
 



recent study by the World Resources Institute in the “Reefs at Risk Revisited” report 
(Burke et al., 2011a) calculated that more than 60 per cent of the world’s coral reefs are 
under immediate threat.  Indeed the latest Intergovernmental Panel on Climate Change 
(IPCC (2014)) report suggests that “coral reefs are one of the most vulnerable ecosystem 
on Earth” and will be functionally extinct by 2050, without adaptation (worst case 
scenario), or by 2100 with biological adaptation of the whole ecosystem.  Presently the 
level of threats varies considerably in different geographical regions; reefs of the Pacific 
Ocean are least threatened, but those throughout Asia and the wider Caribbean and 
Atlantic regions are under greater threats.  

Coral reefs developed throughout millions of years under a wide range of “natural” 
stresses, such as storms, variations in sea level, volcanic and tectonic plate activity. 
However recent anthropogenic stresses are overwhelming the natural reef 
resistance/resilience and recovery mechanisms, resulting in major losses and declines in 
the reefs and their biological resources in many regions.  The major threats are: 
overfishing and destructive fishing practices; pollution and increased sedimentation; 
h



1.2 Coastal protection 

Reefs and mangrove forests provide coastal protection for land resources and human 
infrastructure, especially where large areas of shallow reef flats are adjacent to the 
shore and reefs have a distinct crest. This is a continual service, which is especially 
important during storms and cyclones. This service also includes some attenuation of 
tsunami waves, as was the case during the 2004 Indian Ocean tsunami (Wilkinson et al., 
2006).  Coastal protection provided by coral reefs is valued at 10.7 billion dollars (Table 
1), which can be considered as a natural alternative to the cost of building seawalls 
along coasts that are otherwise protected from ocean swell and storm waves by 
offshore barrier reef systems.  

 
Table 1. Annual net global benefits from coral reef-related ecosystem services in dollars assessed in 2010, 
with two important States included for emphasis. Values are expressed in millions of United States dollars 
as net benefits, including costs (from Burke et al., 2011b). 

Region & Total Tourism  Reef Fisheries Shoreline Protection 

Global         29 000 11 500 6 800 10 700 



the main island of the Maldives, Malé, was so seriously mined over centuries that the 
shoreline protection was virtually lost, such that in 1987 storm waves penetrated 
throughout the city causing massive saltwater damage, including contamination of the 
groundwater system. Replacement concrete tetrapod seawalls cost more than 10 
million dollars per km in the 1990s; the cost would be much higher now (Talbot and 
Wilkinson, 2001). Such problems create economic dilemmas for governments, as it may 
be cheaper to mine fringing reefs and sand flats, rather than take the material from land 
or remote coral structures. This will be exacerbated with climate change-related sea-
level rise. Mining also occurs at deeper areas. Large-scale mining projects are predicted 
for eastern Brazil to 
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Figure 1. The diversity of hard coral species is 



these resources. The major threats include extractive activities, pollution, 
sedimentation, physical destruction, and the effects of anthropogenic climate change. 
Such stressors often interact synergistically with natural stressors, such as storms (Table 
2). Carpenter and 38 other authors (Carpenter 



iii. Poor political will and poor oceans 
governance 

Political ignorance, indifference, inertia; corruption and low transparency in governance 
at global and regional levels all impede decision-making and waste resources. 

iv. Uncoordinated global and regional 
conservation arrangements 

Inadequate coordination among m



with reef fish taken largely 





from mining in New Caledonia (France), while contamination by persistent organic 
pollutants (POPs) occurs across the whole lagoon region (Briand et al., 2014).  Millions of 



mirror agricultural use in the catchments adjacent to the GBR (Kennedy et al., 2012; 
Lewis et al., 2009) and on reefs of French Polynesia (France) (Salvat et al., 2012).  

Herbicides that inhibit photosystem II in plants are highly persistent in marine 
environments and are regularly detected in coral reef systems (Schaffelke et al., 2013); 
with concentrations of herbicides periodically exceeding regulatory guidelines for the 
GBR during flood plume events (Lewis et al., 2012).  These concentrations are known to 
deleteriously affect corals (Jones and Kerswell, 2003; Negri et al., 2005), microalgae  
(Bengtson Nash et al., 2005; Magnusson et al., 2008), crustose coralline algae (Negri et 
al., 2011), foraminifera (van Dam et al., 2012), and seagrass ( Haynes et al., 2000; Gao et 
al., 2011).  



world’s coral reefs and at least 10 identified coral diseases (~30 per cent of known coral 
diseases; Willis et al., 2004). It is unclear whether coral disease will have the same 
impact on Indo-Pacific reefs as it has in the Caribbean due to fundamental differences in 
their coral reef communities (Wilson et al., 2014). A higher level of diversity and 
functional redundancy in herbivorous fishes and coral communities, slower macroalgal 
growth, and less dependence on fragmentation as a reproductive mode, may protect 
Indo-



major outbreaks have occurred simultaneously with mass coral bleaching in 2005 and 
2006.  

Four widely supported but not mutually exclusive theories to explain COTS outbreaks 
are: (a) fluctuations in COTS populations are a natural phenomenon; (b) removal of 
natural predators (such as large molluscs and some fishes) of the COTS has allowed 
populations to expand; (c) human-induced increases in the nutrients flowing to the sea 
have resulted in an increase in planktonic food for larvae of the COTS which leads to an 
increase in the number of adult starfish causing outbreaks (Fabricius et al., 2010); and 
(d) increased COTS larval survival as ocean temperatures increase (Uthicke et al., 2014).   

