
1999a; Hoegh-Guldberg et al. 2007; Manzello et al. 2008).

The intricate relationship between corals and their symbiotic dinofl agellates avoids the diluting 
effects of the water column and allows the recycling of nutrients between primary producer and 
consumer (Muscatine and Porter 1977). As a result, coral reefs are highly productive despite the low 
abundance of nutrients in tropical oceans, which would normally limit primary production. Nutrient 
cycling is also a major theme within coral reef ecosystems, with highly effi cient capture and regen-
eration mechanisms for nutrients within the sandy habitats and lagoons associated with coral reefs 
(Muscatine and Porter 1977). These habitats are often also the site of nutrient generation by 
cyanobacteria, which fi x atmospheric nitrogen to create dissolved inorganic nitrogen that 
subsequently enters the reef ecosystem (Capone 2001; Vitousek et al. 2002). 
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Fish are one of the most prominent components of the coral reefs within the Coral Triangle 
(Carpenter and Springer 2005; Allen and Gillooly 2006). Almost 2230 species of reef fi sh live within 
this region, the highest diversity for any region worldwide (Allen 2007, unpublished data). Coral reef 
fi shes are critical to the health of coral reefs, and perform numerous vital roles within coral reef 
ecosystems. Grazing of benthic algae (seaweeds), for example, appears to be critical for maintaining 
the balance between reef building corals and fl eshy algae. When grazing fi shes are eliminated, coral 
reefs can shift from being coral dominated, to having seaweed (macroalgae) as the predominant 
benthic organism (Hughes 1994; Jackson et al. 2001; Hughes et al. 2007; Mumby et al. 2007).  
Predatory fi shes are also suspected to play key roles in maintaining the ecological balance between 
other organisms such as coral-eating star (Acanthaster planci) and corals (Dulvy et al. 2004). 
Combined with other perturbations such as increased nutrients from coastal run-off, the removal of 
large predatory fi sh may lead to signifi cant shifts in the ecological balance of species such as starfi sh 
(Brodie et al. 2005a). 

Coral reefs are often intimately associated with seagrass meadows and mangrove forests, often 
forming the ramparts that protect these two ecosystems from the power of ocean waves. Many 
organisms that live on coral reefs may have their earliest life history stages in seagrass and mangrove 
areas (Baran and Hambrey 1998; Mumby et al. 2004; Faunce 2006,2008; Nagelkerken and Faunce 
2008). Nutrients and energy in the form of detritus from all three ecosystems may pass from one to 
the other (Kruyt 1994; Marguillier et al. 1997; de la Moriniere et al. 2003). Islands may form as a 
result of coral reefs, leading to terrestrial habitats that are important for birds and marine reptiles 
such as turtles and sea snakes. 

There is over 100,000 km2 of coral reefs within the Coral Triangle (Green and Mous 2008; CIA 2009; 
TNC 2009b), which comprise 30% of the coral reefs of the world (TNC 2009b). These coral reefs are 
fundamental to human livelihoods within the region and take a variety of forms. Rocky 
islands and coastlines may be lined with fringing reefs, which grow outward from the intertidal 
region. These may be extensive, creating large areas of intertidal reef fl at. At the opposite extreme, 
coral reefs may form offshore, creating barrier reefs which are often separated from the mainland or 
island by a deep lagoon. Within this region, there may be a number of smaller patch reef formations 
or platform reefs. While these preceding reef types are typical of those found within the Coral 
Triangle, fewer coral reefs take the form of true atolls that arise when coral reefs grow around 
volcanic islands that later subside. Notable exceptions are many coral reefs in the South China Sea 
west of southern Philippines (e.g. the Spratlys), which are true atolls (Alcala 2008 ). 

Two thirds of the 150 million people that live in the Coral Triangle dwell along coastlines and depend 
heavily on ecosystems such as coral reefs and other coastal ecosystems for their livelihoods (see 
chapter 5). This dependency is intensifi ed by the extreme poverty that exists within many coastal 
societies within the Coral Triangle. Coral reef ecosystems in the region provide food through 
fi sheries, trade through the export of reef organisms, employment through tourism and recreation, 
and coastal protection (Spalding et al. 2001). Coral reefs also have value as a source of genetic 
diversity, and have in a number of cases, provided new pharmaceuticals and materials for industry 
(Salm 1994a; Spalding et al. 2001; CI 2008).

Obtaining a precise economic value of coral reefs is complicated for a number of reasons. Firstly, 
considerable value of coral reefs comes in the form of food obtained through subsistence harvesting 
by impoverished individuals and families, which does not involve a market value. 
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Secondly, any valuation of the services provided by coral reefs will necessarily be an underestimate 
given that services such as protecting coastlines, creating sediments for the beaches and exchanging 
gases typically are not included in the valuation. Estimates based on economic net benefi ts, therefore, 
are underestimates. With this in mind, the annual economic net benefi ts per km2 of a healthy coral 
reef in Southeast Asia ranges from $23,100 to $270,000 arising from coastal protection, fi sheries, 
tourism, recreation and aesthetic values(Burke et al. 2002). An example in the central Philippines 
is Apo Island Reef (area ca 104 ha), where fi sh catch ranging from 15 to 20 tons per year has been 
reported (Alcala et al. 2005) and where approximately 170,000 tourists paying an estimated $700,000 
US in user fees visit yearly (data from offi cial records of Department of Environment and Natural 
Resources made available to A.C. Alcala). A further discussion of the value of reefs can be found in 
Chapter 3.

F. Mangrove ecosystems
Mangrove ecosystems are made up of a number of trees, shrubs and vines that have evolved (often 
independently) to live at the saline interface between land and sea.  They occupy almost 60,000 km2 
of coastal area within the Coral Triangle countries (Spalding et al. 2001), and are represented by 
around 50 species of mangroves, which is more than anywhere else in the world making the Coral 
Triangle also the ‘Mangrove Triangle’ (Spalding et al. 1997). Mangroves have developed a complex 
set of physiological adaptations which allow them to overcome problems of salinity, anoxia, 
desiccation and frequent tidal inundation associated with living in the intertidal region. These plants 
form complex and dynamic ecosystems along the quieter intertidal coastal areas where they stabi-
lise sediments as well as provide habitats for many key fi sheries species (Baran and Hambrey 1998; 
Mumby et al. 2004; Faunce 2006,2008; Nagelkerken and Faunce 2008). 

As a result of high nutrients and abundant sunlight, primary productivity in and around mangrove 
forests is considerable (Alongi 2002b), and there are numerous fi sheries focused on estuarine fi sh 
and invertebrates such as crab and prawns. In addition to directly stabilising coastlines and provid-
ing habitats with rich biodiversity, mangroves (along with seagrass beds) serve as important habitat 
for fi sh, with a large number of juvenile estuarine and coral reef fi sh being found there (Baran and 
Hambrey 1998; Mumby et al. 2004; Faunce 2006,2008; Nagelkerken and Faunce 2008). Mangroves 
provide protection from predators and an abundance of food due to their three-dimensional com-
plexity, existence in relatively turbid water and higher productivity (Nagelkerken et al. 2000). The 
productivity of mangrove forests arises from the enormous amount of energy and nutrients that are 
assimilated through photosynthesis and stored in their leaves. The eventual leaf litter from these trees 
feed a detrital-based ecosystem, which often provides the basis for adjacent marine and terrestrial 
food webs. 

Coastal communities use mangroves as a source of fuel for cooking and heating, and as construction 
material for houses, fences and scaffolding (Walters et al 2008). They are also drawn on for a number 
of other uses including tannins and resins for leather making and clothing dyes, furniture construc-
tion, and for medicine (Bandaranayake 1998). Mangrove forests also support honey making and 
other non-extractive uses for income generation. Mangrove intertidal areas can be used sustainably 
for culture of fi sh and shellfi sh. Unfortunately, the history of shrimp farming in mangrove habitat has 
been one of large scale destruction, with culture ponds being a major driver of mangrove loss 
(Primavera 1997,2005). Mangroves show a propensity to absorb heavy metals and other toxins 
associated with coastal effl uents, play important roles by protecting shorelines from direct wave 
action and by trapping sediments being carried to sea through estuaries and river mouths (Furukawa 
et al 1997). This can be particularly critical in many parts of the Coral Triangle where mangroves 
provide protection for human infrastructure against storm surge and coastal erosion (Spalding et al. 
1997).
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Mangroves have been impacted heavily by human activities throughout the Coral Triangle despite 
their importance to ecosystems and people. Mangroves have been cut down to make way for coastal 
aquaculture and agriculture, including the grazing of livestock along coastal areas. Increasingly, 
mangrove forests have been affected by the removal of trees for fuel and construction, dredging to 
make way for harbours and ports, and general coastal development. As result, a third of all mangrove 
forests worldwide have been lost (Valiela et al. 2001) with 20% being lost in the last 15 years. (FAO 
2008).

G. Seagrass communitites 
Seagrasses are true fl owering plants principally from four plant families (Posidoniaceae, Zosteraceae, 
Hydrocharitaceae, and Cymodoceaceae) that form dense communities in environments that are 
characterised by a low wave stress (Green and Short 2003). In these waters, seagrasses form 
extensive beds or meadows, which may be made up of one or several species. They form extensive 
and diverse ecosystems throughout the Coral Triangle and are intimately connected to coral reef and 
mangrove ecosystems through life history as well as the fl ow of energy and nutrient. Many impor-
tant fi sheries species, for example, have life history stages that spend some or all of their time within 
seagrass meadows. Other charismatic mega-fauna like dugongs and sea turtles are largely dependent 
on the presence of healthy seagrass mats. Human impacts likewise connect coral reefs with seagrass 
beds and mangroves (UNESCO 1983).

The distribution of seagrass meadows within the Coral Triangle although extensive and of clear 
importance, is largely undocumented, although Fortes provides an overview of the seagrasses of East 
Asia which includes most of the CT countries (Fortes 1995). More recently, the Philippine National 
Seagrass Committee (PNSC 2004) provided a country report in the context of the recently concluded 
UNEP/GEF South China Sea Project: Reversing Environmental Degradation Trends in the South 
China Sea and Gulf of Thailand (www.unepscs.org). The update of the report in 2008 suggests that 
seagrass habitats of the country inhabit a total area of 27,282 km2, mostly on the western side of the 
country. This fi gure is roughly the lower limit of the coral reef area in the country. Information about 
seagrass in Malaysia and Indonesia are also available (UNEP 2004). 

More detailed information is available from some of the rapid ecological assessments in the region. 
For example, Mackenzie et al (2006) completed the fi rst extensive survey of seagrass resources in 
seven of the nine provinces in the Solomon Islands in 2004. They found 10 species of seagrass, and 
6,633 hectares of predominately intertidal and shallow subtidal seagrass meadows. Most (54%) of the 
seagrass meadows were in Malaita Province, while the other six provinces each included less than 
12% of the seagrass meadows. Most seagrasses were found in water less than 10m deep and 
meadows were monospecifi c or consisted of multispecies communities, with up to 6 species present 
at a single location. The dominant species encountered were Enhalus acoroides and Thalassia 
hemprichii.

In the Solomon Islands, seagrass distribution appears to be primarily infl uenced by the degree of 
wave action(exposure) and nutrient availability, and seagrass habitats can be generally categorised 
into four broad habitats: estuaries (incl. large shallow lagoons), coastal (incl. fringing reef), deep-
water and reef (e.g., barrier or isolated: McKenzie et al 2006). Most seagrass meadows are relatively 
healthy condition compared to many other regions globally, with only localized impacts. However, 
high sedimentation/turbidity in coastal waters, primarily the result of logging activities, was identi-
fi ed as a major threat at some locations. Other impacts were similarly localised, and included soil 
erosion related to coastal agriculture (coconut plantations), sewage discharge (human and 
agriculture), industrial pollution, port/village infrastructure/dwellings and overfi shing. 
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Seagrasses are important for providing habitat and for their extremely high rates of primary 
productivity, gas exchange and protection against coastal erosion. The quantity of seagrass carbon 
available for storage in the sediments represents approximately 0.08 Pg C/yr in the ocean as a whole 
(or 12% of the total carbon storage in the ocean despite its 1% contribution to the total oceanic 
production)(Duarte and Cebrian 1996) Despite their importance, seagrass communities are 
under threat globally (Orth et al. 2006).  Seagrass communities face a range of problems that include 
declining water quality, physical destruction by coastal development and chemical pollution in the 
form of herbicides and pesticides fl owing off agricultural land. These local infl uences have lead to 
a contraction of seagrass beds in most parts of the world (Orth et al. 2006). Hence, considering the 
extent of seagrass in CT countries, their strategic location as the ‘ecotone’ between coral reefs and 
mangroves, and their great potential to adapt relatively easily to climate change impacts (Bjork et al. 
2008), seagrasses may play a substantial role in mitigating and adapting coastal ecosystems and 
communities to the adverse effects of climate and other environmental changes.

SUMMARY
An extraordinary proportion of world’s terrestrial and marine species are found within the Coral 
Triangle, which is named for being home to 76% of all coral species found worldwide. Four 
terrestrial biodiversity hotspots cover most of the Coral Triangle, and 11 ecoregions and 32 
functional seascapes recognized within its marine environments. Whether it be corals, fi sh, 
mangroves or seagrass, the greatest number of species worldwide dwells within the waters of the 
Coral Triangle. For this reason, the Coral Triangle is of huge signifi cance to the conservation of 
tropical life forms across the planet. In addition to the extraordinary biodiversity of the Coral 
Triangle, 150 million people live within the six countries that make up the Coral Triangle, 100 
million of which are highly dependent on coastal ecosystems. These people predominantly live on 
islands and in close proximity to coastal ecosystems which supply food and resources. Three coastal 
ecosystems stand out as being particularly important to the well-being of coral Triangle people. Coral 
reefs, mangroves and seagrass beds occupy several hundred thousand km2 of seafl oor, providing a 
range of ecosystem services that include food, fuel, income, housing materials and coastal protection. 
The ecological services and cultural contributions provided by these ecosystems are crucial to the 
sustainability of coastal societies within the Coral Triangle, and are discussed in subsequent chapters. 
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CHAPTER 3
COASTAL ECOSYSTEMS AND 
HUMAN LIVELIHOODS

The Coral Triangle is characterised by large numbers of people that live on 132,800 km of coastline 
within the region (CIA 2009).  These people and their communities are highly dependent on the food 
resources of this region, which largely stem from marine and coastal ecosystems such as coral reefs, 
mangroves and seagrass (Moberg and Folke 1999; McLean and Tsyban 2001; WRI 2005). These 
coastal ecosystems also provide a series of other services that include coastal protection, fl ood 
mitigation, and water quality maintenance. Coastal ecosystems may also have signifi cant cultural and 
spiritual signifi cance. The benefi ts derived from coastal ecosystems are extended by the exploitation 
of other natural resources such as offshore tuna fi shing, timber, minerals and tourism (WRI 2005). 

In this chapter, the linkages between human communities and coastal ecosystems are explored in the 
context of the Coral Triangle. While broad details of these linkages are presented here, each of these 
linkages is described in context and in greater detail for each individual Coral Triangle country in 
chapter 6.

COASTAL FISHING
Coastal resources are critical to the well-being of the largely coastal dwelling people of the Coral 
Triangle.  Much of the activity surrounding the use of this resource occurs in shallow water near-
shore habitats where fi sh and invertebrates are trapped, netted or speared. Much of this fi shery occurs 
through non-market channels which do not register in the mainstream economy. In this respect, it 
is estimated that 95% of the total catch fi shery fl eet production in Indonesia and traditionally more 
than 50% in the Philippines may consist of small-scale and largely undocumented fi sheries. Tens of 
millions of people in the Coral Triangle directly depend on the goods provided by coral reefs for their 
food and livelihood. Many coastal communities engage in fi shing, although its importance relative 
to other occupations can vary considerably across different parts of the Coral Triangle countries. An 
example of the variability between households in terms of the extent of fi shing in Papua New Guinea 
and Indonesia is shown in fi gure 1.  

Figure 1. Percentage of households from a survey of 27 coastal communities in Papua New Guinea and Indonesia 
that engage in fi shing (white bars) and the proportion of those households that rank fi shing as a primary or secondary 
occupation (black bars, referred to as ‘dependent’).  Source: J. Cinner, James Cook University, unpublished data.
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Demand for fi sh as a food source and various other products from the sea are driven by population 
growth, human migration towards coastal areas and rising incomes and hence demand for luxury 
seafood (McLean and Tsyban 2001). Fish consumption in many island states is remarkably high 
with rural communities generally having a high dependence on subsistence fi shing, which is vital for 
well-being, but the high dependence on fi sh should not be interpreted as a lack of development but 
rather it is an indication of ‘subsistence affl uence’ (Bell et al. 2009). The extent to which fi sheries can 
provide for future needs varies across the Coral Triangle and associated Pacifi c regions. For example, 
Bell and colleagues found that while the coastal fi sheries production of Pacifi c Island Countries and 
Territories such as New Caledonia, Marshall Islands, Palau, Cook Islands, Tokelau and Pitcairn 
Island is expected to meet the future needs of the resident population, other countries such as PNG 
and Solomon Islands are not expected to be able to supply the fi sh required for food security into the 
future (Bell et al. 2009). The drivers for these differences between nations include population growth 
and development, as well as other factors such as travel time to and from fi shing grounds, fi shing 
access rights and external factors such as fuel prices. Given the uncertainty around factors such as the 
latter, these predictions have large uncertainties associated with them. Other factors such as the 
impact of climate change on stocks and how factors such as the incidence of ciguatera varies, will 
also infl uence whether or not these conclusions hold. Overall, however, these trends and drivers 
suggest that regional, national and local habitat and fi sheries management will be vital for food 
security. Bell et. al (2009) concluded that in order to maintain fi sh supplies for 2030 there has to be 
access to the oceanic (e.g. tuna), coastal and freshwater fi sheries, and suitable conditions for the 
development of aquaculture.

ECONOMIC VALUE OF CORAL TRIANGLE FISHERIES 
The Coral Triangle is home to 150 million inhabitants, approximately two thirds of whom are directly 
dependent on the coastal and marine resources for their livelihoods (see chapter 5 for the basis of this 
estimate). Commercial fi sheries are an important sector within the economies of the six Coral 
Triangle countries. This section explores the economic contribution of these industries, and the 
intra- and inter-regional dynamics. Overall, fi shing activities contribute between 1.4% (Papua New 
Guinea) and 12.8% (Solomon Islands) to the annual gross domestic product (GDP) of Coral Triangle 
countries. In terms of jobs supported by the fi sheries sector, between 10,000 (Solomon Islands) and 
7.3 million (Indonesia) people were employed annually by the fi sheries sector, either directly or 
indirectly. Though this very wide range in employment may be more a refl ection of limited data 
availability rather than actual jobs supported, it illustrates the potential contribution of marine 
ecosystems to local livelihoods. 

The existing fi shery data and information collection system in the region refl ects traditional 
monitoring systems that focus on total catch and value. To support development and implementation 
of sound policies and sustainable management, more appropriate indicators are required. Small scale 
commercial and artisanal fi sheries are not given due attention and little quantitative or even 
qualitative information is available about these activities. It is also necessary to actively develop and 
implement an ecosystem approach to fi sheries management i.e. multi-sectoral approaches that include 
socio-economic and livelihood aspects, in data collection and analysis of small scale fi sheries. 

The principal sources of information for the section were (FAO 2009) for Malaysia, Indonesia, the 
Philippines, Papua New Guinea, and the Solomon Islands, and (MAF 2009) for Timor Leste. 
Additional information came from FAO/SEAFDEC (FAO/SEAFDEC 2005). While there are many 
uncertainties and inconsistencies in these statistics, they provide the best base we have for an 
assessment of the economic importance of fi sheries. Additional information was obtained from 
(Gillett and Lightfoot 2001).
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A. Contribution of fi sheries to Coral Triangle economies
One way of assessing the value of fi sheries to the economies of the Coral Triangle countries is 
compare the economic contribution of fi shery activities to the Gross Domestic Product of each 
country (Figure 2A). The Solomon Islands stand out as having the heaviest dependence on fi shing, 
with Indonesia, Philippines, Malaysia and then PNG.  Another measure is the amount of protein in 
people’s diets (Figure 2B). Under this comparison, Malaysia and the Solomon Islands stand out as 
having a considerably greater intake of protein than that seen in the other 3 countries. Note that while 
fi sheries statistics are scarce for Timor Leste, the amount of fi sh in their diet is probably low for 
cultural and recent historical reasons. 

Figure 2.  Economic contribution of fi shery activities to Gross Domestic Product
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Malaysia
In 2004, the fi sheries sector contributed US$2.1 billion to Malaysia’s total GDP of US$121.4 billion, 
or 1.73% of GDP. Marine capture fi sheries contributed approximately 87% of total fi shing activities 
(US$1.8 billion) and aquaculture contributed approximately 13% (US$273,000). It is noted that the 
contribution of aquaculture is reported to be higher (25%) in Sugiyama et at. (2004). Inland fi shing 
activities are report to be very small, roughly 0.3% of total fi shing activities. Direct employment from 
the fi sheries sector supported 111,000 jobs in 2004, with 89,500 fi shermen employed by capture 
fi sheries and 21,500 fi shermen employed by the aquaculture sector. However, this fi gure is consid-
ered an underestimate because these employment numbers only report jobs supported directly by the 
fi shing sector and do not take into account jobs supported indirectly by these fi shing activities. 

Indonesia
Indonesia’s fi sheries sector in 2004 contributed US$5.47 billion to the country’s GDP, or 2.4% of 
GDP. Marine capture fi sheries contributed 57% to the fi sheries sector (US$3.13 billion), while 
aquaculture contributed 37.9% (US$2.07 billion) and inland fi sheries contributed 4.9% (US$266 
million). In terms of employment, Indonesian fi sheries supported 7.3 million jobs in 2005. Jobs 
related to marine capture fi sheries supported 53.6% of these jobs, while inland fi sheries supported 
12.5% and aquaculture supported 33.8%. Total employment derived from fi shing activities has 
generally increased over the past six years, an average of 7.3% each year. However, there was a 
52.4% increase in employment between 1999 (4.8 million jobs) and 2005 (7.3 million jobs).

Timor Leste
In contrast to Malaysia and Indonesia, fi shing activities in Timor-Leste are far less and per capita 
fi sh consumption is also estimated to be low, at least partly because of restrictions on fi shing activi-
ties during the Indonesian occupation, when legal fi shing grounds were restricted to three miles 
around the coast (now 150 miles to the south and up to 15 miles to the north). Furthermore, 90% of 
the coastal fl eet, fi shing gear and in-shore infrastructure was destroyed during the fi ghting in 1999 
(Jasarevic 2002). There are now signifi cant attempts to promote fi sheries as a source of protein for 
communities in Timor-Leste. Projects include development of fi sh ponds and promoting the 
production of dried fi sh products as a source of healthy protein and for easier transportation 
into the interior of the country.

Philippines
In the Philippines, the fi sheries sector contributed US$1.8 billion to the national GDP in 2003, or 
2.2% of GDP. In 2002, over 2 million jobs were supported by fi sheries directly. Capture fi sheries 
employed approximately 89% of this total and aquaculture employed 11% according to FAO (2009), 
but (Sugiyama et al. 2004) put aquaculture at 55% and the total contribution of all fi sheries produc-
tion at 4.8% of GDP in 2001. Employment estimates for support industries was not available.

Papua new Guinea
Fishing activities in Papua New Guinea contributed 1.4% to the nation’s GDP in 1999, or US$48.8 
million, although Sugiyama et al. (2004) has capture fi sheries alone worth 3.3% of GDP in 2001. 
Subsistence fi shing is estimated to contribute 0.84% to fi shing activities or US$409,700. In terms of 
employment, fi shing activities in Papua New Guinea supported between 256,500 and 506,500 jobs in 
1996. Of these, between 97.6% and 98.7% are estimated to be associated with subsistence fi sheries. 
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Solomon Islands 
Fishing activities contributed 12.8% to the GDP of the Solomon Islands in 1999, or US$35.8 
million of the nation’s GDP of US$279.5 million (FAO 2009). It is noted by Sugiyama et al. (2004) 
that capture fi sheries as 7.8% of GDP in 2001. Fishing activities supported over 10,000 jobs in 1999, 
with 53.1% associated with subsistence fi shing activities. Since approximately 90% of the population 
in the Solomon Islands lives in rural areas, artisanal and subsistence fi shing activities are concentrat-
ed in coastal and near shore reefs and lagoons, and is considered widespread and of great importance. 
Small-scale commercial fi sheries near more urban areas are of lesser importance to total fi shing 
activities.

A. Food security
Per capita fi sh consumption in Malaysia was 59.8 kg in 2003. In contrast, Indonesians consumed 21.3 
kg per capita in 2003, an 8.7% increase from 1999 levels (19.6 kg per capita) but 64.4% less than 
their Malaysian counterparts. As mentioned earlier, per capita fi sh consumption in Timor-Leste is 
estimated to be very low due to the confl ict over independence, with 2002 UN estimates suggesting 
that 90% of the East Timorese coastal fl eet, fi shing gear and on-shore infrastructure was destroyed. In 
the Philippines, per capita consumption of fi sheries products was 28.8 kg, 35% above Indonesia’s per 
capita consumption. Papua New Guinea’s per capita fi sheries consumption was 19.6 kg, the lowest 
among the Coral Triangle nations (with the possible but unknown exception of Timor Leste). 
However, this was a 1999 estimate and it is unknown whether fi sh consumption has changed in 
recent years. In contrast, Solomon Islanders consumed 49.2 kg of fi sheries products per capita in 
1999, two-and-a-half times more than in Papua New Guinea. Within PNG, there are quite strong 
differences between highlanders’ and coastal people’s consumption, so the low average can be at 
least partly explained by the large inland area of the island. 

In summary, reliance on fi sh products in terms of consumption per capita in the Coral Triangle from 
highest to lowest is: Malaysia, Solomon Islands, Philippines, Indonesia, Papua New Guinea and 
Timor Leste. This per capita number must be reconciled with the fact that total consumption in 
countries like Indonesia is much higher than those of countries such as the Solomon Islands. 

B. Fishmarkets - imports and exports
The value of fi sheries imports into Malaysia was US$527.9 million in 2004, with exports of fi sheries 
products valued at US$583.7 million. Exports of aquarium fi shes for the ornamental or aquarium fi sh 
trade was valued at an additional US$28.7 million. The majority of exported products were destined 
for Thailand, Singapore, and Japan. 

In terms of volume, Malaysia has been a net importer of fi sh, with capture fi sheries and aquaculture 
activities unable to keep up with domestic demand for fi sheries products. This situation is worsened 
by the exporting of high value fi sh species such as shrimp and tuna. To close this shortfall in 
domestic supply, fi sheries products are imported from neighbouring countries such as Thailand, 
Indonesia, China, and India. Demand for fi sheries products within Malaysia is expected to increase 
due to increasing affl uence and greater recognition that fi sh is a healthier source of animal protein.

The value of Indonesia’s fi sheries imports was US$139.8 million in 2004, with exports valued at US$ 
2,258 billion. Ornamental fi sh US$ 7.305 million, life fi sh 23.478 million, seaweed US$ 66.959 
million (MMAF 2007). The majority of fi shery export products went to China, Thailand, Japan, the 
U.S., Singapore, and the Republic of Korea. Information about Timor-Leste’s fi sheries imports and 
exports was not available. 
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Fisheries imports into the Philippines were valued at US$80.4 million in 2003. In contrast, fi sheries 
exports from the Philippines were valued at US$525.4 million. The Philippines ranked 11th in the 
world in terms of fi sh production, accounting for 2.2% of global production or 2.63 million tons of 
fi sh, crustaceans, molluscs, and aquatic plants such as seaweed. Major export destinations for tuna 
was Japan and the U.S., with exports of shrimp destined for Japan, Spain, and the U.S. and exports of 
dried seaweed destined for China, France, the Republic of Korea, and the U.S. Carrageenan, a 
seaweed product, was primarily exported to Denmark, France, and the U.S. 

Fishing activities in the Philippines is comprised of marine fi sheries (an estimated 30% of marine 
capture fi sheries come from coral reefs and associated ecosystems; (Alcala and Russ 2002)), inland 
fi sheries, and aquaculture. Recreational fi sheries have not been developed in the country to any real 
extent. In 2001, inland fi sheries in particular are attributed to providing subsistence livelihoods for 
thousands of fi shermen in the country. In terms of aquaculture production, the Philippines’ ranking 
in the world has steadily declined from 4th in 1985 to 12th in 2003. However, demand for fi sher-
ies products within the Philippines is considered robust with 22.4% of total protein intake per capita 
coming from fi sh. Human consumption of fi sheries products is the largest single use of fi sheries 
products produced in the country, 2.3 million tons consumed of the 2.63 million tons produced 
or 87.5%. 

Imports of fi sheries products from Papua New Guinea were valued at US$43.6 million in 1996. 
Exports were valued at US$49.0 million. In 1999, the value of fi sheries exports dropped slightly to 
US$48 million, comprising 1.8% of the value of all commodity export from the country. Revenues 
from fi shing access fees, training levies, observer fees, and technical assistance generated US$11.2 
million in 2000, contributing 2% of total government revenue. 

Subsistence fi sheries are considered the most important component of PNG’s domestic fi shery in 
terms of both volume and value. However, very little information is available. Estimates of 
subsistence production vary; 26,000 tons is a commonly-cited fi gure but may be an underestimate. 
As mentioned earlier, between 250,000 and 500,000 people participate in fi shing activities but this 
number is thought to have decreased at an annual rate of 1.5% between 1980 and 1990 (see also 
(Gillett and Lightfoot 2001). 

In 1999, imports of fi sheries products into the Solomon Islands were valued at US$ 237,000. Exports 
of fi sheries products were valued at US$35.5 million. Tuna and tuna-related products comprised over 
90% of marine product exports, primarily in frozen or canned form. Revenue from licensing foreign 
fi shing vessels to fi sh in the Solomon Islands’ EEZ also contributes to GDP. Over a hundred vessels 
were licensed to fi sh in the early 1990s, resulting in approximately US$2 million in fees per year. 
However, this dropped to US$273,000 in access fees in 1999, an 86.4% decrease in revenue from 
earlier in the decade.

C. Summary
Fisheries, by creating jobs, providing protein sources, and supporting trade are clearly important to 
the economic health of the Coral Triangle. These Coral Triangle countries are likely to be earning in-
come from fi sheries as more of the word’s marine resources dwindle and the demand increases from 
the growing wealth of China and other increasingly import-dependent countries. It is clear that our 
assessment would benefi t from more complete information – especially in the area of localized catch 
and economic data sets, which provide greater insight ‘into the ground’ realities.
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Without this information, better decision making and responsible fi sheries management is diffi cult. 
With an increasing number of countries in the region decentralizing and delegating management of 
fi sheries to provincial and district bureaucracies or existing management systems, management 
efforts are imperilled if these agencies cannot carry them out.  Juxtapose the need for more intense 
data collection under the Coral Triangle Initiative – to carry out the myriad of local and regional 
activities as described in the National and Regional Plans of Action - with the ‘on the ground’ 
reality of not having the ability to do it leads to some rather dramatic gaps. Additionally, as more 
people become savvy to the issues, they will want to know more about the value of their resources 
and what the government is doing to help sustain them. It is clear that data will not only inform the 
bureaucracies that manage the resources but also result in a more informed and demanding public. 

Regional corporation within the Coral Triangle region is, perhaps, the fi rst comprehensive and 
holistic effort to bring these six countries, their NGO partners and other governments together to 
collaboratively address the health of the local marine environment. Data, whether that comes as trade 
information, the number of commercial and artisanal fi shers or consumption of coastal and marine 
resources is singularly important to allowing for the CT6 countries to manage their resources in a 
way that benefi ts the countries through food security, a resilient economy and long-term economic 
opportunity. Without a concerted effort to increase the collection, synthesis and application of data to 
the management process, it is hard to assess just what they are missing.

TOURISM INCOME
In addition to fi sheries production, coastal ecosystems throughout the Coral Triangle generate 
export earnings through their role in attracting income from international tourists, who are attracted 
to the exotic coastal habitats of the Coral Triangle. Ecosystems such as coral reefs add signifi cantly 
to coastal tourism by providing revenue generating activities such as scuba diving, snorkelling and 
scenic glass bottomed boat tours. Coral reefs are also critical to the formation of white calcareous 
sandy beaches, which are often the most prominent tourist feature drawing people to Coral Triangle 
coastal resorts. 

Tourism is the world’s largest industry, with tourism generated by coastal ecosystems such as coral 
reefs representing $9.6 billion of the total $29.8 billion estimated global net benefi t associated with 
coral reefs (Cesar et al. 2003). Tourism has great potential as a generator of revenue for the six Coral 
Triangle countries, although it currently is not a major contributor.  Although care has to be taken to 
distinguish tourism generated by the attractiveness of coastal areas from other forms of tourism, it is 
clear that a major proportion of the tourist income to the CT6 is associated with the attractiveness of 
healthy coastal areas. 

This is said it is important to put the current level of tourism in the Coral Triangle into perspective. 
Indonesian statistics in Appendix 4 show that tourism remains a relatively modest activity in all the 
nation’s eastern provinces except Bali – where the coral reefs north and north-east of the island are 
manifestly not a major contributor. In continuation of this, the examples below really deal with quite 
modest contributions in the total picture, though of course these contributions are important at the 
local level. This is not to say that, given the right circumstances, coral reefs could not develop into 
extremely important contributors to economic development of regional areas of the Coral Triangle.

In many parts of the Coral Triangle, tourist income may dominate local economies. For example, the 
Pulau Weh Marine Protected Area on Weh Island in Indonesia (NB: not strictly inside the Coral 
Triangle but indicative of tourism within the Coral Triangle) contributes more than 60% of the 
regional Gross Domestic Product, which amounts to $230,000 in entrance fees per year.
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In this particular instance, the presence of an attractive marine protected area boosts per capita 
income to children $216 per annum as compare to $150 per annum which is paid by other sectors of 
the local economy (Pabon-Zamora et al. 2008). Reef tourism accounts for 44% of the total net 
benefi ts of the $11.54 million in ecosystem services generated by the Bohol Marine Triangle, in the 
Philippines (Samonte-Tan 2007). Eco-tourist revenues generated by the coral reefs in Indonesia’s 
Wakatobi National Park in Southeast Sulawesi provided almost $1,320 per km² in 2004 and an 
expected present value of $286,000 (Hargreaves-Allen 2004). There are many other examples, some 
of which are mentioned with respect to each country in chapter 6. 

While tourism, especially ecotourism, is often promoted as a sustainable economic alternative to 
other livelihoods, it may have a number of negative effects on coastal communities. For example, 
the benefi ts of tourism within a region are not always distributed evenly or even locally, and some of 
its impacts in turn lead to social dislocation, disruption of traditional economic systems, damage to 
ecosystems and impacts on local cultures (Hall 1994). These must be taken into account when 
establishing eco-tourist developments.

COASTAL PROTECTION 
One of the key contributions that coastal ecosystems such as fringing coral reefs make is the role that 
they play in dissipating wave energy and thereby protecting human communities and infrastructure. 
Healthy reefs and mangroves will dissipate 70-90% of the incoming wave energy under average 
wave conditions (WRI 2005), although the extent to which these ecosystems dissipate wave energy 
depends on structure and characteristics such as tree density and aspect in the case of mangroves 
(Kerr et al. 2006; Alongi 2008). In addition to protecting human infrastructure, fringing coral reefs 
as the fi rst line of defence against ocean waves also provide protection for mangrove, seagrass and 
wetland ecosystems, which are in turn important for coastal ecology and fi sheries.  Removal of the 
coastal protection provided by ecosystems like coral reefs leads to damage to infrastructure and 
these critical ecosystem components. The damage infl icted by wave stress naturally increases with 
storm surge and will inevitably interact with rapid sea level rise to exacerbate the impacts of reduced 
coastal protection (Nicholls 2002; Nicholls 2004). 

While reefs and mangroves will not completely dissipate catastrophic wave energy such as that seen 
during tsunamis, there is considerable evidence from India (Dahdouh-Guebas et al. 2005) and the 
Philippines (Walton et al. 2006) that coastal protection provided by these ecosystems does reduce the 
impacts of tsunamis, cyclones and typhoons (Williams 2005). These studies point to the increasing 
impact of tsunamis that result when mangroves have been removed by clearing for shrimp 
aquaculture. 

There is a complex interrelationship between coastal foliage such as mangroves and storms. While 
mangroves may provide extensive protection, they themselves can become the victims of storms. In 
this respect, severe impacts on mangroves can arise from hurricanes and cyclones. Hurricane Mitch, 
for example, destroyed 97% of the mangroves in and around Guanaja, an island in Honduras 
(Cahoon et al. 2003a). Once destroyed, mangroves can take years to regenerate, and subsequent 
storms can have greater impacts further inland. These impacts may increase as tropical oceans 
increase in temperature, driving more intense storms (Webster et al. 2005 ).
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MAINTENANCE OF COASTAL WATER QUALITY
Intact coastal vegetation provided by mangroves and wetlands play important roles in trapping 
sediments and nutrients as water fl ows from land and out to sea. This limits the amount of sediment 
and nutrient laden water fl owing out onto ecosystems such as coral reefs, which are highly sensitive 
to the impact of nutrients and sediments (Koop et al. 2001; Brodie et al. 2005b). These roles are often 
underappreciated or set to one side when mangroves and seagrass meadows are in-fi lled or removed 
for aquaculture for other reasons.

These coastal ecosystems also play a critical role in stabilising coastal settlements and in preventing 
erosion. Mangroves are also capable of absorbing heavy metals and other toxic pollutants (Lacerda 
and Abrao 1984). In this regard, they can play an important role in stopping the infl ux of these 
pollutants into deeper waters where they may impact other important ecosystems such as coral reefs 
and seagrass meadows. In some cases, activities within catchments may exceed the ability of 
mangroves and wetlands to absorb pollutants, resulting in mangrove die back (Duke et al. 2005) 
These relationships emphasise the important connection between activities on land, with those in 
the coastal strip and surrounding marine environments.

CULTURAL AND SPIRITUAL BENEFITS
Coastal ecosystems play a prominent role in the cultural and spiritual light of many people within 
the Coral Triangle.  These cultural and spiritual benefi ts provide a social backbone to many coastal 
societies, and underpin cultural identity and pride. Many of these beliefs also underpin land tenure 
and the management of coastal resources by governments in countries that traditionally considered 
ocean resources to be part of the public domain and not owned exclusively by any one group of 
people. These groups base their management of ocean and coastal resources on a stewardship ethic 
and their resolution of multiple-use confl icts on fairness and equity. In some groups, however, com-
munity, village or kinship-based systems govern reef tenure and ownership of coastal/ocean resources 
(Ehler et al. 1997). This is particularly evident in the Pacifi c Islands whereby the traditional owner-
ship and stewardship of land and sea tenure is still practised. Through customary ownership, many 
communities particularly in the Pacifi c follow traditional management systems of use rights. These 
can include: closed seasons, prohibitions, closed areas, size limitation, equipment control, limit to the 
number of users and quotas, all of which are used in the traditional Pacifi c Island societies (Johannes 
1981; Veitayaki 1997). Community-based marine management systems were suitable for the sustain-
able utilisation of marine environmental resources in the Pacifi c Islands because they involved people 
and incorporated the necessary features of their culture and tradition. The system of authority, land 
and marine tenure, custom and tradition, enforcement, beliefs, confl ict and dispute settlement 
protocol made the systems better suited to many societies in Palau, Solomon Islands, 
Papua New Guinea and Fiji (Veitayaki 1997).

Coral reefs have a very important meaning for the coastal community from economic and cultural 
point of view. One third of the Indonesian population living in coastal areas depend on shallow water 
fi sheries which originate from coral reefs, mangroves and seagrasses. The largest proportion of them 
consists of traditional fi shermen using simple fi shing gear to capture small benthic and pelagic fi sh. 
The dependency of their livelihoods needs to the attachment of strong cultural values to sea life.  
Some tribal groups such as the Bajo, Bugis and Maduranese dramatically follow fi shing opportuni-
ties in groups of 5-10 boats, catching what they will and selling it to the nearest market. The take all 
practices of these wandering fi shermen leave the locations that they exploit highly degraded with 
very few fi sh stock left. This behaviour contrasts other traditional stationary communities that live in 
relative harmony with local coastal resources. 
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These differences in the resource gathering behaviour of different cultures within the Coral Triangle 
must be taken into consideration in any effort to understand and develop management plants at the 
local level. This regard, the effectiveness of community based marine management systems have also 
been reduced by changing behaviours brought on by increased population numbers, densities and a 
transition from subsistence to a cash economy. It should also be noted that traditional/customary 
systems are critically important, but not always a panacea and can result in overfi shing. For example, 
in Kimbe Bay, Papua New Guinea, locally managed marine areas are the primary method for 
establishing and managing MPAs, but require the backup of local level legislation to be effective.  

Some countries view the sea as important in a cultural context linking their heritage or ancestry to its 
resources. For example, in parts of Papua New Guinea, the totem animals for certain clans are reef-
related species such as grouper or sharks. In Tatana village, Papua New Guinea, the people collected 
dead fi sh from the sea for burial on land to protect their fi shing ground from pollution and from the 
big and dangerous fi sh that may be attracted to their fi shing areas. The association with the super-
natural ensures that the sacred ground was respected and protected at all times - not only when some 
enforcement offi cer is visiting. In such cases ‘a close association was perceived between the living 
and the dead, whose spirits inhabited sacred areas, and who showed offence when customary taboos 
and rituals were not adhered to. Similarly, in the Solomon Islands people believe in the 
guardian shark that protects the fi shing ground and punishes those who abuse their fi shing rights 
(Toata Molea, Pers. com. 1994). Likewise, amongst the turtle fi shermen of Qoma, Fiji, the belief 
is that their gods will provide a catch for them that will meet the purpose for which the fi shing was 
asked for and conducted. The fi shers know that once a turtle swims through their net that their catch 
on that occasion is enough for whatever purpose the fi shing was conducted and that they will not 
catch any more on that trip. These strong beliefs make people adhere to the fi shing traditions and 
customs and render superfl uous the involvement of full-time enforcement offi cers (Veitayaki 1997).

SUMMARY
While the absolute value of healthy coastal ecosystems in the Coral Triangle is diffi cult to defi ne 
precisely, it is very clear that the benefi ts are enormous in terms of food, income (tourism, fi sheries), 
coastal protection, water quality maintenance and spiritual/cultural values.  Despite the diffi culty in 
defi ning the value of the systems, the total potential sustainable annual economic net benefi ts per 
km² of healthy coral reefs in Southeast Asia produce values which range from $23,100 to $270,000 
(Burke et al. 2002), suggesting even higher values across the couple of hundred thousand km² of 
coral reef and mangrove ecosystems within the Coral Triangle. These values underscore the close 
linkages between coastal ecosystems and people throughout the Coral Triangle, emphasising the 
vulnerability of these relationships in a changing world.
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SPECIAL FOCUS 1: LIVELIHOODS AND CLIMATE CHANGE 

Geoff Dews and Melanie King
Fisheries provide food and protein sources to households and the wider public. Around 38 million 
people worldwide are employed in fi sheries and aquaculture industries and 95% of them are in 
developing countries (DIFID). This case study illustrates a direct and tangible link between fi sheries 
and the livelihoods of remote communities in the Kahua District of the Makira Province of the 
Solomon Islands and climate change implications. 

In the broad sense fi shing not only provides an important contribution to the protein requirements of 
coastal communities, but also in social terms fi shing plays a large part in many people’s well-being. 
Fishing is usually gender specifi c and each gender has different roles which vary from area to area, 
culture to culture and the type of fi shing activities undertaken. Fishing is usually seasonal or it may 
be a part-time activity to supplement other rural activities in addition to providing income to a 
family, protein for subsistence, and; reducing vulnerability to poverty. Fishing is rarely carried out 
alone and is often a social activity, strengthening bonds between people and community cohesion 
(DFID). Because there is no alternative income to fi shing in some areas, people hesitate to join 
conservation programs that may alienate them from the means of a livelihood. This is despite the 
concerns that overfi shing, the loss of marine diversity, coastal zone degradation and coral reef 
destruction are major problems in tropical fi sheries (Minura 2008). Rural communities focus on 
marine resources that are easy and cost effective to catch or harvest.

Fishing in the Kahua District of the Solomon Islands is mostly for subsistence as there is no access 
to any substantial markets and due to a lack of infrastructure in the Province, (there are no roads only 
walking tracks), and therefore trading between communities is limited. Men fi sh from dugout canoes 
using baited lines or spear fi sh on the coral reefs. The fi shing effort and hence the amount of fi nfi sh 
landings depends on weather conditions and seasonal abundance. The supporting habitat for the fi sh 
is the narrow band of coral reef that runs along most of the sheltered part of the coast. The target 
fi nfi sh species are either associated with coral reefs (grouper, cods etc) or the small migratory pelagic 
tuna species. Complementing the fi shing is the collection of shellfi sh along the narrow rocky shore-
line, usually undertaken by women and children. The collection of shellfi sh contributes to some of 
the protein needs of the community, especially in times when high seas prevent fi shing from dugouts.
The abundance of reef fi sh is directly dependant on the health of the adjacent local coral reefs and the 
level of local fi shing effort. Household surveys carried out in 2006 indicated communities were 
recognising a decline in catches and a subsequent survey in 2008 showed that the catch of shellfi sh 
had declined both in total landings and size of individuals. All the evidence suggests that there is 
either a level of overfi shing and/or low annual recruitments, but most fi shermen interviewed agreed 
that overfi shing was the main reason for the decline in fi sh and shellfi sh.

The critical issues for the communities in the Kahua District are the rapid increase in population, the 
lack of suitable agricultural land to allow for an increase in crops, and the decline in fi sh and shellfi sh 
landings. The lack of arable fl at land is due to the narrow coastal fl at areas along the coast, land 
ownership issues (some of the clans have migrated to the area from other islands and have no land 
tenure) and in some cases poor agricultural practices have increased the amount of soil eroded from 
the hill slopes. All this leads to a lowering of natural resilience to natural events and climate change.
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The lack of agricultural expansion will increase the pressure on the already overfi shed marine sector. 
Increased sea-level rise will reduce the habitat suitable for shellfi sh recruitment, which plays a very 
important part in food security for some families because shoreline gleaning can be carried out at low 
tide and is not dependant on the sea conditions as is fi shing from the dugouts. Climate change will 
see the narrow rocky shoreline becoming fl ooded as the sea level rises and the cliffs will experience 
more erosion, increasing the sediments into the coastal waters making the recruitment of some 
species unlikely. 

The level of impact sea-level rise has on food security and local community livelihoods will depend 
on the community access to other sources of protein such as aquaculture or agriculture but other 
climate change impacts such as increased rain events, more severe storms leading to increased 
run-off may make alternative livelihoods diffi cult to maintain. There is a need for good local 
environmental and resource management actions to be taken in the communities in order to reduce 
the present impacts on the local habitats to allow for as much time as possible to adapt to new 
climatic conditions and to maintain community livelihoods.

Figure 3. Spear fi shing for reef fi sh Kahua District Makira Province Solomon Islands
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SPECIAL FOCUS 2: IMPLICATIONS OF NATURAL DISASTERS 
ON COASTAL LANDSCAPES & LIVELIHOODS
Alexander Tewfi k and Jamie Oliver
Coastal areas contain some of the most productive ecosystems yielding abundant fi sheries and 
aquaculture resources as well as being stand-out areas for coastal recreation that together support the 
economies of many coastal communities. For the people of the Coral Triangle, human well-being is 
on average much higher than that of people in inland communities (although this does not hold in 
some countries, e.g. Tanzania). However, the large size and complex interactions between habitats, 
organisms and people across the broader coastal zone, the often ambiguous nature of resource 
ownership and increasing level of anthropogenic disturbances provides great challenges for 
balancing economic development, livelihoods, and environmental management. 

There are considerable physical risks associated with living in some coastal areas which may be 
highlighted by the catastrophic impacts of cyclonic storms and offshore seismic events. Such 
impacts include direct and indirect damage to coastal resources resulting from fl ooding, seawater 
intrusion, erosion, and tsunamis. Tectonic movements may also result in sinking or uplifting of reefs, 
mangroves and seagrass habitats. Such disaster impacts will have profound effects on coastal 
communities and their livelihoods with potential reductions in catch, losses of aquaculture produc-
tion, and disruption of processing, transport and market infrastructure. The synergistic impacts of 
such disasters with climate change induced sea level rise and increased storm surge fl ooding will 
result in signifi cant reduction in the well-being of affected people and an increase in poverty. In the 
Coral Triangle region, the impacts of two recent earthquakes and associated tsunamis – Indonesia 
(Aceh Province) and the Solomon Islands (Western Province) - provide insights into the environmen-
tal and, socio-economic impacts which might result from climate change related increases in tropical 
storms and sea levels. 

INDIAN OCEAN TSUNAMI IMPACTS ON ACEH PROVINCE
Events following the Great Sumatra-Andaman Earthquake and tsunami of 26 December 2004 made 
it clear that systems with healthy natural environments and diversifi ed livelihoods are more resilient 
to shocks. Unfortunately, much of the region was characterized by degraded coastal environments, 
limited livelihood opportunities, and diminished ecosystem services. In Aceh Province, more than 
200,000 people died or were displaced and 500,000 were made homeless. More than 127,000 homes 
were totally or partially destroyed and over 60,000 ha of agricultural land were damaged by seawater 
inundation. Among the most severely affected were poor coastal communities (estimated population: 
468,000) engaged in fi shing and aquaculture activities. Loss or damage to principle livelihood assets 
included an estimated 10,000 boats, 6,700 engines, 20,000 individual fi shing gears and 37,000 ha of 
ponds for fi sh and shrimp cultivation. In addition, much of the supporting infrastructure (wharfs and 
processing facilities, markets, transportation and communication networks) was lost or severely 
damaged. The tsunami is also estimated to have damaged more than 84,000 ha of mangrove, with 
some areas reporting 100% loss. This may have resulted in changes to the production and recruitment 
of aquatic species (e.g., fi nfi sh, shrimp & mud crab) important to subsistence and commercial fi shing. 
Other coastal habitats, including coastal forests, beaches and dunes, were also heavily damaged or 
completely lost. This has increased the overall vulnerability of coastal communities to future impacts 
from seasonal monsoons, unpredictable storm surge, and chronic rise in sea level. 
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SOLOMON ISLANDS EARTHQUAKE AND TSUNAMI
On April 2nd 2007, a magnitude 8.1 earthquake, centred off Gizo, generated a tsunami that killed 52 
people and devastated many villages, including the loss of houses, paddle canoes and fi shing gear 
in the Solomon Islands Western and Choiseul Provinces. Because of the high dependence of most 
rural communities on coastal marine ecosystems, any disaster-related impacts on the basic assets 
used to extract such resources (i.e. fi shing gear), has the potential to severely affect food security and 
cash livelihoods (e.g. trochus and bêche-de-mer) with additional long-term consequences on health 
and education. Damage to marine habitats varied across sites and included broken reef structure and 
burial of reef areas with the potential for signifi cant changes to resident fi sh and invertebrate popu-
lations. Uplifting of reefs and mangroves also resulted in the signifi cant losses of gleaning areas, 
reduced water exchange, and compromised natural migration and canoe access routes. In one area all 
formerly intertidal mangrove fauna have perished most surviving mangrove propagules stranded and 
deteriorating rapidly from rot, desiccation, insect borers and rats.

