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This report details recommendations to implement governance changes critical to the devel-
opment of sustainable marine aquaculture in federally-controlled offshore waters of the United
States (generally 3-200 nautical miles offshore).  Sustainable offshore aquaculture has the po-
tential to enhance the availability of food resources for the public and to rebuild some fishery
stocks.

Offshore aquaculture has come into the spotlight in the recent past due, in part, to findings in
key reports such as the U.S. Commission on Ocean Policy, the Administration's Ocean Action
Plan, and the Pew Oceans Commission.  Recent developments such as the introduction of
offshore aquaculture legislation in the U.S. Congress, the adoption of EPA's Effluent Limitation
Guidelines for aquaculture facilities, and related work by fishery management councils have also
generated added interest in offshore aquaculture.  This policy study discusses options to correct
gaps and deficiencies in the governance framework related to the siting, operation, and monitor-
ing of offshore aquaculture facilities raising native species, with the question of management of
non-native species set aside for future debate and analysis.

The report was prepared by an interdisciplinary, multi-institutional team (comprised of experts
from a variety of disciplines and backgrounds: marine policy, law, industry, state government,
environmental groups, and marine sciences) and included literature reviews, policy design, and
consultation with stakeholders (state and local governments, private industry, and non-govern-
mental organizations) through one national workshop and five regional workshops.  The recom-
mendations in this report reflect a consensus by the authors of the report, although no single
author would agree with every recommendation in the study.

This report builds on a previous study carried out by a multidisciplinary and multi-institutional
team coordinated through the Gerard J. Mangone Center for Marine Policy at the University of
Delaware. That study, Development of a Policy Framework for Offshore Marine Aquaculture
in the 3-200 Mile U.S. Ocean Zone, was prepared by Biliana Cicin-Sain, Susan M. Bunsick, M.
Richard DeVoe, Tim Eichenberg, John Ewart, Harlyn Halvorson, Robert W. Knecht, and Robert
Rheault in 2001 as a technical report. Both of the studies were funded by grants from the
National Oceanic and Atmospheric Administration (NOAA) and administered by the National
Sea Grant College Program. This support is gratefully acknowledged.

Any errors or omissions in this report are solely the responsibility of the authors.  This report
reflects the collective work of the authors and does not reflect the opinions or position of NOAA.

    The authors wish to express their sincere thanks to Jason Didden and to Meredith Blaydes for
their collaboration in the organization of the research work and the editing of this volume, and to
the following University of Delaware colleagues who provided support in various aspects of the
project:  Dr. Miriam Balgos, Kevin Goldstein, Shelby Hockenberry, Cathy Johnston, and Malinda
Yarnell.  The assistance of technical editor and graphic designer Jorge A. Gutierrez is acknowl-
edged with sincere thanks.

Dr. Biliana Cicin-Sain
Project Director
October 2005
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Executive Summary
REPORT HIGHLIGHTS

The report:

•  Reviews the current status of marine aquacul-
ture in the United States, the rationale for siting
projects further offshore, and the results of the
previous study in this series, which assessed
federal policy with respect to the development
of aquaculture as a relatively new ocean
industry in federal waters.  Relevant aspects of
the U.S. Commission on Ocean Policy, Presi-
dent Bush’s U.S. Ocean Action Plan, the Pew
Oceans Commission, the National Offshore
Aquaculture Act of 2005 (S. 1195, Stevens,
Inouye), and the Environmental Protection
Agency’s Effluent Limitation Guidelines are
also outlined (Chapter 1).

•  Describes an administrative framework
capable of executing recommended aquacul-
ture policy changes made in this report (Chap-
ter 2).

•  Provides guiding principles and specific

provisions of a system of offshore aquaculture
leasing and permitting designed to increase
predictability, efficiency, and accountability for
offshore aquaculture development (Chapter 3).

•  Details the necessary planning and site assess-
ment actions to successfully site offshore
aquaculture facilities, including the use of
geographic information systems (GIS) and
marine zoning  (Chapter 4).

•  Examines potential environmental ramifications
of offshore aquaculture and steps to mitigate
environmental effects (Chapter 5).

•  Proposes a monitoring strategy to ensure that
offshore aquaculture operations do not compro-
mise environmental quality  (Chapter 6).

•  Presents guidelines and options for compliance
with and enforcement of regulatory authority
(Chapter 7).

RESEARCH RESULTS AND RECOMMENDATIONS

The Status and Challenges of
Marine Aquaculture in the
United States (Chapter 1)

In 2002, total U.S. aquaculture (fresh and marine)
production totaled 867 million pounds valued at $866
million dollars.  Harvest in weight increased about 10%
from 1998 to 2002, although the value of the total har-
vest actually declined by about 8%, largely due to lower
catfish prices and declines in both salmon harvest and
salmon prices.  Aquaculture products range from clams
to baitfish to trout, with catfish usually accounting for
about 70% of production by weight.  In 2002, the major
marine species used for aquaculture (salmon, oysters,
clams, shrimp, and mussels) accounted for about 8% of

the total production by weight and about 18% by value.

Worldwide, one-fourth of all fish consumed is pro-
duced from aquaculture, and the United Nations (UN)
Food and Agriculture Organization (FAO) predicts a
widening gap between demand and available supply of
seafood.  With its expansive federal waters, the United
States has the potential to supply large quantities of
farmed seafood, and some pilot projects are testing dif-
ferent forms of offshore aquaculture.  Conflict with other
users of coastal areas will likely impede expansion of
inshore aquaculture production, and offshore aquacul-
ture is currently hindered by the lack of an appropriate
governance framework for aquaculture in federal wa-
ters.  Without a lead agency for offshore aquaculture,
conflicts between regulatory agencies frequently oc-
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cur, leading to confusion about environmental require-
ments, appropriate siting, permitting, and oversight and
monitoring of offshore aquaculture facilities.  Review
of national and international experiences provides les-
sons for better governance of offshore aquaculture,
which the 2001 study organized into guiding criteria and
requirements for a successful policy framework.

The U.S. Commission on Ocean Policy (USCOP),
the U.S. Ocean Action Plan, and the Pew Oceans Com-
mission address marine aquaculture in their assessments
of issues in and improvements to U.S. ocean policy.
Also, the Administration submitted The National Off-
shore Aquaculture Act of 2005 on June 7, 2005 (S. 1195,
Stevens, Inouye).   Together, these four documents ac-
knowledge the growth and promise of marine aquacul-
ture and address relevant environmental and regulatory
issues.  The U.S. Commission on Ocean Policy advises
the creation of an aquaculture office in the National
Oceanic and Atmospheric Administration (NOAA) with
explicit responsibility for management and coordination
of offshore aquaculture.  The U.S. Commission’s rec-
ommendations center on facilitating and coordinating
balanced development of marine aquaculture.

The President’s U.S. Ocean Action Plan indicates
that the Administration supports giving the Department
of Commerce regulatory authority over offshore aquac-
ulture and that the Administration supports EPA’s au-
thority to regulate effluents from aquaculture operations.

The Pew Oceans Commission recommends that a
national oceans agency (recommended to be created)
coordinate with regional ocean councils (recommended
to be created) and the U.S. Environmental Protection
Agency (EPA) to manage marine aquaculture.  The
Pew recommendations center on mitigating possible
negative effects of marine aquaculture.

The National Offshore Aquaculture Act of 2005 (S.
1195 - Stevens, Inouye) gives the Secretary of Com-
merce the authority to implement a regulatory system
for offshore aquaculture in Federal waters.  Chapter 1
also outlines the provisions of EPA’s 2004 Effluent Limi-
tation Guidelines for concentrated aquatic animal pro-
duction (CAPP) facilities.

A Proposed Administrative
Framework (Chapter 2)

The authors posit that NOAA is the preferred option
for the location of a lead program office for offshore
aquaculture, because of its statutory authorities in fed-
eral waters as well as its expertise and organizational
knowledge of marine science and public policy issues.
The range of issues involved in offshore aquaculture
warrants the creation of a new Office of Offshore
Aquaculture within NOAA that would primarily plan
for aquaculture development in federal waters and op-
erate an aquaculture leasing system in federal waters
through the rulemaking process.  The office would ini-
tially need a minimum of 15-20 people, with long-term
staffing needs dependent on the demand for leasing of
sites.  The office would need to coordinate with many
entities including other NOAA offices, the Army Corps
of Engineers, EPA, the Coast Guard, the U.S. Fish and
Wildlife Service, the Food and Drug Administration, and
the Minerals Management Service.  The new office
would negotiate Memoranda of Understanding/Agree-
ment (MOUs/MOAs) or similar agreements with these
agencies to establish the responsibilities, authority, and
procedures involved in enforcing offshore aquaculture
policy.

Chapter 2 Recommendations

Recommendation 2.1   The National Oceanic and
Atmospheric Administration (NOAA) is the preferred
option for the location of a lead program office for
offshore aquaculture.

Recommendation 2.2   It is recommended that a
new Office of Offshore Aquaculture (OOA) be cre-
ated within NOAA.  The NOAA Office of Offshore
Aquaculture should report directly to the NOAA Ad-
ministrator and be given the organizational authority
to deal with inter-line office issues in implementing
the offshore aquaculture program.

Recommendation 2.3   The NOAA Office of
Offshore Aquaculture should consult and collaborate
with the Joint Subcommittee on Aquaculture where
appropriate, for example, regarding research priorities
and regulatory review.

Recommendation 2.4   Federal agencies should
negotiate Memoranda of Understanding/Agreement
(MOUs/MOAs) or other agreements to set out the
responsibilities, authorities, and procedures of all of
the agencies involved in enforcing the offshore aquac-
ulture provisions described in this document.
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Leasing and Permitting
(Chapter 3)

The present permitting framework translates into a
loss of economic development potential of U.S. federal
waters.  This report recommends a streamlined, joint
offshore aquaculture leasing and permitting process with
a single application for a lease, a Section 10 Rivers And
Harbors Act permit, a Section 402 discharge (NPDES/
Clean Water Act) permit, and a Coastal Zone Manage-
ment Act (CZMA) consistency determination.  Project
applications would need to include an Offshore Aquac-
ulture Operational Business Plan that contained infor-
mation on such factors as project location, engineering,
operation, species, production schedule, environmental
issues, monitoring, Best Management Practices
(BMPs), and financial information.

A leasing framework should include stipulations on
who is eligible to obtain a lease, the exact application
requirements, spatial and temporal scope of the lease,
exclusivity, compensation, provisions for state review
and public input, provisions for monitoring of successful
applicants, performance bonding, and termination pro-
cedures.  Congress should create a new aquaculture
leasing authority for NOAA, implemented by the pro-
posed new NOAA Office of Offshore Aquaculture.
Lease types would include research, short-term, long-
term and emergency leases, for different project types
and stages.

Chapter 3 Recommendations

Recommendation 3.1   It is proposed that leasing
and permitting proceed jointly given the time and ef-
ficiency gains that are expected from joint leasing
and permitting without any loss of environmental pro-
tection.

Recommendation 3.2   In light of the fact that joint
leasing and permitting will require close coordination,
the authors recommend that a formal mechanism be
established to enable NOAA, the Army Corps of En-
gineers, and other interested federal agencies to co-
operate with one another and to coordinate their re-
spective reviews.

Recommendation 3.3   A joint, multi-purpose lease/
permit application form to guide review by all appro-
priate federal and state agencies and the public, should
be developed for use by all applicants seeking to lo-

cate aquaculture facilities in federal waters.

Recommendation 3.4   When applying for a stan-
dard offshore aquaculture lease and associated per-
mits, the applicant should provide detailed informa-
tion on the proposed aquaculture operation in the form
of an Offshore Aquaculture Operational Business
Plan.

Recommendation 3.5   Congress should create a
new offshore aquaculture leasing authority, vest that
authority with NOAA, and direct the Army Corps of
Engineers to focus its Section 10 review on national
security and navigation and to rely on the NOAA-
coordinated environmental evaluation.  Leases should
spell out terms of tenure and operational parameters.

Recommendation 3.6   The NOAA Office of Off-
shore Aquaculture should have the authority to grant
offshore aquaculture leases for areas in, on, and un-
der federal waters and the responsibility to adminis-
ter and monitor all offshore aquaculture leasing ac-
tivities.

Recommendation 3.7   It is proposed that the
NOAA Office of Offshore Aquaculture facilitate in-
ter-agency interaction with other relevant permitting
agencies, so as to create a one-stop process for ap-
plying for offshore aquaculture leases and permits.

Recommendation 3.8   Four types of leases should
be authorized:

(1)    A research lease to encourage the develop-
ment and testing of new gear or techniques and to
allow for scientific research;

(2)    A short-term (or interim) lease to enable an
aquaculture firm to further develop the facility’s Off-
shore Aquaculture Operational Business Plan;

(3)    A long-term (or standard) lease for an appli-
cant with a fully developed Offshore Aquaculture
Operational Business Plan; and

(4)    An emergency lease to provide the culturist
with a rapid response capability in the event facilities
must be temporarily moved or relocated.

Recommendation 3.9   Consideration needs to be
given to the cumulative impacts of offshore aquacul-
ture facilities and, consequently, spacing and fallow-
ing guidance should be developed by the NOAA Of-
fice of Offshore Aquaculture.
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Recommendation 3.10   Adoption of a mechanism
similar to the Request for Information and Interest
(RFII), utilized by the Minerals Management Ser-
vice in leasing sand and gravel resources, should be
incorporated into the offshore aquaculture leasing
program adopted by the NOAA Office of Offshore
Aquaculture.  The RFII process should be enhanced
by requiring the scheduling of public hearings for ar-
eas potentially affected by the proposed offshore
aquaculture operation.

Recommendation 3.11  In exchange for the semi-
exclusive use of offshore space for aquaculture,  the
NOAA Office of Offshore Aquaculture should es-
tablish rental fee and royalty rates after due consul-
tation with the offshore aquaculture industry, other
ocean user constituencies, the public, and other fed-
eral agencies.

Recommendation 3.12   NOAA should coordinate
reviews by agencies under other authorities such as
the National Historic Preservation Act, the Endan-
gered Species Act, the Marine Mammal Protection
Act, the Fish and Wildlife Coordination Act,
Magnuson-Stevens Fisheries Act, and the Coastal
Zone Management Act.

