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Readings in Sverdrup et al., 8th edition: p. 110 Figure 4.13 Types of coral reefs, p. 368 Close Associations, pp. 465-470 Coral Reefs 

I. Definition and distribution.  Coral reefs are structures built by corals that have dinoflagellate symbionts.  Corals are colonial animals and individual coral animals are polyps.  For reef-building corals each polyp contains photosynthetic symbionts called zooxanthellae.  These single-celled organisms supply food to the coral polyp and contribute a major fraction of the primary productivity of coral reefs.  The actual proportion varies depending on place and time.  Gross primary productivity may be as high as 20 g C m-2 d-1.  Some coral species also contain symbiotic bacteria that fix nitrogen making a three-way symbiosis.  Reef-building corals live at temperatures >18o C and usually <30o C; their growth optimum is 23o-25o C and this limits their distribution to 30o N latitude to 30o S latitude.  The zooxanthellae depend on light, so the corals are most abundant in waters less than 50 m in depth (light at depths of 20-30 m is only about 25% of the light at the surface).  They grow best in water that is low in nutrients and suspended material.  In very clear water, reef-building corals can be found at depths up to 150 m.  Deep-sea corals (on upper slopes and seamounts) live entirely as predators and do not contain zooxanthellae. Some scientists have argued that high densities of these corals should be called reefs.  

II.  Zonation on coral reefs.  

A. reef crest -- this is the growing margin of the reef, which is exposed at the lowest low tides and is pounded by the breaking waves of the surf zone.  In some places the reef crest is mostly coral and in others the reef crest is dominated by coralline algae and may be called an algal ridge.  The largest reef structure (more than 2000 km long) is in Australia and is called the Great Barrier Reef.  The reef crests there are dominated by coral.  The reef crests of Pacific atolls are more likely to be dominated by algae.

B. reef flat -- shallow sandy areas behind the reef crest with coral colonies that are exposed at high tide.

C. reef slope -- this is the area seaward of the reef crest and sloping into deeper water.  The upper part of the reef slope is where the most massive coral heads are found and this is sometimes called the buttress zone.  In the deeper parts of the slope the coral cover declines as light becomes less.  

III. Coral feeding. There are two main sources of food for corals.  Each coral polyp that forms the coral colony has tentacles that are used to capture zooplankton.  The other source of food is the organic compounds released by the zooxanthellae.  The coral gets as much as 60% of its nutrition and an enhanced ability to extract dissolved calcium carbonate from the zooxanthellae and the zooxanthellae get CO2, nitrogen, and phosphate, as well as protection, from the coral. 

What other reef animals have symbiotic algae?  Giant clams and large calcareous protozoa (foraminifera).

IV. Diversity.  Coral reefs support a very high diversity of species -- perhaps higher per unit area than any other marine environment.  

A. Physical processes maintaining coral species diversity.  Cyclones or hurricanes reduce the coverage of the most common corals allowing corals that are poor competitors to find spaces for settlement.  The intermediate disturbance hypothesis was first formulated to explain coral reef community dynamics.  

B. Biological processes maintaining coral species diversity.  

1. Competition (networks of negative interactions among species).  Examples of negative interactions among coral species include: digestion of polyps, shading by overgrowth, damage from sweeper tentacles, and chemical inhibition.

2. Symbiosis (mutually beneficial relationships). The relationship between zooxanthellae and their host is a mutualistic symbiosis.  Symbioses are very common on coral reefs and other examples include:

-Clown fish that live just above anemones attached to the reef.  When threatened they nestle among the anemone=s stinging tentacles for protection.  The anemone benefits from morsels of food dropped when the clown fish feeds.  

-Cleaner fish form territories on the reef called cleaning stations where other fish go to have their parasites removed.  In return for removing parasites the cleaner fish gains a source of food at a site where there are lots of crevices in the reef to hide from predators.  In an unusual twist, there is a mimic of the cleaner fish that takes bites out of other fish.   

-Coral crabs grow up inside coral skeletons and provide metabolites for the corals. 

3. Predation (food webs).  Examples of protection against predation: toxins, shedding of body parts, thick shells, spines, places to hide, relationships to another species that provide protection, e.g. anemone fish.  The crown-of-thorns starfish, Acanthaster planci, feeds on corals and in some areas is thought to be a threat to the survival of the reef.  Big fluctuations in population size are a characteristic of many large echinoderm species. 

VI.  Fish on coral reefs.  Some fish live in schools; others are solitary up in the water column, and move from place to place.  Most reef fish live in close association with the bottom environment and each individual in the population stakes out a territory that it defends i.e. most reef fish species are territorial.  In some species like cleaner fish, only one sex defends the territory.

VII. What are some of the threats to coral reefs?  

Global climate change (increased temperature and higher pH)

Runoff of sediments from land as a consequence of land use changes.

Disease  

Overfishing, coral and shell harvesting

Pollution (oil spills, pesticides, sewage, excess nutrients)

Physical destruction (dredging, mining, explosives, breakage by tourists)

The attached figure illustrates the relationship between corals, algae, sea urchins, and fish on a Caribbean reef.  The triangle a) represents a normal system, the triangle b) represents an overfished system, and the triangle c) represents a system where disease has resulted in sea urchin mortality.  Please notice that the lower left apex of the triangle is the ratio of coral to alga coverage.  Algal grazers increase this ratio and increased nutrients in the water may reduce this ratio. 

In 1998 there was a major El Niño-related bleaching event that is estimated to have resulted in a loss of 16% of the corals world-wide.  Human impacts had already been estimated to have caused an 11% loss of the world=s reefs.  An international monitoring program is aimed at determining whether these reefs can be restored.   

Good home pages are http://coralreef.gov/ for the Coral Reef Task Force and www.coral.noaa.gov/ or http://coris.noaa.gov/ for general coral reef information.  There is also http://www.osdpd.noaa.gov/PSB/EPS/SST/climo.html for coral bleaching information. To participate in (or listen to) discussion of coral reef issues subscribe to CORAL-LIST by sending an e-mail message to: majordomo@coral.aoml.noaa.gov, with the following message in the body of the text:  subscribe coral‑list
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