RESTORATION OF LIVELIHOODS IN DISASTER AFFECTED AREAS
In both the Solomon Islands and Aceh a key relief measure was the replacement of fi shing boats lost 
or damaged during the disaster. In the Solomon Islands, a program to contract local boat builders was 
initiated, which helped to keep much of the aid funding within the local communities. These activities 
have focused on replacement of traditional dug-out/out-rigger canoes made from locally available 
materials thereby avoiding any increase in fi shing effort. Boat relief efforts in Aceh were much more 
ambitious, but met with mixed success. The distribution of aid appeared to be done without consider-
ation of the former structure of the fl eet and resulted in a new fl eet of reduced diversity and a strong 
focus on the smaller boat types. This may have further exacerbated the pre-existing economic and 
geographic marginalization of some remote communities. In addition, the reduced capacities of the 
fl eets to engage in multi-species/multi-gear harvesting strategies may have also increased the risk of 
ecologically unsustainable exploitation in both sub-tidal near shore and inter-tidal areas. A number of 
other livelihood focused rehabilitation activities are presently underway (e.g. tilapia cage culture, 
deployment of fi sh aggregating devices, lobster post-larvae collection, giant clam grow-out) including 
some with strong links to habitat rehabilitation (e.g. mangrove replanting) in both Aceh and the 
Solomon’s.

Key lessons learned from the disaster events in Aceh and the Solomon Islands:

Healthy coastal habitats will help to dampen the physical impacts of acute storm surge and 1. 
chronic sea level rise while also providing critical and ongoing livelihood opportunities;

Attempts to correct pre-existing problems such as overfi shing through selective aid programs may 2. 
unintentionally exacerbate these problems and compromise efforts to restore habitats and 
livelihoods in a timely and sustainable manner;

Understanding the diversity of local livelihood strategies, social dynamics (e.g. traditional marine 3. 
tenure) and sources of vulnerability as well as early engagement in community consultations will 
help in the design and implementation of responses aimed at long-term resilience-building within 
coastal communities.
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CHAPTER 4
THE IMPACT OF LOCAL ACTIVITIES ON CORAL 
REEFS, MANGROVES AND SEAGRASSES

The incredible biological diversity of the Coral Triangle is associated with some of the highest 
human population densities and growth rates in the world. Many of these people live within the 
coastal regions of the Coral Triangle, with the livelihoods of over 100 million people being supported 
directly by the coastal resources of the region (TNC 2009b)(see also Chapter 5). Over 70% of the 
human population of the Coral Triangle lives within 50 km of coastline (Chou 1994; Dahuri 1999). 
Escalating population growth and unrestrained coastal development have begun to put extensive 
demands on marine ecosystems within the Coral Triangle.  This has led to coral reefs, seagrass beds 
and mangroves of the region being among the most stressed on the planet (Spalding et al. 1997; 
Spalding et al. 2001; Burke et al. 2002). 

Halpern and colleagues assessed the human impact on marine ecosystems across the entire planet, 
and concluded that there are few areas on the planet that have not been affected by human activities 
(Halpern et al. 2008). Within this analysis, the Coral Triangle shows evidence of medium to high 
impact relative to other areas in the world (Figure 1).  

The stressors of coral reefs, mangroves, and seagrasses within the Coral Triangle can be divided 
into two broad categories. The fi rst set is often referred to as ‘local’ threats, which originate directly 
from activities within the region. Declining water quality, over-exploitation of resources, sewage 
discharge, and destructive fi shing are some of the direct impacts that humans are having on coastal 
ecosystems within the Coral Triangle (Burke et al. 2002). An earlier overview of local environmental 
problems of the region was prepared nearly two decades ago (Gomez 1988) which listed various 
threats that were considered of importance then. While many of those threats remain to this day, the 
review did not anticipate the global or “systemic” threats at the other end of the spectrum, that arise 
principally from the burning of fossil fuels, deforestation and land-use change.  Rising carbon 
dioxide in the Earth’s atmosphere is driving the warming and acidifi cation of the world’s oceans. 
These two factors are changing both the chemical and physical attributes of the marine 
environment in which coral reefs, mangroves, and seagrasses are trying to persist.

Given the importance of these ecosystems to the Coral Triangle, and the hundreds of millions of 
people living along coastal areas within this region, an exploration of both of these categories of 
threats is required before a complete understanding can be constructed of how the future will unfold. 
In this section, the impacts of local activities within the Coral Triangle are described, fi rst by reviewing 
each category of threat, and then by reviewing the specifi c context of each country (Chapter 6). 
In the latter case, systematic information across all six countries on the impact of local activities is 
not possible. For this reason, an in depth exploration of examples from each country is included here. 
A description of how global threats are likely to impact coastal ecosystems in this region is included 
in a later chapter, following an in-depth description of the economic profi le of each of the CT6 
countries. 
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Figure 1. The extent to which human impacts can be detected within the Coral Triangle, from information provided to 
Google Earth by Halpern et al. (2008). The key to the different colours is as follows:

COASTAL DEVELOPMENT
The expansion of human populations has led to the rapid development of coastal areas within the 
Coral Triangle (Salm 1994b; Burke et al. 2002). Expansion of urban and agricultural activities has 
both directly and indirectly affected coastal ecosystems. Land reclamation to build human dwellings, 
airports and tourist venues has directly removed coral reefs and mangroves from coastal areas. Corals 
have also been mined directly for coral rock and lime to make cement.  Mangroves, seagrass beds 
and salt marsh areas and coral reefs have also been affected by dredging and port development. The 
growth of towns and cities along coast lines has led to a massively increased infl ux of sewage and 
garbage into coastal ecosystems such as mangroves and coral reefs (Chou 1994). 

The growth of tourist activities, which often occurs in pristine and sensitive locations, can have a 
disproportionate impact on the environment through physical impacts such as anchoring, coastal 
development, as well as contributing sewage, solid and liquid wastes into often valuable coastal 
ecosystems. Coastal development associated with towns and tourism can also drive other activities 
such as the mining of reef carbonates the building materials and cement. These activities can have a 
direct impact on the three-dimensional structure of coral reefs, and is still occurring throughout the 
Coral Triangle. 
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Coral reefs that thrive in clear and low nutrient waters disappear once coastal waters become clouded 
with sediment and laden with nutrients such as nitrogen and phosphorus. Sediments reduce the 
amount of light falling on coral and other photosynthetic organisms, while elevated nutrients tend to 
tip the balance away from coral-dominated reefs to those dominated by organisms such as seaweeds, 
which often do well under high nutrient conditions.  Sediment can also physically smother coral 
reefs. Seagrasses also require clear water and are degraded or killed when water becomes too turbid.

Overall, about 25% of coral reefs in the Coral Triangle are threatened by coastal development (Burke 
et al. 2002). While coastal development is most intense within the Philippines and Indonesia (particu-
larly Sulawesi and Java), it represents a growing threat throughout the Coral Triangle (Fig 2A - threat 
maps from Burke et al. 2002). 

MARINE-BASED POLLUTION
The Southeast Asian region is a major hub for shipping traffi c, including several mega-ports as well 
as a complex network of shipping channels as part of these activities. One of the two most impor-
tant sea lanes in Southeast Asia passes through the Straits of Lombok and Makassar (Coutrier 1988) 
which form part of the Coral Triangle. Other important sea lanes include those passing through also 
include areas such as the Sawu Sea, Arafura Sea, Banda Sea, Seram Sea and Maluku Sea. A number 
of threats arise from this intense shipping activity including oil spills (Lu et al. 1999), pollution from 
ports, ballast/bilge discharge, as well as garbage disposal. Impacts also arise from groundings and 
anchor-damage, leading to the direct destruction of coral reefs formations. 

Figure 2 . Distribution and intensity of ‘local’ threats throughout South-east Asian region. A. coastal development, B. 
marine-based pollution, C. Overfi shing and D. destructive fi shing (Source: (Burke et al. 2002).
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A number of impacts arise from these threats. Oil spills can damage adult coral populations directly 
(Loya and Rinkevich 1979,1980), or can have serious effects on the ability of corals to recruit to new 
areas as settling larvae and juveniles (Loya and Rinkevich 1979; Epstein et al. 2000). Oil can also 
enter the marine environment via a number of activities including leakages from storage facilities 
and regular maintenance activities in harbours and ports. Oil can have insidious effects via its 
bioaccumulation within invertebrates, and can severely reduce the resilience of coral reef, mangrove, 
and seagrass ecosystems to other stresses. Ships discharging bilge and ballast water may also release 
oil, nutrients, chemical pollutants and invasive species(Burke et al. 2002). 

According to recent systematic analysis, marine-based pollution is the least threatening of the human 
related stresses arising within the Coral Triangle. Approximately 7% of coral reefs are facing threats 
from (Burke et al. 2002) marine-based pollution. Threats from marine-based pollution are highest 
in the Philippines and heavily populated areas of Indonesia (Fig 2B). In the Philippines, the release 
of untreated sewage into coast areas is one major threat to coral reefs. Marine-based pollution has 
increased rapidly where urban centres and ship-based activities have expanded.

LAND-BASED RUN-OFF
The environments within which coral reefs and associated ecosystems thrive are infl uenced directly 
by the activities that occur on adjacent coastlines in terms of land-use. In undisturbed settings, coral 
reefs and seagrasses thrive in clear water that allows light to penetrate and drive the photosynthesis 
of symbiotic corals and other coral reef organisms such as giant clams and macro-algae. These waters 
also tend to be low in inorganic nutrients such as nitrogen and phosphorus, which would otherwise 
drive phytoplankton blooms and decrease the clarity of water. 

The conversion of coastal forests and landscapes into grasslands, agriculture and aquaculture 
diminishes the ability of coastal areas to retain soil and nutrients, which otherwise run off into coastal 
areas. Road construction and other infrastructure activities in coastal areas can therefore have serious 
effects on adjacent water quality. When coupled with poor tillage practices and the loss of riparian 
vegetation around rivers and creeks fl owing into coastal areas, these activities can have devastating 
effects on coastal ecosystems such as coral reefs and seagrasses.

The growth of heavily populated regions such as those in the Philippines and Indonesia (especially 
Java and associated islands) has resulted in almost all natural forests and landscapes being altered. 
Coastal water quality is an increasing concern in areas such as the Solomon Islands, where unre-
strained logging continues. Approximately 21% of the coral reefs of Southeast Asia are threatened 
by land-based run-off. This fi gure is higher in the Philippines and Java, where approximately 35% 
of coral reefs are threatened by nutrients and sediments running off destabilised coastal areas (Burke 
et al. 2002). Large river systems on large islands in the Philippines contribute enormous amounts of 
sediments that smother coral reefs (A. Alcala, Silliman University, Philippines pers. obs.).
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Figure 3. Distribution and intensity of land-use change throughout South-east Asian region (Source: (Burke et al. 2002).

OVERFISHING
Human populations residing in the coastal areas of the Coral Triangle are heavily dependent on local 
marine ecosystems for their food and livelihoods. Much of the recent growth in demand for marine 
resources has come from people living at subsistence levels. In this respect, it is interesting to note 
that small-scale fi sheries make up 95% of the total marine fi sheries production in Indonesia and 
traditionally more than 50% in the Philippines. Many local people spend their time foraging local 
waters for fi sh, invertebrates and seaweeds for either direct consumption or sale in local markets. In 
addition to local subsistence fi sheries, communities may also participate in pelagic fi sheries such as 
tuna, the live reef fi sh trade, as well as the trade in aquarium fi sh. The live reef fi sh trade has 
fl ourished in recent years due to the growing demand from China and Taiwan. 

The pressure on fi sh stocks has escalated in concert with population growth, and represents one of 
the most signifi cant threats facing coastal ecosystems within the Coral Triangle (Figure 2C). Few 
countries or coastlines remain unaffected. The over exploitation of fi sh stocks embodies a complex 
set of threats involving both internal and external pressures, cultural and economic constraints, and is 
closely connected to human livelihoods and poverty. The live fi sh trade for restaurants in major Asian 
cities is an excellent example in this respect. The trade involves cartels that provide boats to impov-
erished people who then strip reef systems across the region of large fi sh (e.g., Napoleon wrasse and 
groupers), which are then shipped to major cities such as Hong Kong and Singapore. The live fi sh 
trade crosses international boundaries and circumvents the ability of local people to control the state 
of their fi sh stocks (Johannes et al. 1995; Cesar et al. 2000; Sadovy and Bank 2003).
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In cases where overfi shing is controlled by large-scale commercial operations, regulation through 
government enforcement may suggest a solution. The problem becomes much more complex when 
coral reefs are located adjacent to crowded coastlines. In these cases effective fi sheries management 
is diffi cult, though crucial. These solutions are discussed in detail in subsequent chapters of this 
report. Large proportions of the Coral Triangle have already been severely impacted by overfi shing, 
with high threat areas ranging over most of the Philippines, Indonesia, Malaysia (Sabah) and Timor 
Leste (Burke et al. 2002). Papua New Guinea and the Solomon Islands (not shown on map) are by 
comparison less impacted although some regions close to major human settlements have been 
impacted from a moderate to severe extent (Fig 2C).

An example of overfi shing that has led to the extirpation of many local populations is that of the true 
giant clam, Tridacna gigas, which was fi shed out of the Western Pacifi c by Chinese fi shers (Brower 
1989) by the 1970’s, prompting a mariculture effort in the 1980’s to restore populations with 
Australian support (Copland and Lucas 1988). Some headway has been made in the Philippines 
(Gomez and Mingoa-Licuanan 2006), with natural, local recruitment of juveniles becoming evident 
20 years after the start of the program. Thus, it is better to conserve local populations at a sustainable level 
than to try to restore extirpated species. Overfi shing represents one of the greatest threats throughout 
the Coral Triangle region (Silvestre and Pauly 1997; Burke et al. 2002). Approximately 64% of coral 
reefs are at medium to high threat from overfi shing. The Philippines is the most threatened with over 
90% of their coral reefs threatened by overfi shing which is manifest by the fact that only 5-10% of 
the normal biomass of target fi sh species exist in most parts of the Philippines (Alcala, Silliman 
University, unpublished data). Similar although less publicised threats from overfi shing 
exist for seagrass and mangrove forests. In these cases as well, ecosystems shift as ecological 
functional groups are removed, with consequences for overall coastal ecosystem health. 

DESTRUCTIVE FISHING
Expanding coastal populations with limited fi nancial resources has led to the proliferation of 
destructive fi shing practices. Generally located near heavily populated cities and coastlines, 
destructive fi shing has taken a toll on habitats and on non-target species. In addition to the impact 
of anchors and nets on coral reefs from regular fi shing and trawling activities, there are two main 
fi sheries techniques that cause major damage to coral reefs: fi shing using poison or using explosive 
devices. 

A. Fishing using poison
Poison fi shing has long been used throughout South-East Asia by traditional communities (Johannes 
et al. 1991; Cesar et al. 1997). Products extracted from mangroves and other plants are mixed into the 
water column by the fi sher, impairing or killing the fi sh prior to collection. At low density and under 
traditional control, poison fi shing is unlikely to have a major impact on coastal ecosystems. 

The use of poisons today has proliferated from its use in the Philippines in 1960s (E. Gomez, pers. 
obs.) and has spread throughout the Coral Triangle, with the exception of the Solomon Islands. 
Modern poison fi shers use sodium cyanide or insecticides, delivering the poison to the fi sh in plastic 
squirt bottles that are operated by divers (Cesar et al. 1997; McManus et al. 1997). The poison 
anaesthetises the fi sh, making them easy to capture. Both the live fi sh and aquarium trades use 
poisons extensively. The impacts on coral reefs range from non-specifi c and widespread impacts on 
other fi sh, to direct impact on corals. The application of dilute solutions of cyanide will disrupt 
photosynthesis and cause corals to bleach and die (Jones and Hoegh-Guldberg 1999), and if applied 
at higher concentrations will kill entire communities of corals (Pet-Soede et al. 1999; Mous et al. 
2000). 
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The full extent of the use of poison for fi shing is unknown, largely because it tends to be used in 
more pristine and isolated coral reefs where observations are limited or diffi cult (Burke et al. 2002). 
The limited information available on fi sh poisoning suggests that it is widespread in the Philippines, 
Malaysia (Sabah) and Indonesia (Fig 2D). 

B. Fishing with explosives
Blast fi shing is currently outlawed throughout Southeast Asia. Despite this, it is regularly used on 
coral reefs in the Coral Triangle. Blast fi shing originated after World War II when the combatant 
armies left behind large numbers of unexploded shells, which were cannibalized to make explosives 
for use in fi shing (Alcala and Gomez 1987). Most of the stocks of explosives from WWII have been 
used up or removed, and blast fi shers now use dynamite from building sites, or potassium nitrate, 
which is an artifi cial fertiliser and which can be prepared as an explosive using commercial fuses or 
blasting caps. In some cases, there are reports that small scale fi shers reportedly buy explosives from 
commercial and government sources (Cesar et al. 1997; Pet-Soede et al. 1999). 

Blast fi shing kills fi sh by rupturing their internal organs through the pressure wave that is created by 
the blast. Once an explosive has been set off, fi shers enter the water and collect the stunned and dead 
fi sh. Economic estimates indicate that the market value of the fi sh far exceeds the cost of the explosive. 
The ecological costs of blast fi shing are much greater, however. A typical 1 kg bomb often made 
using a beer bottle will leave a crater of coral rubble 1-2 m in diameter (Alcala and Gomez 1987). 
The recovery of reefs from the physical damage infl icted by explosives may take many decades. In 
some regions, blast fi shing is so common that reefs have been more or less destroyed completely. 
Reefs that are bombed regularly usually exhibit less than 10% coral cover and a vastly reduced reef 
framework. With the three-dimensional typography of the reef gone, most of the other organisms that 
normally inhabit coral reefs disappear as well. 

Approximately 56% of coral reefs in South-East Asia are at risk from destructive fi shing practices 
(Burke et al. 2002). The proportions are high as for the Philippines with 66% of reefs being 
threatened by destructive fi shing, and Indonesia, where more than half of the reefs are threatened. 
Damage to coral reefs from blast fi shing appears to be minimal in the Solomon Islands.

SUMMARY
The large human populations that occupy the coastal areas of the six Coral Triangle countries have 
put signifi cant pressure on the natural resources of this region. Around 100 million people are 
directly supported by coastal resources (see chapter 5) within the Coral Triangle, with the provision 
of food and livelihoods to the large numbers of impoverished people. Rapidly rising coastal popula-
tions and unrestrained coastal development, however, have resulted in serious impacts on the very 
coastal resources that support people. Impacts have also arisen from the expansion of urban and 
agricultural activities which have directly and indirectly affected coastal ecosystems such as coral 
reefs and mangroves. Large cities have developed in the region with poor planning for sewerage and 
wastewater, leading to large areas of coastline being polluted and destroyed. Increased shipping that 
is servicing expanding cities and industries in the region have put pressure on open sea as well as 
coastal ecosystems, while the destruction of coastal forests has led to an increased fl ux of sediments 
and nutrients into coastal waters. 

One of the most serious pressures on coastal ecosystems has arisen due to the spiralling demands for 
fi sh and other seafood. Much of this demand for fi sh comes from small-scale fi sheries which may 
represent between 50 to 95% of the total fi sheries production in countries such as the Philippines and 
Indonesia respectively. 
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Demand for fresh (and even live) fi sh by countries outside the region has driven the overexploitation 
of fi sh species across the region. These demands have led to a massive reduction in fi sh species which 
otherwise perform importance roles such as have every within coastal ecosystems. The over-exploi-
tation of fi shery stocks has consequently led to changes in the ecological structure of coastal ecosys-
tems, such as that seen in coral dominated reefs which have changed into systems dominated by large 
seaweeds and other non-coral organisms as well as disappearance of the top carnivore trophic level. 
The overexploitation of fi sheries is also being accompanied by destructive fi shing methods, which are 
being driven by an increasingly desperate bid by coastal people to obtain enough food and income 
from their coastal ecosystems.

The pressures from local stresses on Coral Triangle reefs are escalating, and in combination 
increasing impacts from global warming and oceans acidifi cation, are rapidly destroying the ability 
of coastal ecosystems to provide resources to the millions of people that depend on them. The 
imperative to understand and reduce these pressures underpins one of the key responses that is
required if these resources are to have any future in a globally changing world. 

SPECIAL FOCUS 3: AQUACULTURE AND DAMAGE TO 
COASTLINES

Professor Edgardo D. Gomez
Coastal aquaculture has been practiced in Southeast Asia going back many decades, with tambacs 
going back more than a century. Traditional brackish water pond culture was sustainable until the 
advent of modern commerce and trade. In the 19th century, only limited areas of mangroves were 
converted into fi shponds, but early in the 20th century, larger areas were affected. Thus, in the 
Philippines, as many as 80% of mangrove areas were destroyed, principally by conversion into 
brackish water aquaculture ponds, with a smaller proportion giving way to agriculture and coastal 
development. The large turnover occurred from the early 20th century until towards its end. [See 
Primavera 2000 for mangrove development issues.]

The conversion of mangrove areas into fi sh and shrimp ponds meant their alienation from the com-
mons, resulting in the loss of traditional fi shing grounds for many coastal fi shers, as it was generally 
the wealthy who could afford to construct fi shponds. In addition, losing nursery and feeding grounds 
for coastal fi sheries meant reduced catch for the capture fi shing communities. The negative impacts 
of mangrove conversion soon included siltation and pollution of adjacent coastal areas, which may 
include seagrass beds and coral reefs.

On the other side, large scale pond culture meant an increase in fi sh and shrimp production, contri-
buting to the economies of countries like the Philippines, Indonesia, and Malaysia. In the Philippines, 
aquaculture production (although more than half of which is seaweed culture) now represents more 
than 40% of the total fi sheries production (DA/BAS 2008), which is up from a contribution of only 
10-15% about 50 years ago. Some questions have been raised about equity distribution of benefi ts, 
however.

The shrimp and prawn industries grew very rapidly in the last quarter of the 20th century, only to 
crash throughout the region because of bacterial diseases that affected virtually all farmed shrimp 
species. The diseases were no doubt helped by overstocking and poor water management practices. 
Because contaminated water travels alongshore, the problems spread over vast regions in a relatively 
short time. Partly because of the above and the growing demand for food fi sh, a new type of coastal 
aquaculture for fi nfi sh began to develop in the last decade of the 20th century. 
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Instead of raising the aquatic species in fresh or brackish water, many now grow them in seawater, 
using fi sh pens in very shallow water and fi sh cages in deeper water. This development has brought 
along its own environmental impacts. Where management has been weak, many coastal areas have 
been overcrowded with mariculture structures, limiting the water exchange along coastlines and 
channels, not to mention providing obstacles to navigation of coastal crafts. This changed hydrog-
raphy also has its chemical and biological consequences. The large numbers of fi sh that need to be 
fed are living generators of excessive organic wastes, whether the materials go through their guts or 
not. Eutrophication (i.e. too many nutrients) of the water bodies may result. A considerable amount 
of feeds do not get ingested by the fi sh and end up on the bottom. The rain of feces and unconsumed 
feeds adversely affects the seafl oor below or near the cages and pens, greatly increasing the BOD on 
the bottom.

The plants and animals that normally inhabit the area are thus adversely affected. The benthic fauna 
is changed, with the chemistry of the substrate and the burrows of infauna being negatively impacted. 
(Santander et al. 2008). Where cages have been unwisely placed over seagrass beds or coral reefs, 
these ecosystems are essentially sacrifi ced. However, even if the cages are not directly over, the 
negative impacts of pollution may be extended some distance downstream. And a recent study 
indicates that bacteria similar to those from fi sh cages can now be detected on corals some distance 
away, which may indicate the potential for adverse effects. (Garren et al. 2008)

Seaweed farming is also practised in several countries in the Coral Triangle. Fortunately, it is not as 
detrimental to coastal environments as fi sh or shrimp culture, principally because there is no feeding 
involved. It is not entirely without adverse effects, however. Farming near or above coral reefs may 
lead to physical damage of the corals, or their shading by fl oating racks of Kappaphycus spp.
(=Eucheuma spp.), the red algae that is much in demand for its carrageenan, may result in slowed 
growth.

Global warming may have adverse impacts on fi sh and shrimp culture in the tropics in two ways. 
Higher temperatures may result in lower stocking densities in the culture structures, as hypoxia may 
become an issue in crowded enclosures. Additionally, higher temperatures may be stressful to 
cultured animals in enclosures, whether mobile fi sh or shrimp, as well as to sessile benthic 
invertebrates. Future ocean acidifi cation may also adversely affect some molluscs.

Potential actions: The further conversion of mangroves must be managed and stopped where needed. 
Restoration should be done where feasible, particularly in abandoned fi shponds. Coastal fi sh cage 
and fi sh pen culture should be managed sustainably so that capture fi sheries and biodiversity are not 
compromised. 

REFERENCES:
DA/BAS Dept. of Agriculture/Bureau of Agricultural Statistics (2008) http://www.bas.gov.ph
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Figure 1. A. aerial photograph of fi sh farms in the vicinity of Bolinao, in the Philippines. 

B. Feed being applied to fi sh cage in the same area (G. Jacinto, Marine Science Institute, University 
of the Philippines)
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CHAPTER 5
ECONOMIC PROFILE OF 
THE CORAL TRIANGLE COUNTRIES

This chapter contains general descriptions of each country in the Coral Triangle in an overall compar-
ative framework. Chapter 6 then goes into more regional detail, both on socioeconomic features and 
on the geography and biology of the Coral Triangle. It refers to the section of the Sundaland hotspot 
area that overlaps the Coral Triangle from Bali north along the east coast of Borneo, and the hotspots 
of the Philippine archipelago, Wallacea (east and south of the Wallace Line between Bali and 
Lombok, Kalimantan and Sulawesi, and Indonesia and the Philippines which separates largely 
East Asian fauna from animals ultimately of Australian descent), and the East Melanesian islands. 

As described in chapter 2, all four areas are offi cial biodiversity hotspots, designated by 
Conservation International, four of only 25 on the planet. To qualify as a hotspot, a region must meet 
two strict criteria: it must contain at least 1,500 species of vascular plants (above 0.5% of the world’s 
total) as endemics, and it has to have lost at least 70% of its original habitat to qualify as threatened. 
As explained in chapter 2, the hotspots are also species-rich in other endemic organisms, including 
the coral reefs in the Triangle. 

To confi ne the description as far as possible to the Coral Triangle itself, the descriptions of Malaysia 
and Indonesia in Chapter 6 are supplemented by a focus on the 15 Indonesian provinces adjacent to 
the Triangle, and on Sabah. These areas are generally poorer than the western parts of the two 
countries, though Bali and the oil- and timber-producing East Kalimantan and Sulawesi are 
exceptions. 

The collection of basic data for each country in total is shown below, with the usual qualifi cation that 
even overall statistical data can be somewhat ‘rubbery’ but all attempts have been made to tell the 
story as straight as can be done despite these defi ciencies. It is based on a number of general sources 
described in the footnotes to Tables 1 to 8, and the results are fed into the general country descriptions 
in Chapter 6, which describe the CT6 resources from a largely socioeconomic viewpoint. 

COMPARISON TABLES
The tables below provide general information on the six CT countries in their entirety. Tables 1 to 3 
contain data the CIA Factbook, latest version accessed March 2009 (CIA 2009). The CIA material is 
mostly quite up to date, with most indicators from 2007 or 2008, and in the case of the demographic 
indicators even using estimates for 2009. Possibly associated with the desire to be as up to date as 
possible, some indicators appear to be less reliable than what seems to be more thoroughly 
researched information from other sources (see below).

Table 4 has an environmental bent, coming from the World Bank’s 2007 edition of the Little Green 
Data Book (World_Bank 2007), representing “a succinct collection of information from the Bank’s 
World Development Indicators and its accompanying CD-ROM. It represents collaboration between 
the World Bank’s Development Economics Data Group and its Environment Department.”
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Table 5 shows a small part of the monitoring of the United Nations’ Millennium Development Goals, 
part of a program that was unanimously voted by all United Nations members in 2000 to set eight 
crucial goals for 2015. The program is briefl y described alongside the table, with reference to the rich 
material available on the Internet. The last three tables, 6 to 8, are from the United Nations’ work to 
monitor its Human Development Index, from the 2007-08 editions. 

The six countries in Tables 1 to 8 are arranged from west to east, which helps identify two broad 
groups: three larger nations in the western section which are or may be on the way to industrial 
development status, and three small much less developed nations to the east. The Malaysian state of 
Sabah and the Indonesian provinces which surround the Triangle are also generally poorer than other 
parts of Malaysia and Indonesia but still benefi t from being part of the larger entity. 
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I ndonesia M alay sia Philippines T imor-L este PN G S olomons

Tota l area  ( sq km) 1,919,440    329,750       300,000       15,007         462,840       28,450         

C oa stline ( km)* 66,760         4 ,484           34,343         794              16,483         9,921           

Territoria l sea  (nm) 12 12 O ther 12 12 12
E xclus ive economic zone (nm) 200 200 200 200 200 200

L and use
Arable  land 11.0% 5.5% 19.0% 8.2% 0.5% 0.6%
Permanent crop 7.0% 17.5% 16.7% 4.6% 1.4% 2.0%
Other 81.9% 77.0% 64.3% 87.2% 98.1% 97.3%

Irrigated la nd (sq km) 45,000         3 ,650           15,500         1,065           na na
R enewable water resources  (cu k m) 2,838           580              479              na 801              45                

F reshwater withdra wa ls  (cu k m) 82.8             9.0               28.5             na 0.1               na
of which
Domestic 8% 17% 17% na 56% na
Industria l 1% 21% 9% na 43% na
Agricultura l 91% 62% 74% na 1% na

Per ca pita  withdra wa ls  (cu m/yr) 372              356              343              na 17                na

S ource:  C IA F a ctbook a ccessed Ma rch 2009.

T able 1:  G eographic indicators

L ength of coastlines  within the C oral Triangle - Na te P eterson,  S tu S heppard,  The Nature C onservancy,  ba sed on S huttle  
R adar Topogra phy Miss ion (S R TM; NAS A) us ing metadata  from S R TM W aterbodies : U.S .  G eologica l S urvey C enter for 
E a rth R esourc e O bserva tion and S cience (E R O S) , N ationa l Aeronautics  and S pa ce Administra tion ( NAS A),  Na tional 
G eospa tial- Intelligence Agency ( NG A) ,  E S R I, 20061001,  E S R I®  Da ta  & Ma ps  2006 W orld, E urope, United S ta tes ,  C a na da ,  
a nd Mexico, E S R I,  R edlands ,  C a lifornia,  US A
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GEOGRAPHIC INDICATORS
Indonesia dominates the other fi ve countries in the Coral Triangle in terms of size: almost 2 million 
square kilometres of land area compared with 300,000 to 460,000 km2 in PNG, Malaysia and the 
Philippines. Timor-Leste and the Solomon Islands are relatively tiny (Table 1). Coastlines, however, 
are obviously another relevant geographic indicator where the archipelagos come out strongly: 
Indonesia with nearly 66,760 km and the Philippines with 34,343 km according to Peterson and 
co-workers who have recently used detailed satellite measurements to estimate CT country coastlines. 
They estimate a total coastline length of 132,800 km for the Coral Triangle region. The Solomons 
also have a high ratio of coastline to total area: the total coastline is larger than PNG’s despite the 
land area being only 6%. The Solomon Islands coastline is also twice as long as East Malaysia’s, 
which includes Sabah. Timor-Leste has only 700 km of coastline but in a geographic and biological 
context is really part of the Lesser Sunda ecoregion stretching east from Lombok (part of the 
Wallacea hotspot region). 

Other geographic indicators include land use, divided into three parts: arable land for crops replanted 
after each harvest, such as grains and rice, permanent crops that are not replanted after each crop 
(excluding land under trees grown for wood and timber), and the vast majority of all land in all six 
countries consisting of forests and woodlands, pastures and meadows, built-up areas, roads, and 
barren land. The proportion of this ‘other’ land varies considerably from 64% in the Philippines (that 
is, 36% of that country’s total area is used for crops), to 77% in Malaysia, 82% in Indonesia, 87% 
in Timor-Leste, and 97-98% in PNG and the Solomons. Again, land is used for crops to the greatest 
extent in the more developed areas around the Coral Triangle.

Indonesia dominates the total area in amount of irrigated land (45,000 km2 followed by the 
Philippines with 15,500 km2), and on renewable water resources and freshwater withdrawals. Per 
capita withdrawals are fairly comparable in Indonesia, Malaysia and the Philippines, at around 350 
cubic meters per year. The little information we have for the three eastern countries suggests that 
withdrawals per head are a small fraction of these quantities.

DEMOGRAPHIC INDICATORS
The population in the six countries varies between 240 million in Indonesia according to CIA’s 
mid-2009 estimate, and almost 100 million in the Philippines, towards 6 million in PNG, one million 
in Timor-Leste and 600,000 in the Solomon Islands. Malaysia’s total population is around 26 million 
(Table 2).

Population growth and age distributions are correlated. Indonesia has the lowest population growth, 
through long propaganda calling for small families starting in the Soeharto years. The country also 
has by far the lowest birth rate, the highest median age, and the lowest total fertility rate (number of 
children born to the average woman through her life). 
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The Philippines provides some contrast with a birth rate considerably higher than in Indonesia and 
Malaysia, a signifi cantly lower median age, and a relatively high population growth rate (2% pa), 
comparable with Timor-Leste and PNG though less than the 2.4% pa in the Solomons.

The statistics of infant mortality tell an interesting and not entirely expected story, relating to the 
Solomon Islands. The numbers are doubted because the related demographic of life expectancy at 
birth is plainly wrong (see next paragraph). The infant mortality rate as shown is lowest in Malaysia 
at 15.9 deaths per thousand births, followed by the Solomons at 19 and the Philippines at 20.6. Infant 
mortality is much higher in PNG at 45 deaths per thousand births, and in Timor-Leste at 41 – and it is 
also quite high in Indonesia (30).

Similarly, life expectancy at birth according to the CIA Factbook was actually highest in the Solomon 
Islands (73.7 years), but this is contradicted by United Nations human development statistics in Table 
6 showing only 63 years, which is accepted as much more likely to be correct. Malaysia then shows 
the highest life expectancy at birth (73.3 years). Indonesia and the Philippines were in an intermediate 
position at around 71 years, and Timor-Leste and PNG lowest together with the Solomon Islands (as 
amended to fi t with Table 6). 
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These statistics show that socioeconomic data must be interpreted carefully in the process of building 
up a picture of where a country may be going. However, patterns may be discerned and adjustments 
made even though the original fi gures are not always very reliable.

The statistics of literacy, measured by the percentage of people aged 15+ who can read and write, 
again show a clear distinction between the three major countries to the west, and Timor-Leste and 
PNG (there are no statistics for the Solomons).

The fi nal indicator in Table 2, education expenditure as percent of GDP, shows Malaysia supplying a 
hefty 6% and Indonesia, the Philippines and the Solomon Islands at around half that level or below. 
Given that the literacy rate in Malaysia trails that of Indonesia and the Philippines by a few percent-
age points, this indicates an effort on the part of the Malaysian government to improve its education 
system in a country which has achieved a higher living standard than other members of the Coral 
Triangle. In this it would be aided by higher average income per head of population shown by the 
economic indicators in Table 3.

Religion is another important characteristic which has an undoubted infl uence on the character of the 
people in many respects, and as the world has experienced can give rise to confl ict and terrorism – as 
well as being important for the welfare of many people. Indonesia and Malaysia are predominantly 
Muslim (86% of Indonesians, 60% of Malaysians), though there are important minorities. In 
Indonesia, ethnic groups such as Chinese are often Christians, and so are many people in the 
easternmost part of Indonesia, including Maluku and Papua (a total of 9% of all Indonesians are 
either Protestants or Roman Catholics). In Bali, most are Hindus (1.8% of all Indonesians). In 
Malaysia, Buddhism (19%), Christianity (9%), and Hinduism (6%) form important minorities.

Two countries are predominantly Roman Catholic: Timor-Leste (98%) and the Philippines (81%). 
There are about 12% Protestants in the Philippines and a Muslim minority: 5% of the national total 
living mostly in southern and western Mindanao, southern Palawan, and the Sulu Archipelago.
The two easternmost countries are mainly Protestant: 78% of the Solomon Islanders and 69% in 
PNG. Evangelical churches are prominent though there is a broad mix in both countries. The other 
main religion is Roman Catholicism (27% in PNG, 19% in the Solomon Islands). 

POPULATION OF CORAL TRIANGLE AND ITS COASTAL 
DEPENDENTS
A key but often poorly-defi ned demographic statistic is how many people live within the Coral 
Triangle and how many of these people directly dependent on coastal resources. The current report 
takes the latest information and comes to the conclusion that the total population of the Coral 
Triangle is close to 150 million, with around 100 million of these people living close to (and being 
highly dependent on) coastal resources. The reasoning is as follows. 

The total population in the Coral Triangle (in 2009) is estimated as follows from Table 2
 (Demographic indicators): Total population of Philippines, Timor-Leste, PNG and the Solomon 
Islands (106 million), plus Sabah at 3 million (Leete 2008a), plus 15 provinces of eastern Indonesia. 
The total population of these provinces in 2000 was 35.7 million, when the Indonesian total was 
206.3 million (17.3%). Applying this to the current Indonesian total, the 15 provinces would have 
about 41 million (perhaps slightly more as their population growth had been slightly above the 
Indonesian average). So the total current population in the CT is close to 150 million in round fi gures.
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The coastal population has been estimated to be about 65% of the total by (Dahuri 1999) with previous 
estimates suggesting 70% of people being coastal (Chou 1994). While Dahuri (1999) applies to 
Indonesia, it is the most recent estimate we have for the Coral Triangle. It should be pointed out that 
this is probably an underestimate of the actual number of people living in coastal areas. Clearly, in 
the Melanesia island nations of the Coral Triangle, a much greater percentage of people live coastally. 
Therefore, the best and probably conservative estimate of the coastal population of the Coral Triangle 
is about 100 million people, which is close to the conclusions of others (e.g. 126 million people; 
(TNC 2009d).

ECONOMIC INDICATORS
Gross Domestic Product comparisons between different countries are measured in two different 
ways: by applying offi cial exchange rates with the US dollar and by measuring it at purchasing power 
parity (PPP) exchange rates, which is the sum of the values of all goods and services produced in the 
country valued at prices prevailing in the United States. The concept is complex for a number of 
reasons, but is preferred by economists when assessing the welfare and living conditions across a 
nation. The difference between the two measures tends to disappear when conditions between 
developed and developing countries converge.
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In fact, it can be observed within a country where a middle class emerges while the bulk of the 
population remains in traditional village or urban slum conditions. A survey of supermarket prices 
in Jakarta compared with Australian supermarkets before the Indonesian monetary collapse showed 
that for people able to go to these outlets, the convergence was actually complete (Hoegh-Guldberg 
1997). This moneyed emerging middle class was so detached from the ordinary way of life even in 
Jakarta (let alone in remote villages) that the average Indonesian person could enjoy (if that is the 
word) a high purchasing power parity. 

The British weekly The Economist still publishes its ‘Big Mac Index’ to illustrate PPP pared to its 
bones, based on a food item available throughout the world. In February 2009, people in China, Hong 
Kong, Indonesia, Malaysia, the Philippines, Russia, South Africa, and Thailand paid only about half 
of what Americans paid, but members of the Euro area paid 24% more, and Danes, Swedes, 
Norwegians, and Swiss even more. Of course, the Big Mac is only one item and a proper PPP 
index is based on a representative package of consumer goods. 

Malaysia clearly stands out as the most developed country among the six, with a GDP per head in 
PPP terms of $15,000. Indonesia and the Philippines follow at $3,900 and $3,400, respectively. The 
differences between these countries and Timor-Leste, PNG and the Solomons would be greater if 
measured at market rates. 

Stage of development also shows up in the distribution of labour force between the three main 
sectors. The share of agriculture is by far the lowest in Malaysia, with the Philippines and Indonesia 
again in an intermediate position and the share of agriculture highest in the three eastern nations. It 
is noted that the labour force distribution in the Solomons is identical with the distribution of GDP 
per sector, which cannot be right. These offi cial estimates should be ignored. Unemployment shows 
similar patterns to the labour force distribution of the, with a low percentage in Malaysia, 7-8% in 
Indonesia and the Philippines, and considerably higher mainly urban unemployment rates in the 
eastern countries as far as the CIA can tell. 

Income distributions appear to favour the relatively rich, especially in Malaysia and PNG and to a 
lesser extent in the Philippines and Indonesia. There are no data for Timor-Leste and the Solomons.

Infl ation rates are high, with Indonesia topping the list and Malaysia lowest.

Indonesia and Malaysia are signifi cant oil producers, in East Kalimantan and along the Malaysian 
peninsula, respectively. The quantities are small in the three eastern countries, but the 200 million 
cubic metre gas reserves in Timor-Leste are still potentially important for a tiny country.

ENVIRONMENTALLY RELATED INDICATORS
The World Bank produces an annual ‘Little Green Data Book’ as part of a collaborative project 
between its Development Economics Data group and its Environment Department. Table 4 shows 
recent data. The left-hand column shows comparison with the total East Asia and Pacifi c region 
ranging from China and Mongolia in the north to the CT countries in the south and including the 
Pacifi c island nations other than Australia and New Zealand. The top panel of Table 4 shows gross 
income per capita, this time at market rates rather than at purchasing power parity but showing 
similar patterns with Malaysia at the top at a wide margin, the Philippines and Indonesia following, 
and Timor-Leste, PNG and the Solomons at the bottom. 
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Population growth is lowest in Indonesia (as already established), but urban population growth is 
high in all these countries except PNG. Urbanization is lowest in the small eastern nations, but except 
for PNG it is growing rapidly.

Forests cover most of these nations except the Philippines, where the cover is 24%. Deforestation has 
continued up to the time we have statistics, with the worst declines in the Philippines (with its already 
low forest cover) followed by Indonesia, the Solomon Islands and Timor-Leste. Malaysia has put 
the largest proportion of its land area into naturally protected areas (31%), far in excess of Indonesia 
(14%), Timor-Leste (12%) and the Philippines (8%). There is little activity on this front in PNG and 
the Solomons despite the fact that a considerable proportion of their bird and mammal species are 
threatened.

The Philippines appears to be twice as effi cient as Malaysia and Indonesia producing energy-effi cient 
GDP; all, however, have large numbers of threatened bird and mammal species. Malaysia, with its 
newly industrialized status, has far higher energy use and electricity power consumption per head of 
population compared with Indonesia and the Philippines. Malaysia also emits far more CO2 than the 
other two countries and its emissions show the highest rate of growth since 1990.

Access to improved water sources and sanitation also follows income lines with Malaysia in the best 
position followed by the Philippines and Indonesia. The Solomon Islands seem to score relatively 
benignly on access to water but not on sanitation.
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THE MILLENNIUM DEVELOPMENT GOALS
In the United Nations Millennium Declaration of September 2000, leaders from 189 nations em-
braced a vision for a world in which developed and developing countries would work in partnership 
for the betterment of all, particularly the most disadvantaged. To provide a framework by which 
progress could be measured, this vision was transformed into eight Millennium Development Goals, 
18 targets and 48 indicators. In 2007, this monitoring framework was revised to include four new 
targets agreed to by member states at the 2005 World Summit; additional indicators to track progress 
towards the new targets were also identifi ed (UN 2008).

The progress towards universal primary education is progressing best in Malaysia followed by Indo-
nesia and the Philippines, with PNG and Timor-Leste lagging. The promotion of gender equality in 
schools and the literacy of 15-24 year olds have reached high levels in Malaysia and Indonesia with 
the Philippines lagging slightly behind on literacy. There is no economic pattern in the proportion of 
women gaining membership in national parliaments: Timor-Leste wins hands down on that score, 
followed by the Philippines. Indonesian women, already in third position in Table 5, are reported to 
plan to increase their share of seats in the next elections.
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Child mortality rates largely follow economic lines with Malaysia lowest and Timor-Leste and PNG 
highest, but maternal mortality is higher than might have been expected in Indonesia. AIDS/HIV may 
be less of a issue in most of the countries although the country descriptions mention problem areas – 
and it is defi nitely a problem in PNG, especially in remote areas of that country. There is reason for 
continued vigilance throughout as in the case of tuberculosis (this disease has its highest incidence in 
Timor-Leste). Malaria is not even part of Table 5 but would fl ag a problem at least on a par with the 
two other diseases.

Among the indicators to ensure environmental sustainability, forest cover is highest in PNG and 
Malaysia and much lower in the Philippines than anywhere else. CO2 emissions are much higher in 
Malaysia than anywhere else (four times the level in Indonesia, the next highest observation). Access 
to improved water sources largely follows economic lines.

Finally, the only indicator of goal 8: develop global partnerships for development, and not a terribly 
appropriate one, is Internet use. Malaysia has by far the highest value (54.2 users per 1,000 people), 
whereas only one in 1,000 has access to the Internet in Timor-Leste.

HUMAN DEVELOPMENT AND POVERTY INDICATORS
Tables 6 and 7 ranks the six CT countries in terms of standard indicators where each country is 
compared with all other countries where it is relevant to make the comparison. This applies to almost 
all countries for which data are adequate, in Table 6. The United Nations Human Development Index 
ranks Malaysia 63rd of 179 countries, the Philippines 102nd, Indonesia 109th, the Solomons 134th, 
PNG 149th, and Timor-Leste 158th (Table 6). However, on individual criteria Indonesia scores 
relatively well on adult literacy (62nd), Malaysia scores relatively badly on total gross primary, 
secondary and tertiary education enrolments (104th), the Philippines relatively highly on both adult 
literacy and total education enrolments, and the Solomon Islands better than might be expected on 
adult literacy.

There are some discrepancies between Table 6 and previous indicators, including life expectancy at 
birth in the Solomon Islands. The fi gure here is the more reliable one.
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I ndonesia M alaysia Philippines T imor-L este PN G Solomons

H D I  value 0.726           0.823           0.745           0.483           0.516           0.591           
R ank (of 179 countries) 109              63                102              158              149              134              

L ife expectancy at birth (years) 70.1             73.9             71.3             60.2             57.0             63.2             
R ank (of 179 countries) 101              57                90                137              146              134              

Adult literacy rate (15+) 91.0% 91.5% 93.3% 50.1% 57.3% 76.6%
R ank (of 179 countries) 62                60                49                135              125              100              

T otal gross education enrolment 68.2% 71.5% 79.6% 63.2% 40.7% 49.7%
R ank (of 179 countries) 116              104              57                126              167              158              

GD P per capita (PPP) * 3,455$         12,536$       3,150$         668$            1,950$         1,586$         
R ank (of 178 countries) 121              58                122              171              136              145              

* Q uery for T imor-Leste. T he C IA statistics in T able 3 suggests that the GD P shown here is at market rates.

Source: U nited N ations D evelopment Program, H uman D evelopment R eports (http://hdr.undp.org/en/statistics/)

T able 6:  H uman development index (2006)
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The related human poverty index (Table 7) shows some clear distinctions between the six countries: 
Malaysia leads followed by the Philippines and Indonesia, and then not far behind Indonesia the 
Solomon Islands and much further behind PNG and Timor-Leste. The components of the poverty 
index are: probability of not surviving 40 years of age, adult illiteracy, lack of access to improved 
water sources, and the proportion of undernourished children. On each criterion Malaysia scores best, 
while the picture is more scattered for the other fi ve countries: the Solomon Islands, for instance, has 
a better rating on undernourished children than either Indonesia or the Philippines.

CARBON DIOXIDE EMISSIONS 
The world has increased its emissions by about 2% pa between 1990 and 2004, with the largest 
percentage increases in China and Korea. In 2004, however, the United States remained the largest 
emitter, though China is reported to have taken over recently.

Indonesia, the Philippines and especially Malaysia have increased their emissions signifi cantly 
although the CT countries’ share remained at a modest 2.2% in 2004, compared with the fact that the 
CT countries represent 5.5% of the world population. While emissions per capita from these 
countries have risen signifi cantly, they remain at about 40% of the world average.
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I ndonesia M alaysia Philippines T imor-L este PN G Solomons

H uman poverty index 18.2             6.4               12.5             41.0             40.1             22.4             
R ank (of 135 countries) 69 23 54 122 116 79

Probability of not surviving 40 years 8.7% 4.4% 7.0% 21.2% 20.7% 16.1%
R ank (of 135 countries), 2005 53 17 41 92 89 80

Adult illiteracy rate (15+) 9.0% 8.5% 6.7% 49.9% 42.7% 23.4%
R ank (of 127 countries) 42 41 32 114 104 78

N o access to improved water source 20% 0% 7% 38% 60% 30%
R ank (of 123 countries) 73 4 28 98 122 88

C hildren 0-5 undernourished for age 28% 8% 28% 46% 35% 21%
R ank (of 135 countries) 106 52 105 133 118 92

Source: U nited N ations D evelopment Program, H uman D evelopment R eports (http://hdr.undp.org/en/statistics/)

T able 7:  I ndicators of human poverty (2006 except where indicated)
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SPECIAL FOCUS 4: THE PROMISE OF ECOTOURISM: 
STRATEGIES FOR TRANSLATING CORAL REEF VALUES INTO 
COMMUNITY WELL-BEING

H.Z. SCHUTTENBERG
Overview
In the Coral Triangle, reef management and conservation efforts cannot be separated from efforts to 
enhance the well-being of people. Ecotourism promises a direct mechanism for translating the intrin-
sic value of reef ecosystems into tangible economic opportunities for nearby human communities. 
Ecotourism is distinct from tourism more broadly in its intentions to protect the environment, 
maintain local cultures, and increase the environmental awareness of visitors while generating 
economic benefi ts. To achieve these goals, efforts to develop or maintain ecotourism must address 
a number of challenges:

Preventing Environmental Harm•  - Poorly managed ecotourism is likely to result in environ-
mental degradation. Coral reef ecosystems in particular are vulnerable to overuse by visitors and 
water pollution caused by constructing and operating tourist facilities. There are many unfortunate 
examples where inadequate consideration of environmental carrying capacity or the environmental 
impacts of tourism infrastructure have led to signifi cant damage for the ecosystems at the heart of 
aspiring ecotourism ventures.
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Annual Population
change share

1990 2004 1990-2004 1990 2004 2004 1990 2004

U nited States 4,818.3     6,045.8     1.8% 21.2% 20.9% 4.6% 19.3         20.6         
C hina 2,398.9     5,007.1     7.8% 10.6% 17.3% 20.2% 2.1           3.8           
R ussian Federation 1,984.1     1,524.1     -1.9% 8.8% 5.3% 2.2% 13.4         10.6         
K orea 241.2       465.4       6.6% 1.1% 1.6% 0.7% 5.6           9.7           
Australia 278.5       326.6       1.2% 1.2% 1.1% 0.3% 16.3         16.2         
R est of world** 12,981.5   15,613.7   1.3% 57.2% 53.9% 72.0% 3.5           3.4           

W orld 22,702.5   28,982.7   2.0% 100.0% 100.0% 100.0% 4.3           4.5           

Indonesia 213.8       378.0       5.5% 0.9% 1.3% 3.5% 1.2           1.7           
M alaysia 55.3         177.5       15.8% 0.2% 0.6% 0.4% 3.0           7.5           
Philippines 43.0         80.5         5.9% 0.2% 0.3% 1.3% 0.7           1.0           
T imor-Leste -           0.2           na -           0.0% 0.0% -           0.2           
Papua N ew Guinea 2.4           2.4           0.1% 0.0% 0.0% 0.1% 0.7           0.4           

T otal C T  countries* ** 314.5       638.6       6.5% 1.4% 2.2% 5.3% 1.2           1.9           

*    N o information for Solomon Islands
**   Growth rates inferred. Full data for calculations unavailable.