Recommendation 3.13   Fishery Management
Councils (FMCs)  should review applications for po-
tential impacts on essential fish habitat and impacts
on fisheries under their purview; however, require-
ments such as restrictions on the total allowable catch,
seasons and ownership that FMCs apply to capture
fisheries should not be applicable to offshore aquac-
ulture.  Aquaculture operations conducted pursuant
to a lease and all necessary permits should be ex-
cluded from the definition of “fishing” under the
Magnuson-Stevens Act, 16 U.S.C. § 1802 (15).

Recommendation 3.14   It is critical for NOAA,
the Army Corps, and EPA to involve states early in
and throughout the zoning, leasing, and permitting pro-
cesses, and states should receive timely and adequate
notice as well as an opportunity to comment.

Planning and Site
Assessment (Chapter 4)

Insufficient policy guidance is available for determin-
ing the best locations for offshore aquaculture.  Poor
siting can result in both economic and environmental
inefficiencies.  Planning for offshore aquaculture should
begin with comprehensive delineation of the environ-

mental characteristics and traditional uses of offshore
areas.  From such a survey, agencies could identify can-
didate sites though further investigations of socioeco-
nomic, physical, biological, and technical criteria.  Siting
procedures could include case-by-case site-specific
leases, pre-permitted sites designated for marine aquac-
ulture, pre-approved areas for short-term projects, or
more comprehensive marine zoning including Marine
Aquaculture Parks specifically designed to encourage
development of marine aquaculture.  Such marine zon-
ing would fit into an overall management scheme for
multiple-use management of federal waters.  While our
focus is on developing timely identification of sites suit-
able for offshore aquaculture, a more ideal model would
provide for comprehensive planning of federal waters.

Chapter 4 Recommendations

Recommendation 4.1   It is recommended that
comprehensive mapping of offshore areas be con-
ducted to identify areas suitable for the offshore
aquaculture industry as well as other uses and to fur-
ther the development of a detailed, map-based ma-
rine zoning plan.

Recommendation 4.2   Two stages of public re-
view, including the scheduling of public hearings for
areas potentially affected by a proposed offshore
aquaculture operation, are recommended for the plan-
ning process:  upon commencement of the planning
process and upon completion of the final plan.

Recommendation 4.3   A planning and manage-
ment strategy for the location and siting of offshore
aquaculture development should be a component of
a comprehensive ocean and coastal management ap-
proach including consideration of socioeconomic and
environmental criteria.

Recommendation 4.4   NOAA should consider the
development of the following options for the place-
ment of offshore aquaculture operations:

• leases or easements granted on a case-by-case
basis, taking into account environmental criteria of
the area and project-specific factors;

• identification of sites suitable for the designation of
pre-permitted sites for marine aquaculture, upon
securing necessary general permits to address state
and federal regulatory requirements;

• designated areas for short term leasing of small
scale or pilot projects in locations to minimize im-
pacts on other user groups and on the environment;
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• zoned areas for multiple use, depending upon
the appropriateness of the site and public input;

• marine aquaculture parks to provide initial infra-
structure, environmental assessment information, and
designated areas for pilot, research, and longer-term
commercial projects.

Environmental Review
(Chapter 5)

The environmental impacts of poorly planned or sited
commercial-scale offshore aquaculture could include ex-
ceeding environmental carrying capacity, waste pollu-
tion of water and sediment, and potential genetic im-
pacts, disease transmission, and competition from es-
caped organisms.  Negative interactions with wild fish-
eries, marine mammals, birds, and endangered species
could also occur.  The precautionary approach should
be used to minimize environmental effects and ensure
development in a sustainable manner. Environmental re-
view should be carried out during planning/assessment,
leasing /permitting, and during long-term monitoring with
adaptive management.  Methods exist for mitigating
many possible environmental effects of offshore aquac-
ulture, and more research should be conducted on eco-
nomically viable polyculture, a natural way of using mul-
tiple species to make an aquaculture operation a more
balanced part of the surrounding ecosystem.  Industry
should assume responsibility for environmental degra-
dation, costs for operational monitoring, and eventually
a portion of the costs associated with baseline monitor-
ing.

Chapter 5 Recommendations

Recommendation 5.1   Congress should clarify and
confirm that NEPA applies to federal waters and the
continental shelf.

Recommendation 5.2   Environmental impacts from
aquaculture, such as those described in this chapter,
should be avoided, minimized, or mitigated to the maxi-
mum extent possible.

Recommendation 5.3   A commitment to
sustainability, application of the precautionary ap-
proach, concern for environmental carrying capac-
ity, thorough scientific assessment and monitoring of
the environment, ecosystem-based adaptive manage-
ment, and public participation and transparency should

guide environmental review of aquaculture in fed-
eral waters.

Recommendation 5.4   Every environmental re-
view should incorporate public (including stakehold-
ers) review.  Public input should be solicited and in-
tegrated into the process so that it can effectively
influence decisions based on the environmental re-
views.

Recommendation 5.5   Environmental review
should be carried out at three stages of offshore
aquaculture development and operation:  planning/
assessment, leasing/permitting, and long-term moni-
toring with adaptive management.  The respective
environmental reviews should be tailored to each stage
of offshore aquaculture development and operation.

Recommendation 5.6  Initial environmental review
and associated ecosystem monitoring should be done
by or under the direction of the NOAA Office of
Offshore Aquaculture, with costs shared (especially
initially) by NOAA and the applicant.  Costs of sub-
sequent monitoring associated with comprehensive
environmental review could also be shared while costs
for routine operational monitoring should be borne by
industry.

Monitoring (Chapter 6)

The NOAA Office of Offshore Aquaculture should
coordinate monitoring of offshore aquaculture facilities.
Operators may be the best agents for some monitoring
responsibilities.  Federal agencies will likely need to
gather baseline data given the limited scale of the cur-
rent industry, sharing some costs with industry.  De-
pending on the level of environmental concern related
to a project, NOAA could require data on effluent load-
ing, stocking, water column chemistry, phytoplankton
composition, benthic community structure and function,
sediment organic composition, disease incidence, and
use of chemical therapeutics.  NOAA would need to
determine appropriate data needs and analytical tech-
niques, along with a system that allows monitoring re-
sults to be incorporated into decision making.  The most
basic regimes would need to monitor or model for nutri-
ents, dissolved oxygen, medicines and chemicals in the
water or sediment, as appropriate.
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Chapter 6 Recommendations

Recommendation 6.1   The NOAA Office of Off-
shore Aquaculture (OOA) should coordinate data col-
lection efforts of state or federal agencies that regu-
late or assist the offshore aquaculture industry.  The
NOAA OOA should establish MOUs, MOAs, or
other agreements with pertinent regulatory agencies
to ensure that these data are supplied in a timely fash-
ion and in a proper format to avoid duplication of
effort.

Recommendation 6.2   A paramount objective of
monitoring and regulation should be ensuring that off-
shore aquaculture activities do not exceed established
environmental quality standards or the carrying ca-
pacity of the environment.

Compliance and Enforcement
(Chapter 7)

Enforcement would be expected to center on envi-
ronmental issues. Best Management Practices devel-
oped by industry, regulators and stakeholders should be
used where possible, and adherence monitored by ap-
propriate regulatory agencies.  Assigning sufficient re-
sources for monitoring and enforcement is critical.
Criteria that give rise to enforcement actions, as well
as violation penalties, need to be very clear and spe-
cific.  Since environmental and operating conditions will
change over time, some flexibility and adaptability are
crucial for smooth governance of offshore aquaculture.
Penalties could include fines, halting of activity, amend-
ing leasing agreements to correct deficiencies,
remediation assignments, or in extreme cases, revoca-
tion of permits.

Chapter  7 Recommendations

Recommendation 7.1   The NOAA Office of Off-
shore Aquaculture should coordinate state and fed-
eral management initiatives and incorporate input from
both public interests and the offshore aquaculture in-
dustry to ensure that no significant compliance and
enforcement concerns are being overlooked, while
at the same time avoiding unnecessary duplication of
effort.

Recommendation 7.2   Offshore aquaculture op-
erations should be guided by Codes of Conduct and
Best Management Practices developed by industry,

regulators, and stakeholders. The appropriate regu-
latory agencies should monitor operations to ensure
that the Codes and Practices are being followed.

Recommendation 7.3   It is imperative that the regu-
latory authorities be given adequate resources to
monitor and enforce the offshore aquaculture indus-
try.

Recommendation 7.4   Regulators must ensure that
the operators understand well in advance the penal-
ties associated with any violations and what regula-
tory actions will be taken if environmental impacts
exceed established levels.

Recommendation 7.5   Monitoring results should
be promptly reviewed by the appropriate regulatory
authority for compliance with lease conditions as well
as ecosystem impacts. The NOAA Office of Off-
shore Aquaculture should coordinate monitoring, data
collection and enforcement activities by the various
regulatory authorities.

Recommendation 7.6   Monitoring requirements
and regulations should be flexible and adaptive so
that they can respond to changes in operating proce-
dures or environmental conditions. Frequent consul-
tations between industry and regulatory authorities
will minimize the monitoring burden and maximize
the effectiveness of regulations.

Recommendation 7.7   Permit violations should be
subject to civil and criminal penalties.   If an opera-
tion causes damage to the ecosystem, then the op-
erator should be held responsible for remediation and
restoration, or, when such actions are not possible,
reasonable costs of such damage.
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This report addresses the potential for development
of sustainable marine aquaculture in federally controlled
offshore waters of the United States.  These waters
are hereafter referred to as “federal waters” and de-
fined as those waters from the seaward (outside) limit
of state jurisdiction to the seaward limit of federal juris-
diction, generally 3-200 nautical miles from the coast.*
This area, although it includes a portion of the U.S. Ter-
ritorial Sea, is sometimes referred to in U.S. law as the
Exclusive Economic Zone (EEZ) (see EEZ definition
in Magnuson-Stevens Fishery Conservation and Man-
agement Act, Public Law 94-265, 99-659 (11)).  In this
report, “marine aquaculture” refers to aquaculture in
coastal or offshore areas.  “Marine aquaculture” in “fed-
eral waters” is termed “offshore aquaculture.”  This
chapter describes the current state of marine aquacul-
ture in the United States; summarizes a companion study
on offshore aquaculture policy conducted in 2001 (on
which this report builds); reviews several relevant new
developments related to offshore aquaculture; and out-
lines the organization of this report.

The U.S. has not yet developed the necessary policy
framework for siting, conducting, and monitoring off-
shore aquaculture operations.  A new governance
framework is a critical prerequisite if offshore aquac-
ulture is to succeed, that is, to become commercially

viable and environmentally sustainable in the United
States.  Offshore aquaculture constitutes a new use of
ocean space under U.S. jurisdiction.  Development of
an offshore aquaculture governance framework will
need to be crafted with great care to ensure an eco-
nomically and environmentally sustainable industry.
Such a framework must give consideration to effects
on ocean ecosystems, competing uses of ocean space
(such as fishing, navigation, national defense, conser-
vation, recreation, mineral development), and the public
interest.

Aquaculture is defined in the 1980 National Aquac-
ulture Act as “the propagation and rearing of aquatic
species in controlled or selected environments, includ-
ing, but not limited to, ocean ranching.”  As noted in
Table 1.1, there are various types of aquaculture op-
erations involving hatcheries (land-based facilities to
spawn and rear broodstock), nursery culture (the rear-
ing of juveniles to a size conducive to growout), and
growout facilities, which bring the organisms to harvest
size.

There are two distinct categories of aquaculture in
the United States.  One meets human consumption needs
through farming practices or stock enhancement for
commercial or recreational fisheries.  The other en-

*The seaward jurisdictions of both Texas and Florida extend 3 marine leagues (about 10 statute miles) into the
Gulf of Mexico as a result of Supreme Court decisions involving their historic boundaries (see U.S. v. Louisiana,
363, US1 [1960] and U.S. v. Florida, 363, US121 [1960].  (Cicin-Sain and Knecht, 2000, p. 21).
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compasses a wide range of non-food products, includ-
ing baitfish, ornamental fish, drugs, research animals,
craft materials, leathers, jewelry, and stock enhance-
ment for conservation purposes.  Both the food and
non-food items contribute to the national economy by
boosting employment and providing valuable goods and
services (NMFS 2002a).

In 2002, estimated U.S. aquaculture (marine and fresh
water) production totaled 867 million pounds, consisting
largely of freshwater species (mainly catfish, trout, tila-
pia, crawfish, and striped bass). Catfish alone accounted
for more than 70% by weight and 40% by value of

2002 production.  The major marine species (salmon,
oysters, clams, shrimp, and mussels) accounted for about
8% of the total production measured by weight and about
18% by value.  In Table 1.2, the reader will note both
trends and fluctuations across weight (due to changes
in harvest) and value (due to both changes in harvest
and price changes).  Production by weight increased
between 1998 and 2002 while the value of aquaculture
production declined by 8%, largely driven by lower cat-
fish prices and declines in both salmon harvest and
salmon prices (Table 1.2, Figure 1.1).

U.S. aquaculture remains a relatively small industry,

Table 1.1   Major Types of Offshore Aquaculture Operations

Types of Aquaculture by Life Stage:
Hatcheries

Conventional hatcheries involve land-based facilities to spawn and rear broodstock

Nursery culture
This involves the rearing of juveniles to a size conducive to growout

Growout (Cultivation to harvestable size)
Includes shellfish culture, finfish culture, and seaweed culture

Types of Aquaculture by Organism Type
Shellfish culture
          Floating longlines, hanging cages or lantern nets
          Free planted— “bottom ranching”
          Bottom cages

Finfish culture
          Net pens or sea cages

Either for the conventional rearing of hatchery-raised fingerlings or for “fattening” to add value to
wild-harvested fish (such as tuna)
Including: traditional floating pens

submersible
possibly mobile

Ranching: Release of juveniles that either return or are “trained” to aggregate for harvest

Seaweed culture
          Longlines for aquatic plants

Stock enhancement
          Typically considered aquaculture, but this is a “gray area”

Three factors determine if a practice falls within our working definition of aquaculture:

1) Aquatic species are being reared or propagated (defined as spawning, feeding, nurturing,
predator control,  disease prevention, etc.).

