

World-wide distribution of reefs
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Coral reefs are estimated to cover 284,300 square kilometres, with the Indo-Pacific region (including the Red Sea, Indian Ocean, Southeast Asia and the Pacific) accounting for 91.9 percent of the total. Southeast Asia accounts for 32.3 percent of that figure, while the Pacific including Australia accounts for 40.8 percent. Atlantic and Caribbean coral reefs only account for 7.6 percent of the world total (2001).

Famous coral reefs and reef areas of the world include:

· The Great Barrier Reef - largest coral reef system in the world, Queensland, Australia; 

· The Belize Barrier Reef - second largest in the world, Belize, Central America; and 

· The Red Sea Coral Reef - located off the coast of Egypt and Saudi Arabia. 

Conditions necessary for reef growth

Coral reefs are found largely between the tropics of Capricorn and Cancer where:

· water temperatures are warm.  Corals are unable to thrive in water that is much below 16 C and grow best with a range of 18-30 C.  In the tropics there is little annual variation in sea temperature.  (But coral reefs are either restricted or absent from along the west coast of the Americas, as well as the west coast of Africa. This is due primarily to upwelling and strong cold coastal currents that reduce water temperatures in these areas.)   

· salinity is at favourable level.  Freshwater kills coral and this is clearly seen where rivers flow out into coastal reef areas.  Corals are restricted from off the coastline of South Asia from Pakistan to Bangladesh. They are also restricted along the coast around north-eastern South America and Bangladesh due to the release of vast quantities of freshwater from the Amazon and Ganges Rivers respectively.

· clear water prevails. Silt that discharges at a river mouth will blanket the coral and affect the feeding mechanism of the corals and animals on the reef.  For example at the mouth of the Amazon coral reef is absent due to the huge quantities of silt that are released.     

· brightly lit waters that are fully penetrated by the sun’s rays.  So corals are restricted to depths rarely exceeding 37metres.  Beyond this limit too little light is absorbed and the algae that feed the corals cannot be supported.  

But what actually is coral?

Polyps are tiny animals that resemble a miniature sea anemone.  They have a soft sac shaped body which opens at one end into a mouth surrounded by tentacles.  This forms the basic unit for all corals.  

In most corals, each polyp is within a protective wall of a limestone cup which it secretes using calcium carbonate dissolved in sea water.  The polyps reproduce asexually, producing identical daughter polyps by a process known as budding.  As each new polyp is added, another limestone cup is secreted under and around it, helping to build up a framework for an entire colony.  And in this way a coral can grow upwards and outwards.  Corals can reproduce in large numbers and lay down considerable thicknesses of rock.  These aid reef development.

Corals bud in different ways so an incredible variety of shapes form on a coral reef.  

But this does not explain how corals colonise remote areas.  This happens by sexual reproduction.  Eggs and sperm when fused develop into free floating larvae.  These can be carried over wide stretches of ocean and brush against tropical shorelines, where they transform themselves into coral polyps.  They rapidly secrete calcium skeletons and a new colony begins.  

The rate of growth of the coral is dependent on their relationships with algae.  The coral polyps have a symbiotic relationship (partnership) with single-celled algae called zooxanthellae; these algal cells within the tissues of the coral polyps carry out photosynthesis and produce excess organic nutrients that are then used by the coral polyps. Because of this relationship, coral reefs grow much faster in clear water, which admits more sunlight. Indeed, the relationship is responsible for coral reefs in the sense that without their symbionts, coral growth would be too slow for the corals to form impressive reef structures. Some corals get up to 90% of there nutrients from their zooxanthellae partners.  
Coral reef formations (focus on learning the 3 underlined types for your GCSE)
Coral reefs can take a variety of forms, defined in following;
· Fringing reef — reef that is directly attached to a shore or borders it with an intervening shallow channel or lagoon. If coral is high in the water this can limit the coral growth. In general, only a small number of hardy coral species can thrive on the reef flat, and these cannot grow above a certain height because the polyps can withstand only limited exposure to the air at low tide. Of course some reef flats carry a meter or so of water over the surface, and then coral growth can be massive. 
· Barrier reef — reef separated from a mainland or island shore by a deep lagoon; e.g. Great Barrier Reef.  The deep lagoon is too deep for coral growth.    
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Atoll reef — a more or less circular or continuous barrier reef surrounding a lagoon without a central island. It was Charles Darwin who understood the formation of the atoll.  It begins when an underwater volcano emerges as an island above the surface of the tropical sea (a).  When the volcanic activity stops, the island begins to erode into a series of jagged peaks and sharp ridges (b) and a fringing reef colonises its shoreline.  Erosion and the buckling of the sea floor foundations causes the island to move below the waves (c).  A barrier reef develops as the channel between the island and the reef becomes wider and deeper.  Eventually there is a low hill and a large lagoon happens inside reef (d).  When the island sinks below the surface the reef becomes known as an atoll.   
Ecology and biodiversity
Coral reefs support an extraordinary biodiversity; although they are located in nutrient-poor tropical waters. The process of nutrient cycling between corals, zooxanthellae, and other reef organisms provides an explanation for why coral reefs flourish in these waters: recycling ensures that fewer nutrients are needed overall to support the community.

