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Abstract

Aquaculture will play an increasingly important role in meeting the glo-
bal demand for fisheries products as the world population continues to
expand and fish stocks approach their biological limits. Aquaculture will
also contribute to economic and community development, particularly in
areas such as New England, where wild capture fisheries are experiencing a
crisis of unparalleled proportions. In order for open ocean finfish and shell-
fish aquaculture to become a reality in the next five years, a sizable capital
investment by the private sector will be required. Before that is likely to
happen, investors and commercial ventures must have reasonable assur-
ance that the practice is biologically, technologically, economically, and
socially feasible. The University of New Hampshire is currently engaged in
a multi-faceted open ocean aquaculture demonstration project, involving
researchers, outreach specialists, commercial fishermen, aquaculturists, and
public educators. The demonstration project will provide a commercial-
scale test site for applying the culture and grow-out protocols developed in
recent research efforts. Additional goals include: to generate economic data
and evaluate commercial feasibility; to quantify risk assessment parameters;
and to educate future aquaculturalists, investors and the public about the
biological, environmental and socioeconomic realities of open ocean aquac-
ulture.



Introduction

Declines in the wild harvest of traditional fish species  cod, haddock,
flounders! in New England have resulted in a regional fisheries crisis of
unparalleled severity  Anonymous, 1993!. Stocks are at record low levels,
harvesters are having an increasingly difficult time making a living, products
are scarce and expensive, and fisherman's cooperatives are finding it diffi-
cult to survive financially. There have been many responses to this crisis,
including the implementation of management plans designed to decrease
fishing mortality, direct aid to fishermen and their families, and a reduction
in fleet size via a government program to remove vessels from the ground-
fish fishery. While all of these measures will help rebuild depleted stocks, it
is widelv acknowledged that the resource will not be able to support histori-
cal levels of effort. For this reason, long-term solutions must be found to
produce more seafood, and to provide economic opportunities for harvest-
ers that become displaced from the harvest fisheries. Among the most logi-
cal of the long-term solutions is the further development of aquaculture.
This practice, which is the aquatic equivalent of agriculture, has the capac-
ity to produce the needed seafood, and also to provide economic opportu-
nities for displaced harvesters. Indeed, the successes of aquaculture ven-
tures in many parts of the world has led to a universal recognition that
aquaculture has enormous potential, and it is generally agreed that it will
play an increasingly important role in meeting the global demand for fisher-
ies products as the world population continues to expand, and fish stocks
approach their biological limits. Aquaculture will also contribute to eco-
nomic and community development in areas such as New England.

Documented successes in aquaculture throughout the world have caused
a resurgence of interest in raising several marine taxa in New England, both
for human consumption and stock enhancement. This interest, in turn, has
resulted in an enormous amount of activity. Dozens of research projects
designed to facilitate the raising of fish, shellfish, and macro-algae are un-
derway; hatcheries  both experimental and commercial! have been built;
numerous conferences and workshops have been held; and there have been
pilot scale releases of hatchery reared fish for stock enhancement. While
much has been accomplished, there are still significant biological, technical
and socio-economic issues that will need to be resolved before aquaculture
can become part of the solution to our fisheries crisis. Among the most
significant of these issues is siting an aquaculture industry in New England.
Our inshore coastal waters are already heavily used for recreation, com-
mercial fishing, and shipping, so there will undoubtedly be some resistance
to aquaculture development. For this reason, it's likely that at least some



aquaculture activities will need to take place in offshore areas where there
would be fewer conflicts with existing user groups. The high energy  winds
and waves! of such exposed locations present significant technical chal-
lenges in the design, testing and construction of aquaculture systems that
are capable of surviving in these areas. In addition to these technical chal-
lenges, there are many biological, regulatory, and social problems that must
be solved. The progress with technological and commercial development,
the status of related sociological and legal issues, and the challenges facing
us in our efforts to bring open ocean aquaculture to US waters have been
summarized in two recent conference proceedings  Polk, 1996; Helsley,
1998!.

Recognizing these challenges, scientists, engineers and outreach spe-
cialists at the University of New Hampshire have developed a comprehen-
sive program in offshore aquaculture. UNH engineers have analyzed and
physically modeled net pens, designed and tested mooring and anchoring
systems, evaluated and tested construction materials, developed acoustical
deterrents to marine mammals, developed materials which resist biofouling,
and developed and tested offshore aquaculture structures  Gosz et al., 1996;
Savage et al., 1998!. UNH biologists have examined and refined culture
techniques for summer flounder, winter flounder, witch flounder, yellowtail
flounder, American plaice, Atlantic cod, haddock, oysters, scallops, urchins,
and macrophytic algae  Howell, 1980; Johns and Howell, 1980; Johns et
al., 198 1; Laurence and Howell, 198 1; Howell, 1983; Howell and Caldwell,
1984; Jones et al., 1991; Grizzle et al., 1992; Lesser et al., 1992; Lesser
and Shurnway, 1993; Langan et al., 1994; Howell, 1996; Howell and
Litvak, 1999; King et al., 1999!. UNH social scientists and resource econo-
mists have evaluated the role of aquaculture in coastal communities, study-
ing issues related to ocean management, and evaluating the fishing industry's
views and interests in aquaculture  Gempeshaw et al., 1995; Robertson et
al., 1996!. And UNH outreach specialists have disseminated the results of
this research to potential user groups, investors and the public. Numerous
workshops have been held, an excellent communication network has been
created, and the many partnerships with our outreach efforts are well coor-
dinated. A major achievement of UNH extension specialists was the orga-
nization of an international symposium on open ocean aquaculture in 1996
 Polk, 1996! which was repeated in Hawaii  Helsley, 1998! and now Texas
 this volume!. These efforts ensures that all interested members of society
are informed of our efforts, and that there are opportunities for interested
parties to participate in our activities.

Research and demonstration efforts on cage design, anchoring systems,
culture of finfish and shellfish species, and the role of the commercial fish-
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ing industry by LJNH ocean engineers, biologists, and sociologists have
provided the basis for UNH leadership in open ocean aquaculture  see Howell
et al., 1997!. We are now ready to move toward practical application of
this technical capacity by means of a demonstration project. The demon-
stration phase is a critical step toward commercialization: demonstration of
technical feasibility will attract private sector involvement; demonstration of
economic feasibility will attract new investment. The UNH open ocean
aquaculture demonstration project wiII test prevailing research concepts and
equipment designs, will determine economic viability of these operations,
and reduce the usual time lag between basic research and commercial ap-
plication. A primary focus will be to scale-up the research endeavors of the
past three years to commercial size, with the ultimate goal of determining
the feasibility of open ocean aquaculture in New England.

