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ABSTRACT. Southeast Asia is recognized as a global marine biodiversity hotspot because 

of its rich marine natural heritage. The valuable benefits of its marine ecosystem services 

however, have been eroding since the mid-1960s as heavy anthropogenic pressure driven by 

rapid economic growth and a fast-expanding population resulted in extensive ecosystem 

degradation and environmental quality decline. Awareness of the erosion of coastal and 

marine ecosystem integrity and appreciation of ecosystem services loss in terms of monetary 

value increased over the past few decades but management response has remained reactive 

rather than proactive. As human activity causes ecosystem resiliency loss at local scales, 

climate change impacts operating at the global scale can exacerbate biodiversity loss at 

further expense to the already compromised ecosystem resiliency. As warming augments, 

equatorial species already at high temperature tolerance limits will begin migrating to higher 

latitudes. Ecosystem integrity will be further reduced as species-specific range shifts occur at 

varying temporal and spatial scales and rates. Trophic disruptions, breakdown of species 

interactions and interference of ecosystem processes are likely to result in major modification 

of present community structures with overall biodiversity simplification challenging 

ecosystem integrity even further. Other relevant climate change impacts such as increased 

frequency of extreme weather, sea-level rise, and ocean acidification will also affect marine 

biodiversity. Such impacts can be seen from recent events that depict climate change impact 

scenarios. With many uncertainties, what may emerge as the most relevant mitigation priority 

is to reduce present anthropogenic pressures that will allow ecosystem integrity to improve 

and maintain some resiliency to the impacts of climate change. There are choices between 

ecosystem management, degradation and restoration. Case studies indicate possible 

significant and sustained economic returns from adequately managed marine ecosystems 

compared to irreversible loss from damaged ones. Habitat restoration initiatives have 

increased in the past two decades in response to widespread degradation although they are 

costlier and face limitations. Protection and management are the preferred options if 

ecosystem service benefits are to be optimized. Healthy, resilient ecosystems are also the best 

investment against the emerging threats of climate change and natural disasters. 
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INTRODUCTION 

 

Southeast Asia stretches over the equatorial belt between latitudes 21
0
N to

 
12

0
S and 

longitudes 93
0
E to 141

0
E. The surface area of all its seas combined total 9 million km

2 

representing just 2.5% of earth’s ocean surface but supports almost 30% of the world’s coral 

reefs (Burke et al., 2011), one third of the world’s mangroves (FAO, 2007) and 17% of the 
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world’s seagrass area (Green & Short, 2003). The region harbours a great variety of coastal 

and marine ecosystems, known throughout the world for its high species richness (Chou, 

1996). The island-filled region is located in between the Asian and Australian continents and 

between the Pacific and Indian Oceans. The bathymetry is a mix of shallow continental 

shelves, continental slopes, deep basins, trenches and troughs.  

 Indonesia and the Philippines (the world’s two largest archipelagos) have over 25,000 

islands and almost all the region’s countries along the Asian continent possess extensive 

coastlines and numerous offshore islands, most of which are coral or volcanic. The combined 

coastline length of 92,451 km amounts to approximately 16% of the world’s total and this 

extensive coastline supports a wide variety of coastal and marine ecosystems. Coastal 

features such as cliffs, coves, beaches (rocky, sandy, muddy), deltas, spits, dunes and lagoons 

provide the potential of harbouring high species richness. The high diversity marine habitats 

are favoured by the tropical climate and heavy precipitation that transports nutrients from 

land to sea.  

 The high nutrient content of Southeast Asian seas is facilitated by the scattering of 

numerous islands, each contributing terrestrial inputs to the marine system. The warm 

tropical climate further contributes to boosting primary productivity, enabling mangrove 

forests to reach their maximum development and greatest luxuriance in parts of the region 

(Rao, 1986). A comparative review of mangrove ecosystem productivity based on different 

parameters such as phytoplankton production, primary production, benthic primary 

production and total litter production showed that the region’s mangrove forests maintained 

the highest values than elsewhere in the world (Singh et al., 1994) 

 Rapid industrialisation and strong economic development combined with the fast 

expanding human population exerted high pressure on marine biodiversity through habitat 

loss and degradation, pollution and overexploitation (UNEP/COBSEA, 2010). Economic 

growth generated mainly by industrialisation and international trade remained high during the 

1980s and early 1990s (JEC, 2000). Evidently, economic development remained the clear 

focus of Southeast Asian states with the pace intensifying from the 1960s (UNEP/COBSEA, 

2010). The link between biodiversity and climate change has been clearly established (IPCC, 

2007). While climate change will affect biodiversity, the latter has a role in mitigating climate 

change influences (Djoghlaf & Ganapin Jr., 2010). The region’s marine biodiversity is 

already under high threat from anthropogenic impacts that compromise its ability to provide 

ecosystem services that can at the same time mitigate climate change impacts.    

