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for this reason that coral reefs occupy less 









than 2% of marine environments and less 









than 1% of the Earth’s surface, between 









30°N and 30°S. 









Why 



do 

coral 



reefs 

matter? 









Coral reefs are one of the most diverse 









ecosystems on the planet. They are home to 









one-third of all marine species, ranging from 









predatory fish to sea slugs, urchins and giant 









C 









oral reefs are complex, shallow- 









water ecosystems dominated by 









the presence of structure-building 









hard corals. These are colonies of small 









clear-bodied animals (or polyps) which 









excrete white protective calcium carbonate 









skeletons with 



a 

range of morphologies. The 









polyps do not photosynthesise but have 



a 









symbiotic relationship with algae known as 









zooxanthellae 



which live inside their tissues 









and provide the polyps with nutrients. It is 









the algae which give the corals their colours. 









A coral reef takes thousands of years to build. 









Reef-building corals can only survive 









within 



a 

narrow range of environmental 









conditions. The main limitations are salinity, 









depth, carbonate-ion concentration and 









nutrient levels, but the key limiting factor 









is sea surface temperature (20–32°C). It is 









Why are coral reefs important, and what threatens them? This article considers 









the ecosystem services provided by coral reefs and the impacts 



of 

global 









environmental change, including ocean warming and acidification. 



It 

then 









describes how remote-sensing techniques can be used 



to 

monitor these changes 









clams. Their high biodiversity allows coral 









reefs to contribute many ecosystem services. 









For example, coral-reef fish provide stock for 









25% of fisheries in tropical locations and are 









responsible for 25% of the fish caught as food 









in developing countries. Coral-reef tourism 









generates $36 billion 



a 

year for global travel 









industries and provides local jobs, often as 









tour operators. Additional services provided 









by reefs are highlighted in Table 1. 









Table 1 



Ecosystem services provided by coral reefs 









Cultural services 









Recreation (diving, snorkelling), tourism and identity 









Provisioning services 









Food, antiretroviral medicines and carbonate building material 









Regulatory services 









Shoreline protection and carbon sequestration 









Supporting services 









Habitat provision and nutrient cycling 
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■ 



Higher ocean temperatures can result in 












coral bleaching if the corals, under extreme 









stress, expel their zooxanthellae. This reduces 









their calcification abilities. 











■ 



Ocean acidification also reduces coral 












calcification and increases erosion of bleached 









or dead coral skeletons, as they dissolve faster 









in the more acid water. 









This damage impacts on the structural 









complexity of coral reefs. When coral tissue 









dies the underlying carbonate skeletons are 









exposed and subject to erosion by: 











■ 



physical disturbance from cyclones 









■ 



chemical erosion by dissolution 









■ 



bio-erosion, as parrot 



fish 



bite off 












chunks of coral 









As the skeletons erode, 



structural 









complexity reduces, causing 



a 

gradual 









flattening of the reef. 









Reaching 



a 

tipping point 









A worst case scenario of reef degradation 









occurs when 



a 

coral reef is forced from 



a 

coral- 









dominated state into 



a 

macroalgae-dominated 









state. This occurs when fleshy macroalgae 









grow over dead 



or 

weakened coral skeletons. It 









further reduces the reef’s carbonate production 









and structural complexity. Coral reefs naturally 









undergo several state changes within their 









lifetime but increasing environmental stress 









is reducing the resilience of reefs and actively 









favouring the development of algae-dominated, 









flatter reefs. Globally, the presence of ‘flatter’, 









more homogenous reefs has increased from 









20% to 75% since 1970. 









Widespread coral death, erosion and algae 









take-over could lead to 



a 

tipping point where 









reefs switch from net carbonate growth to 









net erosion. In the Caribbean, this occurs 









when coral cover declines to 10%. Short-lived 









shifts to net erosional states have already been 









identified on many reefs around the world. 









These periods are likely to lengthen in the 









future. Reefs will be unable to grow fast 









enough to keep pace with predicted sea-level 









rise, and will undergo ‘coral drowning’. 









What does 



this loss of 

coral mean? 









In the last 40 years global declines in the 









structural complexity of reefs have had 



a 









during the 2004 south Asian tsunami the 









sections of the Sri Lanka coast that had healthy 









reefs suffered much less flooding and lower 









wave heights than sections where reefs had 









been destroyed. The high structural complexity 









of coral reefs has been crucial in allowing 









humans to settle along tropical coastlines. 









Reefs under threat 









In the last three decades there has been 









increasing concern for the health and 









stability of coral-reef ecosystems. Large-scale 









losses of global coral cover have occurred at 









unprecedented rates. In the Indo-Pacific, coral 









cover is declining at an annual rate of 1–2% 









and in the Caribbean cover has declined by 









more than 80% since 1970. The drivers of this 









degradation range from destructive human 









practice, highlighted in Box 1, to global 









environmental change. 









