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Coral reefs are diverse underwater ecosystems held together by calcium 

carbonate structures secreted by corals. Coral reefs are built by colonies of tiny 

animals found in marine waters that contain few nutrients. Most coral reefs are 

built from stony corals, which in turn consist of polyps that cluster in groups. The 

polyps belong to a group of animals known as Cnidaria, which also includes sea 

anemones and jellyfish. Unlike sea anemones, corals secrete hard carbonate 

exoskeletons which support and protect the coral polyps. Most reefs grow best in 

warm, shallow, clear, sunny and agitated waters. 

Often called "rainforests of the sea", shallow coral reefs form some of the most 

diverse ecosystems on Earth. They occupy less than 0.1% of the world's ocean 

surface, about half the area of France, yet they provide a home for at least 25% of 

all marine species,  

 including fish, mollusks, worms, crustaceans,echinoderms, sponges, tunicates and 

other cnidarians. Paradoxically, coral reefs flourish even though they are 

surrounded by ocean waters that provide few nutrients. They are most commonly 

found at shallow depths in tropical waters, but deep water and cold water corals 

also exist on smaller scales in other areas. 

Coral reefs deliver ecosystem services to tourism, fisheries and shoreline 

protection. The annual global economic value of coral reefs is estimated between 

US$29.8-375 billion. However, coral reefs are fragile ecosystems, partly because 

they are very sensitive to water temperature. They are under threat from climate 

change, oceanic acidification, blast fishing, cyanide fishingfor aquarium fish, 

sunscreen use, overuse of reef resources, and harmful land-use practices, including 

urban and agricultural runoff and water pollution, which can harm reefs by 

encouraging excess algal growth. 

Formation 

Most of the coral reefs we can see today were formed after the last glacial 

period when melting ice caused the sea level to rise and flood the continental 

shelves. This means that most modern coral reefs are less than 10,000 years old. As 

communities established themselves on the shelves, the reefs grew upwards, 

pacing rising sea levels. Reefs that rose too slowly could become drowned reefs. 

They are covered by so much water that there was insufficient light.
[12]

 Coral reefs 

are found in the deep sea away from continental shelves, around oceanic 

islands and as atolls. The vast majority of these islands are volcanic in origin. The 
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few exceptions have tectonic origins where plate movements have lifted the deep 

ocean floor on the surface. 

In 1842 in his first monograph, The Structure and Distribution of Coral Reefs, 

 Charles Darwin set out his theory of the formation of atoll reefs, an idea he 

conceived during the voyage of the Beagle. He theorized uplift and subsidence of 

the Earth's crust under the oceans formed the atolls.
[14]

 Darwin’s theory sets out a 

sequence of three stages in atoll formation. It starts with a fringing reef forming 

around an extinct volcanic island as the island and ocean floor subsides. As the 

subsidence continues, the fringing reef becomes a barrier reef, and ultimately an 

atoll reef. 

  

Darwin’s theory starts with a volcanic islandwhich becomes extinct 

  

As the island and ocean floor subside, coral growth builds a fringing reef, often 

including a shallow lagoon between the land and the main reef. 

  

As the subsidence continues, the fringing reef becomes a larger barrier reef further 

from the shore with a bigger and deeper lagoon inside. 

  

Ultimately, the island sinks below the sea, and the barrier reef becomes 

an atoll enclosing an open lagoon. 

Darwin predicted that underneath each lagoon would be a bed rock base, the 

remains of the original volcano. Subsequent drilling proved this correct. Darwin's 

theory followed from his understanding that coral polyps thrive in the clean seas of 

the tropics where the water is agitated, but can only live within a limited depth 

range, starting just below low tide. Where the level of the underlying earth allows, 

the corals grow around the coast to form what he called fringing reefs, and can 

eventually grow out from the shore to become a barrier reef. 
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A fringing reef can take ten thousand years to form, and an atoll can take up to 30 

million years. 