 

 

ECOSYSTEM RICHNESS 

 

The region’s geomorphologic and oceanographic features together with the tropical weather 

make the seas highly productive and supportive of rich and extensive marine habitats. 

Recognised as the faunistic centre of the entire Indo-Pacific (IUCN/UNEP, 1985), species 

richness of corals and other reef-associated flora and fauna is the highest throughout the 

world making the region a global hotspot for coral reefs (Kelleher et al., 1995). It has about 

80% of the world’s hard coral species (Spalding et al., 2001), 60% of mangrove species 

(FAO, 2007) and 50% of seagrass species (Green & Short, 2003).    

 A major significance is that many taxa are present only in the region and their loss 

translates to global extinction. This species uniqueness has to be guarded against further loss. 

Investigations into population genetics of reef organisms such as corals (Knittweis et al., 

2009), fish (Lourie & Vincent, 2004; Timm & Kochzius, 2008), crustaceans (Barber et al., 

2006), molluscs (Kochzius & Nuryanto, 2008) and echinoderms (Kochzius et al., 2009) 

indicate high levels of genetic structuring with distinct signatures from the Indo-Pacific.  
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 A high proportion of coral, fish, gastropod and lobster species have restricted 

geographic ranges (Roberts et al., 2002) and remain at high risk of extinction from localized 

reef degradation. Bellwood and Meyer (2009) demonstrated that the recognized (but 

arbitrarily defined) hotspots of the Indo-Australian Archipelago do not necessarily support 

high numbers of endemics or serve as a speciation source, and suggested that conservation of 

areas beyond these hotspots is also important. Weeks et al. (2010) also recognised from their 

assessment of community-based Marine Protected Areas (MPAs) in the Philippines that these 

small protected areas should be supplemented by larger no-take reserves for biodiversity 

conservation targets to be more effectively met.    

 

 

HUMAN IMPACTS ON ECOSYSTEM SERVICES 

 

Marine biodiversity of the region has suffered significant loss and degradation 

(UNEP/COBSEA, 2010). Anthropogenic impacts are significant and increasingly depressing 

delivery of ecosystem services that are essential to the well-being of human society and 

national economies (UNEP, 2001; PEMSEA, 2003; MEA, 2005; ASEAN, 2006; 

UNEP/COBSEA, 2010). Human pressure on coastal and marine ecosystems is immense 

considering that 85% of the region’s population is located within 100km of the coast, when 

the world’s average coastal population is 40% (UNEP/COBSEA, 2010). It is estimated that 

95% of Southeast Asia’s coral reefs are at risk from local threats (Burke et al., 2011). Long-

term decline of Indo-Pacific reefs is evident with the proportion of reefs having at least 50% 

live coral cover falling from 66% in 1980 to 4% in 2004 (SCBD, 2010). Signs of decline in 

the rate of mangrove loss have emerged for the rest of the world but not in Asia, which has 

the greater proportion of the ecosystem (SCDB, 2010).  

 Sustained economic growth over the past four decades has helped countries in the 

region to improve national Gross Domestic Product and reduce poverty (PEMSEA, 2003). 

Most of the economic activity has been focused on coastal areas and a large proportion of the 

region’s population is dependent on the coastal and marine environment and their resources 

(UNEP/COBSEA, 2010). This growth comes at the expense of ecosystem services that are 

lost from degraded habitats. The estimated annual value of ecosystem services from the 

region’s coral reefs is US$112.5 billion (PEMSEA, 2003). The annual total economic value 

per hectare of habitats in the South China Sea was estimated at US$2,872 for mangroves, 

$1,543for coral reefs, $1,182 for seagrass and $295 for wetlands (UNEP, 2007). 