The role of demonstration projects in the development of
commercial aquacuiture

In moving basic research to commercial application, the interim step of
a commercial-scale demonstration project has proven invaluable. Such a
model is credited with establishing the dominance of U.S. agriculture some
100 years ago. The Land Grant University concept was built on the premise
that basic and applied agricultural research could be carried out and dem-
onstrated through the University Agricultural Experiment Stations. Coop-
erative Extension agents and specialists then assisted with the transfer of
the research-based information and technology to the commercial agricul-
tural community. Several University/State-supported aquaculture demon-
stration projects have proven vital to the successful development of new
industries. The most prominent include:
1. Hybrid Striped Bass Demonstration Facility. This demonstration site

allowed scientists at North Carolina State University, in collaboration
with commercial partners, to evaluate the feasibility of raising hybrid
striped bass on a commercial scale. Approximately eight years of Sea
Grant -supported research resulted in development of successful tech-
niques to raise hybrid striped bass on a laboratory scale. The demon-
stration facility, funded in part by the National Coastal Resources Insti-
tute, proved this aquaculture venture could be successful economically.
It resulted in the birth of hybrid striped bass aquaculture industry, which
now includes 18 growers in North Carolina alone and had approxi-
mately $40 million in farm gate value in 1996.

2. Wadeil Aquaculture Center, Hilton Head, S. C. This state-supported
research and demonstration facility has been active in developing and
testing culture techniques for shrimp, clams and oysters at commercial
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scales. The shrimp aquaculture industry, in particular, has benefitted
greatly from these projects both in terms of increased yields per pond-
acre and total harvests. Scientists and industry partners work
collaboratively at the demonstration ponds, testing a variety of species,
diets, and harvesting techniques.
Recirculating System Demonstration Facility at N. C State Uniuer-
sity. This facility is designed to evaluate commercial-scale recirculating
systems. Research conducted at this facility has allowed the develop-
ment of aquaculture facilities in virtually any location, has reduced wa-
ter use and effluent problems, and resulted in a dramatic increase in
U.S. aquaculture production.
Harbor Branch Oceanographic Institution Aquaculture Centerfor
Training, Education and Demonstration. This facility supports a com-
prehensive training and demonstration program on a variety of species
including hard clams, shrimp, ornamental clown fish, flounder, grou-
per, conch and others. It includes an Aquaculture Development Park
where scientists and commercial companies can collaborate in refining
existing and developing new aquaculture species, systems and tech-
nologies.
Offshore Summer Flounder Aquaculture Demonstration Project,
Long Island, N. Y This project was supported by the National Marine
Fisheries Service � Fishing Industry Grant  FIG! program. Several differ-
ent types of floating net pen cages were put into Gardiner's Bay and
stocked with juvenile summer flounder. The demonstration project was
designed to evaluate the survival, growth and economic feasibility of
summer flounder grow-out in commercially available cages.
Two additional aquaculture demonstration facilities / projects are either

in the advanced planning stages or have just been initiated. These include:
The Aquaculture Technology Transfer Center. This effort is a partner-
ship between Rutgers University and Cumberland County College. When
completed, this Center will have the capability of culturing a wide range
of species at a commercial scale, including those possessing current
aquaculture potential, suitable candidates for future culture, and spe-
cies that possess important uses other than food consumption.
Red Drum Aquaculture Demonstration Project. This Sea Grant-sup-
ported project  Texas, South Carolina and Louisiana! involves research
to optimize recirculating aquaculture systems for hyper-intensive pro-
duction of red drum. The primary goal is to develop a commercial
scale, high density, indoor fingerling production facility that uses mini-
mal outside water. The demonstration part of the project will be done
in conjunction with an industry partner and should resolve unanswered
questions about the technological and economic viability of these recir-
culating systems.
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UNH Demonstration project Objectives

For open ocean finfish aquaculture to become a reality in the next five
years, a sizable capital investment by the private sector will be required.
Before that is likely to happen, investors and commercial ventures must
have reasonable assurance that the practice is biologically, technologically,
economically, and socially feasible. We have therefore proposed a multi-
year Open Ocean Aquaculture Demonstration Project that will provide a
commercial-scale test site, complete with infrastructure, in order to: apply
culture and grow-out protocols developed in recent research, assess the
economics of such operations, and measure the parameters related to risk
assessment. Specific objectives of the UNH Open Ocean Aquaculture Dem-
onstration project include:
1. Develop partnerships between cage manufactures, commercial fisher-

men, aquaculturists, regulatory personnel, and university scientists who
will jointly participate in commercial-scale projects at the demonstra-
tion site.

2. Regionalize the project through meetings and workshops to ensure broad
based planning of both the initial deployment and the long-term use of
the site for a variety of studies and purposes.

3. Select and characterize the demonstration site, focusing on possible
locations for the project near the Isle of Shoals and in nearby New
Hampshire waters.

4. Obtain commercial aquaculture permits by synthesizing and presenting
site information and proposed biological and technical methods, in the
appropriate format and at necessary level of detail for the regulatory
agencies.

5. Develop  in consultation with state and federal regulators! a site moni-
toring program of hydrography  temperature, salinity, dissolved oxy-
gen, and transmissivity profiles!, water quality  turbidity, suspended sedi-
ments, chlorophyll and nutrients!, and benthic conditions.

6. Evaluate existing commercial-scale containment structures, select those
suitable for use in the Northeast US, modify and improve them as nec-
essary, and deploy them in a comparative, evaluative scenario.

7. Demonstrate the feasibility of open ocean aquaculture for summer floun-
der and blue mussel by stocking the fish into containment structures
and growing the mussels using suspension culture technology.

8. Conduct detailed economic and sociological analyses of each stage of
the open ocean culture process  i.e., hatchery culture, grow-out, cage
design, environmental impacts, marketing, processing, insurance, etc.!.

9. Transfer appropriate and workable technologv developed at the dem-
onstration site to interested individuals and groups.
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10. Continue to use the site and its infrastructure to demonstrate the
feasibility of open ocean aquaculture for additional species and combi-
nations of species, for various techniques, cages, and deployment strat-
egies.

