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Introduction
Coastal reefs in the four counties of southeastern Florida’s Gold and Treasure Coasts (G&TC)
are ecologically and economically important features that provide many goods and services.
Reefs protect coasts from storms and reduce sand erosion, but are most valued for their
support of fishing, tourism, education, SCUBA diving, and other recreation. Compared to the
rest of the Florida reef tract, however, G&TC reefs have received relatively little protection.
Florida’s resident population was 5 million people in 1960 and in 50 years has grown to about
20 million people. In 2014 the resident populations of Florida’s G&TC alone was over 5.9
million people, about 30.5% of Florida’s population and larger than the population of 30 U.S.
States (Bureau of Economic and Business Research, 2014). The management challenge is that
people and their impacts are concentrated at a density of 47,411 residents/mile of coast along
125 miles or 8% of the Florida coast. This density is 12 times higher than 4,024/ mile for the
remaining 92% of Florida’s coast (13.5 million people/3375 mi). In response to this problem,
considerable public interest and support has developed for establishing marine protected area
(MPAs) or no-take marine reserves to protect reefs. There is also considerable resistance by
some fishing interests who want to allow fishing in all marine areas. This paper compares
advantages and disadvantages of marine reserves and fishery management. For simplicity, only
marine reserves that prohibit all fishing and extraction are examined because they show
greater benefits and significantly higher densities of organisms within their boundaries than
MPAs partially protected from fishing (Lester and Halpern 2008). Results show that both
approaches are necessary and complementary; that neither is sufficient to resolve problems;
and that there is no inherent tradeoff between achieving conservation and fishery goals.
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Traditional Fisheries Management –Advantages and Disadvantages
Definitions : Fishery management allocates catch among users, determines allowable fishing gear,
establishes retention sizes, determines the amount of fish that can be safely removed, and limits fishing
effort and mortality to maintain long-term fishery productivity and sustainability. Tools commonly used
to regulate fisheries included gear restrictions, size and daily bag and trip limits, quotas, limited entry,
seasonal and spatial closures, and permanent closures.
Sustainability - requires that present levels of fishing mortality will allow fishery production to
continue forever. Declining landings trends are not sustainable.
Overfishing – the annual rate of catch is too high. Overfished – the population size is too small.
The difference? Overfishing is a direct result of fishing activities, but an overfished stock can be
the result of many factors including overfishing, habitat degradation, and disease.
Advantages of fishery management
•
•
•
•
•
•
•

Some fisheries can be successfully managed by size and effort limitations.
There is consensus that coral reefs fisheries can be successfully managed by fishing regulations
in combination with MPAs (Bohnsack 1998; MacNeil et al. 2015).
Single species management (SSM) seeks to maximize yield and prevent overfishing and
depletion for the most valuable and abundant managed species.
In Florida, single species, stock-wide assessments are used to manage fisheries.
Southern Florida is one of the most intensively studied marine areas in the world.
Florida collects extensive fishery dependent and fishery independent data.
Uniform state wide fishing regulations are applied inside and outside of MPAs.

Disadvantages and Limitations: Traditional Single Species Fishery Management
•
•
•

•
•
•
•
•

Single species management (SSM) discounts ecological function, trophic interactions between
species, changes in ecosystem productivity, and interactions between fisheries, unlike holistic
ecosystem-based management approaches.
Single species assessments and management are not adjusted for geographic differences in
ecology or fishing effort. Uniform statewide fishing regulations are a disadvantage for the
Florida Gold and Treasure Coasts because they lead to local overfishing and depletion.
Coral reef ecosystems are extremely sensitive to fishing pressure and difficult to manage by size
limits and effort controls alone. Reef fishes are especially prone to overfishing because of their
ecology, life history, longevity, large size, high economic value, limited habitat, predictable
location in space and time, vulnerability to fishing gear, and high release mortality (Davis 1977;
Coleman et al. 2000; 2004; Ault et al. 2001, 2002Alcala et al 2005; Bartholomew and Bohnsack
2005; Stallings 2009; Williams et al. 2015).
Few reef species have adequate data for fishery stock assessments.
Single species fishery management does not allocate for esthetic and non-extractive activities.
SE Florida has no marine areas protected from fishing. Other activities must suffice with
diminished resources.
SSM fishery management is data-intensive and requires continuous, quality data to be effective.
SSM is on trial and error strategy of ‘one size fits all’ and is reactive to problems once they
become manifest. In comparison, proactive adaptive management seeks to anticipate problems
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•
•
•
•
•
•