Source: U nited N ations D evelopment Program, H uman D evelopment R eports (http://hdr.undp.org/en/statistics/)

E missions per capita
(t C O 2)

T able 8:  C arbon dioxide emissions

T otal emissions
(M illion tons C O 2)

Share of
world total
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Protecting Local Culture & Resource Access•  – Introducing tourism can create confl icts 
between local communities, ecotourism businesses, and visitors. There a number of examples in 
the region where local governments have granted concessions to tourism businesses that have 
resulted in local communities being denied access to fi shing areas without receiving meaningful 
benefi ts from the tourism enterprise. Tourism businesses can also compete with local communi-
ties for access to fresh water or property. Local cultural traditions can be displaced by those that 
are more familiar or desirable to visiting tourists, and confl icts can arise if visiting tourist behaviours 
or standards of dress are at odds with those that are acceptable within the local culture. 

Buffering Against Vulnerability to Changing Tourism Markets•  – Unexpected changes in 
economic and political circumstances at global to local scales can have signifi cant implications 
for tourism markets. Destinations that become overly reliant on income from tourism to support 
local economies or pay for environmental management are highly vulnerable to these market 
fl uctuations. Diversifying fi nancial sources is a better strategy whenever possible.

Well designed institutional arrangements can overcome the challenges outlined above and deliver the 
promise of ecotourism. This box highlights case studies that have succeeded in using ecotourism 
opportunities to improve community well-being and protect ecosystem condition. It also offers 
recommendations for developing and sustaining ecotourism in the CTI.

SUCCESS STORIES

Sharing Benefi ts, Empowering Communities: Bunaken National Park, Indonesia•  – A part-
nership of government, tourism operators, and local communities in Bunaken National Park has 
established a system for managing the park that shares the benefi ts of ecotourism with local 
communities, has stopped the environmentally destructive practice of fi shing by dynamite, and 
uses marine zoning to separate incompatible fi shing and tourism activities. Visiting scuba divers 
pay a user fee that is locally collected and managed by a multi-stakeholder board that includes 
representatives for all three partners as well as the local university and environmental groups. 
Part of the user fee goes to supporting surveillance patrols that are jointly implemented by 
community members and government park rangers. The fee has also supported activities that 
directly enhance community well-being, such as scholarships for local school children or 
improvement to local infrastructure, including roads and schools. 

Strengthening Environmental Conservation: Sugud Islands Marine Conservation Area • 
(SIMCA), Malaysia – The establishment of SIMCA through a government concession in 2001 
has signifi cantly strengthened environmental protections in this remote, approximately 450 km2 
area of the Sulu-Sulawesi Sea. Unlike typical tourism concessions that are negotiated directly 
with private business, SIMCA is a concession to an environmental non-profi t called Reef 
Guardians, whose primary goal is marine conservation. Through a collaboration with government 
enforcement agencies, Reef Guardians has succeeded in reducing illegal activities within the 
conservation area, notably destructive fi shing and poaching of turtle eggs. Reef Guardians funds 
its conservation and enforcement activities through sub-leases to tourism businesses, which 
charge visitors a conservation fee, as well as grants from philanthropic foundations. This arrange-
ment has established a successful example of institutional checks and balances which insures that 
goals for environmental protection do not become secondary to other business priorities. It also 
diversifi es funding options for conservation activities, improving fi nancial stability against 
fl uctuations in tourist visitation patterns. 
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Fostering Community Stewardship, Twin Rocks Fish Sanctuary, Philippines – Twin Rocks is a 23 • 
hectare fi sh sanctuary established by municipal ordinance in 1991. It is also a dive tourism destination, 
assisted in part by its accessibility from metro Manila. User fees are collected from divers and a 
portion of this supports community members who have been offi cially deputized to enforce the 
sanctuary regulations. This fi nancial incentive is attributed with increasing enforcement which 
has improved coral cover and fi sh size. The Philippines MPA Support Network project recognized 
these accomplishments in 2007 by naming Twin Rocks as a fi nalist for the country’s “most 
outstanding MPA” award.

RECOMMENDED ACTIONS
Ecotourism offers an enormous promise in the CTI as a way to improve the well-being of local 
communities and to strengthen protections for coral reef and coastal ecosystems. These benefi ts are 
most likely to be realized when stakeholders work together to develop fair and transparent 
institutional arrangements, avoid over-reliance on tourism income, and plan ahead for climate 
change related impacts. 

Institutional Arrangements1.  – Embed ecotourism ventures in institutional arrangements that 
create benefi ts and responsibilities for governing authorities, ecotourism operators, and other 
community stakeholders (e.g., fi shers). These institutions will need to insure that economic 
benefi ts enhance, rather than compete with, suffi cient environmental protections and the well-being 
of local communities. Particular attention should be given to establishing fair and transparent 
procedures for the way user fees will be collected and spent. Mechanisms such as stakeholder 
boards or trust funds may provide better administrative mechanisms for keeping money local and 
re-investing it in community and conservation-relevant projects.

Financial Diversity2.  – Recognize that tourism visitation may be volatile and try to diversify 
economic options for local communities. Pursue a diversifi ed portfolio of fi nancial support for 
environmental management activities by supplementing user fees with annual government 
funding allocations and project-specifi c funds from external donors.

Climate Change Planning3.  - The impacts of climate change on ecosystem condition, 
tourist visitation patterns, and tourism business viability are increasingly being identifi ed. In 
2003, the World Tourism Organization issued its Djerba Declaration on Tourism and Climate 
Change calling for action to mitigate climate change, assist local destinations with adaptation, and 
foster more climate-friendly choices by consumers. With climate change, the role ecotourism can 
play in strengthening environmental protections and raising public awareness become even more 
important. Identify the potential impacts of climate change in your local area, and, if appropriate, 
develop a strategy to support the resilience of coastal ecosystems and the human communities 
that rely on them through ecotourism. Ecotourism businesses should also identify and prepare for 
the potential impacts climate change may have on their operations.
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Photo 1 Caption: The Sugud Islands 
Marine Conservation Area is a 
partnership between government, an 
environmental NGO, and a tour-
ism enterprise in Malaysia that has 
strengthened enforcement against 
illegal fi shing. Evidence from the 
experiment shown here suggests that 
better enforcement is resulting in 
larger fi sh in the conservation area 
(Photo: James Tan Chun Hong)

Photo 2 Caption: A portion of the 
user fee collected from divers at the 
Twin Rocks Fish Sanctuary in the 
Philippines supports community 
members who have been offi cially 
deputized to enforce the sanctuary 
regulations. These community rang-
ers are called Bantay Dagat (Photo: 
Heidi Schuttenberg, CSIRO)
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CHAPTER 6
COUNTRY DESCRIPTIONS

In order to build credible scenarios, it is important to understand the context and individual drivers 
within each of the six Coral Triangle nations. This chapter draws together detailed profi les of each of 
these nations in preparation for building credible futures for these nations.  To achieve a reasonably 
consistent framework, standard sources of these descriptions include the CIA Factbook (CIA 2009), 
the United Nations Human Development Reports and Millennium Development Goal materials. The 
United Nations Development Program’s Fiji offi ce is the source of supplementary material on PNG 
and the Solomon Islands. These sources are supplemented where possible with the personal 
knowledge and experience of participating authors.  A number of other resources obtained 
through the Internet are listed in Appendix 3.

The last section of each country description, entitled ‘coastal resources and change’, deals with 
selected geographic areas in which coral reefs are important components.

INDONESIA 

A. Background and recent history
The country is an archipelago of about 17,500 islands, of which the government estimates that about 
920 are permanently inhabited. It straddles the equator and occupies a strategic location along major 
sea lanes from the Indian to Pacifi c Oceans. Eastern Indonesia, which contains the Coral Triangle, 
is described in a separate section below with reference to statistical detail in Appendix 4. It is the 
world’s largest archipelagic state.

After more than 300 years of Dutch rule from the early 17th century, Japan occupied the islands from 
1942 to 1945. Indonesia declared its independence after Japan’s surrender. It required four years of 
intermittent negotiations, recurring hostilities, and UN mediation before the Netherlands agreed to 
transfer sovereignty in 1949. The fi rst president was the charismatic Sukarno, who was the personi-
fi cation of the independence struggle. With time, however, he associated himself with non-aligned 
leaders such as Egypt’s Nasser, India’s Nehru, Yugoslavia’s Tito and Ghana’s Nkrumah. Internally, he 
replaced a somewhat chaotic democracy with ‘guided democracy’ in 1957, inspired by the traditional 
village system of discussion consensus under the leadership of village elders. This system was 
intended to appease the three main political factions, the army, Islamic groups, and the communists. 

The system backfi red in 1965 and Sukarno was effectively removed the following year, which also 
saw a huge bloodbath with between 500,000 and one million alleged communists killed. In 1967, 
Major General Soeharto took over he full presidency, leading the country into three decades of 
economic development but also into an era of truly monumental corruption centred on the president 
and his family. In 1997, the Indonesian economy collapsed during the Asian economic crisis, and 
Soeharto stepped down the following year.

The free parliamentary election took place after these decades of repressive rule took place in 1999. 
Indonesia is now the third-largest democracy worldwide, as well as having the world’s largest 
Muslim population. Issues facing Indonesia include alleviating poverty, preventing terrorism, 
advancing educational standards, consolidating democracy, implementing economic and fi nancial 
reforms, curtailing corruption, holding the military and police accountable for past human rights 
violations, addressing climate change, and controlling avian infl uenza. 
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In 2005, Indonesia reached an important peace agreement with armed separatists in the northern 
Sumatran province of Aceh, which led to democratic elections in December 2006. Indonesia continues 
to confront a low-intensity separatist movement in Papua. However, the only loss of territory through 
the life of the republic was Timor-Leste, which achieved formal independence in 2002. 

Since the economic collapse and Soeharto’s fall, when there appeared to be some dangers that the 
country might disintegrate (Hoegh-Guldberg 1998a,b), Indonesia eventually returned to a higher 
degree of stability, especially under President Yudhoyono’s leadership from 2004.

B. Government 
The Republic of Indonesia is governed from the capital Jakarta. It has 33 administrative divisions 
called provinces (including several new ones created since 2000), of which 15 adjoins the Coral 
Triangle. These are generally poorer and have different demographic characteristics from the western 
provinces centred on Java, where more than half the population lives. Following the implementation of 
decentralization beginning on 1 January 2001, the 465 regencies and municipalities within the prov-
inces have become the key administrative units responsible for providing most government services.

C. Economy 
After the major economic setback in 1998, Indonesia, a vast polyglot nation, has made signifi cant 
economic advances, but currently faces challenges from the global fi nancial crisis and world 
economic downturn. Indonesia’s debt-to-GDP ratio in recent years has declined steadily because 
of increasingly robust GDP growth and sound fi scal stewardship. The government has introduced 
signifi cant reforms in the fi nancial sector, including in the areas of capital market supervision, tax 
and customs, and the use of Treasury bills, and. Indonesia’s investment law (passed in March 2007) 
sought to address some of the concerns of foreign and domestic investors. 

Indonesia still struggles with a complex regulatory environment, poverty and unemployment, poor 
infrastructure, corruption, and unequal resource distribution among regions. The non-bank fi nancial 
sector, including pension funds and insurance, remains weak, and despite efforts to broaden and 
deepen capital markets, they remain underdeveloped. Economic diffi culties in 2008 centred on high 
global food and oil prices and their impact on Indonesia’s poor and on the budget. 

The onset of the global fi nancial crisis dampened infl ationary pressures (though the rate remains high 
according to Table 3 of the previous chapter), but increased risk aversion for emerging market assets 
resulted in large losses in the stock market, signifi cant depreciation of the rupiah, and a diffi cult 
environment for bonds. As global demand has slowed and prices for Indonesia’s commodity exports 
have fallen, Indonesia faces the prospect of growth signifi cantly below the 6% recorded in 2008.

D. Progress towards the Millennium developements goals 
Indonesia has made signifi cant progress towards attaining the Millennium Development Goals since 
the economic crisis and political transformation of 1997-1998. The indicators and development goals 
of the Medium Term National Plan for 2004-2009 and the National Poverty Reduction Strategy are in 
line with the MDGs and in some ways are more ambitious than the internationally set targets. Efforts 
are now under way to mainstream the MDGs into provincial and local development planning and 
budgeting, and to strengthen the somewhat weak statistical capacity needed to monitor the goals.
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But the picture is mixed, with notable challenges. In 2007, 16.6% of the population still lived below 
the national poverty line. Almost half of the population does not have access to safe water and more 
than a third lack adequate sanitation. According to the most recent data available from 2004, a 
maternal mortality rate of 307 per 100,000 women was still among the highest in South-East Asia. 
Also, despite an apparently low overall incidence, HIV/AIDS is spreading fast among some 
vulnerable groups and remote regions.

The Government of Indonesia is committed to increase funding for education, poverty alleviation, 
and health. For example, Indonesia has established the National Community Empowerment Program 
(PNPM), which seeks to improve rural infrastructure through block grants to sub-districts and create 
short-term employment for thousands of Indonesians. It was anticipated (before the fi nancial crisis) 
that by 2009 PNPM will target 5,263 sub-districts in Indonesia with a budget amounting to approxi-
mately US$19 billion. In addition to this program, a conditional cash transfer program is also being 
piloted that will provide cash support for most impoverished to access to health and education services.

However, with an economic slowdown originally driven by high fuel and food prices and now by the 
global recession originating in the United States, Indonesia’s ongoing poverty reduction efforts are 
being further tested. While the country has benefi ted somewhat from the hike in commodity prices 
such as coal and palm oil, being a net oil importer the country has to bear the burden of rising oil 
prices. As a consequence, the government had to raise the fuel prices by another 29% in May 2008. 
To offset the impact for the poor, the government is providing direct cash transfers to the poorest 
households. By early 2009, the Indonesian government reduced fuel price by 25%.

The MDGs may or may not be achieved at the national aggregate level by 2015. The major hurdle 
that Indonesia faces is how to achieve this across the country. Indonesia’s decentralization offers both 
opportunities and challenges. A greater amount of resources is needed for allocation to address 
capacity issues at the local level; and greater investments have to be made to improve rural 
infrastructure, provide employment opportunities, and extend the outreach and upgrade the 
quality of public services.

E. Eastern Indonesia 
The following is a summary of statistics analysed in Appendix 4.
The 15 provinces around the Coral Triangle cover a total area of one million km2, slightly more than 
half the total country. But only 17% of the total population live there; at 36 per km2 in 2000, the 
population density is only one-fi fth of that of the rest of the country (mainly due to Java where the 
density is approaching 1,000 per km2). Population growth in Indonesia has been declining, mainly 
in Western Indonesia, and is now higher than the national average in the provinces around the Coral 
Triangle.

Child mortality and the total fertility rate of women fell dramatically between 1971 and 1999.
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The Indonesian GDP has grown at an accelerating rate in recent years. Indonesian statistics 
showing 5.1% pa in constant prices between 2003 and 2007 understate the true expansion recorded 
by the United Nations. However, the annual growth rate is about 1.2 percentage points lower in the 
Coral Triangle provinces. 

Longer series of national statistics show that the economy crashed by 13% in 1998 as the Asian 
economic crisis hit. It only recovered to pre-crash levels in 2002. In the past several years, however, 
economic growth has been accelerating until it exceeded 6% in 2007. The current global recession 
will put a damper on that, whether for Indonesia as a whole or Eastern Indonesia around the Triangle.
GDP per head appears to be about 11% lower than the national average in the Coral Triangle 
provinces, despite East Kalimantan where GDP per head is 2.5 times the national average. 

The provinces around the Coral Triangle accounted for 15.5% of the total Indonesian GDP and 
18.8% of total construction activity between 2003 and 2007.

Marine fi sheries in Indonesia averaged 437,000 tons between 2000 and 2007, of which 80,000 tons 
was in the Coral Triangle. However, aquaculture production is much higher, averaging 2.1 million 
tons between 2004 and 2006, of which 1.1 million tons was in the Coral Triangle.

The tourist industry around the Coral Triangle is not well developed except in Bali, which in 2008 
accounted for 42,400 of 97,700 rooms in these provinces. Of 46,700 daily visitors to the area, 17,600 
were foreign and 16,300 of these came to visit Bali. Domestic visitors were more evenly distributed 
but even here 9,900 of 29,000 were Bali visitors. 

Other eastern provinces with relatively high numbers of visitors were North and South Sulawesi, East 
and South Kalimantan, and West Nusa Tenggara. But Bali dwarfs them all.

The analysis by Hill et al. (2008) supports our analysis in Appendix 3. Economic activity is centred 
on Java, but East Kalimantan is the second-most important Indonesian growth centre, after Jakarta. 
Generally, however, the poorest regions located mainly in Eastern Indonesia have grown only a little 
more slowly than the national average. No province has shown consistently poor performance over 
decades.

F. Coastal resources and change  
As outlined in previous sections of this report, Indonesia has by far the greatest reef area (50,875 km2 
including Western Indonesia), followed by the Philippines (25,800 km2) and total Malaysia (4,000 
km2, of which Sabah accounts for three-quarters). In this section, the specifi c interactions between 
economic and environmental sectors are explored in the context of coastal resources and climate 
change. Given that it is impossible to review the entire set of examples available, a number of 
representative cases were chosen for Indonesia. These include Bali, the island group of Derawan 
(also known as the Sangalaki group) in the Makassar Strait off the coast of East Kalimantan, three 
provinces in Sulawesi, East and West Nusa Tenggara, Halmahera in North Maluku, the Aru Islands 
and other reef areas in Maluku province, and Raya Ampat in West Papua.
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BALI
Coral reefs are found mainly along the north and west coast of Bali. The main structures are along the 
north-western tip of the island, north of Gilimanuk with its short-distance ferry service to Java, in the 
West Bali National Park and Marine Reserve. The park was originally declared in 1941 to protect the 
threatened Bali starling and the wild banteng, from which Balinese cattle descend. The last starlings 
still nest in the Acacia shrubs on the north coast of Parpat Agung cape on the northwest promontory, 
within the national park.

Its marine reserves include the cape shores and several sanctuary islands in Gilimanuk Bay which is a 
refuge for sea birds. But the centre of interest is Menjangan Island 10 km offshore, and the excellent 
coral reefs surrounding it. The quiet and relatively unspoiled area of easily accessible shallow reefs is 
described as a diving and snorkelling paradise. 

The areas have not been well developed for tourism, and the vast majority of visitors to Bali stay in 
the south anyway. More than 70% of the local population catch fi sh for daily consumption and 
looking for exotic species to sell for exports. Unfortunately they have (or have had) a preference for 
using sodium or potassium cyanide, which is also lethal for corals because it kills the symbiont 
zooxanthellae. 

This practice led to the formation, in 2002, of the Communication Forum for People Concerned with 
Coastal Areas (known by its Bahasa Indonesia acronym of FKMPP) in an attempt to resolve the 
confl ict between fi shermen, local communities, and tourism and environmental organizations 
concerned with national park conservation. 

One solution to the problem of diversifying livelihoods was devised by a villager who imported 
seaweed from East Nusa Tenggara. Starting in 2003, he soon raised other people’s enthusiasm for 
planting seaweed. The women process it into food snacks like seaweed chips, cakes, seaweed 
gelatins, and other products. As the source expressed it: “This business became viable and an 
effective solution for local people’s economy.” The seaweed development now covers 15 km 
along the north coast.

This is an example of changing attitudes after local concerns emerge about the future of a reef area. 
It is accompanied by activities in nearby Pemuteran, where an artifi cial reef project started in 2000 
assisted by the late Professor Wolf Hilbertz and Dr Thomas Goreau of the Global Coral Reef 
Alliance.  With a total length of 222 metres and situated in an area of two hectares, this is the 
largest coral reef nursery and restoration project ever attempted. It exceeds the sizes of all other 
ongoing projects in the Pacifi c, Caribbean and Indian Ocean combined.

The northwestern coastal area is one of the poorest areas of Bali, with insuffi cient rainfall for rice 
growing. The population resorts to fi sheries with the expected damage from destructive fi shing 
practices following.

Coral reefs elsewhere include Tulamben on the northwest coast, considered the best in Bali. 
Attractions there include diving to a famous wreck, the USS Liberty torpedoed by the Japanese 
during World War II. Tulamben is closer to the other tourist attractions and therefore ought not to be 
so dependent on subsistence fi sheries. 

THE CORAL TRIANGLE AND CLIMATE CHANGE

CHAPTER 6: Country descriptions



83

Nevertheless, fi shing has involved much use of bombs and cyanide by fi shermen, and fl ood damage 
in 2002 and irresponsible behavior of people mooring boats and taking underwater photographs have 
added to the damage. Warming sea temperatures have added further to the damage.

Tulamben village residents have taken action to prevent use of these destructive methods on their 
reefs, whether by locals or by outsiders. However, the amount of damage is so great that action is 
urgently needed to restore reef habitat for tourism and fi sheries, hence triggering the restoration 
projects described above. 

EAST KALIMANTAN: DERAWAN ISLANDS
“Off the coast of East Kalimantan, the 95-mile Derawan island chain is one of the most biologically 
rich marine sites in the world, with 460 species of coral and over 700 species of fi sh. The area is also 
home to Indonesia’s largest population of nesting green sea turtles and four unique species of 
stingless jellyfi sh.” (TNC 2009a).

Of 31 islands in the Derawan group, two are inhabited: the largest 2,376 ha island, Maratua, is 
reported to have four villages with a total of 2,700 people, and the small 45 ha island of Derawan has 
one village of 1,260 inhabitants. Fishing is most important and fi shing methods remain controversial. 
Since the early 1990s, high demand and high prices have spurred the capture of live groupers, 
napoleon wrasses, and lobsters. The island is considered a world-class dive tourism destination, 
with three international dive resorts and more being planned. 

Problems are listed as:

Overfi shing and overexploitation, including turtle egg collection.• 
Destructive fi sheries utilizing cyanide and explosives. • 
Environmental degradation caused by diving-related activities and unsustainable tourism • 
development, especially around Lake Kakaban (see below).
Increasing sedimentation due to intensive logging activities in the Berau estuary on the nearby • 
mainland, and in the adjacent watershed areas. This has led to the increased injection of s
ediments and nutrients into rivers and creeks that fl ow into coastal waters, causing major issues 
for coral reefs.
Increasing sewage pollution caused by growing human population on small islands and intensive • 
tourism development. 

Lake Kakaban is located on the uninhabited 774 ha island of Kakaban. The lake was originally the 
lagoon of an atoll, formed by corals over a period of two million years. As a result of movements in 
the earth’s crust the coral reef was raised above the sea level, trapping 5 km2 of seawater within a 50 
meter high ridge, effectively creating a landlocked marine lake. The Indonesian Coral Reef 
Foundation is concerned that an uncontrolled increase in visitor numbers without a code of conduct 
for sustainable tourism and without a zoning scheme for different lake areas will lead to a fast 
increase of physical damage to the unique animal and plant communities living in the shallow 
areas around the lake (Terangi 2006).
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According to a recent WWF study, the green turtle nesting population in the Derawan islands 
complex appears to be declining quite strongly. On Sangalaki Island (15 ha), the average number 
of nests per month during 2002-2006 was 57.5% of that recorded during 1995-2000. On Derawan 
Island, the average number of nests per month during 2002-2006 was 25.5% of that recorded during 
1985-1990 (Adnyana et al. 2008).

In conclusion, the main problems facing coral habitat in the Derawan island group come down to 
damage from visitors, as the local population is small and most islands remain uninhabited. The rise 
in tourism, while still at modest levels, appears to be a growing problem unless properly managed.

SOUTH SULAWESI
In contrast to the reefs off East Kalimantan which have been given a low threat rating in Reefs at risk, 
large reef areas in the provinces of South, Southeast and Central Sulawesi are given a threat 
rating of high or very high (Burke et al. 2002, p 37). This makes these areas obvious candidates for 
case studies. All three come up with rather similar conclusions.

According to a study by Hasanuddin University’s Coral Reef Research Centre in Makassar, coral reef 
destruction in South Sulawesi has reached alarming heights and today poses a real threat to the 
ongoing livelihoods of regional fi shermen. With some 70% of the 5,000 km2 of reefs destroyed, this 
has also caused great losses to the state via the fi shery sector (Hajramurni 2007), reporting to the 
Jakarta Post). 

The worst-affected reefs are around Bulukumba regency, with a destruction level of 100% - followed 
by Pangkajene Islands (Pangkep) at 97%, Sinjai at 86% and Selayar, which encompasses the Taka 
Bonerate undersea national park, at 70%.

“If the condition persists, the coral reefs would likely disappear and coastal communities would bear 
the brunt,” said the head of the university’s maritime study program, Chair Rani. 

Several factors have been blamed, but the most disastrous is the long-practised habit of using fi shing 
bombs and poison to catch fi sh. The reefs were also exploited for exports and building materials. 

Natural disasters including earthquakes and strong waves have also caused deterioration in the state 
of the coral reefs. Fish bombs and poison not only cause serious damage but they decimate coral 
reefs and marine biota. Coral reefs grow very slowly but fi shermen continue to practice illegal 
fi shing, opting for explosives and poison to catch their fi sh quickly and easily.

The damage would eventually see coastal communities face diffi culties in their search for fi sh. Coral 
destruction would also cause an increase in coastal abrasion because the coral reefs would no longer 
break the waves before they hit the beach.
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The head of the South Sulawesi Maritime and Fishery Offi ce, Sahrun, generally confi rmed the scale 
of destruction. He said the South Sulawesi administration has launched efforts to prevent further 
damage to coral reefs and to carry out restoration works. Pangkep and Selayar regencies would 
receive assistance from the World Bank to help prevent further degradation. Rani said the most 
effective way to prevent coral reef destruction was by implementing community-based marine 
management and protection programs. The programs, he said, should directly encourage people to 
manage and protect their marine resources. He said law enforcement should be strictly implemented 
(Laporan Tahunan, Annual report 2007).

A number of regulations on the environment and coastal management are in place, but are not fully 
enforced. And research has shown traditional fi shermen are not the only culprits of illegal fi shing 
practices – large companies are also to blame. However, compromised offi cials often turn a blind eye, 
and surveillance is not managed properly due to lack of personnel and equipment. The South 
Sulawesi Maritime and Fishery Offi ce has only 10 personnel and a small speedboat, which is 
inadequate given the task of regulating such a vast area. 

SOUTHEAST SULAWESI
WWF and The Nature Conservancy as part of their worldwide joint reef resilience program have 
studied the four islands comprising the Wakatobi National Park off the tip of Southeast Sulawesi. 
Even within one of the world’s recognized centres of biological diversity, the area stands out for its 
coral reef diversity. Throughout Sulawesi, marine and coastal ecosystems are of high ecological and 
economic importance, including fi sheries and commercial uses. For these reasons, 3.4 million acres 
(13,750 km2) of islands and waters were declared as the Wakatobi National Park in 1996. The name 
of Wakatobi is originally from four largest islands in the area i.e. island of Wangi-wangi, Kaledupa, 
Tomia, and Binongko).

An ecological assessment in 2003 revealed widespread coral damage primarily from fi shing 
pressures, and minimal coral bleaching. The reefs in the area have suffered little from the impacts 
of coral bleaching. Interestingly, no mass-bleaching events have been documented. The immediate 
threats to Wakatobi National Park arise from destructive fi shing practices (fi shers using explosives 
and cyanide) and overfi shing. In addition, coastal development threatens the coral reef and coastal 
environment of the area.

To address overfi shing and destructive fi shing practices in Wakatobi, TNC and WWF have been 
working with the Wakatobi National Park Authority as well as a broad range of stakeholders to 
redesign the park’s management plan. By involving communities, focusing in collaborative 
management and building fi rm legal foundations for park zoning and enforcement, conservation 
action at Wakatobi is intended to become environmentally, socially, and economically sustainable.
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TNC reports on lessons learnt (as listed at: www.reefresilience.org/Toolkit_Coral/C8_Wakatobi.html)

Stakeholder input from forums with the local community, prior to work in the fi eld, ensures that • 
the work is supported by local community and government.
Extensive work with the local community has enhanced local understanding of the benefi ts of • 
marine park authorities, and their need for involvement with park management.
Extensive work with the local government was essential to encourage and advance the shared • 
management regime between the local government and the national park.
Having a solid team, structured work, clear budget allocations, clear tasks and responsibilities • 
among all team members is necessary for an effective project.
Extensive monitoring is needed to incorporate comprehensive data analysis with the Marxan • 
software (which is primarily a product of Ian Ball’s PhD thesis (Ball 2000) that was supervised 
by and funded through Professor Hugh Possingham of the University of Queensland) which 
provides decision support to a range of conservation planning systems, to make sure MPA design 
and planning align with the biological and ecological characteristics of the area.

CENTRAL SULAWESI
The reefs on both sides of this province, ranging from the Makassar Strait in the west (including the 
fi ord-like Palu Bay) into the Maluku Sea in the east, have almost invariably been marked as under 
high or very high threat in Reefs at Risk in Southeast Asia (Burke et al. 2002). Reefs here lie at the 
centre of the Coral Triangle are indeed under heavy pressure from human activities – interesting in 
that the majority of the population is apparently still unaware of the role these key coastal ecosystems 
play in supporting livelihoods and coastal protection (Moore 2008).

Surveys in the Palu Bay areas have revealed damage from sedimentation to both the seagrass beds 
(inter-tidal area) and the coral reefs (some almost completely buried below around 9 -10m depth), not 
surprising in view of the deforestation of the now mainly bare mountains above the site. Impacts on 
reefs arise from ornamental fi sh collection using poisons and causing physical damage, coral 
mining, anchor damage (from stone anchors used by artisanal fi shers, severe around 6-10m depth). 
The most severe recent damage occurred due to an outbreak of the crown-of-thorns starfi sh 
(Acanthaster plancii), one of several in recent years in Palu Bay.

Populations of commercially valuable fi sh and invertebrates, as well as those used for subsistence, 
are very low in the Palu Bay according to recent surveys. The biodiversity of fi sh and shellfi sh is also 
surprisingly low in relation to the coral condition, which still provided much unused habitat. 
According to experts working in the region, it seems likely that the main cause is chronic overfi shing. 

Moving east takes us to the Togean Islands, inside the entrance of the Gulf of Tomini. While these 
islands mainly appear on the Internet as a tourist destination for great dive experiences, they are also 
the topic of a critical paper on destructive fi shing practices (Lowe 1999). She starts: “The fi shers 
of the Togean Islands ... are in a bind. On the one hand, the live reef food fi sh trade is an attractive 
source of employment. On the other, wild reef fi sh, which provide fi shers with an income through 
longstanding markets for salted fi sh, and which is also an important local food resource, are 
becoming rare. Due to cyanide use, the live reef food fi sh trade has quickly proven harmful 
for the majority of fi shers, and to coral reef environments.” 
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Her long paper concludes: “Rather than condemn the industry and its fi shers, I have argued we need 
to understand who participates in the destructive aspects of live fi shing, what bureaucratic, social and 
legal structures facilitate participation, and how and why have they come to exist. By recognizing 
that the most substantive ecosystem abuses are not organized locally, but rather underwritten by an 
interconnected bureaucracy and commercial community, we may fi nd a basis for alliance with 
Togean and other local peoples.”

Whatever the opinion is about the cause of these fi shing practices, it is a fact that they are once again 
seen as central to most problems of sustainability surrounding Indonesian coral reefs. This is 
reinforced when we reach the last of Central Sulawesi’s highly or very highly threatened coral reef 
areas: the Banggai Islands. The descriptions here tend to concentrate on the Banggai cardinalfi sh 
(Pterapogon kauderni), which is being captured for the international aquarium trade in unsustainable 
numbers. However, the following statements from the website quoted in the reference section show 
that the problem of destructive fi shing practices is also recognized here, as well as the impact of 
pollution:

The Banggai cardinalfi sh is threatened by the loss of habitat caused by destructive fi shing • 
practices, including the use of cyanide and dynamite, and increased siltation and pollution runoff 
from land clearing and poor agricultural practices.
Signifi cant changes in the health and vigour of coral populations and fi sh diversity within reef • 
habitats have been observed since 2001. During the March 2007 census, extensive areas of coral 
reef habitat were found to be covered with algae, a fungus, or bacteria making them unsuitable as 
habitat for the Banggai cardinalfi sh and other fi sh species.

WEST AND EAST NUSA TENGGARA 
Nusa Tenggara and Maluku covers a number of islands and ocean, much of which is remote and only 
connected to the rest of the country by transportation services that are limited and infrequent. This 
region suffers from high levels of poverty, as well as lacking signifi cant natural resources and major 
infrastructure. 

The areas with 30% or more of the population classifi ed as poor are East Lombok (including the 
capital Mataram), Sumba, most of West Timor including the capital Kupang, West Flores, and 
Lembata. (The whole of the province of Maluku also has more than 30% poor, whereas North 
Maluku around the main island of Halmahera has 10-19% poor.) The poverty rate of the total four 
Nusa Tenggara and Maluku provinces was given as 26.1% in this source (Arulpragasam and Alatas 
2006). 

The main agricultural products in West Nusa Tenggara (main islands Lombok and Sumbawa) are 
coffee, coconut, cashew nuts, cloves and cocoa; in East Nusa Tenggara (Flores, Sumba, West Timor) 
the same products are listed plus dryland and wetland paddy, maize and soybean. Secondary 
industries in both provinces include beef processing, fi sh canning, carrageenan fl our (from harvested 
seaweed), fi sh fl our, frozen fi sh, integrated coconut, and rattan. The main tertiary export industry is 
tourism including hotels and restaurants though this has suffered various setbacks over time. 
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Reefs under a high or very high level of threat according to Burke et al. (2002) include parts of 
Lombok, Sumbawa, Flores, Sumba and West Timor, and the easternmost island of East Nusa 
Tenggara, Alor, north of Timor. Most reef areas appear to be under medium risk, and a few are rated 
low risk. Bugis island, off the north-east coast of Komodo is one of the places in the park where hard 
coral cover is still very high and the impact of the destructive fi shing practices has been low. The 
latter fact probably can be explained by the low density of fi sh around this island.

The only reefs rated as low risk in Nusa Tenggara are some small atolls out to sea between north of 
Sumbawa towards South Sulawesi, and the easternmost group of islands north of Flores. The only 
low-risk area close to the coast of the larger islands is between Komodo and the western tip of Flores. 
This is signifi cant in view of the following paragraph. 

A description of East Nusa Tenggara places of interest mentions a number of islands and sites 
between Komodo and Flores. In addition to Bugis, Sebayor Kecil, Tatawa and Tatawa Kecil, Tengah 
Kecil, Pantai Merah (‘red beach’), southern Rinca and Lankoi all appear to have reefs in good 
condition and recovering well from damage. Batu Bolong between Tatawa and Komodo is one of the 
top diving locations in the park. “This area is undamaged because the current and topography (steep 
walls) make it impossible for local fi shermen to use their dynamite and cyanide fi shing techniques.”
The following WWF descriptions indicate that the usual problems exist in Nusa Tenggara, including 
destructive fi shing practices.

The area known as 17 Islands National Park in the district of Riung north of central Flores was 
established in 1996 as a marine protected area. It includes a marine nature reserve (2,000 ha) and a 
tourism reserve (9,900 ha) and a terrestrial component (about 4,000 ha). WWF has worked in the area 
as part of its poverty alleviation project to provide technical support to the protected area 
management authority for a number of issues:

Surveys and research on the ecological status of reefs, seagrass and mangrove ecosystems• 
Rehabilitation of coral and mangrove habitats as part of a collaboration with local communities• 
Establishing a pelagic fi sh aggregation device (FAD) in support of fi shers moving from reefs to • 
open waters (doubling as a fl oating ranger station for enforcement)
Participatory surveillance against destructive fi sheries within the protected area • 
Facilitating a multi-stakeholder process and cross-visits for collaborative management• 
As a result, the district government has signifi cantly improved its management.• 

The Alor-Solor region includes the east coast of Flores, the larger islands of Solor, Lembata, Pantar 
and Alor and some smaller islands and submersed sea-mounts. The area is important for cetaceans as 
confi rmed by scientifi c expeditions and illustrated by the local communities’ long-standing traditional 
whale hunting activities. The economic conditions in the coastal communities in Alor and Solor are 
less than optimal and as a result unsustainable harvesting levels and practices have become common. 
Also, the relatively good status of the ecosystems in this area lures fi shers from afar, increasing the 
pressure on the natural resources even more.

WWF has identifi ed initial steps to work with the local and regional government in support of MPA 
development and sustainable economic development. WWF also works with local communities to 
monitor harvest of manta rays and whales.
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HALMAHERA
Halmahera is the largest island in the North Maluku province of Indonesia – and also of what was 
until 1999 the total Maluku province, before North Maluku was split off. Its total area is 17,780 km2 
with more than 160,000 inhabitants. Halmahera’s geographic features include several active 
volcanos, scenic lakes, unexplored caves and plenty of stunning offshore islands. It also boasts 
Aketajawe-Lolobata National Park, the fi rst in North Maluku, and one of the most pristine 
and unvisited in Indonesia.

Halmahera, and its two smaller sister islands Ternate and Tidore, formed kingdom long before 
colonisation, cultivating cloves, nutmeg and other spices in the rich volcanic soils of these islands for 
hundreds of years (forming the basis of awidespread and lucrative trade). The indigenous population, 
mostly of Malay stock, engage in subsistence farming, hunting and fi shing. The chief products are 
spices, resin, sago, rice, tobacco, and coconuts. The mountainous island is still largely covered with 
forests. The coastlines are rimmed with white sand and coral reefs are found in its waters. Offering 
a beautiful spectacle, Mount Mamuya expels burning lava from time to time, adding to the allure of 
this island.

People living on Halmahera are mostly farmers, but those living on the small islands surrounding it 
are fi shers. They have great respect for religion, ancestors and nature. The surrounding sea provides 
great fi shing ground for traditional fi shers of Halmahera and fi shers from outside the area.

Northern Halmahera is an emerging diving destination. Morotai Island, which lies to the north of 
Halmahera played an important role during World War II as an airbase for the Allies and the Japanese 
at various points. The wreckage of war can still be seen in this area, where wrecks of aircrafts can be 
found underwater serving as habitat for coral reefs and marine creatures.

A recent study undertaken by Wildlife Conservation Society’s as part of its Indonesia Program 
discovered an ongoing outbreak of the crown-of-thorns starfi sh. This particular outbreak stretches 
of reef up to six miles long, and has resulted in three-quarters of the corals being killed and some of 
the colonies had been almost completely devoured. The survey results and analysis concluded that 
starfi sh had attacked about 20% of the Halmahera reefs and reduced coral coverage in these areas by 
95%.

Halmahera possesses an abundance of endemic birds across the Maluku Islands, with over 26 
endemic species found there and surrounding islands. There is also a fascinating variety of reptiles - 
together with with several interesting new species discovered in recent years. This region is also 
biodiversity hotspot for a range of endemic species of plants, insects, mammals, amphibians, and 
snails.

After leading an expedition including representatives of WWF, CI and his own organisation, The 
Nature Conservancy, Rod Salm observed (Salm 2008)): “We have discovered reefs in great 
condition, supporting exquisite coral gardens and corals ranging in age from youngsters less than a 
couple of years old to others exceeding 1,000 years in age. We have seen damage – extensive damage 
– but also vigorous recovery. Yes, they have been hit hard, but they are bouncing back too.
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At the outset of the expedition, I was keen to test our hypothesis that Halmahera was a gateway to 
the Coral Triangle from the Pacifi c and a key piece of the climate change puzzle. As we suspected, 
the corals and fi shes around Halmahera are extremely diverse. But, more than that, they are show-
ing good reproduction, connectivity and recruitment around much of the island and strong recovery. 
These are key elements of resilience. But the corals also show a large range in sizes from young to 
old. This tells us that there is regular good recruitment and excellent prospects for recovery from 
damage.” 

“Change is now accelerated by the demands of burgeoning human populations and our infl uences 
on natural resources and climate. Addressing the impacts of those changes and adapting the way we 
manage our reefs and other natural resources is essential now in our rapidly changing world. We start 
by trying to build the resilience of the areas we manage so that they can absorb and bounce back 
from the ravages of change. 

The convoluted shape of Halmahera, called the ‘Spider Island’ by some, and the Indonesia Through-
fl ow [the current that fl ows from the Pacifi c through the Indonesian archipelago to the Indian Ocean] 
around the island, generate complex local currents that result in good connectivity, strong recovery, 
and excellent survival prospects for the coral reef communities there. They may also cause mixing 
of the water column that helps to keep temperatures fairly stable. This reduces heat stress linked to 
global warming on the corals and so contributes to their resilience.”

This section of the Coral Triangle seems to be less plagued by destructive fi shing practices than the 
others surveyed according to the Wildlife Conservation Society (WCS 2007): 

“In December 2007, WCS Indonesia conducted a detailed coral reef survey of the Kayoa Islands in 
the Halmahera Seascape, in the heart of the Coral Triangle. The area is located 90 km south of 
Ternate, the capital of Maluku Utara [North Maluku].

Importantly it has existing traditional fi shing rules that local fi shers follow and it is also one of few 
conservation areas in Halmahera dedicated to tourism. Local fi shers use hand lines, traps and other 
simple forms of fi shing gear, and have placed bans on their communities from using nets on the reefs. 
Fishers who live outside Kayoa Islands pose the greatest ongoing threat to the ‘progressive’ local 
rules set up by local fi shers. Prohibitions on net fi shing are commonly disregarded by outside fi sh-
ers and threaten the fi sheries management in place that has been established in the absence of formal 
government management. The rules adopted by the Kayoa fi shers are tacit recognition that netting is 
capable of plundering reef fi sh and that community support for ‘progressive’ fi shing practices is high.

Alternatives to fi shing from tourism may also reduce impacts on reefs, yet our encounters with fi shers 
demonstrated a willingness to continue fi shing and adopt fi sheries practices that prohibit destructive 
techniques and limit use of gears that simply harvest too many fi sh too effi ciently.”

The Eastern Indonesian map in Reefs at Risk (Burke et al. 2002) rates the reefs around Halmahera 
at mainly medium risk, with some low observations. One specifi c threat, however, is from crown-of-
thorns starfi sh which have been observed in concentrations twice as high as what has been considered 
an ‘outbreak’(Hansford 2008). Overfi shing of the starfi sh’s natural predators, such as triggerfi sh and 
the giant triton mollusk, probably worsened the situation. Survey teams also found evidence of reef 
blasting, using explosives to stun fi sh or collect coral as construction material. While such practices 
don’t seem to be as prevalent as elsewhere, they do exist calling for more stringent management.
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MALUKU

The picture is mixed in this province. 

Known historically as the Spice Islands, Maluku (including the recently created North Maluku 
province) was for centuries a major source of cloves, mace and nutmeg. These spices have formed a 
valuable exports, it to gather with coffee and coconut fl esh. Other food crops include cassava, yams, 
taro and sweet potatoes. Maluku’s economy also depends in a large measure on fi shing, including 
shrimp, crab, and tuna. Timber production and the mining of manganese, nickel, and oil also provide 
income. Plywood is exported to Japan, Singapore and Hong Kong.

Most economic activity, including trade, tourism and education, is centred on Ambon, capital of 
Maluku province. Despite these urban sources of revenue, agriculture is still the key component of 
Maluku’s economy, but fi sheries remain relatively important on the many smaller islands.

The Indonesian news agency ANTARA reported in 2007 that at least fi ve of the 17 coral reef zones in 
the South Maluku district were badly damaged due to the use of fi sh bombs and toxic substances like 
potassium cyanide by local fi shermen. Six other coral reef zones were slightly damaged according to the 
head of the environmental affairs section of the Maluku forestry and plantations offi ce. He said this 
showed local fi shermen`s awareness of the impact of the use of potassium cyanide and fi sh bombs on 
the environment and marine biota had remained low. Therefore, his offi ce was making intensive 
efforts to prevent local fi shermen from using fi sh bombs and Sodium cyanide in their work. 

Actually this kind of effort is one of the key government policies to sustain coral reef ecosystem 
through Department of Marine Affairs and Fisheries as well as Department of Forestry. It is fair to 
say that the government, academics and NGO have put their hands to improve community awareness 
on the importance of coral reef ecosystems and banning the use of destruction fi shing methods 
including explosive, poison, etc. via Law No 27/2007 (Coastal and Small Islands Management Act), 
as well as a signifi cant fi ne or 2-10 years in prison (Ambariyanto pers. comm.)

Another serious problem has been described by B. Fegan (Fegan 2003). It is widely known, he 
writes, that illegal fi shing by foreign-owned trawlers is a major problem for Indonesia. The 
Minister for Marine Affairs and Fisheries estimated in 2002 that the nation loses some two 
billion dollars worth of fi sh every year because of illegal fi shing. 

These practices have persisted for many years, but after they had been actively discouraged in 
western Indonesia they have persisted in the east, especially in the Arafura Sea south of Papua.
There are positive signs, however, and generally it is important to understand the economic, social 
and cultural backgrounds of the local communities, described in the case of the Aru Islands in the 
Arafura Sea by Hidayat (Hidayat 1999). In 2006, the people of the island of Haruku (between 
Ambon and Seram) rejected a mining company’s proposal to explore for a gold mining operation on 
the grounds that residents had rejected mining activities on their traditional land because, they said, 
Haruku was a small island with a tiny population and such activities could damage the island’s 
natural ecosystem. It appears that local people have greater opportunity to take such steps after the 
main authority was transferred from the provinces to the lower levels of government.

While such evidence is anecdotal, it should be taken into account together with the unfavourable 
evidence from examples of destructive environmental practices.

THE CORAL TRIANGLE AND CLIMATE CHANGE

CHAPTER 6: Country descriptions



92

RAJA AMPAT, WEST PAPUA
The four islands of Waigeo, Batanta, Salawati and Misool are located from north to south off the tip 
of Papua, with Salawati very close to the Papuan mainland. The name, ‘four kings’, dates back to 
the 15th century, when the Sultanate of Tidore - one of the Muslim sultanates in the original Maluku 
west of Halmahera – appointed a local ‘raja’ in each of the four islands. Surrounding the islands is an 
archipelago of some 1,500 small islands, cays and shoals. The total land and sea area is about 40,000 
km2. 

The islands are administratively part of West Papua but differ from the rest of the province. 
Geographically and when it comes to nature, history and culture, the ‘Ampats’ are in many ways 
closer to Maluku.

The following paragraphs are an edited description by TNC (TNC 2009c) which has been involved 
in the area for many years. In 2002, with its partners, it conducted a scientifi c survey of the islands 
to collect information on its marine ecosystems, mangroves, and forests. The survey confi rmed that 
Raja Ampat has the highest marine biodiversity on the planet. It brought the total number of 
confi rmed corals to 537 species – an incredible 75% of all known coral species. In addition, 899 fi sh 
species were recorded, raising the known total for Raja Ampat to an amazing 1,074. On land, the 
survey found lush forests, rare plants, limestone outcroppings, and nesting beaches for thousands of 
sea turtles.

Though human impacts here are less severe than elsewhere in Indonesia, Raja Ampat’s natural 
resources are endangered by overfi shing and destructive fi shing, turtle poaching, and unsustainable 
logging. The Indonesian government recently established Raja Ampat as a separate administrative 
unit, which will give communities a greater say in managing the natural resources upon which their 
livelihoods depend. This structure also offers an important opportunity to include conservation in the 
planning of the newly formed local government.

To address these issues, TNC launched a new project to protect Raja Ampat, working in close 
partnership with the government and communities to: 1) contribute to a comprehensive conservation 
action plan to protect Raja Ampat’s reefs and forests; 2) help incorporate marine protected area 
management into long-term planning and policy; and, 3) establish a network of marine protected 
areas for Raja Ampat.

The ultimate goal is to protect Raja Ampat’s magnifi cent reefs while sustaining the livelihoods of 
local people. The archipelago is part of an area known as the Bird’s Head functional seascape, which 
also contains Cenderawasih Bay (located to the east, just behind the bird’s head), the largest marine 
national park in Indonesia.

Notwithstanding these attributes, the Reefs at Risk map of Eastern Indonesia appears to rate the 
threat level for Raja Ampat high to very high (Burke et al. 2000). This seems to be in agreement with 
the philosophy behind the biodiversity hotspots that defi nes them as (a) being demonstrably highly 
diverse and (b) under threat. The totality of the four hotspots making up most of the Coral Triangle 
have these dual attributes, even though assessed risk levels vary for individual coral reef areas.
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MALAYSIA

A. Background and recent history 
Great Britain established colonies and protectorates during the 18th and 19th centuries, in the area of 
current Malaysia. These areas were occupied by Japan from 1942 to 1945. The British-ruled territories 
on the Malay Peninsula formed the Federation of Malaya in 1948, which moved to become an 
independent nation in 1957. Malaysia was formed in 1963 when Singapore and the East Malaysian 
states of Sabah and Sarawak on the northern coast of Borneo joined the Federation. 

The fi rst several years of the country’s history were marred insurgency of Communist inspired forces. 
The Indonesian confrontation with Malaysia during the Sukarno presidency, with Philippine claims 
to Sabah, and Singapore’s secession from the Federation occurring in 1965. Malaysia was successful 
in diversifying its economy from dependence on exports of raw materials to expansion in manufac-
turing, services, and tourism during the 22-year term (1981-2003) of Prime Minister Mahathir bin 
Mohamad,.

The country consists of two land areas: peninsular Malaysia with 11 states and including the capital 
and government centre in Kuala Lumpur, and east Malaysia with the states of Sarawak and Sabah in 
north Borneo. Sabah is the only Malaysian state included in the Coral Triangle (and the Philippines 
biodiversity hotspot), but peninsular Malaysia is geographically part of the Sundaland biodiversity 
hotspot, together with Western Indonesia, Bali, and the waters along eastern Kalimantan.

B. Economy 
Malaysia has transformed itself since the 1970s from a producer of raw materials into an emerging 
multi-sector economy. Prime Minister Abdullah bin Ahmad Badawi, since coming to offi ce in 2003, 
tried to move the economy farther up the value-added production chain by attracting investments in 
high technology industries, medical technology, and pharmaceuticals. Exports, particularly of 
electronics, remain a signifi cant driver of the economy. Abdullah Ahmad Badawi resigned on 2 April 
2009 following unfavourable election results in 2008. He was succeeded by his Deputy Prime 
Minister, Najib Abdul Razak. Abdul Razak grew up in eastern Malaysia as part of the nation’s 
political aristocracy. His father Abdul Razak was Malaysia’s second prime minister. The new prime 
minister vows to implement economic and political reforms, and to assist an ailing economy to 
achieve more even economic growth by the time of the next elections in 2013. 

Malaysia has profi ted from higher world energy prices as an oil and gas exporter, although the rising 
cost of domestic gasoline and diesel fuel forced Kuala Lumpur to reduce government subsidies. In 
2005 Malaysia ‘unpegged’ the ringgit from the US dollar and its currency subsequently has appreci-
ated 6% per year against the dollar in 2006-08. Although this has helped to hold down the price of 
imports, infl ationary pressures began to build in 2007 - infl ation reached nearly 6% in 2008. In April 
2006, the government presented its fi ve-year national development agenda through the Ninth 
Malaysia Plan, which is a comprehensive blueprint for the allocation of the national budget from 
2006-10. The government has unveiled a series of ambitious development schemes for several 
regions that have had trouble attracting business investment. 
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Real GDP growth has averaged about 6% per year over recent years, but regions outside of Kuala 
Lumpur such as the manufacturing hub Penang have not fared so well. The central bank maintains 
healthy foreign exchange reserves. This regulatory regime has limited Malaysia’s exposure to riskier 
fi nancial instruments and the global fi nancial crisis. Decreasing worldwide demand for consumer 
goods, however, is expected to hurt economic growth. 