2)  Some degree of exclusive use of an area is required by the operation.  For instance, free
planting of shellfish on the bottom does not require a structure and requires little or no husbandry
once the seed are released, but to generate the investment in the seed and early husbandry,
exclusive harvest rights must be granted.

3)  The operation requires placing a structure in the water.

      Source: Cicin-Sain et al 2001
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Figure 1.1    U.S. Aquaculture Production by Value and Weight, 1989 to 2002
Source: National Marine Fisheries Service 2003

accounting for just over one percent of total aquacul-
ture production worldwide (FAO 2001).  Its share of
the U.S. seafood market is only about 8-9 percent, com-
pared with an overall share of 26 percent for aquacul-
ture worldwide (FAO 2001).  Imported seafood (much
of which is farm-raised), now supplies well over half of
the annual demand for seafood in the United States.
Net seafood imports exceeded $7 billion in 2003 (about
1.6 % of the total U.S. trade deficit [U.S. Dept. of Com-
merce 2005]) and more than doubled in the 8 years
from 1995 to 2003 (see figure 1.2).

Globally, the proportion of overfished stocks increased
approximately tenfold from 1950 to 1994, and approxi-
mately threefold from 1974 to 2001 (FAO 2002a).  In
near parallel, the number of fishermen and fish farmers
increased from 13 million in 1970 to 30 million in 1995.
Domestically, a number of fish stocks are over-exploited.
From 2001 to 2002, the number of U.S. overfished
stocks grew from 81 to 86, and the number of fish stocks
deemed “not overfished” fell from 163 to 150 (NMFS
2003).

Aquaculture has the potential, if it is properly man-
aged and profitable, to supplement the currently dimin-
ished fisheries of the United States and to provide more
of our seafood.  In fact, over the last decade, the world
supply of food and non-food products from capture fish-
eries has leveled off.  The food fish production increase
seen worldwide in recent years is entirely attributable

to aquaculture (Grainger 1999).

It is possible, however, that marine finfish aquacul-
ture may contribute to further net depletion of fish stocks
worldwide due to nearshore habitat destruction, pollu-
tion, non-native introductions, and the use of fish meal
and oils in feed (see, for example, Naylor et al. 2000).
To avoid potential negative effects, marine aquaculture
operations must be governed according to a detailed
regulatory framework and environmental review pro-
cess that considers and mitigates such possibilities.  More
research on the practicality of various lower-cost, plant-
based dietary alternatives to fishmeal needs to be car-
ried out.

Despite the fact that aquaculture is the fastest grow-
ing animal food-producing sector in the world (FAO
2002b), current prospects to meet future seafood de-
mand appear grim.  The FAO, for example, predicts a
gap between supply and demand for fish products, in
the range of 10 to 40 million tons by 2010 (Intrafish AS
2000).  Aquaculture production, as currently conducted
on land and in coastal systems, is far too constrained to
meet these production goals.

However, there is potential for supplying farmed sea-
food to the U.S. market through greater use of the
marine environment for aquaculture operations.  By vir-
tue of the vast ocean waters under U.S. state and fed-
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eral control (more than 3.4 million square miles - NMFS
2002a), marine aquaculture has the potential to over-
take the production of land-based facilities.  A variety
of species have already been cultivated successfully
under experimental and commercial conditions in dif-
ferent marine regions of the United States.  Some ex-
amples include: the SeaStead Project off Massachu-

setts involving sea scallops (Smolowitz et al. 1998a and
1998b); the New Hampshire Open Ocean Demonstra-
tion Project involving several groundfish species and
blue mussels; the culture of Pacific threadfin in Ha-
waii; and the Snapperfarm Inc. project in Puerto Rico
involving the culture of mutton snapper and cobia.  Table
1.3 summarizes current and past marine aquaculture

     T a b le  1 .2    E st im a te d  U .S . A q u a c u ltu r e  P r o d u c tio n  in  W e ig h t  (M illio n s  o f
                        p o u n d s) , a n d  V a lu e  (M illio n s  o f  D o lla r s) , 1 9 9 8 -2 0 0 2 .

W e ig h t 1 9 9 8 1 99 9 2 0 00 2 0 0 1 2 0 0 2

F in fish
   B a itf ish
   C a tfish
   S a lm o n
   S trip ed  b ass
   T ila p ia
   T ro u t

1 6 .4
5 6 4 .4
3 2 .0
9 .4

1 8 .2
5 5 .1

1 6 .4
5 9 6 .6
3 9 .1
9 .7

1 7 .8
6 0 .3

1 4 .0
5 9 3 .6
4 9 .4
1 1 .2
2 0 .0
5 9 .2

1 4 .0
5 97 .1
4 5 .8
1 0 .9
1 7 .6
5 6 .9

1 4 .0
6 3 0 .6
2 8 .1
1 0 .5
1 9 .8
5 4 .5

S h e llf ish
   C la m s
   C ra w fish
   M u sse ls
   O ys te rs
   S h rim p  (S W *)

9 .7
3 7 .9
0 .5

1 8 .2
4 .4

1 0 .7
4 2 .9
0 .5

1 8 .7
4 .6

9 .9
1 7 .0
0 .4

1 6 .8
4 .8

1 0 .0
3 0 .5
0 .7

1 6 .8
8 .0

9 .9
6 1 .3
1 .4

1 8 .5
9 .0

M isc ella n eo u s 2 3 .5 2 4 .7 2 6 .2 1 0 .7 9 .8

T o ta l
(%  c h a n g e fro m
y ea r  b efor e )

7 8 9 .7
(+ 3 % )

8 4 2 .0
(+ 7 % )

8 2 2 .5
(-2 % )

8 18 .9
(-0 .4 % )

8 6 7 .3
(+ 6 % )

 V a lu e 1 9 9 8 1 99 9 2 0 00 2 0 0 1 2 0 0 2

F in fish
   B a itf ish
   C a tfish
   S a lm o n
   S trip ed  b ass
   T ila p ia
   T ro u t

5 7 .4
4 1 9 .1
6 2 .7
2 4 .1
2 7 .3
5 9 .7

5 7 .4
4 3 8 .9
7 6 .8
2 1 .9
2 6 .6
6 5 .0

4 5 .8
4 4 5 .9
9 9 .2
2 9 .5
3 0 .0
6 3 .7

4 5 .8
3 86 .3
7 2 .0
2 8 .5
3 0 .0
6 4 .5

4 5 .8
3 5 8 .1
2 7 .8
2 7 .9
1 9 .8
5 8 .3

S h e llf ish
   C la m s
   C ra w fish
   M u sse ls
   O ys te rs
   S h rim p  (S W *)

2 9 .6
2 3 .6
2 .8

4 8 .0
1 7 .6

4 2 .1
2 8 .3
0 .8

5 5 .6
1 3 .7

3 2 .6
2 7 .6
0 .5

4 2 .4
1 4 .6

3 5 .4
4 0 .5
1 .2

3 9 .9
2 7 .8

4 1 .8
5 0 .4
3 .2

5 3 .5
2 7 .6

M isc ella n eo u s 1 6 6 .7 1 6 0 .0 1 4 1 .0 1 62 .7 1 5 2 .0

T o ta l
(%  c h a n g e fro m
y ea r  b efor e )

9 3 8 .6
(+ 3 % )

9 8 7 .1
(+ 5 % )

9 7 2 .8
(-1 % )

9 34 .7
(-4 % )

8 6 6 .1
(-7 % )

N o te s: C la m s, o y s te r s  a n d  m u sse ls  a re  rep o rted  a s  m e a t w e igh ts.  So m e  c la m  a n d  o ys te r a q u a cu ltu re  is
re p o r te d  w ith  U .S . w ild -h a rve s t la n d in g s .  W e ig h ts a n d  va lue s  rep resen t th e  fin a l sa le s  o f  p ro d u c ts  to
p ro ce sso rs  a n d  d e a le r s.  "M isc e lla n eo u s"  in c lud es o rn a m en ta l/ tro p ic a l fish ,  a llig a to rs , a lg a e , a q u a tic
p la n ts , e e ls , s ca llop s , c ra b s , a n d  o th e rs .  P ro d u c tio n  va lu e , b u t n o t w e ig h t, a re  re p o rted  fo r  m a n y
" M isce lla n eou s"  sp ec ie s . * S W  =  S a ltw a te r.  S o u rce : N a tio n a l M a rin e  F ish e rie s  S erv ic e , F ish e r ie s  S ta tis tic s
a n d  E co no m ic s  D iv isio n , 2 0 0 3 .
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Figure 1.2    U.S. Seafood Trade Deficit 1995-2003

projects, along with two prospective projects noted at
the bottom of the table.  Some of these projects are
located in state waters.

Aquaculture in the marine environment is technologi-
cally diverse, with ponds, raceways, silos, circular pools,
closed (water reuse) systems, cage and net-pens, sea
ranches, rafts and long lines used according to the spe-
cies cultured (JSA 1983).  Aquaculture practices range
from extensive, with few inputs and modest yields, to
intensive, with high inputs and yields.  These diverse
technologies have wide-ranging resource needs, pro-
duce differing environmental impacts, and require a suite
of technological and management responses (DeVoe
2000).

New technologies should provide additional opportu-
nities for the growth of offshore aquaculture.  Two new
technologies expected to enhance offshore aquaculture
are the use of drifting cages (Goudey 1998a, 1998b)
and the combination of renewable energy (windmills)
with aquaculture.  Similarly, advances in disease man-
agement, feeding, engineering, and species development
may also give the industry a boost.  Recent advances in
offshore submersible cage technology and marine fish
hatchery technology have brought offshore aquaculture
from the drawing board to working reality, as evidenced
by the currently operational U.S. offshore projects, and
other related projects around the globe.

OBSTACLES AND ISSUES CONFRONTING THE DEVELOPMENT
OF OFFSHORE AQUACULTURE IN THE UNITED STATES

Marine aquaculture represents a relatively new use
of the nation’s coastal and ocean areas, and it must
compete for access to these areas (Nixon 1994).  New-
comers to the industry, as well as local authorities, are
often hindered by a lack of experience.   The result is
poor site selection, inadequate evaluation of market
opportunities and product diversification, and a lack of

understanding of marine aquaculture development in
relation to other forms of coastal uses (Chamberlain
and Rosenthal 1995).

A 1992 National Research Council report on Marine
Aquaculture identified factors that complicate develop-
ment, including:  (1) conflict from interaction of marine
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Table 1.3 – Offshore and Coastal Ocean Aquaculture Projects

Project Sponsor Location Dates Technology Species Status

Woods Hole

Oceanographic

Institution Buoy Farm

Woods Hole

10 miles southeast of

Martha's Vineyard,

Massachusetts (MA)

1999- Socking Loops Blue Mussels Active

American

 Norwegian

Private 27 miles east of

Cape Ann, MA

1988-

1994

Net Pens Salmon Never Installed

SeaStead University/private

(fed funding)

12 miles southwest of

Martha's Vineyard, MA

1994-

1999

Bottom culture &

suspended nets Scallops

Ended when

funding expired

New Hampshire

Open Ocean

Demo

NOAA

1.3 miles south of Isles of

Shoals- 6 miles off mainland

New Hampshire (NH)

1997-

Submersible

cages and rafts,

submerged

longlines

Halibut,

Haddock,

Flounder, Cod,

Mussels

Active

SeaFish Joint venture

with Shell Oil

34 miles off Texas coast 1998-

1999

Net pens

attached to gas

platform Red Drum

Ended 1999

Hawaii Offshore

Aquaculture Research

Project/ Cates

NOAA/

Univ. Hawaii/

Oceanic Inst.

2 miles off Ewa Beach

(Hawaii)

1999- Submerged

Cages

Pacific

Threadfin

(Moi)

Active – now

run by Cates

International

Gulf of Mexico

Consortium

NOAA 22 miles south of Pascagoula

(Mississippi)

2000-

2003

Submerged

Cages

Gulf species

No growout.

Ended when

funding expired

Snapperfarm

Private/Univ.

Miami Puerto Rico 2002-

Submerged

Cages Cobia Active

BioMarine

Technologies Private Gulf of Mexico 1989-

Net pens on gas

platforms

Cobia,

amberjack R&D, permitting

Aquaculture, Inc. Private Gulf of Mexico 2004-

Submerged

cages

Cobia,

amberjack

R&D, permit

denied

Sources: Prepared by Susan Bunsick 2000; Updated by Jason Didden 2005; Gerard J. Mangone Center for Marine Policy

aquaculture with other marine and coastal activities and
interests;  (2) marine aquaculture often depends on the
use of land and freshwater resources as well as the
ocean; and (3)  the numerous environmental and regu-
latory considerations involved in the development and
use of coastal zone land and water resources, which
are usually held in the public trust (NRC 1992).  The
discussion below describes these major issues.

Coastal and Ocean Use Conflicts

Use conflicts represent one of the primary issues ma-
rine aquaculturists must face in the United States, and
use conflicts are likely to become more pronounced and
frequent in the future (Chamberlain and Rosenthal 1995,
DeVoe 2000).  Because of increasing pressures along
the coastal zone, recirculating (closed) systems on land
and confined systems in the open ocean may prove the
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best opportunities for future commercial aquaculture
development (NRC 1992). The escalating cost of ac-
quiring access to coastal lands and waters exacerbates
the problem.  However, despite the emphasis of research
and development (R & D) on closed system aquacul-
ture rather than offshore facilities during the past 20
years, the economic viability of closed system aquacul-
ture remains elusive.  The United States has only re-
cently begun exploring the potential for establishing fa-
cilities in offshore areas.

Aquaculture and the Environment

Much has been published over the last 15 years on
the environmental impacts of marine aquaculture.  One
of the major challenges to the marine aquaculture in-
dustry in the United States will be how it responds to
these environmental issues (see DeVoe 2000 and deFur
and Rader 1995 for representative references).

