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Florida Keys Marine Ecosystem



[Habitat]
The resources and conditions present in an area that produce occupancy, 

which may include survival and reproduction, by a given organism

W. Sharp W. Sharp

W. Sharp

Hall et al. 1997



Structurally Complex Habitats = Greater Species Abundance & Diversity

Chabanet et al. 1997
Gratwicke & Speight 2005a, 2005b

Kuffner et al. 2007
Alvarez-Filip et al. 2009

Graham & Nash 2013
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Habitat Loss & Degradation = Reductions in Abundance & Diversity 

Airoldi et al. 2008Kelp forest 

NOAA



Drivers of Marine Habitat Loss and Degradation
Ocean warming Coastal development Declining water quality

StormsDirect human impacts 

Butler et al. 1995
Fourqurean & Rutten 2004

Finkl, Charlier & Krupa 2005
Chiappone et al. 2005

Uhrin, Matthews & Lewis 2014
Kuffner et al. 2015



Examples of Habitat Loss & Degradation in the Florida Keys
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Coral Reefs



Alvarez-Filip et al. 2009

Caribbean Reefs are Flattening 
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Reef Flattening Threatens Ecosystem Services & Functions



Projected coral reef degradation in Florida could increase the coastal 
flood risk to more than 7,300 people at the cost of $824 million annually

Storlazzi et al. 2021

Reef Flattening Threatens Ecosystem Services & Functions



Paddack et al. 2009 Helder, Burns & Green 2022
Burman et al. 2012

Alvarez-Filip et al. 2009
Alvarez-Filip et al. 2015

Rogers, Blanchard & Mumby 2014

Reef Flattening Threatens Ecosystem Services & Functions



Consider New Synergistic Management Strategies



Coral Cover ≠ Structural Complexity on Low Coral Cover Reefs

% contribution to species density models

Phylogenetic Tree                          Relief                        Coral Cover

Kochan et al. 2023, Oikos



Coral Cover ≠ Structural Complexity on Low Coral Cover Reefs
Phylogenetic Tree                          Relief                        Coral Cover

Maximum hard relief 

• Explained more variation in 
species densities across 

Florida’s Coral Reef 

• Linked to larger # of 
species than coral cover

Kochan et al. 2023, Oikos% contribution to species density models



Estimating Potential Fish Biomass under Different Management Scenarios

Zuercher et al. 2023, Aquatic Conserv



The most effective single management measure for increasing predicted 
fish biomass  substantial increase in reef complexity

Zuercher et al. 2023, Aquatic Conserv
Rogers et al. 2015, Glob Change Biol
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(extensive)



But Beneficial Synergies have Greater Potential for Greater Impacts

Zuercher et al. 2023, Aquatic Conserv
Rogers et al. 2015, Glob Change Biol



But Beneficial Synergies have Greater Potential for Greater Impacts

Zuercher et al. 2023, Aquatic Conserv
Rogers et al. 2015, Glob Change Biol

?? Artificial structure + reef restoration (hybrid reefs) 
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Shallow Nearshore Hardbottom (Bayside)

Field & Butler 1994
Chiappone & Sullivan 1994



Essential Fish Habitat

W. Sharp W. Sharp W. Sharp

Hunt 1994
Davis & Dodrill 1989
Herrnkind et al. 1994

Essential Fish & Invertebrate Habitat (Shelter, Refuge, Foraging, Nursery)



Reductions in Habitat & Structural Complexity

Briones-Fourzan 2024
Lennon & Sealy 2023
Butler et al. 2021
Butler et al. 1995
Chiappone & Sullivan 1994



Substantial Changes in Habitat Landscape, Community Composition, & Ecology

W. Sharp

Briones-Fourzan 2024
Lennon & Sealy 2023
Butler et al. 2021
Butler et al. 1995
Boesch et al. 1993



Butler et al. 1995 MEPS



Butler et al. 1995 MEPS



Reduced sessile 
benthic invertebrate 
density & structural 

complexity

Less niche 
diversity, food 

resources, 
refuge

Fish
diversity 
declines

Briones-Fourzan 2024
Lennon & Sealy 2023

Butler et al. 2021
Butler et al. 1995

Chiappone & Sullivan 1994

W. Sharp



Habitat Support Structures
Pilot Program



Objective:

Establish framework for the 
design, placement, & monitoring 

of HSS that:

1. Address habitat deficits as related to fish and 
invertebrate life histories

2. Promote 3D complexity, biodiversity, & diverse 
fish assemblages 

3. Provide ecological support and improve 
ecosystem function



Basis of Approach:

Characterize habitats and their (structural) 
deficits as related to fish and invertebrate 

life histories 
Lack of specific habitat (from loss) & 

quality habitat (from degradation)

Test HSS that functionally mimic and/or 
enhance the structural components that 

historically provided complexity 
Treatments: material type, structure style, size, scale (benthic 

footprint), restoration component (hybrid reefs)

Evaluate net ecological and ecosystem 
outcomes (negative, neutral, positive) based 

on comprehensive monitoring plan
Executed by a team of local experts & scientists
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Basis of Approach:

Characterize habitats and their (structural) 
deficits as related to fish and invertebrate 

life histories 
Lack of specific habitat (from loss) & 

quality habitat (from degradation)

Test HSS that functionally mimic and/or 
enhance the structural components that 

historically provided complexity 
Treatments: material type, structure style, size, scale (benthic 

footprint), restoration component (hybrid reefs)

Evaluate net ecological outcomes 
(negative, neutral, positive) based on 

comprehensive monitoring plan
Executed by a team of local experts & scientists



5 Habitat Deficit Areas

Lower Florida Keys



Southern Gulf of Mexico

Lower Florida Keys



Gulf/Bayside Nearshore 
Hardbottom 

Lower Florida Keys



Oceanside Nearshore 
Patch Reefs 

Lower Florida Keys



Offshore Coral Reefs

Lower Florida Keys



Deep Reefs

Lower Florida Keys



Materials | Innovative 3DP Tech 



Methods | Comprehensive Monitoring 

Physical Biological  Social  
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Fish

Motile + Sessile Inverts
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Processes
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Usage



Methods | Comprehensive Monitoring 

Biological  Social  

Fish
Usage

Passive Acoustic Monitoring



Methods | Comprehensive Monitoring 

Biological  

Fish

 

Acoustic Telemetry 



First Pilot Study: 
Bayside Nearshore 

Hardbottom
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