 

 

CLIMATE CHANGE IMPACTS 

 

There is increasing evidence that climate change can cause significant impacts to biodiversity 

(IPCC, 2007). Climate change exposes marine biodiversity to a wide range of impacts that 

include sea level rise, elevated sea temperature, and increased frequency of extreme weather 

and intensification of water column stratification (Chou, 1994). These impacts generate 

accompanying environmental effects on coastal and marine systems through coastal erosion, 

sudden salinity fluctuation, increased sedimentation, nutrient loading, salt water intrusion, 

coastal inundation, and changes in coastal geomorphology and circulation patterns (Chou, 

1992). While it is not easy to isolate climate change impacts on natural systems from 

adaptation and other drivers not directly related to climate change, it is possible to get some 

idea of climate change impacts from existing scenarios that simulate climate change 

conditions (Chou, 2010).   
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 Impacts on biodiversity can occur at the species and community levels. At the species 

level, physiological constraints limit the individual’s tolerance to environmental changes. At 

the community level, changes in the community structure alter the ecosystem functioning of 

the habitats. A review of the implications of expected climate change impacts on natural 

coastal ecosystems in the region has been made by Yap (1994). Climate change impacts on 

species will vary. Some species can move to new areas with more suitable conditions, while 

sessile and sedentary ones will have to cope or perish. Many are not expected to adapt to the 

rate and intensity of projected climate change scenarios and risk extinction (SCBD, 2010). In 

the most simplistic sense, a shift to the higher latitudes is expected of fish and other pelagic 

species resulting in a possible decrease in equatorial biodiversity. However, large changes in 

community structure will take place as intact communities fragment from the departure of 

some species resulting in trophic cascade modification and ecological imbalance. The same 

effect will be seen at sites receiving immigrating species.   

 Rising sea levels inundating low-lying coastal plains can overwhelm adaptation 

response of coastal biomes and temperature elevation is expected to elicit physiological and 

behavioural responses from species that could be detrimental to entire biological 

communities and ecosystem integrity. Further warming of estuarine and near-shore habitats 

may make them inhospitable to species that already live close to the upper temperature 

tolerance limit. Increased precipitation will also test the tolerance limits of these species.  

 Ocean acidification from increased dissolved carbon dioxide is detrimental to many 

marine species such as corals, shellfish and plankton. Coral reefs in particular are highly 

vulnerable to lowered ocean pH and the region, with its high proportion of the world’s reefs 

will suffer a greater loss. Should atmospheric CO2 concentrations reach 500 ppm after 2050 

as projected by Rogeli et al. (2009), coral growth will be arrested as dissolution takes place 

(Silverman et al., 2009). The loss of coral reefs will be significant to the region where 

millions of people depend on it for subsistence. Reefs subjected long-term to lowered pH 

such as those at a cold CO2 seep in Papua New Guinea exhibited lowered species diversity, 

structural complexity and resilience (Fabricius et al., 2011). 

 Elevated sea temperature and increased precipitation are two impacts that have 

occurred in the recent past, the former at a global scale and the latter at a local scale. They 

give a fair warning of what can be expected and both impacts are examined further. The 1998 

El Niño event provided a good opportunity to observe the effects of global warming. 

Elevated sea surface temperature occurred from mid-1997 to late 1998 and coral reefs 

displayed the most dramatic effect. Mass bleaching of corals took place worldwide at an 

unprecedented scale and highlighted the urgency of protecting reef resiliency. Management is 

thus needed to prevent compromise of reef system integrity. Mortality of shallow water corals 

was as high as 95% in some parts of the world while no mortality was observed in other 

places (Wilkinson & Hodgson, 1999). 

