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Coral Reefs
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Distribution of coral reefs

Charles Darwin (1809-1882)
1831-1836: Circumnavigation with HMS Beagle
1839: “Voyage of the Beagle”
1842: “The structure and distribution of coral reefs”
1859: “The origin of species”
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Distribution of coral reefs

Castro & Huber (2010)
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Distribution of coral reefs

Estimates of global coral reef area:
• Smith (1978): 617,000 km2

• Spalding & Grenfell (1997): 255,000 km2

• Spalding et al. (2001): 284,300 km2

Pacific (40.8 %)

Southeast Asia 
(32.3 %)

Indian Ocean
(11.3 %)

Arabian Gulf &
Arabian Sea (1.5 %)

Red Sea &
Gulf of Aden (6.1 %)

Caribbean 
(7 %)

Atlantic (0.6 %)
Eastern Pacific

(0.6 %)

© M. Kochzius



Marine Ecology/Fisheries – Coral Reefs Prof. Dr.
Marc Kochzius 5

Fish species

Scleractinian coral species

Coral reef biodiversity
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Coral reef biodiversity

Roberts et al. (2002)

Fish: species 
richness based on 
1700 species (40 % 
of all known species)

Scleractinian corals: 
species richness 
based all known 804 
species

Snails: species 
richness based on 
662 species of cone 
shells, cowries and 
volutes

Lobsters: species 
richness based on 
69 species from 7 
families
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Coral reef biodiversity
Coral reefs cover only 0.089 % of the world‘s 
oceans (Spalding et al. 2001), but:
• about 70,000 described species life on coral 

reefs
= 30 % of all marine species
= 5 % of all species

• estimated number of species: 830,000 (Fisher et 
al. 2015)

Center of coral reef biodiversity in the Coral 
Triangle (Southeast Asia):
• centre-of-origin hypothesis: species evolve in 

the centre and disperse
• centre-of-overlap hypothesis: overlap of fauna 

from several biogeographic provinces
• centre-of-accumulation hypothesis: speciation 

in peripheral areas and dispersal to the centre
• centre-of-survival: species get extinct elsewhere
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Coral reef biodiversity: regional-scale assembly rules in fish and corals

Bellwood and Hughes (2001)
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Coral reef biodiversity: regional-scale assembly rules in fish and corals

Bellwood and Hughes (2001)
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Coral reef biodiversity: regional-scale assembly rules in fish and corals

Bellwood and Hughes (2001)
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Coral reef biodiversity: threats
Concordance of top 10 % 
most species-rich cells:
• red: 4 taxa
• orange: 3 taxa
• yellow: 2 taxa
• blue: 1 taxon

Threats to reefs in each 
grid cell:
• blue: low risk
• yellow: medium risk
• red: high risk

Concordance in patterns 
of range rarity among the 
top-scoring 10 % of cell 
for each taxon (colour
codes are as in E). Places 
outlined show multitaxon
centres of endemism

Roberts et al. (2002)
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Coral reef biodiversity: threats

Roberts et al. (2002)

• between 7.2 and 53.6 % of each 
taxon (fish, corals, snails and 
lobsters) have highly restricted 
ranges
èvulnerable to extinction

• 10 richest centres of endemism 
cover 15.8 % of the world’s coral 
reefs, but include between 44.8 
and 54.6 % of the endemic 
species 
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Coral reef biodiversity: intermediate disturbance hypothesis

Connell (1978)



Marine Ecology/Fisheries – Coral Reefs Prof. Dr.
Marc Kochzius 14

Coral anatomy Castro & Huber (2010)
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Coral anatomy: zooxanthellae Castro & Huber (2010)

Zooxanthellae

© S.R. Santos
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Coral anatomy: calcification

Allemond et al. (2011)
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Coral anatomy: growth forms Castro & Huber (2010)
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Veron (2011)

Coral anatomy: growth forms
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The structure of coral reefs: reef growths

Castro & Huber (2010) Perry (2011)
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The structure of coral reefs: fringing reef

© M. Kochzius
Castro & Huber (2010)
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The structure of coral reefs: barrier reef

© M. Kochzius
Castro & Huber (2010)
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The structure of coral reefs: atoll

Castro & Huber (2010)
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The structure of coral reefs: atoll

Castro & Huber (2010)
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The trophic structure of coral reefs

Castro & Huber (2010)
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The trophic structure of coral reefs

Castro & Huber (2010)
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Phase shifts in Caribbean coral reefs

• Mass mortality of Diadema antillarum in 
1983 due to a species-specific pathogen

• Hurricane Allen (category 5) in 1980 
damaged shallow water reefs severely

Hughes (1994)
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Phase shifts in Caribbean coral reefs

Hughes (1994)
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Phase shifts in Caribbean coral reefs

Hughes (1994)

• Decline in coral cover from a mean of 52 % 
(1977-1980) to 3 % (1990-1993)

• Increase in cover of fleshy macroalgae from 
am mean of 4 % (1977-1980) to 92 % 
(1990-1993)
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Phase shifts in Caribbean coral reefs

Gardner et al. (2003)
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Phase shifts in Caribbean coral reefs

Gardner et al. (2003)
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Phase shifts in Caribbean coral reefs

Gardner et al. (2003)

• no significant 
variation in annual 
rate of change in % 
coral cover (A)

• significant difference 
between regions in 
absolute loss of coral 
cover (B)

