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ABSTRACT

In 1998, the Florida Keys National Marine Sanctuary initiated the “Tortugas 2000” planning process
that would lead to the eventual designation (2001) of the largest marine reserve in the US:  The Dry
Tortugas Ecological Reserve (DTER).  This resulting research, targeted commercial fishermen
operating in the DTER region, determining the total number of participants in the Dry Tortugas fishery,
their demographic profiles, catch, effort, total operating costs and spatial uses.  The economic and
spatial information was used partly in the determination of the DTER draft boundaries and the
preferred alternative, as well as a basis for the required economic impact analysis.

Using the commercial fishing list for fishermen reporting landings in the Dry Tortugas region, as well
as contacts at marinas, fish houses, and meetings, over 300 fishermen were contacted identifying the
population of perennial users as between 105-110.  85% (or 93) of the population was surveyed in-
person.   The surveys revealed that the fishermen were substantially invested in the fishery, both in
terms of vessel and gear investments (over three times the regional average) and higher annual
operating costs.  In 1997-1998, the commercial fishery group targeted the DTER region for almost
90% of its average income, harvesting primarily five species or groups:  Spiny lobster (67% of total
catch), shrimp (18%), reef fish (48%), king mackerel (16%), and pelagic finfish (8%).  Spatial use,
mapped using a Geographical Information System (GIS) approach, determined that lobster and reef
fish catch are concentrated on the banks and hard bottom areas, whereas shrimp harvesting occurs in a
general swath around the region.  King mackerel fishing displayed the most discrete profile,
concentrated in distinct “fishing spots”.   Using fishermen-based research to obtain economic and
spatial use characteristics, this study revealed a comprehensive picture on the operational structure and
baseline conditions of a highly professional fishery.

A survey was also conducted on the recreational industry including both consumptive and non-
consumptive activities.  A census was achieved and revealed that there were very few recreational
users in the 1,020 nautical square mile study area outside the Dry Tortugas National Park.  Information
on person-days of activity and costs and earnings were mapped in a GIS.

Econometric studies were compiled on both the commercial fisheries and the recreation industry and
were used to estimate the economic impacts of closed areas.  Market economic impacts include impacts
on sales/output, income and number of jobs in each county.  Non-market economic values included
consumer’s surplus and profits as an index for producer’s surplus.

BACKGROUND

The National Oceanic and Atmospheric Administration’s (NOAA) 1995 Draft Management Plan
(DMP) for the Florida Keys National Marine Sanctuary (FKNMS) contained a zoning action plan
designating 26 zones that restricted consumptive uses.  The largest of these zones, the three
replenishment reserves, constituted 5.1 percent of the 2,800 square nautical miles of the FKNMS. The
Dry Tortugas Ecological Reserve (DTER) was the largest reserve designated under the DMP.
Encompassing 37,800 hectares, the zone included the entire distance of the north-south limits of the
FKNMS in a location east of the Dry Tortugas National Park (DTNP).

The proposals met with considerable questioning from a variety of sources, and to accommodate the
public, NOAA chose to employ a designation process for the DTER with enhanced public participation
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opportunities.  Divided into three phases, the Tortugas 2000 Planning Process1 incorporated public
input at various levels of development during the three general stages of development (design,
solicitation of public information and comment, and final refinements and implementation). All of this
commenced in early 1998. Phase I consisted of information gathering on the DTER and the
development of reserve and boundary alternatives.  This phase was completed in mid-1999, when the
Sanctuary Advisory Council (SAC) -- a body composed of user group and citizen representatives that
provides recommendations on FKNMS regulations and management -- voted on a preferred alternative
and recommended it to NOAA and the State of Florida.  Phase II commenced with the publication of
the Draft Supplemental Environmental Impact Statement (DSEIS), followed by public comments on
the draft plan.  Finally, Phase III consisted of the revision of the draft plan and publishing of the final
regulations.

COMMERCIAL FISHERMEN SOCIO-ECONOMIC DATA COLLECTIONS AND THE
DTER

In September of 1998, the authors initiated a socioeconomic study of the commercial fishermen who
utilize the Dry Tortugas region.  The average costs of vessel and gear for fishermen within the DTER
demonstrated the considerable investment and high expenses involved in fishing the Dry Tortugas.
Although the respondents fished a variety of species, they landed only spiny lobster, shrimp, reef fish,
and king mackerel from the DTER. The preliminary statistics demonstrated the importance of the
DTER to the fishermen that utilized the region.   For example, almost two-thirds of the spiny lobster
landed by the sample was caught in the DTER, as well as approximately half of the reef fish.