•

and applies adaptive management that applies different simultaneous interventions to
determine which treatment works best.
Numbers of recreational anglers are unlimited; effort is regulated by statewide regulations.
Gamefish abundances and sizes were no different inside or outside of Florida MPAs managed by
uniform fishing regulations. Larger sizes and densities were detected for MPAs that had
additional fishery regulations (Bohnsack 2011).
Many reef species in southern Florida are not regulated (e.g. great barracuda, jolthead Porgy).
Individuals of the most reef species targeted by fisheries rarely reach reproductive size in SE
Florida even though juveniles are often common (red grouper, barracuda, hogfish (Ferro et al
2005; Kilfoyle et al 2014).
Reef fishery declines are well documented in southeastern Florida for great barracuda, hogfish,
mutton snapper, jolthead porgy, Nassau grouper, yellowtail, snapper (Harper et al. 2000;
Coleman et al 2004, Ault and Franklin 2011; Cooper et al 2014; Kilfoyle et al. 2014).
Important fishery species in the SE Fla are undergoing overfishing or are overfished, including
snowy grouper, speckled hind, hogfish, red snapper, red porgy, Warsaw grouper. A formerly
common species, Nassau grouper, is being considered for endangered species listing. All species
recognized as overfished or experiencing overfishing in SEUS by federal agencies are reef fishes:
amberjack, red snapper, red porgy, speckled Hind, snowy and Warsaw grouper, hogfish and
blueline tilefish . http://www.nmfs.noaa.gov/sfa/news/2015/status_of_stocks_2014.html
Fishing regulations are difficult to enforce and require high release survival.