 

2.4 Natural stresses (cyclones, tsunami)  

Although many reefs lie outside the zone of frequent tropical cyclones and hurricanes 
(approximately between 7oN and 7oS latitude), storms regularly damage coral reefs 
outside this latitudinal zone (Figure 3). Storm damage is exacerbated by storm surge and 
both reduce the ability of coral reefs to return to their mean pre-disturbance state or 
condition by slowing coral recruitment, growth, and reducing fitness (Nyström et al., 
2000).  The combination of tropical storms with other stressors has caused successive 
and substantial losses of corals worldwide (Harmelin-Vivien, 1994; Done, 1992; Miller et 
al., 2002; Fabricius et al., 2008; Williams et al., 2008a). However, tropical storms also 
benefit reefs when the storms are sufficiently distant to not inflict damage, but close 
enough to cool waters through enhanced wave-induced vertical mixing and to reduce 
bleaching risk (Szmant and Miller, 2005; Manzello et al., 2007; Carrigan and Puotinen, 
2014). A recent modelling study predicted that Caribbean coral reefs with intact 
herbivore fish and urchin populations would likely maintain their community structure 
and function under any expected level of tropical cyclone activity, as long as other 
stressors, 
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Figure 3: These plots of tropical cyclones (and typhoons) over the past 100 years illustrate that damaging 
storms are rare within a band between 7o North and South of the Equator, such that a large proportion of 
the high biodiversity reefs in Indo-Pacific are rarely damaged by damaging storms (courtesy of NASA, USA, 
2008). There are predictions that under increasing climate change, the damaging strength of cyclones will 
increase with more category 4 and 5 storms, but the number of storms may not change (Wilkinson and 
Souter, 2008). 

 

2.5 Climate change effects and p







2.5.4 Ocean acidification 

The first detailed prediction of the potential for increasing ocean acidification to damage 
coral reefs was made in 1992 at the 7th International Coral Reef Symposium (Buddemeier 
1993). Experimental studies confirmed these predictions of damage to coral calcification 
in the 1990s (Gattuso et al., 1998; Gattuso et al., 1999). The IPCC (2014) report 
determined that under medium- to high-emission scenarios (RCP4.5, 6.0 and 8.5), ocean 
acidification poses substantial risks to coral reefs through its effects on the physiology, 
behaviour, and population dynamics of individual species from phytoplankton to 
animals (medium to high confidence, IPCC, 2014). Also the lowering of pH will favour the 
dissolution of the calcareous matrix of coral reefs.



3. Social and economic considerations. 

 

Economic valuation of coral reefs is a relatively recent process (Cesar, 1996; Cesar et al., 
2003) to demonstrate the importance of reef ecosystem services and encourage greater 
conservation efforts. However, there is a potential critical error in that high-value, short-
term economic gains that result from development activities can occur at the expense 
of longer-term benefits. Economic valuation provides more complete information on 
the economic consequences of decisions that lead to degradation and loss of natural 
resources, as well as the short- and long-term costs and benefits of environmental 
protection. Many studies have assessed the value of ecosystem services provided by 
coral reefs, at local to global scales. The focus is predominantly on tourism and reef-
related fisheries; because these are widely studied and direct-use data are more readily 
available. It is more difficult to estimate indirect-use values, such as shoreline 
protection, and most difficult with controversial methods to estimate non-use values, 
such as cultural, biodiversity and heritage values. The annual net global benefits from 
coral reefs have been estimated at 29 billion dollars  

(11.5 billion dollars tourism; 6.8 billion dollars 





Phoenix Islands Protected Area Kiribati 2008 408,250 

Papahānaumokuākea (Northwestern Hawaiian Islands) United States 2006 362,100 

Great Barrier Reef Marine Park Australia 1975 344,400 

 

Those areas face major logistical and economic challenges of implementing, managing 
and monitoring (Leehardt et al., 2103). 

Emslie et al. (2015) showed that expanding NTMR networks had clear benefits for 
fishery target, but not non-target, species. During the study, a cyclone caused 
widespread degradation, but target species biomass was retained within NTMRs, with 



5.1 Indian Ocean  

During the first half of 1998, the most severe El Niño event ever recorded resulted in the 
loss of more than 90 per cent of live coral cover throughout large parts of the Indian 
Ocean. Damage was particularly severe in the Maldives, Chagos Archipelago, Seychelles 
and Kenya. Prior to 1998, reefs adjacent to large human populations along the coast of 
East Africa, India and Sri Lanka had already suffered serious damage from excessive and 
destructive fishing, nutrient pollution, increased sediment input from land and direct 
development over the reefs, including coral mining.  

Reefs on remote islands and in the Red Sea were generally in good health prior to 1998.  
Since 1998, coral recovery has been minimal in the Persian Gulf and Gulf of Oman, with 
recovery often reversed by more bleaching. Throughout the Arabian Peninsula region, 
massive coastal development and dredging to create oil industrial sites and residential 
and tourist complexes has occurred. Many reefs in the Red Sea continue to be healthy, 
although COTS (crown-of-thorns starfish) have caused damage, and expanding tourism 
in the Northern Red Sea is accelerating some coral losses.  

Along the coastline of Eastern Africa, a mix of reef recovery and reef degradation is 
observed as management efforts are directed at controlling the effects of rapidly 
growing populations and at involving local communities in coastal management. All 
States are increasing their networks of marine protected areas and States are improving 
management capacity and legislation. 

Reefs of the southwestern islands in the Indian Ocean continue to recover after 
devastation in 1998. Some reefs of the Seychelles and Comoros have regained about 
half or more of their lost coral cover but recovery has been poor on reefs damaged by 
human activities. Recovery rates in the Seychelles varied, in part, due to factors that 
have now been shown to increase reef resilience – depth and structural complexity 
(Graham et al., 2015).  

The reef decline in South Asia continues, as large human populations further impact 
coral reefs, adding to the damage that occurred in 1998.   Recovery has been observed 
in the reefs of the western Maldives, Chagos Archipelago, the Lakshadweep Islands 
(India) and off northwest Sri Lanka, with seemingly locally extinct corals making major 
recoveries, e.g., some reefs have gone from less than five per cent coral cover to 70 per 
cent in 10 years. The 2004 Indian Ocean earthquake and tsunami caused significant reef 
damage at some sites, but many are recovering.  In Sri Lanka, bleaching was reported in 
2010, fisheries continue to be the biggest chronic impact, and pollution has increased 



sedimentation and urban and industrial pollution from rapid economic development are 
accelerating reef degradation and more than 50 per cent of the region’s mangroves 
have been lost.  

Coral reefs in Northeast Asia have shown an overall decline since 2004; most reefs are 
coming under significant levels of human pressures, as well as bleaching and COTS 
stress. In China, coastal development and overfishing has destroyed 80 per cent of coral 
cover over the past 30 years (Hughes et al., 2013).  A few reefs with high coral cover 
remain, such as Dongsha Atoll between Taiwan Province of China and the mainland of 
China. Increased coral reef monitoring and research, including the establishment of a 
regional database, is occurring in Japan; Hong Kong, China; Taiwan Province of China; 
and Hainan Island (China), and the region is stimulating more awareness and 
cooperation by having held the Asia Pacific Coral Reef Symposium in 2006, 2010 and 
2014. Awareness of the need for coral reef conservation is rising rapidly in most 
countries.  