In September 1998, the commercial fishery survey effort began by developing a survey instrument that
would provide General Demographic, Fishing Costs and Returns, and Fishing area (Appendix 2) use
information to allow for estimates of the economic impacts which may result from future proposed area
restrictions.

The general information section asked respondents questions on their age, ethnic background,
affiliations, ports, and years of tenure in the fishery.  It also obtained information on financial
investments that the fishermen have, as well as their annual operating costs.  All responses related to
the last complete fishing season (1997-98).  The fishery information section solicited catch and effort
totals by species, percentage of catch and effort totals by FKNMS region2, and average trip cost
information by species.  Respondents shaded grid maps for each species that they harvested from the
DTER Study Area.

In view of the extent of the DTER Study Area and its relative inaccessibility, diverse approaches were
used to identify Tortugas fishermen and contact the population of permanent users in the region.
Included in the approach was:

 contacting the list of all fishermen who reported fishing the DTER during 1996-97 and the
Dry Tortugas region in the 1998 survey projects,

 attending all FKNMS scoping meetings, SAC meetings, and working group sessions to
intercept fishermen and fish house personnel

 contacting fishermen on the list as Saltwater Product License holders (SPL) who reported
landings from Areas 2.0 and 2.9

 visiting all major fish houses and marinas in Monroe, Collier, and Lee County.

From interviews with commercial lobstermen and wholesale fish house personnel in Monroe County, it
was  learned that the most intensive lobstering effort in the DTER Study Area originates from the Key
West/Stock Island region in the Lower Keys.  Shrimpers indicated that although shrimp boats from

                                                  
1 For a summary of the process see “Tortugas 2000” A Collaborative Process To Create An Ecological
Reserve in the Florida Keys National Marine Sanctuary.  Staff Paper June 1999.

2   A map was used that divides the Florida Keys into seven regions where regions 2, 3, 5, and 7 are
within FKNMS boundaries, region 1 is the Gulf of Mexico to the north and west of the FKNMS, and
regions 4 and 6 are the South Atlantic Ocean to the south and east of the FKNMS.  Region 7 referred to
the DTER Study Area.  Refer to Appendix 1 for a copy of the map.
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states other than Florida trawl the region, only the local shrimpers (from Fort Myers Beach and Key
West) use the DTER Study Area perennially and consistently.  Information was also obtained from
charter boat captains and other DTNP Incident Business Permit (IBP) holders; they revealed that most
charter boat use originates from the Lower Keys, with some vessels departing from Miami and Naples.
Finally, at the DTER-related meetings that we attended from February 1998 through June 1999, we
contacted each fisherman to determine his/her fishing port, to make certain that we did not leave out
any region.  Based on the information provided to us by these fishermen, fish house personnel, charter
boat and marina operators, and DTNP and other government agency scientists, we determined that the
population of permanent DTER Study Area fishermen is located in the four counties closest to the
region itself:  Lee and Collier Counties on the southwest coast, and Miami-Dade and Monroe Counties
on the southeast coast.

In order to reach the entire population of traditional users in the DTER Study Area, we called every
person in the four counties (as well as Broward and Palm Beach Counties) who reported landings in
Areas 2.0 and 2.93 in 1996-1997.  Over 350 SPL holders were contacted during this effort, which
determined that the total population of permanent users was no larger than 110 fishermen.  We
contacted each of the 110 fishermen and completed a total of 93 surveys.

Over three-quarters of the respondents listed Key West/Stock Island as their primary port; other Keys’
ports accounted for almost 10% of the fishermen.  The only non-Keys ports were Fort Myers Beach
and Naples, both on the Gulf Coast in southwest Florida.  It should be noted that several fishermen did
list Miami and the Upper Keys as their primarily domicile locations; however, when they fished the
Dry Tortugas region, they did so almost exclusively from Key West/Stock Island.