Myths:
Myth 1. Protection of distant reef stocks in the Tortugas or Florida Keys are sufficient to resupply
fisheries in SE Florida. Research indicates that both local and distant spawning are necessary and
important to resupply fisheries. Population depletion in SE Florida impedes spawning and resupply of
juvenile recruits. Although distant spawning is important for genetic connectivity, most fish populations
are resupplied by local sources (Cowan et al. 2006; Bohnsack 2011).
Myth 2. Fishing does not change genetic characteristics of exploited populations such as large size,
rapid growth, and behavior. It is well established that fisheries are adversely selective for growth,
longetivity, fecundity and behavior in a manner opposite of animal husbandry (i.e. the most valuable
individuals are removed and the least desirable individuals breed). Marine reserves can maintain genetic
diversity, especially for species with sedentary adults (Conover & Munch 2002 Trexler & Travis 2000).
Myth 3. Opening all areas to fishing has no adverse economic impacts. Healthy reefs with
undiminished fish populations are non-existent in SE Florida, but are required for many forms of
recreation, education, tourism, research, and conservation. For example, many major universities are
located along the G&T Coast with marine educational and research programs, yet there are no places
locally to take students to study or experience reefs unconfounded by fishing.
Myth 4. Marine reserves do not work for fishery management. Reserves are well documented to
protect fish populations, promote healthy fisheries, are widely used in Florida, and have been shown to
complement traditional fishery management (Rosenberg 2003; Ault et al. 2006). Florida coastal
reserves have helped maintain recreational trophy fisheries and boosted total recreational compared to
having all areas managed by the same fishing regulations (Roberts et al. 2001, Bohnsack 2011).
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Myth 5. Marine Reserves are a last resort in fishery management. Actually, the last resort is closing a
fishery entirely. Florida fishery closures now include goliath and Nassau grouper (1990), queen conch
(1975 commercial; 1985 recreational), stony corals, and sea turtles. In 2014, hogfish was determined to
be overfished and experiencing overfishing with” high confidence” in southern Florida (FWC SEDAR 37).
Some fishermen proposed closing the fishery for great barracuda at a 2015 public FWC meeting. Marine
reserves are best used for precautionary management and are not well designed for single species
recovery or for solving fishery management problems (Ballantine 2014).
Myth 6. Coral decline and recovery are unrelated to reef fish presence. In fact, coral growth is
enhanced by nutrient supplied by fish presence (Meyers et al. 1983; Huntington et al. in prep). Besides
disease, top sources of coral mortality are from damselfish and coral grazing snails. Predators that feed
on damselfish and snails are vulnerable to fishing, including grouper, hogfish, and spiny lobster.
Although Toth et al. (2014) found no improvements in coral abundance in MPAs in the Florida Keys after
15 years, that is not a long time for corals. Florida gamefish took between 15 and 30 years to recover in
Florida MPAs and was correlated with the generation time of each species (Roberts et al 2001, Bohnsack
2011). The prevailing consensus for lack of coral recovery in Florida is that coral population densities are
so low that successful coral reproduction is rare and limits recovery (Hunt et al 2014).
Myth 7. Marine reserves infringe on the “right” to fish. Fishing is a privilege. Reserves do not prevent
anybody from fishing although not everywhere. While some may view marine reserves as an
infringement of “rights”, others welcome it as a way to protect their “rights” and ensure orderly and
sustainable use of resources, including an ability to see and experience an healthy reef with minimal
human disturbance (Crosby et al 2000). Zoning is widely used and accepted on land to allow users the
freedom to pursue conflicting activities without harming others, but only recently has zoning been
widely applied to marine environments, in part because of mistaken beliefs that marine resources were
plentiful and inexhaustible. Although marking boundaries on the water was often not practical in the
past, that problem has been solved by technology.
Myth 8. Current Florida fishing regulations prevent overfishing. Landings declines and significant
reductions in average size are well documented for many species in SE Florida, including barracuda,
mutton snapper, yellowtail, and others (Johnson et al 2007; Ault and Franklin 2011). Some populations
have less than minimum 30% spawning potential ratio (SPR) required by international standards for
sustainability; and populations at less than 1% of their historical abundance (Ault et al. 1998, 2005,
2006, 2014; Cooper et al. 2014). In Biscayne National Park, Nassau grouper and jolthead porgy crashed
in the 1970s, major population shifts have occurred and more than 99.9% of recreational fishing trips
taken fail to catch grouper (Harper et al. 2000; Ault et al. 2001, Bohnsack 2003, Kellison et al. 2012).
(2007, 2009; Bohnsack et al. 2003).
Myth 9. Pollution is the problem; not fishing. Density of exploited reef fish species in small marine
reserves in the Florida Keys increased rapidly and significantly when fishing was stopped which shows
fishing is an important factor. Yellowtail snapper, for example, increased 4 fold, gray snapper 10 fold,
black grouper 27 fold, and red grouper by 50 fold (Bohnsack et al. 2006, 2010). Corals are surviving and
expanding in many areas in SE Florida under ambient water quality conditions where protected from
burial by sediments. Fishing is the simplest explanation for why adults of only exploited species seem to
be missing in SE Florida (Ferro et al. 2004, Kilfoyle et al. 2014). Often plenty of juveniles can be found
and juveniles usually are more sensitive to poor water quality than adults. Where pollution is a
problem, or when environmental changes reduce the productivity of the resource, the appropriate
policy implications are the same: reduce fishing pressure (Rosenberg 2003).
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Marine Reserve MPAs –Advantages and Disadvantages
Definitions :
Marine Protected Area (MPAs) are widely used for conservation and management in the United States.
Over 100 legal authorities have established about 1,700 MPAs, each with its own purpose (USDOC
2014). Presidential Executive Order 13158 of May 26, 2000 called for the development of a National
System of Marine Protected Areas (MPAs) and defined an MPA as: “Any area of the marine environment
that has been reserved by federal, state, territorial, tribal, or local laws or regulations to provide lasting
protection for part or all of the natural and cultural resources therein.” Under this definition, an MPA
must have legally defined geographical boundaries, be established and managed under a U.S.
jurisdiction, and be subject to federal, state, local, or tribal law or regulation. ‘Marine’ includes ocean
and coastal waters; bays, sounds, and estuaries; and intertidal areas. ‘Lasting protection’ is the stated
intent to provide permanent protection beyond any general protections that apply outside the MPA.
Marine reserves (MRs) are no-take MPAs closed to all fishing and other extractive uses except for
limited exceptions for research and education by permit. A growing scientific, conservation, and
management interest in MRs has occurred because MRs offer an objective, high level of resource
protection using a precautionary approach to protect resources and maintain marine ecosystem
structure and function (Bohnsack 2000, IUCN 2004). Successful MRs follow five rules: (1) no fishing of
any kind; (2) no removal of material, living, dead or mineral; (3) no dredging, dumping, construction of
any other activities that would disturb natural processes; (4) subject to the above rules, people are
encourage to view, appreciate, study, and publicize the results of this protection; and (5) these rules and
the reserves are permanent (Ballantine 2014).
Advantages of marine reserves
•
•