The environmental effects of aquaculture depend on:
(1) techniques applied, (2) site location, (3) scale, (4)
capacity of the receiving body of water (Ackefors and
Sodergren 1985), and (5) species raised (Eichenberg
2000).  Effects can include impacts on water quality,
sediment, the native gene pool, other fisheries, and the
ecosystem as a whole.  Vectors include effluents, intro-
duced culture species, disease, and chemicals (DeVoe
2000, Naylor et al. 2000).

The state of knowledge regarding the environmental
impacts of marine aquaculture is rapidly improving.
Two decades ago very little information was available,
but there has been a surge in the number and scope of
research and monitoring programs seeking to document
these effects (see, for example, Reichhardt 2000, Naylor
et al. 2000 and 1998, Goldburg and Triplett 1997, Webber
1997). Much work worldwide has focused on the ef-
fects of net-pen culture on the environment, with the
International Council for the Exploration of the Seas
(ICES) leading the way.  In the United States, early
research efforts dealt with fish hatchery effluents and
catfish ponds.  As the domestic industry has diversified,
so has environmental research, with major federal stud-
ies examining the impacts of marine shrimp pond cul-
ture, salmon net-pen culture, species introductions, the
use of chemicals in aquaculture, and effluents.  In addi-
tion, research has only begun on relevant therapeutic
drugs, and other than for salmon, there are no approved
drugs or licensed vaccines.

Sustainability is a frequent concern about aquacul-
ture.  This fundamental strategic issue often centers on
competition for space and effluent discharges, despite
the argument that the majority of coastal aquaculture
operations are conducted with appreciable social and
nutritional benefits despite minor environmental cost
(Grainger 1999).  Also, the user conflict and environ-
mental problems that constrain the development of
aquaculture in nearshore zones may be less problem-
atic in offshore areas (NRC 1992, Grizzle et al 2001,
Alston et al 2005).

Legal and Regulatory Issues

The current regulatory environment for offshore
aquaculture in the United States is a major constraint to
its development (for example, NRC 1978, NRC 1992,
JSA 1993, Smolowitz et al. 1998).  At the federal level,
no formal framework exists to govern the leasing and
development of commercial aquaculture activities in
federal waters.  Overall, aquaculture policy appears to
be made by granting permits on a case-by-case basis
(Rubino and Wilson 1993).  Each permit is considered
individually by the issuing agency, usually with no provi-
sion for examining cumulative impacts (deFur and Rader
1995).  The current framework of federal laws related
to aquaculture development has been described as “an
unfinished patchwork quilt.  All the squares exist but
some remain incomplete and they have not been as-
sembled into a pattern or sewn together” (Hopkins et
al. 1997, p. 239).

As noted by Hopkins et al. (1997), several federal
agencies have asserted authority over open ocean
aquaculture under existing federal laws — for example,
the U.S. Army Corps of Engineers (under the Rivers
and Harbors Act and the Outer Continental Shelf Lands
Act); the Environmental Protection Agency (under the
Clean Water Act and the Ocean Dumping Act); the
National Marine Fisheries Service (under the Magnuson-
Stevens Fishery Conservation and Management Act and
the Marine Mammal Protection Act); and the U.S. Fish
and Wildlife Service (under the Lacey Act Amend-
ments).  None of these Acts, however, have been writ-
ten or established with marine aquaculture in mind, and
“considerable uncertainty exists as to whether the agen-
cies’ assertions of jurisdiction over open ocean aquac-
ulture under these statutes, principles and protocols will
withstand legal challenge” (Hopkins et al. 1997, p. 240).

The problems arising from the absence of an appro-
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priate policy framework for governing aquaculture in
federal waters have been evident in several U.S. off-
shore areas, particularly in New England.  Hopkins et
al. (1997) recount the difficulties encountered by three
projects proposing offshore aquaculture facilities—the
American Norwegian Fish Farm, Inc. project (approxi-
mately 40 miles off Gloucester, Massachusetts), the
Westport Scallop Project (approximately 12 miles off
Martha’s Vineyard, Massachusetts), and the Sea Pride
Industries, Inc. project (approximately 4 miles off Fort
Morgan, Alabama).  As noted by Smolowitz et al.
(1998b, p. 1) with respect to the Westport Scallop
Project, “the existing mechanisms cope with rather than
direct and channel the gathering energies of our emerg-
ing open ocean farming industry in the United States.”
In the case of the American Norwegian Fish Farm, for
instance, the Conservation Law Foundation of New
England contested in court the company’s proposal to
develop a 47- square-mile salmon farm off Cape Ann.
The litigation raised key questions as to whether such
an enterprise represents the best use of public waters,
whether lease charges should be levied, and whether
an environmental impact statement should be required
(National Fisherman 1991).

Policy and legal issues related to open ocean aquac-
ulture have been examined and discussed in detail in
past studies.  Regulatory gaps and overlaps have been
identified by the Office of Technology Assessment
(1994), the Marine Law Institute (Eichenberg and Ves-
tal 1992), and in the results of a symposium on open
ocean aquaculture published in a special issue of Ocean
and Coastal Law Journal (see, for example, Barr 1997,
Brennan 1997, Hopkins et al. 1997, Rieser 1997, and
Underwood 1997).  According to Rieser, the major prob-
lems presented by the lack of coherence in the federal
framework for offshore aquaculture include: (1) the lim-
ited availability of property rights or other interests that
can secure a producer’s investment; (2) poorly defined
standards that fail to reduce conflicts among competing
users of public resources; (3) poorly defined agency
jurisdictions leading to delays in applying standards or
regulations; (4) the existence of redundant regulations
due to overlapping agency responsibilities; and (5) in-
appropriate restrictions designed to protect wild stocks
(Rieser 1997).

In addition to deliberations and writings by academ-
ics, nongovernmental organizations (NGOs), and oth-
ers noted above, the need to create an appropriate off-
shore aquaculture governance regime has also been

raised with increasing frequency and urgency by the
federal government itself.  In the late 1990s, the federal
agencies involved in the interagency Joint Subcommit-
tee on Aquaculture (JSA), as well as a National Oce-
anic and Atmospheric Administration (NOAA)/Depart-
ment of Commerce Aquaculture Task Force, began to
consider the question of possible governance frame-
works for offshore aquaculture (JSA undated (a),
Mieremet 2000).  Several congressional bills proposing
an offshore aquaculture policy framework have been
introduced and considered (for example, Senate Bill
1192—the Marine Aquaculture Act of 1995), but none
have been enacted.  The National Offshore Aquacul-
ture Act of 2005 (S 1195) is currently before Congress
and will be described later in this chapter.

Before investing millions of dollars, potential inves-
tors will need information about the regulatory require-
ments and associated costs.  Where will such projects
be allowed?  On what basis will they be approved?
Which agencies and levels of government will be in-
volved?  What possible up front and annual fees can
they expect to pay?  Before accepting a new program
that would allocate rights to exclusive use of ocean
space, the public will also need to be assured that exist-
ing rights, uses, and benefits are adequately protected.
What environmental protection measures will be re-
quired?  Which areas will be protected?  How will the
rights of competing users be protected?  Will the public
be adequately compensated?

The Absence of Federal Policy

McCoy (1989) argues that Federal agencies, by
adopting vague, confusing, and poorly conceived regu-
lations (or none at all), have helped create major prob-
lems for aquaculture at the state level due to the result-
ing lack of uniformity of laws among states, the sheer
number of permits, licenses and certifications that must
be obtained, and the difficulty in obtaining them.  Few
states have a comprehensive regulatory plan that satis-
factorily balances economic development and environ-
mental protection.  Complicating matters is the fact that
existing permit programs do not have provisions for
determining the capacity of the coastal ecosystem for
aquaculture (deFur and Rader 1995).  Each state has
its own unique legal, political and economic climate for
aquaculture, and as a result, culturists must navigate
the regulatory environment differently in each state.
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MAJOR FINDINGS OF 2001 MULTIDISCIPLINARY STUDY
ON OFFSHORE MARINE AQUACULTURE

Some states still apply laws designed for other applica-
tions, such as those for public fisheries management
and agriculture (Ewart et al. 1995).  Even federal laws
are applied differently in various geographic regions of
the country, and the industry remains concerned about
the lack of coordination among agencies regulating
aquaculture (Smolowitz et al. 1998).

Policy development for aquaculture management in
federal offshore waters can also benefit from compari-
sons with efforts in other countries—such as Canada,
the United Kingdom, Ireland, Norway, Chile, Australia,
New Zealand, Japan, and China—that have more highly
developed aquaculture industries (see, for example,

NRC 1992, Appendix A; OECD 1989b; British Colum-
bia Environmental Assessment Office 1997; Norway
1994-1995; FAO 2003a).  Additionally, international or-
ganizations such as the UN Food and Agriculture Or-
ganization (FAO) have developed guidance on the con-
duct of aquaculture operations (see, for example, FAO
1999), which may be useful in structuring aquaculture
policy for U.S. ocean areas.  The drafting by the U.S.
Department of Commerce and NOAA of a Code of
Conduct for offshore aquaculture in federal waters has
benefited from cross-national comparison, as well as
from collaboration between the United States and the
UN FAO in the development and adoption of an inter-
national Code of Conduct for marine fishing (NMFS
2002b).

Major Purpose and Orientation
of 2001 Study

In the period 1999-2001, a multidisciplinary team led
by researchers at  the Gerard J. Mangone Center for
Marine Policy at the University of Delaware (comprised
of 8 ocean and policy/law specialists, aquaculture sci-
entists, and an aquaculture industry member) undertook
a study (with support from NOAA and the National
Sea Grant Program), to examine the major issues sur-
rounding the expansion of the aquaculture industry off-
shore and to develop the key features of a national ocean
policy framework for offshore aquaculture. The project
benefited greatly from the feedback and advice pro-
vided by an advisory committee, composed of distin-
guished individuals from Congress, state and federal
agencies, the aquaculture industry, fishing industry, and
environmental groups (see Cicin-Sain et al 2001).

The team studied and drew lessons from: 19 past
studies of aquaculture policy; 6 case studies of actual
experiences with offshore aquaculture facilities; the
experiences of 22 coastal states and territories; the ex-
periences of 8 other countries (Australia, Canada, Chile,
Ireland, Japan, New Zealand, Norway, and the United

Kingdom); and the experiences and prescriptions of in-
ternational organizations such as the UN Food and Ag-
riculture Organization (FAO) and the International
Council for the Exploration of the Seas (ICES).  The
collective knowledge gained from these sources was
then directly applied to the development of a draft policy
framework for offshore aquaculture. The team focused
especially on the federally-controlled ocean zone, ex-
tending from the limits of state control (3 nautical miles
offshore for most states) to the 200-mile limit of the
U.S. Exclusive Economic Zone (EEZ).

  The resulting report (available from the Gerard J.
Mangone Center for Marine Policy), Development of
a Policy Framework for Offshore Marine Aquacul-
ture in the 3-200 Mile U.S. Ocean Zone (Cicin-Sain,
B. , S. M. Bunsick, M. R. DeVoe, T. Eichenberg, J.
Ewart, H. Halvorson, R. W. Knecht, and R. Rheault),
presents a comprehensive assessment of federal policy
with respect to the development of aquaculture in fed-
eral waters, and is the work that provides the back-
ground to the current report.
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The 2001 report revealed three critical themes that
hinder the development of offshore aquaculture in the
United States:

• The absence of a well-defined and efficient policy
framework, which fulfills public trust responsi-
bilities in public waters (public waters are legally
held “in trust” by the government for the benefit
of the public) while offering a predictable review,
permitting, leasing, and monitoring process to the
marine aquaculture industry;

• Concern with environmental impacts, the absence
of a well-defined system of environmental re-
view of offshore aquaculture projects, and the
need to adopt strategies for avoiding and mitigat-
ing such impacts; and

• The importance and controversy of granting ex-
clusive or semi-exclusive rights to particular
ocean areas for marine aquaculture operations,
while addressing conflicts with either other ocean
users or the above mentioned public trust respon-
sibilities

Few federal statutory authorities address aquacul-
ture directly or the specific issues associated with off-
shore aquaculture. As noted earlier, with few excep-
tions, federal authority over offshore marine aquacul-
ture is based on agency interpretation of statutory au-
thority over particular aspects of an aquaculture opera-
tion.  This fragmentation results in the industry having
to meet many different requirements from federal (and
state) agencies in a process that is not clearly intelli-
gible and is often subject to legal challenge.

Furthermore, without a lead agency for offshore
aquaculture, conflicts between regulatory agencies fre-
quently occur.  Environmental review requirements for
offshore aquaculture are ad hoc and often insufficient,
frequently incurring legal challenge.  There is no estab-
lished process for assessing the impacts of offshore
aquaculture on other ocean uses, and no established
mechanisms for obtaining public input on offshore
aquaculture development proposals.  There is no estab-
lished system of offshore aquaculture leasing to give
the aquaculture operator either security of tenure or an
exclusive or semi-exclusive right of operation, nor is
there a mechanism to compensate the public for the
use of public waters.  Additionally, there is not a stan-
dard for aquaculture best management practices that
can serve to guide operators and government agencies
alike.

The review of relevant experiences in U.S. coastal
states conducted through the 2001 study revealed les-
sons applicable to offshore aquaculture in federal wa-
ters.  First, in a number of cases, states have desig-
nated lead agencies for aquaculture.  Most have some
type of marine aquaculture leases (involving payment
of fees, bonds, etc.), and require public hearings and
environmental review for aquaculture applications.
Washington has been a leader in the permitting process
and early BMPs.  In Florida, Maine, Mississippi, and
Alaska, the permitting process for aquaculture devel-
opment has been streamlined into a single multi-agency
permit that includes certification by the state’s coastal
zone management program.  In Maine and Florida, in-
ter-agency committees for aquaculture management
have been formally designated.  Florida has created best
management practices for aquaculture, which include
compliance with clean water standards as well as regu-
lations for the culture of non-native species.  New
Hampshire, Maine, Mississippi, and Hawaii have cre-
ated very detailed procedures for environmental assess-
ment and monitoring, including, for example, in New
Hampshire, criteria for “unacceptable risk” and for re-
porting of “unusual events.”  Lastly, the 2001 survey
results revealed that ten states have addressed aquac-
ulture in their coastal zone management plans.