 

5.3 Australia and Papua New Guinea  

Australian reefs continue to be relatively stable due to several management measures. 
Since 2004, no major bleaching events have occurred, although two significant cyclones 
have resulted in major damage to some reefs. Particular features are the effective 
partnerships between coral reef science and management. The future outlook for the 
GBR is regarded as poor, especially in the southern half of the area, where 
anthropogenic stresses are strongest. Climate-change impacts are considered to be the 
greatest long-term threat to the whole GBR system (GBRMPA 2014).  

In Papua New Guinea, capacity-building for reef management is being conducted via 
large NGOs working with local communities. Papua New Guinea still has vast areas of 
healthy and biologically diverse coral reefs, but human pressures are increasing.  

 

5.4 Wider Pacific  

The coral reefs of the Pacific remain the most healthy and intact, compared to reefs 









distribution and even their existence are unknown in most reef provinces. For this 
reason, deeper reefs have been underestimated in analyses of the available area of 
coral habitat and are not included in assessments for conservation measures, despite 
recent evidence that these areas may be significant (Locker et al., 2010; Bridge et al., 
2013). A recent study suggests that the area of submerged reefs in the GBR may be 
equal to that of near-surface reefs (Harris et al., 2013). Understanding the extent of 
submerged reefs is therefore important, because they can support large and diverse 
coral communities (Bridge et al., 2012) and hence may provide vital refugia for corals 
and associated species from a range of environmental disturbances (Riegl and Piller, 
2003; Bongaerts et al., 2010).   

The scientific consensus is that threats associated with climate change (bleaching, ocean 
acidification, stronger storms etc.) pose the greatest threat to the medium- to long-term 
existence of coral reefs around the world. What is unknown is whether reefs can and 
will respond to these threats with greater resilience. Reefs contain very high biodiversity 
and have progressed through major climate change events in the geological past; how 
will they be able to respond in the next decades to rapid climate changes? There are 
early indications that some corals can adapt to warmer temperatures and grow in more 
acidic water, but it is predicted that many corals and other reef organisms do not have 
that capacity. The adaptation potentials of coral reef organisms are areas for more 
targeted research which will significantly increase our ability to reliably predict how 
reefs will fare into the future.  



(iii) The pollution of coastal waters by harmful substances (heavy metals and 
persistent organic pollutants) is prevented, and amounts of inputs of sediment and 
nutrients are kept at levels that do not damage the reefs (see chapter 20); 

(iv) Any development in coastal areas is kept to levels and forms that are consistent 



References 

 

Adjeroud, M., Michonneau, F., Edmunds, P.J., Chancerelle, Y., Lison de Loma, T., 
Penin, L., Thibaut, L., Vidal-Dupiol, J., Salvat, B., Galzin, R. (2009). Recurrent 
disturbances, recovery trajectories and resilience of coral assemblages on a 
South Pacific reef.  Coral Reefs 28: 775-780. 

Amado-Filho, G.M., Moura, R.L., Bastos, A.C., Salgado, L.T., Sumida, P.Y., Guth, A.Z., 
Francini-Filho R.B., Pereira-Filho, G.H., Abrantes, D.P., Brasileiro, P.S., Bahia, R.G., 
Leal, R.N., Kaufman, L., Kleypas, J.A., Farina, M. and Thompson, F.L. (2012).  
Rhodolith beds are major CaCO3 bio-factories in the tropical South West 
Atlantic. PloS ONE, 7(4), e35171. 

Anthony, K.R.N., Marshall, P.A., Abdullah, A., Beeden, R., Bergh, C., Black, R., Eakin, 
C.M., Game, E.T., Gooch, M., Graham, N.A.J., Green, A., Heron, S.F., van 
Hooidonk, R., Knowland, C., Mangubhai, S., Marshall, N., Maynard, J.A., 
McGinnity, P., McLeod, E., Mumby, P.J., Nyström, M., Obura, D., Oliver, J., 
Possingham, H.P., Pressey, R.L.



Briand, M.J., Letourneur, Y., Bonnet, X., Wafo, E., Fauvel, T., Brischoux, F., Guillou, G., 
Bustamante, P. (2014).  Spatial variability of metallic and organic contamination 
of anguilliform fish in New Caledonia. Environmenal Science and Pollution 
Research 21, 4576-4591. 

Bridge, T., Fabricius, K., Bongaerts, P., Wallace, C., Muir, P., Done, T., and Webster, J. 
(2012).  Diversity of Scleractinia and Octocorallia in the mesophotic zone of the 
Great Barrier Reef, Australia. Coral Reefs, 31: 179–189. 

Bridge, T.C.L., Hughes, T.P., Guinotte, J.M. and Bongaerts, P. (2013). Call to protect all 
coral reefs. Nature Climate Change 3, 528-530. 

Brook, F.J. (1999). The coastal scleractinian coral fauna of the Kermadec Islands, 
southwestern Pacific Ocean. Journal of the Royal Society of New Zealand, 29: 4, 
435-460. 

Bruce, T., Meirelles, P.M., Garcia, G., Paranhos, R., Rezende, C.E., de Moura, R.L., 
Francini-Filho R.B., Coni E.O.C., Vasconcelos A.T., Amado-Filho G., Hatay M., 
Schmieder R., Edwards R., Dinsdale E. and Thompson, F.L. (2012).  Abrolhos Bank 
reef health evaluated by means of water quality, microbial diversity, benthic 
cover, and fish biomass data.  PloS one, 7(6), e36687. 

Bruckner A. and Hill, R. (2009).  Ten years of change to coral communities off Mona and 
Desecheo Islands, Puerto Rico, from disease and bleaching. Diseases of Aquatic 
Organisms 87:19–31. 

Bruno, J., Petes, L., Harvell, C. and Hettinger, A. (2003).  Nutrient enrichment can 
increase the severity of coral diseases. Ecology Letters 6(12):1056-1061. 