C. Progress towards the Millennium development goeals 
Malaysia has reached a number of national developmental goals consistent with the essential 
elements of the Millennium Development Goals since 1970.

The formulation of the New Economic Policy and the National Development Policy that succeeded 
it in 1991 had been the driving force over the past three decades to reduce and eventually eradicate 
poverty by raising income levels and increasing employment opportunities among all Malaysians. Its 
main aim was to reduce the economic disparity between the Chinese minority and the Malay majority, 
targeting a share of 30% for the latter (not yet reached). The achievements that have been made, and 
the favourable position of Malaysia in economic and social development, coupled with the 
policies and strategies envisioned in ten-year Outline Perspective Plans and implemented through 
Malaysia’s national fi ve-year plans, have enabled Malaysia to achieve most of the MDGs.

Although Malaysia’s overall achievements have been commendable, the United Nations MDG 
country team maintains that the challenges include halting the spread of HIV/AIDS, the need to 
improve spatial and ethnic equity in development outcomes, improve the lives of indigenous peoples, 
migrants, and the disadvantaged, as well as environmental management. The Ninth Malaysia Plan 
(2006-2010), released in March 2006, refl ected the need to address these development challenges. 
The National Strategic Plan on HIV/AIDS (2006-2010) provides new policy initiatives on reduction 
measures to curb the spread of HIV/AIDS.

D. Sabah 
The easternmost state of Malaysia, Sabah, covers an area of 76,115 km2. Sabah’s population 
increased from 654,000 in 1970 to 3.0 million in 2005 (Leete 2008b). As in other Malaysian states, it 
has shown a rapid trend towards urbanization from 18% in 1970 to 49.5% in 2005. 

Sabah’s population includes 39 different indigenous communities making up 60% of the total 
population (the second-largest group is Chinese). Only neighbouring Sarawak has a comparable 
‘native’ component (50%), while the so-called orang asli who are the indigenous people in 
Peninsular Malaysia make up a mere 0.5% of the population (Lasimbang 2002; Lasimbang 2008) 
This puts the western Malaysian people, especially those in Sabah, in a special position compared to 
the peninsular Malaysians.

The indigenous people in Sabah comprise the native Bornean groups (Dusun/Kadazan, Paitan, 
Murut, and Dayak) as well as groups originally from the Philippines or Indonesia. Most live in rural 
areas and maintain a strong bond to their traditional lands. Many are subsistence farmers practicing 
diversifi ed agriculture - often a form of rotational agriculture combined with wet padi, tapioca, fruits 
and vegetables, while increasing numbers are cultivating cash crops. 
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Hunting and collecting is also being practised, using the available resources without depleting them. 
The amount of food gathered is based on the daily needs: taking the mature and ripe fruits only. The 
Murut communities have an elaborate system for sharing forest resources - social cohesion has been 
the key to their survival. Along the coastline and river mouths there are many fi shing communities, 
some of whom also do farming. The vast majority of these farmers grow food for themselves and 
their families (Lasimbang 2002).

Claudia Lasimbang has been the vice-chair of the Malaysian PACOS Trust (Partners of Community 
Organisations) since 1987. An indigenous Kadazan, she expresses concern for the future of 
indigenous Sabah:

“Convincing future indigenous generations that the indigenous way of life is ‘good for you’, in that 
one only becomes a better human being from the richness of understanding one’s indigenous heritage 
and spirituality is the actual daunting task ahead of us. For us in PACOS, this has been the core of the 
organisation’s aims and strategies.” (Lasimbang 2002)

Furthermore: “In Sarawak and Sabah, laws introduced by the British during their colonial rule 
recognizing the customary land rights and customary law of the indigenous peoples are still in place. 
However, they are not being properly implemented, and even outright ignored by the government, 
which gives priority to large-scale resource extraction and plantations of private companies over the 
rights and interests of the indigenous communities.” (Lasimbang 2008, p 296)

There are other signs of discrimination with indigenous people often being regarded as second-class 
citizens even by fellow Sabahians. 

GDP per capita in 2004 was RM 4,868 at constant 1987 prices, 50% of the Malaysian average of RM 
9,746. Its East Malaysian neighbour, Sarawak, was much closer to the national average at RM 9,286. 
Agriculture accounted for 31.6% of Sabah’s GDP compared with 8.5% for total Malaysia and 14.8% 
for Sarawak. Manufacturing activity in Sabah accounted for 12.1% compared with 21.2% in Sarawak 
and a national average of 31.6%.

The proportion of total employment in agriculture has, however, fallen steadily from 56.1% in 1980 
to 31.8% in 2004.

The proportion of people aged six and over in 2000 who had never attended school was 21% in 
Sabah compared with 10% in total Malaysia. However, the literacy rate in Sabah for all persons aged 
10 and over increased from 72% in 1991 to 85% in 2000, while the proportion grew from 85% to 
92% for the whole of the country. For 15-24 year olds, the Sabah literacy rate increased from 81% to 
88% over the period (Malaysia from 94% to 97%). Sabah remains below all other Malaysian states in 
this respect.

Child mortality (under age 5 deaths per thousand births) was reduced dramatically in Sabah from 
21 in 1990 to 3.3 in 2004. Maternal mortality rates are now as good in Sabah as in other 
Malaysian states. 
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The proportion of housed covered with safe water supply in Sabah has improved from 81% in 1993 
to 95% in 2004, close to the Malaysian average in both years. The number of houses covered with 
sanitary latrines increased from 75% in 1993 (way below any other state) to 97% in 2004, while the 
national average increased from 92% to 98%.

In conclusion, Sabah is a relatively poor Malaysian state but has made good progress towards the 
national average on a number of scores, though the gross regional product per head of population 
remains only half that of Malaysia’s GDP per head. However, the task of ensuring a harmonious 
transition which as far as possible retains the traditional and allegedly sustainable ways of life will 
continue to be diffi cult. 

E. Coastal resources and change in Sabah 
Sabah’s coral reefs are severely threatened according to the state Ministry of Tourism, Culture and 
Environment. Large tracts of Sabah’s coral reefs have been wiped out by destructive fi shing methods 
such as fi sh bombing and the use of cyanide and dragnets. More than 10% of coral reefs around the 
state have been destroyed, according to Professor Ridzwan Abdul Rahman from Universiti Malaysia 
Sabah. The possible contradiction with Lasimbang’s information in the previous section caused an 
inquiry into the locality of indigenous Sabah people. By far the most live in the inland forested areas 
and only the Dusun/Kadazan come close to being dominant in any coastal area, according to a map 
shown on the PACOS website (http://www.sabah.net.my/PACOS/people.htm). The main exception 
is the two peninsulas fl anking Marudu Bay in northern Sabah – where the reefs happen to be highly 
or very highly threatened (Burke et al. 2002). Apart from this, indigenous Sabah people appear to be 
largely above suspicion for destructive fi shing practices on coral reefs. 

Professor Rahman says: “It is getting worse. The reefs are continuously being degraded by 
destructive fi shing activities and this will only reduce the fi sh in the long run. The coral reef 
ecosystem is the heart of fi sheries. Of course there are other ecosystems such as mangroves but the 
largest source of fi sh are the coral reefs,” he said. Studies have shown that the fi sh population has, 
over the years, declined by 75% in the waters off Sabah.

There is some debate over the seriousness of the degradation of Sabah’s coral reefs. Sabah Parks 
Deputy Director Dr Jamili Nais said in 2008: “Based on my own analysis, the coral reefs in Sabah 
waters are not that badly affected by the human and natural impacts. But the threat is there, particularly 
those around the islands in Tunku Abdul Rahman Park (surrounding the capital city Kinabalu on the 
northwestern coast facing the South China Sea) which are the closest to land affected by sediment 
effl uents coming from the rivers,” he said. Reefs at Risk shows most of the reefs off Sabah at high 
to very high risk, including the area around Kinabalu (Burke et al. 2002), which again has a mixed 
rather than indigenous population.

Nais claimed most of the damaged coral reefs in Sabah recovered positively through the natural 
process. “The damage to our coral reefs is caused mostly by sedimentation, fi sh bombing activities 
as well as fi shing trawlers.” He also said that the impacts of global warming as well as other major 
seasonal global phenomenon on the coral reefs and islands in Sabah are still minimal.
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Most recently (September 2008), Sabah is reported to be planning to continue to protect its marine 
parks, using the charismatic sea turtles as fl agship species, and by default, protecting the coral reefs 
the turtles need. To make sure the coral reefs are getting the protection they require, marine parks in 
Sabah has put together a monitoring program which will use conventional coral check techniques in 
strategic areas and focus on long-term research.

Sabah’s reef fi sheries have decreased since reaching a peak in the 1980s (Teh et al. 2005). Destructive 
fi shing methods have been the principal cause of damage to reef habitats throughout Sabah, and have 
contributed to the decline of reef resources. In response, Sabah Parks proposed the establishment of 
Tun Mustapha Park in north Sabah n 2001. This marine park includes Banggi Island, with the 
objective of reducing overexploitation of the region’s fi sheries and helping conserve the rich 
biodiversity found within its coastal environment.

Banggi is the biggest island in Malaysia, covering a total area of 700 km2, with a coastline of 420 km. 
The current population of Banggi is approximately 20,000, mixed rather than with a high 
percentage of indigenous people. In the past two decades, migrants from the southern Philippines 
(Palawan) have come to Banggi in search of a marginally better life. Nevertheless, Banggi remains 
relatively undeveloped, and coastal households are considerably below the Sabah poverty line. These 
communities continue to depend heavily on marine resources for their livelihood, with fi shing 
accounting for 70% of the island’s economic activity. There are 1,195 licensed fi shers on Banggi, but 
this should only be taken as a lower reference point as many local fi shers do not own licenses due to 
lack of Fisheries Department personnel on the island (Teh at al. 2005). 

The reef fi sheries of Banggi are artisanal, meaning small-scale, using low-technology fi shing gear 
and small fi shing vessels operating on fi shing grounds close to shore. Banggi’s reef fi sheries are also 
open-access; there is no active spatial input or output controls. The only regulation is a ban on bomb 
fi shing which is not always effectively enforced by the Malaysian Marine Police. Hook and line and 
gillnet are two of the most important fi shing methods. The reefs around the island are rated to be at 
medium risk (Burke et al. 2002).

Banggi’s fi shers are important in supplying fresh fi sh to the domestic village market. fi shers sell their 
catch after setting aside fi sh for family consumption at low prices to one of three local fi sh buyers. 
Excess catch and more expensive fi sh are transported for sale to the local town of Kudat, where the 
fi shing folk have permanent relationships with wholesale fi sh traders. 

The average daily revenue for hook and line and gillnet fi shers found in the survey (Teh et al. 2005) 
reveals that fi shers using hook and line are substantially worse off given that they are more suscep-
tible to lost fi shing days due to adverse weather conditions. Hook and line, however, requires less 
capital investment in gear than gillnet, and therefore there may not be as much of a signifi cant 
difference in net income after fi shing costs are deducted.

Anecdotal evidence suggests that the number of fi shers has risen markedly in the past 10–15 years, 
corresponding to a 2-4 times decrease in individual catch. Dynamite and cyanide fi shing occur on a 
regular basis in Banggi. Overfi shing in this region has targeted live reef fi sh trade and resulted in big 
declines in the abundance of humphead wrasse (Cheilinus undulatus) and humpback grouper 
(Cromileptes altivelis) The population of these species, as in many other places, is severely 
depleted in Banggi.
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The coral islands of the Semporna district, on the southern shore of Lahad Datu Bay, are reported to 
represent one of the most biologically diverse coral reef ecosystems in the world, and are considered 
a priority area for conservation activities. While highly diverse and extraordinarily valuable, these 
coral reefs are also severely threatened (Burke et al. 2002). Heavy reliance on marine resources for 
food and livelihoods has resulted in the overexploitation and degradation of many reefs, and the use 
of dynamite and cyanide fi shing practices are endangering the future of these reefs.

Activities to educate local populations to effectively manage, and prosper, from the sustainable 
use of their resources are essential in this area, but these activities are held back by relative lack of 
social and economic development with a high proportion of children unable to read or write, without 
schooling opportunities, and with little or no leisure time or access to reading or creative materials.

Tun Sakaran Marine Park in the Semporna district at the southern entrance to Lahad Datu Bay 
encompasses eight islands and at 350 km2 is the largest marine park in Sabah. All but 9.5 km2 is sea 
and coral reefs. It was gazetted in 2004. Research shows higher species diversity that at any other site 
in Malaysia. The main marine conservation and management issues are:

• Serious over-exploitation of fi sh and other edible species. Few large fi sh remain. 
• Signifi cant habitat destruction caused by blast fi shing. 
• Localized damage from outbreaks of the crown-of-thorns starfi sh. 
• Coral mortality caused by recent coral bleaching events. 
• Threats from land-based pollution from the mainland. 
• Poverty and lack of job opportunities drive unsustainable practices. 

As marine fi sheries decline, the potential for aquaculture is becoming more recognized. Sabah could 
become the biggest aquaculture area in Malaysia by 2010 according to Sabah’s Agriculture and Food 
Industry Minister Datuk Yahya Hussin. According to the Fisheries Department, 4,914 km2 in 
Malaysia is ideal for aquaculture. Of this, 1,823 km2 (37%) is in Sabah. 

The Sabah state fi sheries department in 2008 was formulating plans and strategies to become the 
biggest fi sh producer in Malaysia, based on expanded aquaculture. Expected production by 2010 
includes 33,000 tons of seawater prawns, 30,700 tons of marine fi sh, 12,700 tons of freshwater fi sh, 
6,000 tons of cockles, and 125,000 tones of seaweed. The total estimated value is $US 1.66 billion, of 
which marine fi sh accounts for $US 1.23 billion. The department plans to set up a 633 km2 aquaculture 
industrial zone for seaweed cultivation, cultivation of marine fi sh in cages, molluscs, 
crustaceans, brackish and freshwater fi sh cultivation. 

To remedy past experience, when exports from Sabah to the European Community apparently ran 
into some quality problems, all new aquaculture farms in Sabah will be licensed in stages to ensure 
that the industry is well managed.

While seaweed has the lowest unit value of these products ($6.6 million for 125,000 tons), it is an 
important alternative for Sabah fi shers, especially in the Samporna district. The seaweed contains 
carrageenan, widely used in the food and other industries as thickening or stabilizing agents. Sabah 
currently has two seaweed processing mills for semi-refi ned carrageenan, at Samporna and at Lahad 
Datu (on the north coast of the Bay). Sabah is looking for the application of technology to produce 
high-quality seaweed seedlings which feature high gel strength, faster growth and resistance to 
disease.

THE CORAL TRIANGLE AND CLIMATE CHANGE

CHAPTER 6: Country descriptions



99

THE PHILIPPINES

A. Background and recent history 
The Philippine archipelago is made up of over 7,000 islands; it is favourably located in relation to 
many of Southeast Asia’s main water bodies: the South China Sea, Philippine Sea, Sulu Sea, Celebes 
Sea, and Luzon Strait.

The Philippines was originally a Spanish colony in the 16th century but was ceded to the United 
States following the Spanish-American War in 1898. the Philippines became a self-governing 
commonwealth in 1935. The fi rst elected President was Manuel Quezon who was given the task of 
preparing the country for independence after a 10-year transition period. the islands fell under 
Japanese occupation during World War II in 1942, and U.S. forces and Filipinos fought during 
1944-45 to regain control. The Republic of the Philippines attained its independence on 4 July 1946.

The Philippines had a promising economy in the 1950s and 1960s. Student activism and civil unrest 
arose in 1960s and early 1970s against the corrupt dictatorship of President Ferdinand Marcos, who 
declared martial law in 1972. President Marcos’s 20-year rule ended in 1986, and he was forced 
into exile. President Corazon Aquino took command at this point. However, her presidency expe-
rienced several coup attempts, which frustrated the return to full political stability and economic 
development. Fidel Ramos was elected president in 1992. His administration was characterised by 
good progress on economic reforms and greater stability and progress on economic reforms. The US 
closed its last military bases on the islands in 1992. 

President Joseph Estrada was elected in 1998, but was succeeded in 2001 by his vice-president, 
Gloria Macapagal-Arroyo, when Estrada had to resign on account of charges of corruption. President 
Macapagal-Arroyo was elected to a six-year term as president in May 2004. 

B. Economy
Economic growth has averaged 5% per annum since President Macapagal-Arroyo took offi ce in 
2001. She averted a fi scal crisis by pushing for new revenue measures and, until recently, tightening 
expenditures. Declining fi scal defi cits, tightening debt and debt service ratios, as well as efforts to 
increase spending on infrastructure and social services heightened optimism over Philippine economic 
prospects. Although the general macroeconomic outlook has improved signifi cantly, the economy 
faces several long-term challenges. The Philippines must maintain the reform momentum in order to 
catch up with regional competitors, improve employment opportunities, and alleviate poverty. 

The Philippines will need still higher, sustained growth to make progress in alleviating poverty, given 
its relatively high population growth and unequal distribution of income. 

The economy of the Philippines grew at its fastest pace in three decades in 2007 with real GDP 
growth increasing above 7%. Growth slowed to 4.5% in late 2008 at the start of the world fi nancial 
crisis. A number of factors have cushioned the economy from the fi nancial crisis including 
government spending, a relatively small trade sector, a resilient service sector, and large 
remittances from the 4-5 million Filipinos, who work abroad.
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C. Progress towards the Millennium development goals 
The current Medium-Term Philippines Development Plan for 2004-2010 is designed to address the 
Millennium Development Goals (MDGs) which represents an economic development blueprint to 
the Philippines. It involves a strategy for economic growth and job creation, energy, social justice 
and basic needs, education and youth, anticorruption and good governance. Its major objective is to 
eradicate poverty by establishing lasting prosperity for the Filipino people.

According to a progress report in 2007, the country is highly likely to reach its targets on poverty and 
dietary energy requirements by 2015. It also looks on track to achieve targets with respect to gender 
equality, reducing child mortality, combating HIV/AIDS, malaria and other diseases, as well as 
improving access to safe drinking water and sanitary toilet facilities. More strenuous efforts are 
required to meet the targets for maternal health, primary education, and access to reproductive health 
services.  The current challenge that the Philippines now face is that of achieving all the MDGs. In 
this vein, investment priorities, fi nancial requirements, budgeting, and bridging resource gaps have 
been highlighted to promote inclusive growth.

Challenges and recommendations emphasize the need for good governance to achieve the MDGs in 
the Philippines. The following key cross-cutting issues and priority actions have also been identifi ed:

address wide disparities across regions;• 
urb high population growth rate;• 
improve performance in the agriculture sector;• 
accelerate the implementation of basic education and health reforms;• 
ensure strict enforcement of laws pertinent to the achievement of the MDGs;• 
bridge the fi nancing gap;• 
strengthen the capacity of local government units to deliver basic services and manage programs • 
and projects;
ensure transparency and accountability in government transactions;• 
address peace and security issues;• 
public-private partnerships;• 
improve targeting, database and monitoring.• 

To squarely address these challenges, the Government has committed substantial funding for priority 
programs for job generation and poverty reduction. These include agribusiness and upland development, 
infrastructure spending, microeconomic reforms, hunger mitigation, and social development, mainly 
in education and health.

The current food and oil crises have come at a critical period in the timeline of the MDGs (as has 
the global recession). The Philippines will have to demonstrate its resilience in coping with this 
worldwide phenomenon that is creating a negative impact among the marginalized sectors.
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D. Coastal resources and change  
“The Philippines is blessed with having one of the most extensive coral reefs found in the heart of the 
highest diversity region in the marine world. Reef fi sheries have been estimated to directly contribute 
to around 15 to 30% of the total national municipal fi sheries [licences issued through local govern-
ment areas]. Its total reef area covers at least 27,000 km2. One of the hypotheses for the signifi cance 
of the high biodiversity in coral reefs concerns the resilience of this ecosystem to various natural 
stresses, perhaps not including the stresses in relation to fi sheries overexploitation. In this region of 
high diversity, the Filipinos’ high dependence on this important life support system is put to a test. In 
the Philippines nearly 70% of the protein food intake is from fi sh. The stark contrast between 
poverty, hunger and deprivation amidst this increasing want is the rapidly declining reef resources. 
It is no surprise that it is in the Philippines that reefs are in the highest risk from overexploitation, 
destructive fi shing and other human related impacts such as coastal development and sedimentation. 
To date, over 70% are in a poor state and less than 5% are in excellent condition.”

The above slightly edited extract is from an academic paper on the ‘challenges and frustrations’ 
of Philippine coral reef fi sheries (Aliño 2002). Reef Check Philippines confi rms in an up-to-date 
comment: “Over the past 30 years, coral reefs in the Philippines have been slowly dying. The most 
productive reef areas in the world are now known as some of the most endangered. Coastal develop-
ment, sedimentation, dynamite and cyanide fi shing, overfi shing, pollution and global warming have 
all contributed to the damage.” (http://www.reefcheckphilippines.org/).

“Bleaching combined with overfi shing, and the use of dynamite and poison, has left just 5% of the 
reefs in pristine condition. ‘Signature species’ such as groupers, the barramundi cod, and the 
napoleon wrasse -- a protected but highly sought fi sh -- are diffi cult to fi nd even in areas far from 
Philippine coastlines. Between 30 and 40% of the population -- up to 35 million people -- live in 
coastal areas of the Philippines, described in one US study as the ‘centre of the centre’ of marine 
biodiversity, and depend on fi shing for a living.”

The following three reef descriptions are samples of a larger number of descriptions of Philippine 
reefs.

Apo Reef Natural Park one of the largest coral reefs reserves in the world. It covers 275 km2, 158 
km2 of actual reef and 117 km2 protective buffer zone. It is located west of Mindoro in the northern 
Philippines. Thirty years ago, the area was one of the world’s premier diving destinations. But the 
1970s brought dynamite, cyanide, strobe light fi shing and muro-ami (muro-ami uses an encircling net 
with large stones as pounding devices, literally smashing the coral reef to scare the fi sh out of their 
refuges). In 1994, a survey found that coral cover was just 33% of the reef. The park was opened in 
1996, but enforcement initially proved lax and illegal fi shing methods persisted.

A major blow was experienced by Apo when extremely warm sea temperatures associated with the 
El Niño conditions of 1998 triggered the massive bleaching episode which resulted in large scale 
coral mortalities throughout the world. In addition to this, crown-of-thorns starfi sh outbreaks 
followed bleaching in many regions including Apo. While the causes are not entirely clear, the 
outbreak of starfi sh may be related to the lack of natural predators like the giant triton, napoleon 
wrasse and harlequin shrimp (WWF offi cer Gregg Yan).
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Despite it all, coral cover increased to 43% by 2003 and to 52% in 2006. Finally, all extractive 
activities such as fi shing, collection and harvesting of any life form was banned from the Natural 
Park: the whole of Apo Reef became a no-take area, leading to revival of the fi sh stock both inside 
and outside the protected area. 

Alternative sources for fi shing are being developed and installed. Giant fi sh aggregation devices or 
fi sh-attracting cages, locally termed payaw, have been installed a few km from the coast. The crude 
but effective devices are composed of a buoy, a counterweight, and 10 to 15 giant coconut fronds. 
Algae growing on the decomposing fronds attract herbivores such as surgeon fi sh (Acanthurus) and 
rabbitfi sh (Siganus), which then draw in larger predators. Only about one in 10 fi shermen have been 
protesting the park’s closure to fi shing.

Tubbataha Reefs Natural Park lies in the middle of the Sulu Sea and falls under the political jurisdiction 
of Cagayancillo, an island municipality situated 130 km to the north. The park is around 150km 
southeast of Puerto Princesa City, capital of the province of Palawan, the usual jump-off point for 
visitors and dive boats going to Tubbataha. 

Tubbataha is well known to fi shermen of the southern Philippines but until the late 1970s, 
Cagayanons were the primary users of the reefs’ resources. During the summer, they would make 
fi shing trips to Tubbataha in fl eets of traditional wooden sailboats.

Tubbataha’s isolation and its susceptibility to harsh weather once protected it from overexploitation. 
But by the 1980s, fi shermen from other parts of the Philippines started exploiting Tubbataha in motor 
boats, many using destructive fi shing techniques to maximize their catch.

In 1988, in response to a vigorous campaign by Philippine scuba divers and environmentalists, 
President Corazon Aquino declared Tubbataha a National Marine Park. This park includes much of 
the biodiversity associated with the Coral Triangle and contains roughly 100 km2 of coral reefs.

In 2007, the University of the Philippines in the Visayas conducted a study on the distribution and 
dispersal of fi sh larvae in the Sulu Sea. The study revealed that Tubbataha is a source of coral and 
fi sh larvae, seeding the greater Sulu Sea. This is of huge signifi cance, since the Philippines, the 
second largest archipelago in the world, relies heavily on its marine resources for livelihood and 
food.

The Turtle Islands (Tawi-Tawi) are found near the south-western tip of the Philippines, which is right 
at the edge of the international treaty limits separating the Philippines and Malaysia. The six small 
islands are located south of Palawan and Northeast of Sabah. Locally the islands are known as the 
’Tawi-Tawi islands‘. The total land surface of the Turtle Islands is not much more than 318 hectares. 

Together with the three Turtle islands in neighbouring Malaysia and the surrounding coral waters, are 
the only living area of the Green Sea Turtles in Asia and worldwide. The islands have been declared 
Protected Area (further described below) since 1996, which appears the only way to ensure the 
existence of the green sea turtles and their nesting sites.
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The Turtle Islands Heritage Protected Area (TIHPA) was established in 1996 Inian effort to save the 
decreasing population. Along the border of Malaysia and the Philippines, TIHPA is the world’s fi rst 
trans-border marine protected area for sea turtles. Three of the nine islands in the TIHPA, are on the 
Malaysian side and six in Philippine territory. The latter are Taganak, Boan, Bakkungan, Lihiman, 
Langaan and Baguan. These six islands comprised of a total land area of 308 hectares, with the 
exception of Baguan remaining uninhabited after it was declared a marine turtle sanctuary in 1982. 
The TIHPA remains Southeast Asia’s largest nesting site for green turtles (Chelonia mydas), with 
80% of turtle nestings in the Philippines. 98,000 completed nests were documented between 1984 
and 1998 on Baguan.

TIMOR-LESTE

A. Background and recent history 
Portuguese trade with Timor began in the early 16th century and it was colonized mid-century. 
Skirmishes began Dutch in the region, eventually resulting in a treaty in 1859. The Portuguese ceded 
the western portion of the island at that point. Japan occupied Portuguese Timor from 1942 - 1945, 
but Portugal regained colonial authority after World War II. 

East Timor declared independent from Portugal on 28 November 1975, but was invaded by Indonesia 
nine days later. At this point, it was incorporated into Indonesia in July 1976 as Timor Timur (‘East 
Timor’) province. A unsuccessful campaign of pacifi cation followed over the next 20 years. During 
this time, an estimated 100,000 - 250,000 individuals lost their lives. 

An overwhelming majority of the people of Timor-Leste voted for independence from Indonesia in a 
UN-supervised popular referendum on 30 August 1999. In the time between the referendum and the 
arrival of a multinational peacekeeping force in late September 1999, anti-independence Timorese 
militias, supported and organised by the Indonesian military, embarked on a large-scale, scorched-earth 
campaign of retribution. The militias killed some 1,400 Timorese and forcibly pushed 300,000 people 
into western Timor as refugees. The majority of the country’s infrastructure, including homes, irri-
gation systems, water supply systems, and schools, and nearly 100% of the country’s electrical grid 
were destroyed. On 20 September 1999 Australian-led peacekeeping troops brought the violence to 
an end. 

Timor-Leste was recognized as an independent state on 20 May 2002 by the international 
community. Internal tensions in late April 2006 threatened the security of the new nation - with a 
military strike leading to violence and a near breakdown of law and order in the capital Dili., an 
Australian-led international stabilization force deployed to Timor-Leste in late May - invited to do so 
by the fl edgeling Timorese government. The UN Security Council established a mission in 
Timor-Leste which included an authorized police presence of over 1,600 personnel in August. 
The combined missions restored stability, and allowed Timor Leste to to hold presidential and 
parliamentary elections in 2007 in a largely peaceful atmosphere. 

A rebel group staged an unsuccessful attack against the president and prime minister In February 
2008. While injuries were sustained by the President José Ramos-Horta, he survived. The ringleader 
of the attack was killed and the majority of the rebels surrendered to the government in April 2008.
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B. Economy 
In late 1999, about 70% of the economic infrastructure of Timor-Leste was laid waste during the 
confl ict, with 300,000 people fl eeing westward. Over the next three years a massive international 
program, manned by 5,000 peacekeepers (8,000 at peak) and 1,300 police offi cers, led to substantial 
reconstruction in both urban and rural areas. 

Refugees from the confl ict had returned or had settled in Indonesia by the end of 2005. At present, 
the key challenges for Timor Leste are those associated with strengthening the civil administration, 
rebuilding its infrastructure, and generating jobs for young people entering the work force. Oil and 
gas resources developed in offshore waters have begun to supplement government revenues ahead 
of schedule and above expectations. The technology-intensive industry, nonetheless, has done little to 
create jobs for unemployed people due to the lack of production facilities in Timor. A large amount of 
the gas from the Timor Leste fi elds is piped to Australia. 

In June 2005, the National Parliament of Timor Leste unanimously voted in favour of the creation of 
a Petroleum Fund which currently serves as a repository for all petroleum revenues. Its intention is 
to preserve a large portion of Timor-Leste’s petroleum wealth for future generations. The Fund was 
holding assets of US$3.9 billion in October 2008, and the economy is still recovering from the 
mid-2006 outbreak of violence and civil unrest. In 2008, the government repatriated tens of 
thousands of an estimated 100,000 internally displaced persons from the confl ict.  The principal 
challenge that Timor Leste currently faces is how to best deploy oil-and-gas wealth to lift its 
non-oil economy onto higher economic growth to reduce poverty.

C. Progress towards the Millennium development goals 
The fi rst National Development Plan, which served as the primary guiding document for 
development, was established against the backdrop of the MDGs. The government plans to allocate 
more than 30% annually of its state budget to education, health, and water and sanitation to bring the 
country closer to the MDG targets.

Progress towards achieving Timor Leste’s twin objectives of economic growth and poverty 
reduction have been limited because of current problems in budget execution. Socioeconomic 
indicators indicate low life expectancy, high rates of illiteracy, as well as widespread food insecurity 
and limited access to basic services.  Timor-Leste currently scores lower on the human development 
index of all the member states of the Association of Southeast Asian Nations.

D. Coastal resources and change  
Timor Leste is among the 50 least developed countries in the world. Since independence in 2002, it 
has continued to juggle a sudden infl ux of income from natural energy resources and persistent 
widespread poverty, whilst until recently, neglecting marine and coastal resource management and 
science (Penny 2008). Set back by confl ict both before and after independence in 2002, information 
about the reefs and general directions has been slow to emerge. 
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The economy of Timor-Leste is dominated by the agricultural sector which contributes about 
one-third of GDP and employs about 80% of the working population in production for consumption 
and trade. Traditional agricultural production systems commonly used by farmers include swidden 
(slash-and-burn) cultivation of rain-fed crops, mainly maize, lowland cultivation of rice, household 
gardens with rain-fed crops of maize, cassava, and beans and small livestock such as chickens, goats, 
and pigs, production of Bali cattle and buffalo, and harvesting forest products such as tamarind, 
candlenut, fi rewood and stand-by foods such as yams.  In addition to these production systems, 
certain areas have extensive tree crops such as coconuts in the low lands and coffee in the highlands 
(da Costa 2003) .

Timor-Leste has a large fi shery potential with many valuable species. Among these are tuna, skipjack, 
snapper and prawns (da Costa 2003). Approximately 10,000 families depend completely or partly 
on fi shing, with about half live around Dili or on Ataúro Island to the north. An UNDP study in 2001 
concluded that the country’s marine ecosystem, if used in a planned and non-destructive manner, has 
considerable potential to support economic development and sustain the population.

A SWOT analysis (Piggin 2003) identifi ed the following directions for future development of 
fi sheries in Timor-Leste:
establishment of agreed national offshore fi shing boundaries

development of inventories for fi sh resources• 
development of management plans and policies for sustainable utilization of fi sh stocks• 
development of appropriate fi shing facilities and technologies• 
development of appropriate on-shore aquaculture technologies.• 

Current weaknesses are lack of capital and expertise, low institutional capacity, lack of coordination, 
a limited and simple fi shing fl eet, and a limited sense of ownership of equipment. The main external 
threats were illegal immigration, depleted resources, and illegal fi shing by others.

Timor-Leste’s reefs are along the northern and eastern coasts of the country, as well as around Ataúro 
Island. Coastal villages rely heavily on seafood from the nearby coral reefs for protein and as a 
source of material for construction and curios. Timor-Leste is known by a small number of divers for 
its relatively pristine and readily accessible coral reefs. The fi rst surveys by the new Timorese Reef 
Check team show no indication of obvious anthropogenic damage, bleaching or disease to the corals. 
However, their data do indicate a lack of large predatory fi sh and macro invertebrates such as giant 
clams and crayfi sh (Penny 2008). 

PAPUA NEW GUINEA

A. Background and recent history 
The eastern half of the island of New Guinea is the second largest in the world and was originally 
divided between Germany (north) and the UK (south) in 1885. The northern area was transferred to 
Australia in 1902, which continued to administer the combined areas until independence in 1975. A 
9-year revolt by secessionist on the eastern island of Bougainville ended in 1997 after claiming some 
20,000 lives, though confl icts remained at least until 2005.
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B. Economy 
Papua New Guinea has abundant natural resources although extraction has been hampered by rugged 
terrain and costly infrastructure development. Agriculture supports subsistence livelihoods for 85% 
of the population, while mineral deposits (including copper, gold, and oil) account for nearly two-
thirds of export earnings. Papua New Guinea is a very poor country despite its natural and mineral 
wealth, and poverty impacts on the daily lives of almost all of the population. Poverty is exacerbated 
by extreme rural isolation, high rates of crime and ethnic and gender-based violence, and a growing 
HIV/AIDS epidemic. Other challenges could upend the economy including chronic law and order 
and land tenure issues. Australia supplied more than $300 million in aid in the fi nancial year 2007-08, 
which accounts for nearly 20% of the national budget.

The development challenges for the people of Papua New Guinea are daunting: Only about 40% 
enrol in school, 5.5% of babies born will die before they are two years old and the average life 
expectancy is just 57 years at birth. 37% percent of PNG’s population lives below the national 
poverty line. UNDP’s poverty reduction program is geared towards providing strategic support to the 
government in its formulation and implementation of national development plans and strategies so 
that it can achieve the Millennium Target of halving poverty by 2015.

The government of Papua New Guinea, as with many developing countries, needs to overcome low 
levels of training and skill development among its staff, insuffi cient transparency, corruption, , and 
limited or low-quality delivery of public services. These issues need to be tackled in order for a 
Papua New Guinea to fulfi l its own aspiration of becoming more democratic, more focused on human 
rights, , more effi cient, and more accountable, so that it can deliver better services and succeed in 
overcoming underdevelopment and poverty.

Papua New Guinea has suffered from the painful and protracted confl ict in Bougainville, which 
ended in 2005 when Bougainville became an autonomous region. An important part of the peace 
process involves reconciliation and nation building, as well as taking measures to ensure violence 
decreases, such as eliminating dangerous weapons from the community. UNDP also assists the 
government to enhance its ability to prevent and better respond to a wide range of natural disasters. 
Gender-based violence and political exclusion of women represent signifi cant problems and 
challenges in PNG.

C. Progress towards the Millennium development goals 
Papua New Guinea has made some progress since the 2000 Millennium Declaration, though much 
remains to be done. In collaboration with the United Nations, the Government produced its initial 
National Millennium Development Goals Progress Report in 2004, and more recently established a 
National MDG Road Map and announced its 15 national MDG targets and 67 indicators.

Lack of availability of data to prepare an accurate, statistical baseline report remains an obstacle. 
Accordingly, the Government has adopted the UN database system, and is conducting other statistical 
surveys into health and household income and expenditure. 
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D. Coastal resources and change 
Papua New Guinea is a major coral reef nations with 40,000 km2 of reefs, seagrass beds, and 
mangrove forests within its borders. Like many places in the Indo-Pacifi c region, however, coral 
reefs and the local communities and businesses that depend on them are trapped in the middle of a 
struggle between development and the need to protect the reefs for future generations.

One specifi c effort is through the Coral Reef Alliance (CORAL, in partnership with other organizations 
such as WWF), whose main goal in the species-rich waters of PNG is to establish the Madang 
Conservation Corridor on the north coast of Madang Province as the principal coral reef sustainable 
destination effort. By consulting with local stakeholders and conducting sustainable marine 
recreation workshops, Coral Reef Alliance has identifi ed the principal threats to the coastal reef and 
is developing plans to address them, including mooring buoy installations to reduce help anchor 
damage to the reefs, as well as educational efforts to build awareness of environmentally responsible 
business practices, and a user fee system to bring fi nancial sustainability to local communities. In 
addition, CORAL has also assisted in the development and capacity building of the Madang Lagoon 
Association, an organization which is composed of more than 250 community members representing 
villages and clans from the broader lagoon area.

Pollution, sewage, population, pollution, and a burgeoning coastal population are among the real 
factors challenging ecological diversity in the Madang Lagoon. Like most developing nations with 
valuable resources, PNG has to make diffi cult choices between large-scale extractive industries such 
as terrestrial and seabed mining, commercial fi shing, and the reef cutting necessary to allow shipping 
traffi c and sustainable economic development.  In its work to reduce destructive fi shing practices, 
CORAL is operating along the following lines:

Preventing overfi shing catch and destructive techniques like blast fi shing with dynamite. • 

Financing for marine parks, assessing the needs for and facilitating dialogue about a comprehensive • 
user fee system for Madang Lagoon, and supporting the development of fi nancial management 
capabilities for the Madang Lagoon Association.

Raising awareness by educating local businesses and the community about sustainable tourism, • 
threats to the reef, and coral reef ecology. Ongoing awareness efforts involve the development of 
locally-driven, CORAL-funded projects that address reef threats.

Providing alternatives to destructive fi shing by developing training and best-practice materials to • 
be used by marine recreation providers, educational institutions, and people interested in marine 
recreation careers. CORAL is also exploring a partnership with PNG’s tourism authority to 
produce a similar guidebook to increase the reach of this project.

These efforts must be seen against the socioeconomic characteristics of the country, and the infl uence 
of these characteristics on programs like the one just described. The majority of coastal communities 
throughout PNG, and other countries like Indonesia and Fiji, rely heavily upon marine resources 
for sustenance and income. As coastal populations are rapidly expanding, and move towards more 
effi cient and damaging fi shing methods, many reefs in the Asia-Pacifi c region are facing threats of 
destruction and overexploitation.
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This in turn is affecting the livelihoods of the communities that are so heavily dependent upon the 
marine environment. Achieving marine conservation in the region always requires fi nding a balance 
between conserving biological wealth and maintaining the livelihoods of the communities dependent 
upon the marine environments. 

The most important threats facing coral reefs in this region are exploitation of fi shery stocks, 
destructive fi shing practices, and coral bleaching some stress. The generally long life spans of 
targeted reef species, in addition to the low productivity of reef ecosystems, destine coral reef 
fi shery stocks particularly susceptible to overfi shing. Furthermore, destructive fi shing methods such 
as dynamite and cyanide fi shing and the use of monofi lament nets, not only deplete fi sheries stocks at 
an alarming rate, but also damage or destroy essential reef structures and habitats. The bleaching of 
corals from high sea temperatures is also leading to signifi cant decline in corals and humans 
signifi cantly changing reef habitats.

In 2006, The Nature Conservancy and partners designed the world’s fi rst network of marine protected 
areas (MPAs) that was specifi cally designed to be resilient to the threat of climate change (Green et 
al. 2007). The design formed the basis for working with local communities and other stakeholders to 
refi ne and implement the design over time. Since local communities are the marine resource owners 
and decision makers in Kimbe Bay, fi nal decisions regarding the MPA network design will be at their 
discretion. To date two large areas have been declared as locally managed marine areas (LMMAS), 
reinforced by local level legislation, with plans to establish LMMAs in various stages of negotiation 
in six other areas. It is expected that it will take fi ve years to implement the design.

SOLOMON ISLANDS

A. Background and recent history 
Solomon Islands represent an archipelago made up of six main islands, with numerous smaller islands 
scattered over an Exclusive Economic Zone of 1.3 million km2 in the Pacifi c Ocean. The population 
reported in the 1999 census was 409,000 people, of which young people under 15 years of age 
accounted for 41.5%. Although the majority of the population live in rural areas (84.4%), there has 
been a signifi cant drift towards the capital of Honiara on Guadalcanal since independence in 1978. 
The resulting pressure on land and jobs in the urban centre led to the outbreak of confl ict in 1998 
primarily between the people of Guadalcanal and those from Malaita, the most populous of the 
Solomon Islands which made up the majority of the domestic migrants.

The United Kingdom established a protectorate over the Solomon Islands in the 1890s. Some of the 
bitterest fi ghting of World War II occurred here. The Solomon Islands self-governance in 1976 with 
independence two years later. Problems associated with violence and government malfeasance have 
undermined stability and civil society. This led to widespread violence and unrest, resulting in an 
Australian-led multinational force arriving to restore peace at the Solomon Islands prime minister 
June 2003. 

An undersea earthquake measuring 8.1 on the Richter scale occurred on 2 April 2007, 345 km WNW 
of the capital Honiara (Guadalcanal). This triggered a tsunami which devastated coastal areas and 
resulted in dozens of deaths and thousands dislocated. The provincial capital of Ghizo was especially 
impacted by this natural disaster.
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B. Economy 
Most people in the Solomon Islands depend on agriculture, forestry and fi shing for part or all of their 
livelihoods. The Solomon Islands important most petroleum products and manufactured goods. The 
islands being rich in undeveloped reserves of mineral resources (e.g. lead, zinc, nickel, and gold). 
Despite these riches and prior to the arrival of RAMSI (the Australian led peacekeeping force), the 
country was beset with severe ethnic violence, the closing of key businesses, and an empty 
government treasury. This culminated in economic collapse. The moment of opportunity provid
ed by RAMSI allowed the Government to establish a framework for economic recovery and a 
platform for medium- to long-term economic development and growth. It also enabled donor 
partners, including UNDP, to refocus their development assistance from short-term humanitarian 
assistance to more long term development initiatives.

However, the success of the government and the donor community in creating a platform for long-term 
sustainable peace in the country depends on how the issues of economic and governance reform are 
managed. Structural weaknesses in the economy, government system, and public service are recognized 
as major problems that need to be addressed but how to reach agreement from all parties as to how 
is yet to be settled. There are still many challenges in the area of governments and policy structures. 
In this regard, poor standards of governance and high levels of corruption have been seen as major 
underlying reasons for the renewed ethnic tensions in 2006. A comparative ranking placed Solomon 
Islands in 206th place out of 209 countries on government effectiveness (quality of public service 
delivery and competence of the bureaucracy), 187th out of 208 countries on rule of law, and 193rd 
out of 204 countries on control of corruption.

Health represents a major development challenge for Solomon Islands, with problems such as 
Malaria being endemic. In this regard, Solomon Islands has the highest incidence of the disease in the 
Pacifi c. Forestry from hardwood tropical trees is one of the main resources of the Solomon Islands, 
but has been exploited at an unsustainable rate with a reforestation either not been done or not 
producing the original biodiversity. 

The infrastructure for schooling in the Solomon Islands is in adequate to keep up with the increasing 
population, and many children miss out. Opportunities are less for women and girls, with fewer 
employment opportunities and access to health services, particularly in rural areas and outer islands. 
The state of this situation is evidenced by the fact that there were no women were up elected from 
the 60 female candidates in the 2006 general election. Women also fall victim to widespread gender-
based violence. The lack of control of resources plus the inequities have contributed signifi cantly 
to the complex scene within the Solomon Islands over the past decade. The widely scattered rural 
population structure and mountainous island geography contribute to low levels of household access 
to either improved water supplies (29.8% in 1999) or improved sanitation facilities (22.4% in 1999). 
The lack of access to basic essentials such as water is a signifi cant factor contributing to high levels 
of hardship and poverty in Solomon Islands.

C. Securing Millennium development gains 
The Solomon Islands were not included in the formal review by the United Nations Millennium 
Development project which was an important information source for the other countries. The 
following is mainly from the UNDP Fiji offi ce. 
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In July 2006, World Vision released a report which concluded that the Pacifi c region generally is 
struggling to achieve the MDGs, and that many countries in the Pacifi c are not on track to achieve 
several MDG goals. According to this report, the Solomon Islands is off-track to achieve at least four 
MDG goals. These four goals are those relating to poverty and hunger, gender equality in education, 
reducing child mortality and reducing maternal mortality. Continuing tensions exacerbate these 
already diffi cult circumstances – and renewed efforts are anticipated and are being planned to bridge 
the gaps in both income poverty and human deprivation.

Helping build social resilience among communities is essential for maintaining the gains that have 
been achieved so far in the Solomon Islands. Preventing confl ict through poverty reduction strategies, 
as well as fostering employment creation with emphasis on creating opportunities for youth, and 
addressing rural/urban migration with its associated challenges are necessary steps towards sustainable 
gains. Improving governance and the effective functioning of public institutions is another 
pre-requisite to improving human development and making progress towards the MDGs. It is 
self-evident that corruption erodes human development and promotes poverty, because the poor bear 
the brunt of kickbacks and bribes. Many consider that this is where progress must be made if the 
Solomon Islands is to make signifi cant advances in equitable access to basic economic and social 
services in the next ten years. Undoubtedly Solomon Islands faces a diffi cult period of rebuilding 
and recovery but the MDGs nevertheless provide a clear focus and a set of priorities for sustainable 
development efforts. The ethnic tensions of recent years have had signifi cant adverse impacts across 
all sectors and have led to a signifi cant increase in hardship and poverty, especially for those who 
were displaced. But many others have also suffered as the quality and delivery of essential services 
has deteriorated.

D. Coastal resources and change 
Coral reefs are widespread throughout the Solomon Islands, and include wide areas still largely 
unaffected by direct human activities, although there are also areas where such pressures are large 
and growing. The islands have one of the fastest population growth rates in the world, and 86% of the 
people are rural. Dependence on coral reefs for protein remains high and subsistence fi shing is wide-
spread. In the more populous areas this is leading to overfi shing and in certain parts, such as the Lau 
Lagoon off north Malaita, many of the preferred edible species have been lost. Fishing methods can 
also be destructive, whether trampling and damaging the reefs with nets, or poison fi shing including 
traditional methods that use coastal plant species to provide the poison. This poison is unselective, 
killing a number of non-targeted species and damaging corals.

Traditional management systems are still of considerable importance in the Solomon Islands, as 
customary marine tenure is widely held and all reefs are ‘owned’ by particular groups who have 
fi shing rights. Traditional kastom men, Christians or villagers themselves regularly place taboos on 
particular reefs, usually for a restricted period of time. More complete protection is provided in some 
areas by other beliefs. Examples include those around Onogou (Ramos) Island, where it is believed 
to house the spirits of the dead and can only be visited after following strict protocols. 

Commercial fi shing has had far-reaching effects across the islands, notably on selected target fi sh 
and invertebrates. The export of trochus and related gastropod molluscs brought in excess of US$1 
million in 1999, with sea cucumbers, shark fi ns, live fi sh and spiny lobster also bringing in substantial 
amounts. Both stew cucumbers and trochus are already over- exploited and have declined rapidly 
across most areas. 
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A giant clam fi shery reached maximum production in 1983, but overexploitation has also depleted 
these stocks in all areas. These problems have been exacerbated by illegal poaching by foreign 
vessels, with the concerned that if these different fi sheries collapse, exploitation of other species 
invertebrate and fi sh species such as those used in the live fi sh trade will increase. 

Efforts to establish giant clam mariculture have been ongoing for about ten years. While this has been 
interrupted by violence on Guadalcanal, a smaller operation continues near Ghizo. Pearl exports have 
traditionally been an important industry in the Solomons, and with the export of wild-caught stocks 
prohibited there are now ongoing efforts to establish a farm near Ghizo. The aquarium trade has been 
increasing relatively rapidly, much of it around Nggela in the Florida Islands, where there have been 
reports of extensive damage. Coral pieces are broken off for collection, damaging methods such as 
cyanide are used to capture reef fi sh, and reefs are trampled during capture, resulting in coral 
breakage.

Although many of the Solomon Islands retain considerable tracts of forested areas, logging is 
ongoing in many areas with few efforts to control sediment runoff.  There is also no sewage treatment 
in any of the urban centres in the Solomon Islands, and as populations grow this will increasingly 
threaten the health of both humans and reefs. Tourism remains a minor industry, despite there being 
many facilities and hotels that cater for divers. The establishment of protected areas within Solomon 
Island law is complicated by the customary tenure of all reefs. As a result, several island sanctuaries have 
recently been repealed, with negotiations over the ownership of at least one of these being ongoing. 
There is evidence that a number of villages have been using the confusion to rapidly deplete the sur-
rounding reef resources.

There are several success stories such as that told by Spalding et al. (2002). “The most successful 
marine protected area is the Arnavon marine conservation area. First established in 1975 there have 
been a number of disputes and problems, but in 1992 the site was revived and a community-based 
management committee established. The eastern third of Rennell Island was declared a World 
Heritage Site in 1998, with boundaries extending seawards for three nautical miles.

Civil unrest in the Solomon Islands is largely confi ned to the island of Guadalcanal, but general 
instability is causing considerable disruption, not only to the small tourism industry, but also to 
development activities, including mariculture. In particular the closure of the Coastal Aquaculture 
Centre near Honiara in late 1999 has set back aquaculture research considerably. A new Institute of 
Marine Resources run by the University of the South Pacifi c has also been abandoned.” 

In 2004, The Nature Conservancy, Solomon Island National and Provincial Governments, and other 
NGOs, conducted the Solomon Islands Marine Assessment – the fi rst broad scale survey of marine 
resources in the Solomon Islands (Green et al 2006). The survey covered seven of the nine provinces 
in the Solomon Islands, and provided an assessment of the biodiversity and status of coral reefs, 
seagrass beds, oceanic cetaceans, reef food fi sh, commercial invertebrates and associated habitats, 
and recommendations for their conservation and management. 

The Marine Assessment demonstrated that the Solomon Islands is an area of high conservation value 
where marine diversity is exceptionally high, marine habitats are in good condition, and current 
threats are low (Green et al 2006). However, there is some concern regarding increasing threats to 
marine habitats, particularly from fi shing and poor land use practices in some locations. 
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CHAPTER 7
CLIMATE CHANGE AND THE CORAL TRIANGLE

INTRODUCTION
Global and regional climate has varied in the past on a range of timescales and due to a variety of 
internal and external causes. Global and regional climate is now changing rapidly as a result of 
human activities since the Industrial Revolution increasing the atmospheric concentrations of 
greenhouse gases and resulting in a signifi cant positive radiative forcing of global climate (Forster 
et al., 2007). The atmospheric concentration of the main greenhouse gas, carbon dioxide (CO2), 
increased from ~280 ppm in 1750 to 384 ppm in 2008 (http://cdiac.ornl.gov/), a 37% increase and the 
highest concentration of the last 800,000 years (Petit et al. 1999)and probably last 20 million years 
(Pearson and Palmer 2000; Augustin et al. 2004). The rate of increase in atmospheric CO2 is also 
accelerating from 1.5 ppm yr-1 from 1990-1999 to 2.0 ppm yr-1 for 2000-2007 (Canadell et al. 2007; 
GCP 2007 ). These rates exceed anything seen over the past 720,000 years at least (Hoegh-Guldberg 
et al. 2007).