 Moderate to extensive bleaching was reported throughout Southeast Asia and all 

countries noted the extent of this event, which was unprecedented (Chou et al., 2002). In 

Indonesia, bleaching started in early 1998 in West Sumatra resulting in over 90% mortality. It 

then spread to other reefs throughout the country causing decreases in live coral cover 

ranging from 30 to 90%. Recovery was variable after a few years with some reefs retaining 

depressed live coral cover of less than 10%, while for others it reached 40%. In the 

Philippines, mean live coral cover decreased by 19% after the 1998 bleaching in Tubbataha 

with no further loss or recovery after two years. At Danjugan Island in Negros Occidental 

where coral mortality from the bleaching was high, recovery was observed over the next two 

years. The species Pavona clavus recovered better in medium depths of 12 m compared to 

shallow waters of 6 m.  
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 Widespread bleaching of shallow reefs in the Gulf of Thailand affected also the coral 

recruits. Corals on pinnacles in deeper water (10-15 m) escaped the bleaching. Local 

extinctions of some Acropora species were recorded while Goniopora showed complete 

recovery. Recovery in the inner Gulf of Thailand took a longer time because of low coral 

recruitment, but the east and west coasts of the Gulf had large numbers of coral recruits that 

facilitated recovery. In Vietnam’s Con Dao islands, 37% of coral colonies bleached. 

Recovery was reported to be slow over the next two years. In Singapore, widespread mass 

bleaching occurred as sea surface temperature remained unusually high from January 1998, 

reaching 34.3
0
C in June. All hard coral species bleached, together with some species of soft 

corals and colonial sea anemones. However, sea surface temperature returned to normal (29.5 

to 31.5
0
C) after June, allowing the bleached corals to recover and limit mortality to 20%. 

 Wilkinson and Hodgson (1999) noted that the 1997/98 bleaching event was the most 

severe ever observed and raised the question of whether this was just an isolated event or that 

similar events will follow at greater frequency as global warming continues. In the early part 

of 2010, the seas warmed up to temperatures higher than in 1997/98 and triggered widespread 

bleaching once again. Investigations revealed that species that were severely impacted in the 

1997/98 bleaching appeared to be less impacted this time, while those that showed little 

effect to the earlier event were heavily bleached. The differences in species response and 

mortality patterns suggested some adaptive ability to thermal stress by coral species (Guest et 

al., 2012).  

 Increased frequency of extreme weather is expected from global warming. Periods of 

drought interspersed by intense precipitation will cause wide salinity fluctuations in shallow 

waters and affect intertidal life. The impact of sudden lowering of salinity on intertidal 

biological communities was observed at a location in Singapore after unusually heavy rainfall 

over many decades occurred at the end of 2006 and early 2007 (Chou, 2010).  

 Excessive discharge from Malaysia’s Johor River northeast of Singapore caused a 

sustained decline of salinity in that part of the Johor Strait. Chek Jawa, a protected intertidal 

habitat on the island of Pulau Ubin was fully exposed to the freshwater outflow for weeks. 

Mass mortality of sessile and sedentary osmotic-conforming species was observed and many 

species such as carpet anemones, sea stars and sea cucumbers, unable to regulate the osmotic 

concentration of their body fluids against the lowered salinity, literally burst open as the less 

saline water infused their body cavities. The intertidal flat was scattered with the fragmented 

remains of these species. 

 Investigations showed that recovery was good within a year after the event. Many 

species that suffered the mass kill had reappeared in abundance. At the same time, some 

species, which were not common before, became more abundant. These findings indicated 

that biodiversity can generally recover as environmental conditions revert to normal but long-

term changes in the community structure are inevitable as indicated by the new appearance of 

the invasive Asian mussel, Musculista senhousia, a native of northern Southeast Asia that has 

spread to Singapore, Australia, New Zealand, the United States and the Mediterranean. In 

Singapore, Musculista senhousia established only in degraded habitats and its opportunistic 

colonization of Chek Jawa after the excessive rainfall in December 2007 demonstrated the 

potential of an invasive species to dominate a biodiversity-rich natural habitat following an 

abrupt environmental change and disrupt full recovery to the original community structure. 

 

 

MANAGEMENT OPTIONS 

 

The region’s economic growth over the last four decades has had an impact on the coastal 

and marine habitats that are the richest in the world. Degraded habitats cannot provide the 
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high levels of ecosystem services that adequately protected habitats can and there are 

interesting challenges to sustainable development of the region’s coastal and marine 

environment. Studies have indicated that ecosystems that are effectively managed can 

generate revenues from the ecosystem services of tourism and recreation. The annual income 

derived from Indonesia’s Pulau Weh Marine Protected Area is US$230,000, Malaysia’s 

Pulau Redang $545,000, Vietnam’s Hon Mun MPA $243,190 and Philippine’s Lingayan 

Gulf $4.7 million (CI, 2008).  