Cyanobacteria also provide soluble nitrates for the coral reef through the process of nitrogen fixation. Corals absorb nutrients, including inorganic nitrogen and phosphorus, directly from the water, and they feed upon zooplankton that are carried past the polyps by water motion. Thus, primary productivity on a coral reef is very high. 
Coral reefs are home to a variety of tropical or reef fishes, such as the colourful parrotfishes, angelfishes, groupers, snappers, and wrasses. Over 4,000 species of fishes inhabit coral reefs.  Reefs are also home to a large variety of other organisms, including sponges, jellyfish, worms, crustaceans (including shrimp, spiny lobsters and crabs), starfish, sea urchins and sea cucumbers, sea turtles and sea snakes. 
Aside from humans, mammals are rare on coral reefs, with visiting cetaceans such as dolphins being the main group. A few of these varied species feed directly on corals, while others graze on algae on the reef and participate in complex food webs
Due to their vast biodiversity, many governments world-wide take measures to protect their coral reefs. In Australia, the Great Barrier Reef is protected by the Great Barrier Reef Marine Park Authority, and is the subject of many plans and pieces of legislation, including a Biodiversity Action Plan.

Threats to reefs
Human activity continues to represent the single greatest threat to coral reefs living in Earth's oceans. In particular, pollution and over-fishing are the most serious threats to these ecosystems. Physical destruction of reefs due to boat and shipping traffic is also a problem. The live food fish trade has been implicated as a driver of decline due to the use of cyanide and other chemicals in the capture of small fishes. Finally, above normal water temperatures, due to climate phenomena such as El Niño and global warming, can cause coral bleaching. According to The Nature Conservancy, if destruction increases at the current rate, 70% of the world’s coral reefs will have disappeared within 50 years. This loss would be an economic disaster for peoples living in the tropics. 
Land development and pollution
· Extensive and poorly managed land development can threaten the survival of coral reefs. Within the last 20 years, once prolific mangrove forests, which absorb massive amounts of nutrients and sediment from runoff caused by farming and construction of roads, buildings, ports, channels, and harbors, are being destroyed. Nutrient-rich water causes fleshy algae and phytoplankton to thrive in coastal areas in suffocating amounts known as algal blooms. Coral reefs are biologically adapted to waters with low nutrient content, and the addition of nutrients favours species that disrupt the balance of the reef communities. Both the loss of wetlands and mangrove habitats are considered to be significant factors affecting water quality on inshore reefs. 
· Poor water quality has also been shown to encourage the spread of infectious diseases among corals. 

· Copper, a common industrial pollutant, has been shown to interfere with the life history and development of coral polyps. 

Live reef fish trade
· The hobby of keeping saltwater aquaria has experienced an increase in world popularity since the 1990s. The world market is limited in the diversity of collected species. For example, among 4000 coral reef fish species, only 200–300 are exploited. Selection of species results from a demand for fish being highly colorful and being able to be maintained and fed in aquaria. 95% of exploited fish are directly collected in the coral environment. 
· A major catalyst of cyanide fishing is poverty within fishing communities. In areas like the Philippines where cyanide is regularly used to catch live aquarium fish, the percentage of the population below the poverty line is 40%. In such developing countries, a fisherman might resort to such unethical practices in order to prevent his or her family from starving.

· Most, 80–90%, of aquarium fish exported from the Philippines are captured with sodium cyanide. This toxic chemical is dissolved in sea water and released into fish shelters. It has a rapid narcotic effect on fish, which are then easily captured. However, most fish collected with cyanide die a few months after capture from extensive liver damage. Moreover, other fish species that are not interesting for the aquarium market also die in the field. 
Dynamite Fishing
Dynamite fishing is another extremely destructive method that fishermen use to harvest small fish. Sticks of dynamite, grenades or home made explosive are lit or activated and thrown in the water. Once the dynamite goes off the explosion brings about an underwater shockwave causing the internal organs of fish to liquefy killing them almost instantly. A second blast is often set off after the first to kill any larger predators that are attracted to the initial kill of the smaller fish. This method of fishing not only kills the fish within the main blast area but also claims the lives of many reef animals that are not edible or wanted. Also many of the fish do not float to the surface to be collected but sink to the bottom. The blast also kills the corals in the area eliminating the very structure of the reef, destroying the habitat for fish and other animals important for the maintenance of a healthy reef. Areas that used to be full of coral become deserts, full of coral rubble, dead fish and little else, after dynamite fishing.