Where the bottom is rising, fringing reefs can grow around the coast, but coral 

raised above sea level dies and becomes white limestone. If the land subsides 

slowly, the fringing reefs keep pace by growing upwards on a base of older, dead 

coral, forming a barrier reef enclosing a lagoon between the reef and the land. A 

barrier reef can encircle an island, and once the island sinks below sea level a 

roughly circular atoll of growing coral continues to keep up with the sea level, 

forming a central lagoon. Barrier reefs and atolls do not usually form complete 

circles, but are broken in places by storms. Like sea level rise, a rapidly subsiding 

bottom can overwhelm coral growth, killing the coral polyps and the reef, due to 

what is called coral drowning. Corals that rely on zooxanthellae can drown when 

the water becomes too deep for their symbionts to adequately photosynthesize, due 

to decreased light exposure.  

The two main variables determining the geomorphology, or shape, of coral reefs 

are the nature of the underlying substrate on which they rest, and the history of the 

change in sea level relative to that substrate. 

Types 

The three principal reef types are:  

 Fringing reef – directly attached to a shore, or borders it with an intervening 

shallow channel or lagoon 

 Barrier reef – reef separated from a mainland or island shore by a deep 

channel or lagoon 

 Atoll reef – more or less circular or continuous barrier reef extends all the way 

around a lagoon without a central island 
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A small atoll in the Maldives 

 

Inhabited cay in the Maldives 

Other reef types or variants are: 

 Patch reef – common, isolated, comparatively small reef outcrop, usually 

within alagoon or embayment, often circular and surrounded by sand or 

seagrass 

 Apron reef – short reef resembling a fringing reef, but more sloped; extending 

out and downward from a point or peninsular shore 

 Bank reef – linear or semicircular shaped-outline, larger than a patch reef 

 Ribbon reef – long, narrow, possibly winding reef, usually associated with an 

atoll lagoon 

 Table reef – isolated reef, approaching an atoll type, but without a lagoon 

 Habili – reef specific to the Red Sea; does not reach the surface near enough to 

cause visible surf; may be a hazard to ships (from the Arabic for "unborn") 

 Microatoll – community of species of corals; vertical growth limited by 

average tidal height; growth morphologies offer a low-resolution record of 

patterns of sea level change; fossilized remains can be dated using radioactive 

carbon dating and have been used to reconstruct Holocene sea levels
[24]

 

 Cays – small, low-elevation, sandy islands formed on the surface of coral reefs 

from eroded material that piles up, forming an area above sea level; can be 

stabilized by plants to become habitable; occur in tropical environments 

throughout the Pacific, Atlantic and Indian Oceans (including the Caribbean 
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and on the Great Barrier Reef and Belize Barrier Reef), where they provide 

habitable and agricultural land 

 Seamount or guyot – formed when a coral reef on a volcanic island subsides; 

tops of seamounts are rounded and guyots are flat; flat tops of guyots, 

or tablemounts, are due to erosion by waves, winds, and atmospheric processes 

Fringing reef 
From Wikipedia, the free encyclopedia 

 

A fringing reef off the coast of Eilat, Israel. 

A fringing reef is one of the three main types of coral reefsrecognized by most 

coral reef scientists. It is distinguished from the other two main types (barrier 

reefs and atolls) in that it has either an entirely shallow backreef zone (lagoon) or 

none at all. If a fringing reef grows directly from the shoreline (see photo, right) 

the reef flat extends right to the beach and there is no backreef. In other cases (e.g., 

most of the Bahamas), fringing reefs may grow hundreds of yards from shore and 

contain extensive backreef areas with numerous seagrass meadows and patch reefs. 

This type of coral reef is the most common type of reef found in 

the Caribbean and Red Sea. Darwin believed that fringing reefs are the first kind of 

reefs to form around a landmass in a long-term reef growth process.
[1]

 

Barrier reef 

Sometimes it is hard to tell the difference between fringing reefs and another type 

of reef called a barrier reef. One of the ways that these two types of reefs are 

separated is based on the depth of the lagoon in the back reef which is the area near 

to shore. Barrier reefs have at least some deep portions; fringing reefs do not. 

Another major difference is that barrier reefs tend to be much farther away from 

shore than fringing reefs.  
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Structure  

 

Diagram of a fringing coral reef 

There are two main components that make up a fringing reef, the reef flat and the 

reef slope. 

Reef flat (back reef) 

The reef flat is the shoreward, flat, broadest area of the reef. The reef flat is found 

in fairly shallow water, and can be uncovered during low tide. This area of the reef 

is only slightly sloped towards the open ocean.  