Partnership Building and Regionalization
Involvement of regional representatives in the UNH Open Ocean Aquac-

ulture Demonstration Project has been accomplished through a series of
formal and informal meetings between technologists, scientists, regulators
and commercial fishermen. Technical and scientific partnerships were fos-
tered at a one-day regional planning meeting  held December 5, 1997 at
the University of New Hampshire!. The meeting was attended by scientists,
regulators and administrators from throughout the northeast. Following
presentations by UNH participants, there was an open discussion involving
much give-and-take between participants and the diverse audience. We re-
ceived .excellent suggestions that have been incorporated into the final
project design, and many individuals indicated that they would like to par-
ticipate in the project in upcoming years.

Project Leadership
Project management has also been established: a three-member execu-

tive committee has been elected by those who are participating in the project.
Additionally, a regional Advisory Board, composed of regionally and na-
tionally recognized experts in fisheries and aquaculture has been established.
The Board wiII: a! broadly oversee the project; b! offer guidance and advice;
c! assist in planning; d! ensure that the project is meeting its intended pur-
pose; and e! ensure that tasks are being done on schedule. As envisioned,
the Board will meet twice per year to resolve any problems, review progress,
and plan future work.

Site Selection and Monitoring

The site of the UNH demonstration project has been selected by evalu-
ating the oceanographic conditions within the region, and selecting the
general area whose characteristics best suited the project  Fig. 1!. The pro-
posed site was discussed with members of the commercial fishing commu-
nity to minimize potential user conflicts. Numerous decisions remain, in-
cluding: exact cage placement and positioning, mooring configuration, and
optimization for fish biology and behavior.

The geology of the New Hampshire inner continental shelf has been
the subject of numerous previous studies, including seismic surveys, sedi-
mentologic studies, and descriptions of the benthic communities. Bottom
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Fig. 1. Anticipated site of the UNH Open Ocean Aquaculture Demonstration Project
 indicated by box!. The site is about five miles off the New Hampshire coast line
 darker line! near Portsmouth, NH in -50 m of water. Depth contours are 60 m and
100 m isobaths. For additional information on the physical characteristics of the
project site, see the website, http: //ekman.sr.unh.edu/AQUACULTURE.



sediment types along the Maine and New Hampshire inner shelf  to the
100 in contour! have been mapped  see e.g., Kelley, 1997!. Maine sedi-
ment maps are available through the Maine Geological Survey and the New
Hampshire maps are presently being prepared. However, the existing data
are insufficient for final cage placement decisions, and do not provide an
adequate baseline for the required environmental impact monitoring of the
aquaculture project. We have thus begun to collect, analyze, and map bot-
tom geological and benthic data, in order to comply with requirements for
complete descriptions of the seafloor at the test site prior to the demonstra-
tion project.

Both historical and real-time data are needed to characterize and moni-
tor the water column structure of the New Hampshire inner shelf region in
anticipation of placement of aquaculture cages. Of special interest are the
seasonal evolution of salinity, temperature, and density; current structure;
waves; suspended sediments; nutrients; and chlorophyll. Meteorological
information and air-sea exchanges are also valuable. This information will
assist in the selection of cage sites, will help us observe and report on any
environmental changes in a timely manner, and will provide valuable infor-
mation on how changes in the ocean environment determine rates of fish
and shellfish growth. In addition, environmental data are required by gov-
ernment regulatory agencies for permitting and monitoring during cage
deployment.

Data on regional ocean and weather characteristics have been gathered
and general descriptions and climatologies of the Isles of Shoals area have
been developed  Fig. 2!. Our immediate goals include producing maps of
the New Hampshire shelf area, depicting substrate characteristics and
bathymetry. We will develop high-resolution spatial data bases for the im-
mediate vicinity of the project site. We also intend to conduct a seismic
survey, using side scan sonar and sub-bottom seismics. Monthly surveys of
bottom sediments and benthic infaunal assemblages have been conducted
during Spring and Summer, 1998. Physical oceanographic characteristics
of the area  including vertical structure of water temperature and salinity,
currents, tides, and wave conditions! have been and will continue to be
assessed from archived data, numerical models, a fullyinstrumented moored
buoy  Fig. 3!, and ship-board sampling. Water column characteristics in the
vicinity of the test site  including hydrography, suspended sediments, tur-
bidity, chlorophyll a, particulate organics, and dissolved inorganic nutrients!
will be measured throughout the demonstration project. During cage de-
ployment, the epibenthos will be monitored using in situ time lapse video
photography. A low-light camera and video recorder, fitted to a steel tripod

15
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Fig. 2. Depth-stratified climatology for temperature  top! and salinity  bottom! for
the period between 1900 and the present. The strongest temperature stratification
occurs in August; the strongest salinity stratification occurs in May. During the win-
ter months, the site is well mixed. Knowledge of ocean physics is crtical to under-
stand and predict cage placement and fish health.
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Fig. 3. Permanent oceanographic mooring to be deployed throughout the duration
of the Open Ocean Aquaculture Demonstration Project. Data are relayed to a data
logger in a surface buoy and telemetered to UNH. The moored array of instruments
will include an acoustic doppler current profiler  ADCP! measuring flow at two-
meter depth intervals; temperature and conductivity sensors at 2, 30, and 50 m;
and a precision pressure sensor placed on the bottom �0 m!. Instruments on this
mooring and at nearby NOAA weather buoys will collect data on currents  direction
and speed!, hydrography  temperature, salinity and density!, wave conditions  height
and period!, and weather conditions.

frame equipped with lights, will be deployed on the seafloor beneath the
cages for periods of 24 to 72 hours. The abundance, behavior, and activity
of all epibenthic species in the area will be documented.

Permitting

Efforts to obtain commercial aquaculture permits for the Demonstration
Project site are ongoing. We currently anticipate that fish will be placed in
cages during spring 1999; formal permit applications, with all required
information, will be submitted during theautumn of 1998. In January 1998,
we held a "Pre-Application Workshop" to discuss the permitting process
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Table 1. Federal, state, regional, and local governmental agencies and
programs with oversight responsibility for permitting and leas-
ing sites for aquaculture in New Hampshire states waters. The
overlapping responsibilities for aquaculture permitting in state
and federal waters  see Goldberg et al., 1996! creates a "regu-
latory jungle" that is perceived to be a significant impediment
to the growth of commercial marine aquaculture.

Regulatory
State agencies and programs
~ N.H. Coastal Program
~ N.H. Department of Health and Human Services
~ N.H. Department of Environmental Services
~ N.H. Fish and Game Department
~ N.H. State Port Authority

Federal agencies and programs
~ NOAA National Marine Fisheries Service
~ U.S. Army Corps of Engineers
~ U.S. Coast Guard

~ U.S. Environmental Protection Agency
~ U.S. Food and Drug Administration

Non-regulatory
~ Commercial fishing
~ Recreational fishing
~ Commercial shipping and navigation
~ Recreational boating
~ Non-governinental and environmental groups

with representatives of the appropriate federal and state regulating agen-
cies  Table 1!. Representatives of other user groups of the shelf site  in
particular, the fishing community! also attended and provided suggestions.
Additional activities include presentations at public hearings and forums.