DTER FISHING AREA GRID INFORMATION

The grid information consisted of a two-step process.  A grid map of the DTER Study Area was
developed and segmented by one-minute lines of longitude and latitude, effectively creating 1,020
square nautical mile cells (Appendix 2).  The respondents were asked to draw on copies of this grid
map where they landed their catch (for each species) within the DTER Study Area.  The catch and
effort by species was determined based upon the percentages that each fisherman listed for the DTER
area Zone 7.  The totals for Zone 7 were then divided by the total cells drawn in by each fisherman, and
each cell received an equal proportion of the totals.  Cells that were exploited more heavily thus
generated higher totals than those that were not.

Fishermen landed mostly four major species (and species complexes such as reef fish) in the DTER
Study Area:  spiny lobster, shrimp, reef fish, and king mackerel.  Both natural and regulatory
restrictions generally limit or minimize other landings.  For example, fishermen do not harvest stone
crabs in the DTER Study Area because of its benthic characteristics.  Stone crabs prefer shallow, soft
bottom, a habitat not prevalent in the DTER Study Area.  Other, pelagic species are not harvested
commercially because of the legal restrictions on fishing activities. Long lining has been prohibited in
State of Florida waters since 1993 (Florida Administrative Code 68B-4.0087).  Both the South Atlantic
Fishery Management Council (SAFMC) and Gulf of Mexico Fishery Management Council
(GOMFMC) restrict long lining by depth criteria.  Fish traps are prohibited in State of Florida and
SAFMC waters, and they are being phased out in the GOMFC.  There are several other gear, size, and
quota limitations on other species.  Figure 1 below shows the resulting distribution of total catch in the
DTER Study Area, as reported by the sample.

                                                  
3   As part of the State of Florida trip-ticket system, SPL holders must report in which region of the state
they harvested the catch that they sell.  These areas are coded, and the 2.0 and 2.9 codes refer to all
Tortugas waters and Tortugas federal waters respectively.
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Figure 1:  Total Catch

In the 1997 fishing season, most of the total catch was landed in specific “hotspots” in the DTER Study
Area, namely areas directly to the south, west, and northeast of the DTNP, and along the eastern
boundary.  Locations such as Tortugas Bank and the two smaller banks (Eight-Fathom Bank and Little
Bank), the northeastern DTNP boundary (“K Buoy”), and Rebecca Shoal were very actively targeted
by different kinds of fishermen4.  Of less interest were the southwestern and northwestern regions, as
well as the central region east of the DTNP; however, almost all parts of the DTER Study Area are
utilized to some extent.  Similar grids were defined by principal products such as shrimp, spiny lobster,
reef fish, pelagics, etc.  The graphical representations were extremely useful in the subsequent
boundary deliberations.

RESEARCH AND FINDINGS

The DTER planning process represents a unique, information-gathering and decision-making system.
Unlike previous zoning efforts in the FKNMS, this process incorporated stakeholder participation and
input at its earliest stages, resulting in a more informed decision on both the location and regulations of
the reserve.  The user group that most utilizes and would be most affected by the DTER, that of
commercial fishermen, was given the opportunity to participate in the process at a variety of meetings
and junctures, from the initial SAC meeting held in February 1998 through the 2000 DSEIS hearings.
But, even with the improvements to the process, our findings suggest that more direct methods (such as
surveys or visits to docks, marinas, and fish houses) may be the most effective way of reaching the

                                                  
4 It is important to note, when studying this and the following figures, that the catch distribution is
derived from a single season (1997, and 1997-98 for spiny lobster).  Although certain areas may be
more important than others on an inter-annual basis, the perennial distribution is not identical.
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affected population, both in determining the overall impacts and learning how to increase stakeholder
support.

The commercial fishermen who utilize the region are heavily dependent on the DTER Study Area, and
they will be impacted adversely by the preferred reserve alternative.  These users generally have
considerable experience in fishing the region and have invested considerably in their vessels and gear
to maximize their efforts.  Unlike the inshore fishermen of the Florida Keys, Tortugas fishermen stay
out longer, spending more on gear and crew.  On average, they also harvest larger totals of species per
season; especially reef fish, shrimp, and spiny lobster.  The Dry Tortugas region yields a large
percentage of the total catch for these fishermen, including almost 60% of their total lobster catch, and
nearly half of all their reef fish catch.  Other species, such as shrimp and king mackerel, are not as
important in terms of the percentage taken from the DTER Study Area, but they do represent
considerable harvest and effort.