 In a cost-benefit analysis of coral mining for lime production in Lombok, coral miners 

could enjoy profits of US$27,000/km
2 

of reef but the societal cost in terms of fisheries and 

tourism loss from the destroyed reefs ranged from US$33,000 to 762,000 (Öhman & Cesar, 

2000). Hodgson and Dixon (1988) estimated that logging in Palawan could yield gross 

revenues of $8.6 m over a 10-year span but at a cost to the fisheries ($6.2 m) and tourism 

($13.9 m) industries dependent on the environment that will be impacted by the logging 

activity. Based on this analysis, the Philippine national government banned logging in 

Palawan and declared El Nido bay a marine reserve. 

 One of the most well-documented, long-term investigations of the impact of marine 

reserves on reef fish density was conducted at Sumilon and Apo Islands (Russ & Alcala, 

2003). They demonstrated that fish yield was sustained from eleven years of continuous 

protection at Apo Island, while at Sumilon Island, the intermittent removal of protection 

resulted in significant declines of fish yield much greater than the build-up of fish biomass 

and density over the years under protection. 

 

 

DISCUSSION 

 

Climate change together with elevated sea surface temperature and ocean acidification are 

looming threats to the region’s marine biodiversity. It will test the resilience of marine 

ecosystems, which are already compromised by intense anthropogenic pressure. The capacity 

of marine ecosystems to adapt to climate change impacts is severely undermined by present 

human demands that lead to excessive overexploitation, degradation, fragmentation and 

pollution. These pressures erode ecological integrity and depress ecosystem services. 

 Ecosystem resilience needs to be strengthened to minimise further damage from 

climate change impacts (SCBD, 2010) and the immediate focus is on the reduction of 

anthropogenic pressure and more efficient management of marine biodiversity. This is one of 

the great challenges facing the region, which has relied heavily on the services of marine 

ecosystems but not doing enough to maintain sustainability.  

 A sensible investment is to improve efforts at increasing the resiliency of ecosystems. 

This can be done through better management that includes more effective protection and 

restoration of degraded habitats such as seagrass, mangroves and coral reefs.  There is much 

scope for research into reef restoration (Edwards & Gomez, 2007) and many reef restoration 

techniques have been initiated (Chou et al., 2009). They include low cost approaches to 

hasten reef recovery from blast fishing where rubble stabilization and rock piles were found 

to encourage better coral recruitment and growth compared to scattered rubble. (Fox et al., 

2005; Raymundo et al., 2007).  

 Against the gloomy outlook of habitat destruction are successful protection and 

rehabilitation measures at local levels (Tun et al., 2008). Demonstration sites on reversing 

degradation trends have been established under different regional projects such as the 

UNEP/GEF South China Sea project (UNEP, 2004). Seeking to improve management for 

better sustainability, demonstration sites on more efficient integrated management of the 
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coast that addresses a sustainable development strategy for the seas of East Asia are being 

scaled up (PEMSEA, 2003). 

 

 

REFERENCES 

 

ASEAN. 2006. Third ASEAN State of the Marine Environment Report 2006. ASEAN 

Secretariat, Jakarta. 

Barber, P. H., Erdmann M. V. & Palumbi S. R. 2006. Comparative phylogeography of three 

codistributed stomatopods: origins and timing of regional lineage diversification in 

the coral triangle. Evolution, 60(9): 1825-1839. 

Bellwood, D. R. & Meyer, C. P. 2009. Searching for heat in a marine biodiversity hotspot. 

Journal of Biogeography, 36: 569-576.  

Burke, L., Reytar K., Spalding M. & Perry A. 2011. Reefs at Risk Revisited. World Resources 

Institute, Washington D.C.   

Chou, L. M. 1992. Potential Impacts of Climate Change and Sea-level Rise on the East Asian 

Seas Region. Journal of Southeast Asian Earth Sciences, 7(1): 61-64. 

Chou, L. M. (ed) 1994. Implications of Expected Climate Changes in the East Asian Seas 

Region: An Overview. RCU/EAS Technical Report Series No. 2. Regional 

Coordinating Unit, East Asian Seas, UNEP (Bangkok).  