The most critical environmental impacts 









on coral reefs are warming ocean tempera- 









tures and ocean acidification. Both of these 









global changes threaten the conditions coral 









reefs require to survive and affect the cal- 









cification which is essential to growth of 









reef-building corals. 









Structural complexity 









Many of these ecosystem services depend on 









the 



structural complexity 

of 



a 

coral reef — 









the way it is made up of corals, carbonate 









sediment, rubble and other non-living 









materials. The contribution of individual coral 









species to structural complexity varies based 









on morphology. For example, corals with large, 









branching structures (e.g. 



Acropora) 

provide 









more structural complexity than dome shaped 









or brain corals (e.g. 



Platygyra). 









Structural complexity correlates with reef 









biodiversity — more complex corals provide 









more niches for fish and other organisms to 









live and hide in, in the form of crevasses and 









corrugations in the coral matrix. Complex reefs 









also act as effective natural barriers to wave 









energy, providing an important defence against 









coastal erosion and flooding. For example, 









Reef damage in the Chagos islands. Top: A 









healthy reef dominated by 



Acropora 

table 









corals. Bottom: A similar reef that has 









suffered bleaching and started to degrade 









Box 



1 



Anthropogenic 









impacts on corals 









• 



Increased nutrient input to the ocean 









from runoff and agriculture 









• 



Destructive tourism, recreational 









activities or fishing practices 









• 



Coastline modification 









• 



Overfishing 









• 



Siltation from coastal sediment flow 
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Video imagery recorded along defined 









transects allows the species and morphotype 









of corals to be identified. Repeated recording 









along the same transects provides information 









about how coral communities are changing 









over time. But, even with advances in robotic 









technology for automated video collection, 









the method is only effective for small 









reef areas. 









Unmanned aerial vehicles (UAVs or 









drones) operating at low altitudes provide 









high-resolution imagery for much larger areas 









of reef (Figure 2). GIS software can then be 









used to manually, or automatically, digitise 









coral colonies and reef substrates with repeat 









surveys showing changes in reef health over 









time. Drone imagery can also provide rapid- 









response surveys after disturbances such as 









cyclones, helping researchers understand 









how disturbances affect reef 



structure 









and function. 









None of these techniques can provide 









quantitative information about structural 









complexity in the same way as the rugosity 









index. A number of alternative remote 









techniques, outlined in Box 3, do permit 









whereby reduced shoreline protection causes 









further erosion. 









These consequences are expected to 









increase as oceans continue to warm and 









acidify with global climate change. 









Monitoring coral reefs 









Sampling in situ 









The full extent of the threats facing coral 









reefs is difficult to assess due to 



a 

lack of 









historical data about the original, ‘pristine’ 









states of the reefs. Many long-term studies 









record living coral cover as an index of reef 









health, sampling at set intervals along transect 









lines or assessing percentage cover using 









random quadrats throughout 



a 

reef. These 









methods only consider the two-dimensional 









characteristics of 



a 

reef, ignoring its three- 









dimensional nature and structural complexity. 









Structural complexity can be measured 









using the 



rugosity 

index. As shown in Figure 1, 









this is the ratio of the actual surface contour 









of 



a 

reef, measured using 



a 

fine chain, to the 









linear length. The greater the rugosity, the more 









structurally complex the reef (Box 2). Rugosity 









is often measured along multiple transect lines 









through 



a 

reef so that 



a 

mean rugosity for any 









study site can be calculated. This method has 









limited usefulness over large areas because data 









collection on site is time consuming 









Remote sensing 









Remote-sensing 



techniques have trans- 









formed ecological research because they 









allow information to be collected over large 









areas. The technology is non-invasive and 









less likely to damage the coral than in situ 









techniques. Satellite imagery has been used 









to develop large-scale habitat maps of coral- 









reef communities and to quantify coral cover. 









However, its low image resolution means it 









cannot be used to monitor coral morphologies. 









number of impacts on the services they 









provide. Erosion of the complex coral skeletons 









decreases the number of ecological niches 









and therefore impacts fish abundance and 









biodiversity. This reduces fishery productivity 









and revenue. 









The ability of reefs to dissipate wave energy 









and provide coastal protection also declines. 









Recent simulations have predicted that 



a 









50% decline in reef structural complexity 









will double the amount of wave energy 









reaching tropical shorelines. Eventually, this 









will create 



a 

positive feedback mechanism 









Box 



2 









Coral community composition 









Not all corals are affected equally by 









external stress. A huge concern is that the 









coral species that contribute the most to 









reef structural complexity (branching and 









contorted corals) are the least tolerant to 









environmental change. Due to this, the 









species composition of 



a 

coral community 









must be considered in any prediction of how 









reefs will respond to future disturbance. 









Figure 1 



How coral rugosity is measured in the field. A chain is draped over the corals, shown here 



as a 



variety of different types, to 









determine the contour length. Rugosity = contour length/planar length 









Planar length 









Contour length 









Chain 









A researcher measuring the 









rugosity of 



a 

coral colony 
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