
Coral reefs



Roberts et al. 2002

Global patterns of coral species diversity

No. of coral species



Conditions required by coral reefs:

• high water temperature (>14 oC)

• substrate available in euphotic zone

• low nutrient concentration

• HCO3 available

• low turbidity and sedimentation



Corals in cold waters

sorry, no reef ecosystems



Large rivers are 

not coral-friendly





Growth forms of corals



Coral ecology

• The polyps form a skeleton made of calcium carbonate

• They are colonial 

• Live symbiotically with photosynthetic dinoflagellates
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Coral reefs and 

rainforests:

intense competition 

for space and light



A. Experiment with native coral Mussismilia

hispida and invasive Tubastraea coccinea. B 

mesenterial filaments produced by both native 

corals, C detail of mesenterial filaments, D 

necrosed area on native coral

Dos Santos et al. J. Exp. Marine Biol. Ecol. 449 (2013) 69–76T. Carefoot, http://www.virtualcoralreefdive.com/

Coral competition and aggression: 

mesenterial filaments, or longer-range sweeper tentacles (often developed 

in response to a competitor), and short-range allelopathic chemical attack



Porifera: 

also reef builders



Porifera – variable morphology 



Porifera: the ability to form calcareous skeleton evolved several times



Association with photosynthetic algae is common in reef animals

Dinoflagelates are associated with:

Foraminifera

Radiolaria

Porifera

Anthozoa: corals

Anthozoa: anemones

Turbellaria

Mollusca



atoll 

barrier reef fringing reef 

Main stages in reef development



Moorea Island, Polynesia – fringing reef



Madang lagoon (New Guinea): coral barrier next to mainland

700 spp. of fishes, 800 spp. of nudibranchs, etc.



Coral reefs:

stratification with water depth



Coral growth rate 2-7 mm/yr



Annual probabilities of colony dislodgement as a 

function of distance from the reef crest for six coral 

morphologies (CSF is a shape factor)

Madin & Connolly 2006, Nature 444: 477

Mechanical resistance of coral morphologies



Species diversity of reefs:

medium-disturbance hypothesis



Mumby & Steneck 2008, TREE 23: 555

Coral reefs require grazing of algal biomass



Variable coral morphology



An Indo-Pacific coral reef



photo M. Jandahard corals



'black corals' r. Cirripathes photo M. Janda



'soft corals' Sarcophyton photo M. Janda

corals Sinularia



Turbinaria? soft corals photo M. Janda



photo M. Jandasponges





Reef fishes:

Indo-Pacific alone has some 

3,000 species, i.e. 18% of all 

fish species 



Coral reefs: 25% of total marine biodiversity photo M. Janda



Faunal boundaries proposed for reef fish taxa

Blum, 1989



Bellwood 

et al 

(2005). 

Ecology 

Letters 8: 

643–651.

Coral Triangle: epicenter of marine biodiversity, 

>2700 species of shore fishes and 600 species of corals



Center of Accumulation model: speciation in peripheral locations with

subsequent dispersal into the Coral Triangle. The long history of the 

Pacific archipelagos, isolation in peripheral habitats, and current and 

wind patterns that favor dispersal towards the Coral Triangle have been 

suggested as a mechanism.

Center of Overlap model: overlap of distinct faunas from the Pacific

and Indian Oceans, the isolating mechanism being the Indo-Pacific 

Barrier, which separates the Pacific and Indian Oceans during low sea-

level stands

Center of Speciation model: diversity hotspots such as Coral Triangle 

are exporters of species, driven by the fracture of populations that 

result from geologic complexity and habitat heterogeneity coupled 

with intense competition.

Coral triangle – global species diversity hotspot 

Bowen et al. TREE 2013, 28: 359



Mora et al. 2003

Reef fish biodiversity:

Indonesian & Philippine 

Region (IPR) as the major 

center of evolution

centers of endemism



Species from the Indonesian & Philippine Region (IPR) dominate 

reef fish communities in the Indian and Pacific oceans 

IPR species

endemic species



Hughes et al. 2002

Species richness

Endemic species 

(range <105 km2)

corals

reef fishes

no endemic sp.



Hughes et al. 2002

Distribution of geographic 

ranges of corals and fishes 

in Indo-Pacific



Renema et al. 2008, Science 321: 654

Marine biodiversity hotspots: 

moving over past 50 million years

Foraminifera hotspots:

A: 39-42 mil. years before present

B: 16-23 mil. years before present

C: at present



There have always been reef building organisms, 

albeit from different taxa 

Stanley et al. 1999, GSA Today 9:23



140 M years Rudist bivalves







Threats to coral reefs: 

• coral bleaching

• destructive fishing

• nutrients and sediments

• increasing CO2 concentration in atmosphere



Hoegh-Guldberg, O. 2007. Science 318:1737

Ocean acidification

and coral building



Once dissolved in seawater, CO2 reacts with water, H2O, to form 

carbonic acid, H2CO3. Carbonic acid dissolves rapidly to form H+ ions 

and bicarbonate, HCO3
−. Seawater is naturally saturated with another 

base, carbonate ion (CO3
2− ) that acts to neutralize the H+ forming more 

bicarbonate HCO3−, decreasing thus carbonate saturation in water.