Chou, L. M. 1996. Importance of Southeast Asian Marine Ecosystems in Biodiversity 

Maintenance. In Biodiversity and the Dynamics of Ecosystems (Turner, I. M., Diong 

C. H., Lim S. S. L. & Ng P. K. L. eds.), DIWPA Series Volume. 1: 227-235. 

Chou, L. M. 2010. Anticipated Impacts of Climate Change on Marine Biodiversity: Using 

Field Situations that Simulate Climate Change in Singapore. In Moving Forward, 

Southeast Asian Perspectives on Climate Change and Biodiversity (Sajise P. E., 

Ticsay M. V. & Saguiguit Jr. G. C. eds.), Southeast Asian Regional Center for 

Graduate Study and Research in Agriculture and Institute of Southeast Asian Studies, 

Singapore: 131-138.  

Chou, L. M., Vo, S. T., PhilReefs, Yeemin, T., Cabanban, A., Suharsono & Kessna, I. 2002. 

Status of Southeast Asia Coral Reefs. In Status of Coral Reefs of the World: 2002 

(Wilkinson C. ed.), Australian Institute of Marine Science, Townsville: 123-152. 

Chou, L. M., Yeemin, T., Abdul Rahim, G. Y., Vo, S. T., Alino, P. & Suharsono, S. 2009. 

Coral Reef Restoration in the South China Sea. Galaxea, 11: 67-74.  

CI (Conservation International). 2008. Economic Values of Coral reefs, Mangroves and 

Seagrasses: a Global Compilation. Center for Applied Biodiversity Science, 

Conservational International. 

Djoghlaf, A. & Ganapin Jr, D. J. 2010. Exploring the link between climate change and 

biodiversity. In Moving Forward: Southeast Asian Perspectives on Climate Change 

and Biodiversity (Sajise P. E., Ticsay M. V., Saguiguit Jr G. C. eds.), Institute of 

Southeast Asian Studies and Southeast Asian Regional Center for Graduate Study and 

Research in Agriculture, Singapore: 3-8.  

Edwards, A. & Gomez, E. 2007. Reef Restoration Concepts and Guidelines: Making Sensible 

Management Choices in the Face of Uncertainty. Coral Reef Targeted Research & 

Capacity Building for Management Programme. St Lucia, Australia. 

FAO. 2007. The World’s Mangroves 1980-2005. Food and Agriculture Organisation, Rome.  

Fabricius, K. E., Langdon, C., Uthicke1 S., Humphrey C., Noonan S., De’ath G, Okazaki R., 

Muehllehner N., Glas M. S. & Janice M. L. 2011. Losers and Winners in Coral Reefs 

Acclimatized to Elevated Carbon Dioxide Concentrations. Nature Climate Change, 1: 

165-169.  



Loke Ming Chou 

 48 

Fox, H. E., Mous, P. J., Pet, J. S., Muljadi, A. H. & Caldwell, R. L. 2005. Experimental 

Assessment of Coral Reef Rehabilitation Following Blast Fishing. Conservation 

Biology, 19(1): 98-107.  

Green, E. P. & Short, F. T. (eds.) 2003. World Atlas of Seagrasses. World Conservation 

Monitoring Centre. University of California Press. 

Guest, J. R., Baird, A. H., Maynard, J. A., Muttaqin, E., Edwards, A. J., Cambell, S. J., 

Yewdall, K., Affendi Y.A. & Chou L. M. 2012. Contrasting Patterns of Coral 

Bleaching Susceptibility in 2010 Suggest an Adaptive Response to Thermal Stress. 

PLoS One, 7(3): 705-713. 

Hodgson, G. & Dixon L. A. 1988. Logging Versus Fisheries and Tourism in Palawan. 

Occasional Papers No 7. East-West Environment and Policy Institute, Honolulu. 

Hughes, T. P., Baird, A. H., Bellwood, D. R., Card, M., Connolly, S. R., Folke, C., Grosberg,  

 R., Hoegh-Guldberg, O., Jackson, J. B. C., Kleypas, J., Lough, J. M., Marshall, P., 

Nystrom, M., Palumbi, S. R., Pandolfi, J. M., Rosen, B. & Roughgarden, J. 2003. 

Climate Change, Human Impacts, and the Resilience of Coral Reefs. Science, 301: 

929-933. 