Since the reef flat is adjacent or nearly adjacent to land, it sustains the most 

damage from runoff and sediments. Typically, few of the flat's corals are alive. 

Seagrasses, seaweeds, and soft corals are often found there.
[2]

 

Reef slope (fore reef)  

The reef slope is found at the outer edge of the fringing reef, closest to the open 

ocean. This area of the reef is often quite steep and descends either to a relatively 

shallow sand bottom or to depths too great to allow coral growth.  

Coral grows much more abundantly on this slope, both in numbers and in species 

diversity. This is mostly because runoff and sediments are less concentrated here. 

Greater wave action disperses pollutants and carries nutrients to this area.  

The upper portion of this slope is called the reef crest. The crest has the best 

balance between sunlight and waves, so coral grows fastest here. The base of the 

slope receives the least sunlight and has the least growth out of the whole slope.  

Importance 

Coral reefs deliver ecosystem services to tourism, fisheries and coastline 

protection. The global economic value of coral reefs has been estimated to be 
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between US $29.8 billion
 
 and $375 billion per year.

 
Coral reefs protect shorelines 

by absorbing wave energy, and many small islands would not exist without their 

reefs to protect them. According to the environmental group World Wide Fund for 

Nature, the economic cost over a 25-year period of destroying one kilometer of 

coral reef is somewhere between $137,000 and $1,200,000. About six million tons 

of fish are taken each year from coral reefs. Well-managed coral reefs have an 

annual yield of 15 tons of seafood on average per square kilometer. Southeast 

Asia's coral reef fisheries alone yield about $2.4 billion annually from seafood. 

To improve the management of coastal coral reefs, another environmental group, 

the World Resources Institute (WRI) developed and published tools for calculating 

the value of coral reef-related tourism, shoreline protection and fisheries, 

partnering with five Caribbean countries. As of April 2011, published working 

papers covered St. Lucia, Tobago, Belize, and the Dominican Republic, with a 

paper for Jamaica in preparation. The WRI was also "making sure that the study 

results support improved coastal policies and management planning".
[104]

 The 

Belize study estimated the value of reef and mangrove services at $395–559 

million annually. 

Bermuda's coral reefs provide economic benefits to the Island worth on average 

$722 million per year, based on six key ecosystem services, according to Sarkis et 

al (2010). 

Threats 

Coral reefs are dying around the world.
 
 In particular, coral mining, agricultural 

and urban runoff, pollution (organic and inorganic), overfishing, blast fishing, 

disease, and the digging of canals and access into islands and bays are localized 

threats to coral ecosystems. Broader threats are sea temperature rise, sea level rise 

and pH changes from ocean acidification, all associated with greenhouse 

gas emissions. A 2014 study lists factors such as population explosion along the 

coast lines, overfishing, the pollution of coastal areas, global warming and invasive 

species among the main reasons that have put reefs in danger of extinction.
[108]

 

A study released in April 2013 has shown that air pollution can also stunt the 

growth of coral reefs; researchers from Australia, Panama and the UK used coral 

records (between 1880 and 2000) from the western Caribbean to show the threat of 

factors such as coal-burning coal and volcanic eruptions. Pollutants, such 

asTributyltin, a biocide released into water from in anti-fouling paint can be toxic 

to corals. 

In 2011, researchers suggested that "extant marine invertebrates face the same 

synergistic effects of multiple stressors" that occurred during the end-Permian 
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extinction, and that genera "with poorly buffered respiratory physiology and 

calcareous shells", such as corals, were particularly vulnerable. 

Rock coral on seamounts across the ocean are under fire from bottom trawling. 

Reportedly up to 50% of the catch is rock coral, and the practice transforms coral 

structures to rubble. With it taking years to regrow, these coral communities are 

disappearing faster than they can sustain themselves. 

Another cause for the death of coral reefs is bioerosion. Various fishes graze 

corals, dead or alive and change the morphology of coral reefs making them more 

susceptible to other physical and chemical threats. It has been generally observed 

that only the algae growing on dead corals is eaten and the live ones are not. 

However, this act still destroys the top layer of coral substrate and makes it harder 

for the reefs to sustain. 

General estimates show approximately 10% of the world's coral reefs are dead.
 

