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“Fishing Capital of 
the World” 



• Fishing pressures 
 

• Habitat loss & degradation 
 

• Prey-base reductions 
 

• Water quality – flow changes 
 

• Recruitment collapse 
 

• Climate changes 
 

• Multiple interacting effects 

Major Threats to Sustainability 



Competition for Finite Resources 

Pressures 

Doubling every 18 years! 

2X in 13 years!! 

Florida’s Human Population Growth 



St. Lucie Inlet, Martin Co. 

Fish Habitat Degradation & Loss 



“Sustainability” 
Ability of exploited stock to maintain sufficient 
reproductive capacity to produce yields at suitable levels 
into the indefinite future. 

Key management concern 
• Sustainability of multispecies reef fisheries and their habitats 

The Nature of Sustainability 





“Steepness” 
Safe Danger 

Fishery Yields Spawning Stock Biomass 

Sustainability Thresholds 



Indicators of Response & Impact 

Limit-Control Rule Indicator 



The Managed Florida Keys-Dry Tortugas 
 Coral Reef Ecosystem 

Gulf of Mexico 

Florida Straits 
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Smith, Ault et al. 2011. Fisheries Research 109(1): 25-41. 
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“Observable” Assessment Indicator Variables 

40.6”, 42.8 lbs 
SPR = 100% 

27.9”, 12.6 lbs 
SPR = < 6% 

36.4”, 30.1 lbs 
SPR = 35.1% 
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Minimum Legal Size 
(24 inches) 





Florida Keys – Dry Tortugas  
Limit-Control Rule Indicator 

Ault et al. 1998. Fishery Bulletin 96(3): 395-414. 
Ault et al. 2005. ICES J. Marine Science 62: 417-423. 
Ault et al. 2009. International Coral Reef Symposium 11:  989-993. 





Optimal Design of Marine Reserves 
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(C1) Reserves non-overlapping 
(C2) Pre-specified number of reserves 
(C3) Fixed proportion of SPR protected 
(C4) Maximum number of fishing vessels displaced by reserves 
(C5) Target area of coral reef area protected 
(C6) Target total area protected 
(C7) Distribution of reserves among regions of ecosystem 
(C8) Each reserve contiguous, compact, and desirably shaped 

OBJECTIVE FUNCTION 

CONSTRAINTS -- SUBJECT TO: 

Meester, Mehrotra, Ault and Baker. 2004. Management Science 50: 1031-1043  



Designing Marine Reserves for Fishery Management 

Integrated methodologies:   (1)  Integer Goal Programming for network design;  
 (2)  Simulation to assess shape and size effects.   



Tortugas Bank ER 

Tortugas Bank 
Fished Dry Tortugas 

National Park 
FKNMS 

Boundary Florida 

Dry Tortugas Miami 

DTNP  RNA 

Tortugas Region Management Boundaries 





(A) 

Bank ER 
Density = 0.04 

Occupancy = 5.3% 

Bank Open 
Density = 0.19 

Occupancy = 21.9% 

Park 
Density = 0.10 

Occupancy = 10.7% 

2000 

Spatial Impact of Reserve Implementation 



(B) 

Bank ER 
Density = 0.32 

Occupancy = 42.6% 

Bank Open 
Density = 0.27 

Occupancy = 29.0% 

Park 
Density = 0.26 

Occupancy = 33.9% 

2010 
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Response of Tortugas MPAs to Protection 



Florida Keys National Marine Sanctuary 
Black Grouper, Exploited and Protected 

1997-2007  
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1994 -1997 

* 
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* * 

Fishery Regulations minimum length: 1985 - 18”, Feb 1990 - 20”,Dec 1998- 24”, Jan 1 2001 – 22”; 
1986 - 5/fisher/day 



Dry Tortugas Region--2010 

Florida Keys Region--2010 
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  Spawner  

Abundance 
    (1000s) 

Percentage of Adults 

Species Time Period 

Bank 
Open 

(A=6.2%) 

Bank 
ER 

(8.9%) 
Park 

(22.4%) 

 Keys 
Open 

(58.9%) 

Keys 
NTMR 
(3.6%) 

Red 
Grouper 

1999-2000 522.8 18.3 25.4 45.7   9.9   0.6 
2008-2010 540.1   5.1 24.7 48.6 19.9   1.6 

Black 
Grouper 

1999-2000 68.5   6.1 14.2 50.6 16.0 13.2 
2008-2010 130.5   0.5   7.7 52.3 34.9   4.6 

Mutton 
Snapper 

1999-2000 409.7 11.6   5.4 26.3 53.1   3.6 
2008-2010 1,078.4 12.3 13.0 32.0 39.5   3.3 

Yellowtail 
Snapper 

1999-2000 7,707.5   7.6 14.7 21.6 38.9 17.3 
2008-2010 14,982.7   3.2 17.3 46.3 28.5   4.6 

Hogfish 1999-2000 2,758.3   8.5   8.3 21.9 59.0   2.3 
2008-2010 4,314.1   3.0   4.3 14.4 74.8   3.4 

 

Spatial Distribution of the Spawning Stock 
for Several Exploited Reef Fishery Resources 



Dry Tortugas National Park: 
22% of Survey Frame 

 
Contains 33 - 50% of adult spawner abundance for  
black and red grouper; yellowtail & mutton snapper. 
 
These species are 55.5% of commercial reef fish  
catch in the State of Florida!! 







Spawning Stock Biomass (SSB/R) 

Fishery Yields (Yw/R) 

Fishing Mortality Rate 
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Yw/R 
4.77 -> 9.14 kg 
+ 92% increase 

SSB/R 
0.022 -> 0.305 

+ 1286% increase 

Traditional 
Fishery Management 

Sustainability Benchmarks 
& Controls 

Eumetric Line 



Alternative Management Actions: 
Size Limits 

Current Optimal
Species F/Fmsy Lc tc tm SPR Lc tc SPR

mm years years % mm years %

Black grouper 9.2 610 3.4 5.2 0.8% 1078 10.0 31.2%

Hogfish 7.8 300 3.3 0.8 6.7% 569 10.5 44.2%

Red grouper 3.4 500 5.4 4.3 17.7% 648 8.8 35.7%

Mutton snapper 5.0 400 3.7 2.0 8.4% 703 10.0 38.0%

Gray snapper 7.9 250 2.3 2.0 3.1% 545 9.5 35.4%

Yellowtail snapper 2.1 250 2.4 1.3 14.1% 292 4.3 46.5%

White Grunt 4.6 170 1.5 1.6 4.9% 378 6.5 39.4%
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Transitional Dynamics for Florida Keys Black Grouper 

Yield in Numbers 

Yield in Weight 

Years Post Management Intervention 
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Life-history Ontogenic Uses of “Habitat” 

80+ 

,                  , bays/rivers 
.and beyond. 

35-50 
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Yellowtail Snapper:  

Juveniles (open) and Adults (dark) 



Balancing Multiple Objectives 
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