•
•
•
•
•
•
•
•
•
•

Are a habitat and ecosystem-based management tool, based on preventive, precautionary
approaches to management (Bohnsack 1999, 2003, Ballantine 2014);
Increase user satisfaction by separating incompatible activities and reduce user conflicts
between fishing and non-extractive activities involving diving, conservation, education, science,
and tourism (Bohnsack et al. 2004). As a diver operator stated, the average tourist diver only
gets to see lobster on a menu.
Provide an objective, high degree of protection for sensitive areas and potential to protect
ecosystem structure and function (PDT 1990, Bohnsack 2000, Bohnsack et al 2004);
Promote non-extractive economic activities including diving, tourism, and education (Bohnsack
et al. 2004).
Can increase total production when overfishing occurs (Buxton et al. 2014, Edgar et al. 2014);
Are well-documented to benefit coral reefs and sedentary species (Halpern and Warner 2002;
Russ and Alcala 2010, Ault et al 2014);
Protect all species in reserves without having complete or precise knowledge for each species;
Can operate without requiring continuous data collection;
Complement traditional fishery management by increasing average size and reducing total
fishing mortality without loss of yield (Hastings and Botsford 1999);
Provide the easiest regulation to enforce on the water, the no fishing rule (PDT 1990);
Provide science-based controls, baselines, and reference sites to assess fishery impacts and
effectiveness of fishery management interventions (Bohnsack et al. 2004);
Make overfishing more difficult by providing a population refuge and insurance against
management failures outside of reserves;
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•

Reverse the burden of proof and are designed to prevent problems based on adaptive
management instead of only responding to problems after they become manifest;
• Promote coral growth by providing healthy reef fish populations that provide nutrients (Meyer
et al. 1983; Huntington et al. in prep);
• Reduce coral mortality from coral predation because fish and lobster populations in reserves
help control coral grazing snails and damselfish; and
• Provides the only fishery management tool that protects population genetics from adverse
fishery selection (PDT 1990, Trexler and Travis 2000).
Disadvantages, Obstacles, and Limitations:
•
•

•
•
•
•
•
Myths:

Marine reserves are not a substitute for fishery management since they don’t allocate yield;
change size regulations; or alter total effort, catch, and bag limits.
Marine reserves are not a panacea for environmental and overfishing problems.
o They do not stop pollution, sedimentation, diseases, coral bleaching, or ocean
acidification, for example.
o They are not well suited for single species management or sufficient to solve fishery
problems (Ballantine 2014).
o They work best in conjunction with traditional fishery management to manage fishing
outside of reserves (Ault et al 2006).
o They are least likely to benefit highly mobile or migratory species.
Resistance is anticipated by those who consider marine reserves a violation of their “rights”,
while others consider marine reserves necessary to protect their “rights” (Crosby et al. 2000).
No shallow reef marine reserves exist along the SE Florida Gold and Treasure Coasts although
southern Florida is one of the most intensively studied marine areas in the world and no-take
marine reserves are widely used for reef management in Florida and globally.
Obstacles to establishment include making decisions on MPA site location, size, total area, and
what habitats to include.
Conservation success increases significantly in response to 5 key factors: no take, well enforced,
established > 10 yr, > 100 km2, and isolation by sand or deep water (Edgar et al. 2014).
Public education and outreach help build public understanding, compliance, and acceptance.