About 60% of the world's reefs are at risk due to destructive, human-related 

activities. The threat to the health of reefs is particularly high in Southeast Asia, 

where 95% of reefs are at risk from local threats.
[121]

 By the 2030s, 90% of reefs 

are expected to be at risk from both human activities and climate change; by 2050, 

all coral reefs will be in danger. 

Current research is showing that ecotourism in the Great Barrier Reef is 

contributing to coral disease, and that chemicals in sunscreens may contribute to 

the impact of viruses on zooxanthellae. 

 Coral reef protection 

Marine protected areas (MPAs) have become increasingly prominent for reef 

management. MPAs promote responsible fishery management and habitat 

protection. Much like national parks and wildlife refuges, and to varying degrees, 

MPAs restrict potentially damaging activities. MPAs encompass both social and 

biological objectives, including reef restoration, aesthetics, biodiversity, and 

economic benefits. However, there are very few MPAs that have actually made a 

substantial difference. Research in Indonesia, Philippines and Papua New Guinea 

shows that there is no significant difference between an MPA site and an 

unprotected site. Conflicts surrounding MPAs involve lack of participation, 

clashing views of the government and fisheries, effectiveness of the area, and 

funding.
 
In some situations, as in the Phoenix Islands Protected Area, MPAs can 

also provide revenue, potentially equal to the income they would have generated 

without controls, as Kiribati did for its Phoenix Islands.
[127]

 

According to the Caribbean Coral Reefs - Status Report 1970-2012 made by 

the IUCN. States that; stopping overfishing especially key fishes to coral 
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reef like parrotfish, coastal zone management which reduce human pressure on 

reef, (for example restricting the coastal settlement, development and tourism in 

coastal reef) and controlling pollution speciallysewage wastage, may not only 

reduce coral declining but also reverse it and may let to coral reef more adaptable 

to changes relates to climate and acidification. The report shows that healthier reef 

in the Caribbean are those with large population of parrotfish in countries which 

protect these key fishes and sea urchins, banning fish trap and Spear 

fishing creating "resilient reefs. 

To help combat ocean acidification, some laws are in place to reduce greenhouse 

gases such as carbon dioxide. The Clean Water Act puts pressure on state 

government agencies to monitor and limit runoff of pollutants that can cause ocean 

acidification. Storm water surge preventions are also in place, as well as coastal 

buffers between agricultural land and the coastline. This act also ensures that 

delicate watershed ecosystems are intact, such as wetlands. The Clean Water Act is 

funded by the federal government, and is monitored by various watershed groups. 

Many land use laws aim to reduce CO2emissions by limiting deforestation. 

Deforestation causes erosion, which releases a large amount of carbon stored in the 

soil, which then flows into the ocean, contributing to ocean acidification. 

Incentives are used to reduce miles traveled by vehicles, which reduces the carbon 

emissions into the atmosphere, thereby reducing the amount of dissolved CO2 in 

the ocean. State and federal governments also control coastal erosion, which 

releases stored carbon in the soil into the ocean, increasing ocean acidification. 

 High-end satellite technology is increasingly being employed to monitor coral reef 

conditions 

Biosphere reserve, marine park, national monument and world heritage status can 

protect reefs. For example, Belize's barrier reef, Chagos archipelago, Sian Ka'an, 

the Galapagos islands, Great Barrier Reef, Henderson 

Island, Palau andPapahānaumokuākea Marine National Monument are world 

heritage sites. 

In Australia, the Great Barrier Reef is protected by the Great Barrier Reef Marine 

Park Authority, and is the subject of much legislation, including a biodiversity 

action plan.
[131]

 They have compiled a Coral Reef Resilience Action Plan. This 

detailed action plan consists of numerous adaptive management strategies, 

including reducing our carbon footprint, which would ultimately reduce the 

amount of ocean acidification in the oceans surrounding the Great Barrier Reef. An 

extensive public awareness plan is also in place to provide education on the 

“rainforests of the sea” and how people can reduce carbon emissions, thereby 

reducing ocean acidification.  
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Inhabitants of Ahus Island, Manus Province, Papua New Guinea, have followed a 

generations-old practice of restricting fishing in six areas of their reef lagoon. Their 

cultural traditions allow line fishing, but no net or spear fishing. The result is both 

the biomass and individual fish sizes are significantly larger than in places where 

fishing is unrestricted.  
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