The 2001 review of the policy frameworks in other
nations active in offshore aquaculture, and of the policy
guidance offered by international organizations such as
the FAO, suggested a number of lessons and echoes
many of the themes evoked in the practices of the U.S.
coastal states.  As in Hawaii, one of the themes em-
phasized in other nations (for example, in Norway and
Chile) is the importance of a formal planning process
for the designation of areas suitable (or not suitable) for
aquaculture development and the use of site-selection
criteria, including spacing requirements between farms.
A number of other nations (for example, Australia and
Japan) have created streamlined inter-agency processes,
a lead agency, and aquaculture development plans.

The international experience stresses the precaution-
ary approach.  For example, in the guidelines provided
by the FAO and in requirements in effect in Norway, it
is the responsibility of the fish farmer to demonstrate
that a farm will not cause unacceptable pollution ef-
fects.  Criteria for determining capacity, in terms of
number and density of fish to be safely allowed, have
been developed.
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Criteria Guiding Recommended Policy
Framework

The 2001 study proposed a broad policy framework,
taking into account useful features of approaches sug-
gested in past studies and of lessons learned from the
experiences of the coastal states and of other nations.
The framework seeks to ensure that marine aquacul-
ture activities that occur in U.S. offshore waters take
place in an environmentally safe and sensitive manner
with due respect for the legitimate interests and activi-
ties of others.  Also, in view of the fact that little infor-
mation on the possible impacts of offshore aquaculture
is yet available, the framework must be adaptive in na-
ture, evolving over time as additional data and informa-
tion are obtained.  A policy framework for offshore
aquaculture should:

1.   Encourage responsible open ocean aquaculture
in the U.S. Exclusive Economic Zone (EEZ);

2.  Promote a decision-making process that is effi-
cient, coordinated, and predictable;

3.  Employ a precautionary approach to avoid and
minimize environmental impacts and promote in-
tegration into the ecosystem;

4.  Apply separate criteria to native and non-native
species;

5. Be consistent with existing U.S. laws and agency
responsibilities;

6. Be equitable and fair to offshore aquaculture and
to other U.S. users of the EEZ;

7. Be consistent, to the maximum extent possible,
with the coastal, water, environmental, and
aquaculture policies of adjacent coastal states;

8. Be consistent with U.S. obligations under inter-
national agreements;

9. Fit within an overall framework for sustainable
development of the U.S EEZ;

10. Produce a fair return to the public for the use of
federal ocean space;

11. Be conducted in a transparent manner with op-
portunities for public involvement;

12.  Be adaptive and promote opportunities for inno-
vation, data collection, and learning.

as well as avoiding undue interference with other users
(navigation, national defense, fishing, recreation, etc.),
should take place before areas are offered for aquacul-
ture leasing.

•   A leasing system which, on the basis of a preliminary
plan provided by the aquaculture firm, gives the firm
exclusive or semi-exclusive right (of limited time dura-
tion) for exploration and further development of an op-
erational plan, should be established.  Lease provisions
should be consistent with public trust responsibilities and
preference shall be given to firms capable of demon-
strating an approach that not only prevents and reduces
the production of pollutants but also limits escapes.
There should be an expectation that private users of
public waters provide some compensation to the public
in return for the exclusive or semi-exclusive right to
occupy public ocean space.

•   A thorough environmental review process to assess
the potential environmental impacts of the project and
to develop appropriate mitigation measures should be
put in place.

•   The leasing, permitting, and environmental review
processes should be conducted in an open and trans-
parent manner with opportunities for participation by
the public and by affected interests.

•   A monitoring process, which may involve conditions
on operations such as insurance, bonds, or environmen-
tal monitoring requirements, should be put in place to
insure sound operations, and, in the case of termination
of operations, the removal of structures and the return
of the area to its previous state.

Outline of Major Features
of the Proposed Policy Framework

The 2001 study proposed that a policy framework should
incorporate the following major features:

•   Offshore aquaculture regulations should be stream-
lined and harmonized and a single, multi-agency permit
for aquaculture in offshore waters should be established.
In conjunction with the streamlining of regulations, the
respective roles of federal and state agencies should be
reconciled and clarified.

•   Appropriate planning to identify suitable (and non-
suitable) areas for offshore aquaculture, avoiding
projects that damage environmentally sensitive areas
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THE CURRENT STUDY

cation form to meet the requirements of all in-
volved agencies;

4. Planning and site assessment procedures, includ-
ing zoning techniques and mapping tools;

5.  Guidelines and principles for efficient environ-
mental review, which involve the ability to de-
tect, prevent, and mitigate harmful environmen-
tal impacts;

6.  Operation and monitoring procedures, involving
such issues as insurance, bonds, monitoring re-
quirements for operational safety, removal of
structures, and the return of the site to its previ-
ous state following project termination; and

7. Guidelines for effective compliance and enforce-
ment, which provide the aquaculturist freedom
to operate within the lease area while preserv-
ing the integrity of the ecosystem.

In addition to incorporating the considerations of na-
tional-level stakeholders into the operational framework,
the team vetted the operational framework at work-
shops in the three regions that currently exhibit the most
extensive involvement in offshore aquaculture: New
England; the Gulf of Mexico; and the Pacific Coast
and Pacific Island region.  Valuable feedback from rel-
evant stakeholders at these workshops has enabled the
team to refine and adapt the national-level framework
to the varying contexts of these U.S. regions.   Table
1.4 displays the five regional workshops on the devel-
opment of offshore aquaculture that were held by the
research group.

•  A lead federal agency for overseeing the manage-
ment of offshore aquaculture in the EEZ should be
named.

Major Purpose and Orientation
of Current Study

The purpose of the present study is: 1) to make the
draft policy framework developed in the 2001 study
more operational and implementable; and 2) to build
consensus among national and regional level stakehold-
ers on desirable options to be included in the frame-
work.   In the current study, the former eight-member,
project team was expanded into a 13-member team, with
additional ocean policy and law specialists as well as an
additional state aquaculture coordinator, adding new
perspectives from environmental groups, coastal states,
and industry.

In September 2002, this multidisciplinary team held a
national workshop in Washington D.C. to receive feed-
back on the detailed development of the operational
framework.  At this workshop, federal agencies with
regulatory roles in offshore aquaculture, along with Con-
gressional staff and other relevant parties, convened to
discuss the numerous options for addressing each of
the following seven aspects related to the development
of offshore aquaculture operations:

1.  Administration and implementation procedures
for aquaculture in federal waters, including the
designation of a lead agency as well as the roles
of other federal agencies;

2. Guidelines and principles for issuing both short-
term and long-term leases, granting the  aquacul-
turist the exclusive or semi-exclusive right to ocean
space, contingent upon conditions and rents;

3. Guidelines for joint state/federal permitting, in-
cluding the use of a single, comprehensive appli-
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Our analysis of offshore aquaculture takes place in
the context of an ongoing and much larger review of
U.S. ocean policy.  In the last three years and for the
first time in over thirty years, comprehensive analysis
of U.S. ocean management was completed, not by just
one but by two separate commissions, the Congression-
ally-established U.S. Commission on Ocean Policy
(USCOP) and the private Pew Oceans Commission.
As part of their analysis, both Commissions described
the state of marine aquaculture and provided recom-
mendations for improved management.  Both commis-
sions envisioned the bulk of aquaculture industry growth
occurring in offshore areas.  In addition, the Bush ad-
ministration included several points in its response to
the recommendations of USCOP related to advancing
offshore aquaculture.

Because of the importance of the work of the two
commissions, completion of this report was postponed
to enable the authors to include the recommendations
of the two ocean commission reports in the present
study.  In many ways this report builds upon the issues
identified by USCOP and the Pew Oceans Commis-
sion, and provides a more detailed operational frame-
work for sustainable offshore aquaculture that is largely
consistent with the recommendations of both commis-
sions.  The following sections provide more detail on
these important reports and also outline The National
Offshore Aquaculture Act of 2005 (S. 1195) and EPA’s
2004 Effluent Guidelines for Concentrated Aquatic
Animal Production Point Sources.

A NEW NATIONAL DIALOGUE ON U.S.
OCEAN POLICY

U.S. Commission on Ocean Policy

To address deficiencies in the current ocean man-
agement scheme, Congress passed and President
Clinton signed the Oceans Act of 2000.  The act man-
dated that a U.S. Commission on Ocean Policy
(USCOP or “the Commission”) evaluate the state of
U.S. coasts and oceans, their management, and sug-
gest proposals to establish effective and coordinated
ocean policy.

USCOP consisted of 17 members, mostly from in-
dustry and academia, and like the Pew Commission, all
brought high-level ocean-expertise to the Commission.
The Commission also had a 26-member, expert science
advisory panel composed of well-known experts in vari-
ous ocean-related fields.

As described by its Chairman, the USCOP report
“contains balanced and practical proposals for the es-
tablishment of a comprehensive and coordinated ocean
policy for our nation”  (Front matter, USCOP 2004).
The 500+ page report provides a detailed description of
many critical ocean problems and various ways to ad-
dress the problems.  Seven pages are devoted to “Set-
ting a Course for Sustainable Marine Aquaculture”
(Chapter 22).

The USCOP chapter on marine aquaculture begins
by predicting increased seafood demand and cites ma-
rine aquaculture as way to meet increasing demand.
The USCOP outlines roughly the same environmental

Table 1.4   Offshore Aquaculture Regional Workshops

U.S. Region Regional
Workshop

Location Date

Gulf of Mexico Gulf of Mexico Biloxi, Mississippi September 10-12, 2002

New England Maine Hallowel, Maine September 13, 2002

New England Massachusetts Massachusetts
Maritime Academy

September 17, 2002

Pacific Coast and
Islands

Hawaii Honolulu, Hawaii October 3, 2002

Pacific Coast and
Islands

Seattle Seattle, Washington October 25, 2002

Source:  Prepared by Meredith Blaydes, Mangone Center for Marine Policy, Univ. of Delaware, 2003.
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concerns as the Pew study, but then goes on to focus
on problems with the “management structure” for ma-
rine aquaculture.  Like our report, the USCOP envi-
sions the future growth of marine aquaculture to be off-
shore, where there is a “regulatory conundrum” due to
the myriad and overlapping regulatory authorities.
USCOP stresses that marine aquaculture policy should
develop “within the context of overall ocean policy de-
velopment, taking into account other traditional, exist-
ing, and proposed uses of the nation’s ocean resources.”
USCOP sees the current management system as “char-
acterized by complex, inconsistent, and overlapping
policy and regulatory regimes administered by numer-
ous state and federal agencies” (p. 332 USCOP 2004).
This system holds back the development of offshore
aquaculture in several ways, including increasing un-
certainty about exclusivity of use, decreasing capital
funding, and making insurance difficult to obtain.

USCOP sees the aquaculture industry focusing de-
velopment in offshore areas to reduce conflicts associ-
ated with aesthetics, fisheries, recreation, and environ-
mental problems, which are relatively more common
when marine aquaculture is developed nearshore.  The
USCOP report, however, acknowledges additional prob-
lems of logistics, extreme weather, and hazards to navi-
gation posed by operating in offshore areas.

To enable marine aquaculture to reach its potential,
USCOP recommends three areas of action:

First, the United States needs a coordinated and flex-
ible management framework involving government, in-
dustry, and academia that acknowledges the differences
between land-based and marine-based operations.
Congress should legislate a new Office of Sustainable
Marine Aquaculture in NOAA to coordinate marine
aquaculture and implement a leasing system similar to
the one described in Chapter 3 of this report.  NOAA
would be the lead agency for marine aquaculture.

The leasing system should balance industry and en-
vironmental concerns, coordinate with state regulations,
collect rents, use a single permit application and review
process, require performance bonding, require adaptive
best management practices (BMPs), and be “well co-
ordinated with other activities in federal waters.”  A
key prerequisite for sufficient coordination to occur will
be clarification of the roles of relevant federal agen-
cies, and streamlining of “duplicative or outdated laws.”
States should also be included in the scope of neces-

sary coordination, and be brought into the development
process of a new national aquaculture management
framework.

Second, increased investment in research into sus-
tainable marine aquaculture, training, extension, and tech-
nology transfer can assist the development of a sus-
tainable marine aquaculture industry.  Key areas need-
ing work include environmental and socio-economic
impacts of marine aquaculture, risk assessment, spe-
cies selection, general marine aquaculture technology,
and best management practices.  NOAA’s new Office
of Sustainable Marine Aquaculture would prioritize fund-
ing.

Third, the United States should encourage interna-
tional adoption of aquaculture practices set forth in the
United Nations Food and Agriculture Organization (UN
FAO) Code of Conduct for Responsible Fisheries.  (Ch
22, USCOP 2004)   Without commitment to sustainable
aquaculture, the growing international aquaculture in-
dustry has the potential to negatively affect the global
environment in much the same ways listed above for
domestic concerns, but on a much greater scope.

The U.S. Ocean Action Plan: President
Bush’s Response to the U.S.
Commission on Ocean Policy

President Bush’s Administration was required to re-
ply to the USCOP and the reply noted significant ob-
stacles to development of aquaculture in US federal
waters.  Specifically, the response indicated Adminis-
tration support for three key items.  First, in the 109th

Congress the Administration will support a National
Offshore Aquaculture Act giving the Department of
Commerce “clear authority to regulate offshore aquac-
ulture.”  The Department of Commerce will “assist”
approvals for offshore aquaculture projects while also
ensuring environmental sustainability and managing user
conflict.  Second, the Administration recognizes EPA
authority to regulate offshore aquaculture effluents via
the National Pollutant Discharge Elimination System
(NPDES) System.  Third, the Administration will en-
courage sustainable aquaculture in the Americas via two
workshops in South America (CEQ 2004).
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Pew Oceans Commission

The Pew Foundation, the David and Lucile Packard
Foundation, the Rockefeller Brothers Fund, and the
Oxford Foundation funded an 18-member Commission
to conduct a “careful review of the laws, policies, and
institutions affecting life off our shores” (in Foreword
by the Commission’s Chair, Leon Panetta).  Members
were primarily from non-governmental organizations,
academia, or elected offices, with some representation
from commercial fishing and other industries.  Each
member typically brought a variety of high-level ocean-
related experiences to the Commission.