Myth 1. Marine reserves are a panacea for solving fishing and environmental problems. They do
many things, but are not a panacea (see second bullet above). Fishery management is necessary.
Myth 2. Marine reserves interfere with fishery management. The roles of fishery management are to
allocate catch among users; determine the amount of fish that can be safely removed while maintaining
long-term fishery productivity and sustainability; determine allowable fishing gear; and control total
fishing effort and mortality with limited entry, quotas, size and bag limits; closed seasons, and closures.
Marine reserves do not do any of these things to conflict with fishery management and are not a
substitute for fishery management. Reserves can complement fishery goals by increasing average size
and reducing total mortality without loss of yield (Hastings and Botsford 1999).
Myth 3. Marine reserves are the last resort in fishery management. Actually, the last resort is closure
which has happened in Florida for Nassau and goliath grouper, queen conch, coral, and sea turtles. It
does not make sense to establish reserves after everything is depleted. Like national parks, it is best to
protected areas before they are destroyed. Successful reserve networks are established in the Great
Barrier Reef, Australia (Emslie et al. 2015), California (CDFG 2008), and Florida (Bohnsack et al. 2010,
Ault et al. 2014).
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Myth 4. All areas should be open to fishing. There is no biological, economic or social theory to
support having all areas fished. Unexploited protected areas receive a high level of public support on
land and the principles are the same in water. For example, duck hunters saved duck hunting by
establishing wildlife refuges where hunting was not allowed. Marine reserves provide a similar benefit
for fishes (Bohnsack 2003). Likewise tourists go to national parks with expectation of seeing wild bison
and bears; not what was left over after hunting.
Myth 5. Marine reserves “shut down” reefs and prevent people from fishing. Nobody is prohibited
from fishing. Fishers are prevented from fishing in closed reserves areas, but they can move and fish in
open areas covering most reef habitat. Shifting fishing locations can be an inconvenience, most anglers
consider this a reasonable accommodation to support conservation. In the same way that highway
lanes are closed (i.e. shut down) so that they can be repaired, marine reserves allow some reefs to heal
and recover from fishing depletion and damage. While protected, marine reserves continue to produce
fish and resupply surrounding fishing grounds.
Myth 6. Marine reserves just force fishers into other areas increasing pressure and impacts on those
places. Displacement is not an issue unless large proportions of habitat are included in reserves
(Bohnsack 2000, Emslie et al 2015). In the G&T coast, 75% of total fishing is for offshore or coastal
migratory species that will not impacted by reef reserves. Reef fisheries comprise 25% of total fisheries.
Anticipated recommendations by Our Florida Reefs working groups would include 20% (or less) of reef
area, representing a maximum potential impact of 5% of total fish production if displaced fishers did not
move to reef areas open for fishing. The actual total impact will be much less because lost catch from
closed areas can be compensated for by either moving to other areas or by increased time fishing. Also,
spillover from closed areas will soon benefit surrounding fisheries.
Myth 7. Marine reserves are too difficult and costly to enforce. No fishing is the easiest regulation to
monitor and enforce on the water. Compliance tends to increase over time with experience and by selfenforcement by users who take ownership. As resources recover there is more incentive for poaching.
Myth 8. Marine reserves restrict public access to resources. Public benefits and access can increase for
non-extractive users (divers and tourists) and aesthetic fisheries (e.g. fish counters), while fisheries still
have access to resources in areas open to fishing. Nobody is prevented from fishing. Small areas lost to
fishing can be more than compensated by greater total production and access to fish in open areas.
Well- designed marine reserve networks can have win-win benefits for conservation, non-extractive
activities, and fisheries.
Myth 9. Marine reserves are an experiment. From a science perspective marine reserves are the
controls or reference areas but not experiments (Ballantine 2015). It is well accepted that fish protected
from fishing mortality in reserves will grow and reproduce. The real experiment is determining how
many organisms can be removed, and how much habitat can be altered, and still maintain productive
and sustainable fisheries and persistent ecosystems to provide goods and services for people (Bohnsack
2004, Ballantine 2014).
Myth 10. There is an inherent tradeoff between achieving conservation and fishery goals. This
perception is not supported by data. Analyses of size, spacing, location and configuration have been
developed to provide guidelines for designing MPA networks to simultaneously enhance biological
conservation and reduce fishery costs, and even increase fishery yields and profits (Gaines et al. 2010,
Emslie et al 2015). Combined fishery management and marine reserve networks can improve resource
allocation, long-term fishery sustainability, and conservation (Halpern et al. 2009).