In part, as a result of the research conducted for NOAA in the Dry Tortugas commercial fishery the
draft and final versions of the Supplemental Environmental Impact Statement (SEIS) considered the
socio-economic impacts of the preferred DTER alternative (Appendix 3) on commercial fishing (and
other activities).  The alternative could affect 14% of king mackerel catch, 20.3% of reef fish catch,
11.6% of lobster catch, and 8.2% of shrimp catch, resulting in the reduction of $844,000 (12.6%) of the
DTER study area’s harvest revenue.  The analysis also determined that there would be a potential for
crowding, following displacement.  In the case of spiny lobster traps, the SEIS estimated that the 10%
reduction in traps that occurred in the Florida Keys between 1997-99 should allow for the additional
space that fishermen should require.  The analysis concluded that the king mackerel and shrimp
displacement shall be minimal, and that reef fish fishermen may be affected in the short-term until the
benefits of replenishment offset these losses.

However, due to the considerable specialization (vessel size and costs, gear types) in the fishery, the
inter-annual changes in spatial effort, and areas of quasi-tenure and inter-fishery conflicts, it is
important to add to SEIS’ assessment of the cumulative impacts of the reserve on the commercial
fishery.  DTER Study Area fishermen have invested considerably in gear such larger lobster traps and
ropes, different types of line gear, and shrimp trawl nets, wire fish traps, spear guns and other related
dive gear, Many fishermen also own larger, sturdier vessels for the longer, more perilous trips.  So,
even if there are other grounds that fishermen can move into, it may result in short to long-term losses
in gear substitution.  Also, although use is fairly consistent on an inter-annual basis in the DTER Study
Area (as governed by benthic and regulatory conditions, as described previously), fishermen do tend to
move around according to the season.  For example, many lobster fishermen relocate their traps
following a winter storm.  Reef fishermen and shrimpers vary their effort by location, depending on a
variety of environmental conditions.  King mackerel anglers fish different areas depending on the
prevailing climate.  Thus, more open areas may not necessarily compensate for displacement.  Finally,
there are locations that are staked by individuals for exclusive use; other fishermen are often viewed as
interlopers.  Moreover, certain fisheries generally do not use the same grounds, such as shrimp trawlers
and lobster trappers, due to the damage that the gear types inflict on each other.  These factors suggest
that displacement may not readily provide other areas into which fishermen can duplicate their fishing
efforts.  Also, displacement may also result in increased competition in smaller fishing grounds which,
if not compensated for by replenishment from the reserve or ameliorated by increased regulations,
could result in intra- and inter-fishery conflicts and decreased catch-per-unit-effort (CPUE).

Also of importance in the reserve development process for fishermen has been the equity issue.  Since
1995, when NOAA released the FKNMS Draft Management Plan, the commercial fishing sector has
argued against the designation of a Dry Tortugas reserve, pointing out that the DTNP would serve the
identical purpose if only it were to prohibit recreational fishing.  Our survey results found that a
significantly larger percentage of respondents are willing to support a reserve in the DTER Study Area
if it were to include all or part of the DTNP5.  The support is partly motivated by the perception that if
part or all of the DTNP were closed to all fishing, then it would lead to less area taken from outside the
DTNP; however, part of the support is also derived from the concept of  “fairness”, where all
consumptive user groups should be treated equally.

                                                  
5 In 2000, the National Park Service (NPS) designated a Research and Natural Area (RNA) that shall
serve as a closed zone to all kinds of fishing; this type of collaborative effort, headed by NOAA and the
NPS, has been a positive step in allaying the fear of commercial fishermen who otherwise feared that
their group would be disproportionately impacted by a closure in the Dry Tortugas.