As a consequence of this increase in greenhouse gases, average global temperatures have signifi cantly 
warmed by ~0.7oC over the period of reliable instrumental records, 1906-2005 (Trenberth et al. 
2007). The rate of warming has also increased from 0.07oC per decade over the past 100 years to 
0.12oC per decade for the most recent 50 years (Figure 1a). The magnitude of warming of global 
climate is greater over land areas than the oceans and at higher compared to lower latitudes – this 
does not, however, mean that the changes in tropical ocean regions (Figure 1b), such as the Coral 
Triangle, are insignifi cant. The observed global warming is associated with observed changes in the 
global climate system such as more intense rainfall and more frequent droughts (Trenberth et al. 
2007). 

Projections of how climate will continue to change in a rapidly warming world, and specifi cally for 
a region such as the Coral Triangle, depend upon a number of factors (Meehl et al. 2007). First is the 
trajectory of further increases in greenhouse gas concentrations which depends upon human responses 
to the current global warming challenge (Table 1); indeed it has recently been suggested that our 
target for global climate stabilization should be at 350ppm CO2, i.e. well below our current level 
(Hansen et al. 2008a). The second consideration is that even if all greenhouse gas emissions could 
be immediately stabilized we have a substantial commitment to ongoing warming, sea-level rise and 
regional climate changes (e.g. (Meehl et al. 2005; Wigley 2005) (Solomon et al. 2009). Finally, there 
are questions about the ability of the current generation of global climate models to realistically model 
current and future climate conditions. No single climate model appears able to do this as yet so with 
the most recent IPCC assessment in 2007, use was made of multi-model averages. There are also 
limits to the ability to provide suffi cient regional-scale detail (downscaling) for specifi c regions. For 
the Coral Triangle region, current global climate models still have diffi culties in realistically modelling 
current climate conditions especially in the tropical western Pacifi c (e.g. (Neale and Slingo 2003) – 
this makes any efforts at “downscaling” diffi cult (Shukla et al. 2009). Donner et al. 2005, however, 
used several methods to evaluate bleaching occurrence based on General Circulation Model (GCM) 
resolution sea surface temperature (SST). The absolute error (predicted-observed) in SST downscaled 
from the HadCM3 resolution was less than 0.25°C in 73% of the grid cells and less than 0.5°C in 
96% of the 36kmgrid cells for both the warmest and second warmest years (Donner et al. 2005a). The 
results were similar for SSTs downscaled from the Parallel Climate Model (PCM) resolution as well.
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CURRENT CLIMATE OF THE CORAL TRIANGLE
The Coral Triangle lies at the heart of the “Maritime Continent” (Ramage 1968) with a complex 
distribution of islands and shallow seas and some of the warmest sea surface temperatures (SSTs) 
in the world (Figure 2) and a relatively small annual SST range (Figure 3). The latter may well be 
important in terms of responses to climate change as evidence is emerging that tropical organisms 
may be more sensitive to the relatively smaller magnitude warming predicted than their higher-
latitude counterparts, as the latter are adapted to much larger ranges of temperatures.

This “boiler box” of the tropics is an area of intense tropical convection, which is a dominant heat 
source for the global atmospheric circulation (McGregor and Nieuwolt 1998). It contains complex 
ocean current systems that link the Pacifi c and Indian Oceans (Figure 4) and is intermediate between 
the Asian monsoon to the north and the Australian monsoon to the south. Principal atmospheric 
circulation features are the Intertropical Convergence Zone (ITCZ) separating the Northern and 
Southern Hemisphere circulations and its extension, the South Pacifi c Convergence Zone (SPCZ) in 
the southeast of the Coral Triangle. The ITCZ lies south of the Coral Triangle in January and to the 
north in July. The region has a monsoonal climate with seasonal reversal of wind fi elds and much of 
its rainfall arises from intense, localized thunderstorms. The main rainfall season north of ~10oN is 
from July-October and south of 5oS from January-April (Chang et al. 2005) with more even distribution 
of rainfall throughout the year close to the equator (see left panel of Figure 5). Annual rainfall totals 
are high, between ~ 1,500-3,000 mm and signifi cantly modulated locally by the complex topography 
of islands and seas and characterised by marked diurnal cycles.

Major sources of disturbance (strong winds, high rainfall, storm waves and surges) to coastal 
environments are tropical cyclones. These do not form within ~10o of the equator and are, therefore, 
signifi cant weather phenomena primarily affecting the northern parts of the CT (Figure 6). Climate of 
the CT is also signifi cantly modulated by the major source of interannual global climate variability, 
El Niño-Southern Oscillation (ENSO) events (McPhaden et al. 2006). 

OBSERVED CLIMATE CHANGES IN THE CORAL TRIANGLE

A. Sea surface temperature 
Climate change is not a future event for the CT, signifi cant warming of the surface ocean of the 
region has already occurred. Rotated factor analysis of annual SSTs (1950-2007) over the wider area 
of the western tropical Pacifi c (114.5o-162.5oE, 18.5oN-12.5oS) shows that SSTs within the CT 
co-vary in three main regions: 1) CT-SST Region 1 encompassing EcoRegions 1, 2, 6 and the north-
eastern part of 3, 2) CT-SST Region 2 encompassing Ecoregions 4, 5, 7 and the south-western part of 
3, and 3) CT-SST Region 3 encompassing Ecoregions 8, 9, 10 and 11. Subsequent analyses of SST 
variations are based on averages for these three regions and average statistics are presented in Table 2.

Annual, annual maximum and annual minimum SSTs have all signifi cantly warmed in all three 
regions over the period 1950-2008. The rate of warming has been greatest for CT-SST Regions 1 and 
3 and is comparable to the rate for global average land and sea temperatures. The observed rate of 
warming for CT-SST Region 2 is lower and more comparable to that of average tropical SSTs 
(Table3, Figures 7-9). Annual maximum SSTs have warmed more than annual minimum SSTs in 
CT-SST Regions 2 and 3, whereas annual minimum SSTs have warmed more in CT-SST Region 
1. This observed warming is also associated with increases in the thermal stress that causes coral 
bleaching (as measured by the o-month index;(Lough 2000); Figures 7-9).
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A key issue for SST responses in the CT to continued global warming is not just how much SSTs 
warm but how much can they warm. The region lies just to the west of the Western Pacifi c Warm 
Pool which encompasses the world’s warmest SSTs. Feedback mechanisms, the “ocean thermostat” 
or “thermal cap”, have been suggested to operate to maintain maximum tropical SSTs at ~30-31oC 
(Newell 1979; Clement et al. 2005). A recent study (Kleypas and Lough 2008) found evidence to 
support lower rates of warming and less reports of coral bleaching (relative to the tropical oceans 
as a whole) in Micronesia and Melanesia just east of the Coral Triangle. A subsequent study (van 
Hooidonk and Huber 2009) has, however, questioned these conclusions and suggest that the evidence 
for such a thermal cap is “equivocal”. Analyses of the SST distribution within specifi ed ranges for 
the three CT-SST regions (Figures 7-9) indicate that for all three regions there has been a marked 
decrease (between the periods 1950-1969 and 1989-2008) in the percentage area with SSTs within 
the 28-29oC range and increase in the percentage area with SSTs in the range 29-30oC but relatively 
small changes in the percentage area with SSTs between 30-31oC. These asymmetric changes in 
SST distributions are suggestive, though not proof, that the “ocean thermostat” may be operating to 
restrain SSTs at or below 30-31oC.

It should be noted at this stage that the concept of thermal cap is not supported by the literature or 
by global models - all climate models show a warm Pool warming of 2-4°C for CO2 doubling (IPCC 
2007). Additionally, the fact that less bleaching is reported is not a good indication of less thermal 
stress because bleaching data are extremely sparse in the CT region and many sites lack data due to 
lack of capacity to monitor/record bleaching and remoteness of sites.

EVIDENCE FROM HIGH-RESOLUTION SATELLITE 
OBSERVATIONS
The NOAA Pathfi nder dataset provides high-resolution (4 – 50 km) AVHRR satellite products 
starting from 1985, giving greater detail of recent SST changes for the tropical oceans and the CT 
region (e.g. Eakin et al., 2009). Warming is evident throughout most of the CT region and with a 
similar spatial pattern (Figure 10, (Peñafl or et al. 2009) with a rate greater during the last 22 years 
than observed from the coarser SST data back to 1950. This provides further support for global 
indications of recent acceleration in rates of warming (Trenberth et al. 2007).

Degree Heating Weeks (DHW) indices, which are relevant for assessing conditions conducive to 
coral bleaching (Strong et al. 2006), suggest that the CT region has witnessed little increase in potential 
bleaching stress between 1985-1995 and 1996-2006 (Figure 11). This analysis also indicates that 
some areas may be more prone to bleaching-level stress (e.g. south-eastern Papua New Guinea) and 
some areas have seen little to no bleaching stress in the past 21 years (e.g. the interior seas of 
Indonesia).  Also, in a global context, the CT region has not witnessed the high levels of potential 
bleaching stress of other coral reef regions (Figure 12). This is consistent with results in Kleypas et 
al. (2008) that show a relatively low number of ReefBase bleaching reports in Southeast Asia, which 
includes the Coral Triangle (www.reefbase.org). We must also be mindful that lower reports is 
reported is not a good indication of less thermal stress (as discussed above) given many sites 
lack data due to their remoteness of lack of local scientifi c groups.

THE CORAL TRIANGLE AND CLIMATE CHANGE

CHAPTER 7: Climate change and the Coral Triangle



115

B. Rainfall 
Although there is evidence globally for changes in rainfall with downward trends dominating the 
tropics since the 1970s, determination of regionally signifi cant trends is hampered by the greater 
inter-annual and decadal variability of rainfall in countries bordering the Pacifi c (Wang and Ding 
2006; Trenberth et al. 2007) and the CT and equatorial Pacifi c are regions of high inter-annual 
rainfall variability (Smith et al. 2008). Analyses of annual rainfall anomalies (1950-2006) for 
latitudinal bands from 17.5oN to 12.5oS (Figure 5) illustrates this high inter-annual and decadal 
variability in the monsoonal rainfall of the CT. None of these series shows signifi cant trends to either 
wetter or drier conditions.

C.  EL NIÑO-Southern oscillation modulation of CT climate
ENSO events are the major source of interannual tropical climate variability with the two phases, 
El Niño and La Niña, resulting in signifi cant and different climate anomalies throughout much of the 
tropics. ENSO events typically evolve over 12-18 months. Averaging over several events can provide 
an indication of the typical climate anomalies associated with each phase. Typical monthly SST 
anomalies for the three CT-SST regions show that the major effects are associated with the El Niño 
phase (Figure 13a-c). Cooler-than normal SSTs characterise the fi rst year of the event (e.g. 1982 of 
the 1982-83 event) with some warmer-than-normal occurring the following year in the northeast and 
southwest CT regions. SST anomalies associated with La Niña events are less marked and appear 
primarily to appear in the southwest CT region where warming tends to occur along the South Pacifi c 
Convergence Zone. This is associated with an increase risk of conditions conducive to coral 
bleaching in this region during La Niña events compared to the risk being higher for most 
tropical coral reefs during El Niño events (Eakin et al. 2009).

ENSO events also affect rainfall within the CT, but again, the main effects are associated with El 
Niño rather than La Niña events (Figure 5). Unusually dry conditions typically occur through the CT 
from 12.5oN to 12.5oS during El Niño events, with less consistent rainfall anomalies associated with 
La Niña phases.

ENSO events also modulate tropical cyclone activity in the Philippines, the main part of the CT 
affected by these destructive weather events. Tropical cyclone activity tends to be greater during 
northern summer of El Niño events (which could partly account for the higher rainfalls observed at 
17.5on and 12.5oN; Figure 5). Tropical cyclone activity tends to be suppressed during La Niña events 
(Lyon and Camargo 2009).

PROJECTED FUTURE CLIMATES OF THE CORAL TRIANGLE

“many aspects of tropical climatic responses remain uncertain.”

Christensen et al. (2007)
Climate change is one of the central challenges facing nations everywhere, and understanding how 
conditions will change in the Coral Triangle is central to the objectives of this report. As noted in the 
Introduction to this chapter, projecting future climates for a region such as the Coral Triangle depends 
upon a number of factors. Of particular relevance, however, is that future projections are tempered by 
substantial inter-model differences in representing current monsoon and, especially western tropical 
Pacifi c, climates and ENSO (Neale and Slingo 2003; Christensen et al. 2007). Additionally, poorly 
constrained circulation in the Indonesian through-fl ow brings projections of SST in this region into 
question. 
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These limitations severely curtail the confi dence with which we can suggest what future climates of 
the region might be like. Another key issue is that, for the foreseeable future, climate will be changing. 
This is important to recognize as it means that it is not simply a change to a new climate regime to 
which organisms can adapt. A fi nal key issue is the rapid rate with which climate currently is changing 
and there are various lines of evidence that suggest that both the rate of recently observed 
changes is accelerating and that we are currently exceeding the higher end of the IPCC SRES 
scenarios, even after these were modifi ed upward in the 4th Assessment Report in 2007.

In general, with continued warming of the tropical ocean regions, the hydrological cycle is likely to 
intensify (Meehl et al. 2007). This will result in rainfall increasing in tropical areas which already 
experience high rainfall and decreasing in the subtropics. There are also likely to be more intense 
rainfall events in the tropics. Current climate models do not provide consistent indications as to 
what may happen to the frequency and/or intensity of ENSO events. Modelled warming is, however, 
greater in the eastern than in the western Pacifi c which suggests a tendency to more El Niño-like 
conditions, although there is considerable debate over ENSO dynamics and considerable uncertainty 
around this projection. This would be associated with a weaker tropical circulation and eastward shift 
of the rainfall maximum. Despite this uncertainty, it is reasonable to assume that ENSO events are 
likely to continue as a source of interannual climate variability. 

Modelling of future changes in tropical cyclone activity is limited by the current relatively coarse 
spatial resolution of global climate models. Embedding fi ner resolution models within these coarser 
grids suggests, however, that the distribution of tropical cyclone occurrence is likely to remain similar 
to present (see Figure 6), that there may indeed be fewer tropical cyclones but those that do occur 
are likely to be more intense. For every 1oC warming of tropical SSTs, rainfall rates with tropical 
cyclones have been suggested to increase by 6-18% and surface wind speeds by 1-8% (Karl et al. 
2008). For the northern part of the CT region affected by tropical cyclones, an increase in intensity 
will also increase the magnitude of associated storm surges and coastal erosion which will be 
exacerbated by higher sea levels.

A. Temperature 
Examples of surface temperature changes for a low-emissions (B1) and a high-emissions (A2, 
slightly lower than A1FI) scenario for the CT region show very similar temperature changes in the 
short term but substantial differences by the end of this century (Figure 14). These spatial projections 
can be compared to those estimated for the end of this century based on recent relationships between 
CT-SST Regional trends and global average temperatures (Table 4).  Aside from showing greater 
warming over land than the oceans, the surface temperature projections show very little spatial detail 
across the western Pacifi c Ocean in terms of the magnitude of warming. This contrasts with the 
differences in already observed warming between the three CT-SST regions (Figures 7-9) and maps 
of linear annual SST trends, 1950-2007 (Figure 15) and 1985-2006 (Figure 10). Also, as discussed in 
the preceding section it is, as yet, unclear whether the “thermal cap” at 30-31oC is fi xed or whether 
it will change with continued global warming. If the former case holds true, temperature increases 
under the high-emissions scenarios are likely to be less than projected in the Coral Triangle region.
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B. Rainfall 
Similar examples of seasonal rainfall projections (Figure 16) expose the current limitations of global 
climate models in the vicinity of the CT region. Grey areas indicate either no model agreement or no 
signifi cant change from current conditions. Projected changes for the short term are for slight increases 
(5-10%) in southern Papua New Guinea. These slight increases become slightly more extensive by 
the end of this century. It is, however, likely that rainfall events will be more extreme and that the 
intensity of droughts will be exacerbated by higher temperatures. The frequency of such droughts 
would also increase if ENSO shifted to a more El Niño like state (e.g. typical rainfall anomalies in 
Figure 5). 

C. Sea level 
Average global sea level has signifi cantly risen by ~20cm since the 19th century with most of the 
warming observed to date due to thermal expansion of the oceans and a lesser contribution from 
melting of land ice (Bindoff et al. 2007). The rate of increase in sea level averaged 1.7 mm yr-1 over 
the 20th century and this rate appears to have accelerated recently to ~3 mm.yr-1 over the period 
1993-2003 (Church and White 2006b). There are also mounting concerns that the projections of 
sea-level rise (Table 1) are likely to be underestimates due to increased and accelerating contributions 
from melting of land ice. The 4th assessment report of IPCC (IPCC 2007) recognises the possibility 
of scaled-up ice sheet discharges from melting of the large land-based ice sheets in Antarctica and 
Greenland, which would lead to sea level rises in the order of +4m to +6m. However, because of 
uncertainties associated with the possible timing of such events these much higher estimates are not 
directly included in predictions for 2100. Sea-level in the tropical oceans is modulated on interannual 
time scales by ENSO events and detecting current trends is hampered by the short time span of obser-
vational networks. Analyses of available data suggest that sea-level rise in the CT region, 1950-2001, 
has been similar to the global average for that period of ~2 mm.yr-1 (Church et al. 2006)) and there is 
no reason to expect the rate of future rise to be different from the global average. 

D. Ocean Chemistry 
A more insidious effect of increasing greenhouse gases is that about 30% of the main greenhouse 
gas, CO2, which humans have injected into the atmosphere, has been absorbed by the surface oceans 
(Sabine et al. 2004). Without this, global temperatures would have warmed more than observed to 
date. This increase in CO2 is altering the ocean chemistry with a 0.1 drop in pH already observed to 
date and projected falls of 0.3-0.4 pH units by the end of this century (Feely et al. 2004; Sabine et al. 
2004). The rate of current and future carbon dioxide increase is estimated to be ~100 times faster than 
at any time over the past 650,000 years. Increasing the amount of carbon dioxide dissolved by the 
oceans lowers the pH and decreases the availability of carbonate ions in the water and thus lowers the 
saturation state of the major shell-forming carbonate minerals making it harder for marine calcifying 
organisms to form their skeletons and shells (Kleypas and Langdon 2006). Not only do these changes 
in ocean chemistry reduce calcifi cation by corals, they also decrease important secondary 
cementation of reef materials and may increase erosion. The result is slower reef growth or net 
erosion, and weakening of reef frameworks (Manzello et al. 2008). Projections of how the aragonite 
saturation state of the surface ocean will change in the Coral Triangle are severely hampered by the 
lack of observational data for the region (see Figure 1 in (Guinotte and Fabry 2008)). and the limited 
number of corals for which these impacts have been tested (Langdon and Atkinson 2005).  Comparisons 
with surrounding ocean regions suggest, however, that changing ocean chemistry due to the absorption 
of atmospheric CO2 will cause the waters of the CT to be “marginal” for coral reef calcifi cation and 
the maintenance of carbonate reef structures by as early as 2020-2050 (Hoegh-Guldberg et al. 2007) 
See fi gure 2 in the next chapter for how these conditions are likely to change relative to ecosystems 
like the coral reefs.
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SUMMARY
Observed and projected global warming is greater at high than low latitudes and greater on land than 
in the oceans. The Coral Triangle, despite lying in the warmest ocean region on earth, will not be 
immune to signifi cant warming nor to other changes in its physical environment, with signifi cant 
consequences for its tropical coral reefs and associated ecosystems. Projecting how climate will 
change both globally and for the CT depends on several factors, particularly global and local responses 
that are taken in the short and long term to curb and stabilise greenhouse gas emissions. In addition, 
there are still diffi culties in applying global climate models to correctly model current climate of the 
Maritime Continent, which makes future projections more speculative for this region than in other 
parts of the world. Putting the necessary work in to fi ll these important gaps in our understanding of 
how climate change will affect the Coral Triangle environments should be a priority.

Changes in the following physical environmental variables will be of consequence for the CT’s coral 
reef ecosystems:

Sea surface temperatures:•  Annual, maximum and minimum SSTs in the CT have already 
signifi cantly warmed and are projected to be between 1-4oC warmer by the end of this century. 

Ocean acidifi cation:•  pH of the global oceans has already decreased by ~0.1 units due to absorption 
by the surface oceans of ~30% of the extra carbon dioxide injected into the atmosphere from 
fossil fuel burning and other human activities. Projections indicate that the aragonite saturation 
state and hence coral calcifi cation will become “marginal” for coral reefs of the CT within the 
period 2020-2050.

Rainfall and river fl ow:•  There are some indications that equatorial Pacifi c rainfall, especially in 
the vicinity of the ITCZ, will increase but there are confl icting scenarios from different climate 
models. Even without changes in average rainfall, it seems likely that rainfall events will become 
more extreme and that inter-annual variability of monsoon rainfall will increase. Importantly, the 
intensity of drought associated with a given rainfall defi cit will be greater in a warmer world.

Sea level:•  Global sea level has already increased and current projections suggest a further ~30-
60cm rise by 2100 but this is regarded as a very conservative estimate due to underestimation of 
the contribution of melting of land ice. 

Tropical cyclones:•  There is no clear consensus amongst global climate models as to whether the 
location or frequency of tropical cyclones will change in a warming world but there is agreement 
that they will become more intense (with greater maximum wind speeds and heavier rainfall), and 
there is some evidence that this is already occurring.

El Niño-Southern Oscillation events:•  ENSO, particularly El Niños, signifi cantly modulate SSTs 
and rainfall in the CT. There is no clear consensus as to how the frequency and intensity of ENSO 
events will change in a warming world, though the Pacifi c may become more “El Niño like”. This 
phenomenon is likely to continue as a signifi cant source of inter-annual climate variability in the 
CT region.

Ocean circulation patterns:•  There is little information currently available about what may 
happen to the complex ocean circulation patterns of the CT as the world warms. 
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In summary, although some aspects of future climate projections for the CT region are not well 
constrained at present, SSTs will continue to warm, sea-level will continue to rise, the surface ocean 
aragonite saturation levels will become progressively less hospitable for coral reef development and 
extreme events, which are a source of localised destruction for coral reefs (e.g. fl oods and drought, 
tropical cyclones), will become more intense. A key issue is the unprecedented rate at which these 
changes are occurring. Another important issue is that, for the foreseeable future, the physical climate 
and environment of the CT will be changing and we do not, at present, know what the end point will 
be (i.e. it is not simply a change to a new stable climate regime to which coral reef organisms can 
adapt).

SPECIAL FOCUS 5: CLIMATE CHANGE AND COASTAL 
COMMUNITIES IN THE SOUTH PACIFIC

Francis Areki
South Pacifi c island nations and their peoples are amongst the world’s most vulnerable to the impacts 
of climate change. The irony of the situation is that despite their combined absolute emissions 
accounting for less than 1 percent of global green house gas (GHG) emissions, each of these nations 
is expected to face the full brunt of negative impacts brought about by sea level rise and climate 
change. With a global prediction of 18-59cm sea level rise and temperature increase of 1.1 - 6.4o C 
by 2100 (IPCC 2007), much of the region is expected to face changes such inundation and erosion of 
low lying coastal areas, decline in fi shery productivity due to coral bleaching and ecosystem change, 
variability in rainfall patterns and dependent water and agricultural systems and intensifi ed cyclone 
and storm surges. The situation per nation across the region is varied, where some low lying atoll 
nations such as Tuvalu and Kiribati are faced with the bleak and dramatic reality in possibly having to 
relocate its populations in future, whereas other larger nations such as those in Melanesia face issues 
dealing with heightened poverty and the widening inability to cope and implement adaptive 
measures, due to limitations in its fi nancial and natural resources. 

WWF’s Climate Witness Programme in the Fiji Islands indicates that many of the communities it 
works with are already experiencing the adverse impacts of climate change. Community vulnerability 
assessments found that a recurrent concern identifi ed by communities were coastal inundation and 
fl ooding, water shortage and declining food security. An example from its community project site 
Kabara, a raised limestone island in eastern Fiji, indicate longer dry season and diminished crop 
productivity. As over 80% of villages in Fiji are located along the coast, communities have also 
reported the encroachment of the sea into village boundaries and ancestral burial grounds due to 
increased coastal erosion and there is common reporting of coral bleaching events, apparent non 
recovery and declining productivity within community fi shing grounds. Fiji despite being a high 
island and more economically developed is supposedly better equipped to cope with Climate Change 
impacts, say in comparison to its low lying neighbor Tuvalu. However this is not so, despite its larger 
land mass, only 20% of its land is viable for agriculture and development, again most of it being 
located in low lying coastal areas. To lose signifi cant proportions of these coastal areas over time 
would have profound impacts on the country’s infrastructure, economy and ability to produce food. 
This is however, not an isolated case unique to Fiji as similar observations and impacts have been 
documented from many other communities throughout the Pacifi c.

Unfortunately, it should be noted that Pacifi c Island nations also have the least capacity to adapt to 
the adverse impacts of climate change, due to variables such as remoteness, scarce resources and lack 
of access to appropriate information and technology.
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In an attempt to redress this and part of mainstreaming climate change into its ongoing conservation 
efforts within the region WWF South Pacifi c has since 2004 strived to build the capacity of local 
communities it works with, to not only understand how climate change threatens their ways of life 
and but to also work towards building their resilience against such threats. This process has involved 
assisting communities identify and develop their adaptation strategies and assisting them in implementing 
them with support from government departments and donor agencies. Some of the major adaptive 
strategies that WWF South Pacifi c advocates for with the communities and project partners it works 
with include:

Application of Ecosystem Based Management approaches, that include the rehabilitation, 1. 
protection and sustainable management of natural sea defences and fi sh nurseries, such as 
mangroves and coral reefs

Applied watershed management, to sustain agricultural productivity, quality of water resources 2. 
and minimizing upland impacts such as sedimentation into coastal fi shing grounds

Improved community water management systems, through water harvesting and storage capacity; 3. 
and 

Encouraging renewable energy such as solar power to meet community needs.4. 

The context of applying integrated ecosystem based and watershed management, not only provides 
a means for biodiversity perpetuation, it also enables food security through healthier fi sheries and 
better land management and also builds coastal community resilience against storm surge and 
cyclonic events. As South Pacifi c island nations are non oil producing nations, this makes them 
heavily dependent on petroleum imports to meet national energy demands. In turn this situation 
makes them especially susceptible to escalating global fuel prices with the resulting outcome that 
sustainable development may not ideally be achieved. This heavy dependence on imported fuel is an 
identifi ed conduit for facilitating the unsustainable exploitation of natural resources and biodiversity 
loss and with it the ability for communities to effectively apply adaptive measures. Countries in the 
Pacifi c such as Fiji need to be aggressive in regard to the pursuance of renewable energy sources not 
only for the long term benefi t of their national economies and effectively eradicating poverty but also 
to highlight a consolidated global effort taken even by communities in Pacifi c to reduce their carbon 
emissions.
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Figure 1: a) Global land and sea temperatures and b) tropical SSTs (bottom), 1950-2008 
(data source: CRU, HadlSST; references)
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Figure 2: Average annual, annual maximum and annual minimum 
SSTs, 1950-2007 (data source HadISST, (Rayner et al. 2003) 
http://badc.nerc.ac.uk/data/hadisst/)
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Figure 3: Annual range of sea surface temperatures for the Coral Triangle area. (data source HadISST, 
Rayner et al. 2003, http://badc.nerc.ac.uk/data/hadisst/)

Figure 4: Surface ocean circulation in vicinity of Coral Triangle (Craig Steinberg, AIMS).
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Figure 5: Rainfall characteristics for 5o latitudinal bands in the CT region. % of annual rainfall per season; annual 
rainfall anomalies, 1950-2006 (anomalies from 1992-2001 mean) and typical seasonal rainfall anomalies for El Nino 
and La Nina years (data sources: Hulme, CRU; Smith et al 2008).
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Figure 6: Map of all tropical storm and tropical cyclones tracks, 1947-2007 
(http://www.ncdc.noaa.gov/oa/ibtracs/)

Figure 7: CT-SST region 1: annual, annual maximum, annual minimum, degree month index 
& SST changes, 1950-2008 (data source HadISST, Rayner et al. 2003, 
http://badc.nerc.ac.uk/data/hadisst/)
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Figure 8: CT-SST region 2: annual, annual maximum, annual minimum, degree month index & 
SST changes, 1950-2008 (data source HadISST, Rayner et al. 2003, 
http://badc.nerc.ac.uk/data/hadisst/)
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Figure 9: CT-SST region 3: annual, annual maximum, annual minimum, degree month index & 
SST changes, 1950-2008 (data source HadISST, Rayner et al. 2003, 
http://badc.nerc.ac.uk/data/hadisst/)
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Figure 10: Linear trends in 0.5o bi-weekly AVHRR SSTs, calculated from gap-fi lled 
Pathfi nder 4km satellite data, over the period 1985-2006 (Peñafl or et al., Coral Reefs 
in press; with kind permission of Springer Science and Business Media).

Figure 11: Number of years with Degree Heating Weeks (DHW) from AVHRR 
satellite data greater than 0 (left panels) and greater than 4 (right panels) for the 
periods 1985-1995 (top panels) and 1996-2006 (lower panels). DHWs were 
calculated at 0.5o resolution, from gap-fi lled Pathfi nder 4km satellite data 
(Peñafl or et al., Coral Reefs in press; with kind permission of Springer Science 
and Business Media).
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Figure 12: Global map of number of years with DHW greater than 4 from weekly 4km gap-fi lled 
AVHRR Pathfi nder satellite data, over the period 1985-2005.

Figure 13: Typical monthly SST anomalies during El Niño and La Niña events (24 months from e.g. 
1982-1983 etc). Filled bars are months when the average SST anomalies are signifi cantly different 
(5% level) from ENSO-neutral conditions for CT-SST regions 1-3
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Figure 14: Multi-model annual mean surface temperature differences (C°) for a) low emission scenario B1, 
2026-2035 minus 1980-1999; b) same as (a) except for 2090-2099 minus 1980-1999; c) same as (a) except for the 
high emission scenario A2; d) same as (b) except for the high emission scenario A2 (SRESA2) (Data provided by 
Julie Arblaster based on Meehl et al., 2007).

Figure 15: Linear trend (oC/decade) of annual SSTs, 1950-2007.
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Figure 16: Multi-model seasonal precipitation differences (%) for a) DJF (low 
emission scenario B1, 2026-2035 minus 1980-1999; b) same as (a) except for 
2090-2099 minus 1980-1999; c) same as (a) except for JJA; d) same as (c) except 
for JJA; e) same as (a) except for the high emission scenario A2; f) same as (b) 
except for the high emission scenario A2; g) same as (c) except for the high 
emission scenario A2; h) same as (d) except for the high emission scenario A2. 
Key: DJF; Dec-Jan-Feb. JJA: Jun-Jul-Aug.
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Table 1: Projected global temperature changes, sea-level rise (relative to 1980-99) and CO2 concentrations for various 
SRES scenarios (Bindoff et al., 2007; Meehl et al., 2007)

Table 2: SST statistics for 3 CT regions, 1950-2008 (mean ± sd)

Table 3: Linear trend, 1950-2008 and temperature difference (1989-2008)-(1950-1969) for 3 CT 
regions and global land and sea temperatures and tropical SSTs (all values signifi cant at 5% level).

Table 4: Projected temperature changes (and ranges) by 2090-99 from 1980-99 mean for global 
surface temperatures and SST estimates for 3 CT regions based on recent (1950-2008) relationships 
between CT trends and global land and sea temperatures (Table 2), i.e. assuming current relative 
changes are continued into the future (Global temperature changes from Meehl et al. (2007)) and 
observed SST average, 1980-99 and projected for 2090-99. The map insert shows the approximate 
location of the CT-SST regions.
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Scenario Temperature Sea level rise CO2

B1 +1.8 (1.1-2.9) oC 0.18-0.38 m 450-500 ppm
A2 +3.4 (2.0-5.4) oC 0.23-0.51 m 750-800 ppm
A1FI +4.0 (2.4-6.4) oC 0.26-0.59 m 950-1000 ppm

Annual Maximum Minimum Range Month of 
maximum

Month of 
minimum

CTRegion 1 28.55±0.26 oC 29.49±0.28 oC 27.25±0.34 oC 2.24±0.28 oC May-June February
CTRegion 2 28.36±0.27 oC 29.34±0.25 oC 26.88±0.40 oC 2.46±0.36 oC December August
CTRegion 3 28.95±0.29 oC 29.44±0.30 oC 28.28±0.36 oC 1.16±0.26 oC December August

Global Land & 
Sea

Tropical SST CTRegion 1 CTRegion 2 CTRegion 3

Trend 0.12 oC/decade 0.08 oC/decade 0.12 oC/decade 0.09 oC/decade 0.11 oC/decade
Difference 0.45 oC 0.29 oC 0.49 oC 0.37 oC 0.44 oC

Scenario Global temperatures CTRegion 1 (100%) CT Region 2 (75%) CTRegion 3 (92%)

B1 1.8 (1.1-2.9) oC 1.8 (1.1-2.9) oC 1.4 (0.8-2.2) oC 1.7 (1.0-2.7) oC
A2 3.4 (2.0-5.4) oC 3.4 (2.0-5.4) oC 2.6 (1.5-4.1) oC 3.1 (1.8-5.0) oC
A1F1 4.0 (2.4-6.4) oC 4.0 (2.4-6.4) oC 3.0 (1.8-4.8) oC 3.7 (2.2-5.9) oC

SST 1980-99 28.7 oC 28.5 oC 29.0 oC
SST 2090-99 B1 30.5 oC 29.9 oC 30.7 oC
SST 2090-99 A2 32.1 oC 31.1 oC 32.1 oC
SST 2090-99 A1F1 32.7 oC 31.5 oC 32.7 oC
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CHAPTER 8
IMPACTS OF CLIMATE CHANGE ON COASTAL 
ECOSYSTEMS AND PEOPLE

One of the consequences of the rapidly growing global population and associated energy demand has 
been a soaring rise in the burning of fossil fuels. As was outlined in the previous chapter, this will 
substantially change the physical and chemical conditions associated with most regions of the world 
including the Coral Triangle. As was recognized at the United Nations climate change conference 
held in Bali, Indonesia (December 2007), as well as the IPCC scenarios, developing countries like 
those in Southeast Asia are among the most vulnerable to the impact of climate change yet have the 
least capacity to adapt to the consequences. This also holds for the poorer sections of national 
economies including areas adjacent to coral reefs in eastern Indonesia and Sabah, relative to the 
rest of the countries to which they belong. 

In this section, the general impacts of climate change is considered before delving down into how the 
coastal ecosystems (coral reefs, mangroves and seagrass) and dependent coastal populations within 
the Coral Reef Triangle will be affected. In undertaking this analysis, much of the insight into how 
global climate change is likely to affect these ecosystems is drawn from examples from within and 
outside the Coral Triangle; mainly on account of the inherent likelihood this of these systems to act in 
similar fashion is across tropical regions globally. 

GENERAL VULNERABILITY OF CORAL TRIANGLE TO CLIMATE 
CHANGE
There is a growing literature on the vulnerability of Southeast Asian countries to the impact of rapid 
anthropogenic climate change. While a complete review of this literature goes beyond the intentions of 
this report, resources such as the IPCC 4th assessment Report provide an assessment on how climate 
change is likely to generally affect the South-East Asian region. This, plus the climate change hazard 
maps produced by Yusuf and Francesco (2009) provide the background important for understanding 
how climate change is likely to impact the six Coral Triangle countries. 

According to the Fourth Assessment Report, there climate change has affected many sectors in Asia 
already. Rising temperatures and extreme weather events have affected human infrastructure and 
agricultural yields.  These changes are expected to continue to affect agriculture, with 2.5-10% 
decreases in crop yields projected for many parts of the region by the 2020, with further decreases 
from 5-30% by 2050 (as compared to 1990 levels). Ultimately these will increase the risk of hunger 
and water shortages. The same trends also hold for Asia in general, with an estimated 120 million to 
1.2 billion people experiencing water stress by 2020. These problems will be exacerbated in coastal 
areas by increased fl ooding and storm surge impacts along with the loss of groundwater supplies as 
they are inundated seawater as sea levels rise (Cruz et al. 2007).

Yusuf and Francisco (2009) followed the assessment framework of the United Nations 
Intergovernmental Panel on Climate Change (IPCC) to identify the most vulnerable regions within 
South-East Asia to climate change impacts, using spatial distribution data on various climate related 
hazards in 530 areas in Southeast Asia, including areas from Indonesia, Philippines and Malaysia 
(Yusuf and Francisco 2009). The methodology used to investigate the vulnerability recognized the 
component parts exposure (rates of change in key physical and chemical parameters), sensitivity 
(the degree to which a system is affected adversely or benefi ciary by climate related changes), and 
adaptive capacity (the ability to adjust to the variability and extremes of climate change in order to 
reduce its effects or take advantage of its opportunities). This analysis led to the climate change 
vulnerability map for Southeast Asia shown in fi gure 1A.
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According to the analysis of Yusuf and Francisco (2009), the Philippines, Indonesia (particularly 
Sumatra, Java and West Papua) and Malaysia (Sabah) are among the most vulnerable countries to 
climate change within the South-East Asian region.  The vulnerability is a consequence of a high 
exposure to increasing frequencies of droughts (Sabah, Malaysia and parts of the Philippines), as 
well as cyclones, landslides and fl oods in other parts of the Philippines and Indonesia. Much of these 
changes are driven by the changes in temperature and precipitation described in chapter 7. 

The ability of these countries to respond to the challenges of climate change was calculated as a 
function of many of the parameters explored in chapter 5 and 6 (in particular, education, poverty, 
income inequality, infrastructure and longevity). While Timor Leste, Solomon Islands and Papua 
New Guinea were not analysed by Yusuf and Francisco (2009), the broad principles of the methodology used 
would almost certainly place these countries in a lower category of vulnerability. Papua New Guinea 
is expected to have a moderate exposure to fl oods, droughts and landslides, but greater adaptability 
given lower population densities and relatively more natural resources. Coastal fl ooding from 
rising sea levels and change precipitation patterns is also be a problem in Papua New Guinea and 
some regions of the Solomon Islands. The relative adaptability of different regions of the Coral 
Triangle to climate change as assessed by Yusuf and Francisco (2009) is shown in Figure 1b.

These perspectives on the climate vulnerability of the six countries in the Coral Triangle, lead 
naturally into a consideration of how this vulnerability that has been considered in terms of natural 
disasters, water availability, and agricultural productivity is infl uenced by the impacts of climate 
change on coastal ecosystems. While this aspect does receive attention within the IPCC Fourth 
Assessment Report, the details are broad at best and the added vulnerability remains largely 
unassessed until now. The next section reviews our current understanding of how climate change will 
affect coastal ecosystems in preparation for climate change scenarios involving changes to coastal 
ecosystems and human communities over the next few decades and century.

Figure 1. Vulnerability (A) and adaptive capacity (B) of Coral Triangle region to climate change 
as assessed by Yusuf and Francisco (2009, reprinted with permission).
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CORAL REEF ECOSYSTEMS
Coral reef ecosystems are among the most sensitive marine ecosystems, with an estimated 40-50% 
having been lost over the past 40 years and the South-East Asian and Western Pacifi c regions (Bruno 
and Selig 2007). These losses appear to have a global component as they are occurring in well-managed 
(e.g. Great Barrier Reef) as well as poorly managed areas of the world (many parts of SE Asia). 
Corals in themselves appear to also show an elevated risk of extinction. In this regard, (Carpenter et 
al. 2008) recently assessed the conservation status of 845 coral species using IUCN Red List Criteria, 
and found that 33% faced an elevated risk of extinction, with alarming decreases in abundance 
associated with bleaching and diseases driven by elevated sea surface temperatures, and exacerbated 
by local-scale anthropogenic disturbances. Interestingly, the Coral Triangle had the highest 
proportion of species in all categories of elevated extinction risk. 

In this section, we outline the current state of knowledge of how the current changing climate and 
acidifying oceans will impact upon coral reef, mangrove and seagrass ecosystems. This will be 
done by considering the impact of key changes that already are occurring and are expected to occur 
to tropical coastal environments on coral reefs, mangroves, salt marshes and seagrasses. This will 
establish the basis for considering how the future will unfold for these important coastal ecosystems 
within the Coral Triangle when we integrate these changes with the climate change scenarios 
developed in the next chapter. 

A. Mass coral belaching and increasing sea temperatures 
Tropical sea temperatures have increased steadily over the past 50 years in concert with the rise in 
atmospheric carbon dioxide and global temperature (IPCC 2007). These changes when combined 
with the natural variability in sea temperature have periodically pushed communities of corals 
beyond their upper thermal threshold (Hoegh-Guldberg 1999). Thermal stress leads at fi rst to a 
breakdown of the mutualistic symbiosis that corals maintain with dinofl agellate microalgae from the 
genus, Symbiodinium. When the corals eject the brown microalgae, the coral host appears bleached as 
their now translucent coral tissues reveal the underlying calcium carbonate skeleton. 
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Mass coral bleaching, where often hundreds of square kilometres of coral reefs are affected 
simultaneously, was fi rst reported in the early 1980s. There are no scientifi c reports of coral bleaching 
on this scale prior to 1980 (Hoegh-Guldberg 1999).

Mass coral bleaching occurs when sea temperatures increase to 1°C or more above the long-term 
“summer” sea temperature maxima. This relationship has been extensively verifi ed experimentally 
and through fi eld observations, and is highly reliable given that measurements of sea surface 
temperature anomalies by passing satellites can accurately predict the advent of bleaching (Strong et 
al. 1996). Solar irradiance is a contributing factor that exacerbates the effect of thermal stress. In this 
particular case, warm conditions under cloudy skies may result in reduced impacts from the same 
level of thermal stress (Mumby et al. 2001). Similar observations have been made with respect to 
water motion (Nakamura and van Woesik 2001), with corals being more susceptible in still 
conditions than when ventilated by strong currents. While these secondary factors may infl uence 
the outcome of thermal stress, they do not generally cause mass bleaching on their own.

Corals that bleached are deprived of their principal energy source, leading to starvation, and 
increased rates of disease and mortality. Numerous mass bleaching events have taken place since the 
early 1980s. In each of these widespread events, entire coasts, regions and sometimes oceans have 
been affected. While communities of corals have recovered from mass bleaching events, major coral 
mortalities have occurred on broad geographical scales, often with the loss of over 95% of the 
corals on many reefs within a region. In 1998, most coral reefs across the world bleached when ocean 
temperatures increased above long-term averages. In many cases, a large proportion of bleached 
corals largely recovered (Brown and Suharsono 1990; Suharsono 1998; Wilkinson 2008). But in 
others, such as the Western Indian Ocean, Palau, and Okinawa, reefs experienced major mortalities 
within their shallow water coral communities. For example, by the end of 1998, approximately 46% 
of all corals surveyed in the Western Indian Ocean region had died after the elevated sea temperatures 
and bleaching impacts. 

Climate projections indicate that bleaching and mortality will increase sharply over the coming 
decades unless corals are able to rapidly adapt to increased sea temperatures (Hoegh-Guldberg 1999; 
Done et al. 2003; Donner et al. 2005b; Hoegh-Guldberg et al. 2007). So far, evidence for the rapid 
adaptation of corals is scant, and most evidence suggests that the threshold of corals and their 
communities for thermal stress will not change at the rate required to keep pace with rising sea 
temperatures.

B. Reduced reef accretion and ocean acidifi cation 
Approximately 34% of the carbon dioxide emitted to the atmosphere has been absorbed by the global 
ocean (Sabine et al. 2004). On entering the ocean, carbon dioxide reacts with water molecules to 
produce carbonic acid, which produces a proton that subsequently reacts with carbonate ions and 
converts them into bicarbonate ions. The increase of atmospheric carbon dioxide from 280 ppm in 
the preindustrial period to 384 ppm in 2008 has shifted the pH of shallow water oceans down from 
8.179 to 8.104 (Orr et al. 2005). This seemingly small change in pH has resulted in an overall drop 
in the carbonate ion concentration of around 30 μmol per kg seawater. When atmospheric carbon 
dioxide exceeds 480-500 ppm, the carbonate ion concentration will have dropped below 200 μmol 
per kg seawater for most parts of the global ocean. It is important to note that carbonate coral reefs 
(i.e. those that produce extensive calcium carbonate reef structures) do not grow today in conditions 
where carbonate ion concentrations are less than 200 μmol per kg seawater (Figure 2). 
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The impact of ocean acidifi cation on corals and the reefs they build (Kleypas et al. 1999b) has been 
extensively supported by experimental studies done in laboratory and mesocosm settings (Kleypas 
and Langdon 2006). There is also growing evidence from fi eld studies that show a signifi cant 
impact on coral growth and reef accretion. Recent studies (Cooper et al. 2008; De’ath et al. 2009) 
have demonstrated that corals on the Great Barrier Reef are calcifying at rates which are 14% slower 
than those measured before 1990, a sudden downward trend that is unprecedented in the 400 years of 
record examined by the scientists. Similar decreases have been observed for Thai reefs (Tanzil et al. 
2009). While it is impossible to attribute these decreases in calcifi cation to ocean acidifi cation 
directly as many factors have changed over this time, it is very clear that some combination of 
stresses involving increased temperatures and acidity have taken a toll on the ability of coral reefs to 
form the extensive calcium carbonate structure which is so important to reef ecosystems. 

Aragonite is the form of calcium carbonate that corals and many other coral reef organisms deposit 
into their skeletons. The aragonite saturation of seawater is a measure of the calcium and carbonate 
ion concentrations as a function of the precipitation point of aragonite. Looking across reefs today, 
carbonate coral reefs do not form in waters where aragonite saturation decreases below 3.3 (Cao et 
al. 2007). This is backed up by experimental evidence as discussed above. Recent modelling of how 
aragonite saturation will change as atmospheric carbon dioxide increases (Figure 1) suggests that 
conditions suitable for carbonate coral reefs will rapidly contract to equatorial western-boundary 
current regions by the time atmospheric carbon dioxide climbs to 450 ppm (Hoegh-Guldberg et al. 
2007; see Figure 2). Interestingly, conditions within the Coral Triangle may be among the last in the 
world that will support carbonate coral reef ecosystems, although models are unreliable in this region 
and should be the focus of future research. Atmospheric carbon dioxide concentrations that exceed 
500 ppm, however, will rapidly extinguish even these last potential havens for carbonate coral reefs. 

C. Sea level rise 
Global sea level is currently increasing at the rate of 3.3 mm per year (Church and White 2006a; 
IPCC 2007), although the amount varies geographically. The estimates of sea level rise accepted by 
the 4th Assessment Report of the Intergovernmental Panel on Climate Change range between 11 and 
77 cm by the end of the century. There are considerable uncertainties around this estimate, particularly 
given the sudden and precipitous loss of summer Arctic Ice over the past fi ve years (which exceeds 
even in the worst case scenarios of the IPCC) (Cressey 2007; Meier et al. 2007; Zhang et al. 2008). 
Recent evidence that this is being accompanied by rapid melting and breakdown of the Greenland 
(Witze 2008) and Antarctic (Steig et al. 1998 ; Steig et al. 2009) ice sheets suggests that scenarios of 
how sea level will change will need revision, especially given the observation that icesheet melting 
now dominates sea level rise (Meier et al. 2007). The potential for several metres of sea level rise this 
century is growing and our ability to estimate this change is improving, as glaciologists understand 
more about ice dynamics and conclude that abrupt climate change can happen in a few years 
(Steffensen 2008). The relative impact of coastal areas within the Coral Triangle of a 1 m and 5m 
sea level rise are depicted in Figure 3. 

Current rates of coral growth and reef accretion appear to be able to keep up with the present rate of 
sea level rise. If sea level rise continues to accelerate, this situation may change, especially if coral 
growth and calcifi cation has been compromised by the impacts of thermal stress and ocean acidifi ca-
tion. For example, if the increase in sea level accelerates to several metres per century, even healthy 
coral communities and reefs will have diffi culty in keeping up. Add to this, the expectation that coral 
growth may be minimal if atmospheric carbon dioxide increases above 500 ppm, and the spectre of 
drowned coral reefs as sea levels rise is an even greater possibility.
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Crucially, there is growing evidence of coral reefs being left behind by rapid sea level rise in the 
recent past (Grigg and Epp 1989; Blanchon and Shaw 1995). In the latter case, timing of a sudden 
shift in the positioning of coral reefs along shorelines (‘back-stepping’) such as that which happened 
121,000 years ago suggested that corals had trouble with sea level changes that exceeded 30 mm per 
year (Blanchon et al. 2009). 

D. Changing weather patterns and storm intensity 
Changing weather patterns can have signifi cant effects on coastal ecosystems such as coral reefs.  
In this respect, changes to rainfall and storm intensity can have signifi cant infl uences on coastal water 
quality. For example, long periods of drought driven by changing rainfall patterns may lead to the 
loss of coastal vegetation and the destabilisation of soils within river catchments that fl ow out into 
coastal environments. These problems can be aggravated by increasing storm intensities that would 
lead to huge amounts of water suddenly becoming available within these catchments, leading to the 
extensive effl ux of nutrients and sediments into coastal waters.  Warmer seas are likely to drive more 
intense storms (Emanuel 2005 ; IPCC 2007) with the prospect that the extent to which coral reefs 
experience physical damage may increase, both in intensity and frequency. These types of changes 
along coastlines may lead to a number of insidious effects on the health of coastal ecosystems. It is 
important to note, however, that cyclonic storms do not occur in the heart of the Coral Triangle (see 
Figure 6, chapter 7), and therefore these impacts are more likely to affect the Philippines and 
Solomon Islands as opposed to other countries.

E. Ramifi cations of coral loss for ecosystem components and services 
The loss of coral-dominated communities has major implications for the biodiversity and productivity 
of tropical reef systems (Hoegh-Guldberg et al. 2007), especially given the central role that reef-
building corals have in providing the three-dimensional topology that forms the habitat for hundreds 
of thousands of species. Our understanding of these changes is growing, but remains restricted to a 
handful of organisms such as fi sh. In the latter case, the decline of coral dominated reef structures is 
associated with the loss of approximately 25-50% of fi sh species.  Species that depend on corals for 
recruitment, food and shelter represent the most sensitive species to the loss of coral communities, 
while others such as herbivores may actually increase in number over time (Graham et al. 2007a; 
Pratchett et al. 2008; Wilson et al. 2008a; Wilson et al. 2008b). Our understanding of how other 
organisms such as invertebrates and marine algae will change as coral communities continue to 
decline is limited (Poloczanska et al. 2007; Przeslawski et al. 2008). However, given the tight 
ecological relationships between corals and many other species, it is highly likely that the loss 
of corals will be accompanied by disappearance of many other species.

It is important to realise that the reefs that are currently coral dominated will not disappear, and will 
be ultimately replaced by other organisms.  These other organisms may have different physiological and 
ecological properties, leading to fast changes in the quantity and quality of species suitable for
harvesting by coastal people. There is also the prospect that issues such as poisoning from toxins 
such as ciguatera could rise signifi cantly as benthic communities change from coral dominated 
systems to cyanobacteria and other types of organisms. In this regard, the study by Hales and 
co-workers is particularly insightful in this respect. These authors have shown a steady increase in 
the number of cases of ciguatera in the Pacifi c over the past several decades, a trend that is at least 
loosely associated with the loss of coral dominated reef systems (Hales et al. 1999). Given that our 
limited understanding of the types of interactions that are likely to arise as corals are lost from reef 
ecosystems, the potential for surprises like that illustrated by the rise in ciguatera is considerable.
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Reducing the structure and diversity of coral reefs will also have implications for tourism within the 
Coral Triangle. Clearly, as argued for ecosystems such as the Great Barrier Reef (Hoegh-Guldberg 
and Hoegh-Guldberg 2004), a loss of structure and diversity from coral reefs will reduce their appeal 
for international tourism, resulting in potential losses as international tourists no longer choose to 
travel the extra distance to see coral reefs which are no longer exceptionally spectacular as they are 
today in the Coral Triangle.