We thus have a clear understanding of the information needed to obtain
commercial permits for open ocean aquaculture, and have developed a
detailed plan for monitoring the site both before and during the demonstra-
tion project. Several oceanographic cruises have been made to the site to
collect the needed data, which will be included  along with detailed descrip-
tions of the work to be performed! in permit applications. A key result of
this work will be the development of a standard set of procedures, required
data, and timetable for permit application procedures.
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Fig. 4. Diagram of a scale model of a surface cage in the wave tanks at the UHN
Ocean Engineering test facility. The cage is subjected to excitations  waves and
currents! at appropriate scales and intensities; cage responses are observed and
quantified. Both cage performance and potential impacts on the cultured fish will be
evaluated.

Selection of Containment Systems

Two containment structures will be deployed for the Demonstration
Project: one will be primarily a surface cage and one will be primarily a
submerged cage. Each will have a flat bottom  approximately 170 m' in
each cage! and accommodate about 6,000 summer flounder. Over the du-
ration of the project, the fish cages may be exposed to high environmental
loads  see Loverich and Gace, 1998!. In order to predict cage behavior in
strenuous physical regimes, 1/20 scale physical models of the fish cages
are being tested in the UNH wave/tow tank Fig. 4!. During these experi-
ments, cage sea-keeping responses to average and extreme conditions are
measured, cage motions are recorded, mooring and structural loads are
inferred, and the relative movement of cage and seawater are ascertained
to characterize the motion environment of the contained fish.

In addition to cage design, mooring design and deployment are critical
to the Demonstration Project's success. There are a variety of mooring
designs, each with its own advantages and disadvantages. Tension-leg moor-
ings may be most desirable for the UNH project since they minimize the
costly footprint area. However, multi-point and straight-chain moorings,
and mooring lines with compliant segments will be considered and com-
pared for both surface and subsurface cage positions.

Computer modeling also plays an important role in the design of struc-
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Fig. 4. Modeled responses of the containment structure to excitation from wind,
waves and currents. Numerical analyses allow prediction and assessment of the
impacts of ocean forces; the models can be used to predict actual cage responses.
Dynamical monitoring of the cages during the UNH Demonstration Project will
allow refinement of the models.
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turally sound and reliable fish cages  Gosz et al., 1996; Gignoux et al.,
1998!. Models may predict the dynamic response of a cage subjected to
complex current and wave loading and may reduce the risks of construction
and testing of prototypes  Fig. 5!. Based on a finite element computer pro-
gram developed at UNH  Gosz et al., 1996!, finite element analysis models
of full-scale fish cages � with their associated mooring systems � will be
developed. These models will be used to predict the dynamic response of
the cages and to analyze deformations and stresses in their structural com-
ponents.

Cage modification and deployment
Modifications to existing commercial cages will be made by the engi-

neering team to suit the biological and environmental requirements appli-
cable for our selected site. Selection of the cages for comparative deploy-
ment as part of the Demonstration Project will be based on both the physi-
cal and computer modeling results, with full consideration of the sociologi-
cal, economic, and biological aspects of the project.

The selected containment structures and mooring systems will be deliv-
ered to the Portsmouth  NH! Port Authority in modular components, and
final assembly will be completed at a nearby waterfront location. Deploy-
ment of the mooring system  including anchoring, leg positioning, and any
final adjustments! and the cages will be done in association with a con-
tracted marine construction firm, which will provide handling equipment
 barges, onboard cranes, and winches! for this purpose.

Monitoring and Maintenance of Cages
Throughout the Demonstration Project, both the excitations  wind, waves,

and currents! and the cage responses will be monitored, using measure-
ment systems  accelerometers and pressure transducers! integrated into the
cage system. Since the cages will initially be used to raise bottom-dwelling
flatfish, the motion of the cage bottom is an important environmental pa-
rameter affecting the fish behavior and growth. It wiII also be essential to
monitor loads in the mooring lines to verify the dynamic models, assess
fatigue, and guide maintenance. All of these data need to be available on a
real time basis and therefore retrievable from the site via a telemetry link.

Planned maintenance over the duration of the Demonstration Project
will consist of regularly-scheduled inspections, biofouling removal, and inci-
dental repairs. A diver will perform weekly visual inspections of the overall
condition of the cage, including: mooring lines and nets, predator nets,
evidence of fatigue in pen structure, biofouling, and fish mortality. Once a
month, the anchors for all the mooring lines will be inspected for signs for
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dragging by a remotely operated camera. The nets will be cleaned by water
jets several times during the project. A contingency plan will be developed
to respond to catastrophic events. This plan  involving federal, state, and
local agencies, commercial fishermen, and UNH resources! will be modeled
after the oil spill response strategies developed by UNH in cooperation
with state officials and private industries on the New Hampshire coast.

Open ocean cage culture of summer flounder
Summer flounder  Paralichthys dentatus! was selected for use in the

UNH Open Ocean Aquaculture Demonstration Project after consideration
of a number of species, including also: winter flounder  Pleuronectes
americanus!, Atlantic cod  Gadus morhua!, black seabass  Centropristes
striatus! and tautog  Tautoga onitis!. The selection criteria included: high
likelihood of fish production at the required time; available laboratory and
hatchery space for production; survivability over temperatures ranging from
0 to 18'C; and sufficiently high market value.

Summer flounder met more criteria than any other species. Great Bay
Aquafarms, Inc.  Newington, NH! produces juveniles on a commercial ba-
sis, thus nearly ensuring the availability of fish to stock into the containment
structures. Researchers at the Universities of Rhode Island and New Hamp-
shire have extensive laboratory experience with the species  e.g., Johns et
al., 1981; Howell, 1983; King et al., 1999!, and a demonstration produc-
tion project represents a logical "next-step" for these research programs. In
addition, there are major aquaculture research programs for a congeneric
species  P. lethostigma! in the southeastern United States  Waters, 1996!.
The species is valuable relative to most other flounder species, particularly
if sold live to East Asian markets. However, summer flounder are not toler-
ant of ambient winter water temperatures in northern New England, requir-
ing the species to be placed in the net pens only during the warmer portion
of the year.