THEME D & F: Ecosystem & Oceans Policy Approaches to Fisheries Management, & Marine Resources for Recreation & Tourism

Characterization of the Dry Tortugas Commercial Fishery:  Methodology and Findings

PAGE 6

6

DEVELOPMENT OF THE DTER BOUNDARY ALTERNATIVES

On February 17, 1998, the FKNMS published the proposed Dry Tortugas Ecological Reserve 2000
planning process.  The process would involve two years of public participation, expert testimony, and
ecological and socio-economic characterization of the site(s) to be designated.   The SAC would be
responsible for setting up a subcommittee and working group, and the subcommittee would serve as a
conduit to the public and would develop a range of boundaries with the working group.  As part of the
ground rules in the initial stage, neither the SAC or the groups would be allowed to discuss details such
as the geography or location of a zone, the percent area that the zone would cover, or the uses that
would be allowed or prohibited.  Instead, the focus would be on the following: Ecological
characterization; areas of special interest; socio-economic issues; and uses of the area. .

On June 22, 1998 the working group met to attend the Tortugas 2000 Socioeconomic Characterization
Forum.  As in the ecological characterization forum, different panels provided the working group with
information on existing uses and user types.  The panel concerning an overview of uses discussed
visitation rates to the DTNP, tourism impacts to the Florida Keys economy, and the economic costs and
benefits resulting from a closure in the DTER.  The recreational fishing and diving panel discussed use
in the area by commercial dive operators, and recreational diving, charter boat fishing.  The
commercial fishing panel described the different types of commercial fisheries in the DTER, including
hand lining, lobster trapping, and other fisheries.  The panel on socioeconomic considerations
discussed the population and activities of existing commercial fishermen, the importance of a marine
reserve to achieve environmental and conservation objectives, and the need to determine the economic
impacts of closed areas.

The working group reconvened on February 4-5, 1999 when it met to draft criteria that would be used
to evaluate proposed boundary alternatives that would then be used by the working group in April 1999
to develop final boundary recommendations.  The criteria identified included:

Choosing an area that would:

•  contain the greatest level of biodiversity and that would encompass a variety of habitats

•  provide the greatest benefit in protecting and enhancing fisheries, especially those species
which are rare or depleted

• include known spawning site(s)

• encompass all the habitats required to support the life cycles of important target fish

• provide boundaries large enough to meet all criteria and to achieve the benefits and goals of
an ecological reserve

• allow only those activities that are compatible with the goals of the reserve

• minimize socioeconomic impacts

• facilitate monitoring and evaluation of marine reserve effects

• facilitate enforcement and encourage compliance

The “preferred profile” developed by the group ranked biodiversity and fisheries sustainability at 27%
and 26% respectively, followed by enforcement and compliance (17%), sufficient size (16%), and
socioeconomic impacts (9%).  Reference area/monitoring ranked lowest at 5%.  In the more protective
profile, sufficient size ranked highest at 50%, followed by fisheries sustainability (20%) and
biodiversity (15%).  The remainder of the criteria graded only 5% each.  Finally, in the less protect
profile, fisheries sustainability and socioeconomic impacts ranked 25%, enforcement and compliance
ranked 20%, followed by biodiversity (15%) and monitoring (10%).  The sufficient size criterion was
the least important in this profile, ranking only 5%.

Utilizing these profiles, the group was divided into four mixed groups that drafted boundary
alternatives for At the end of the meeting, the group was advised to consider alternatives that would
integrate these options and attempt to reach a preferred alternative through consensus.  The group
would consider boundary and allowable activity alternatives at its final meeting, in May 1999.
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On May 22, 1999, the Tortugas 2000 Working Group reached consensus among its 25-member body
and voted unanimously to recommend a preferred alternative for the DTER.  At the meeting, the group
discussed the benefits and drawbacks of several alternatives, including a new alternative presented by
the coalition of commercial fishermen and conservationists.  The alternative, divided into two,
discontinuous sections, took in much of the coral and bank areas in the northern parts west of the
DTNP, including the northern half of Tortugas Bank and Sherwood Forest, and critical deep water in
the south, including Riley’s Hump.  Tortugas Bank, a relatively shallow area west of DTNP, is noted
for its coral reefs and faunal populations; Sherwood Forest is a highly diverse deep coral (>90 feet)
region located just outside the northwestern FKNMS boundary; and Riley’s Hump is a relic reef and
known spawning area.  Although several members were not totally in favor of the reserve, none voted
against recommending the alternative to the SAC and the State of Florida.  Also, the group voted
without dissent to use the existing ecological reserve regulations as the recommended guidance for
allowable activities in the DTER.  A month later, on June 15, 1999, the SAC voted unanimously to
adopt the working group’s preferred alternative and forward it to NOAA and State of Florida.