F. Interaction and synergies between factors  
What are the key uncertainties within our understanding of how local and global factors will 
affect coral reef ecosystems lies in the synergies and interactions between factors. At the global level, 
considerable evidence is accumulating that suggests that global warming and ocean acidifi cation are 
likely to interact in a number of ways. (Anthony et al. 2008) recently demonstrated that increasing 
seawater acidity lowers a coral’s thermal bleaching threshold. This interaction is so strong that 
corals will bleach without being exposed to elevated sea temperatures when the pH drops to 7.6. This 
suggests that projections of the impacts of rising temperatures on corals are likely to be optimistic 
(Hoegh-Guldberg 1999; Done et al. 2003; Donner et al. 2005b; Hoegh-Guldberg et al. 2007). Similar 
interactions are likely to occur with respect to sea level rise, which may not be a problem as long as 
corals are healthy and growing vigorously. However, the combination of rapidly rising sea temperatures 
plus slower coral growth, raises the spectre of reefs that no longer keep pace with the surface of the 
ocean, and run the risk of becoming drowned (Blanchon and Shaw 1995; Blanchon et al. 2009).

Similar interactions have been noted between local and global factors. For example, (Hughes et al. 
2007) found that reducing the number of herbivorous fi sh on the coral reef reduced the recovery rate 
of coral communities from mass coral bleaching by a factor of three. These interactions between 
global and local factors also point to a number of adaptive strategies, which arise from the fact that 
increasing the resilience of coral reefs to global disturbances may be most effectively done by reducing 
local stresses such as poor water quality and the overexploitation of key functional groups such as 
herbivores (Hughes et al. 2003; Hoegh-Guldberg et al. 2007). This issue will be a major theme when 
the policy recommendations for responding to the impacts of climate change are considered later in 
this report.
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Figure 2. Distribution of carbonate coral reefs (pink dots) relative to the aragonite saturation (�aragonite = [Ca 2+].
[CO3 2−]/Ksp aragonite) calculated for different atmospheric concentrations of carbon dioxide (white number in 
each box). The aragonite saturation is a measure of the concentration of calcium and carbonate ions relative to 
solubility of aragonite (the chief form of calcium carbonate deposited by corals and other marine calcifi ers).  

The distribution of today’s coral reefs relative to the current aragonite saturation is shown in the panel labelled 380, 
revealing the association of carbonate coral reefs with waters that have an aragonite saturation of more than 3.3 (blue 
areas).  As atmospheric carbon dioxide increases, the distribution of these waters contracts to the equator and more 
or less disappears when concentrations of atmospheric carbon dioxide rise above 550 ppm.  Importantly, some of the 
last waters to contain enough calcium and carbonate ions to sustain reefs at 500 ppm lie in the region of the Coral 
Triangle.
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MANGROVES
Several aspects of climate change are likely to affect mangroves. These include changes in sea level, 
atmospheric carbon dioxide concentration, temperature, storm intensity, ocean circulation, and 
inundation events (Gilman 2004; Gilman et al. 2008). Compared to other anthropogenic activities 
such as the removal of mangroves to facilitate aquaculture and urban expansion, climate change has 
been seen as a smaller and longer term threat (Alongi 2002a; Duke et al. 2007). Growing evidence, 
however, suggest that climate change already has, and will continue to, cause reductions in mangrove 
area (Nicholls et al. 1999; Gilman et al. 2007; Gilman et al. 2008).

Increases in sea level represent the greatest threat to mangroves, especially when the rate of change 
exceeds the rate of change in the surface elevation of mangrove sediments (Gilman et al. 2008). 
Under this situation, mangroves will expand in the landward direction as seedling recruitment and 
vegetative reproduction capitalise on the new habitat becoming available through erosion and inundation 
of coastal areas by seawater (Semeniuk 1994). Under natural settings, the rate at which colonisation 
of these new habitats occurs depends on the slope of coastal areas and the presence or absence of 
obstacles to be landward migration. Increasingly, however, the modifi cation of coastal areas immediately 
adjacent to mangroves has prevented the landward migration and has exacerbated the loss of 
mangroves and sea levels of change (Saintilan and Wilton 2001; Wilton 2002; Gilman et al. 2007).

The relative threat from a 1 m versus a 5 m sea level change is illustrated in Figure 3. The most 
severely impacted regions include the West Coast of Sumatra, East Coast of Kalimantan and 
extensive regions within Western Papua. These patterns of inundation intensify further sea level rise 
to 5 m, and are essentially regions of high vulnerability from storm surge, ecological change as well 
as inundation of groundwater.  All of these changes represent environmental challenges to existing 
mangrove forests and other ecosystems, and will directly impact on the ecological functions of these 
particular areas within the coral Triangle.

Other components of climate change are expected to infl uence mangrove health and resilience. 
Changes in the strength of tropical storms coupled with sea level rise are expected to increase the 
damage to mangroves through defoliation and mortality, as well as altering mangrove sediment 
elevations via soil erosion, deposition, or compression (Smith et al. 1994; Woodroffe and Grime 
1999; Baldwin et al. 2001; Sherman et al. 2001; Woodroffe 2002; Cahoon et al. 2003b; Piou et 
al. 2006). Changes in precipitation driven by climate change will also infl uence mangrove health, 
through longer droughts, as well as more intense periods of inundation. The decrease in precipitation 
will deliver less water to groundwater increasing soil salinity and reducing mangrove productivity (Field 
1995). Increased salinity will also alter the availability of sulphate, which will drive and aerobic 
decomposition of organic matter in the soil, increasing mangroves vulnerability to rising sea levels 
through declining soil oxygen contents (Snedaker 1995). Shifting rainfall patterns may also lead to 
areas receiving greater amounts of water, which may lead to increased mangrove growth rates and 
productivity. This may lead to taller and more diverse forests that expand into landward wetland 
areas (Field 1995; Duke et al. 1998; Duke et al. 2007).

Changing air and sea temperatures are also likely to affect mangroves by changing species composition, 
timing of fl owering and fruiting, productivity, and the distribution of mangroves latitudinally
 (Ellison and Farnsworth 1997; Ellison 2008). In the latter case, the reduction in days it decreases 
below 16°C may result in mangrove species extending their range to higher latitudes. On the other 
hand, the increased risk of heat mortality events will increase, leading to a contraction of some 
species at lower latitudes (Gilman et al. 2008). 
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Increased carbon dioxide may have direct effects on some mangrove species by increasing productivity in 
situations where it is limited by evaporative demand at the leaf surface (Field 1995; Ball et al. 1997; 
Komiyama et al. 2008), although this area is still poorly understood and outcomes debatable.

Other impacts on mangroves can occur due to changing ocean circulation patterns (Gregory et al. 
2005) which may affect dispersal of propagules and, hence, the genetic structure of mangroves. 
These changes are largely speculative but are likely to occur if major changes to the ocean circulation 
and currents occur. Like coral reefs, the infl uence of many factors may be enhanced by synergies and 
interactions with other climate change and non-climate change associated factors. 

Figure 3. Inundation of coastal areas within the Coral Triangle as a result of 1m and 
5m sea level rise (Information provided by the Centre for Remote Sensing of Ice 
Sheets (CReSIS), website www.cresis.ku.edu.).
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SEAGRASS COMMUNITIES
Seagrass communities also face a series of threats from global climate change that include increasing 
temperature, sea level, storm intensity and the direct effects of elevated atmospheric carbon dioxide 
(Short and Neckles 1999). 

Increasing temperature is likely to affect photosynthesis and restoration of seagrasses, and hence 
their primary productivity. The precise direction will depend on species involved and their respective 
thermal tolerances (Zimmerman et al. 1989). This in turn may result in changes to the distribution an 
abundance of seagrass species (McMillan 1984; Walker 1991). Changes to temperature are likely to 
also affect reproductive behavior such as the timing of fl owering, and survival of recruits. The 
competition between seagrasses and the suite of epiphytic macroalgal species that inhabit their leaves 
is also temperature dependent, with high temperatures favouring the algae and leading to overgrowth 
of seagrass blades (Neckles et al. 1993). Accelerated algal growth under the infl uence of temperature 
and eutrophication (i.e. too many nutrients) could accelerate the loss of seagrass habitats in shallow 
and strong environments.

The primary effect of increased sea levels will be to modify the location of the maximum depth limit 
for seagrass growth, leading to a similar situation to that seen with mangroves, the movement of 
seagrass species landward as new habitats open up. As with mangroves, the slope and the existence 
(or not) of barriers to shoreward growth will be crucial to how seagrass communities respond. Water 
movement may also result from sea level induced changes to tidal range, leading to scouring and 
settlement in different locations. Coupled with intensifi ed storms, these changes may result in 
shifting distributions of seagrass as sea level changes.  Other impacts of sea level will be felt through 
the impacts of increased penetration of salt water and tidal systems (Titus et al. 1991; Dyer 1995). 
The increasing salinization of soils may have impacts on mature communities through infl uences on 
growth, recruitment, primary productivity and interspecifi c competition.  Increased salinity intrusion 
is also likely to infl uence the establishment of plants by affecting sexual reproduction and vegetative 
propagation. These impacts are not well understood.

The impact of more intense storms on seagrass meadows may be felt through greater rates of erosion 
by the wave action, shading through increased turbidity and smothering of seagrass beds through 
sediment movement. The increased frequency of intense storms could potentially overwhelm the 
much longer time interval required for recovery of seagrass beds following disturbance (Short and 
Neckles 1999). 

Increasing atmospheric carbon dioxide is predicted to have direct effects on global vegetation, 
including those of aquatic plant communities. In the case of seagrasses, increased atmospheric carbon 
dioxide will lead to increased dissolved inorganic carbon (DIC) and dissolved CO2, which in turn 
can lead to increases in growth and biomass (Thom 1996; Zimmerman et al. 1997). These effects 
are large enough to offset decreases in light availability as sea level rises (Zimmerman et al. 1997).  
These potential offsets though signifi cant are unlikely to keep up with sea level increases at the upper 
end of the potential scenarios.

SPECIFIC THREATS TO INDUSTRY (FISHERIES)   
Climate change is likely to have fi ve main impacts on fi sheries and fi shing communities (Allison et 
al. 2005; Allison et al. 2009), Daw et al. unpublished data). These include: 1) changes to fi sh yields; 
2) changes to fi sh distribution; 3) damage to the infrastructure; 4) impacts on human health and 
safety; and 5) changes to climate-driven policies that regulate the fi shing industry more tightly. 
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CHANGING FISHERIES YIELDS 
Climate change is likely to impact overall yields and increase the variability in catches. This may be 
a result of: a) declining abundance of target species. Examples include declines in pelagic species as 
a result of changes to key oceanographic processes such as currents and upwelling zones, changes to 
reproductive patterns as a result of changing temperatures, or a decline in coral reef fi sh after a severe 
bleaching event); b) changed distribution of fi sh (as a result of changes to fi sh migration routes, 
discussed below), and c) an increase in the number of potential non-fi shing days as a result of 
predicted increases in wind speed and frequency of storms (Allison et al. 2005). These changes will 
not always be negative and in some instances, local yields may increase. For example, Allison et al. 
(2005) project increased landings in the fl ood plain areas of Asia during fl oods. 

One of the main mechanisms that climate change is likely to impact coral reef-related fi sheries is 
expected to be through coral bleaching. However, to date, no studies have actually shown that total 
catch, catch composition, or value of fi sheries have been affected by severe mass bleaching events 
(McClanahan et al. 2002) (Grandcourt and Cesar 2003). This is in part because the confounding 
effects of overfi shing in many locations outweigh any effects that coral mortality may have on 
fi sheries yields. For example, after the 1998 bleaching event in Kenya, catches of rabbitfi sh 
(Siganidae) overall were reduced by 8% and fi shermen’s daily catch decreased 20-30% for rabbit-
fi sh and parrotfi sh (Siganidae and Scaridae), but most of this change was attributed to a 17% rise 
in fi shing effort between 1994-2001 (McClanahan et al. 2002). Failure to detect signifi cant effects 
of climate-induced coral bleaching on coral-reef fi sheries may also be because fi shes that directly 
depend on live coral for feeding or settlement comprise <6% of artisanal reef fi sheries (Cinner et al. 
2009a; Cinner et al. 2009b). However, the majority of catch for most fi shing gears came from fi shes 
that were dependent on the reef structure for habitat. Recent studies suggest there may be a lag effect 
of >7 years between when a bleaching event occurs and the structural complexity of the reef collapses, 
which would cause a longer-term decline in those fi sh species which rely on the reef for habitat 
(Graham et al. 2007b).

CHANGING DISTRIBUTION OF FISH STOCKS
Climate change is likely to result in a redistribution of certain fi sh stocks (Glantz and Feingold 1992; 
Stenseth et al. 2002). For example, western Pacifi c tuna stocks are expected to shift east in response 
to projected changes in ocean temperatures (Aaheim and Sygna 2000), which would have profound 
effects on household livelihoods and national-level revenuesn especially in the eastern regions of the 
Coral Triangle. 

Infrastructure- Increased sea level rise, cyclonic activity, and storm surge associated with climate 
change is likely to cause increased damage to coastal villages and fi sheries infrastructure (e.g. wharfs, 
ship yards, roads and transportation networks). The increased frequency of extreme events may also 
result in increasing loss of or damage to gear such as nets, traps, and long-lines (Allison et al. 2005). 

HUMAN HEALTH AND SAFETY
Climate change will impact human health and safety for fi shers and coastal communities. For 
example, more variable weather patterns may increase the danger associated with fi shing activities. 
The health and safety of coastal communities may also be impacted by changes in disease outbreaks 
such as malaria and cholera, and also by increased incidents of seafood poisoning resulting from 
temperature dependant phytoplankton blooms (Allison et al. 2005).
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CLIMATE CHANGE-DRIVEN POLICIES
In the shorter term, the biggest climate-related changes that fi shers and coastal communities will have 
to cope with are likely to come from policies that aim to protect marine resources against the impacts 
of climate change. For example, in 2004, the Great Barrier Reef Marine Park authority expanded the 
amount of fi sheries closures from ~5% of the Great Barrier Reef to 33%. This considerable increase 
in the amount of reef closed to fi shing was largely a climate change-driven policy. Fishers in the 
region are likely to increasingly be confronted with climate-driven policies such as an increased 
proportion of fi shing grounds being designated as no-take areas. 

INTERACTIONS BETWEEN ECOSYSTEM COMPONENTS
Coastal environments such as coral reefs, seagrass beds and mangroves are strongly interlinked (e.g. 
(Mumby et al. 2004). Impacts on one ecosystem (e.g. coral reefs) can have major knock-on effects 
for other ecosystems such as mangroves and seagrass. Given this and the complexity of climate 
change, it becomes clear that small changes in the conditions that dictate the health of one or more 
components within this ecological in linked system can have far-reaching effects across coastal 
biological systems.  These and other issues will be discussed in subsequent chapters where the 
important linkages between climate change, coastal ecosystems and human livelihoods are discussed.

HUMAN DIMENSIONS OF CHANGE
In outlining the potential changes that might occur in response to rapid global climate change, it 
becomes increasingly important to understand how ecosystem components will impact on human 
livelihoods and communities. In this respect, it is important to consider climate change in the context 
of the fl exibility and resilience of human communities. The following issues represent an attempt to 
defi ne the types of changes and complexities that are likely to impact human livelihoods and 
communities.

A. Social resilience in coastal communities
From the preceding discussion, changes in the intensity and frequency of local and global impact on 
natural ecosystems will ultimately impact human populations living within the Coral Triangle.  
Understanding these changes, however, depends on other factors such as the ability of the human 
community to absorb or resist change. In this respect, the term social resilience has been used to 
describe the ability of groups or communities to cope with external stresses that arise as a result of 
social, political and environmental change (Adger 2000). The linkages between ecological resilience, 
social and economic resilience are also key components of any attempt to project how climate change 
is likely to infl uence human systems. 

Social resilience, like ecological resilience can be examined within the context of how vulnerability 
coastal communities are to change. It is useful to defi ne and explore the concept of social resilience 
in preparation for an examination of a series of credible futures for the people of the Coral Triangle.  
The impacts of climate change are likely to vary from place to place, and for different people within 
society. These impacts are largely determined by differing levels of vulnerability, which is a critical 
component of social resilience. Vulnerability in this context is the level of susceptibility to harm from 
events such as coral bleaching, cyclones, and sea level rise.  Vulnerability is often perceived as 
having distinct components, which include exposure, sensitivity and adaptive capacity (Figure 3). 
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Figure 3. Vulnerability is comprised of exposure and sensitivity (which capture the potential impacts) 
and adaptive capacity (which captures peoples’ ability to cope with or adapt to change).

Exposure is the degree to which a system is stressed by climate change. Exposure is characterized 
by the magnitude, frequency, and duration of a climatic event such as coral bleaching or a cyclone. 
Exposure varies for different locations based on oceanographic conditions, prevailing winds, and/or 
latitude, which can cause some areas to have a higher likelihood of being impacted by events such as 
cyclones or coral bleaching. There are limited adaptations societies can undertake to minimize 
exposure, which often rely on engineering solutions (e.g. levees, sea walls). 

Sensitivity is the degree to which events such as coral bleaching or cyclones actually modifi es or 
affects a system. Sensitivity may be affected by conditions such as the level of dependence on marine 
resources. For example, low dependence on marine resources may mean that climatic events such as 
coral bleaching have a lesser impact on coastal communities. Sensitivity to climatic events can be 
lowered by adaptations such as early warning systems for cyclones or alternative livelihood programs 
to reduce dependence on marine resources. 

Adaptive capacity refers to the conditions that enable people to cope with or adapt to change. The 
four key components of adaptive capacity are: 1) the fl exibility of individuals and institutions; 2) 
access to assets and infrastructure; 3) the quality and strength of social organization; and 4) the 
capacity to learn about change (Cinner et al. in press). People or societies with low adaptive capacity may 
not be able to adapt to changes in the fl ow of ecosystem goods and services brought about by climate 
change. Those with low adaptive capacity will also have trouble coping with changes to climate-
related policies (such as no-take areas) and will unlikely be able to take advantage of the opportunities 
created by change. 

One way to develop adaptive responses to climate change that consider vulnerability is to plot 
exposure against adaptive capacity. This reveals four domains or quadrants where differing conservation 
and policy may be required: protect and preserve; capacity building; relief and reorganization; and 
adapt and transform (Figure 4). Climate-related strategies to protect ecosystem such as no-take areas 
are likely to be most effective and useful in sites with high social adaptive capacity because local 
communities can readily adapt to changes in access and take advantage of new opportunities, such as 
increased tourism.
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Communities with low adaptive capacity are poorly equipped to cope with even short-term 
restrictions on resource use imposed by no-take areas. As a result, these communities may be
unwilling or unable to comply with no-take measures. These regions fi rst require building social 
resilience through investments in poverty alleviation, infrastructure, social capital, and alternative 
incomes. Once local capacity is enhanced, these regions are more likely to be able to take advantage 
of the opportunities arising from conservation and successfully implement management strategies. 
Differentiation in exposure may help inform the type of management required in an area. Regions 
with high exposure are going to be most impacted by climate change. Strategies such as no-take areas 
may be an important strategy to conserve marine resource in these regions, but will require a different 
management approach than areas of low exposure. For example, they should not depend on tourism 
revenue for funding, since tourists are unlikely to visit these areas after major bleaching events and 
funding may fl uctuate considerably.  This would argue for effective economic and social safety nets 
to help poor, vulnerable communities withstand/cope with periodic acute impacts until their 
capacity to deal with climate change impacts on a more regular basis—their resilience—is built up. 
Social safety nets will help societies make a transition to more diversifi ed income generating 
ctivities, including and some initially high risk strategies (changing agricultural crops, cultivation 
patterns, fi shing, aquaculture, etc.).

Figure 4. Theoretical model indicating gradients of social 
adaptive capacity against vulnerability to produce four 
quadrants of differing conservation priorities. 
Source: (McClanahan et al. 2008).

The above framework can be used to examine vulnerability in four CTI countries under two different 
emission scenarios (A1FI, Figure 5a; B1, Fig. 5b) (Solomon Islands and Timor Leste were data 
defi cient) (Allison et al. 2009). For all four CTI countries, adaptive capacity is low to moderate, 
suggesting that under any emissions scenario, building adaptive capacity is going to be a critical 
strategy in the region. Under the low emissions scenario (Fig. 5b), most countries have low exposure 
to climate change, but relatively low levels of adaptive capacity (except for Malaysia, which is 
edging into the moderate adaptive capacity range). Building adaptive capacity will be a high priority 
for donors, governments, and conservation groups. Until this capacity is built, management measures 
with lower social costs will be required- these might include managing fi shing gears that specifi cally 
target reef fi shes that are considered key to recovery after a bleaching event (Figure 6).
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Indonesia, and the Philippines are also edge into the quadrant with high vulnerability and low adaptive 
capacity, where communities will be severely affected by climate change, but do not currently have 
the resources or ability to adapt. These regions are a primary concern for human development and 
require government or donor assistance to ameliorate disaster risk, strengthen social safety nets, 
diversify sources of livelihoods, and reduce dependence on local natural resources.

Figure 5. Comparison of the response of CT countries with respect to exposure versus 
adaptive capacity with respect to climate change.

Under the high emissions scenario, exposure for all countries is increased dramatically if not 
unsustainably, and Malaysia and the Philippines edge into the ‘adapt and transform’ quadrant, 
where profound societal transformations may be required to navigate the impacts of climate change. 
Although the exposure is slightly lower in Indonesia, the sensitivity is higher, which suggests that the 
impacts of climate change will be felt more by Indonesia. It is important to remember that country-
level analyses such as this ignore the heterogeneity of capacity, exposure, and sensitivity within a 
country. Community-level studies of vulnerability have been conducted for other regions, but have 
not yet been developed for the CTI region. This is a critical research priority. 
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B. Local versus regional issues  
Although biologically diverse ecosystems can be highly resilient to human disturbances certain 
ecosystems are at particular risk of sudden collapse for example coral reefs and freshwater systems 
(Tompkins et al. 2005). The consequence is that people that depend on these ecosystems may fi nd 
themselves deprived of essential goods and services in a relatively short time span and unable to cope 
or adapt. The object is to reduce the decline in our current ecosystems to allow enough time for 
cultural, social and physical adaption to the impacts of climate change to take place.

For countries in the Coral Triangle there are two types of potential climate change impacts. The fi rst 
and the most compelling in terms of political action is the sudden onset and extreme hazard such as 
cyclones, heat waves etc. The second and the one most likely to be put off into the future is that of 
the slow-onset hazards and slowly changing conditions such as sea level rise, coral reef degradations. 
Both types of impacts require different responses. 

All countries in the Coral Triangle have in place management plans, laws and regulations relating 
to coastal zone management, environmental impact assessment (EIA) and strategic environmental 
assessment (SEA). However in many cases these are not implemented or enforced. Nor do many of 
these legal obligations refer directly to impacts of development on climate change. In many cases 
coastal managers do not have access to local or regional climate change impact assessment that 
utilise local topography and coral reef structures. In order to assist managers and planners it would be 
advantageous for managers and planers to have detailed information on the likely level of inundation 
that can be expected from sea level rise, the risk of salt inundation to agriculture lands, the role local 
reefs play in physical protection from waves and the likelihood for the need to construct coastal 
protection units. In some instances, these impacts may be assessed in relation to future develops 
through the EIA and SEA processes. In this respect, obtaining donor assistance to profi le these in a 
risk probability map format is really central to understanding the entire range of issues.

The primary international models for management of climate change namely the Kyoto Protocol 
and the United Nations Framework Convention on Climate Change are uncertain and in jeopardy of 
failure due to both developed and developing states assessing the treaty and the possibility that some 
states may not meet benchmark emissions goals (Caleb 2008). Alternative methods for coping with 
climate change, such as EIAs provide valuable secondary tools which immediately advance the issue 
and work towards the establishment of a primary international mechanism. 
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In addition to this, many countries already have in place legislation on coastal management and the 
use of Strategic Environmental Assessment (SEA) mechanisms that support the present and future 
management of the local environments. EIA is already an established mechanism, which does not 
require lengthy debates and can be enacted using existing laws in most countries. EIAs work to 
familiarize decision-makers and private interests with the practical local decisions, which will help 
to implement a multi-faceted global approach (Caleb 2008). EIAs and SEAs may prove effective in 
linking global goals with municipal action to reduce the decline in the coastal and ocean ecosystems 
and allow for more time for adaptation. Donor agencies could facilitate adaption mainstreaming by 
screening their project portfolios for potential climate change impacts. For example the Development 
Assistance Committee OECD has researched ways of integrating adaptation into EIA and strate-
gic environmental assessment, the World Bank Assessment and Design for Adaptation to Climate 
Change tool or ADAPT (IGES 2008). 

SUMMARY
Rapid increases in carbon dioxide and other greenhouse gases are driving rapid rate of change in the 
physical and chemical characteristics of coastal environments in coral triangle. Under the worst-case 
scenario, warming and acidifying oceans may eliminate coral dominated reefs, decimate mangrove 
systems and eliminate seagrass beds. These changes will dramatically reduce the productivity, 
structure and function of these important ecosystems, with ramifi cations for hundreds of thousands of 
species and tens of millions of human dependants. Under the worst-case scenario, sealevel could 
increase by as much as 4-6 m by the end of the century, essentially disrupting all natural and 
man-made systems within the coastal zone. These changes, in turn, will drive further losses of coastal 
ecosystems.  Under the worst-case scenario, coastal ecosystems such as coral reefs, mangroves and 
seagrass beds will largely be eliminated by these extremely rapid changes.

Under the best case scenario, in which effective international collaboration between nations leads to 
a decline in emissions and stabilisation of atmospheric carbon dioxide at or below 450 ppm, coastal 
ecosystems will experience severe challenges but will not completely disappear. Under these circum-
stances, productivity and hence fi sheries production along these coastlines is likely to fall by at least 
50% of what it is today (NB: this is a consequence of multiplying the current decline in yield by 41 
years without taking into account climate change so it is ultimately conservative), with consequences 
for coastal dwelling people and societies. Steady sea level rise under these scenarios will cause 
severe challenges for coastal infrastructure, with the best case scenarios suggesting that sealevel may 
increase by at least 1 m by the end of this century. This will put extreme pressure on coastal people 
throughout the Coral Triangle, and will lead to a reduction in the ability of coastal ecosystems to 
provide food for artisanal fi shing communities.

Understanding the linkages between social systems and the health of coastal ecosystems is extremely 
important if the implications of rapid global change to be understood. In this respect, some societies 
within the Coral Triangle are inherently more socially resilience to change than others, with differing 
levels of exposure and sensitivity to climate change driving overall vulnerability. The more resourced 
CT countries (Philippines and Malaysia) show a greater adaptive capacity than Papua New Guinea 
and Indonesia, and far greater than the Solomon Islands and Timor Leste. This analysis highlights the 
complexity of generating an understanding of how Coral Triangle countries will fare under a rapidly 
transforming environmental setting. Equally important, is the fact that not all coastal communities 
will be impacted at the same level within a particular CT country. 
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Highly exposed and impoverished coastal populations will be clearly at risk of issues arising from 
food security, storm surge and changes to income arising from the loss of commercial opportunities 
such as tourism and fi shing. In this regard, some countries in the coral triangle will be better resourced 
to respond to these challenges, and will have a greater history of environmental regulations to 
accommodate and respond to the challenges being posed by regional and national change in 
the circumstances of people’s livelihoods and incomes.

SPECIAL FOCUS 6: AGGRAVATED TIDAL FLOODING IN 
SEMARANG, CENTRAL JAVA

Dr Ambariyanto
Sea level has been increasing over the past 100 years, and threatens to inundate large areas within 
the Coral Triangle. This outcome of rapid climate change looks set to dramatically change the lives 
of potentially millions in the coastal areas lining the Coral Triangle countries. The question becomes, 
how will countries respond to the increased inundation of coastal agriculture, dwellings and water 
supplies as the seas rise? To answer this question, it is instructive to investigate the experience of 
several locations within South-East Asia that have already experienced the aggravated impacts from 
rising seas due to subsiding coastal areas. 

One such case exists with parts of Semarang, which is the capital of Central Java Province, 
Indonesia, where geographically is located at 6o58’S 110o25’E / 6.967oS 110.417oE approximately 
540 km to the east of the capital Jakarta. While just outside the boundaries of the Coral Triangle, this 
example illustrates some of the issues that Coral Triangle communities are, and are likely to face, 
with rapid changes in sea level. This coastal city covers an area of approximately 374 km2 and has a 
total population which has grown from 1.3 to 1.47 million in the period 1991 and 2006. This city is 
unique in having a hilly area in its southern area, and a low land coastal area to the north which lies 
within 0 - 3.49 m of sea level (Pratiwo, 2004).  

As a coastal city with 25 km coastal line, Semarang has been facing a problem with respect to 
fl ooding since Dutch colonization (Pratiwo, 2004). Interestingly, fl ooding is even part of the lyrics of 
one of the most iconic traditional songs about Semarang. 

BRIEF HISTORY & CAUSES
Tidal fl ood (locally known as banjir rob) is one of three types of fl ooding in Semarang and the other 
two are local fl ood inundation and river fl ood. The last two are mainly due to heavy rainfall combined 
with insuffi cient and malfunction drainage systems, as well as improper waste disposal. While, tidal 
fl ood is mainly due to high tidal wave overfl owing coastal area combined with land subsidence (9 
cm/year mainly due to excessive groundwater extraction, Hartoko et al., 2008), as well as sea level 
rise (3.3 mm/year). While sea level is unlikely to rise at this rate, the issues and responses going 
back many decades instructive about the types of problems and responses that governments and their 
coastal managers might have to sea level rise that may occur over longer periods.

According to Pratiwo (2004) the Dutch government built two canals i.e. Banjir Kanal Timur (Eastern 
Flood Canal) located at the eastern part of Semarang, and Banjir Kanal Barat (Western Flood Canal) 
located at the western part of the city. During the Dutch colonial period, it seems that these canals 
were used as fl ood outlets, so that the seawater would fl ow into these water courses thereby avoiding 
fl ooding.
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However, at the present time, the sedimentation rate within these two canals has led to clogging and 
water fl ow is reduced during high tide. This sedimentation is mainly due to land use change 
upstream, which is mainly associated with the development of residential areas in the hills of 
Semarang, as well as improper waste disposal by communities who live along the canals. 

The worse tidal fl ooding usually occurs during rainy season and west monsoon between October and 
January when tidal height of Semarang waters reach up to 1.8 m combined with 2 m height of ocean 
wave. This aggravated by the rainy season which occurs between November-February, when the 
water runoff from upstream is bigger. 

According to Wirasatriya (2005) approximately 2.418 ha of coastal area now suffers from tidal fl oods 
that are exacerbated by sea level rise. This has had a direct effect on the people of the region, 
particularly those from the villages of Trimulyo, Terboyo Wetan, Terboyo Kulon, Tambak Rejo, 
Kemijen, Tanjung Mas, Bandarharjo, Kuningan dan Panggung Lor. 

IMPACTS
Tidal fl oods are an everyday event in many parts of coastal Semarang. Several interviews with the 
coastal community has revealed that the height of water inundation and the area affected has 
increased considerably over the past decades. The fl ooded area is not only coastal villages (most 
of 17 coastal villages suffer from the fl ood with different degree of inundation), but also several 
important streets, city infrastructure, as well as public facilities. See Table 1 and photo 1.

Table 1. Villagers currently suffering from regular tidal fl ood in Semarang (Marfai, 2003).

The impacts of tidal fl ooding can be divided into two broad aspects; physical losses and social 
economics. Physical losses involved direct damage from water to city infrastructure and dwellings. 
Social economic looses mainly occur in the form of lost working time, reduced productivity of 
offi ces, shops, traffi c jams, as well as increasing illness. Tidal fl ood obviously infl uences daily 
activities including at schools and offi ces which have to stop or started late. Public services can not 
be conducted normally such as disruption of roads, as well as schedules changes of train and bus, etc. 
While physical looses including degrading streets, damage houses, damage belongings such as 
furniture, motorcycles, etc.

PROGRAMS
Local governments in Semarang have been taking a number of measures to reduce the impact of 
fl ooding, including: 

PERSUADING PEOPLE TO MOVE FROM INUNDATED AREAS 
This does not work well for a number of reasons. Not only that they have been living there for years, 
but also they do not want to sell their houses for much lower compared with when they bought the 
house. However, some houses and offi ce were abandoned especially at the most affected area (Figure 2). 
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Villages Streets Public Facilities Others

Mangunharjo Siliwangi St Tawang Train Station Tanah Mas Resedential 
AreaMangkang Wetan Kaligawe St Terboyo Bus Station

Tambak Lorok Ronggowarsito St Tanjung Mas Sea Port Governement and Private 
Offi cesGenuk, Bandarharjo Raden Saleh St Johar Market
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IMPROVING DRAINAGE SYSTEMS
In order to solve sedimentation problems, Semarang city government has been conducting regular 
sediment removal programs that have included dredging canals and rivers, as well renovating the 
system of dikes. These steps now appear to be overwhelmed, given that they have not been able to 
reduce fl ooding problems. 
 
PROVIDING PUMPING STATIONS
A pumping system has also been introduced and the government has provided pumping stations, 
including at polder area. See photo 3. This program is also carried out by local community especially 
in resident area such as Tanah Mas. 

ELEVATING STREETS AND PUBLIC FACILITIES 
Several streets including Kaligawe streets have been elevated to avoid water inundation. For 
example, at the moment the government elevating Tawang Train station yard. See photo 4.

BUILDING POLDERS (A FORM OF DYKE)
Local government of Semarang built polder in front of Tawang train station which fi nished in 2001 
with 10.000 m3 capacity was aimed to minimized water inundation at Tawang train station and its 
adjacent area. See photo 5.

IMPROVING COASTAL AREA
This program mainly aims to improve the condition of coastal areas in the region through several 
programs run by the government including mangrove rehabilitation. At the moment according to 
Offi ce of Fisheries and Marine Affairs Semarang, there only 15 ha mangrove with only 4 ha in a good 
condition. 

COMMUNITY ADAPTATION
The community has been adapted to this regular type of fl ood. Most of them are not willing to move 
to other places with some reasons. For example, there is no place where they can move to, they do 
not have enough fi nancial support, and their original place has family historical value.

Several responses taken by the community varies, among others are:

Do nothing, because they believe that fl ooding will be temporary only.• 

Putting their valuables (e.g. furniture, television sets, radios, motorcycle, etc) to higher places to • 
avoid water inundation

Moving out from their original houses, usually for those who can not stand with all the diffi culties • 
and problems due to tidal fl ood, by selling their houses and buy a new one with no risk f fl ooding

Elevated their house fl oor and house yard above water level. However, when the government • 
elevates the streets level, the water will, again, fl owing into their houses. 

Building high dike and small dam surrounding their house to avoid water entering into their • 
house.
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WHAT NEEDS TO BE DONE
There are a range of programs need to be developed by government and community organizations. 
Government should continue their existing programs such that focused on improving drainage 
systems, polder systems, and other aspects. They should also improve the infrastructure such as 
establishing integrated drainage system which all aspects related to tidal fl ood. There are a few plans 
to deal with the aggravation of coastal fl ooding by climate change, which is a situation that needs to 
be addressed. It is also clear that there should be greater enforcement of government restrictions on 
waste disposal, development of upstream communities, ground water extraction and other aspects 
like limiting the tonnage of trucks in order to produce drainage problems and sedimentation. 
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Photo 1 and 2. Tidal fl ood at northern road and the sea port of Semarang

Photo 1 and 2. Tidal fl ood at northern road and the sea port of Semarang
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SPECIAL FOCUS 7: INVOLVING LOCAL COMMUNITIES IN 
COASTAL MANAGEMENT: ‘TOP-DOWN/BOTTOM-UP’ 
APPROACHES 

Melanie King & Geoff Dews
Historically coastal and marine ecosystems services have been an integral part of small island 
communities and coastal settlements.  The coastal and near-shore marine ecosystems have provided 
a vast array of ecosystem goods and services to contemporary communities. However, humans have 
not easily or intuitively related to marine ecosystems and the scales of space and time underlying 
them (Kenchington 2003: 42). Human activities and environmental impacts on the coastal areas and 
in-shore waters are becoming increasingly complex as marine resources become depleted through 
overfi shing, pollution, the destruction of habitats and climate change impacts.
 
Adding to this management complexity is the increasing number of varying levels of engagement 
of stakeholders, all focusing on utilising the natural and cultural resources found in the coastal areas 
to their personal advantage. Furthermore, these personal objectives change with time and circum-
stances, and can be seasonal or annual variations due to externalities of the economy. The scale and 
processes of the ecosystems, their linkages to the land and intertwined interests of sectors and 
jurisdictions raise the need for effective mechanisms of coordination or integration of policy and 
management for human activities and impacts (Kenchington 2003: 42). 

With over 70% of the human population of the Coral Triangle living within 50km of the coastline 
(Chou, 1994), the need to integrate the needs and resources of a range of stakeholders including local 
communities, Governments and other organisations, is becoming critical to the success in managing 
coastal and marine resources. Currently, many coastal and marine resource management projects 
approach the issue either through a ‘top-down’ approach through national governments or donors – or 
a ‘bottom-up’ approach through the mobilisation of communities by Non-governmental organisations 
(NGOs). These strategies implemented in isolation, can be problematic as the approach is exacerbated 
by a focus upon a specifi c sector or issue whereas many issues facing the countries in the Coral 
Triangle, particularly the Pacifi c require a cross-sectoral approach at all levels of government, civic 
organisations and local community. 

With the prospects of increasing pressure on the coastal and marine resources, it is now becoming 
increasingly evident that there is a need for the adoption of mechanisms which consider an integrated 
approach such as a co-management or “nested collaboration” (Margerum, 2007) style of arrangement 
with coastal resources responsibilities being shared between national and local governments, civic 
organisations and local communities (Leach et al, 1999). Co-management through a ‘nested collabo-
ration’ approach would bring together ‘top-down’ and ‘bottom-up’ approaches into a coordinated and 
synergistic operation for implementing ecosystem-based management.  

In many nations marine matters are a responsibility of national or federal government, whilst 
management of land may be the responsibility of local or state government (Kenchington, 2003: 
44). Approaches to coastal management in Asia and the Pacifi c region are diverse but at local levels 
there still exists a range of traditional customs and sometime sea tenure system that governs access to 
coastal resources which have shown remarkable resilience over time (Minura 2008). Through a 
co-management approach, the empowerment of various stakeholders including local governments 
and communities to have a greater input into decision-making processes will increase the community’s 
capacity to consider and propose new and alternative strategies for development (Desai & Potter 
2006), thereby maximising the capacity of the strategy to be successful in working against these threats.
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The move towards utilising a co-management approach with a focus on community-based 
management, will become more important and ultimately predominate, particularly as a device in 
overcoming constraints of environmental protection and economic development (Minura 2008). 
Local organisation institutions are becoming more effective but require skills and resources to 
compensate for the complex issues they face. 

The case-study of the Kahua Association in the Solomon Islands refl ects this change in awareness by 
local communities of their marine and coastal resources, and also refl ects how local communities can 
come together and conserve their environment with minimal or no support from national 
governments. 

In Kahua, an isolated region in eastern Makira-Ulawa Province of the Solomon Islands, local 
communities recently registered a grass roots charitable organisation called the Kahua Association. 
The organisation came about through a growing awareness of the need to conserve their coastal and 
marine resources and a desire to learn more about how they could be protected from human impacts.  
The organisation is led by a team of four executives and an extended network of subordinate bodies 
(council of chiefs, women, youth, ecumenical, conservation and biodiversity, and the Kahua devel-
opment corporation) (Diagram 1). The organisation is governed by the Kahua Association Council 
made up of the chairpersons of the subordinate bodies and is ideally set up for promoting participatory 
development for a number of reasons. First, it has been set-up to assist communities to make uniform or 
better informed decisions but is not a ruling authority, and the right to make fi nal decisions remains 
with individual communities. Second, it is democratic with members elected every two years and 
supreme authority held by the annual general meeting which gives power to participants to veto 
council decisions. Third, it has a fl at hierarchical structure and appears to be unique in the Solomon 
Islands in that the chiefs are maintained at the same level of decision-making as the chairs of the 
other subordinate bodies. Fourth, it has demonstrated a high commitment to 
professionalism, accountability, and the provision of equal opportunities.

The Kahua association has achieved consensus on their future development and have refused permission 
for logging in the district and declined approaches by mineral exploration companies to establish 
leases. These decisions mean the communities have forfeited short-term income and infrastructure 
opportunities but have preserved their environment. One of the next priorities for the Kahua 
Association is to establish marine managed areas. The recently ratifi ed Solomon Island Fisheries 
regulations sets in place a legal framework for communities to establish marine managed areas that 
are enforceable. This recent development of partnership between community groups such as the 
Kahua Association and the Government will allow for more strategic planning of resource use 
particularly in remote areas. 

Diagram 1: Structure of the Kahua Association
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This example, which refl ects a new strategy in the Small Island States of the Pacifi c, reiterates the 
need to acknowledge not only formal organisations such as governments and NGOs, but the role of 
formal and informal institutions including traditional leadership, family ties, church and other 
community membership structures. Faced with increasing pressures, what then is the appropriate 
approach? If integrated coastal management is the major concept, then we must understand both the 
past and ongoing phenomena through observations, monitoring, and scientifi c studies. On the basis of 
this we establish responses that include management policies, institutional arrangements and applicable 
technology; then they need to be implemented and evaluated for effectiveness. To promote these 
steps we must form a scientifi c consensus which will need to be interpreted to foster practical polices 
and actions (Minura 2008)
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SPECIAL FOCUS 8: MANAGING THE IMPACTS OF CLIMATE 
CHANGE

Heidi Schuttenberg and Ove Hoegh+Guldberg
Ultimately, the way people in the Coral Triangle experience climate change will depend on the 
severity of its impacts minus the extent to which they are able to cope with or adapt to these changes. 
In the language of the Intergovernmental Panel on Climate Change (IPCC), which has been adopted 
in this report, these relationships are estimated as: 

Vulnerability = Potential Impacts – Adaptive Capacity

where Potential Impacts are considered to be the sum of Exposure and Sensitivity to stress. The 
preceding chapters on biophysical and socioeconomic conditions, predicted environmental changes, 
and the anticipated impacts of these environmental changes establish the basis for developing future 
climate scenarios. 

Here, we add an assessment of the ability of local management actions to reduce vulnerability to 
climate change by making a difference in either its potential impacts or the adaptive capacity of 
people to respond to these impacts. 

The ability to reduce vulnerability to climate change through local management actions is at the heart 
of a CTI response to this global threat. This report identifi es four signifi cant mechanisms, or threats, 
by which climate change will impact Coral Triangle coral reefs and the people who depend on them: 
sea-level rise, increased cyclone intensity, ocean acidifi cation and mass coral bleaching. We briefl y 
review management options for the fi rst three of these four threats, and then turn our attention to a 
framework for responding to mass coral bleaching, which has had the largest impact on reef ecosystems 
to date.  This analysis demonstrates that both decisive actions to mitigate climate change as well as 
effective local management actions are required to achieve best case scenarios for the region. The 
fi nal section outlines an agenda for management action based on all four threats.  

MANAGEMENT RESPONSES FOR SEA-LEVEL RISE, 
INCREASED STORM INTENSITY, AND OCEAN ACIDIFICATION
Of the four threats identifi ed in this report, management responses to sea-level rise and increased 
storm intensity are the most established. The IPCC report (IPCC 2007) on “Impacts, Adaptation and 
Vulnerability” traces the evolution of adaptation practices (see Chapter 6, “Coastal systems and 
low-lying areas) from the three recommendations of the fi rst IPCC assessment report—protect, 
accommodate or retreat—to current best practice. The authors conclude that integrated coastal zone 
management (ICZM) “is widely recognized and promoted as the most appropriate process to deal 
with climate change, sea-level rise and other current and long-term coastal challenges” specifi cally 
noting its advantages over, “reactive and standalone efforts to reduce climate-related risks to coastal 
systems” (p340). ICZM is a widely known and established global practice, and its requirements are 
discussed further below.

In contrast to responses to sea-level rise, effective management actions to reduce the impacts of 
changes in ocean chemistry are, to date, minimal. Possible responses focus on preventing damage to 
the coral skeleton (reducing damage from anchoring, blast fi shing), since acidifi cation reduces 
calcifi cation and hence the ability to ‘repair’ these types of damage. Actions to minimize 
damage from anchors, tourism, and fi shing will be useful. Additionally, bioerosion of coral 
skeletons is greater in poor water quality, so maintaining or enhancing good condition will help. 

THE CORAL TRIANGLE AND CLIMATE CHANGE

CHAPTER 8: Impacts of climate change on coastal ecosystems and people



159

These limited response options inevitably lead to the conclusion that ocean acidifi cation is poised to 
have signifi cant impacts on the viability of coral reef ecosystems with very little room for reducing 
their vulnerability once thresholds of concern have been exceeded.  Ocean acidifi cation is therefore 
an unmoving reminder of the urgent need for reduction of greenhouse gases to prevent crossing 
thresholds that will disrupt the calcifi cation of corals. 

A FRAMEWORK FOR RESPONDING TO MASS CORAL 
BLEACHING
Efforts to identify meaningful management actions for responding to mass coral bleaching began 
in earnest after the global 1997-98 mass bleaching event wiped out 16% of the world’s coral reefs 
(Hoegh-Guldberg 1999). A decade later, a number of pressure points for reducing the vulnerability to 
bleaching have been identifi ed, and are summarized in Figure 1. This response is part of an integrated 
strategy for responding to mass coral bleaching discussed in detail by Marshall and Schuttenberg 
(Marshall and Schuttenberg 2007). The scientifi c rationale and broad goals of the strategy are 
summarised here.

There are four inherent processes that are involved during and after the stress arising from global 
warming. These are illustrated in Figure 1, and involve (1) the ability of corals to resist thermal 
stress; (2) the ability of corals to survive bleaching events; (3) the ability of coral reefs to recover 
after signifi cant mortality, and (4) the ability of human users to maintain their well-being despite the 
loss of coral reef ecosystems. At each of these stages, there are factors, or pressure points, that de-
termine whether the system will move toward recovery—to the upper, right corner of the fi gure—or 
whether a tipping point will be crossed and a further decline will occur, illustrated as a slide toward 
the lower left part of the diagram. These pressure points are briefl y described here. 

TAKING ADVANTAGE OF NATURAL RESISTANCE TO THERMAL 
STRESS
A combination of environmental and intrinsic factors determines whether corals will resist bleaching 
or succumb to it. Some areas are naturally cooler or more shaded than other areas, leading to a local 
advantage in terms of resisting the impacts of high temperature. The Nature Conservancy’s Reef 
Resilience Toolkit provides guidance for identifying such inherently “lucky” areas so they can given 
priority protection, e.g., in no-take areas (Salm et al. 2000; Salm et al. 2006). While some authors 
have explored manipulating the environment around corals to reduce the impact of bleaching (e.g. 
shading corals to reduce bleaching), deploying these techniques would be impossible or prohibitively 
expensive to scale up to that of entire coral reefs or regions. 

BOOSTING THE ABILITY OF CORALS TO SURVIVE BLEACHING
When corals lose their symbionts and bleach, they are not dead. Many corals will regain their 
symbionts if conditions do not remain too warm too long.  While they have survived, these corals 
are usually in a weakened state, with compromised growth, reproduction and a greater susceptibility 
to disease. In this respect, management strategies which reduce the impact of other stresses on coral 
communities can increase the ability of corals to survive and grow after the thermal stress event. 
Equally, corals that are treated well beforehand (i.e. protected from other local stresses) will have a 
greater chance of surviving a mass coral bleaching event. 
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PROMOTING THE RECOVERY OF CORAL REEFS AFTER MASS 
MORTALITY
Management actions become more infl uential in determining the future quality of reef ecosystems 
at the recovery phase. Reefs will spend more time in recovery mode even under best-case climate 
scenarios, so implementing strategies that facilitate their natural ability to regenerate is essential. 
There are now several studies demonstrating that maintenance of grazing fi shes promotes more rapid 
recovery of reefs that have experienced mass mortality due to bleaching (Hughes et al. 2007; Ledlie 
et al. 2007). Maintaining good water quality along coastlines is also a critical factor for helping corals 
recover. Equally important is access to a good supply of coral recruits, which is often a function of 
the proximity of healthy coral populations to the impacted reef. Protecting biological diversity gives 
coral reef ecosystems more fl exibility in reorganizing, yet maintaining coral dominance after high 
mortality. 

SUPPORTING HUMAN ADAPTIVE CAPACITY
While the previous three pressure points aim to minimize environmental damage, this fi nal steps is 
focused on supporting human communities in coping with or adapting to instances of unavoidable 
ecosystem loss. This aspect is of major importance in the Coral Triangle, considering the vast num-
bers of people that are closely dependent on the ecological health of their coastal ecosystems. Under-
standing these components will require multidisciplinary approaches which consider the full 
spectrum of potential responses. 

THREE TARGETS FOR REDUCING VULNERABILITY TO MASS 
BLEACHING
Taken together, the framework outlined for responding to mass bleaching leads to three targets for 
managers aiming to reduce vulnerability to mass coral bleaching (Marshall and Schuttenberg 2007):

Identify and protect areas that are naturally resistant to climate stresses.1. 
Maintain grazing fi shes, water quality, connectivity, and biological diversity to strengthen coral 2. 
survival and reef recovery
Support adaptive capacity for diversifying incomes and food sources, where possible reducing 3. 
dependence on the ecosystem services being contributed by coastal ecosystems.

RESPONDING TO CLIMATE CHANGE: AN AGENDA FOR AC-
TION
In the complex arena of designing national and regional strategies through which to address climate 
change impacts, a systematic consideration of the options available is essential. Table 1 presents a 
synthesis of management options for reducing the potential impacts of climate change on coastal 
ecosystems and people. Priority actions include:

Marine Protected Area Networks1.  – MPA networks are a critical tool for reducing coral reef 
ecosystem vulnerability to climate change. The anticipated impacts of mass coral bleaching suggest a 
range of new considerations for MPA design, which are presented in TNC’s excellent Reef 
Resilience Toolkit (www.reefresilience.org). A new report by CTI partners describes the strengths 
and weaknesses of various approaches to implementing MPA networks in practice using country-
appropriate strategies (Green et al. 2008). For example, the Philippines with its history of community-
based management is “scaling-up” by networking proximate community fi sh sanctuaries together. 
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In Kimbe Bay, PNG, the opposite approach has been taken of using best available science to 
identify an ecologically ideal blueprint and then working with interested communities to establish 
a network of no-take areas in desired locations. Given the signifi cant differences in CTI country 
management institutions, varying approaches will be required to achieve MPA networks; the 
goal, however, should be to achieve a legitimate and effective network that protects a spatial area 
which is adequate for supporting reef recovery.

Renewed importance for Integrated Coastal Zone Management and Land-use Planning2.  – 
As recognized by the IPCC, Integrated Coastal Zone Management is particularly suited to ad-
dressing climate related impacts from sea-level rise and increased storm intensity. Additionally, 
it can be successful in improving and maintaining water quality, a key requirement for boosting 
coral reef ecosystem resilience to climate change. ICZM has a 30 year history and there is a great 
deal of consensus about the processes and tools involved in its implementation (Sorensen 2000). 
Effective implementation, however, requires management, technical, and fi nancial capacities that 
will need to be strengthened in the CTI. 