IPCC. 2007. Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II 

and III to the Fourth Assessment Report of the Intergovernmental Panel on Climate 

Change. IPCC, Geneva, Switzerland. 

IUCN/UNEP. 1985. Management and Conservation of Renewable Marine Resources in the 

East Asian Seas Region. UNEP Regional Seas Reports and Studies No. 65. United 

Nations Environment Programme.  

JEC (ed.). 2000. The State of the Environment in Asia 1999/2000. Japan Environmental 

Council. Springer-Verlag Tokyo.  

Kelleher, G., Bleakley, C. & Wells, C. 1995. A Global Representative System of Marine 

Protected Areas. Volume 3. The World Bank, Washington D.C. 

Knittweis, L., Kraemer, W. E., Timm, J. & Kochzius, M. 2009. Genetic Structure of 

Heliofungia actiniformis (Scleractinia: Fungiidae) Populations in the Indo-Malay 

Archipelago: Implications for Live Coral Trade Management Efforts. Conservation 

Genetics, 10: 241-249. 

Kochzius, M. & Nuryanto, A. 2008. Strong Genetic Population Structure in the Boring Giant 

Clam, Tridacna crocea, Across the Indo-Malay Archipelago: Implications Related to 

Evolutionary Processes and Connectivity. Molecular Ecology, 17: 3775-3787. 

Kochziu,s M., Seidel, C., Hauschild, J., Kirchhoff, S., Mester, P., Meyer-Wachsmuth, I., 

Nuryanto, A. & Timm, J. 2009. Genetic Population Structures of the Blue Starfish 

Linckia laevigata and its Gastropod Ectoparasite Thyca crystallina. Marine Ecology 

Progress Series, 396: 211-219.  

Lourie, S. A. & Vincent, A. C. J. 2004. A Marine Fish Follows Wallace's Line: the 

Phylogeography of the Three-spot Seahorse (Hippocampus trimaculatus, 

Syngnathidae, Teleostei) in Southeast Asia. Journal of Biogeography, 31(12): 1975-

1985. 

MEA (Millennium Ecosystem Assessment) 2005. Ecosystem and Human Well-being: 

Current Status and Trends Assessment. Chapter 19 – Coastal systems: 515-549. 

Öhman, M. C. & Cesar, H. S. J. 2000. Costs and Benefits of Coral Mining. In Collected 

Essays on Economics of Coral Reefs, (Cesar H. S. J. Ed.). CORDIO, Department for 

Biology and Environmental Sciences, Kalmar University, Kalmar, Sweden: 85 - 93. 

PEMSEA (Partnerships in Environmental Management for the Seas of East Asia) 2003. 

Sustainable Development Strategy for the Seas of East Asia: Regional Implementation 

of the World Summit on Sustainable Development Requirements for the Coasts and 

Oceans. PEMSEA, Quezon City, Philippines. 



Sustainable Development of Southeast Asia’s Marine Ecosystems – Climate Change Challenges and Management 

Approaches 

 49 

Rao, A. N. 1986. Mangrove Ecosystems of Asia and the Pacific. In: Mangroves of Asia and 

the Pacific: Status and Management. Technical Report of the UNDP/UNESCO 

Research and Training Pilot Programme on Mangrove Ecosystems in Asia and the 

Pacific (RAS/79/002). Natural Resources Management Centre and National Mangrove 

Committee, Ministry of Natural Resources, Philippines: 1-48. 

Raymundo, L. J., Maypa, A. P., Gomez, E. D. & Cadiz, P. 2007. Can Dynamite-blasted Reefs 

Recover? A Novel, Low-tech Approach to Stimulating Natural Recovery in Fish and 

Coral Populations. Marine Pollution Bulletin, 54(7): 1009-1019. 

Roberts, C. M., McClean, C. J., Veron, J. E. N., Hawkins, J. P., Allen, G. R., McAllister, D. 

E., Mittermeier, C. G., Schueler, F. W., Spalding, M., Wells, F., Vynne, C., Werner, 

T. B. 2002. Marine biodiversity hotspots and conservation priorities for tropical 

reefs. Science, 295: 1280-1284. 

Rogeli, R., Hare, B., Nabel, J., Macey, K., Schaeffer, M., Markmann, K. & Meinschausen M. 

