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Uncertain futures in the Anthropocene
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Human-dominated ecosystems of the Anthropocene

Williams et al. 2019 Func Ecol



Coral reefs are in dire straits



Coral Bleaching
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“Roughly half of the corals 
on the #GreatBarrierReef 
died in 18 months (from 
global warming).”

Prof Terry Hughes



Fiji Japan

Maldives Seychelles

… and of course it’s not just the Great Barrier Reef



Hughes et al. 2018 Science
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Change in coral cover through 1998
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Change in coral-feeding fish abundance



REEF TRAJECTORIES 
FOLLOWING MAJOR 

BLEACHING
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Recovery versus climate-driven regime shifts in Seychelles

Bleaching

Benthic communities are changing dramatically
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Bleaching

Benthic communities are changing dramatically



Winners and Losers



Coral Reefs are Undergoing Transformation



Reefs on the move

Verges et al. 2004 Proc B



Fish communities are changing dramatically

Robinson et al. 2019 GCB

Francois Libert



Reef management

© Roger Beeden



Marine Protected Areas – expectations based on decades of work

ØSeychelles MPA 
effects 1994          
(pre-bleaching)
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Fish groups that benefit from MPAs is changingChanging role of marine protected areas

Before 
climate-
induced 
regime shift

After 
climate-
induced 
regime shift
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Fisheries

© Josh Cinner
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Food security

Fish are packed 
dense with nutrients



Pathways of nutrient change in reef fisheries

Robinson et al. 2022 One Earth

Ø Catch potential of micronutrients increased, particularly for zinc and iron



Global and local action is critical for coral reef futures

<1.5 C

Manage 
fisheries

Improve 
water quality



D
’A

ng
el

o 
& 

W
ie

de
nm

an
n 

20
14

 C
ur

rO
pi

n
En

v 
Su

st

High nitrogen, low 
phosphorus

High nitrogen AND 
phosphorus

ü Slower growth
ü Bleaches easier

ü Faster growth
ü Bleaches at higher threshold 

Nutrients are not always bad for coral reefs



Seabird nutrient subsidies





INVASIVE RATS



Rat-free islands



Rat-infested islands



Seabirds bring nutrients from open ocean



Graham et al. 2018 Nature

Seabirds & nutrients higher on rat-free islands

Ø 750 times more seabirds on 
islands with no rats

Ø 250 times more nitrogen input 
on islands with no rats



Graham et al. 2018 Nature

Huge nutrient subsidy



Graham et al. 2018 Nature

Fish grow faster with seabird nutrient subsidies
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47% higher total fish biomass

Fish biomass higher with seabird nutrient subsidy





Benkwitt, Wilson & Graham GCB (2019)

Reef responses to coral bleaching



Savage 2019 Sci Reports

Seabird nutrients enhance coral growth FOUR times !!
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Ø Coral reefs are undergoing profound change. 
Ø Scientific understanding and management needs to keep 

pace and be adaptive.
Ø Cutting carbon emissions and reducing local pressures is 

essential
Ø Reinstating ecosystem connections, and natural energy 

flows also important  



Thank You !