Implications for Fisheries Management3.  – Fisheries management measures are needed to 
complement marine protected areas in efforts to support coral reef ecosystem resilience and 
sustainable fi sheries. A shift away from management for fi sheries production toward ecosystem-
based fi sheries management is particularly warranted given the feedbacks, many still unknown, 
between climate change and fi sh population structures. A new emphasis on protecting populations 
of grazing fi shes, in addition to more valued target species, will assist in facilitating coral reef 
recovery from climate change-related damage.

Contingency Planning4.  – The climate change impacts outlined here will occur both as slow 
change and acute events. Contingency planning to respond to emergency events, such as cyclones 
or mass bleaching, is essential. Disaster response is typically part of ICZM programs, but disaster 
response plans also need to be developed where ICZM is not currently in place, particularly in 
areas that are vulnerable to cyclones recognizing typical storm paths may change under new 
climate regimes. Bleaching response plans are also valuable tools for preparing resource managers 
to understand, communicate, and respond to these events (Marshall and Schuttenberg 2007).

Building Adaptive Capacity5.  – Chapter 17 of the IPCC report (IPCC 2007) on “Impacts, 
Adaptation and Vulnerability” reviews the current literature on adaptive capacity and identifi es its 
elements and constraints. Additionally, a large literature on ICZM, protected areas, and coral reef 
management consistently recognizes capacity limitations as a major barrier to effective resource 
management. The last decade has seen this discussion shift from calls for technical skills toward 
development of learning networks; although, the requirement for fi nancial resources has remained 
unchanged. Support for adaptive capacity is needed at the levels of resource users, resource 
managers, and higher-level government policy. Investments in adaptive capacity are essential to 
enable the success of other recommendations for protected area networks, ICZM, fi sheries 
management, and disaster response.

Mitigating Climate Change6.  – For some potential impacts, such as weakened coral skeletons 
due to acidifi cation and ecosystem destruction resulting from increased cyclone intensity, there is 
little scope for local management response. Additionally, the ability for local management actions 
to provide relief from climate change impacts is limited beyond a certain thresholds of change. 
These circumstances emphasize the critical importance of reducing greenhouse gas emissions at 
levels that prevent change beyond the thresholds identifi ed in this report; specifi cally, 2°C and 
atmospheric carbon dioxide levels of 450 ppm.
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Figure 1. Framework for reducing the vulnerability of coral reefs to damage from thermal stress From 
Marshall and Schuttenberg 2006). 
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Table 1. Management Options for reducing the potential impacts (rows) of climate change on coral reef ecosystems (1st 
Order Outcomes) and people (2nd Order Outcomes) in the CTI. The management goals for reducing vulnerability to cli-
mate change are shown as columns and recommended actions that can be used to achieve them are in the boxes. The fi rst 
column refers to mitigation rather than adaptation.
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CHAPTER 9
SCENARIO STORYLINES

THE CORAL TRIANGLE AND CLIMATE CHANGE

The original global scenario storylines behind the Third Assessment Report of the IPCC (Special 
Report on Emissions Scenarios), remained qualitatively plausible, but the expected impact of a given 
set of global climate change conditions has changed since the scenarios were written in the 1990s 
(Nakicenovic and Swart 2000). 

The four scenario stories were originally constructed along two dimensions: ‘global’ versus ‘regional’ 
(horizontal axis in the diagram below, reproduced from the SRES report), and ‘economic’ versus 
‘environmental’ (vertical axis). So, for example, ‘A1’ is largely driven by global and largely 
short-term economic forces whereas ‘B2’ is more environmentally driven and portrays a more 
regionalized world. The drivers of each scenario are shown in the roots of the ‘tree’. 

In principle scenario drivers can be any socio-cultural/demographic, technological, economic, 
ecological and political forces that are considered relevant. There are three main elements behind this 
shift from the 1990s.

First, a growing body of evidence that shows that the projected levels of greenhouse gases in the 
atmosphere resulting from a given scenario exceed most tolerance levels for human communities 
and the ecosystems on which we depend (green column in Table 1). Scientists attending the recent 
climate science meetings in Copenhagen in March 2009 presented a large amount of new science that 
indicates that climate change occurring at much faster rates than projected by the fourth assessment 
of the IPCC report in 2007. Indeed, many leading climatologists like James Hansen of NASA have 
concluded that even the current atmospheric level of about 387 ppm CO2 may be too high to avoid 
irreversible and dangerous climate change (Hansen et al. 2008b) – even if other greenhouse gases 
such as methane remain under relative control. In fact, the atmospheric level of methane has resumed 
growing at a time when Arctic permafrost appears to be thawing much faster than predicted only a 
few years ago (Pearce 2009). There is growing scientifi c consensus that the emissions of CO2 (and 
other greenhouse gases) must be reduced to almost zero as soon as possible.

Figure 1. Schematic representation of the four major SRES 
scenarios (source IPCC 2001). Different worlds represent 
different combinations of global/regional and economic/
environmental drivers, and arise from a range of driving 
forces (represented as roots to the tree).  A1 and B1 are 
global scenarios dominated to different extents by economic 
(A1) versus environmental (B1) motivations.  It is important 
to note that  economic and environmental goals may not 
necessarily oppose each other and certainly synergise in 
many circumstances (e.g. Triple Bottom Line).
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Where science-based policy once called for reductions in emissions of 50% of 1990 levels by 2050, 
it is now becoming widely accepted that reductions in emissions of 80% or more will be needed to 
avoid catastrophic changes in the earth’s atmosphere and biological systems. This obviously makes 
climate change policy advancement even more demanding.

Secondly, our understanding of possible positive feedback effects is now much better, due to 
improved climate models as well as actual observation. Highly visible aspects include the melting of 
Arctic (and now Antarctic) ice and snow, acidifi cation of the global ocean, accelerating sea level rise, 
and rapid thawing of permafrost, mentioned above.  These changes are increasingly nonlinear and 
synchronistic, pushing global circulation models to their limit.

Thirdly, no scenario can be expected to result in an exact impact on temperature (and other impacts 
of climate change) – there is always a range of variant models and probabilities that the actual result 
will stray from the best estimate, as shown in Table 1. If and when this happens, there is an increasing 
risk, according to many climate scientists, that large-scale events will be triggered or accelerated. These 
effects could start at a stabilization level of +30C or lower. The latest IPCC report (IPCC 2007) noted 
that to prevent the global temperature from rising above 20C by 2100 requires starting to reduce 
annual greenhouse gas emissions as early as 2015, only six years away as we write. 

THE BEST AND THE WORST CASE SCENARIOS
The best-case scenario presented here is an updated interpretation of B1, with its global cooperation 
and environmentally friendly policy framework. The worst case is what is becoming recognized as a 
potentially disastrously, short-term-economics-driven, fossil-fuel intensive IPCC scenario, A1FI (the 
extreme variant of A1 among the IPCC scenarios). The intermediate case is the A1B variant where 
fossil and alternative fuels are used in what the IPCC called a ‘balanced mix’. The three scenario 
stories are sketched below.
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Preparing scenario principles for a 5th IPCC Assessment Report, Moss and colleagues have proposed 
two different scenario horizons (Moss et al. 2008): ‘near-term’ for the next 25 years or so, and 
‘long-term’ to the end of the century and beyond. The latter would help set the dangers, risks and 
uncertainties due to global climate change, and then focus on the Coral Triangle in a century-long 
perspective. The ‘near-term’ scenarios would then be developed in as much useful detail as possible, 
with an eye on possible mitigation and adaptation strategies. 

A fi nal note on scenario planning: it is generally agreed that all scenarios should be interpreted as 
being equally credible and equally likely to happen (or unlikely to happen since no story is expected 
to come through in detail – the purpose of the scenarios is to set the boundaries for what is plausibly 
going to happen). Also, the story is told omitting any deliberate steps to modify future climate change 
policy. Having constructed the various long-term scenarios, the next question becomes how the worst 
cases can be avoided and the ‘best case’ (or even better) can be achieved. 

In the context proposed by Moss et al. (2008), the long-term scenarios could be interpreted as 
demonstrating the consequences of not taking any further direct policy steps to climate change as 
things start to go astray, as they almost certainly would, especially under a scenario like A1FI. So the 
long look into the future would provide a basis for assessing the risk of crossing identifi able 
thresholds in both physical change and impacts on biological and human systems. The 25-year 
‘near-term’ scenarios would then help identify measures of adaptation and mitigation to avoid or 
modify what would otherwise happen. 

This doesn’t mean that we deny the reality of current climate change policy, with governments 
having already adopted direct policies, agreed on international conventions such as the Kyoto 
Protocol, are in the process of introducing carbon-trading schemes, and appointing ministers not 
focused on the environment and climate change. The approach is legitimate because powerful forces 
resisting these policies still exist. The global scenarios to a large extent outline who wins in the short 
term, say over the coming decade, and the consequences thereof over the century.

IMPLICATIONS OF ALTERNATIVE SCENARIOS FOR COASTAL 
ECOSYSTEMS
We cannot precisely project the changes occurring in the complete set of coastal ecosystems within 
the Coral Triangle. Coral reefs, on the other hand, provide a well-defi ned ecosystem response to rapid 
changes in local and global factors such as global warming and ocean acidifi cation, with established 
thresholds and triggers. This response might be seen as indicative of how other ecosystems like 
mangroves and seagrasses might change in response to global and local stresses. Each ecosystem will 
have its own characteristic response and pattern of change. For example, coral reefs are expected to 
decline because of increasing mass coral bleaching arising from thermal stress and ocean 
acidifi cation, whereas mangroves are expected to decline due to rapid sea level rise. 

CORAL COVER
Three reference scenarios to help us understand how coral cover might change over the coming 
decades and centuries. Given the linkages between coastal productivity and biodiversity to coral 
cover, projecting how coral cover changes within these projected scenarios provides an overall 
insight into how conditions might change under the best and the worst case scenarios.

THE CORAL TRIANGLE AND CLIMATE CHANGE

CHAPTER 9: Scenario storylines



168

The following sections describe each scenario sequentially, starting globally then focusing on the 
Coral Triangle. Coral reefs, however, are the central theme within the Coral Triangle, in particular the 
extent to which they are affected by given CO2 stabilization levels, and how these outcomes might be 
affected by reducing local stresses or not. 

Figure 1 illustrates the outcomes for coral cover of three alternative stabilization levels of 
atmospheric CO2.

STABILIZATION ABOVE 700 PPM
The fi rst scenario, stabilization at an atmospheric CO2 of 750 ppm (the most optimistic stabilization 
point within the ‘A’ family of IPCC scenarios) would result in sea temperatures of between 1.5 and 
6.4°C (Table 4, chapter 8). Anything above 2°C (which is more than 80% likely if atmospheric 
carbon dioxide levels rise to 750 ppm or more) will result in coral dominated communities in the 
region vanishing due to thermal stress related mass bleaching and mortality. The few remaining 
remnant corals would exhibit slow growth due to reduced pH and carbonate ion concentration. Reef 
calcifi cation would drop well below biological and physical erosion. Thus, coral reefs as three-
dimensional habitats for coral reef organisms coastal protection would crumble and disappear 
(Hoegh-Guldberg et al. 2007). The conditions under this scenario are so severe that no amount of 
attention to reducing the impact of local stresses would have any effect on the outcome (hence the 
common trajectory of the red and green lines as atmospheric carbon dioxide increases in the atmosphere). 
Basically, coral reefs as functional ecosystems are doomed under this scenario, and hundreds of thousands 
of marine species will become rare or go extinct. The high rates of sea level rise that are almost 
certain under this scenario would result in the health and abundance of mangrove systems dwindling 
to very low levels, with an equal likelihood that these systems would also largely 
disappear as functional ecosystems.

STABILIZATION AT JUST BELOW 450 PPM
The second scenario involves atmospheric CO2 increasing over the next few decades until it 
stabilises just below 450 ppm.  This would involve decisive and quite challenging changes to CO2 
emissions, with decreases needing to begin by 2020 or earlier.  These changes would bring coral reefs 
very close to the point where they are no longer viable as complex carbonate reef systems. Mass 
coral bleaching events, often exceeding the impacts of 1998 by several fold, would occur every two 
to three years on coral reefs in the Coral Triangle, with the steady loss of coral cover over time. The 
decrease in pH and carbonate ion concentration associated with coral calcifi cation would see slowing 
of coral growth and calcifi cation, with the implication that coral dominated reefs steadily replaced 
by non-coral reef communities, with a loss of biodiversity and productivity (Graham et al. 2007a; 
Pratchett et al. 2008; Wilson et al. 2008b). Many coral species and other organisms would persist, 
but at much lower levels than they do today. Given the lag time in response between temperature and 
carbon dioxide, coral reefs would continue to decline at the rate of about 2% a year as is happening 
now (Bruno and Selig 2007) until atmospheric levels of carbon dioxide have stabilized. 

It would be reasonable to expect that under these conditions, coral cover on reefs in the Coral 
Triangle would dwindle to a low point of around 25% of what it is today. The community 
composition of these coral reefs would change substantially towards species that were more resilient 
to increasing temperatures and declining pH and carbonate ion concentrations. Some areas would 
have next to no coral cover, while other areas may have substantially higher amounts of coral than 
this average amount. 
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At this point, with the slowing of climate change as stabilization occurred, corals and other organisms 
would redistribute themselves according to the new conditions (with equatorial species moving in a 
pole ward direction) with the prospect that coral cover may start to slowly increase in the early part 
of next century. Time would exist for slow evolutionary changes to catch up with the previously rapid 
changes in climate. 

These ecosystems will be relatively fragile compared to their relative resilience today, and will be 
less able to cope with local stresses such as poor water quality, overfi shing, and pollution. For this 
reason, there will be considerable differences between the trajectories of reefs where the impacts of 
local stresses have been reduced versus reefs where local factors have not received effective 
attention. Under this scenario, the climate would continue to change until it stabilizes at the end of 
this century. In situations where reefs were impacted by both local and global factors, coral cover 
would be lost at an even greater rate. Equally, as coral cover began to increase due to the stabilization of 
climate conditions, reefs that were heavily impacted by local pressures such as overfi shing, pollution 
and poor water quality, would recover at a much slower rates than those reefs where these impacts 
were reduced.

STABILIZATION AT 400 PPM
In the third scenario, stabilization at 400 ppm, aggressive and immediate action on CO2 emissions 
would rapidly slow the increase in atmospheric CO2, and would stabilize temperature relatively 
quickly. This may come about as a result of the cuts in emissions combined with the implementation 
of successful technologies to absorb CO2. In this case, atmospheric CO2 would continue to increase 
until around 2060, and coral cover would continue to fall until well into the 22nd century without 
effective management. It is realistic, however, to expect coral cover in a regime of effectively 
managed marine parks to remain above 50% of current levels, and to start a trend towards full 
recovery to current levels later this century.  As with the second scenario, the management of local 
stresses would play a major role in determining the extent to which coral cover decreases, and how 
quickly and substantially it recovers following stabilization of CO2 and sea temperature. This is, 
obviously, the best case scenario, involving a world where political leaders take immediate and 
effective action on carbon dioxide emissions, and in which effective action is taken to dramatically 
reduce the impact of local pressures on coral reefs in the Coral Triangle. It is also the scenario which 
would require a radical approach to eliminating CO2 emissions. To date, no model or a technological/
policy pathway exists for totally eliminating CO2 emissions so quickly.
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Figure 1 Coral cover over the next three centuries in a world 
in which strong cuts in CO2 emissions occur (A. Stabilisation 
750 ppm), a world that adopts deep cuts in CO2 emissions 
over the next few decades (B. Stabilisation at 450 ppm), and 
a world that adopts immediate and deep cuts to CO2 emis-
sions (C. Stabilisation at 400 ppm). The red lines indicate 
worlds in which local threats to coral reefs are not managed, 
while the green lines are worlds in which strong policies and 
actions to manage and reduce local threats are implemented.
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A1: GLOBALIZATION AND ECONOMIC GROWTH

Approach to scenario building
The global IPCC scenario descriptions describe, in very general terms, the kind of world that will 
develop under different drivers and assumptions. To get into that world rather than having to recreate 
the complete scenario story, we need to postulate a near-term path, say, to 2020, and tell its story. We 
also need to review whether the general storyline still holds water. Hence, the sequence is: (1) the 
path over the next decade, (2) the world assumed to develop over the 21st century as depicted by the 
original IPCC stories, and (3) a brief evaluation ten years after the original storyline was published in 
the Third Assessment Report. Having taken these three steps, we can then (4) zoom in on the Coral 
Triangle.

A storyline for the A 2010S, with a fork in the road
Despite increasing attention to climate change in the lead-up to the December conference in 
Copenhagen in 2009 climate change sceptics as well as enormous vested interests including big 
businesses in the leading western countries and emerging giant economies in China and India, and 
other economies (Russia, Brazil, Mexico, South Africa, Malaysia and others on the rise). Massive 
globalization dominates our world. Despite a sense of mutual dependence, climate change is given 
second priority to current business interests, always with reference to ‘sacrosanct’ shareholder 
interests and the fi nancial bottom line.

Barack Obama enters the US presidency vested with high hopes that he would lead a determined and 
effective set of actions to combat climate change, but he gets bogged down in the crisis in the global 
economy, which despite massive injections of taxpayers’ money remains in the doldrums into 2011. 
The crisis deprives the world of fresh American leadership against climate change and while much 
changes compared with the previous administration (notably the introduction of a universal public 
health scheme and much improved education system for all Americans), resistance from Congress 
crippled the Administration’s bold moves to address the issue of climate change and provides 
international leadership in matters such as effective carbon cap-and-trade schemes and assistance 
to developing countries to reduce the rise in greenhouse gas emissions.

In many other ways, the US economy is highly progressive, and as the decade moves ahead and the 
economy resumed its growth pattern, the impact of a more informed education policy starts to benefi t 
the energy sector. Other fi rst-world nations also resume their growth; many developing countries 
benefi t from the technologically orientated interconnected global pattern and graduate into newly 
industrialized status. 

In 2016, scenario planners become aware of a ‘fork in the road ahead’, relative to where they sat 
in their own high-growth, global economic community. No one can say which fork will be taken, 
because the future remains essentially unknown and unpredictable. But according to these scenario 
planners, one path would, in the fullness of time, prove fatal for our global civilization, as we have 
come to know it, while the other would prove more viable though still full of uncertainties. 
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The fork in the road concerns energy. While it is too late to take effective control of climate change 
(a path offered during the Copenhagen conference in 2009), several years later, two plausible futures 
emerged:

The fi rst sees the exploitation of all possible fossil fuel resources, including marginal resources • 
such as shale oil, deep sea and polar sources, plus natural gas and the still abundant coal reserves. 
Scenario planners keep the name of this path as A1FI, originally given to the prototype economic-
growth orientated fossil-fuel intensive scenario devised for the IPCC Third Assessment Report. 
It sought to perpetuate the fossil-fuel world of the past century, and the globalization that snow-
balled in the 1990s and early 2000s.

The second realizes that conventional petroleum resources are likely to run out within a few • 
decades, and that environmental considerations need to brought back from the backburner (where 
they have been since the collapse of the Copenhagen conference and subsequent climate change 
meetings). The plan is to use the formidable technological capacity that is emerging to develop a 
range of economically viable energy sources, both renewable and new technologies designed to 
make fossil fuel use environmentally safe (e.g. carbon sequestration). This scenario is A1B, for 
economic-growth orientated balanced-energy use.

The THE IPCC storyline
The A1 storyline is a case of rapid and successful economic development, in which regional average 
income per capita converge - current distinctions between ‘poor’ and ‘rich’ countries eventually 
dissolve. The primary dynamics are:

Strong commitment to market-based solutions.• 
High savings and commitment to education at the household level.• 
High rates of investment and innovation in education, technology, and institutions at the national • 
and international levels.
International mobility of people, ideas, and technology.• 

The transition to economic convergence results from advances in transport and communication 
technology shifts in national policies on immigration and education, and international cooperation 
in the development of national and international institutions that enhance productivity growth and 
technology diffusion.

In the A1 scenario family, demographic and economic trends are closely linked, as affl uence is 
correlated with long life and small families (low mortality and low fertility). Global population grows 
to some nine billion by 2050 and declines to about seven billion by 2100. Average age increases, with 
the needs of retired people met mainly through their accumulated savings in private pension systems.

According to the original storyline (IPCC 2001), “the global economy expands at an average annual 
rate of almost 3% to 2100, reaching around US$550 trillion (in 1990 dollars). This is approximately 
the same as average global growth since 1850, although the conditions that lead to this global growth 
in productivity and per capita incomes in the scenario are unparalleled in history. Global average 
income per capita reaches about US$21,000 by 2050. While the high average level of income per 
capita contributes to a great improvement in the overall health and social conditions of the majority 
of people, this world is not necessarily devoid of problems. In particular, many communities could 
face some of the problems of social exclusion encountered in the wealthiest countries during the 20th 
century, and in many places income growth increases pressure on the global commons.
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Energy and mineral resources are abundant in this scenario family because of rapid technical 
progress, which both reduces the resources needed to produce a given level of output and increases 
the economically recoverable reserves. Final energy intensity (energy use per unit of GDP) decreases 
at an average annual rate of 1.3%. Environmental amenities are valued and rapid technological 
progress ‘frees’ natural resources currently devoted to provision of human needs for other purposes. 
The concept of environmental quality changes in this storyline from the current emphasis on 
‘conservation’ of nature to active ‘management’ of natural and environmental services, which 
increases ecological resilience.

With the rapid increase in income, dietary patterns shift initially towards increased consumption of 
meat and dairy products, but may decrease subsequently with increasing emphasis on the health of 
an aging society. High incomes also translate into high car ownership, sprawling suburbia, and dense 
transport networks, nationally and internationally.

Several scenario groups considered in the A1 scenario family refl ect uncertainty in the development 
of energy sources and conversion technologies in this rapidly changing world. Some scenario groups 
evolve along the carbon-intensive energy path consistent with the current development strategy of 
countries with abundant domestic coal resources. Other scenario groups intensify the dependence on 
unconventional oil and, in the longer run, natural-gas resources. (The ‘coal’ and ‘oil-and-gas’ groups 
were subsequently combined in one group, named fossil-intensive or A1FI.)” (IPCC 2001).

A third group envisages a stronger shift toward renewable energy sources and conceivably also 
toward nuclear energy [A1T]. If aggressively pursued, this scenario would probably not differ too 
much from the explicitly environmentally friendly scenario called B1, which was in fact chosen as 
the best case.

A fourth group included the A1B marker scenario, adopted for this study as the intermediate scenario 
case. It assumes a balanced mix of technologies and supply sources, with technology improvements 
and resource assumptions such that no single source of energy is overly dominant. 

As the SRES report itself notes, the implications of these alternative development paths for future 
greenhouse gas emissions are challenging: the emissions vary from the carbon-intensive to 
decarbonised paths by at least as much as the variation of all the other driving forces across the other 
SRES scenarios.

Implications of the alternative A1 scenarios
There is no objection to the story as such. However, ten years after the scenarios were written and the 
implied indicators were measured, problems arise. Table 1 assists in showing how.

The fossil-intensive scenario, A1FI, as its best-estimate stabilization rate records +40C compared 
with 1980-99. At this rate, there are already grave risks that major feedbacks will have been 
triggered, such as Siberian methane released from thawing permafrost, and massive sea-level rise 
from melting polar areas. Table 1 furthermore shows that there is a 35% chance that global 
temperatures will be 50C or higher by 2100, and 25% chance that they will reach between 4 and 
4.90C. At these rates it is unlikely that economic growth can be maintained; in fact, some authors 
think civilization, as we know it, will have collapsed in these conditions.
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The Fourth Assessment Report has a graph showing CO2 levels for A1FI increasing from about 360 
ppm in 2000 through 410 ppm in 2020, 450 ppm in 2040, 615 ppm in 2060, 775 ppm in 2080, before 
reaching 964 ppm in 2100. This world would become increasingly dysfunctional and unliveable for 
most people, from about 2060. Moreover, the levels of atmospheric CO2 shown in the green column 
of Table 1 are increasingly considered as being unsustainable, even the level for the best-case B1 
scenario discussed in the next section.

The middle-ranking A1B scenario has a best estimate temperature increase of 2.80C over the century, 
but even it shows a 15% risk of entering a 40C world. It is 37% likely to end up within a 3.0 to 3.90C 
range, so it can no longer be described as even a reasonably safe world, even if this was thought to be 
so in the late 1990s when the scenarios stories were fi rst written. 

The A1B scenario ends up according to Table 1 with 710 ppm CO2 in 2100, a path from 360 ppm in 
2000 through about 410 in 2020, 430 in 2040, 550 in 2060, and 630 in 2080. To prevent the rises in 
the second half of the century, strong action would have to be taken from at least the 2030s.

Population projections
Both the A1 and B1 scenarios project a world population of 8.7 billion by 2050, followed by a 
reduction towards 7 billion by 2100. The United Nations (2007) in its medium projection expects 9.2 
billion in 2050 (UN 2007), by which time the world population will be increasing at low rates and 
might well be compatible with a reduction in the second half of the century. However, other evidence 
tells a different story, as discussed below. Since these projections show individual countries, we have 
at least an approximation of how population growth may turn out in each of the six Coral Triangle 
countries (Table 2). 
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2050
2007 2015 2025 2050 over 2007 2005-10 2045-50

W orld 6,671.2   7,295.1   8,010.5   9,191.3   138% 1.17% 0.36%

Indonesia 231.6      251.6      271.2      296.9      128% 1.16% 0.10%
M alaysia 26.6        30.0        33.8        39.6        149% 1.69% 0.41%
Philippines 88.0        101.1      115.9      140.5      160% 1.90% 0.50%
T imor-Leste 1.2          1.5          2.0          3.5          292% 3.50% 1.84%
PN G 6.3          7.3          8.6          11.2        178% 2.00% 0.77%
Solomons 0.5          0.6          0.7          1.0          200% 2.33% 0.89%

N ote: T hese projections are largely compatible with world projections for A1 and B1 scenarios.

Source: U nited N ations (2007).

M illion persons Annual growth

T able 2:  W orld population projections to 2050
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The world population was thus expected to be 30% higher in 2050 than in 2007, based on IPCC, 
while United Nations (2007 (UNDP 2007)) has a 38% increase as shown by Table 2. If all 2050 
projections were reduced to fi t the global IPCC projection, Indonesia’s population would be 281 
million (21% higher than in 2007), compared with 37.5 million in Malaysia (+41%), Philippines 
133 million (+51%), Timor-Leste 3.3 million (+175%), PNG 10.6 million (+68%), and the Solomon 
Islands 950,000 (+90%). The small and relatively less developed countries to the east are therefore 
projected to have the highest growth rates, led by Timor-Leste. Of the larger countries, Indonesia’s 
population is currently growing at the world average but is expected to fall below it by 2050, showing 
hardly any growth between 2045 and 2050. Malaysia will come back to the world average growth 
rate by 2050, and the Philippines will remain above average. Growth rates are expected to fall in all 
six nations, though it would appear that Timor-Leste’s population would continue to increase into the 
second half of the century, and perhaps the same will apply to PNG and the Solomons despite 
reductions in the world population.

The most recent population estimates are from 2008 (Table 3). They show a range from low through 
medium to high projections, and also what the population would grow to by 2050 if fertility rates 
remain constant since 2000-05. The medium world population estimate is below the estimate in Table 
2. So are the projections for Indonesia and Timor-Leste, whereas those for the Philippines and PNG 
are higher.

None of these projections, however, refl ect the pattern of the A1 and B1 IPCC scenarios, with the 
global population peaking in 2050 at 8.7 billion, and then falling towards 7 billion by 2100. The only 
projections going beyond 2050 are some very long ones all the way to 2300 (UN 2004); the medium 
projection for the world population is 8.919 billion for 2050 and 9.064 billion for 2100. The projection for 
Indonesia is for a fall from 293.8 million to 272.8 million, for Malaysia 39.6 million for both years, 
for the Philippines a marginal increase from 127.0 to 128.8 million, for PNG an increase from 11.1 to 
12.4 million, and for the Solomons from 1.07 to 1.19 million. The estimates for Timor-Leste in UN 
(2004) are incompatible with the estimates in the two subsequent UN publications. 
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Low M edium H igh C onstant*

W orld 7,958.8      9,150.0      10,461.1    11,030.3    

Indonesia 248.2         288.1         332.1         317.9         
M alaysia 34.3           39.7           45.4           47.1           
Philippines 126.3         146.2         167.8         181.6         
T imor-Leste 2.9             3.2             3.6             5.1             
PN G 11.2           12.9           14.7           17.9           
Solomons 0.9             1.0             1.4             1.4             

* C onstant fertility at 2000-05 levels.

Source: U nited N ations (2008)

M illion persons

T able 3:  W orld population in 2050 (2008 estimates)
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Basically, the projected reduction in the global population according to the IPCC would have been 
based on detailed population models where mortality, fertility and birth rates are built in to produce 
consistent results. We don’t know what these assumptions were and therefore cannot reproduce the 
model in an updated form, nor get compatible country detail. The basic information from Tables 2 
and 3 must suffi ce even though it takes us only to 2050.

We can assume in a general way that the growth rates shown in Table 2 will continue to reduce for 
the six nations, most for Indonesia (going into negative growth), least for Timor-Leste. These 
assumptions can then be overlayed with estimates of when projections become unrealistic, as in the 
worst case scenarios after about 2060, and maybe later in the century for the medium-range scenario. 

A note on economic growth
The A1 scenario family is a particularly high-growth scenario. Apart from the possibility that global 
warming, sea-level rises and storm surges may limit and reverse further economic growth because 
much of the world will become increasingly unliveable, two other aspects need to be recorded too:

As the world becomes increasingly exposed to environmental damage, a greater portion of GDP • 
will be used for remedial infrastructure, insurance premiums will go up, and other impacts will 
limit the part that is available for consumption of conventional goods and services. So lifestyle is 
by no means the same as GDP per capita.

Particularly relevant for the Coral Triangle study, inequalities will become even more prominent • 
between rich and poor parts of a country. National GDP growth may not translate into growth for 
all; negative growth may result in areas as they become further disadvantaged.

Implications of the A1 scenario for the Coral Triangle
A basic outcome of the climate change scenarios is that poorer countries and poorer people within 
each country bear the brunt of the burden. Within the Coral Triangle, this a priori places the Solomon 
Islands, Papua New Guinea and Timor-Leste in the most vulnerable category (Howes et al. 2006), 
especially in the economically orientated A1 scenarios, and especially as global temperatures rise 
beyond 30C . 

All six countries are classifi ed as developing. However, Malaysia in particular, and Indonesia and the 
Philippines following, may be on their way to newly industrialized status, which may be accelerated 
during the fi rst two or three decades of the A1 scenario in a strong global economic growth scenario, 
before growth slows as the many problems associated with climate change grow in size and impact. 
The main coral reef areas in Malaysia surround the poorest state, Sabah, and Eastern Indonesia is also 
signifi cantly poorer than the rest of the country, especially the islands east of Bali (Nusa Tenggara), 
Maluku, and Papua. While Bali and East Kalimantan are notable exceptions to the rule, many areas 
adjacent to the Coral Triangle are relatively poor, and hence the same may not apply to the coral ar-
eas near these islands. Coral reefs are found mainly on Bali’s north coast which does not benefi t from 
the lush rice growing of the south, and does not attract a fraction of the tourists that come to Kuta, 
Legian, Sanur, Nusa Dua, Ubud and other Balinese tourist meccas. Tourism to the Derawan islands 
east of Kalimantan also remains at modest levels. These differences translate into inequalities across 
the full spectrum of income, health and education.
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Rapidly changing climate associated with the A1 storyline leads to major impacts on the Coral 
Triangle through changing precipitation and soaring temperatures by 2050. The Philippines, Sabah 
and parts of Indonesia are hit hard by increasingly intense rainfall events which are broken by severe 
droughts that last for years, as well as by episodic and catastrophic cyclones in the Philippines. 
Rising seas steadily inundate coastal communities across Indonesia, further exacerbating the impacts 
of the increases in rainfall and storm activity.

These impacts cause major dislocation of people and communities through fl ooding and storm 
damage, which hit with increased scale and frequency. Foreign aid to alleviate human distress 
dwindles as richer nations face their own problems with climate change, and as the regularity and 
scale of these events expands. Tens of millions of people have to move from rural and coastal settings 
due to the loss of homes and income, putting pressure on expanding urban centres and on surrounding 
developed nations such as Australia and New Zealand. 

Coastal areas within the Coral Triangle remain relatively poor. In Timor-Leste, PNG and the 
Solomons coral reefs are a major source of income, from fi sheries rather than tourism. Sabah and the 
Indonesian provinces next to the Coral Triangle also tend to be poor relative to the rest of their 
nations, and the same largely applies to the main coral reef areas in the Philippines.

Initially, each of the three large countries benefi ts from general economic growth and is converging 
towards the economics of fi rst-world countries. Some of this growth benefi ts the poorer areas next to 
the coral reefs. Tourism, however, never becomes the major income generator it has proven to be in 
Bali (in a non-coral setting) and elsewhere like the Great Barrier Reef. Past top dive areas in the 
Philippines have faded due to insuffi cient park management in the past. The pristine coral reefs in 
Papua and Maluku are generally too remote to attract signifi cant tourism, especially as long-distance 
travel becomes less frequent due to constantly rising aviation fuel prices. After two decades of 
relative prosperity in all three countries, the less benign aspects of rapid economic growth begin to 
emerge more decisively. The following snapshot is based on a ‘2050 perspective’, referring to the 
‘balanced-energy’ A1B scenario heading towards a 2.80C increase by 2010 (see concluding note for 
the fossil-intensive worst-case scenario):

Most Indonesian provinces, Sabah, and reef areas adjacent to the Philippines, as well as the three • 
small eastern island states, have stopped growing beyond a constant GDP per head, due to loss of 
resources associated with climate change. Looking ahead from 2050, there is some risk that real 
incomes per head in these areas will actually decline over the next decade and beyond.

Artisanal fi shing has declined strongly, causing major social disruption. Traditional fi shers looking • 
for work in cities leave their wives and families behind and live in poor conditions. Whole families 
move to other rural areas causing land confl ict. Traditions, heritage and other cultural values are 
lost. Traditional management skills become superfl uous.

Commercial fi sheries take over from the traditional fi shing activities. They employ young un-• 
married males, who join socially unstable groups and whose incomes are out of proportion with 
the income of the locals, causing further social disruption, income inequities, and potential health 
problems. The young males stay for a while but eventually disappear again to be replaced by others.
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The commercial fi sheries put further pressure on regional communities, including the activities of • 
illegal and unreported fi sheries of pelagic fi shes, which by 2050 have been declining in numbers 
and average size for decades. Regional communities suffer from lack of protein not affordable 
from alternative sources, from poor health, and the infant mortality rate has once again been rising.

Meanwhile, sea levels have been increasing rapidly, much above what had been originally predicted • 
by science back in the early 21st century.  Sea level increases of at least 1 m have occurred, with 
possible excursions well beyond that as predicted by sealevel experts such as Stefan Rahmstorf 
(Potsdam University) and others in 2009. The impact is compounded by an increase in the intensity 
of storms and inundation events, leading to increased physical damage from storm surges, and 
increase inland salinity problems (loss of water supplies due to salinization of groundwater in 
coastal regions). 

The land lost to the sea and exacerbated by the surges is a contributing factor adding to the • 
competition for scarce coastal land, pushing up prices of an increasingly scarce resource. This has 
ripple effects for adjacent agricultural land values, causing further disruption to what had been 
traditional communities. At the same time, agricultural yields continue to decline due to climate 
change. Agricultural resources in some areas have been spiralling downwards.

The Solomon Islands and many islands off PNG are particularly vulnerable to declining fi sheries, • 
whether these are due to climate change or overfi shing, or both.

The cohesion of the Coral Triangle countries is now fragmented, driven by the diffi culties, • 
dwindling resources and opportunities. Their common bond over coral reefs and coastal resources 
disintegrates as the health of these systems has declines.

This extends internationally. There has always been a strong reliance on overseas aid, especially • 
in the Solomons, PNG and Timor-Leste. More than a moral prerogative, such aid has been given 
with a view to develop these countries into stronger trading partners. But now the incentive has 
weakened, together with reluctance on the part of the international insurance industry to increase 
its own exposure. While more funds might be available for disaster relief with rapid global economic 
growth, the richer world may no longer have the incentive to make these funds available for what 
might be seen increasingly as an unproductive use of funds.

Private remittances, however, continue as a strong economic force. Unfortunately, these benefi t • 
the three poor eastern nations only to a very limited extent. The main benefi ciary remains the 
Philippines, with Indonesia in second place. Malaysia, meanwhile, appears to have taken off 
successfully as the new ‘Korea’ of Southeast Asia, and is in less need of remittance income from 
abroad (Sabah, however, remains a relatively poor state compared with the rest of Malaysia).
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ENDNOTE ON THE WORST-CASE SCENARIO
The above description is about the global economic growth scenario with balanced renewable and 
fossil fuel development. It shows that even if the world will be advancing at least until the late 21st 
century, provided that the global temperature average growth stays at 2.80C, the areas adjacent to the 
Coral Triangle may not share in the prosperity of that world.

This situation is many times worse if the fossil-intensive scenario prevails. At an average 40C 
growth, there is a 60% risk according to Table 1 that the actual rise will exceed 40C. This makes the 
A1FI world unliveable from about 2060, as previously explained. The economies around the Coral 
Triangle will collapse as well, and it is a question how long it will take before the remaining human 
beings are evacuated to cooler regions of the planet.

B1: GLOBAL ENVIRONMENTAL FOCUS

A possible path over the 2010S 
The election of Barack Obama restores the United States to a position of unrivalled progressive 
leadership, including a determined approach to climate change policy previously led by Europe. 
President Obama’s inaugural speech showed that he would assume that mantle. The new administration 
initially focuses on the economic crisis, but as 2009 progresses it is able to take advantage of the 
situation to restructure and rebuild industries with both the economy and climate change in mind. 
The massive bail-out of the auto industry under the previous administration becomes progressively 
more loaded with conditions to develop alternatives to internal combustion engines – a development 
reinforced by competition from Japanese, Korean and European car makers who are moving rapidly 
into hybrid and other technologies. 

Massive lobbying from the petroleum industry and others puts a damper on such developments, 
aggravated by a temporary fall in the price of crude oil through 2009. The temporary collapse in 
business expectations and share prices leads to the postponement of some major projects. Several 
solar fi rms cut back severely in late 2008 as demand threatens to plummet. Low prices could mean 
that the developing world gets greater access to solar power, or that investors are attracted to fl agging 
companies.

During 2009, powerful political forces, led by the Obama administration, accept the realism of the 
idea of killing two birds with one stone: the economic crisis and climate change. The United Nations 
Secretary-General and the heads of state hosting the 2007-09 climate change conferences advocated 
this in November 2008: “The answer is to fi nd common solutions to the grave challenges facing us. 
And when it comes to two of the most serious – the fi nancial crisis and climate change – that answer 
is the green economy. Scientists agree: To address climate change, we need an energy revolution, a 
wholesale change in how we power our societies. Economists agree as well: The hottest growth 
industry in the world is renewable energy.” (Ban Ki-moon , Susilo Bambang Yudhoyono, Donald 
Tusk and Anders Fogh Rasmussen 2008)

True to his pre-election program, President Obama plays a leading role at the climate change 
conference in Copenhagen in December 2009 (COP-15), based on preceding diplomatic work to 
achieve effective international agreement about the urgency of the problem. The Obama administration 
has some success in bringing a wavering Europe back in the climate change fold, including Germany 
where lobbyists were successful in 2008 in watering down plans for carbon emissions trading in a 
new EU energy package, thereby endangering the achievement of targets to cut emissions unilaterally 
by 20% by 2020.
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Despite qualifi ed support of most developed countries, and China (which increasingly realizes the 
risk involved in its massive power industry program without adequate clean-coal technologies), other 
countries (notably India and Russia) are less cooperative. As a result, the EU, and countries like 
Australia, do not offer to increase their targets for emissions cuts beyond their initial unilateral offers, 
despite original promises to do so if other developed countries follow suit. The key decisions needed 
for a 20C target for the century do not emerge from COP-15 (though some steps are taken and 
goodwill among countries increases), and attempts to secure a peak in greenhouse gas emissions 
by 2015 (only six years ahead) are in trouble. 

After a relatively cool 2009, the global warming path resumes and from the middle of the year 
onwards 2010 is clearly on track to become the hottest year on record according to midyear weather 
forecasts (pushing the extreme El Niño year of 1998 into second position).  This triggers a number 
of worldwide events, which combines to create the circumstances for a global resolve to deal with 
climate change. 

Catastrophic fi res affect California, south-eastern Australia and large parts of Europe, resulting in 
large-scale loss of life and infrastructure. The start of the monsoon season results in a massive 
increase in precipitation, resulting widespread fl ooding in India and loss of thousands of lives. Other 
parts of Asia experience the consequences of the increased melting through record fl ooding. As well 
as damaging the livelihood of vast numbers of people there are fears of renewed threats from water- 
and insect-borne diseases such as cholera, hepatitis and malaria. Summer ice in the Arctic dwindles 
to a mere 5%, and further Antarctic ice is lost from the Larsen C ice shelf. In tropical areas of the 
planet, mass coral bleaching due to soaring ocean temperatures again strikes the world’s coral reefs, 
this time with major impacts on the Great Barrier Reef, where 40% of its corals die over six months.  
Most regions of the world experience worrying losses, with the Solomon Islands and Philippines 
experiencing losses of more than 80% on most of their coral reefs. 

These events underscore what the expert community has been telling policymakers; that serious 
damage has occurred to the climate system and that potentially catastrophic nonlinear climate change 
is in progress. Thus ‘encouraged’ by Mother Nature, politicians build on the initial goodwill 
summoned through the Copenhagen meeting; countries like Australia reconsider their original plans 
to cut emissions unconditionally by only 5% by 2020 and set higher target of around 25%. Britain 
and the European Community continue to develop strong positions in this respect, and an effective 
international agreement much broader than the Kyoto Protocol is fi nally put in place in 2012 which 
fi rmly commits nations to cooperate towards an 80% reductions in greenhouse gas emissions by 
2050. 

Carbon cap-and-trade schemes with a binding rate of signifi cant reduction of the cap over fi ve years 
help encourage the competitive position of renewable fuels to a point where they can take off in their 
own right; a combination of international agreements also serve to encourage and fund developing 
countries to leapfrog into the new technologies. An understanding develops between the US and 
China which greatly encourages both countries to cooperate on technologies from ‘clean coal’ to 
effi cient building standards. India comes on-board as well though it insists on going down the nuclear 
path too. So do countries like Russia as technological developments favour a major switch to 
renewable energy sources.
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As the decade moves towards its close in 2020, several additional extreme events serve to remind the 
world of the urgency of the climate change problem – including an increasing number of Category 5 
tornados and hurricanes, shrinking glaciers and sea ice, and rapid sea level rise. 

The iconic Coral Triangle and Great Barrier Reef, among others, in 2017 become victims of warm 
seas associated with El Niño events riding on top of already warmer seas. While not as catastrophic 
as the 1998 or 2010 events, these events remind leaders that reefs have a vest ecological as well as 
economic value, and must be saved by all possible means.

In 2018, the upward movement in global greenhouse gas emissions fi nally ceases, and a sustained 
fall begins. It happens a little later than the ideal time, and it will be diffi cult to avoid an increase to 
perhaps as high as 450 ppm atmospheric CO2 by 2100 (though there is some hope for less), not to 
mention a rise in methane levels which is attributed to thawing permafrost in 2009. 

This scenario can be extended further into the future, but basically the world develops into the IPCC 
storyline described below. In brief, the storyline is only possible with (a) strong and early political 
leadership personifi ed here in a new American president, and (b) a number of triggers that succeed in 
shocking the world beyond both complacency and the impact of vested corporate and political 
interests. 

The level at which CO2 and other greenhouse gases stabilize also depends on the speed at which the 
current scenario merges into the ‘B1 future’ described below. The assumption here is that this will 
essentially happen by 2020, due to a capitalistic system in which environmentally sustainable 
technologies fi nally become competitive, supported by international organizations and national 
government policies.

The IPCC storyline
The central elements of the B1 future are a high level of environmental and social consciousness 
combined with a globally coherent approach to a more sustainable development. Heightened environ-
mental consciousness can emerge from clear evidence that impacts of natural resource use, such as 
deforestation, soil depletion, overfi shing, and global and regional pollution, pose a serious threat to 
the continuation of human life on Earth. In the B1 storyline, governments, businesses, the media, and 
the public pay increased attention to the environmental and social aspects of development. 
Technological change also plays an important role. 

According to the original storyline (IPCC 2001), “Economic development in B1 is balanced, and 
efforts to achieve equitable income distribution are effective. As in A1, the B1 storyline describes a 
fast-changing and convergent world, but priorities differ. Whereas the A1 world invests its gains from 
increased productivity and know-how primarily in further economic growth, the B1 world invests a 
large part of its gains into improved effi ciency of resource use, equity, social institutions, and 
environmental protection.

A strong welfare net prevents social exclusion on the basis of poverty. However, counter-currents 
may develop and in some places people may not conform to the main social and environmental 
intentions of the mainstream. Income redistribution and high taxation levels may adversely affect 
the economic effi ciency and functioning of world markets.
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Particular effort is focused on increases in resource effi ciency to achieve the goals stated above. 
Incentive systems, combined with advances in international institutions, permit rapid diffusion of 
cleaner technology. To this end, R&D is also enhanced, together with education and capacity 
building for clean and equitable development. Organizational measures are adopted to reduce 
material wastage by maximizing reuse and recycling. The combination of technical and organizational 
change yields high levels of material and energy saving, as well as reductions in pollution. Labor 
productivity also improves as a by-product of these efforts. 

The demographic transition to low mortality and fertility occurs at the same rate as in A1, but for 
different reasons, as it is motivated to a greater extent by social and environmental concerns. Global 
population reaches nine billion by 2050 and declines to about seven billion by 2100. This is a world 
with high levels of economic activity (growing at 2.5% per annum to a global GDP of around 
US$350 trillion by 2100) and signifi cant and deliberate progress toward international and national 
income equality. Global income per capita in 2050 averages US$13,000, one-third lower than in A1.” 
IPCC (2001). 

A higher proportion of this income is spent on services rather than on material goods, and on 
quality rather than quantity, because the emphasis on material goods is less and also resource prices 
are increased by environmental taxation [taxing carbon either directly or through cap-and-trade 
schemes encouraging effi cient and innovative producers would be part of this in an updated B1 
scenario].

The original B1 storyline continues, “The B1 storyline predicts a relatively smooth transition to 
alternative energy systems as conventional oil and gas resources decline. There is extensive use of 
conventional and unconventional gas as the cleanest fossil resource during the transition, but the 
major push is toward post-fossil technologies, driven in large part by environmental concerns.

Given the elevated environmental consciousness and institutional effectiveness of the B1 storyline, 
environmental quality is high, as most potentially negative environmental aspects of rapid development 
are anticipated and effectively dealt with locally, nationally, and internationally. Land use is managed 
carefully to counteract the impacts of activities potentially damaging to the environment. Cities are 
compact and designed for public and non-motorized transport, with suburban developments tightly 
controlled. Strong incentives for low-input, low-impact agriculture, along with maintenance of large 
areas of wilderness, contribute to high food prices with much lower levels of meat consumption than 
those in A1. These proactive local and regional environmental measures and policies also lead to 
relatively low greenhouse gas emissions, even if not explicitly designed to mitigate climate change.”

The B1 story and changes in assumptions since 2001
There is little criticism to level against the general B1 storyline, with the possible qualifi cation that a 
similar world described today might show a more enforced transition from fossil to renewable energy. 
This might be caused by the oil tipping point (the point at which reserves are expended, oil supply 
decreases and the resulting price increases make its use unsustainable economically) being reached 
sooner rather than later, and/or deliberate direction of technological change and policies towards the 
development of competitively priced alternative energy. The scenario, after all, embodies ‘a globally 
coherent approach to a more sustainable environment.’ In other words, B1 written today would refl ect 
an increased urgency to replace fossil fuels with renewable energy. 
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Referring to Table 1, the stabilization level for scenario B1 was 1.80C above late 19th century levels 
when estimated in 2007, with a 50% risk that the global temperature might stabilize between 2 and 
30C higher. Subsequent research and observed impacts of climate change suggests that the risk and 
uncertainties are increasing further. 

The target of 545 ppm atmospheric CO2 in 2100 is no longer acceptable according to the latest 
science, nor is the path towards that target: about 405 ppm in 2020, 425 in 2040, 490 in 2060, and 
535 in 2080 (these numbers are from a graph in the Fourth IPCC Assessment Report). This reality 
puts increasing pressures on countries to adopt policies that reduce emissions, from at least 2015 
onward. The challenge of staying within sustainable levels of atmospheric greenhouse gases, by
 reducing emissions by 80% by 2050 remains a formidable one. 

The path towards sustainable development should now enable a reduction in emissions by 80% by 
2050 despite global population’s increasing by almost three billion in the next 40 years. The impli-
cations of this scenario are a best estimate of +2.20C by 2100, and in the previous scenario-building 
framework captured by Table 1 a likely range between +1.5 and 3.30C.

These factors change the probability pattern compared with Table 1. The implication is that even 
under the B1 scenario, there is now a fi nite possibility (17%) that the global average temperature will 
increase beyond 30C where the risk of major positive feedback effects are considered to rise rapidly, 
while the chance of staying below 20C has been reduced to 28%. The remaining 55% refers to the 
probability of a rise between 2 and 30C.

The previous scenario descriptions (A1) had a section on population growth that is also relevant to 
this scenario, which uses the same global population projections. Basically it identifi es a range of 
projections from Indonesia going into negative population growth after 2050, to Timor-Leste likely to 
maintain relatively high growth to the end of the 21st century, given suffi cient capacity. 

Implications of the B1 scenario for the Coral Triangle
By 2050, available food from coastal ecosystems in the Coral Triangle has been reduced to 50% 
of present levels and sea levels have increased by as much as 50 cm, or as much as the worse-case 
(A1B) scenario related in the previous section. This may look like a pessimistic assumption, but it is 
interesting to review this for a world still expected to sustain itself through the century and beyond – 
and a world in which countries like Malaysia, Indonesia and the Philippines are becoming increasingly 
important economic players in a way a country like South Korea has succeeded today. 

One of the assumptions that underpins this projection that communities remain reasonably soundly 
based, as in the general B1 scenario, is that they can cope with fairly severe hardships including the 
impact of a gradual 50 cm sea level rise on coastal fi shing, agricultural and urban communities.

Setting that sort of condition for a world we expect to absorb some major controversies and hardships 
(some of which we cannot hope to predict) encourages faith in the basic economic, social and 
cultural resilience without which our civilizations probably couldn’t survive. 
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While of course there are great differences as the impact of climate change has intensifi ed and major 
new economic and social patterns have emerged, this has happened in an reasonably gentle fashion 
so that a basic connection remains with the world developing during the 2010s, which started – albeit 
it with some hesitation – with a successful commitment of practically all developed and developing 
nations to a ‘Copenhagen Protocol’ in 2012. Having set the basic parameters at the time, the main 
feature in 2050 is less of a radical change of the past and more of a continuing adaptation process. 

