CORAL REEFS

Coral reefs have a high species diversity with recent estimates indicating over 100,000 species. They are very beautiful places with a wide variety of corals such as coral domes, like the huge brain coral,(picture of brain coral) branches, fans, antlers and organ pipes all coming in a huge array of colours. Living in and around the corals are millions of fish and other animals, all dependent on the coral reef and each other for their existence.

Coral reefs are the largest structures built by an animal on the planet, humans included. They are thousands of miles long and weigh billions of tons.

The earliest reefs developed two billion years ago in the mid- to late Precambrian era. These reefs were built by colonies of calcareous algae, not corals. Corals, sponges, bryozoans, and calcareous algae enhanced the growing reef community in the Paleozoic era, 245 to 570 million years ago. During this era, natural environmental changes led to periodic reef demise. Hard corals developed into the prominent reef builders during the Mesozoic era, 65 to 245 million years ago. Coral reefs flourished until a devastating demise at the end of the era, when many coral families disappeared. The species of corals that made up the reefs of the Tertiary period, 2 to 65 million years ago, were similar to today's species.

Brief Biology of coral

Coral is from the phylum Cnidaria, which also includes jellyfish and sea anemones. They are radially symmetric, diploblastic animals and coral is of the basic polyp form meaning that it is a sessile animal that attaches the base of it’s body to a surface, with it’s mouth and tentacles facing upwards. The coral can secrete a skeleton of limestone (calcium carbonate) around it’s soft body and while each coral animal is small, they live together in large colonies all linked together as if they were one. Theses animals, working together, are master builders, producing giant structures such as the Great Barrier Reef. Almost all types of coral polyps and some other cnidarians, contain algae inside their epidermal cells. The algae and the polyp have a mutualistic relationship in which the algae probably obtain nitrogen-containing substances from the feeding activities of the coral, while the coral receives substances such as glucose and glycerol from the photosynthetic activities of the algae. This explains why coral reefs usually form near the surface of the water, so the algae have light to photosynthesise.

Picture of anatomy

Picture of coral reef.

Coral geography

Corals grow best in clear water with a temperature between 20 and 30 oC (70 and 85 oF), with the optimum temperature being about 24 oC (75 oF.) These environmental factors limit where coral reefs can be found, but in the Indian Ocean, Southeast Asia, Central Pacific, Southwest Pacific and Caribbean conditions are perfect and coral reefs can be found in abundance. Cold currents on the west coast of African and American continents limit coral in these waters to a few locations close to the equator. Silt in the water cuts out sunlight and hence constrains the rate at which corals can grow. Therefore on the east coast of South America, murky water from the Amazon estuary limits coral growth in an area otherwise ideal. There are exceptions where coral can grow below the temperature limits e.g. the northern Red sea where in winter the sea temperature can drop to below 18 oC (64 oF). In some locations corals survive in water as warm as 33oC (90 oF), the Persian Gulf and northern part of the Australian Great Barrier Reef being examples.

Conservation of Coral

Chemistry of the coral skeleton and mollusc shells

The tiny coral polyps secrete a limey substance that hardens into the coral structure. The substance is calcium carbonate (CaCO3) with a small amount of specialized proteins also present in the coral skeleton.

There are two forms of calcium carbonate, aragonite and calcite. Their crystal shape differs though their chemical formula is the same. Aragonite is the denser form and is found in the hard or scleractinian corals. Whether the aragonite or calcite form is produced depends on the “seed crystals” growth pattern and the proteins secreted by the polyps.

The aragonite form is also found in mollusc abalone shells. These shells have a “mother of pearl” layer in which this nacre form of calcium carbonate was thought to be produced in part, by specialised proteins found in the mollusc shells. The proteins were separated, isolated and identified by polyacrylamide gel electrophoresis, electro-elution, and amino acid analysis.

Diagram from www.corals.org/chemistry.html
The proteins of shells are generally acidic though a basic protein has also been found. It is thought to bind the insoluble matrix to acidic proteins in such a way that promotes the mother-of-pearl formation. The diagram shows how this complex of matrix, basic protein H, and acidic proteins are orientated in such a way that the mother-of-pearl is formed. The amino acids Glycine (G), aspartic acid (D), valine (V), and lysine (K) are present in relatively high amounts in protein H.

Research has been done on comparing the similarities of proteins in molluscs and the coral skeleton as they both have the aragonite form of calcium carbonate. The amount of protein found in the abalone shell was much greater than in the coral. The amino acid content was dissimilar between the shell and coral, indicating a different role or function in the formation of the calcium carbonate skeleton. Also showing that because the protein H is found in the nacreous aragonite but not in non-nacreous aragonite, this protein’s presence may be the necessary factor in the formation of the mother-of-pearl.

Atmospheric carbon dioxide

The concentration of atmospheric carbon dioxide has increased in the last 300 years i.e. since the industrial revolution, due to the burning of fossil fuels, which may have a dramatic impact on the global climate. Marine ecosystems such as coral reefs play an important part in determining the ocean-atmosphere exchange of carbon dioxide (CO2). Coral reefs have been directly impacted by human activities, such as pollution and overfishing, but the increase in atmospheric CO2 will also seriously impact coral reef health in the future by reducing the corals ability to produce it’s hard calcium carbonate skeleton.

Coral reefs contribute to the ocean carbon cycle through the processes of photosynthesis, respiration, calcium carbonate production and dissolution. Theses processes control the distribution of CO2 in seawater, determine the fate and transformations of CO2, and ultimately the exchange of CO2 between the ocean and atmosphere.

In coral reef systems, hard coral calcification produces CO2, the result is that the coral reef can act as a source of CO2 to the atmosphere. In contrast, algae photosynthetically fix CO2 into organic matter, potentially removing CO2 from seawater. The result is that the coral reef can act as a sink of CO2 from the atmosphere. In a coral reef system, the balance of calcification and algal photosynthesis alters the fate of CO2, as either stored in the ocean or remaining in the atmosphere, with a potential impact on global climate. Biological complexity on the reef thus contributes to a potential climate feedback that is poorly understood at present. So strange as it seems, as coral reef health declines and algal biomass on the reef increases, the potential for coral reefs to remove CO2 from the atmosphere increases.
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