7

Literature Cited
Alcala, A.C., G.R. Russ, A.P. Maypa, and J.P. Calumpong. 2005. A long-term, spatially replicated
experimental test of the effect of marine reserves on local fish yields. Can. J. Fish. Aquat. Sci. 62:
98-108.
Ault. J.S. and E.C. Franklin. 2011. Fisheries resource status and management alternatives for the
Southeast Florida region. Final Report to Florida DEP, Miami Beach, FL. Pp 105.
Ault, J.S., J.A. Bohnsack, and G. Meester. 1998. A retrospective (1979-1995) multispecies assessment of
coral reef fish stocks in the Florida Keys. Fish. Bull., U.S. 96(3): 395-414.
Ault, J.S., S.G. Smith, G.A. Meester, J. Luo, and J.A. Bohnsack. 2001. Site Characterization for Biscayne
National Park: Assessment of Fisheries Resources and Habitats. NOAA Technical Memorandum
NMFS-SEFSC-468. 165 p.
Ault, J. S., S. G. Smith, G. A. Meester, J. Luo, J. A. Bohnsack, and S.L. Miller. 2002. Baseline Multispecies
Coral Reef Fish Stock Assessment for Dry Tortugas. NOAA Technical Memorandum NMFS SEFSC
487. 117 p.
Ault, J.S., J.A. Bohnsack, S.G. Smith, J. Luo. 2005. Towards sustainable multispecies fisheries in the
Florida USA, Coral Reef Ecosystem. Bull. Mar. Sci. 76(2): 595-622.
Ault, J.S., S.G. Smith, J.A. Bohnsack, J. Luo, D.E. Harper, and D.B. McClellan. 2006. Building sustainable
fisheries in Florida’s coral reef ecosystem: positive signs in the Dry Tortugas. Bulletin of Marine
Science 78(3): 633-654.
Ault J.S., Smith S.G., Bohnsack J.A., Patterson M., Feeley M.W., McClellan D.B., Ruttenberg B.I., Hallac D.,
Ziegler T., Hunt J., Kimball D., Luo J., Zurcher N., Causey B. 2013. Assessing coral reef fish
changes and marine reserve dynamics in the Dry Tortugas, Florida USA. J. Fisheries Res. 144: 2837. http://dx.doi.org/10.1016/j.fishres.2012.10.1007
Ault, J.S., S.G. Smith, J.A. Browder, W. Nuttle, E.C. Franklin, J. Luo, G.T. DiNardo, J.A. Bohnsack. 2014.
Indicators for assessing the ecological dynamics and sustainability of southern Florida’s coral
reef and coastal fisheries. Ecological Indicators (2014),
http://dx.doi.org/10.1016/j.ecolind.2014.04.013
Ballantine, B. 2014. Fifty years on: Lessons from marine reserves in New Zealand and principles for a
worldwide network. Biological Conservation 176: 297-307.
Bartholomew, A. and J.A. Bohnsack. 2005. A review of catch-and–release angling mortality with
implications for no-take reserves. Rev. Fish Biology and Fisheries 15: 129-154.
Bohnsack, J.A. 1998. Application of marine reserves to reef fisheries management. Aust.J. Sci. 23 (298304).
Bohnsack, J.A. 1999. Incorporating no-take marine reserves into precautionary management and stock
assessment. Pages 8-16 in V.R. Restrepo, ed. Providing scientific advice to implement the
precautionary approach under the Magnuson-Stevens Fishery Conservation and Management
Act. NOAA Tech. Memo NMFS-F/SPO-40.
Bohnsack, J.A. 2000. A comparison of the short term impacts of no-take marine reserves and minimum
size limits. Bull. Mar. Sci. 66: 615-650.