• significant temporal 
variation in coral 
decline for rate of 
change (C) and 
absolute change in % 
coral cover (D)

significantly negative

significantly
positive

significantly
negative
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Phase shifts in Caribbean coral reefs

Gardner et al. (2003)

Severe degradation of the Mesoamerican barrier reef system after bleaching caused by the 1998 El Niño 
and hurricane Mitch
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Degradation of the Great Barrier Reef

Bellwood et al. (2004)



Marine Ecology/Fisheries – Coral Reefs Prof. Dr.
Marc Kochzius 34

Based on the world’s most extensive time series data on reef condition (2,258 surveys of 214 reefs over 1985–2012), the 
authors show a major decline in coral cover from 28.0 % to 13.8 % (0.53 % y−1), a loss of 50.7 % of initial coral cover

Degradation of the Great Barrier Reef
De’ath et al. (2012)
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Degradation of the Great Barrier Reef

De’ath et al. (2012)



Marine Ecology/Fisheries – Coral Reefs Prof. Dr.
Marc Kochzius 36

Crown-of-thorns starfish (Acanthaster planci)

© Marc Kochzius

© Marc Kochzius

Crown-of-thorns starfish (COTS) outbreaks
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Crown-of-thorns starfish (COTS) outbreaks

Laboratory experiments

Fabricius et al. (2010)
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Crown-of-thorns starfish (COTS) outbreaks

Fabricius et al. (2010)



Marine Ecology/Fisheries – Coral Reefs Prof. Dr.
Marc Kochzius 39

Crown-of-thorns starfish (COTS) outbreaks

Fabricius et al. (2010)
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(1-2 °C)

up to > 90%

© Marc Kochzius
Marshall & Schuttenberg (2006)

Coral bleaching
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Marshall & Schuttenberg (2006)

Coral bleaching
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Pandolfi et al. (2011)

Coral bleaching
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Marshall & Schuttenberg (2006)

Coral bleaching
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Coral bleaching

IPCC (2013)
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Burke et al. (2011)

Coral bleaching: remote sensing (NOAA)

Liu et al. (2012)

© GBRMPA 
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Coral bleaching: adaptive bleaching hypothesis

Baker et al. (2004)
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Resilience of coral reefs: coral bleaching and herbivory

Hughes et al. (2007)
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Resilience of coral reefs: coral bleaching and herbivory

Hughes et al. (2007)
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Resilience of coral reefs: coral bleaching and herbivory

Hughes et al. (2007)
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Resilience of coral reefs: overfishing, herbivory and MPAs

www.piscoweb.org

Mumby et al. (2006)
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Resilience of coral reefs: overfishing, herbivory and MPAs

Mumby et al. (2006)
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Resilience of coral reefs

Bellwood et al. (2004)



Marine Ecology/Fisheries – Coral Reefs Prof. Dr.
Marc Kochzius 53

Resilience of coral reefs

Bellwood et al. (2004)

Fishes Corals
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Climate change

IPCC (2013)
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Carbonate buffering system
• H2CO3: carbonic acid
• HCO3

-:  bicorbonate
• CO3

2-:  carbonate
• CaCO3: calcium carbonate

Impact of CO2 increase
• Current CO2 in atmosphere: >380 

ppm
• 80 ppm higher than maximum in 

the past 420,000 years (if not 20 
million years)

• Increase of ocean temperature 
0.74 °C

• Decrease of pH by 0.1 units
• Depletion of CO3

2- by 30 μmol/kg 
seawater

• Decrease in calcification rate and 
erosion at 270 μmol CO3

2-/kg 
seawater (Hoegh-Guldberg et al. 2007)

Climate change: ocean acidification
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Climate change: ocean acidification

Pandolfi et al. (2011)
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Climate change: ocean acidification

Fine & Tchernov (2007)
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Impact of CO2 increase
• Doubling of pre-industrial 

[CO2]atm to 560 ppm 
decreased calcification + 
growth by up to 40 %

• Zero or negative carbonate 
accretion on coral reefs at 
aragonite saturation level 
of 3.3; reached at 480 ppm 
[CO2]atm and < 200 μmol
CO3

2-/kg 
• Increased (bio)erosion due 

to skeletons with less 
density

• Thermal stress
• Decreased reproduction
• Decrease of biodiversity
• Worst case: loss of coral 

reefs

Climate change: impact on coral reefs

(Hoegh-Guldberg et al. 2007)
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Climate change: aragonite saturation state
4 and >

3.75

3.5

3.25

3

2.75

2.5

2.25

2

1.75

1.5

1.25

1

extremely
marginal

marginal

adequate

optimal

Burke et al. (2011)
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Climate change: impact on resilience

(Hoegh-Guldberg et al. 2007)



Marine Ecology/Fisheries – Coral Reefs Prof. Dr.
Marc Kochzius 61

Climate change: impact on resilience

(Hoegh-Guldberg et al. 2007)



Marine Ecology/Fisheries – Coral Reefs Prof. Dr.
Marc Kochzius 62

Reefs at risk: blast and poison fishing

Burke et al. (2011)

© T. Heeger

© IDRC

© M. Kochzius
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Reefs at risk: coral disease

Burke et al. (2011)
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Reefs at risk: current status

Burke et al. (2011)
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Reefs at risk: socioeconomic dependence

Burke et al. (2011)
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Reefs at risk: marine protected areas (MPAs)

Burke et al. (2011)
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Reefs at risk: future projections
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