Bruno, J.F. and Selig, E.R. (2007). Regional decline of coral cover in the indo-pacific: 
timing, extent, and subregional comparisons. PLoS ONE, 2 (8), e711 on 
www.plosone.org. 

Bryant, D., Burke, L., McManus, J. and Spalding, M. (1998).  Reefs at Risk: A map-bsed 
indicator of threats to the world’s coral reefs.  (World Resources Institute, 
Washington, DC, International Center for Living Aquatic Resources Management, 
UNEP World Conservation Monitoring Centre and United Nations Environment 
Programme), pp. 1-60. 

Buddemeier, R.W. (1993). Corals, climate and conservation. Plenary Address - Proc 7th 
International Coral Reef Symposium 1: 3-10. 

Burke, L., Selig, E. and Spalding, M. (2002). Reefs at Risk in Southeast Asia. World 
Resources Institute, Washington, DC 2002: pp. 72. 

Burke, L. and Maidens, J. (2004).  Reefs at Risk in the Caribbean. World Resources 
Institute, Washington D.C. pp. 80.  

Burke, L., Reytar, K., Spalding, M. and Perry. A. (2011a).  Reefs at Risk Revisited. World 
Resources Institute, Washington, DC: pp. 114. 
http://www.wri.org/sites/default/files/pdf/reefs_at_risk_revisited.pdf 

© 2016 United Nations  29 
  



Burke, L., Reytar, K., Spalding, M. and Perry. A. (2011b).  Reefs at Risk Revisited in the 
Coral Triangle. World Resources Institute, Washington, DC: pp. 73.  

Burge, C.A., Eakin, C.M., Friedman, C.S., Froelich, B., Hershberger, P.K., Hofmann, E.E., 
Petes, L.E., Prager, K.C., Weil, E., Willis, B.L., Ford, S.E. and Harvell, C.D. (2014).  
Climate Change Influences on Marine Infectious Diseases: Implications for 
Management and Society, Annual Review of Marine Science 6:249–77. 

Cairns, S.D. (2012). The Marine Fauna of New Zealand: New Zealand Primnoidae 
(Anthozoa: Alcyonacea). Part 1. Genera Narella, Narelloides, Metanarella, 
Calyptrophora, and Helicoprimnoa. NIWA Biodiversity Memoir 126: 71 p. 

Carrigan, A.D. and Puotinen, M. (2014). Tropical cyclone cooling combats region-wide 
coral bleaching. Global Change Biology doi: 10.1111/gcb.12541.  

Carpenter, K.E., Abrar, M., Aeby, G., and 36 other authors (2008).  One-third of reef-
building corals face elevated extinction risk from climate change and local 
impacts. Science 321: 560-563. 

CBD (1992).  Convention on Biological Diversity, United Nations, Treaty Series, vol. 1760, 
p. 79. 

Cesar, H. (1996). Economic analysis of Indonesian coral reefs. World Bank Environment 
Department, Washington DC, USA., p. 103. 

Cesar, H., Burke, L. and Pet-Soede, L. (2003).  The economics of worldwide coral reef 
degradation. Cesar Environmental Economics Consulting and WWF-Netherlands, 
Arnhem and Zeist, the Netherlands. [online] URL: http://pdf.wri.org/  
cesardegradationreport100203.pdf. 

Chauvin, A., Denis, V. and Cuet, P. (2011).  Is the response of coral calcification to 
seawater acidification related to nutrient loading?  Coral Reefs 30:911–923 DOI 
10.1007/s00338-011-0786-7. 

Cinner, J.E., McClanahan, T.R., Graham, N.A.J., Daw, T.M., Maina, J., Stead, S.M., 
Wamukota, A., Brown, K. and Bodin, O. (2012).  Vulnerability of coastal 
communities to key impacts of climate change on coral reef fisheries. Global 
Environmental Change, 22, 12-20. 

Cooper, E., Burke, L. and Bood, N. (2008).  Coastal Capital: Economic Contribution of 
Coral Reefs and Mangroves to Belize. Washington DC: World Resources Institute.  

Costanza, R., de Groot, R., Sutton, P., van der Ploeg, S., Anderson, S.J., Kubiszewski, I., 
Farber, S. and Turner, R.K. (2014). Changes in the global value of ecosystem 
services. Global Environmental Change, Volume 26, May 2014, Pages 152-158. 

De'ath, G. and Fabricius, K. (2010).  Water quality as a regional driver of coral 
biodiversity and macroalgae on the Great Barrier Reef.  Ecological Applications 
20, 840-850. 

© 2016 United Nations  30 
  



De’ath, G., Fabricius, K.E., Sweatman, H. and Puotinen, M. (2012).  The 27–year decline 
of coral cover on the Great Barrier Reef and its causes. PNAS, 109: no. 44, 
p.17995–17999. 

Deloitte Access Economics (2013).  Economic contribution of the Great Barrier Reef.  
Great Barrier Reef Marine Park Authority, Townsville. 
http://www.gbrmpa.gov.au/__data/assets/pdf_file/0006/66417/Economic-
contribution-of-the-Great-Barrier-Reef-2013.pdf 



Fabricius, K.E., Cooper, T.F., Humphrey, C., Uthicke, S., De’ath, G., Davidson, J., 
LeGrand, H., Thompson, A. and Schaffelke, B. (2012).  A bioindicator system for 
water quality on inshore coral reefs of the Great Barrier Reef.  Marine Pollution 
Bulletin 65, 320-332. 

Fang, J.K.H., Mello-Athayde, M.A., Schönberg, C.H.L., Kline, D.I., Hoegh-Guldberg, O. and 
Dove, S. (2013). Sponge biomass and bioerosion rates increase under ocean 
warming and acidification. Global Change Biology, 19, 3581-3591. Doi: 
10.1111/gcb.12334. 

Ferreira, B.P., Floeter S.R., Rocha, L.A., Ferreira, C.E.L., Francini-Filho, R.B., Moura, R.L., 
Gaspar, A.L. and Feitosa, C. (2012).  Scarus trispinosus. In: IUCN Red List of 
Threatened Species. Version 2014.2. 

Ferreira, B.P., Costa, M.B.S.F., Coxey, M.S., Gaspar, A.L.B., Veleda, D. and Araujo, M. 
(2013). The effects of sea surface temperature anomalies on oceanic coral reef 
systems in the southwestern tropical Atlantic. Coral reefs, 32, 441-454. 