2009. Halfway to Copenhagen, No Way to 2
0
C. Nature Reports Climate Change, 3: 

81-83. 

Russ, G. R. & Alcala, A. C. 2003. Marine Reserves: Rates and Patterns of Recovery and 

Decline of Predatory Fish, 1983-2000. Ecological Applications, 13(6): 1553–1565. 

SCBD (Secretariat of the Convention on Biological Diversity). 2010. Global Biodiversity 

Outlook 3. Montreal. 

Spalding M., Ravilious C., Green E. P. 2001. World atlas of coral reefs. World Conservation 

Monitoring Centre. University of California Press. 

Silverman, J., Lazar, B., Cao, L., Caldeira, K. & Erez, J. 2009. Coral Reefs May Start 

Dissolving When Atmospheric CO2 Doubles. Geophysical Research Letters. 36: 

L05606. 

Singh, H. R., Chong, V .C., Sasekumar, A. & Lim, K. H. 1994. Value of Mangroves as 

Nursery and Feeding Grounds. In Proceedings, Third ASEAN-Australia Symposium 

on Living Coastal Resources, 16-20 May 1994, Bangkok (Wilkinson, C. R., Sudara, 

S. & Chou, L. M. eds.), Australian Institute of Marine Science, Townsville: 105-116. 

Timm, J. &  Kochzius, M. 2008. Geological History and Oceanography of the Indo-Malay 

Archipelago Shape the Genetic Population Structure in the False Clown Anemonefish 

(Amphiprion ocellaris). Molecular Ecology, 17(18): 3999-4014.  

Tun, K., Chou, L. M., Thamasak, Y., Phongsuwan, N., Affendi, Y. A., Ho, N., Sour, K., 

Nguyen, V. L., Nanola, C., Lane, D. & Tuti, Y. 2008. Status of Coral Reefs in 

Southeast Asia. In Status of Coral Reefs of the World: 2008 (Wilkinson, C. R. ed.), 

Australian Institute of Marine Science, Townsville: 131-144.  

UNEP. 2001. Asia-Pacific Environmental Outlook. United Nations Environment Programme, 

Bangkok. 

UNEP. 2004. Coral Reefs in the South China Sea. UNEP/GEF/SCS Technical Publication 

No. 2. UNEP/GEF Project Co-ordinating Unit, United Nations Environment 

Programme, Bangkok.   

UNEP. 2007. Procedure for Determination of National and Regional Economic Values for 

Ecotone Goods and Services, and Total Economic Values of Coastal Habitats in the 

Context of the UNEP/GEF Project Entitled: “Reversing Environmental Degradation 

Trends in the South China Sea and Gulf of Thailand”. South China Sea Knowledge 

Document No. 3. UNEP/GEF/SCS/Inf. 3. 

UNEP/COBSEA. 2010. State of the Marine Environment Report for the East Asian Seas 

2009 (Chou, L. M. ed.). COBSEA Secretariat, Bangkok.  

Weeks, R., Russ, G. R., Alcala, A. C. & White, A. T. 2010. Effectiveness of Marine 

Protected Areas in the Philippines for Biodiversity Conservation. Conservation 

Biology, 24(2): 531-540. 



Loke Ming Chou 

 50 

Wilkinson, C. & Hodgson, G. 1999. Coral Reefs and the 1997-1998 Mass Bleaching and 

Mortality. Nature & Resources, 35(2): 16-25. 

Yap, H. T. 1994. Implications of Expected Climatic Changes on Natural Coastal Ecosystems 

in the East Asian Seas Region. In Implications of Expected Climate Change in the 

East Asian Seas Region: An Overview (Chou, L. M. ed), RCU/EAS Technical Report 

Series No. 2. Regional Coordinating Unit, East Asian Seas, UNEP (Bangkok): 105-

122. 


	1678454c5c6c3026de3.00192810 44
	1678454c5c6c3026de3.00192810 45
	1678454c5c6c3026de3.00192810 46
	1678454c5c6c3026de3.00192810 47
	1678454c5c6c3026de3.00192810 48
	1678454c5c6c3026de3.00192810 49
	1678454c5c6c3026de3.00192810 50
	1678454c5c6c3026de3.00192810 51
	1678454c5c6c3026de3.00192810 52
	1678454c5c6c3026de3.00192810 53