8

Bohnsack, J.A. 2003. Shifting baselines, marine reserves, and Leopold’s Biotic ethic. Gulf and Caribbean
Research 14(2): 1-7.
Bohnsack, J.A. 2011. Impacts of coastal protected areas and no-take reserves on Florida recreational
world records for spotted seatrout, red drum, black drum and common snook. Bulletin of
Marine Science 87(4): 939-970. http://dx.doi.org/10.5343/bms.2010.1072
Bohnsack, J.A., D.B. McClellan, D.E. Harper, J.A. Ault, S.G. Smith, G. Meester, and J. Luo. 2006.
Preliminary analysis of FKNMS reef fish monitoring through 2002. Pp 119-124 in Keller, B.D. and
S. Donahue (eds). 2002-03 sanctuary science report: an ecosystem report card after five years of
marine zoning. U.S. Department of Commerce, NOAA, National Ocean Service, Office of National
Marine Sanctuaries, Florida Keys National Marine Sanctuary, Marathon, FL. 378 p.
http://floridakeys.noaa.gov/scismummaries/reeffish.pdf)
Bohnsack, J.A., J.S. Ault and B. Causey. 2004. Why have no-take marine protected areas? Pages 185192 in J.B. Shipley, ed. Aquatic Protected Areas as Fishery Management Tools. American
Fishery Society Symposium 42, Bethesda, MD. 299 p.
Bohnsack, J.A., D.E. Harper, D.B. McClellan, G.T. Kellison, J.S. Ault, S.G. Smith, N. Zurcher. 2010. Coral
reef fish response to FKNMS management zones: the first ten years (1997-2007). Progress
Report to the Florida Keys National Marine Sanctuary. PRBD 08/09-10.
Buxton, C.D., K. Hartmann, R. Kearney, C. Gardner. 2014. When is spillover from marine reserves likely
to benefit fisheries? PLOS One Sept 2014 9(9) e107032.
CDFG (California Department of Fish and Game 2008). “Master Plan for Marine Protected Areas.”
www.dfg.ca.gov/mlpa/masterplan.asp
Coleman, F.C., C.C. Koenig, G.R. Huntsman, J.A. Musick, A.M. Eklund, J.D. McGovern, R.W. Chapman,
G.R. Sedberry, and C.B. Grimes. 2000. Long-lived reef fishes: The grouper-snapper complex.
American Fisheies Society Policy Statement. Fisheries 25(3): 14-21.
Coleman, F.C., W.F. Figueira, J.S. Ueland, L.B. Crowder. 2004. The impact of United States recreational
fisheries on marine fish populations. Science 305(5692): 1958-1960.
Cooper, W., A. Collins, J. O’Hop, D. Addis. (2014) The 2013 stock assessment report for hogfish in the
South Atlantic and Gulf of Mexico. Section III: Assessment Report. SEDAR 27. Florida Fish and
Wildlife Conservation Commission.
http://www.sefsc.noaa/sedar/download/SEDAR37_hogfish_SAR.pdf?id=DOCUMENT
Conover, D.O. and S.B. Munch. 2002. Sustaining fisheries yields over evolutionary time scales. Science
297: 94-96.
Cowan, R.K., C.B. Paris, A. Srinivasan. 2006. Scaling of connectivity in marine populations. Science 311:
522-527.
Crosby, M.P., K.S. Geenen, and R. Bohne. 2000. Alternative management strategies for marine and
coastal protected areas: A reference manual for their development and assessment. U.S. Man
and the Biosphere Program, Washington, D.C. 168 p.
Davis, G.E. 1977. Effects of recreational harvest on a spiny lobster, Panulirus argus, population. Bull.
Mar. Sci. 27(2): 223-236.
Ferro, F., L.K.B. Jordan, R.E. Spieler. 2005. The marine fishes of Broward County, Florida: Final report of
1998-2002 Survey Results. NOAA Technical Memorandum NMFS-SEFSC-532. 73 p.