Ferreira, B.P. and Maida, M. (2006).  Monitoring Brazilian Coral Reefs: status and 
perspectives. Biodiversity Series 18, Ministry of Environment, Brasília, Brazil. 

Flores. F., Collier, C.J., Mercurio, P. and Negri, A.P. (2013) Phytotoxicity of four 
photosystem II herbicides to tropical seagrasses. PLoS ONE 8: e75798. 

Francini-Filho, R.B. and de Moura, R.L. (2008).  Dynamics of fish assemblages on coral 
reefs subjected to different management regimes in the Abrolhos Bank, eastern 
Brazil. Aquatic Conservation: Marine and Freshwater Ecosystems, 18(7), 1166-
1179. 

Francini-Filho, R.B., Moura, R.L., Thompson, F.L., Reis, R.M., Kaufman, L., Kikuchi, R.K. 
and Leão, Z.M. (2008).  Diseases leading to accelerated decline of reef corals in 
the largest South Atlantic reef complex (Abrolhos Bank, eastern Brazil). Marine 
Pollution Bulletin, 56(5), 1008-1014. 

Francini-Filho, R.B., Coni, E.O., Meirelles, P.M., Amado-Filho, G.M., Thompson, F.L., 
Pereira-Filho, G.H., Bastos A.C., Abrantes, D.P., Ferreira, C.M., Gibran, F.Z., Güth, 
A.Z., Sumida, P.Y.G., Oliveira, N.L., Kaufman, L., Minte-Vera, C.V. and Moura, R.L. 
(2013).  Dynamics of coral reef benthic assemblages of the Abrolhos Bank, 
Eastern Brazil: inferences on natural and anthropogenic drivers. PloS ONE, 8(1), 
e54260. 

Gabrié, C., Duflos, M., Dupre, C., Chenet, A. and Clua, E. (2011).  Conservation, 
management, and development of coral reefs in the Pacific: building of results of 
six years of research, collaboration and education. Secretariat of the Pacific 
Community, Noumea. 166 pp. ISBN: 978-982-00-0507-5. 

Gattuso, J.P., Frankignoulle, M., Bourge, I., Romaine, S. and Buddemeier, R.W. (1998). 
Effect of calcium carbonate saturation on coral calcification. Global Planetary 
Change 18: 37-46. 

© 2016 United Nations  32 
  



Gattuso, J.-P., Allemand, D. and Frankignoulle, M. (1999). Photosynthesis and 
calcifcation at cellular, organismal and community levels in coral reefs: a review 
on interactions and control by carbonatechemistry. American Zoologist 39:160-
183. 

Gao, Y., Fang, J., Zhang, J., Ren, L., Mao, Y., Li, B., Zhang, M., Liu, D. and Du, M. (2011).  
The impact of the herbicide atrazine on growth and photosynthesis of seagrass, 
Zostera marina, seedlings. Marine Pollution Bulletin 62, 1628-1631. 

Gardner, T.A., Côté, I.M., Gill, J.A., Grant, A. and Watkinson, A.R., (2003).  Long-term 
region-wide declines in Caribbean corals. Science, 301, 958-960. 

Garrison, V.H., Shinn, E.A., Foreman, W.T., Griffin, D.W., Holmes, C.W., Kellogg, C.A., 
Majewski, M.S., Richardson, L.L., Ritchie, K.B. and Smith, G.W. (2003).  African 
and Asian dust: from desert doils to coral reefs.  Bioscience 53, 469-480.  

GBRMPA (Great Barrier Reef Marine Park Authority) (2014).  The Great Barrier Reef 
Outlook report (2014).  Great Barrier Reef Marine Park Authority, Townsville 
Australia http://elibrary.gbrmpa.gov.au/jspui/handle/11017/2856.  

Gilmour, J., Smith, L.D., Heyward, A.J., Baird, A.H. and Pratchett, M.S. (2013). Recovery 
of an isolated coral reef system following severe disturbance. Science 340: 69-71.  

Gladfelter, W. (1982).  White-Band Disease in Acropora palmate - Implications for the 
structure and growth of shallow reefs. Bulletin of Marine Science 32: 639–643. 

Graham,  N.A.J., Jennings, S., MacNeil, M.A., Mouillot, D. and Wilson, S.K. (2015). 
Predicting climate-driven regime shifts versus rebound potential in coral reefs. Nature 
518, 94–97. 

Green, E. and Bruckner, A. (2000). The significance of coral disease epizootiology for 
coral reef conservation.  Biological Conservation 96: 347-361. 

Groombridge, B. and Jenkins, M. (2002). World Atlas of Biodiversity. California University 
Press, Berkley. 

Grottoli, A.G., Warner, M.E., Levas, S.J., Aschaffenburg, M., Schoepf, V., McGinley, M., 
Baumann, J.. ,m81(d

w  81(ndc)Td 5(8)03 d5(8)l(ics)DCHe T)   (o)4(r)nim0 6 02.1001ac(( 0.2a( A)f-86e()-4(gnf(C)4(:>BDCAa( A)
( )Tj
0.2 Tdm
0.2)12.1(-9(,)Tj
0.32(r0-)R15Tev1 Tc 1(ew>BDCH1 0 Td
w 6.387  -0.0001 Tc23 /)1(o/)]D w.52 0 6 0 Td
(.)1 0 T(as JJ
0.)]Tc(( 5)1(ar8.003R)03 Tw15s-12gn615Te12b(la W) ITd
.10ssu15Te12b( c rr)-4(f)]TT1)5J
0s810(20 T Tdt[((1a2:)1 T2117T0 1 Tf
0T
0.0h– T))]D ws810(20 T Tdt[(12)Tj
0.3TwT231cs810(20r2.1(5 )Tj
01.77)5(1))5(1)8(w 3.89Artifact0 TdAttached [/Bottom ]/BBox [ic)35.157 546.0 Td6.)1026 ]/Subtype /Footer /Type /Pagination0.223 0 5J
0s810(20 T Tdt[(11. T)(.)Tir1. T)ic)490 TdR2 0©Tw 5)]TJ
0T)5(ic)Tj6



Harvell D., Jordan-Dahlgren, E., Merkel, S., Rosenberg, E., Raymundo, L., Smith, 





Kittinger, J.N., Finkbeiner, E.M., Glazier, E.W. and Crowder, L.B. (2012). Human 
dimensions of coral reef social-ecological systems.  Ecology and Society 17(4): 17.  