Six thousand summer flounder juveniles, 500 g in weight, are being
produced by Great Bay Aquafarms for this project following standard hatch-
ery procedures. Just prior to stocking in late May, when seawater tempera-
ture reaches I 01C, we will measure and weigh a representative sample of
fish to obtain initial sizes. Prior to moving the fish from the hatchery to the
net pens, UNH veterinarians will conduct a thorough diagnostic study of
the fish, and certify that their movement into the pens will not introduce
any pathogens into the natural environment. Fish will be moved from the
hatchery to the net pens in insulated seawater containers.

Once in the pens, fish will be fed daily  approx. 3/0 of total biomass per
day! on a pelleted, formulated diet  approximate composition 15/0 fat, 50/0
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protein, 35/0 carbohydrate!. Pellet size provided will increase as the fish
grow. Daily observations of feeding behavior will be made, and once per
week SCUBA divers will check the pens for damage and any fish mortality.
At biweekly intervals, a random sample of fish will be removed from each
pen, weighed, measured, closely inspected for any health problems, and
returned to the pen. This will allow us to monitor growth, food conversion
efficiency, and health of the fish. Based upon our previous research, we
anticipate that fish will have a feed conversion ratio of about 1.5, and that
they will grow to nearly a kilogram by October or November when the fish
will be harvested and marketed.

Fish health will be monitored, and any problems diagnosed and treated,
by UNHveterinarians associated with the project. A representative sample
of fish will be inspected before the fish are moved from the hatchery into
the pens. Transfer will not occur until a health certificate is obtained. Fish
will be observed daily during feeding. Any abnormal behavior  reduced feed-
ing, lethargic swimming!, or any abnormal appearance  dark coloration,
lesions, fungus! will be reported to UNH veterinarians associated with the
project for immediate diagnosis and treatment. In the absence of any prob-
lems, a routine veterinary inspection of a representative sample of fish will
be done every 6 weeks after stocking. The only antibiotic that will be used
is oxytetracycline. In this event, it will be added to the diet at the rate of 75
mg/kg of fish/day.

Open Ocean Culture of Blue Mussel
The UNH Demonstration Project will include culturing blue mussels  Mytilis

edulis! using submerged, high tension, suspension culture techniques similar
to methods used in Canada and New Zealand  Bonardelli and Levesque,
1996; Fig. 6!, but never before used in the U.S. Our objective is to estab-
lish a test system for open water, submerged suspension shellfish culture in
New England that is applicable to several species and other site locations.

A field study will be conducted with the assistance of Great Eastern
Mussel Farm  Tenants Harbor, ME! during 1998 to determine optimal times
and places of spat collection. The time of peak larval abundance in coastal
New Hampshire waters  probably June-July! wiII be established by bi-weekly
plankton tows. Spat collection ropes will be deployed, monitored weekly
for spat settlement and density, and left in the collection areas for � 1-2
months. The optimal settlement sites and time wiII be correlated with envi-
ronmental parameters. This initial study will help us optimize our seed col-
lection efforts in 1999, in order to maximize the quantities of mussel seed
collected.
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Fig. 6. Vessel tending a long-line culture system for blue mussel. The lines are taut,
minimizing the likelihood of marine mammal entanglement. Harvesting is done
from a specially equipped vessel that steams along the length of the long-line, re-
moving the mussels without necessitating removal of the entire system.  Figure cour-
tesy of J. Bonardelli, G.R.T. Aqua-Technologies, Ltd.!

A long-line culture operation for blue mussel will be established in mid-
summer, 1999. A single, 100-m long, subsurface, high tension, suspension
culture system will be moored at the aquaculture site under the direction of
G.R.T. Aqua-Technologies, Ltd.  Riviere-au-Renard, Quebec, Canada!.
Configuration will be tailored to the site characteristics, direction of current
flow, and cage design and configuration.

Since long-lines may present an entanglement hazard to Northern Right
Whales, the system will be designed to eliminate those factors thought to
cause Right Whale � fishing gear interactions. In addition, the proposed
aquaculture site is considered a «low risk" site  personal communication, S.
Kraus, New England Aquarium!. In the past 20 years, no Right Whales
have been observed in the area and only a single sighting has been reported
several miles seaward of the site. The main line will be designed for high
visibility  i.e., line thickness and color! and high tension  i.e., no loose lines
in the water! Only one line will run vertically to the surface  to a buoy! and
it wiH have a breaking strength of less than 300 lbs. Mussel socks, which will
be suspended vertically from the high tension main line, will be attached
with break links with breaking strengths of <300 lbs. The site wiH be visited
daily during Right Whale migration  May through October!. The initial de-
ployment, with only a smaH quantity of seed suspended from the main line,
will provide valuable information on marine mammal interactions with the
culture gear and will guide our commercial-scale deployments in the second
year.

The top 15 m and the bottom 5 m of the water column will not be used
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as a growing zone in order to avoid surface  eider ducks! and bottom  sea
stars! predators, and wave action. The submerged backbone with attached
mussel ropes wiH remain in place until the mussels reach market size  ap-
proximately 18 months from settlement!. Mortality, growth, production and
condition index will be monitored monthly during most of the year, and
bimonthly in winter.

Expected time of first harvest will be in November-December 2000,
approximately eighteen months after spat settlement. Estimated produc-
tion is 16 kg/meter of mussel rope. Thus, the submerged backbone of 100
m will support 840 m of mussel rope, capable of producing 13,440 kg
�9,568 lbs! of mussels valued at $.75/lb for a total of $22,176 for each
100 m of longline. Data on food availability, seston flux and mussel growth
and condition index will be used to develop a production/carrying capacity
model that will have an economic assessment component.

Economic and Sociological Analyses
The economic element will focus on the actual monetary costs accrued

throughout the life of the demonstration project. Results of prior economic
analyses will be considered  see e.g., Anderson, 1996; Croker, 1996; Forster,
1996; Bonardelli and Levesque, 1998!. Two categories of cost will be evalu-
ated: fixed and variable costs. Typical fixed costs to be investigated will be:
capital costs  e.g., cages, rafts, boats, etc.!; depreciation of capital stock;
indirect operating costs  i.e., maintenance, insurance, power inputs, etc.!;
and other incidental costs identified during the project. Variable costs to be
considered will be: feedstuffs/fertilizers; supplies of seed/fry; labor; other
production costs  i.e., energy consumption, fuel costs, etc.!; and selling
costs related to marketing  i.e., transportation, preservation, quality con-
trol, etc.!. Costs of regulation will also be evaluated. Data will be collected
on an ongoing basis throughout the project. Another focus of the Eco-
nomic Component will be the evaluation of possible economies of scale
related to the demonstration project. The following potential economies of
scale will be investigated: dimensional size  i.e., optimal efficiency level!;
labor costs  i.e., optimal labor force size!; specialization  i.e., integration of
activities!; bulk purchase  i.e., possible cost savings!; risk spreading and re-
search and development.