THE DRAFT SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT AND DTER.

In May 2000, almost a year after the SAC approval of the working group preferred alternative, NOAA
released the Tortugas Ecological Reserve Draft Supplemental Environmental Impact Statement
(DSEIS)/Draft Supplemental Management Plan.  As part of the public participation and information
process, the FKNMS held six public hearings, solicited written comments via mail and Internet, and
addressed questions at the FKNMS Florida Keys offices.  The meetings were held in Homestead,
Naples, St. Petersburg, Marathon, and Key West, Florida, and Washington, DC.  Similar to the scoping
meetings held in October 1999, the June and July 2000 public hearings were held jointly with the
DTNP, which released its own Draft General Management Plan Amendment/Environmental Impact
Statement.  The hearing format included brief descriptions of the two plans by FKNMS and DTNP
superintendents, followed by an informal period during which the public could interact with FKNMS
and DTNP officials at a various tables or pick up copies of the plans.

The DSEIS, which consists of seven sections that describe the proposed action of implementing the
DTER, identifies and describes the physical and human environments, reviews the history of the
process, presents an analysis of the alternatives, and outlines the action plans within the draft
supplemental management plan.

The DTER, as recommended by the working group, covers 151 square nautical miles.  Tortugas North
encompasses 91 square nautical miles, a third larger than the 60 square nautical miles Tortugas South.
Over half of the DTER falls in state waters, and 22.2 square nautical miles are in state waters outside of
FKNMS jurisdiction.  Another 73.8 square nautical miles are located in federal waters under the Gulf
of Mexico Fishery Management Council, requiring an FKNMS boundary expansion of 96 square
nautical miles.  With the addition of the DTER to the FKNMS zone network, almost 6% of the
Sanctuary is no-take.  The DTER does not include the 40 square nautical mile Research Natural Area
that the DTNP set up adjacent to the DTER, which shall also be a no-take zone.

The regulations adopted for the preferred alternative are very similar to those recommended by the
working group and then agreed upon by the SAC.  All FKNMS-wide regulations (described in 15 CFR
922 Subpart P) and ecological reserve regulations (15 CFR 922.164 (d)), with minor modifications,
apply to the DTER.  The ecological reserve regulations prohibit the taking of any living or deal
material, fishing; discharge or deposit of any material expects water or exhaust, anchoring when a
mooring buoy is available, and touching coral.  Fishing vessels may only transit ecological reserves
(and other FKNMS no-take zones) with their fishing gear stowed away.  In addition, vessels shall not
be allowed to anchor in the DTER, and access shall be controlled via permit and will require a call-in
prior to entry and exit.  All permitted vessels shall use mooring buoys, except for vessels larger than
100 feet in length, which shall not be allowed.   Permits, while free of charge, shall require that the
permitted person notify FKNMS staff at DTNP no less than 20 minutes and no more than six hours
before entering or leaving the reserve.

THE FINAL SUPPLEMENTAL DRAFT
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The comment period for the DSEIS ended on July 31, 2000, followed by the revision of the draft plan
and publication of the final regulations and the Final Supplemental Environmental Impact Statement
(FSEIS).  On November 29, 2000, NOAA released the FSEIS.

CONCLUSIONS

The characterization of the DTER Study Area commercial fishery has led to the understanding of one
of the more diverse and professional fishing sectors in South Florida.  Using a multi-pronged approach,
we have been able to identify a majority of the perennial fishing effort, species, and areas, as well as
gauge the levels of participation and acceptance within the fishing population.  The DTER preferred
alternative will have direct and indirect impacts on the commercial fishery, but reserve proponents
argue that replenishment effects, as well as other fishery management measures, shall mitigate impacts
over the long-term.  Another measure of success of the DTER preferred alternative must be a measure
of the acceptance of the reserve itself by the users displaced from its boundaries, for it is their
acceptance that will help protect the reserve and achieve its long-term objectives.
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APPENDIX 1 DATA COLLECTION REPORTING AREAS FLORIDA KEYS
NATIONAL MARINE SANCTUARY
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APPENDIX 2

DTER CATCH REPORTING GRID
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APPENDIX 3   FINAL DTER CHARACTERIZATION (2001)
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