9

Edgar, G.J., R.D. Stuart-Smith, T.J. Willis, S. Kininmonth, S.C. Baker, S. Banks, N.S. Barrett, M.A. Becerro,
A.T.F. Bernard, J. Berkhout, C.D. Buxton, S. J. Campbell, A.T. Cooper, M. Davey, S.C. Edgar, G
Forsterra, D. Galvan, A.J. Irigoyen, D.J. Kushner, R. Moura, P.E. Parnell, N.T. Shears, G. Soler,
E.M.A. Strain & R.J. Thompson. 2014. Nature 506: 216-220.
Emslie, M.J., M. Logan, D.H. Williamson, A.M. Ayling, M.A. MacNeil, D. Ceccarelli, A.J. Cheal, R.D. Evans,
K.A. Johns, M.J. Jonker, I.A. Miller, K. Osborne, G.R. Russ, and H.P.A. Sweatman. 2015.
Expectation and outcomes of reserve network performance following re-zoning of the Great
Barrier Reef Marine Park. Current Biology 25: 983-992.
Gaines, S.D., C. White, M.H. Carr, and S.R. Palumbi. 2010. Designing marine reserve networks for both
conservation and fisheries management. PNAS doi/10.1073/pnas.0906473107. 8 p.
Halpern, B.S. and R.R. Warner. 2002. Marine reserves have rapid and lasting effects Ecology Letters 5:
361-366.
Halpern, B.S., S.E. Lester, and K.L. McLeod. 2009. Placing marine protected areas onto the ecosystembased management seascape. PNAS doi/10.1073/pnas.0908503107. 6 p.
Harper, D.E., J.A. Bohnsack and B. Lockwood. 2000. Recreational Fisheries in Biscayne National Park,
Florida, 1976-1991. Mar. Fish. Rev. 62: 8-26.
Hastings, A. and L.W. Botsford. 1999. Equivalence in yield from marine reserves and traditional
fisheries management. Science 284: 1537-38.
IUCN Secretariat of the Convention on Biological Diversity. 2004. Technical advice on the establishment
and management of a national system of marine and coastal protected areas. CBD Technical
Series No. 13. 40 p. http://www.biodiv.org/doc/publications/cbd-ts-13.pdf
Johnson, D.R., D.E. Harper, G.T. Kellison, and J.A. Bohnsack. 2007. Description and discussion of
Southeast Florida fishery landings, 1990-2000. NOAA Tech. Memo. NMFS-SEFSC-550. 64 p.
Kellison, G.T., V. McDonough, D.E. Harper, and J.T. Tilmant. 2012. Coral reef fish assemblage shifts and
declines in Biscayne National Bark, Florida, USA. Bull. Mar. Sci. 88(1): 147-182.
Kilfoyle, K., B.K. Walker, S.G. Smith, and R. Spieler. 2014. Coral Reef Conservation Program (CRCP) Local
Action Strategy (LAS) Project 3B “Suoutheast Florida Coral Reef Fishery-Independent Baseline
Assessment. 2012-2013 Interim Report. Florida Department of Environmental Protection. 94 p.
Lester, S.E. and B.S. Halpern. 2008. Biological responses in marine no-take reserves versus partially
protected areas. Mar. Ecol. Prog. Ser. 367: 49-58.
MacNeil, M.A., N.A.J. Graham, J.E. Cimmer, S.K. Wilson, I.D. Williams, J. Maina, S. Newman, A.M.
Friedlander, S. Jupiter, N.V.C. Polunin, T.R. McClanahan. 2015. Recovery potential of the
world’s coral reef fishes. Doi:10.1038/nature14358
Meyer J.L., Schultz E.T., Helfman G.S. 1983. Fish schools: An asset to corals. Science 220(4601): 10471049.
PDT (Plan Development Team). 1990. The potential of marine fishery reserves for reef fish
management in the U.S. southern Atlantic. Snapper-Grouper Plan Development Team Report
for the South Atlantic Fishery Management Council. NOAA Technical Memorandum NMFSSEFC-261. 45 p. DOI: 10.13140/2.1.3007.9369
Roberts, C.M., J.A. Bohnsack, F. Gell, J.P. Hawkins, R. Goodridge. 2001. Effects of marine reserves on
adjacent fisheries. Science 294: 1920-1923.

10

Rosenberg, A.A. 2003. Managing to the margins: the overexploitation of fisheries. Front. Ecol. Environ.
2003, 1(2): 102-106.
Russ, G.R. and A.C. Alcala. 2010. Decadal-scale rebuilding of predator biomass in Philippine marine
reserves. Oecologia 163: 1103-1106.
Stallings, C.D. 2009. Fishery-independent data reveal negative effect of human population density on
Caribbean predatory fish communities. PLos One 2009 Vol 4 (5) 1 – 9. E5333
Stefansson, G. and A. A. Rosenberg. 2005. Combining control measures for more effective management
of fisheries under uncertainty; quotas, effort limitation and protected areas. Phil. Trans. Royal
Soc Ser. B. 360:133-146.
Toth L.T., R. van Woesik , T. J. T. Murdoch , S. R. Smith , J. C. Ogden, W. F. Precht, R. B. Aronson. 2014.
Do no-take reserves benefit Florida’s corals? 14 years of change and stasis in the Florida Keys
National Marine Sanctuary. Coral Reefs 33(3): 565-577.
Trexler J.C. and J. Travis. 2000. Can marine protected areas restore and conserve stock attributes of
reef fishes? Bull. Mar. Sci. 66: 853-873.
Williams, I.D., J.K. Baum, A. Heenan, K.M. Hanson, M.O. Nadon, R.E. Brainard. 2015. Human,
oceanographic and habitat drivers of Central and Western Pacific coral reef fish assemblages.
PLOS One DOP:10.1371/journal.pone.0120516 April 1, 2015. 19 p.

11