The social assessment component will include the identification, de-
scription, evaluation, and estimation of the social impacts of the Open Ocean
Aquaculture Project on local communities and a variety of groups of indi-
viduals, consistent with previous efforts  Robertson et al., 1996!. The as-
sessment will focus on the positive and negative social consequences of the
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demonstration project during the planning, development, operation and
decommissioning phases of the project. Methods will include personal, open-
ended interviews with government officials, institutional and community
leaders. The social assessment will also measure potential demand for char-
ter cruises for education and tourism during the operation phase of the
open ocean aquaculture demonstration project. Within the overall study
priorities, the assessment will give greatest attention to those most affected,
especially those with greatest involvement with and knowledge of the project
and those who will experience effects in the near and long term. The social
assessment will begin with a field reconnaissance in the primary study re-
gion to identify organizations to include in assessment. Semi-structured in-
terviews will be conducted with fifty persons directly or indirectly associated
with the project. Additional interviews will be completed with federal, state
and county agencies, nongovernmental organizations, and fishing-depen-
dent industries.

The sociological assessment will provide a direct link to Regional Plan-
ning Commissions, State Offices of Planning, City Planning Departments,
the Gulf of Maine and Estuarine Research Reserves. This coordination ef-
fort will provide all those involved with a better understanding of the project
and the typical scope and range of issues addressed in the socioeconomic
analysis. The proposed assessment will also build on the substantial history
of social science research relating to the study of the role natural resources
have played in the location, function and growth or decline in communities.

Outreach and Education

LNH Sea Grant Extension, the Portsmouth Commercial Fishermen's
Cooperative, and the Seacoast Science Center  Portsmouth, NH! will coor-
dinate to achieve the outreach objectives of the Demonstration Project.
The goals of this effort are: to engender the support and cooperation of the
commercial fishing industry, to disseminate information, and to produce
documents that will facilitate the development of private aquaculture ven-
tures. Early in the project, UNH Sea Grant Extension will conduct formal
and informal meetings with representatives of commercial fishermen's
cooperatives. Sea Grant Extension personnel will also assist with the per-
mitting process, and will produce a complete set of guidelines for obtaining
an aquaculture permit. All stakeholders  e.g. commercial fishermen, the
news media, the general public, decision makers, state and federal agen-
cies, environmental groups! will be kept informed about the project through
workshops and meetings. UNH Sea Grant Extension will also submit grant
proposals for additional funding, and help fishermen obtain funds to begin
aquaculture businesses.



The Portsmouth Fishermen's Cooperative will be actively involved with
many aspects of the project, including information exchange, logistical sup-
port  hiring of fishing vessels and their crews, making available unloading
winches, forklifts, coolers, live tanks, and work and storage space!. The
manager will investigate marketing opportunities for the fish and shellfish
grown by the demonstration project.

The Seacoast Science Center, with over 100,000 visitors per year, will
link the Demonstration Project with the general public through interpretive
programs and exhibits about the technology, science and resource issues
associated with aquaculture in the Gulf of Maine. Seacoast Science Center
exhibits will focus on project technology, science and related marine issues,
the history of fishing in the Gulf of Maine, and the environmental problems
that aquaculture may be able to address. Center staff will develop exhibits
and program designs, will research additional funding sources, write grant
proposals for additional funding, and train volunteer interpreters to assist in
delivering programs.

One of the major strengths of UNH's previous research on aquaculture
is the extent to which we have involved undergraduate and graduate stu-
dents. Numerous graduate students are doing thesis projects related to our
research in aquaculture; undergraduates have prepared Senior Theses, pur-
sued independent projects, obtained work-study positions, or simply volun-
teered. This type of project provides a perfect training ground for future
aquaculturists, ocean engineers, marine policy analysts, resource econo-
mists, fisheries biologists, and marine biologists. From outside the Univer-
sity community, commercial fishermen have actively participated in our
past and current studies and routinely visit our laboratories. Our methods
and results will be immediately available to this user group, who will ulti-
mately benefit from aquaculture activities in New England.

Conclusions

The University of New Hampshire is currently engaged in a compre-
hensive demonstration project to provide evidence of the feasibility of com-
mercial open ocean aquaculture at the systems level. The Demonstration
Project is an integrated, multidisciplinary effort involving biology, oceanog-
raphy, engineering, sociology, economics, outreach, and education. Our
goals include: 1! working toward streamlining of the regulatory and permit-
ting processes that now impede the expansion of commercial aquaculture;
2! demonstrating the technical feasibility of producing fish of market size
through hatchery culture and cage grow-out; 3! providing leadership in ocean
engineering for cage design, evaluation, and deployment; 4! creating a re-
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gional facility for experimental and educational programs; 5! providing eco-
nomic data for risk assessment for capital investors and insurance compa-
nies; and 6! building a new marine industry that attracts new potential en-
trepreneurs, with particular focus on our endangered commercial fishing
industry.
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The Sociological and Environmental
Impacts of Open Ocean Aquaculture

Joseph McElwee
Managing Director

Turbard Iarthar Chonamara Teo.
Galway, Ireland

Farming of the oceans has existed since man realized the potential and
the rewards, be it the basic supplement of nutrition to financial gain. Har-
vesting produce from the seas in the forms of fish, seaweed's or shellfish
has resulted in many coastal communities and industries establishing them-
selves in their own rights and with world-wide recognition as associated
fishing ports or centers of fish related industries from landings to processing
and sales.

This of course has an effect on a number of parameters including
economy, demographics, people skills and availability and the environment.
Just how this occurs is directly related to the type of industry, the govern-
ment support  of the day!, grant availability and industry perception amongst
the general public.

In order to understand the problems and advantages in terms of the
socio and environmental impact of open ocean aquaculture, we must ex-
amine current successes and failures, certainly as applied to the Irish situa-
tion, which in perspective is not all to dissimilar to any other country, just
multiplied in magnitude.

Definition

~ Sociology: The study of social groups as pertains to their surround-
ings.

~ Environment: The local, or habitat of an area.
For the purposes of this talk, I intend to refer to the interactions of the

local communities and the effects on the environment that fish farming has
had in Ireland, and how it will be in the future, with regards to a worldwide
scale.