Kline D.S. Vollmer. (2011).  White Band Disease (type I) of Endangered Caribbean 
Acroporid Corals is caused by Pathogenic Bacteria. Nature: Scientific Reports 
1:doi:10.1038/srep00007. 

Kroon, F.J., Kuhnert, P.M., Henderson, B.L., Wilkinson, S.N., Kinsey-Henderson, A., 
Abbott, B., Brodie, J.E. and Turner, R.D.R. (2012).  River loads of suspended 
solids, nitrogen, phosphorus and herbicides delivered to the Great Barrier Reef 
lagoon. Marine Pollution Bulletin 65, 167-181. 

Leenhardt, P., Cazalet, B., Salvat, B., Claudet, J., Feral, F (2013).  The rise of large-scale 
marine protected areas: Conservation or geopolitics?  Ocean and Coastal 
Management, 85: 112-118.  

Lewis, S.E., Brodie, J.E., Bainbridge, Z.T., Rohde, K.W., Davis, A.M., Masters, B.L., 
Maughan, M., Devlin, M.J., Mueller, J.F. and Schaffelke, B. (2009).  Herbicides: A 
new threat to the Great Barrier Reef. Environmental Pollution 157, 2470-2484. 

Lewis, S.E., Schaffelke, B., Shaw, M., Bainbridge, Z.T., Rohde, K.W., Kennedy, K., 
Davis, A.M., Masters, B.L., Devlin, M.J., Mueller, J.F., et al. (2012).  Assessing the 
additive risks of PSII herbicide exposure to the Great Barrier Reef. Marine 
Pollutioioios
/TT.r.-4(i(r,)1( .004 T.vlTw 2 
/P 
,9(r -0.0081 Tw [(157,)13( Td
[)-4(d)]T4)10(70)]TJ
0 Tc 0 Tw (-)Tj
0.001 (291 0.82.23 0 Td
[(a7(484.)]TJ
0 Tc 0 Tw 2.27 0 Td6( )Tj
EMC 
/P <</MCID 4 >>BD5.20.001 Tc 0.003 Tw)-4(e(h)-4(h)-4(afr-4(au)-S(rs)2(,)1Arm4(.)3(1(x)(rv)3(a(as)2(:)-gM)-4(as)1R)4-0.9(,)1( )10(J3(1(x)(io)(M)-4.io)(io)a,)1( g)2(e)-1(,)1( Z)-1w)-4(e3(a(as)2(:))2(f)-(SI)(e)9(n)4(u)-4(elk)6(e8(f)-4( P)-2afrm 006elk)6(C)4-0.9(,)1(  006ed.)3(M)i)10(d)1( 4(h)-4d(io)a,)1,)1( B)5)1( e)-1(t)-4( a31.44.1(l.)]TJ
0 Tcj
-0.001c -010(70)]TJ
0 Tc 0 Tw (-)Tj.003 Tc -0-0.001 Tw [(157,)13( 223 0 Tc 0 TTJ
0 Tc 0 Tw (2.3
-0.001c. 0.82.23 0 Td
[1 T83(F.)]TJ
0 Tc 0 Tw 11.7 0 75 >>BD1TJ
0.001 Tc 0.0Gio)8(n)-4(4(em3(at)-p78 0 h0(o)-2(r g-2(r gM)-(e)9 -2(r -1(.-10(M)m8(n)-4(.)(s)2p0(t)-4(3(M)(s)2)(io)((h)--10(M)c-1w)-4(eral10(b)6c-1w)-4(e)-1( e(e)94(.)3(1(x0(b)6m4(.):(p)6c-1w)-1(x)0(t)-4006et.)3(M)i10(M)p(,)1( )10(M)-p(1(x0(b)6c6.97 (io)(L)1(e4(g)2(h)6(an)0 Tc 1w 2 
2810(484.)][94(w [(o5(r)2[(M)-9(ar)-1(i)-5(ne)-6( )]810(4.001 Tc 0.0m3(at)-p7(t)-46(.)3(T)
[(,3(a(as)gM)-(e)9(,)11( M)d(io)(M).)3(1(x)i(I)3( (.)3(6.io)(io)i3(at)006elk)6( 001 t1  [(m(h)-4p.)3(M)p(io)(io:)-gM)2[(M).)3(1(x)(h)-4(e)9(0(b)6g-1( e)3(,)1( M)-4()9(r R)4(e)-1(e)9(f)-4(.)w 1.53 0 Td
( [(C(n)-4)(h)9(al) Z)f)-8(e))-4(cd
[(Ss
/TT.r.-4(i(r,)1( .004 T.vlTw 2 
25(T)-2(.)3(,,9(r -9:)1,)13-0.009 Tw [(157,)13( 22226 0 Tc 0 T7 1.53 0 Td
( 4)Tj
0.002 T34510(M).m)-3( Tw 0.23 0 Td
[(a99484.)]TJ
0 Tc 0 Tw 2.27 0 Td7( )Tj
EMC 
/)-6(h)4(e)15 >>BDC )1( )]73c 0.003 5)3(r gM605 Twn(C)8Tc )5)1711( M)Dun( M)4 T-4(e) J Tw 0.23 0 Td
[7 T83(F.)]T.J
0 Tcj0.1(l.)]PJ
0 Tc523(F.)]T.J
0 Tc0 Tw 2.42 0 Td
( )T)1( J.)13.1(F.Et)-4(h)-44(h)(io:3(M)iC()6(201)10(2))6413(F.)]T.J
0 Tcj0.1(l.)]MJ
0 Tc863(F.)]T.J
0 Tcj0.1(l.)]J
0 Tc 0 T5 3.11 0 Td
( )Tj
-0.001 Ta(i)-5d Tw 0.23 0 Td
[(a53.1(l.)]J
0 Tc 0 T5 3.11 0 9d
( )Tj
-0.001 TDo
[(Sn5(r)-1e)-6(r(w [(S()6(201)10(2))6733(F.)]T.J
0 Tcj4.1(l.)]DJ
0 Tc623(F.)]T.J
0 Tcj0.1(l.)]J
0 TTc 0 Tw 2.5 0 Td
( )Tj
0.003 Tc -0.003 323 0)-4(d
[(()6(201)10(2))6(.)5( )]TJ
