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Loss of coral linked to loss of structure

Alvarez-Filip et al. (2009)

Change over 17 
years. -5.5 mm 
yr-1 or −6.6 kg 
m−2 yr−1

Kuffner et al. 
(2019)



Complexity is critical for fishes
• Link between complexity and fish 

abundance and diversity well established
• Important for refuges, spawning, nesting, 

foraging, energetics in strong currents
• Need to move towards an understanding of 

when, where, and why complexity is 
particularly beneficial

• Understand the full implications of habitat 
degradation and conservation options
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Link to snapper-grouper biomass (RVC data)

Zuercher et al. 2023. Aquatic Conservation-Marine and Freshwater Ecosystems 33, 246-263
Zuercher et al. 2023. Journal of Fish Biology 103, 1526-1537



Scenario testing (snapper-grouper)

https://maps.oceanwealth.org/#/coral



Distribution of anchored 
recreational vessels 2021-23

Marrero et al. In prep.
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• More than half of common species likely to decline with flattening
• Coral cover less important to driving fish assemblages
• Important fisheries species will decline with flattening
• What are the mechanisms?

Traits can be used to predict reef fish responses

Kochan et al. 2023. Oikos, e10011

• Rounded body, specific aspect ratio of caudal fin, large, high 
trophic level…  



What aspects of complexity are 
particularly important to a ‘loser’?

Harborne et al. 2022. J. Fish Biology 10, 1009-1024



Effects of loss of complexity on fish 
behavior – patch reef movement

Crevices Field-of-view Max height Time



Small (<21 cm) Large (>21 cm)

• 16 individual graysby across 6 patch reefs
• Model including multiple complexity metrics 

and other factors
• Maximum height was key factor (space 

underneath for ambush / refuge)



What about grazers?

Kochan et al. In prep.



Feeding is highly heterogeneous
• Model of feeding distribution

• Few hotspots of feeding distribution
• Generally associated with high-relief 

structures along reef edges



Conclusions
• Complexity is important, but many nuances 

for abundance and behavior
• May change fish behavior (spatial and 

temporal)
• Flattening will affects fine-scale patterns of 

ecological processes such as predation and 
grazing (and potentially algal patchiness?)

• Three-dimensional modeling provides 
opportunities to explore different metrics
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Distribution of waiting times in each cell

• Time distributed roughly 
equally (exponential) or 
‘bursty’ (truncated power)?

• Bursty pattern typical of 
reef ambush predators 
(like grouper)?

Truncated power
Exponential

<21cm >21cm

• Extend this move-wait 
behaviour, which may optimize 
foraging success, to a reef fish
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