The Pew report, America’s Living Oceans:  Chart-
ing a Course for Sea Change, describes itself as “[out-
lining] a national agenda for protecting and restoring
our oceans,” and as “a vision that projects an equilib-
rium of goods withdrawn from and goods regenerated
within the ocean” (p. ii, Pew Oceans Commission 2003).
Chapters 6 and 14 provide, respectively, background
and detailed recommendations on “Guiding Sustainable
Marine Aquaculture.”

The Pew Report predicts that marine aquaculture is
on the verge of a major expansion related to the use of
offshore areas, and identifies two key risks from ma-
rine aquaculture.  First, marine aquaculture poses risks
to wild populations, stemming from a variety of factors
including invasive escaped species, disease incubation,
genetically modified organisms (GMOs), and harvest
of wild stocks to supply feed.  The threat may be espe-
cially strong to populations that are already endangered
such as wild salmon in Maine and the Pacific North-
west.

Second, there are risks to water quality since water
typically can flow through marine aquaculture opera-
tions, carrying effluents to nearby areas.  Specific pol-
lutants include nutrients from feed and wastes, antibiot-
ics, herbicides, hormones, anesthetics, pigments, min-
erals, and vitamins.

The Pew Report cites both the lack of comprehen-
sive governance and the failure of agencies to act where
they do have authority as key problems.  The Pew Re-
port also notes the lack of a federal framework to ad-
minister leasing and development of offshore aquacul-
ture.  Pew’s recommendations advocate a new national
marine aquaculture policy based in legislation that regu-
lates marine aquaculture on sound environmental prin-

ciples.   The legislation would include national stan-
dards and authority for the siting, permitting, design,
and operation of ecologically sustainable marine aquac-
ulture facilities.  A proposed National Oceans Agency
or NOAA would be the lead agency, focusing on four
themes (Pew Oceans Commission, 2003):

First, adopt national and regional standards to mini-
mize negative environmental effects.  A national ocean
agency’s standards should focus on ecosystem health
and sustainability.  Standards should be geared toward
minimizing aquaculture’s negative environmental effects,
closely considering siting criteria, discouraging the use
of other fish for feed, and mostly limiting cultured spe-
cies to those native to the local area.

The Pew Oceans Commission recommends that the
U.S. EPA develop national guidelines to prevent degra-
dation of public waters from aquaculture effluent.  These
guidelines would be rooted in the Clean Water Act and
require National Pollution Discharge Elimination Sys-
tem permits to control all possible pollutants.  The EPA
would also develop water quality standards for federal
waters.

Regional ocean governance councils (to be created)
should customize regulations for local needs to be as
strict or stricter than the national guidelines.  Cumula-
tive impacts, compliance, enforcement, accountability,
incentives, and conflict management would be addressed
though the regional councils.

Second, the Pew Oceans Commission recommends
increased research in sustainability issues, closed sys-
tems, polyculture, and more ecologically friendly feed.
The National Academies of Sciences would delineate
specific national research priorities, and research should
inform decision-making.

Third, the Pew Commission recommends a morato-
rium on the use of GMOs and on the expansion of ma-
rine finfish farms until sufficient environmental stan-
dards are in place.  Once such standards are in place,
siting decision responsibility would rest with the Secre-
tary of Commerce.

The Pew Report also encourages the use of foreign
policy, including trade restrictions, to encourage sustain-
able marine aquaculture internationally.
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The National Offshore Aquaculture Act of
2005 (S. 1195)

Given the timing of publishing, this report only de-
scribes the National Offshore Aquaculture Act (the Act)
and it is left to the reader to analyze differences be-
tween our recommendations and provisions of the Act.
The Act leaves many details for later rulemaking after
enactment of the legislation.  The text and status of the
bill can be found at http://thomas.loc.gov/cgi-bin/
bdquery/z?d109:s.01195:.  The core provisions of the
Act are contained in the following sections:

Section 4 - Mandates permits for offshore aquacul-
ture operations and authorizes the Secretary of Com-
merce to develop the permitting process and associ-
ated regulations with other federal agencies and States.
Two permits would be required: a site permit and an
operating permit that are concurrently submitted and
reviewed with a 120-day permit decision requirement.
Permits for standard projects would be for 10 years,
renewable in 5-year periods, and would require full re-
moval of related structures and possible remediation
upon termination.  The Secretary, in permits, must
specify the terms, conditions, restrictions, duration, size,
and location of offshore aquaculture facilities.  The Act
requires the concurrence of the Secretary of the Inte-
rior for permits at or within one mile of facilities permit-
ted under the Outer Continental Shelf Lands Act
(OCSLA) (43 U.S.C. 1331 et seq.), and specifies that
nothing in the Act negates obligations to decommission
facilities permitted under the OCSLA.  The Secretary
of the Interior is granted authority to enforce additional
conditions to ensure compatibility with the OCSLA by
aquaculture operations associated with OCSLA facili-
ties.  This section also specifically excludes aquacul-
ture conducted in federal waters from the definition of
fishing under the Magnuson-Stevens Act and grants the
Secretary of Commerce the authority to collect appli-
cation and permit fees and bonds as well as the author-
ity to modify or suspend permits.

Section 5 - Instructs the Secretary of Commerce to
identify existing laws and regulations related to envi-
ronmental requirements of offshore aquaculture and
allows but does not require the Secretary of Commerce
to establish additional environmental and monitoring re-
quirements.

Section 6 - Allows the Secretary of Commerce to es-
tablish a research and development program to develop
offshore aquaculture technologies that are compatible

with the protection of marine ecosystems.

Section 7 - Instructs the Secretary of Commerce to
coordinate with other federal agencies to streamline the
process of permitting and regulating offshore aquacul-
ture facilities.  Also, excepting tax laws and laws in-
consistent with other federal laws and regulations, indi-
cates that the laws of the nearest adjacent coastal State
apply to offshore aquaculture facilities (federal enforce-
ment).

Section 8 - Authorizes appropriations to carry out the
National Offshore Aquaculture Act.

Sections 9-13 - Establishes authority to enforce provi-
sions of the Act and associated permit stipulations, in-
cluding arrest, search, seizure, permit sanctions, civil and
criminal penalties, and forfeiture.  Civil penalties are
capped at $120,000 per day per violation and civil judi-
cial penalties are capped at 240,000 per day per viola-
tion.  Criminal penalties of five years imprisonment and
$500,000 for individuals  ($1 million otherwise) are avail-
able for certain violations.

EPA Effluent Guidelines- 40 CFR Part 451

Effective September 22, 2004, EPA promulgated
Clean Water Act effluent limitation guidelines (ELGs)
and new source performance standards for concen-
trated aquatic animal production (CAPP) facilities.  As
with the National Offshore Aquaculture Act, compara-
tive analysis is left to the reader.  Most relevant to this
report, the ELGs establish technology-based narrative
limitations and standards (described below) for efflu-
ent from net pen aquaculture facilities producing 100,000
pounds or more of aquatic animals per year.  Mollus-
can shellfish operations are not subject to these rules.
Numeric limits on pollutants, limits on species cultivated,
and specific monitoring requirements are not included
in the ELGs.

EPA estimated that, every year, the CAPP ELGs
would reduce total suspended solid discharges by 0.5
million pounds, reduce biochemical oxygen demand and
nutrient discharge by 0.3 million pounds, cost commer-
cial facilities $0.3 million, cost public hatcheries $1.1
million, and provide environmental benefits of $66,000
to $99,000.

The requirements of the EPA ELGs for net pens can
be organized into the following categories:
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Chapter 2 examines the options for administration
and implementation of offshore aquaculture, focusing
on the roles of federal agencies (including a new NOAA
Office of Offshore Aquaculture) in regulating offshore
aquaculture activities.  We provide the rationale behind
creating the NOAA Office of Offshore Aquaculture,
and discuss the responsibilities and staffing requirements
of such an office.  We also describe the relationship of
the new NOAA Office of Offshore Aquaculture to
NOAA line offices and other federal agencies.  All other
permitting authorities would be asked to cooperate with
the NOAA Office of Offshore Aquaculture in develop-
ing a joint lease/permit application.  Chapter 2 also in-
cludes a discussion on potential jurisdictional issues and
conflicts including NOAA enforcement under the
Magnuson-Stevens Act, NOAA-Army Corps of Engi-
neers-Coast Guard conflicts, and issues involving the
EPA and the Clean Water Act.  Chapter 2 concludes
with a discussion of how an offshore aquaculture frame-
work could serve as a model for an agency that ad-
dresses federal waters issues.

Chapter 3 begins by describing the current legal and
regulatory regimes for offshore aquaculture leasing and
permitting.  We show how, in the absence of an explicit
legal and regulatory framework for offshore aquacul-
ture, aquaculture entrepreneurs will most likely find nu-
merous and time-consuming obstacles in consulting all
appropriate state and federal agencies and ultimately
obtaining all required approvals.  We delineate the pros

and cons for joint or separate leasing and permitting
and detail a proposed joint lease/permit application pro-
cess.  We review the philosophy, guiding principles, and
general provisions for leasing offshore sites to aquacul-
ture operations.  The Minerals Management Service’s
experiences in administering a leasing system are de-
scribed as an example of how to structure offshore leas-
ing.  We consider two options for permitting aquacul-
ture facilities: Section 10 of the Rivers and Harbors Act
as the primary aquaculture permit; or a new aquacul-
ture lease that contains operational parameters, with a
reduced role for the Army Corps under Section 10, set-
tling on the latter.  Recommended lease types are de-
scribed, as well as various terms and conditions needed
for successful implementation.  Chapter 3 concludes
with a discussion of federal agency consultation and
coordination requirements.

In Chapter 4 of the report, we discuss planning and
siting of offshore aquaculture facilities.  Advanced plan-
ning can prove crucial for: determining appropriate lo-
cations and scales of production; reducing user con-
flicts; and preventing development in environmentally
unsuitable areas.  Key elements of planning such as
surveys, socio-economic and environmental impact
analysis, engineering, legal and regulatory requirements,
public input, and an Offshore Aquaculture Operational
Business Plan are described.  We also examine how
Geographic Information Systems (GIS) and siting cri-
teria can be useful.  Six specific options for siting are

ORGANIZATION OF THIS REPORT

Drugs - Permittees must provide notification of the
use of investigational or new animal drugs or extralabel
drug use if use may lead to a discharge of the drug.

Structural Failures - Permittees must notify when
there is a reportable structural failure, as specified in
the NPDES permit.

Spills - Permittees must notify of spills of drugs, pesti-
cides or feed that result in a discharge.

Best Management Practices (BMP) Plan - Except
for certain rearing and release of native species, per-
mittees must develop BMPs to:

(a) Use techniques to limit feed input to the minimum
amount and minimize the accumulation of food
under pens.

(b) Properly dispose of packaging materials and
gear.

(c) Minimize discharges during animal transport and
harvesting.

(d) Dispose of mortalities to prevent discharges.
(e) Properly store drugs, pesticides and feed to

prevent spills, and implement procedures for
mitigating spills.

(f) Conduct regular inspection and maintenance of
the production systems.

(g) Document feed amounts, estimates of produc-
tion, net changes, inspections, and repairs.

(h) Train in spill prevention, spill response, and
proper operation and cleaning of production
systems.
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illustrated: site-specific leases, pre-permitted sites, pre-
approved areas, zoned areas for multiple uses, marine
aquaculture parks, and complete mapping/zoning.
Chapter 4 concludes by returning to the idea that aquac-
ulture management needs to be part of a larger frame-
work for managing the U.S. federal waters.

Chapter 5 discusses the potential environmental im-
pacts of offshore aquaculture and guiding themes for
environmental review.  Our six guiding themes are:
sustainability, precautionary approach, environmental
carrying capacity, environmental assessment and moni-
toring, adaptive management, and public participation
and transparency.  The most important potential nega-
tive environmental effects include: exceeding the car-
rying capacity of an ecosystem, pollution from waste
effluents, introduction of diseases and alien species,
habitat degradation, and competition with and/or genetic
alteration of native populations resulting from interac-
tion with aquaculture escapees.  We present potential
steps for mitigation (through siting, facility design, stock
character and density selection, feed characteristics,
disease management, polyculture, and biosecurity) and
review both national and international guidance for
proper environmental management.  Our recommen-
dations center on how best to implement environmental
review in offshore aquaculture operations.

Chapter 6 begins with the rationale behind facility
monitoring as well as the requirements for effective
implementation.  We discuss the types of data to be
collected (baseline, outcome and performance indica-
tors), as well as possible monitoring requirement details
for offshore aquaculture including analysis, inspection,
auditing, discharge monitoring, environmental monitor-
ing, self-monitoring, survey design, and confidentiality.
We provide a recommended monitoring strategy, includ-
ing both water column and seabed monitoring that fo-
cuses on nutrients, dissolved oxygen, medicines, and
chemicals.

Chapter 7 investigates the issues and options sur-
rounding enforcement.  We recommend that Codes of
Conduct and Best Management Practices guide off-
shore aquaculture operations and examine management
options for the agencies presiding over aquaculturists.
We analyze environmental quality standards as the ba-
sis for regulatory interventions and possible regulatory
instruments and economic incentives to be employed
by the regulator.  The recommendations in this chapter
support adaptive assessment and evaluation.  We con-
clude Chapter 7 with penalty options in response to pro-
scribed monitoring results and/or unacceptable impacts
resulting from aquaculture activities.
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OVERVIEW OF PROPOSED ADMINISTRATIVE FRAMEWORK

CHAPTER
   2

ADMINISTRATIVE RESPONSIBILITY
FOR OFFSHORE AQUACULTURE

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The proposed administrative framework provides the
organizational structure and resources necessary to cre-
ate and implement the leasing, permitting, planning, en-
vironmental review, monitoring and enforcement activi-
ties that comprise the federal offshore aquaculture pro-
gram described in this document.  Administrative au-
thority, responsibility, and accountability must reside in
some governmental unit.  The framework:

•  Establishes a new Office of Offshore
Aquaculture within the National Oceanic
and Atmospheric Administration (NOAA),
as the organization with overall responsibil-
ity for the federal government’s offshore
aquaculture program;

• Grants federal planning, leasing, environ-
mental review, monitoring, and enforcement
authority for offshore aquaculture to
NOAA’s Office of Offshore Aquaculture;

• Maintains most existing federal agency au-
thorities for establishing permit require-
ments and making permitting decisions un-
der current law; and

• Establishes memoranda of understanding/
agreement  (MOUs/MOAs) or similar
agreements to clarify jurisdictional lines, as
well as working relationships between
NOAA’s Office of Offshore Aquaculture

and other federal agencies that maintain
relevant roles in the implementation of the
planning, leasing, permitting, environmental
review, monitoring, and enforcement system
for offshore aquaculture.