0 Tc 0 Tw 2.42 0 Td
( )Tj
0.001 T2( oio:)-c-1w)-4(er4(id)-4(as)rJ3(1(xi(I)32(:)-gM)- (h)-4d(io)ap06et.)o)(L)1(e4,)1( .1(n)4(g t)-6(h)4(e)15 >>B2Tc6(4.001 Tc 0.0r(at)- 0.06ep3(r nM)-6t)- 0.06e i(P)-2)-4(3(r 1( M)fu2)-4(u2)-4r(at)- 01( M)pr6.973(r j(at)- 0cs)2)i-1w)-1r nM) [(o-1r f6c-7(M)(s(o)8( 405 Twl6.97 bl(at)- 05 Twc6.8(h26.97ng 0 Td7r R)4(e)-1(e)9(f)-4(.)3( )]TJ
/8d
( [(Gi)-2lm)-3)-4((balm)-3iC( R)a(r)-1ng Tw [(Bim)-3)-4)1( l)-8(e))-4(0as)gMr)-1y
/TT.r.-4(i(r,)c 0 TTJ
0 Tc 06(2))0a53.1(l.)13.1( R vom)-3li)-2..1(n)4(g t Tw 2.5 0 Td
( -)0a53..001 Tc 0.020,9(r R)4(e-1 0 9d
( 1.49.1(l.)13d-4(e3i(.):((F.(0ad
[11R)4(e-1 0 3d
( 4)T6.1(l.)1311/(b)6g-Twc6.63( (24(d
[1230.0090)1( e)-1(t)-4( a5c863(F.)]TJ
0 Tc 0 Tw 2.27 0 Td8( )Tj
EMC 
/P <</MCID 4 >>BD46413001 Tc 0.00-4(.)agM)-n4(.)3(J.)M).))-1( e(s)23(,)1( D11( M)-4(.)0.9(,)1( H(at)-4( im(h)-4n 0)-43(,)1( D11K)-1(rTw 0.23 0 Td
[(1.68.1(l.)]J
0 Tc 0 T9 3.11 0 9d
( )Tj
-0.001 T 0011 t1 Tw 0.23 0 Td
[(a53.1(l.)]J
0 Tc 0 TTJ
0 Tc 06(2)001 T0.001 TNTw [e(:)-gM )10i)-2ii)-2,s)2.Ai)-2.Pm)-3.  -01(2m)-30)-30)-38m)-323 12..1(n)4(157,)13( 2J
0 Tc 0 )-6(h)4(e1w 2 
7.8
-0.001 TC)8T3(r mic)45 Tw( 405 .97 -1.22 7(e))-3)10(3cd
 M)f)- 0cs)2)M) [(o-r f6h)- 0( 40bi-Twc68(26.97d)- 0.06(e) M)-9(ar)-1(i)-5(ne)-6( )18.49..001 Tc 0.03(at)00l) Zh)-4p.)4 h0(o)-28.io)(io))-4(e)-1-(e)9n06et.)o)-4( P)-2af)-1-(M)-4(  006.iod(io) gM)2[r)-4(ew06et.)o)-4( P (rv)3(a21( ris))Td
[)3(1(x)(s)2p0(t)((h)-al10(b)6M)-4(t.)3(M)3(J.)ari(I)32(:)-)9( t)m((h)-r)-4(ealgM)2[a)9( t)9(r R)4(e)-1(e)9(f)-4(.)3( )]TJ
/8T1 1 Tf
-0.004 Tc 0.004 Tw [(P9(r)-4((lm)-3li)llut
-0.im)-3)-4((n.1(n)4(1.001 TcD0.0Bulm)-3li)ll Tw [t
-0.im)-3n 5)-6(6
/TT.r.-4(i(r,)1( .004 T.vlTw 2 
4.32.1(l.)13.1(r 1(I)35451(n)4(157,)13( 2.0.1(l.)]4)10(70)]TJ
0 Tc 0 Tw (-)Tj
0.001 1315(I)352(rTw 0.23 0 Td
[210(484.)]TJ
0 Tc 0 Tw 2.27 0 Td9( )Tj
EMC 
/P <</MCID 4 >>BD2.43001 Tc 0.00-4(.)an06ez(:)-)9( tl,3(a(as),)1,)1( B)5)13]PJ2(e)-1(,)1( )10(r(h)-4n )3(M)d06et.)o) M 0 Td(elk)6(emit7(t)-46(.) g)2(e)-1()10(Td(elk)6(Lk)6irm 006e1( B)5)13]( D11( M)H(at)-4( 001 t1 :)-)9)4(e-1 0 8n)0 Tc 1 Tw (22.040.001 13e J -0..Tw [Cm)-3.rTw 0.23 0 Td
[2107 



1804-1816. 

McClanahan, T.R., Graham, N.A.J., MacNeil, M.A., Muthiga, N.A., Cinner, J.E., 
Bruggemann, J.H. and Wilson, S.K. (2011). Critical thresholds and tangible targets 
for ecosystem-based management of coral reef fisheries.  Proceedings of the 
National Academy of Sciences of the United States of America, 108: 17230–
17233.  

Miller J., Waara, R., Muller, E. and Rogers, C. (2006). Coral bleaching and disease 
combine to cause extensive mortality on reefs of the US Virgin Islands.  Coral 
Reefs 25:418  

Miller, M., Bourque A. and Bohnsack J. (2002).  An analysis of the loss of acroporid corals 
at Looe Key, Florida, USA: 1983-2000.  Coral Reefs 21:179- 182. 

Muller E., Rogers, C., Spitzack, A. and van Woesik, R. (2008).  Bleaching increases the 
likelihood of disease on Acropora palmata (Lamarck) at Hawksnest Bay, St. John, 
US Virgin Islands; Coral Reefs 27:191-195. 

Nagoya (2010), Nagoya Protocol on Access to Genetic Resources and the Fair and 
Equitable Sharing of Benefits Arising from their Utilization to the Convention on 
Biological Diversity, UNEP/CBD/COP/DEC/X/1.  