Coral bleaching
During the 1998 and 2004 El Niño weather phenomena, in which sea surface temperatures rose well above normal, many tropical coral reefs were bleached or killed. Some recovery has been noted in more remote locations, but global warming could negate some of this recovery in the future. Toxins in the tissue are produced when the water temperatures climb, causing coral bleaching.
Coral bleaching happens when the algae from the corals are expelled due to stress.  



Destruction worldwide
Southeast Asian coral reefs are at risk from damaging fishing practices (such as cyanide and blast fishing), overfishing, sedimentation, pollution and bleaching. A variety of activities, including education, regulation, and the establishment of marine protected areas are under way to protect these reefs. Indonesia, for example has nearly 33,000 square miles of coral reefs. Its waters are home to a third of the world’s total corals and a quarter of its fish species. Indonesia's coral reefs are located in the heart of the Coral Triangle and have been victim to destructive fishing, unregulated tourism, and bleaching due to climatic changes. Data from 414 reef monitoring stations throughout Indonesia in 2000 found that only 6 percent of Indonesia’s coral reefs are in excellent condition, while 24 percent are in good condition, and approximately 70 percent are in poor to fair condition
Estimates show approximately 10% of the coral reefs around the world are already dead.

Protection and restoration of reefs
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. While line fishing is permitted, net and spear fishing are restricted based on cultural traditions. The result is that both the biomass and individual fish sizes are significantly larger in these areas than in places where fishing is completely unrestricted.
It is estimated that 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 strong in Southeast Asia, where an enormous 80% of reefs are considered endangered.

Marine Protected Areas
One method of coastal reef management that has become increasingly prominent is the implementation of Marine Protected Areas (MPAs). MPAs have been introduced in Southeast Asia and elsewhere around the world to attempt to promote responsible fishery management and habitat protection. Much like the designation of national parks and wild life refuges, potentially damaging extraction activities are prohibited. The objectives of MPAs are both social and biological, including restoration of coral reefs, aesthetic maintenance, increased and protected biodiversity, and economic benefits. Conflicts surrounding MPAs involve lack of participation, clashing views and perceptions of effectiveness, and funding.

Indonesia currently has nine MPAs, claiming a total 41,129 square kilometres of coastal waters are to be under protection.  A study done on one of the more recently established MPAs in Indonesia showed the need for co-management when it comes to the success of managing MPAs - the national, provincial, and local community level groups need to work together.

The coral reefs in the Philippines and Indonesia are disappearing rapidly due to dynamite and cyanide fishing. Between 1966 and 1986 the productivity of coral reefs in the Philippines dropped by one-third as the national population doubled.  In Indonesia as well, over eighty percent of the coral reefs are under threat.  These two locations are home to the world's most diverse range of corals. If the rate of destruction does not diminish, seventy percent of all the world's coral reefs will be gone in the next twenty-five to forty years (the Philippines).

Organisations
Numerous organisations exist that aim to help preserve coral reef habitat. For instance, The Marine Aquarium Council (MAC) is an international, non-profit organization that works to bring responsibility and sustainability to the aquarium fish trade industry concerned with industry practices that bring harm to coral reefs. Such concerns include the use of cyanide to stun and collect fish, wild stock depletion, limited government regulation and management of natural resources, and lack of reliable data about the industry. A ban on collecting organisms from reefs for the aquarium industry would create a loss of income to communities, and possibly an increase in illegal trade. MAC encompasses a large network of researchers, industry operators and conservationists to ensure objective solutions that can benefit the industry and the environment. MAC supports the concept that there is a sustainable and responsible way to meet the demands of the industry by creating international standards and certification schemes to inform and educate consumers, collectors, and retailers on the importance of sustaining healthy coral reef environments.

The Coral Reef Alliance (CORAL) (http://www.coral.org) is a member-supported, non-profit organization, dedicated to protecting the health of coral reefs by integrating ecosystem management, sustainable tourism, and community partnerships. CORAL works with communities to identify and solve conservation challenges; changes attitudes and behaviour through education and training; provides resources to strengthen conservation efforts; and creates incentives for sustainable tourism. Current project sites include Florida, Belize, Honduras, Mexico, Fiji, Papua New Guinea, and Hawaii.

Questions

1. Where are corals located in the world? (3 marks)

2. What 4 factors are necessary for coral reef formation and why? (8 marks)

3. Why are some tropical shorelines unsuitable for formation? (4 marks) 

4. What is coral? (4 marks)

5. What is a fringe reef? (4 marks)

6. What is a barrier reef? ( 4 marks)

7. What is an atoll and how does it form? (4 marks)

8. What life is supported on coral reef? (4 marks)

9. How are coral reefs being threatened? (10 marks)

10. How can coral reefs be protected? (5 marks)

(total out of 50)
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