The proposed administrative framework is designed
to provide an effective and efficient organizational struc-
ture for implementing the key aspects of the proposed
policy framework described in other sections of this re-
port.  It does this by:

1. Organizing planning, leasing, and permit-
ting activities.

• Planning and leasing activities are essen-
tially aimed at enabling the development of
the aquaculture industry, while permitting
activities are regulatory in nature in that
they focus primarily on ensuring that
aquaculture development does not unduly
interfere with other users, stakeholders, the
environment, and other national interests.

• The lead program office has a specific
offshore aquaculture mission and the leas-
ing authority needed to accomplish its mis-
sion.

• The regulatory system acknowledges and
preserves the existing regulatory authorities
of multiple agencies of the federal govern-
ment.



ADMINISTRATIVE  RESPONSIBILTY

20

2. Using MOUs, MOAs, or similar agree-
ments to clarify jurisdictional lines and estab-
lish efficient administrative mechanisms for
implementation of the permitting, monitoring,
and enforcement activities.

3. Eliminating the need for wholesale trans-
fer of regulatory authorities for which admin-
istrative systems already exist (for example,
at EPA for effluents, at the Corps of Engi-
neers for Section 10 permits).

OPTIONS ANALYSIS:  FEDERAL AGENCIES CONSIDERED
AS CANDIDATES FOR LEAD AGENCY

Currently, several different federal agencies have
statutory authorities for aspects of aquaculture opera-
tions in federal waters and/or closely related areas of
expertise that could be applied to the development of a
new offshore aquaculture industry for the United States.
Each one of these may be considered a candidate for
becoming the lead agency for an offshore aquaculture
program.  They include:

•  U.S. Department of Agriculture (USDA)-
USDA is the lead Federal agency with re-
spect to the coordination and dissemination of
national aquaculture information under the
National Aquaculture Act of 1980, as
amended, which designated the Secretary of
Agriculture as the permanent chair of the
coordinating group known as the Joint Sub-
committee on Aquaculture.  This subcommit-
tee currently functions under the Committee
on Science of the National Science and Tech-
nology Center.  USDA is responsible for co-
ordinating aquaculture initiatives of national
scope through this interagency coordinating
body in consultation and partnership with
other key federal agencies, including NOAA,
for issues associated with marine aquacul-
ture. USDA also has numerous programs and
services in multiple agencies that support ma-
rine aquaculture including research, exten-
sion, higher and pre-college education,
aquatic animal health, crop insurance and
disaster assistance, international trade assis-
tance, conservation practices, and more, simi-
lar to many services traditionally extended to
livestock and crop producers. USDA admin-
isters the Regional Aquaculture Center pro-
gram that engages industry representatives to
identify critical needs that can be more effec-

tively addressed by multi-state, integrated
research and extension projects. Additionally,
some USDA national aquaculture research
centers have primary missions in marine
aquaculture. Some coastal states have trans-
ferred state regulatory and assistance pro-
grams to state departments of agriculture to
be regulated more similarly to agriculture.

•  U.S. Department of the Interior – The Min-
erals Management Service (MMS) runs the
only federal leasing programs in offshore wa-
ters of the United States for offshore oil and
gas resources and has extensive experience
in dealing with user conflicts in public waters.
The Energy Policy Act of 2005 (H.R. 6)
gives MMS authority to lease energy-related
facilities for “marine-related purposes.”  The
U.S. Geological Survey provides mapping and
other services that are critical elements in the
planning process for offshore aquaculture
development.  The Fish and Wildlife Service
has fisheries expertise and regulates inter-
state movement of live aquatic animals.

•  U.S. Department of Commerce – The Na-
tional Oceanic and Atmospheric Administra-
tion (NOAA) has statutory responsibilities for
managing ocean resources.  Within NOAA,
the National Marine Fisheries Service has
scientific and management expertise in ma-
rine ecosystems, including fisheries, marine
mammals, threatened and endangered spe-
cies, and habitats; the National Ocean Ser-
vice has expertise in managing various uses
of the oceans, including mapping, planning,
establishment and management of marine
protected areas, and dealing with conflicts in
public waters; the Office of Oceanic and At-
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mospheric Research has provided funding for
a range of studies addressing the scientific,
technical, economic, and social feasibility of
offshore aquaculture and has aquaculture
experts in Sea Grant extension, education and
outreach programs in coastal states.

•   Department of Defense – The U.S. Army
Corps of Engineers has a permitting process
in place for offshore aquaculture under the
Rivers and Harbors Act of 1899.  Most off-
shore aquaculture projects involve the place-
ment of structures in navigable waters, which
triggers the need for a Section 10 permit.  Al-
though the offshore aquaculture industry in
U.S. federal waters is just getting underway,
this permit is already recognized as critical for
most types of aquaculture in open waters.
The Corps has been involved in several re-
gional initiatives to streamline permitting for
aquaculture facilities, and has served as the
lead agency in coordinating National Environ-
mental Policy Act (NEPA) reviews for off-

shore aquaculture.

•   Environmental Protection Agency – EPA
regulates discharges from offshore aquacul-
ture under the Clean Water Act, and has is-
sued national effluent limitation guidelines for
several production system types, including net
pens in marine environments.  The agency
also approves the use of pesticides and
chemicals used in aquaculture operations.

•   Food and Drug Administration – FDA
regulates seafood safety, approves aquatic
animal drugs for use in aquaculture, and has
asserted jurisdiction over the approval of ge-
netically modified fish intended for human
consumption.

•  Coast Guard – The Coast Guard has respon-
sibility for delineating navigational hazards,
such as aquaculture structures placed in navi-
gable waters.

PREFERRED OPTION:  A NEW NOAA OFFICE
OF OFFSHORE AQUACULTURE

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 2.1

The National Oceanic and Atmospheric
Administration (NOAA) is the preferred
option for the location of a lead program
office for offshore aquaculture

Rationale for selection
of NOAA as the lead agency

Because of its statutory authorities in federal waters
as well as its extensive expertise and organizational
knowledge of the marine sciences and associated pub-
lic policy issues, NOAA is preferred over the Minerals
Management Service (MMS), the agency within the
Department of the Interior.  Although the MMS has
extensive offshore management experience, until very
recently, its mandate has essentially been single-pur-

pose— to expedite the development of the nation’s off-
shore oil and gas resources.  This mandate has been
enlarged, through the Energy Policy Act of 2005 (H.R.
6) to also include sources of renewable energy, such as
wind, wave, current, and solar energy.   Section 388 of
the Energy Policy Act of 2005 gives the MMS author-
ity to grant leases for activities that “use, for energy-
related purposes or for other authorized marine-related
purposes, facilities currently or previously used under
this Act” and could allow MMS to lease offshore en-
ergy facilities for aquaculture. If and when MMS pre-
pares and grants such leases, we would urge close co-
ordination with NOAA.

Although USDA has expertise in aquaculture, the
agency is not preferred as the lead agency for offshore
aquaculture because of the significant differences be-
tween operating aquaculture facilities onshore on pri-
vately-owned property versus offshore in public wa-
ters with multiple other users.  Both the Army Corps of
Engineers and the Environmental Protection Agency are
primarily regulatory agencies, and therefore are not
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considered the appropriate place for a new industry
development program.  By placing the NOAA Office
of Offshore Aquaculture in charge of the environmen-
tal review and monitoring of aquaculture by virtue of its
lead role in operating the leasing program for federal
waters, it is believed that concerns about insufficient
oversight of environmental impacts will be alleviated.

Rationale for the creation
of a new office within NOAA

Management of an offshore aquaculture program in-
volves a range of considerations (for example, siting,
analysis of impacts on marine ecosystems, etc.) that
cut across the existing line office responsibilities within
NOAA today.  Although the National Ocean Service
and the National Marine Fisheries Service have exper-
tise that is especially relevant to the management of
offshore aquaculture, neither of these line offices alone
(or others within the existing NOAA organization) has
the range of expertise that the lead agency for offshore
aquaculture will need in order to be fully effective.  Fur-
thermore, each line office also has responsibilities that
will at times put it at odds with the offshore aquaculture
mission, creating internal tensions that may be difficult
to manage within a single line office (for example,
aquaculture vs. management of marine protected ar-
eas, or aquaculture vs. commercial fishing interests).

NOAA has acknowledged these considerations, first
by emphasizing a cross-line office approach led by a
NOAA Aquaculture Coordinator and a team of aquac-
ulture leads within the National Ocean Service (NOS),
NMFS, the National Environmental Satellite, Data, and
Information Service (NESDIS), the Office of Oceanic
and Atmospheric Research (OAR), and the Office of
Education and Sustainable Development, and more re-
cently by formalizing these arrangements with the es-
tablishment of an Aquaculture Matrix Program within
NOAA.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 2.2

 It is recommended that a new Office
of Offshore Aquaculture (OOA) be created
within NOAA.  The NOAA Office of Offshore

Aquaculture should report directly to the
NOAA Administrator and be given the
organizational authority to deal with inter-
line office issues in implementing the
offshore aquaculture program

Responsibilities of the Office
of Offshore Aquaculture

The new Office of Offshore Aquaculture will focus
on filling the gaps in the current administrative frame-
work rather than on absorbing functions already per-
formed well by NOAA line offices and other federal
agencies.  Its primary responsibilities, therefore, will be
in two areas for which no line office currently has re-
sponsibility: 1) planning for aquaculture development in
federal waters and 2) establishing and operating, through
the rulemaking process, an aquaculture leasing system
in federal waters.

The range of activities to be performed by NOAA’s
Office of Offshore Aquaculture is shown in Table 2.1.

In fulfilling these responsibilities, it will be important
for the Office to cultivate and maintain a good working
relationship with the Army Corps of Engineers on per-
mit-related issues, with NOAA line offices which will
provide critical input to the successful operation of the
offshore aquaculture program, with the Joint Subcom-
mittee on Aquaculture, and with other federal agencies
that have responsibilities in federal waters.  In particu-
lar, the Office will benefit from the experience of the
Minerals Management Service in conducting the min-
erals leasing program in federal waters, and of the EPA
in establishing water quality standards and effluent limi-
tations guidelines for aquaculture.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 2.3

The NOAA Office of Offshore Aquaculture
should consult and collaborate with the
Joint Subcommittee on Aquaculture where
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appropriate, for example, regarding
research priorities and regulatory review.

Related responsibilities will include the establishment
of appropriate standards and criteria for siting of off-
shore aquaculture, the preparation of environmental
assessments, and the conducting of public hearings,
meetings, or outreach activities as appropriate.  Spe-
cific activities of the Office will include:

• Determining areas of the ocean suitable for
aquaculture, through planning and mapping
activities as well as through environmental
review on a case-by-case basis in response
to the nomination of specific sites by lease
applicants;

• Providing information and guidance on the
lease application process;

• Scheduling and conducting public hearings;
and

• Assessing the merits of individual lease
applications and awarding leases with ap-
propriate conditions to companies that meet
the leasing criteria. The process will in-
clude preparing an Environmental Assess-
ment, conducting public hearings, and hold-
ing consultations with other agencies.

Public input and/or dissemination of information to
stakeholders and the public will be an ongoing activity
for the Office of Offshore Aquaculture, from the initial
planning/zoning process for the designation of offshore
aquaculture areas, through the joint leasing/permitting
process for specific project proposals, and continuing
throughout the operation of offshore aquaculture facili-
ties, when relevant announcements (for example, im-
portant findings from monitoring of operations, penal-
ties for violations of lease or permit conditions, or aban-
donment of an offshore aquaculture operation) will be
made.  Some of these public information activities will
involve the publication of announcements in the Fed-
eral Register.

The Office of Offshore Aquaculture should include
a business or ombudsman’s section to serve as a one-
stop location for the submission and processing of the
joint/lease permit application form (and other requisite

materials).   An ombudsman’s section could serve as
the primary point of contact not only for companies in-
terested in investing in offshore aquaculture, but also
for anyone who may be interested in the status of the
offshore aquaculture industry (NGOs, Congress, the
general public).  In response to such inquiries, the sec-
tion will provide general information on the type of pro-
posals likely to receive approval, on the process for ob-
taining approval, and on the specific criteria and stan-
dards for particular projects.  This section would also
produce periodic reports on the overall status of off-
shore aquaculture and the major issues associated with
the offshore aquaculture leasing program.

Staffing requirements

Assuming sufficient industry activity, the Office will
require a mix of management, supervisory, administra-
tive, and clerical personnel with a multidisciplinary mix
of skills and experience (including planning, science, en-
gineering, law, business, public relations, customer ser-
vice, marine policy, resource management, etc.).  The
number of positions will ultimately depend on the de-
gree of interest in aquaculture leasing, but the office
would initially need a minimum of 15-20 people, includ-
ing:  a director, a deputy director, several planning pro-
fessionals, program specialists/managers, financial ana-
lysts, and administrative personnel, along with, but not
limited to, support in the areas of public affairs, cus-
tomer service, data analysis, mapping, and clerical sup-
port.  Table 2.2 provides a representative example of
how the Office could eventually be organized and staffed
once it is fully operational (assuming sufficient industry
activity to justify program level).

Relationship to NOAA line offices
and other federal agencies

The new Office of Offshore Aquaculture would en-
ter into agreements with other offices and agencies (fed-
eral, state, or tribal), as appropriate, in order to avoid
duplication of effort, make effective use of the wealth
of knowledge and expertise within the other organiza-
tions, and achieve economies of scale.  Within NOAA,
for example:

• The Coastal Services Center of the NOS
produces GIS characterizations that will be
particularly useful in mapping areas of fed-
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eral waters and determining appropriate
sites for aquaculture.