Ireland is a small island nation surrounded by the open sea, with an
environmentally clean image and clear pristine Atlantic water lapping at its
shores. It has a huge market in Europe for it's produce and is a member of
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the European Community, allowing trade within European countries on a
level par with the big players. What Ireland does not have, is a comparable
sized fishing fleet or Aquaculture industry to rival may of it's European
colleagues thus we are always having to develop newer or better method's
for our industries.

As up to the 1950s we were considered an Agri based country, our
main food supplies came from the land farming sectors, which down through
the years have generated their own social communities and environmental
problems. These have been dealt with by monetary funding or getting the
public to accept or adapt to the situation i.e. deforestation, silage and car-
cass removal. This has resulted in many problems, but as Agriculture is
worth so much, it's worthwhile to put a concentrated effort into developing
and overcoming any arising problems.

The Aquaculture industry started to develop in earnest in the 1970s in
Ireland, and many of the Agriculture avenues of success were utilized, such
as funding methods, disease diagnostics and most importantly markets and
marketing of the produce. However we then started to run into social
misperceptions, environmental laws and ecologically related problems.

The government realized that the interactions and involvement of local
communities was of paramount importance, whilst a revamp of environ-
mental laws as applicable to Aquaculture would need to be undertaken.
This was set motion in the late 1970s and only last year did some of the
laws actually change or get ratified! Due to the rapid expansion of Aquacul-
ture, the farmers themselves realized that certain environmental param-
eters would change anyway, from biological to aesthetic. Naturally there
was, and still is, problems related to the environment and Aquaculture, but
due to a better understanding and perception amongst the different repre-
sentative bodies. Things are changing for the better.

The positive aspects of Aquaculture include the need to maintain good
water quality in a biologically attractive environment, and the need to em-
ploy large numbers of skilled people from college graduates to local people
with specific hands on knowledge of the areas. However Aquaculture is
also widely perceived as having a negative interaction with other interests
such as intrusion of coastal areas, the use of water space, use of chemicals
and damage to the benthos and bentic populations. In reality the choice of
location of the Aquaculture installation will either attract or detract from
many of these issues. The importance of a clean unpolluted environment as
a resource for economic development is increasingly recognized and under-
pins the production of quality food products.

Naturally, an area of concern developed amongst certain factions within



political circles, as to the importance and aesthetic value of certain areas as
they pertained to Aquaculture. Many people wanted job creation enter-
prises, but not in their back garden, so to speak, if it had the potential to
effect their scenery, or they were misinformed as to the exact nature of the
business. We suffered immeasurable damage in the early days of our indus-
tries development, due to misinterpretation and incorrect information in
the media and in the locality.

Without a doubt, this hindered our industries development, as almost
everyone became anti-fish farming, and it started to reach political circles.
The environmentalists then expressed their concerns, a lot of which were
unsubstantiated due to lack of correct information, and good old-fashioned
prejudice! Nothing better than an Eco-political controversial issue!

This is also where we must take some of the blame. Put plainly, we
didn't stand up for ourselves, nor did we promote the industry, in a profes-
sional aggressive manner. We spent large amounts of money on trying to
disprove theories and prove scientific facts, which still weren't enough.

Let's not detract from the issue here though, and that's what we learnt
from all of this.

Firstly, be informative, and unequivocal in your beliefs, and don't be
bullied!

Secondly, have the relevant scientific data to hand, and know that some-
where in the world, someone else has this data, or is working on it!

The whole environmental issue is complicated, but any fish farmer will
tell you the same thing world wide...To grow fish, you need unpolluted,
clean and disease free environments, anything less and your stock will not
perform. If your stock doesn't perform...no money!

Accordingly, over the last number of years, we as an industry are work-
ing in tandem with the environmental lobby, and with their support are
now getting political and local results, that satisfy all concerned. It's not
easy, and there are still contentious issues, but an all around openness has
developed, and it is working. There are still many issues to be dealt with
from navigation rights to chemicals, but there is a solution, as we are learn-
ing.

In the west of Ireland we had a tremendous people haemorrhage in the
early 1980s, due to immigration, as there was little future in these barren
unproductive shore's all along our seaboard. However, with the introduc-
tion of Aquaculture in these regions, immigration ceased as communities
came together, worked together and once more developed a sense of self-
awareness and commitment to a progressive industry that had their in-
volvement. Communities started to grow, schools became populated once
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again, but more importantly, the economics in the areas improved, which
resulted in better living standards, and most importantly, subsidiary indus-
tries set up, and created even more employment. Community camaraderie
improved and they let the politicians know this! Their voices became pow-
erful, and they were noticed once more. Services and infrastructure im-
proved and both the Aquaculture and local industries availed of this.

Environmentally perceived problems concerned with aquaculture
~ The Aesthetic problem � unsightly, located in Tourist/Scenic areas.
~ Use of navigation and water space � direct competition.
~ Competition over valuable land on the shoreline.
~ The so-called abundant use of chemicals.

~ Potential conflict with other forms of wildlife.

~ Water Pollution.

~ Inhumane keeping of large numbers of animals.
~ Consistent activity � Fish don't have holidays!
~ The development of infrastructure.
~ Escapees � Dilution of genetic pool.
~ Harvesting procedures and practices.
~ All licenses and government red tape issues.

Sociological perceptions concerned with aquaculture
~ The right to privacy, not in may back yard syndrome.
~ Introduction of outsiders to the locality.

~ Employment issues.
~ Reputation of area � Tourism etc.
~ Suspicions and Hesitation of acceptance/change.
~ Lack of confidence in industry.
~ Lack of knowledge/information with regards to the Aquaculture ven-

ture involved.

So these have been handled in a number of ways including;
~ Public participation, whereby the values, concerns and aspirations of

the community affected was accommodated.
~ Steps by which relevant policies, legislation and institutional arrange-

ments can be developed and implemented to meet local needs and
circumstances while recognizing national priorities.

~ Collaboration between Farm owners, Scientists in interpretation and
application of R&D policies.



35

Conclusion

Everyone wants to integrate and be part of a community, and ensure all
environmental rights/issues are agreeable to all concerned. So, how can
we encourage this?

Sociologically
~ Involved all the community in the project and employ those qualified

and with the hands on experience that is required.
~ Ensure the company is open in its dealings and disseminates the correct

knowledge to those who matter.
~ Don't allow the area to suffer due to progress, enhance and encourage

it along.
~ Be a conduit for success, and encourage/support local industries that

set up in your wake, i.e. net repairs etc.