Negri, A., Vollhardt, C., Humphrey, C., Heyward, A., Jones, R., Eaglesham, G. and 
Fabricius, K. (2005). Effects of the herbicide diuron on the early life history stages 
of coral. Marine Pollution Bulletin 51, 370. 





Salvat, B. and Wilkinson, C. (2011).  Cyclones and Climate Change in the South Pacific. 
Revue d’Ecologie (Terre Vie), vol. 66. 

Salvat, B., Roche, H., Berny, P. and Ramade, F. (2012).  Recherches sur la contamination 
par les pesticides d’organismes marins des réseaux trophiques récifaux de 
Polynésie française.  Revue d’Ecologie (Terre et Vie) 67: 129-148. 

Schaffelke, B., Anthony, K., Blake, J., Brodie, J., Collier, C., Deviln, M., Fabricius, K., 
Martin, K., McKenzie, L., Negri, A., et al. (2013).  Marine and coastal ecosystem 
impacts. In Synthesis of evidence to support the reef water quality scientific 
consensus statement 2013. 

Selig, E.R. and Bruno, J.F., (2010).  A Global Analysis of the Effectiveness of Marine 
Protected Areas in Preventing Coral Loss. PLoS ONE 5. 

Selig E.R., Harvell C.D., Bruno J.F., Willis B.L., Page C.A., et al. (2006).  Analyzing the 
relationship between ocean temperature anomalies and coral disease outbreaks 
at broad spatial scales. In: Phinney J, Hoegh-Guldberg O, Kleypas J, Skirving W, 
Strong A, (eds.) 



Szmant A.M. and Miller, M.W. (2005). Settlement preferences and post-settlement 
mortality of laboratory cultured and settled larvae of the Caribbean hermatypic 
corals Montastraea faveolata and Acropora palmata in the Florida Keys, USA. In: 
Proceedings 5th International Coral Reef Symposium, Vol. 4, p. 295-300, Tahiti. 

Talbot, F. and Wilkinson, C. (2001). Coral reefs, mangroves and seagrasses: a sourcebook 
for managers. Australian Institute of Marine Science, Townsville, 193 pp. 

Thurber R., Burkepile, D., Correa, A., Thurber, A., Shantz, A. et al. (2012).  Macroalgae 
Decrease Growth and Alter Microbial Community Structure of the Reef-Building 
Coral, Porites astreoides. PLoS ONE 7(9): e44246. 
doi:10.1371/journal.pone.0044246. 

Tribollet, A., Godinot, C., Atkinson, M. and Langdon, C. (2009).  Effects of elevated pCO2 
on dissolution of coral carbonates by microbial euendoliths. Global 
Biogeochemical Cycles, 23(3), GB3008, doi: 10.1029/2008GB003286.  

Uthicke, S., Logan, M., Liddy, M., Francis, D., Hardy, N. and Lamare, M. (2014) Climate 
change as an unexpected co-factor promoting coral eating seastar (Acanthaster 
planci) outbreaks. Scientific Reports 5:8402, DOI: 10.1038/srep08402.  

Van Ael, E., Covaci, A., Blust, R. and Bervoets, L. (2012).  Persistent organic pollutants in 
the Scheldt estuary: environmental distribution and bioaccumulation. 
Environmental International 48, 17-27. 

van Dam, J.W., Negri, A.P., Mueller, J.F. and Uthicke, S. (2012).  Symbiont-specific 
responses in foraminifera to the herbicide diuron. Marine Pollution Bulletin 65, 
373- -



Wilkinson, C.R. (1998).  Status of Coral Reefs of the World: 1998. Australian Institute of 
Marine Science, Townsville, 194 pp. 

Wilkinson, C.R. (2000).  Status of Coral Reefs of the World: 2000. Australian Institute of 
Marine Science, Townsville, 363 pp. 

Wilkinson, C.R. (2002). Status of Coral Reefs of the World: 2002. Australian Institute of 
Marine Science, Townsville, 378 pp. 

Wilkinson, C.R. (2004). Status of Coral Reefs of the World: 2004. Australian Institute of 
Marine Science, Townsville, Volume 1; 301 pp. 

Wilkinson, C.R. (2008).  Status of Coral Reefs of the World: 2008.  Global Coral Reef 
Monitoring Network and Reef and Rainforest Research Centre, Townsville, 298 
pp.  

Wilkinson, C., Souter, D. and Goldberg, J. (2006).  Status of Coral Reefs in Tsunami 
Affected Countries: 2005. Australian Institute of Marine Science and Global Coral 
Reef Monitoring Network, Townsville and 158 pp. 

Wilkinson, C. and Brodie, J. (2011).  Catchment Management and Coral Reef 
Conservation: a practical guide for coastal resource managers to reduce damage 
from catchment areas based on best practice case studies. Global Coral Reef 
Monitoring Network and Reef and Rainforest Research.  

Wilkinson, C. and Souter, D. (2008).  Status of Caribbean coral reefs after bleaching and 
hurricanes in 2005. Global Coral Reef Monitoring Network, and Reef and 
Rainforest Research Centre Townsville, pp. 148. 

Wilkinson, C. and Salvat, B. (2012).  Coastal resource degradation in the tropics: does 



Wood L.J., Fish L., Laughren J. and Pauly D. (2008).  Assessing progress towards global 
marine protection targets: shortfalls in information and action.  Oryx, 42(3), 1–
12. 

Woodroffe, C.D. and Webster, J.M., (2014). Coral Reefs and Sea-Level Change.  Marine 
Geology 352, 248–267. 

© 2016 United Nations  42 
  


	Table 2. Natural and anthropogenic stre(Ti1tdivided into threetdirect damage categorii1tand one group of organizational factors [summarised from Wilkinsontand Salvat, 2012].)>><</A 146 0 R/Parent 143 0 R/Prev 144 0 R/Title(Anthony, K.R.N., Marshall, P.A., Abdullah, A., Beeden, R., Bergh, C., Black, R., Eakin, C.M., Game, E.T., Gooch, M., Graham, N.A.J., Green, A., Heron, S.F., van Hooidonk, R., Knowland, C., Mangubhai, S., Marshall, N., Maynard, J.A., McGinnity, P., McL...)>><</D[62 0 R/XYZ 88 535 0.0]/S/GoTo>><</D[10 0 R/XYZ 88 605 0.0]/S/GoTo>>

