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Southeast Asia hosts one-third of 
global mangrove forest area

Thomas et al. (2017, PLoS ONE)

Deltares (2014)



Anthropogenic activities impact 

46.7% of Southeast Asian mangroves

Thomas et al. (2017, PLoS ONE)



Southeast Asian mangroves are 

lost at 0.18% per year

Richards & Friess (2016, PNAS)



Southeast Asia hosts one-third of 
global seagrass meadow area

Short et al. (2007, JEMBE)



Up to 60% of seagrass meadows 
in Southeast Asia have been lost

Kirkman & Kirkman (2002, Bull. Mar. Sci.)

Tun et al. (2008, Status of Coral Reefs of the World) Anne F. Glasspool



Southeast Asia contains one-third of 
global coral reef area (<100,000 km2)

Veron et al. (2015, Front. Mar. Sci.)



David Lane



Southeast Asian coral reef cover 
declining at about 1% per year

Bruno & Selig (2007, PLoS ONE)



Impacts of climate change are not 
all about declines

Changes are unlikely to be simple or linear; there will 

be winners, losers, and surprises.

Elizabeth Fulton (2011, ICES J. Mar. Sci.)



Effects of carbon dioxide

• Direct CO2 effects

• Global warming

• Short-term greening

• Ocean acidification

• Physiological stress

• Warming effects

• Thermal stress

• Deoxygenation

• Ice melt

• Sea level rise



Ocean acidification

NOAA PMEL Carbon Program



David Littschwager/National Geographic Society



1. Ocean becomes more acidic

2. Carbonate levels fall

http://www.whoi.edu/oceanus/v2/article/images.do?id=65266

Eyre et al. (2018, Science)



Since 1955, 93% of the excess heat 

trapped by greenhouse gases has 
been absorbed by the oceans



Distribution of coral reefs

http://www.nasa.gov/vision/earth/lookingatearth/coral_assessment.html
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Fate of coral reefs when the 

climate warms

http://www.nasa.gov/vision/earth/lookingatearth/coral_assessment.html



Rising temperatures in Japan over 

the last century

Yamano et al. (2011, Geophys. Res. Lett.)



Coral species are expanding their 
ranges poleward up to 14 km/yr

National Institute for Environmental Studies



Fate of coral reefs when the 

climate warms

http://www.nasa.gov/vision/earth/lookingatearth/coral_assessment.html



Corals and anemones under heat 

stress shed their algal symbionts

Bleached corals

Coral with algae Coral without algae

Bleached anemone



Corals that do not recover their 

algal symbionts will die



Bleaching → disease, predation



Mass coral bleaching events

• 1998, 2010, 2016

• Coincide with El Niño

Hughes et al. (2018, Science)



Will corals be able to survive 

climate change?

Have corals survived climate change in the past?

Hansen & Sato (2004, PNAS)



Today Last Interglacial (about 125,000 years ago)

2012, PNAS

Kiessling (2012, PNAS)

Corals will probably survive but 
decline from the equator



Southeast Asia’s equatorial coral reefs 

at risk from coral range shifts

June 2015 June 2016



Global sea level is increasing by 

3.2 mm per year

Meyssignac et al. (2012, Surv. Geophys.)



Sea level change in the past

Root Routledge



Rapid sea-level rise can drown 
coral reefs

Current sea level

Rising 3.2 mm/year

0.4-0.8 m by 2100

Reef flat

Reef slope

Reef base

Reef crest



Managing ecosystems with marine 

protected areas in Southeast Asia



Limited coverage of marine 
protected areas in Southeast Asia



Restoring degraded coral reefs 
ecologically

Toh et al. (2017, Ecol. Eng.)



Enhancing reef resilience by 
assisted evolution

van Oppen et al. (2015, PNAS)



COP21: keep temperature 

rise well below 2°C, pursue 

efforts for 1.5°C

This is the result of 0.85°C global warming (1880–2012)…