Environmentally
~ Establish from the start your intentions and any physical/biological sub-

sequences.

~ Involve the environmental lobby in your prospective plans, and keep
them informed of the future developments.

~ Allow for a trusting environment and working relationship, which is a
two way street!

~ Ensure the scientific data is available for general consumption.
~ Be active on the political front yourselves, and help create or have input

into legislative matters that may affect your operation.
~ Keep the farm clean and tidy!
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Marine Tenure and Offshore Aquaculture
in the Gulf of Mexico:

A Public Policy Perspective
Michael Dealessi

Center for Private Conservation

Washington, D.C.

The importance of secure marine tenure is hardly a mystery to anyone
in the aquaculture business � they cannot survive without it. Secure tenure
provides the essential stability and motivation for innovation that are so
crucial to any business venture, and thus is perhaps the most important
measure of success for any potential aquaculture operation. Convincing
others of this, however, is another matter, and as aquaculturists consider
moving offshore in the Gulf of Mexico and elsewhere, they will necessarily
have to convince a host of policy makers, environmentalists and others that
aquaculture is a good thing � and once again tenure is the key.

Tenure is more than just the right to site a facility in a particular place, it
also extends over what is contained in the facility  e.g. the fish!, and over
the surrounding area  e.g. water quality!. All three forms of tenure should
be an integral part any attempt to develop aquaculture offshore � to help
bolster the arguments in favor of aquaculture development and to build
coalitions with other parties, especially those interested in the conservation
benefits of secure tenure.

The importance of the first kind of tenure is obvious. Without a site
there is no aquaculture facility. In the Gulf of Mexico, luckily, there is a
great deal of precedent to start with. Offshore oil and gas leases are well
established and nearshore leasing arrangements exist in most Gulf states
for oyster cultivation and even for live rock in Florida. Although these leases
are generally very restrictive � normally for only one specific activity such as
oil and gas exploration � there is at least a model in place and a general
understanding of its importance.

The second form of tenure accounts for the amazing gains in productiv-
ity experienced by the aquaculture industry in recent years. Tenure within
an aquaculture facility is what separates aquaculture from wild fisheries,
where the rule of capture all too often reigns. Thus, harvesters of wild
fisheries routinely destroy their own livelihoods because any fish they leave



in the sea may simply be left for someone else to harvest. Aquaculture
facilities, on the other hand, literally fence in the seas, solving the problem
that has plagued so many fisheries by getting the incentives right and by
rewarding stewardship.

Any number of examples illustrate this point, but perhaps the most vivid
is the oyster harvests of the Chesapeake Bay. Oyster beds in Maryland
typically are and have been public resources, while those in Virginia have
tended to be leased privately, Prior the onset of the oyster diseases in the
Chesapeake in the 1970s, two economists from the University of Delaware
compared the Maryland and Virginia oyster industries and found that the oys-
ters produced in Virginia tended to be larger, healthier, and of better quality
than their Maryland counterparts, because Virginia oystermen were stewards
of the resource while their Maryland counterparts simply exploited it  Agnello
and Donnelley, 1975!.

The third form of tenure is over what surrounds an aquaculture facility,
whether it be a river, a bay or the seas offshore. This form of tenure is also
responsible for some of the negative public perception that have recently
plagued the aquaculture industry, for it is a lack of tenure outside of an
aquaculture facility that often leads to pollution problems. In fact, these
pollution problems are caused by the same factors that have plagued wild
fisheries. Fish and the clean water they swim in are both valuable resources
subject to depletion. Whether an aquaculture facility is a culprit or a victim
of pollution, the problem is a commons problem. Thus, in places like Thai-
land and Ecuador, it is hardly surprising that unowned mangroves are de-
stroyed.

But the problems created by a lack of tenure are also an opportunity.
Strengthening tenure outside of a facility also strengthens the conservation
benefits of aquaculture. Again the oyster industry provides an example, this
time in Washington state, the only place in the U.S. where subtidal areas
may be owned in fee simple. This ownership created a vested interest in
clean water among the oystermen there, which over the years led one conser-
vationist to remark "Willapa [Bay in Washington state] is the cleanest bay in
the country, and it is the oystermen who have kept it that way"  De Alessi,
1996!. Similarly in England and Wales, the rights to fish for salmon in streams
and rivers is a heritable, private right, and an organization called the Anger's
Cooperative Association  ACA! has prosecuted "more than fifteen hundred
cases of pollution and recovered hundreds of thousands of dollars in damages
to enable riparian owners to restore their fisheries"  Bate, 1994!.

Thus, it is important to recognize that some problems with aquaculture
do exist, but also to recognize why they exist � a lack of tenure. It is an
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institutional problem, not one with aquaculture per se. If marine tenure is
really complete, then the bottom line is that it makes a clean, productive
environment a valuable asset.

Aquaculture entrepreneurs should not gloss over the fact that they are
in business to make money, but should also keep sight of the potential
conservation benefits of their activities as well. For example, if all three
forms of tenure are addressed, then leasing areas for offshore aquaculture
will not create pollution, but a bulwark against pollution � an array not only
of water quality monitors, but also collectors of oceanographic data.

Once the conservation benefits of aquaculture have been established,
the next logical step is coalition building. Look for others who would benefit
from similar leasing arrangements, for example, artificial reef builders. The
Gulf of Mexico is host to an astounding number of artificial reefs, mostly oil
and gas structures in Louisiana and Texas and smaller materials in other
states. Currently, all of the reefs in the Gulf are public reefs, and many are
overfished or otherwise in poor condition for exactly that reason. Many
people remark that they see as many fish outside an aquaculture facility as
inside � so most aquaculturalists are all already in the artificial reef business.
Sportsfishermen are natural allies who would also benefit from more and
less restrictive leasing arrangements.

Additionally, even though environmental groups seem to be more an-
tagonistic than supportive of late, those who genuinely want to improve
conservation practices should be natural allies. The Environmental Defense
fund, for example, is often critical of aquaculture, yet they support market
incentives in the wild fisheries. Convince EDF that the same tragedy of the
commons that has plagued wild fisheries is also responsible for aquaculture's
problems, and they could be one of aquaculture's strongest leasing propo-
nents.

In sum, to create secure tenure for offshore aquaculture in the Gulf of
Mexico or anywhere else, much of the challenge will be to communicate
just why there have been some problems for aquaculture, to emphasize the
conservation benefits of aquaculture under the proper institutional arrange-
ments, and to look for natural allies to help along the way, such as artificial
reef users and many more environmentalists than one might think.
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