Basically, this world is no longer going to run into a brick wall due to galloping atmospheric CO2 
content. It will continue to fi nd solutions to keep this content under strict control internationally by 
known technologies. Suffi cient food remains available to enable the Coral Triangle communities to 
survive despite the loss of half their consumption of fi sh protein. Pockets of scarce food supplies have 
been fi lled in this interconnected and signifi cantly richer world, in which the Coral Triangle countries 
share, especially the three larger ones.

One problem that at some stage appeared to be intractable was the different time horizons of human 
communities and the democratic political systems that remained in charge as the 2050 world took 
shape. The main weakness that may be alleged about democratic systems is that their idea of time is 
truncated unless visionary forces emerge to convince politicians to look further ahead, or suffi cient 
evidence has helped to build up evidence that can no longer be ignored (as appeared to be happening 
with climate change as the fi rst decade of the 21st century drew to an end). 

It was always acknowledged that it would be diffi cult to see any actual differences for twenty or 
thirty years in the outcomes of adopting environmentally sensitive global policies versus a full-speed-
ahead economic growth regime. This highlights the difference between what amounts to something 
approaching a generation of human life, and the normal three-to-fi ve year electoral cycle of political 
systems that places a premium on short-term political gain. The political conundrum of the two time 
horizons began to be solved when the politicians and their electors themselves realized that it existed, 
sometime during the early years of the 21st century.

Perhaps the most powerful lever to overcome the conundrum was a shortening of the time horizon. 
Climate change became a problem not just affecting some unborn descendants of ours but the much 
more urgent one affecting our children – or even ourselves during our lifetimes. Another helpful 
factor was the realization that we could do something about it within our interconnected international 
system.

There was another growing insight which again amounted to a sea change in perception. It had to 
do with the use of our resources. For two centuries, industrialists had grabbed irreplaceable natural 
resources such as minerals and ecosystems and used them to produce ever-increasing levels of human 
consumption objects. This consumption was simply recorded as economic growth without accounting 
for any depletion of our non-renewable natural wealth. 

The added damage caused by sending our greenhouse gases into the atmosphere remained equally 
unpaid in our economic accounts, until Lord Nicholas Stern in 2006 branded them as the greatest 
market failure ever encountered in our capitalistic economic system. A market failure which 
humankind now pays for dearly as a result of the atmospheric and other pollution caused by 
a small but powerful number of industries.
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Meanwhile, other forms of economic capital had been recognized in the form of physical infrastructure, 
human skills, and cultural assets – capital which was belatedly seen to be able to help develop 
substitutes for at least some of our irreplaceable natural capital. 

The world in 2050 benefi ts crucially from this realization by relying on a strong physical, human 
and cultural capital base while acting increasingly gently in the use of precious ecosystems and other 
natural resources, especially the atmosphere. This is particularly benefi cial to human communities 
in what had been the developing world in the 20th century but have emerged as economically viable 
partners in the world of the 21st. 

This doesn’t mean that all areas become equal. Coastal areas next to the Coral Triangle countries in 
many cases remain relatively poor in economic terms in 2050. But the communities are sustainable 
and the access to assistance through international and national organizations and NGOs, as developed 
since the mid 20th century, remains strong. 

The following snapshot is based on a ‘2050 perspective’, refers to the ‘Global environmental focus” 
B1 scenario heading towards a 2.20C increase by 2100:

The countries of the Coral Triangle experience a moderate rate of growth in GDP per head, • 
despite the impacts of climate change on resources, and the impact of a growing population. 
Average income has increased, as have life expectancy and literacy in the poorer nations. Sabah 
and other mainly inland parts of countries along the Coral Triangle have succeeded in combining 
traditional values and increased prosperity in a greening environment. 

The ability of coastal people to feed themselves from artisanal fi shing has declined due to the • 
reduced productivity of coastal regions. Communities here have been disrupted by steady sea level 
rise that has interrupted water supplies and led to the inundation of their homes and businesses. 
Migration towards cities has increased although it is much less than in the A1 story. Maintenance 
of coastal resources allows many cultures to thrive and play a major role in communities in the 
region. This leads to local management of marine protected areas in much of the coastal regions 
of the Coral Triangle, with an estimated 30% of all regions under some form of protection.

Small-scale fi sheries decline, although the implementation of marine protected areas reduces this • 
decline signifi cantly, albeit at about 50% of where they were in 2009.  There is a steady increase 
in aquaculture, which occurs under the watchful eye of local communities and governments, who 
are now looking out for long-term sustainable yields as opposed to quick fi nancial returns.

Commercial fi shing expands up until 2020 when, due to sharp decreases in fi sh stocks or species • 
such as tuna, a region-wide agreement is struck with respect to the fi sheries of the Coral Triangle. 
This leads to sustainable harvesting through an adaptive management cycle and regulation of 
stocks at lower but sustainable levels across the Coral Triangle. Region-wide cooperation on fi sheries 
also discourages undocumented harvesting through the aquarium fi sh and live fi sh trades, with 
agreement struck up with richer Asian neighbours such as China and Singapore to reduce demand 
for unsustainable seafood.

Sea levels rise by 50 cm by 2050 and cause inundation of coastal areas, with moderate loss of • 
coastal infrastructure and water supplies. In addition to sea level rise, warmer and more acidic 
seas impact coral reefs, mangrove and seagrass ecosystems.  These problems are as signifi cant by 
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2050 as they were in the A1 storyline, but will be signifi cantly lower by 2100 due to the measures 
used to stabilise atmospheric carbon dioxide at or below 450 ppm. By the end of the century, the 
stabilisation of carbon dioxide lead to the expansion of some ecosystems such as coral reefs and 
mangroves back into many areas.

While increasing numbers of people move towards urban centres by 2050 (as in the A1 storyline), • 
timely interventions by governments in the region reduce the extent of this movement and 
associated problems. Continued advances in birth control lead to lower rates of growth of human 
populations in the coastal zone. The pressure on urban centres is also reduced by the implementation 
of more locally-based and sustainable management of coastal resources. This leads to a slower 
decline in coastal productivity, and the maintenance of many of the benefi ts associated with 
coastal ecosystems well into the middle of the century.

This regional and local effort to value and sustain coastal resources avoids some of the worst • 
problems that were looming in the Solomon Islands and areas of PNG. Implementation of adaptive 
fi sheries management, new technologies such as fi sh attraction devices, marine protected areas 
and the growth of sustainable aquaculture help maintain food security within these regions.

The regional pressures placed on Coral Triangle countries leads to a number of commitments • 
and accords which bind nations which otherwise have different histories and cultures together. 
The enthusiasm for cooperation and collaboration from richer countries such as Australia, the 
US and New Zealand leads to effective regional agreements and activities that eliminate many of 
the challenges that existed in 2009. The more benign climate change scenario associated with B1 
ensures that countries that are rich today still retain resources to assist in the development of the 
Coral Triangle region.

The role of the Coral Triangle in protecting tropical biodiversity increases as a result of the • 
regional cooperation, and the binding international partnerships. As a result of the stern action on 
local factors through regional and national conservation programs, the loss of biodiversity has 
been contained to 30% - meaning that 70% of the rich biodiversity of the Coral Triangle remains 
in 2050.

FINAL NOTE ON SUSTAINING ECONOMIC GROWTH INTO THE 
FUTURE
The IPCC scenarios were all based on assumptions that incomes would increase through the 21st 
century, especially the economics-driven global A1 scenarios which also assumed a convergence in 
incomes per capita between developed and developing countries. Income growth was assumed to 
be less, but still substantial, in the global environmentally-orientated scenario, B1, which in updated 
form is our best case.

As climate change prospects have deteriorated, grave doubts have arisen about the sustainability of 
the A1 scenarios much beyond the next few decades. The fossil-intensive version could run into a 
brick wall by 2060 and the balanced A1B version later in the century. Long before that happened, 
economic growth could decline and turn negative. The best case for sustained growth is B1, as 
modifi ed for this project. 

THE CORAL TRIANGLE AND CLIMATE CHANGE

CHAPTER 9: Scenario storylines



187

The generally lower-income coral reef regions in the three major countries (Sabah, eastern Indonesia, 
and south-western Philippines) should be able to benefi t from higher incomes in the nation to which 
they belong to and receive support. This would depend on convincing the respective national govern-
ments of the importance of preserving (a) the ecosystems and (b) threatened coastal communities. 

While growth rates have been apparently strong for some of the small countries in the east, their 
prospects could be fragile. International aid would be needed to help them, in view of their 
least-developed status among developing countries.

SUMMARY
In exploring these scenarios, it becomes increasingly apparent that doing nothing will have direct 
impact on the lives of tens of millions of coastal dwelling people within the Coral Triangle, not to 
mention the rest of the world. Even if the worst of the worst scenarios, assuming rapid economic 
growth with a continued reliance on fossil fuels, doesn’t eventuate, millions will remain impoverished, 
disadvantaged and highly vulnerable to the impacts of climate change. Those people who will be 
hit hardest by climate change will be least capable of counteracting its effects. Rising sea levels will 
destroy coastal infrastructure through elevated storm surges while the inundation of salt water into 
coastal aquifers will put extreme pressure on water resources in the region. Changing rainfall patterns 
will mean more expensive and destructive deluges in some parts, and extreme water 
shortages in other parts of the Coral Triangle.  

Global climate change will also continue to imperil natural ecosystems such as coral reefs and 
mangroves, which underpin the food security of millions of people in the Coral Triangle. Coupled 
with increasing local threats such as overfi shing, pollution and declining water quality, rapidly warming 
and acidifying oceans will continue to accelerate the loss of these crucial resources. At the current 
rate of loss (1-2% per year, Bruno and Selig 2007), less than 30% of these ecosystems will remain 
functional in 2050. This will have serious implications for the food and resources of the descendants 
of the current 150 million people in the Coral Triangle. With the widespread destruction of their 
homes, food sources and employment, tens of millions of people will drift towards already crowded 
cities in the region. This will put further pressure on social systems, and in the ‘business-as-usual’ 
scenario which is largely refl ected in the ‘A1’ case will eventually lead to chronic poverty and disease 
on a scale that this region has not seen. 

There is one very clear message from this study, and that is that current growth of atmospheric 
carbon dioxide is unsustainable and risks the lives of tens of millions of people in the Coral Triangle 
by the latter part of the century, and many more worldwide. To avoid this, the international 
community must commit to a complete restructuring in the way energy is generated, how we 
undertake agriculture and protect the forests. 

The second message from the study is that important time can be bought if we begin to deal with the 
slew of other more local factors that are bringing about the demise of critically important coastal 
ecosystems like coral reefs. As has been outlined in previous parts of this report, there is overwhelming 
evidence that reducing local pressures on coastal ecosystems such as coral reefs and mangroves 
will retain the resilient abilities of these ecosystems to bounce back from the impacts of a changing 
climate. Without these steps to deal with local factors, the ability of coastal ecosystems to survive 
climate change and re-fl ourish in the decades and centuries beyond today will be severely 
compromised.
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CHAPTER 10
POLICY IMPLICATIONS

In this section based on the key vulnerabilities identifi ed in previous sections of this report, we will 
describe appropriate local, national, regional and international adaptation responses, as well as the 
policy actions that are urgently needed at the national, regional and international scales. 

TAKING ACTION NOW TO AVOID CALAMITY LATER
In the previous chapters, one gets a strong sense of the urgent situation we are in today regarding the 
effects of climate change in the Coral Triangle. When confronted with challenges like these it is often 
preferable to avoid making a decision, or ignore the problem and shift attention to more traditional 
concerns. Unfortunately the issue of climate change will not resolve itself and avoiding the problem 
will only allow it to become more onerous. 

Examination of the key vulnerabilities in the Coral Triangle leads us to propose two main strategies: 
mitigation and adaptation. Mitigation is reducing the cause of climate change by reducing greenhouse 
gas emissions and adaptation is limiting the effects of climate change. With both strategies we must 
remember that we are not powerless to act on climate change, regardless of our position on the planet 
or role in governance. There are mitigation and adaptation opportunities for everyone.

Planning for adaptation to climate change can be thought of in terms of the various response options 
to these key vulnerabilities. However, no plan should be created for a single vulnerability in a single 
location, rather effective planning requires that the various responses we can imagine be woven 
together into a fabric that is composed of actions that work together to provide the greatest adaptive 
benefi t for the greatest number of vulnerabilities or the highest priority vulnerabilities. 

ADAPTATION RESPONSES
Adaptation planning can begin by considering three questions:

What are the key vulnerabilities to the Coral Triangle? These need to be broken down into 1. 
exposure; sensitivity of communities and ecosystems to increased CO2 concentrations; and ability 
to respond to the anticipated impacts.

How could we respond to these vulnerabilities to reduce them? Or if they are imminent impacts, 2. 
how can society prepare for them? Can we increase resilience of CT ecosystems and societies to 
future impacts by taking actions today?

What types of actions should start being implemented today to facilitate these responses at the 3. 
local, national, regional and international levels? What are the no regrets actions we can take 
today which will improve ecosystem health and productivity in the near term while enhancing 
resilience to future impacts and which are least cost solutions to the problems we are trying to 
address?

As described in the previous chapters of this report, the key climate change vulnerabilities, or 4. 
priority issues, for the Coral Triangle include environmental and human livelihood challenges (Box 1).
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Box 1: Key Climate Change Vulnerabilities for the Coral Triangle

To limit these vulnerabilities there needs to be a combination of local and regional adaptation action, 
and local, regional and global policy efforts to support both adaptation and mitigation. To begin, there 
are some international priority actions that apply globally:

Peak emissions before 2020. In order to limit global warming to less than 2˚C above pre-industrial • 
temperatures to avoid more dangerous climate change, global emissions should peak well before 
2020 and be reduced by more than 90% below 1990 levels by 2050.

Push for an aggregate group reduction target for developed countries of 40% below 1990 levels • 
by 2020, and for developing countries a reduction from business as usual of at least 30% by 2020.

Support and fund adaptation. Create an adaptation and risk prevention framework for the most • 
vulnerable with an operational and adequately resourced Adaptation Fund. This should also 
include an insurance mechanism to cover the damages or responses to unavoidable and 
catastrophic effects. 

Give countries in the region a greater say in identifying the interventions and targeting the fi nancing • 
according to their own priorities for adaptation.

There are also some national and regional priority actions that that will apply to all countries in the 
Coral Triangle and are part of the solutions for all of the key vulnerabilities:

Limit the rate and extent of sea level rise by implementing national climate change mitigation • 
policy to stabilize atmospheric CO2 concentrations at levels not higher than 430-450 ppm by the 
end of this century.
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Environmental challenges 
Increasing sea temperatures• 
Ocean acidifi cation• 
Sea level rise• 
Longer and more intense fl oods and droughts• 
More intense cyclones and other storms• 
Loss of mangroves, seagrasses and coral reefs• 
Interaction among these factors and with other traditional stresses (such as destructive fi shing, • 
overexploitation, deforestation, infi lling and water quality/pollution/sewage) 

Human livelihood challenges 
Increased vulnerability of coastal communities, • 
Reduced food security, • 
Changes in fi sh yields and distribution of fi sh stocks,  • 
Social disruption, • 
Damage to infrastructure  • 
Impacts to human health and safety • 
Deteriorating regional security• 
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Reassess conservation and development strategies to determine their vulnerability to climate • 
change and redesign them as necessary. Mainstream adaptation planning and climate resilience 
into economic development planning over the near, medium and long term –taking into particular 
account investments in infrastructure and energy stocks.

Develop multi-sectoral national and regional adaptation strategies balancing conservation and • 
development plans to maximize sustainability in the face of climate change.

Develop stakeholder and community engagement processes with respect to adaptation. Affected • 
parties need to be part of the creation and implementation of adaptation solutions in order for 
them to be equitable and effective. Fundamentally, it will be local knowledge that generates the 
innovative adaptation strategies that may prove most successful.

Extend and strengthen regional networks of representative large-scale marine protected areas • 
and community managed areas in places that demonstrated increased potential for resistance and 
resilience to climate change. These sites should include a range of marine and coastal habitats. 
They can act as stepping stones for species movement in response to climate change and 
simultaneously support human responses to climate change.

Employ ecosystem-based management of the region’s seas and coastal areas to protect vital • 
ecosystem services which will be essential to coping with an uncertain and challenging future. 
Protect marine biodiversity and implement more sustainable fi sheries management as no-regrets 
actions to address current declines in productivity and adapt to future challenges of climate 
change.

There are also actions to specifi cally address each of the key vulnerabilities. In many cases can be 
taken at the local level by resource manager and communities, while in others they will require 
national, regional or international support to implement. Here we explore each of the vulnerabilities 
and offer a number of examples of the types of actions that could be taken to address each. These lists 
are not intended to be prescriptive or exhaustive. Rather, these lists aim to stimulate local thinking 
and catalyze action to address these challenges. Real adaptation plans will require holistically 
thinking that considers all of the relevant vulnerabilities in a given location and the combination 
of actions that can address them.

ENVIRONMENTAL IMPACTS

PRIORITY ISSUE: INCREASING SEA TEMPERATURE

Adaptation Concepts
Develop risk management responses to bleaching responses in regions of high value (e.g. shading, • 
close access)
Reduce local non-climate stresses and thereby increase ecological resilience to effects of warming • 
More radical efforts to decrease temperature (e.g. upwelling tubes)• 
Increase protection of more resilient reefs or refuge reefs (e.g. those in regions of high fl ow, • 
naturally cooler or other ameliorating conditions)
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PRIORITY ISSUE: OCEAN ACIDIFICATION

Adaptation Concepts
Use information about ocean acidifi cation as an additional lever to expedite signifi cant CO• 2 
emissions reductions. This can be through appeals by resource managers and resource users (fi shers, 
dive operators) to policy makers regarding how impossible their tasks become in light of this new 
challenge.
Reduce other non-climate stresses and ameliorate other climate stresses to increase resilience to • 
early pH shifts

National/Regional Actions
Signifi cant and rapid implementation of national greenhouse gas emissions reductions in order to • 
quickly limit additional acidifi cation.

PRIORITY ISSUE: SEA LEVEL RISE

Adaptation Concepts
Protect coastal features that protect shoreline including mangroves and reefs• 
Plan new coastal protection and development with sea level rise projections in mind• 
Prepare contingency plans for exiting protection (parks, reserves, environmental regulations) and • 
development in light of climate change
Plan for inland movement of natural and built communities • 

PRIORITY ISSUE: LONGER AND MORE INTENSE FLOODS AND DROUGHTS

Adaptation Concepts
Map vulnerability and model changes in precipitation patterns according to best available data• 
Prepare water use plans, coastal management plans and development plans to include this range • 
of uncertainty

National/Regional Actions
Development of regional emergency monitoring systems and response plans, including early • 
warning systems
Creation of regional disaster plans for people and the environment• 

PRIORITY ISSUE: MORE INTENSE CYCLONES AND SEVERE STORMS

Adaptation Concepts
Protect attributes that protect shoreline including mangroves and reefs• 
Protect replicate systems to share risk• 
Develop infrastructure for this greater threat• 

National/Regional Actions
Development of regional emergency monitoring systems and response plans• 
Creation of regional disaster plans for people and the environment• 
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PRIORITY ISSUE: INTERACTIONS AMONG CLIMATE PRIORITY ISSUES

Adaptation Concepts
Develop adaptation planning in a multi-sectoral manner to avoid missing  interactions between • 
vulnerabilities and leverage solutions to solve multiple challenges in a unifi ed manner
Implement and monitor adaptation along multi-sectoral lines to avoid or decrease unintended • 
consequences.
Carry out cost-benefi t analysis of different options and of consequences of delaying action to help • 
prioritize and sequence interventions

National/Regional Actions
Regional strategies and agreements to reduce transboundary stressors and increase regional • 
resilience

PRIORITY ISSUE: INTERACTIONS BETWEEN CLIMATE CHANGE AND NON-CLIMATE 
STRESSORS

Adaptation Concepts
Stricter actions and regulations to reduce non-climate stressors (coastal deforestation, infi lling, • 
declining water quality, pollution, sewage, destructive fi shing, overexploitation of marine life)
Planning for reduction of any of these stressors should explicitly include the vulnerability and • 
exacerbating effects of climate change.

National/Regional Actions
National regulations to address non-climate stressors that include additional pressure from • 
climate change exacerbating impacts
Regional strategies and agreements to reduce transboundary stressors and increase regional • 
resilience.

PRIORITY ISSUE: MANGROVE FOREST VULNERABILITY

Adaptation Concepts
“Restore” mangroves using more robust species• 
Protect land behind current mangroves for migration inland of  mangrove systems, working with • 
local communities

National/Regional Actions
Stop non-climate related mangrove damage (harvest, clearing)• 
Support mangrove restoration actions• 
Create and maintain adequate protected/buffer zones to allow for inland migration of mangroves • 
with sea level rise
Create regional plans to prepare for or facilitate mangrove species range shifts or compositional • 
changes due to climate change
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PRIORITY ISSUE: SEAGRASS COMMUNITY VULNERABILITY

Adaptation Concepts
“Restore” seagrass beds with an eye toward emerging conditions (plant appropriate species in • 
appropriate locations), working with local communities
Reduce damage to seagrass communities • 
Incorporate sea grass protection into coastal zone management• 

National/Regional Actions
Stop non-climate related damage to sea grass and mangroves• 
Support mangrove restoration actions• 
Develop methods to regenerate sea grass• 
Create regional plans to prepare for or facilitate seagrass species range shifts or compositional • 
changes due to climate change

HUMAN LIVELIHOOD IMPACTS

PRIORITY ISSUE: INCREASING VULNERABILITY OF COASTAL COMMUNITIES

Adaptation Concepts
Protect coastal buffers (mangroves, reefs)• 
Provide technical and fi nancial support for communities to plan and redesign for greater • 
resilience
If unavoidable, communities should consider relocation early rather than later, especially of most • 
vulnerable communities, in order to avoid chaos and loss of life

PRIORITY ISSUE: REDUCED FOOD SECURITY

Adaptation Concepts
Provide technical and fi nancial support for communities to develop alternative livelihoods, begin • 
shifting resource use prior to crisis
Limit all non-climate stressors to maximize food resource protection and prolong access to food • 
for communities
Increase household resilience by diversifying sources of income and creating community safety • 
nets

Related Issue
Change in fi sh yields and distributions of fi sh stocks

Adaptation Concepts
Improve rotational management to maximize sustainability of yields• 
Consider fi sheries or reef closures, such as those employed in managed areas such as the • 
Great Barrier Reef
Early development of alternative livelihoods and food sources, especially protein• 
If needed, preparation for movement of human populations in search of new food resources• 

National/Regional Actions
Regional agreements to manage fi sheries, including life history stages, to maintain fi sheries • 
as long as possible under a changing climate (includes protection of early life stages, locally 
managing catch limits as part of large schemes)
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PRIORITY ISSUE: SOCIAL DISRUPTION

Adaptation Concepts
Develop alternative livelihoods• 
Proactive contingency planning developed by affected parties, not third parties, prior to crises• 
Design social safety nets to help most vulnerable members of the community• 
Funding mechanisms created in advance of crises• 

National/Regional Actions
Regional disaster plans • 
Intergovernmental, transboundary agreements to facilitate changes in communities as they follow • 
the resources they require to sustain life, or avoid the damages wrought by climate change.

PRIORITY ISSUE: DAMAGE TO INFRASTRUCTURE

Adaptation Concepts
Prepare funding mechanism for repair, relocation or reconsideration of vulnerable and damaged • 
infrastructure
Encourage development of less vulnerable infrastructure• 

National/Regional Actions
Develop national and regional infrastructure guidelines and development plans to reduce • 
vulnerability to and risk from climate change in all new investments.

PRIORITY ISSUE: IMPACTS TO HUMAN HEALTH AND SAFETY

Adaptation Concepts
Review existing health and safety plans and revise if not appropriate for potential effects of • 
climate change. If no plans exist, create them with climate change implicit in the thinking.
Prepare public health and safety plans in preparation for emergencies, including disease outbreak, • 
extreme weather events and famine.

National/Regional Actions
Regional public health planning to manage disease and vectors.• 
Regional support and funding apparatus to support neighbors in times of crisis and manage re-• 
gional conditions cooperatively.

PRIORITY ISSUE: DETERIORATING REGIONAL SECURITY

Adaptation Concepts
Proactive planning• 

National/Regional Actions
Creation of safety nets that foster cooperation and mutual benefi t between countries, regions and • 
sectors, rather than animosity. 
Planning for human migration and resource shortages.• 
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URGENT ACTIONS
With the worsening of impacts in real time as a result of climate change, we need to take real action 
now. First we must prioritize signifi cant CO2 emissions reductions in order to reduce the severity of 
the effects we can expect; keeping us on a track with the best case scenario rather than a worst case 
scenario. This is essential as even the best case scenario is rife with challenges and potential losses 
to both human communities and natural resources in the region. Delaying action on mitigation will 
result in insurmountable change. Second, we cannot plan for adaptation after we fi nish mitigation 
agreements. Delaying action on adaptation will result in missed opportunities, reduced options and 
a more daunting task with less chance of success. 

Create a binding international agreement to reduce the rate and extent of climate change1. . 
To do this, emissions should peak no later than 2020, and global warming limited to less than 2°C 
above pre-industrial temperatures (i.e. atmospheric CO2 < 450 ppm) by 2100. This will require 
steep global cuts in emissions that are 80% below 1990 levels by 2050. Inherent to this recom-
mendation is the creation of an aggregate group reduction target for developed countries of 40% 
below 1990 levels by 2020, and a reduction from business-as-usual emission levels for 
developing countries of at least 30% by 2020.

Take immediate action to establish national targets and plans to meet these commitments 2. 
such that the international agreement can be achieved. This report shows that nations in the 
Coral Triangle region have a great deal at stake if climate change continues unchecked. They 
must become part of the solution and must do this expeditiously. Lag-times and non-linear 
responses in the climate system mean that every day we wait to take action, the problem becomes 
dramatically more diffi cult and costly to address successfully.

Pursue the establishment of integrated coastal zone management across the region 3. to reverse 
the decline of the health of coastal ecosystems. This should include implementation of policies that 
eliminate deforestation of coastal areas and river catchments, reduce pollution, expand marine 
protected areas, regulate fi shing pressures and abolish destructive practices. It is important that 
these actions not aim to restore or protect ecosystems for past conditions, rather they must 
prepare for conditions under a changing climate.

Support the establishment of a global fund to meet the adaptation needs of developing 4. 
countries. While some of the cost of adapting to climate change can be met by redirecting 
current resources that are being used in a manner that is vulnerable to climate change, the growing 
challenge of climate change will result in new and increasing costs. Funds will be required to 
meet these costs given the nature of the problem and that the disproportionate brunt of the hard-
ship caused by the problem is borne by developing countries. International funds will be 
necessary to meet these needs.

Build adjustable fi nancial mechanisms into national budgeting to help cover the increasing 5. 
costs of adaptation to climate change. Climate change will require not only new funds, but 
also a reassessment of current spending so that funds are not spent in ways that are not ‘climate-
smart’, in other words on efforts that are not resilient to climate change. Every effort should be 
made to avoid spending funds and taking actions that exacerbate the problem of climate change
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Establish governance structures that integrate resource and development management to 6. 
provide robust protection of both in the face of climate change. Adaptation plans cannot be 
developed on a sector-by-sector basis. Doing so risks creating problems such as adaptation being 
effective against one issue but maladaptive against another. It will be important to plan holistically 
and create governance structures that can support, implement and monitor these efforts.

Build the socio-ecological resilience of coastal ecosystems and develop stakeholder and 7. 
community engagement processes for communities to improve their ability to survive 
climate change impacts. Involving coastal people and communities in planning provides greater 
stability and effi cacy for solutions to social and ecological systems within the Coral Triangle. 
Fundamentally, it will be local knowledge that generates innovative adaptation strategies which 
may prove most successful. Reducing the infl uence of local stress factors on coastal ecosystems 
makes them able to better survive climate change impacts.  Protecting the diversity of components 
(communities, populations, and species) under the guidance and actions of local people strengthens 
the resolve of these systems in the face of climate change.

Critically review and revise conservation and development efforts at the local, national and 8. 
regional levels for their robustness in the face of climate change. Business-as-usual conservation 
and development will not achieve success. The new mode of action requires integration between 
conservation and development, and the realisation that many past approaches are no longer 
effective due to the impacts of climate change.

Build capacity to engage in planning for climate change. 9. Climate change planning, both 
mitigation and adaptation, will require that we educate current and future practitioners, as well 
as the concerned constituencies. Mechanisms must be created to develop current resource manag-
ers and planners so that they can immediately implement these new approaches. As the problem 
of climate change is not one that we will be solving in this generation, planning and responses 
to climate change will be iterative as the target continues to move over the coming centuries. 
Therefore, it will also be necessary to develop training for future capacity through education in 
academic settings. Informed stakeholder and community engagement is at the core of successful 
adaptation, so in addition to professionals and students, civil society must be given access to the 
information they need to understand and respond to climate change.

Focus adaptation on playing a role in economic stimulus, especially in job creation and 10. 
fi nancial mobilisation. Private-public sector incentive schemes, regional/international 
arrangements and investment partnerships (e.g. national insurance reform and special-access loan 
schemes) need to better incorporate risk management and adaptation strategies to reduce 
investment risk and maintain positive fi nancial conditions. 
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APPENDICES

Appendix 1: Additional resources used for country profi les
The following web resources were used (in addition to the published literature listed in the reference 
section) to construct the specifi c country profi les of chapter 6. These resources were accessed 
between 31.3.09 and 4.4.09

Bali:
http://www.baliblog.com/travel-tips/bali-barat-national-park.html
http://www.bukisa.com/articles/42172_coral-reef-of-bali
http://www.globalcoral.org/Pemuteran%20Artifi cial%20Reef%20Project.htm
http://www.wolfhilbertz.com/
http://www.globalcoral.org/Tulamben%20Newsletter.pdf
http://www.aquamarinediving.com/sites_tulamben.html

Nusa Tenggara:
http://regionalinvestment.com/sipid/en/commodityarea.php?ic=742&ia=53
http://www.wwf.or.id/index.php?fuseaction=wherewework.riung&language=e
http://www.wwf.or.id/index.php?fuseaction=wherewework.alor&language=e
http://baliwww.com/ntt/place.htm

East Kalimantan:
http://www.absoluteastronomy.com/topics/Derawan_Islands
Sulawesi:
http://www.ssn.org/Meetings/cop/cop14/Factsheets/Cardinalfi sh_EN.pdf

Maluku:
http://www.antara.co.id/en/arc/2007/9/17/fi ve-coral-reef-zones-in-s-maluku-badly-damaged/
http://www.minesandcommunities.org/article.php?a=997
http://www.worldwildlife.org/what/wherewework/coraltriangle/thehalmaheraexpedition.html
http://www.fao.org/docrep/010/ag122e/AG122E05.htm
http://www.preventconfl ict.org/portal/main/maps_maluku_overview.php

West Papua:
http://travels.patrik.com/ra/
http://www.papua-diving.com/Main-page.html
http://www.conservation.org/explore/priority_areas/oceans/birds_head/Pages/birdshead.aspx

Sabah:
http://kepkas.sabah.gov.my/archived-news-2007/59-sabahs-coral-reefs-under-big-threat.html
http://www.sabahtourism.com/sabah-malaysian-borneo/en/news/95-sipadan-corals-recover/
http://www.divephotoguide.com/news/sabah_parks_to_start__coral_reef_monitoring_program
http://www.etawau.com/Semporna.htm
http://www.icran.org/awareness-sempornaisland.html
http://www.sempornaislandsproject.com/pages/intro/tsmp.htm
http://www.panoramaacuicola.com/noticia.php?art_clave=3522
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Philippines:
http://www.reefcheckphilippines.org/entry.php?id=5
http://www.wildlifeextra.com/go/news/apo-reef935.html#cr (about Apo Reef)
http://www.philreefs.org/index.php?option=com_content&task=view&id=66&Itemid=62
http://www.philreefs.org/index.php
http://www.tubbatahareef.org/main/about
http://www.oneocean.org/ambassadors/track_a_turtle/tihpa/pti.html
http://www.philippines.hvu.nl/animals10.htm

Papua New Guinea:
http://www.coral.org/where_we_work/asia/pacifi c/papua_new_guinea
http://www.wcs.org/international/marine/marineasiapacifi c/asiapacifi ccoralreefprogram

Solomon Islands:
http://www.unep-wcmc.org/marine/coralatlas/Solomon_Islands.pdf

Appendix 2: Indonesian regional statistics
The tables in this appendix put the Indonesian provinces adjacent to the Coral Triangle in perspective, 
relative to the total Indonesian economy. They deal in turn with population, infant and child mortality 
and total fertility rates, regional GDP or Gross Regional Product (GRP), construction activities, 
fi sheries and aquaculture, and international and domestic visitors. All were derived from the 
Indonesian statistical offi ce (Badan Pusat Statistik), as shown below Table A1.

A. Population 
The last offi cial population census was in 2000, with estimates of varying quality for some subse-
quent years. In 2000, 35.7 million people lived in the 15 provinces adjacent to the Coral Triangle 
(summarized in Table A1). This was equivalent to 17.3% of the total Indonesian population, in an 
area that covered just under one million square km compared with just over 900,000 km2 in the total 
of Sumatra, Java, West and Central Kalimantan. Population densities are therefore much lower in the 
Coral Triangle provinces (36 per km2 in 2000) than in the western provinces (187 per km2). 
Total population density in Indonesia in 2000 was 109 per km2. 

THE CORAL TRIANGLE AND CLIMATE CHANGE

Appendices

Provinces 1971 1980 1990 2000 1971-80 1980-90 1990-2000

Bali 2,120         2,470         2,778         3,151         1.7% 1.2% 1.3%
W est N usa T enggara 2,206         2,725         3,370         4,009         2.4% 2.1% 1.8%
E ast N usa T enggara 2,295         2,737         3,269         3,952         2.0% 1.8% 1.9%
South K alimantan 1,699         2,065         2,598         2,985         2.2% 2.3% 1.4%
E ast K alimantan 734            1,218         1,877         2,455         5.8% 4.4% 2.7%
Sulawesi 8,527         10,410       12,521       14,946       2.2% 1.9% 1.8%
M aluku and Papua 2,014         2,585         3,507         4,212         2.8% 3.1% 1.8%

T otal C oral T riangle 19,595       24,209       29,917       35,711       2.4% 2.1% 1.8%

R est of Indonesia 99,614       123,282     149,461     170,554     2.4% 1.9% 1.3%

T otal Indonesia 119,209     147,490     179,378     206,265     2.4% 2.0% 1.4%

Source: Badan Pusat Statistik:  Statistical information by subject (http://www.bps.go.id/site_map/)

T housand persons Annual growth

T able A 1:  Population and population growth
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Within the rest of Indonesia, Java accounted for the bulk of the population: 121 million in 2000 on 
an area of about 128,000 km2 (951 per km2), compared with 43 million in Sumatra on about 480,000 
km2 (90 per km2), and less than six million on about 300,000 km2 in West and Central Kalimantan 
(19 per km2). One evident issue is whether Java in particular can cope with a growing and even static 
population under climate change, and what would be the implications for the rest of the country 
under alternative scenarios.

Population growth has declined in Indonesia during the 30 years under review in Table A1, from 
2.4% pa during the seventies to 2% during the eighties and 1.4% during the nineties. The CIA data in 
Table 2 suggest a further decline in the annual growth rate in the early 2000s, to 1.1%. The decline up 
to 2000 was strongest in the western parts of Indonesia while the deceleration in the provinces around 
the Coral Triangle was from 2.4% pa in the seventies to 2.1% in the eighties to 1.8% in the nineties.

This difference may well have widened in the early 2000s but it is diffi cult to fi nd consistent 
comparable statistics at provincial level. Between 1990 and 2000, the growth rates in the Coral 
Triangle provinces were lowest in Bali (which in many respects have the characteristics of a Western 
Indonesian province and in offi cial statistics are often counted as such together with Java and 
Sumatra) and South Kalimantan (where the population is reported to be migrating north to East 
Kalimantan, which is the outstanding growth province along the Coral Triangle). 

East Kalimantan is rich in timber, gold and coal mining, petroleum and natural gas. While illegal 
logging has destroyed a large proportion of the rainforests in the area, it did establish the 13,605 km2 
Kayan Mentareng National Park in the northern interior of the province in 1996, near the border with 
Sabah. 

Agriculture and tourism are also listed as growth industries in East Kalimantan, with the latter fo-
cused on the Derawan Islands off the coast – islands reported to have 872 species of reef fi shes and 
507 species of coral.

There is a population estimate for East Kalimantan suggesting that growth has continued well into 
the 2000s, with an estimated population in 2004 of 2,759,000.

B. Infant and child mortality and total fertility rate 
These statistics again are somewhat out of date. Over the three fi nal decades of the 20th century, 
mortality rates did fall strongly for both infants and children under fi ve years of age. Table A2 sorts 
the eleven provinces then existing around the Coral Triangle according to the infant mortality rate 
in 1999. The situation is clearly best in Bali and East Kalimantan, and least favourable in West Nusa 
Tenggara, which is dominated by the islands of Lombok and Sumbawa. The ordering was the same 
for the infant and under fi ve mortality rates. 

THE CORAL TRIANGLE AND CLIMATE CHANGE

Appendices



222

In comparison, infant mortality rates in Sumatran provinces varied between 38 and 49 in 1999, while 
Javanese rates showed variations from a low 36 in Central Java to 48 in East Java and 53 in West 
Java. Rates were much lower in metropolitan Jakarta (24) and the special area of Yogyakarta (25). 
The rate differed signifi cantly between Central Kalimantan (32) and West Kalimantan (54).

Like the child mortality rates, the total fertility rate (the average number of children born to a woman 
over her lifetime, based on age-specifi c fertility rates over her child-bearing years) also dropped 
signifi cantly between 1971 and 1999. In 1971, it averaged 5.6 children in Indonesia as a whole, rates 
that were exceeded in nine of the Coral Triangle provinces, with only South and East Kalimantan 
showing slightly lower rates. By 1999, the rate had fallen to an average 2.6 for total Indonesia, 
varying between 2.0 and 3.1 in the eastern provinces. In western Indonesia, the lowest total fertility 
rate was in Jakarta, Yogyakarta, and East Java (2.0); the highest in the province of North Sumatra 
(3.0) and generally in Sumatran and Kalimantan provinces (around 2.8).

In Eastern Indonesia, the total fertility rate remains higher than the Indonesian average in West and 
East Nusa Tenggara, Papua, and Maluku. It was signifi cantly lower in Bali (2.0). 

C. Economic indicators 
Recent gross regional product statistics are shown at constant market prices in Table A3. Two 
signifi cant observations can be made, the fi rst concerning differences in recent growth rates.
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R anked according to
infant mortality 1999 1971 1999 1971 1999 1971 1999

Bali 130                31                  194                38                  6.0                 2.0                 
E ast K alimantan 104                33                  150                39                  5.4                 2.6                 
South Sulawesi 161                36                  242                45                  5.7                 2.7                 
N orth Sulawesi 114                37                  166                46                  6.8                 2.4                 
M aluku 143                40                  215                50                  6.9                 2.8                 
Southeast Sulawesi 167                50                  251                66                  6.4                 2.9                 
Papua 86                  52                  122                69                  7.2                 3.0                 
E ast N usa T enggara 154                56                  231                75                  6.0                 3.1                 
C entral Sulawesi 150                60                  225                80                  6.5                 2.7                 
South K alimantan 165                63                  248                85                  5.4                 2.5                 
W est N usa T enggara 221                81                  328                114                6.7                 3.1                 

Indonesia 145                46                  218                60                  5.6                 2.6                 

R ed: urban areas only, according to H ill et al. (2008).

Source: See T able A1

Infant mortality rate U nder 5 mortality rate T otal fertility rate 

T able A 2:  C hild mortality and total fertility rates
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Total GDP in Indonesia averaged 5.1% per annum from 2003 to 2007 according to these statistics 
(measured as the average of four annual observations from 2003-04 to 2006-07). The growth rate was 
higher in the west (5.3% pa) than around the Coral Triangle (3.9% pa), a result echoed by the slightly 
different ‘offi cial’ distinction between West Indonesia (Sumatra, Java and Bali) and the rest, in the 
bottom of Table A3.

Within the Coral Triangle, Sulawesi showed the highest annual growth (6.4%) followed by Bali 
(5.3%). Maluku and Papua combined showed the lowest average annual growth (1.6%), and South 
and East Kalimantan the second-lowest despite East Kalimantan being the economic powerhouse in 
the region. The two provinces in Nusa Tenggara clocked in at 4.2%. These rates, of course, are based 
on a short time series and the less than perfect calculation method used by the Indonesian statistical 
offi ce.

The short time series for Indonesia’s GDP does not cover the impact of the Asian fi nancial crisis in 
1998. This is revealed by United Nations statistics. GDP fell by 13.1% at constant 1990 prices, from 
$US206.9 billion in 1997 to $179.7 billion in 1998. There was a small recovery of 0.8% in 1999 and 
a larger 4.9% in 2000, but it took until 2002 before total GDP had recovered to the 1997 level. From 
2001, however, there has been an almost continuous acceleration in Indonesia’s GDP, from 3.6% 
growth that year through 4.5%, 4.8%, 5.0%, 5.7%, 5.5%, and 6.3% in the subsequent years to 2007. 
These statistics, incidentally, show higher annual growth between 2003 and 2007 than revealed by 
Table A3 (5.6%). We don’t know how this would translate to the provincial statistics published by 
the Indonesian Statistical Offi ce.
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There is another more revealing method of analysing these statistics, by estimating regional GDP per 
head of population. Again, the database is less than perfect, as the offi cial population census is from 
2000 and the data relate to later years. But it is legitimate to construct an index allowing us to 
compare different areas with one another, based on an assumption that population growth was 
reasonably uniform across the country between 2000 and 2007. The resulting distortions from 
this should be relatively minor.

Setting the index to 100 for total Indonesia, we fi nd that the average for the Coral Triangle provinces 
was 89 and for the rest of Indonesia 102 (Sumatra 104, Java 103, and West and Central Kalimantan 
78). However, there were large differences within the Coral Triangle, with South and East Kalimantan 
having a per capita GDP index of 252 (2.5 times the national average, due to East Kalimantan), 
compared with 82 in Maluku and Papua combined, 81 in Bali, 62 in Sulawesi, and a mere 37 for the 
two Nusa Tenggara provinces.

The Javanese average hides the fact that Jakarta had a per capita GDP index of 436 – over four times 
the national average. All the rest of the island had lower than average GDP per head: an index of 91 
for East Java, 88 in the new province of Banten on the western tip of Java, 84 in West Java, and a low 
56 in Central Java and 64 in the special area of Yogyakarta.

Construction statistics (Table A4) cover activities by fi rms involved in housing and other building, 
alterations and repair, demolitions and also highways and streets, according to the statistical offi ce. 
The 2002-07 average distribution across Indonesia is slightly more in favour of Eastern Indonesia 
than GDP, at 18.8% of the total compared with 15.5% of GDP. The difference is largest in Maluku 
and Papua (3.4% as against 1.7%), South and West Kalimantan (7.6% of construction activity, 6.6% 
of GDP), and Sulawesi (5.2% compared with 4.5%). The exception is the Lesser Sundas (Bali, West 
and East Nusa Tenggara), with 2.6% of total Indonesian construction activity, compared with 2.8% of 
GDP.

The generally larger share of construction activity around the Coral Triangle may indicate some 
emphasis on developing the area, relative to Sumatra and Java in particular.
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M illion rupiah, 2000 prices 2002 2003 2004 2005 2006 2007 Average

Bali 402            402            475            455            452            461            441            
N usa T enggara 361            389            473            724            509            570            505            
South &  W est K alimantan 2,267         2,514         3,053         2,981         2,916         2,945         2,779         
Sulawesi 1,452         1,341         1,806         2,449         2,222         2,090         1,893         
M aluku &  Papua 913            944            988            1,534         1,476         1,467         1,220         

Subtotal 5,395         5,591         6,796         8,143         7,575         7,534         6,839         

R est of Indonesia 22,007       23,194       33,614       34,340       32,221       31,925       29,550       

Indonesia 27,402       28,785       40,409       42,483       39,796       39,458       36,389       

Source: See T able A1

T able A 4:  C onstruction activity (million rupiah, 2000 constant prices)
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D. Fisheries 
The statistics cover marine fi sheries and fi sh culture (aquaculture) production. Marine fi sheries are 
shown in Table A5. Production has fl uctuated over the eight years for which data are readily available 
(2000-07). It generally started high and declined to 2004, with some recovery over the years to 2007. 
Most marine fi sheries are associated with Java, with Sumatra in second position until production 
collapsed from 2003 according to these statistics.

Marine fi sheries averaged 437,000 tons per annum over these years with 80,000 tons in the Coral 
Triangle provinces (18%).

Marine fi sheries, however, are dwarfed by aquaculture, with an average 2004-06 production of 2.1 
million tons (Table A6). Of this, 1.1 million tons was in the Coral Triangle, of which Sulawesi 
accounted for 539,000 tons and Bali and Nusa Tenggara for 500,000 tons. The bulk of the production 
is in marine cultures (these areas produced 95% of fi sh from marine culture in Indonesia). Sulawesi 
also produced signifi cant amounts in brackish water ponds. In the rest of Indonesia, Java was the 
main producer using a range of technologies (621,000 tons), followed by Sumatra (365,000 tons).
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Thousand tons 2000 2001 2002 2003 2004 2005 2006 2007 Average

Sumatra 108.9      111.9      100.7      33.0        15.7        14.5        21.8        25.7        54.0        
Java 369.9      341.1      318.8      214.0      220.1      270.4      273.2      321.4      291.1      
W est K alimantan 10.9        15.9        8.9         5.2         5.7         6.3         6.6         10.2        8.7         
C entral K alimantan 8.2         7.8         7.8         -         0.3         0.4         -         -         3.1         

Subtotal 497.9      476.7      436.3      252.1      241.8      291.6      301.6      357.3      356.9      

Bali &  N usa T enggara 10.7        11.3        9.7         14.7        16.4        21.6        14.8        29.3        16.1        
South K alimantan 7.4         10.9        8.9         34.7        8.7         8.5         6.6         14.9        12.6        
E ast K alimantan 8.8         10.2        5.3         7.6         7.4         8.3         6.5         11.1        8.2         
Sulawesi 45.2        44.9        36.9        34.9        31.2        32.0        32.3        48.9        38.3        
M aluku 3.6         6.7         14.7        -         -         3.1         4.3         4.6         4.6         

Subtotal 75.8        83.9        75.5        91.9        63.8        73.4        64.5        108.7      79.7        

T otal 573.8      560.6      511.8      344.1      305.6      365.0      366.1      466.0      436.6      

Source: See T able A1

T able A 5:  M arine fisheries
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E. Tourism 
Table A7 shows number of beds in ‘classifi ed’ and ‘non-classifi ed’ establishments in Indonesia, and 
domestic and international visitors. Classifi ed hotels fulfi l the requirements of the Department of 
Culture and Tourism, and have a star rating. Of non-classifi ed establishments, melati hotels provide 
budget-type accommodation that is not star-rated; losmen are home-stay type lodgings; and youth 
hostels provide low-cost facilities, mainly for young people.
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Of 325,000 rooms at the latest count, almost 98,000 (30%) were in provinces adjacent to the Coral 
Triangle, but over 42,000 of these were in Bali. The daily average number of guests was 46,700, 
yielding an apparent room occupancy rate of about 48%. This compares with 53% in the rest of 
Indonesia, and 51% overall. Again, Bali dominated the number of guests (26,200 or 56% of the 
Coral Triangle total). 

Table A7 ranks the provinces adjacent to the Coral Triangle according to percent of foreign guests. 
This is particularly high for Bali (62%), followed, with much smaller total fi gures, by West Nusa 
Tenggara (Lombok and Sumbawa) with 31% and East Nusa Tenggara (Flores, Sumba, West Timor 
and other islands) with 11%. The foreign guest percentage declines further at a rapid rate from here: 
North Sulawesi 6%, Papua 5%, and East Kalimantan 5%.

The proportion of classifi ed rooms (in starred hotels) is highest in Bali (48%) followed by West 
Papua (41%), West Nusa Tenggara (36%), South Sulawesi (31%), East Kalimantan (30%), South 
Kalimantan, North Sulawesi and Maluku (28% each), and Papua (24%). 

There is no set pattern for what comes fi rst as a tourist region develops. Bali is obviously in a unique 
position with a high proportion of foreign visitors and a number of international hotels catering for 
part of that market. But Bali also attracts other visitors either arriving in groups or as independent 
travelers. So unstarred family and losmen accommodation has a big market too.

The mixed characteristics in individual provinces are illustrated by the six provinces with the largest 
number of guests (derived from Table A7 and associated calculations). Bali and to a lesser extent 
West Nusa Tenggara have the highest proportions of foreign visitors; there are few almost anywhere 
else. The six provinces, however, have the highest proportions of classifi ed hotel rooms, and most 
foreigners do prefer to stay in such accommodation, whether they come in great numbers as in Bali, 
or in lesser numbers as in South Sulawesi, East and South Kalimantan. It is not clear why the proportion 
of foreigners checking into classifi ed hotels in North Sulawesi is smaller than in the six other 
provinces, but even here the proportion exceeds the average in the other Coral Triangle provinces.
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Guests Foreign
Province per day visitors R ooms Foreigners

Bali 26,165           62% 48% 72%
South Sulawesi 5,991            4% 31% 74%
E ast K alimantan 3,957            5% 30% 77%
South K alimantan 2,362            2% 28% 90%
W est N usa T enggara 1,921            31% 36% 71%
N orth Sulawesi 1,740            6% 28% 43%

All other C T  adjacent 4,534            4% 14% 32%

T otal C oral T riangle 46,670           38% 35% 72%

In classified hotels
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F. 30 years of regional development in Indonesia 
A new study of Indonesia’s regional socioeconomic surveys since the 1970s was published in 
December (Hill et al., 2008). It provides a perspective on the analysis contained in this appendix. 
Concentrating of the fi ve main island groupings of Java-Bali, Sumatra, Kalimantan, Sulawesi, and 
Eastern Indonesia defi ned as the rest of the islands, it notes that there has been a clear shift of 
economic activity towards Java-Bali, centred on Jakarta. Sumatra has shown a stable share when 
mining is excluded but a declining share when oil and gas are included.

In Kalimantan, the largest and most dynamic province has clearly been East Kalimantan. On the 
other hand, the share of the eight eastern provinces (as they existed until the new provinces were 
created from 2000) has been gradually declining, including North and South Sulawesi, and Maluku 
which declined from above average to less than one-third of its share in 1975.

Very poor provinces with a non-mining Gross Regional Product of half or less the national average 
include the two halves of Nusa Tenggara that are slipping further behind, Maluku (the authors note 
that confl ict has had a damaging effect on economic development both here and previously in the 
northern Sumatran province of Aceh), and Southeast Sulawesi, the poorest province in the island. 
They also note that some provinces have been slipping behind, mainly traditional agricultural exporters 
such as South and West Kalimantan, North and South Sulawesi, and Papua (though the latter has 
benefi ted from a combination of mining boom and special government programs). 

Despite such differences, the authors conclude that there has been n signifi cant change in concentration of 
economic activity across major island groupings. Java, or more broadly Java, Bali, Sumatra and 
Kalimantan have dominated, though Sulawesi has gone from below-average to above-average 
growth. Greater Jakarta has increased its role as the nation’s key economic agglomeration.

Nevertheless, the poorest regions, located mainly in Eastern Indonesia, have generally grown only a 
little more slowly than the national average. No province has shown consistently poor performance 
for decades. Regional disparities are either high and declining or moderate and stable. Mining 
activities have tended to accentuate disparities, such as the success of East Kalimantan.
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