• NOS, through the Coastal Zone Manage-
ment Program, has ongoing relations with
coastal states and can provide a bridge be-
tween federal planners in the Office of Off-
shore Aquaculture and state coastal plan-
ners.

• NMFS laboratories conduct scientific re-
search on candidate species and systems for
offshore aquaculture; they also have exper-
tise in conducting risk assessments and in
establishing protocols, criteria, and stan-
dards.

• NMFS has enforcement authority and capa-
bilities for fisheries in federal waters, which
can be applied in enforcing offshore aquac-
ulture lease and permit conditions.  Fishery
Management Councils’ efforts to regulate
offshore aquaculture by amendments to fish-
ery management plans should and likely will
be superceded by a more comprehensive
management structure for offshore aquacul-
ture.

• OAR has access to external scientific ex-
pertise that can be used in answering critical
questions related to offshore aquaculture
and its impacts.

Outside organizations may also provide a range of
technical support services in the areas of baseline
surveys, monitoring, special studies, research, en-
forcement, etc.

The Office of Offshore Aquaculture will need to de-
velop a good working relationship with the Army Corps
of Engineers and EPA in order to coordinate the leasing
and permitting process.  MOUs, MOAs, or similar agree-
ments could facilitate coordination by: detailing the re-
spective roles and responsibilities for both agencies;
providing a mechanism for regular communications be-
tween the two agencies; and establishing critical
timelines for the decision process.

The major authorities of other permitting agencies
are listed in Table 2.3.  Although these regulations are
often complex and unclear as to how they apply to
aquaculture (for example, fishery management plans
that place restrictions on the possession of certain spe-
cies by size, season, number, etc.), individual agencies

have begun to assess their regulatory approaches to
aquaculture in an effort to clarify regulations.  Further-
more, in working with the NOAA office, these agen-
cies will be encouraged to accelerate the clarification
of how existing laws apply to aquaculture in order to
develop a multi-purpose lease/permit application for
aquaculture in federal waters.

Each federal agency with permitting authority for
aquaculture, or aspects of an aquaculture operation in
federal waters, will specify what information is needed
to make a permit decision.  Furthermore, each agency
will work with the NOAA Office of Offshore Aquacul-
ture in agreeing on a set of application questions that
adequately address their information needs.  Agencies
may need to amend applicable regulations to accom-
modate the changes.

Permitting agencies will participate in the coordinated
review process and, when appropriate, hold public hear-
ings.  Decisions to approve a permit (including requir-
ing certain conditions or modification) or to disapprove
a permit application will be determined according to each
individual agency’s criteria.

Each federal agency with permitting authority in fed-
eral waters will need to designate an aquaculture coor-
dinator or primary contact at the headquarters level to
participate in the development of the joint lease/permit
application and coordinated review process.  Depend-
ing on the number of applications and the complexity of
the agency issues relating to issued permits, the permit-
ting process itself may require a full-time coordinator,
with additional coordinators and support staff in some
regions.  In the short term, however, the number of
aquaculture applications may be low and the workload
may not increase significantly.  In such a case, addi-
tional resources beyond an agency coordinator or pri-
mary contact may not be required.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 2.4

   Federal agencies should negotiate
Memoranda of Understanding/Agreement
(MOUs/MOAs) or other agreements to set
out the responsibilities, authorities, and
procedures of all of the agencies involved
in enforcing the offshore aquaculture
provisions described in this document.
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 Table 2.3  Possible* Statutory Authorities Applying to Offshore Aquaculture, by Agency
Agency Statute Citation Description
Animal and Plant Health
Inspection Service (APHIS)

21 U.S.C. 111 et seq. Enforces regulations on the spread of contagious, infectious, or
communicable disease of animals from a foreign country or between U.S.
states.

Marine Protection,
Research and
Sanctuaries Act

16 U.S.C. 1431 et
seq.

Requires a permit for the transportation of dredged materials for
purposes of dumping it into ocean waters (Section 103)

National Environmental
Policy Act

42 U.S.C. 4332 Requires a determination on environmental impacts prior to issuance of
permit

Army Corps of Engineers
(ACOE)

Rivers and Harbors Act 33 U.S.C. 403 Requires a permit for activities in or affecting the navigable waters of the
United States, including installations and other devices permanently or
temporarily attached to the seabed, erected for the purpose of exploring
for, developing or producing resources from the outer continental shelf
(Section 10)

14 U.S.C. 83 et seq. Requires aquaculture-related structures located in navigable waters to be
marked with lights and signals

Coast Guard (USCG)

Merchant Marine Act 46 U.S.C. 12101 et
seq.

Requires certification for vessels (including barges) of 5 or more net tons

Clean Water Act 33 U.S.C. 1251 et
seq.

Requires a National Pollutant Discharge Elimination System (NPDES)
permit prior to certain discharges (Section 402)
- EPA has determined that it has authority to set ocean disposal criteria
and review environmental effects of aquaculture projects under Section
403(c)
- National effluent limitation guidelines issued in 2004

Marine Protection,
Research and Sanctuaries
Act

33 U.S.C. 1401-1445 May require an Ocean Discharge Permit

Environmental Protection
Agency (EPA)

National Environmental
Policy Act

42 U.S.C. 4332 Requires a determination on environmental impacts prior to issuance of
permit

Endangered Species Act 16 U.S.C. 1531 et
seq.

Consultations and review of aquaculture siting permits to assure that no
conflicts arise with any ongoing species recovery programs under ESA

Fish and Wildlife Service
(FWS)

Lacey Act 16 U.S.C. 3371-3378 Prohibits commerce in wildlife taken in violation of state, tribal, federal,
or foreign government law
Prohibits the introduction of injurious species of wildlife into the United
States

Federal Food, Drug, and
Cosmetics Act

21 U.S.C. 301 et seq. Ensures that seafood shipped or received in interstate commerce is “safe,
wholesome, and not misbranded or deceptively packaged.”
Approval of animal drugs and feeds. GMOs

Food and Drug Administration
(FDA)

Public Health Service Act 42 U.S.C. 262, 294 et
seq.

Control the spread of communicable diseases from one State, territory, or
possession to another

Minerals Management Service
(MMS)

Outer Continental Shelf
Lands Act

43 U.S.C. 1331-1356 Leasing program for the exploration, development, and production of
mineral resources on the Outer Continental Shelf. Covers collection of
royalties, oversight of environmental/health impacts, abandonment/
removal of platforms, and per Energy Policy Act of 2005, the use of
offshore energy facilities for “other authorized marine related purposes.”

Endangered Species Act 16 U.S.C. 1531 et
seq.

Consultations and review of aquaculture siting permits to assure that no
conflicts arise with any ongoing species recovery programs under ESA

Magnuson-Stevens
Fishery Conservation and
Management Act

16 U.S C 1801-1882 Management of commercial fishing operations
Protection of essential fish habitat
Requires compliance with fishery management plans developed by
regional fishery management councils (plans may be amended to
accommodate aquaculture activities)

National Marine Fisheries
Service (NMFS)

Marine Mammal
Protection Act

16 U.S.C. 1361-1421 Review and approve any facility whose operation may endanger critical
habitat of marine mammals or migratory paths for whales, or otherwise
result in the taking of protected marine mammals

Office of Ocean and Coastal
Resource Management
(OCRM)

Coastal Zone
Management Act

16 U.S.C. 1451-1464 Issues guidelines and assists states with aquaculture components of state
coastal zone management plans. Requires consistency certification with
application for the federal permits
State coastal zone management agency must certify that federal permits
are consistent with state coastal zone management plan

* Includes both explicit statutory authority and agency interpretation of general statutory authority; may not apply to offshore marine aquaculture.
Source:  Prepared by Susan Bunsick, Center for the Study of Marine Policy, University of Delaware, 2000.
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The following jurisdictional issues are subject to legal
interpretation.  Therefore, a memorandum of under-
standing may not provide sufficient legal weight.  In
that case, an alternative approach is to amend appli-
cable authorizing legislation to specifically address off-
shore aquaculture enforcement.

NOAA Enforcement under
the Magnuson-Stevens Act

NOAA has maintained that the Magnuson-Stevens
Act gives it regulatory authority over aquaculture ac-
tivities in federal waters.  Section 1861(a) gives the
Secretary of Commerce and the Secretary of Home-
land Security authority to enforce the provisions of the
Act.  These two members of the Cabinet are autho-
rized to enter into agreements with any other Federal,
State or Tribal authority to use the resources of other
entities for enforcement purposes.

Currently, NMFS (with assistance from the Coast
Guard) enforces fishing regulations in federal waters.
With respect to offshore aquaculture, NMFS would
regulate concerns such as whether the aquaculture fa-
cilities are handling regulated species without permit au-
thorization, or the impacts of the aquaculture operation
on wild capture species, marine mammals, endangered
or threatened species, essential fish habitat, and sub-
merged aquatic vegetation.

NOAA v. Corps Jurisdiction

The Outer Continental Shelf Lands Act may affect
discussion of whether cages, barges, floats or other such
equipment are considered “structures”  (subject to Corps
jurisdiction on the Outer Continental Shelf) or “vessels”
(giving such authority to NMFS under Magnuson-
Stevens).  Article 60 of the OCSLA provides the coastal
state with authority to regulate such “structures” but
other provisions of federal law may apply

Corps v. Coast Guard
Enforcement

A question that may need to be addressed in future
legislation is whether the Corps, which will analyze struc-
tural and engineering aspects of offshore aquaculture
permit applications, should be involved in enforcing how
facilities are actually deployed and maintained.  This
responsibility might more appropriately be carried out
by the Coast Guard.

EPA Enforcement Under
the Clean Water Act

Clean Water Act permit requirements for aquacul-
ture facilities are enforced by the EPA.  While the EPA
may delegate those authorities to states for state wa-
ters or conceivably to a NOAA Office of Offshore
Aquaculture, it may be reluctant to allow any other
agency to enforce those authorities.  The FBI as well
as EPA’s Criminal Enforcement Division can get in-
volved with criminal enforcement of the Clean Water
Act.

NEED FOR LEGAL CLARIFICATION OF JURISDICTION
OVER ENFORCEMENT
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THE ADMINISTRATIVE FRAMEWORK AS A MODEL
FOR GOVERNING ALL ACTIVITIES IN FEDERAL WATERS

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 2.1

The National Oceanic and Atmospheric
Administration (NOAA) is the preferred
option for the location of a lead program
office for offshore aquaculture.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 2.2

  It is recommended that a new Office of
Offshore Aquaculture (OOA) be created
within NOAA.  The NOAA Office of Offshore
Aquaculture should report directly to the
NOAA Administrator and be given the
organizational authority to deal with inter-
line office issues in implementing the
offshore aquaculture program.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 2.3
   The NOAA Office of Offshore Aquaculture
should consult and collaborate with the
Joint Subcommittee on Aquaculture where
appropriate, for example, regarding
research priorities and regulatory review.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 2.4

  Federal agencies should negotiate
Memoranda of Understanding/Agreement
(MOUs/MOAs) or other agreements to set
out the responsibilities, authorities, and
procedures of all of the agencies involved
in enforcing the offshore aquaculture
provisions described in this document.

SUMMARY OF ADMINISTRATIVE
FRAMEWORK RECOMMENDATIONS

The administrative framework described in this chap-
ter could conceivably be expanded into a framework
for governing all types of activities in U.S. federal wa-
ters.  Although many additional details of such an orga-
nization remain to be worked out, it is easy to envision
how the NOAA Office of Offshore Aquaculture could
eventually be subsumed into an overall agency for gov-
erning federal waters.  The administrative framework
for offshore aquaculture could serve as a model for
establishing administrative systems to address the full
range of issues and ocean activities that would fall un-

der the purview of a lead agency for federal waters.  It
is conceivable that the lead federal waters agency would
be an Office of EEZ Planning and Management within
NOAA, which could be created by expanding and re-
naming the NOAA Office of Offshore Aquaculture and
by broadening its responsibilities; however, a strong case
also could be made for alternative arrangements, such
as merging the aquaculture leasing program with the
Minerals Management Service leasing program within
the Department of the Interior.
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CURRENT OFFSHORE AQUACULTURE PERMITTING
LAWS AND REGULATIONS

CHAPTER
   3

LEASING AND PERMITTING FOR
OFFSHORE AQUACULTURE

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

As presently constituted, federal offshore aquacul-
ture leasing and permitting is governed by an ill-defined
framework that regulatory agencies have patched to-
gether from a hodge-podge of laws and regulations that
only tangentially address aquaculture.   As a conse-
quence, the present leasing and permitting framework
offers neither predictability nor efficiency.  Aquacul-
ture entrepreneurs are likely to find a walk through this
imprecise thicket arduous and time consuming as they
and regulators attempt to ensure that all appropriate
federal and state agencies are consulted and all neces-
sary approvals obtained.   The lack of precision trans-
lates into a loss of economic development potential of
U.S. federal waters. The presently vague framework
further results in an increased potential for resource
user conflicts as well as an inability to fully effectuate
the trust responsibility that society has placed on gov-
ernment to promote intergenerational equity and to
manage ocean and coastal resources in a sustainable
manner.

The principal authorities that may bear on leas-
ing and permitting decisions for offshore aquacul-
ture are:

Federal Permitting Requirements (A)

• Section 10 of the Rivers and Harbors Act (RHA),
33 U.S.C. § 403

• Section 402 of the Clean Water Act (CWA), 33

U.S.C. § 1342

• Section 102 of the Marine Protection, Research
and Sanctuaries Act (MPRSA), 33 U.S.C. § 1412

Environmental Evaluation (B)

• National Environmental Policy Act (NEPA), 42
U.S.C. §§ 4321-4347

Wildlife and Natural Resource Coordination and
Protection Laws (C)

• Fish and Wildlife Coordination Act, 16 U.S.C. §§
661-666c

• Magnuson-Stevens Fishery Conservation and
Management Act, 16 U.S.C. §§ 1851 et seq.

• Endangered Species Act (ESA), 16 U.S.C. §§
1531 et seq.

• Marine Mammal Protection Act (MMPA), 16
U.S.C. §§ 1361 et seq.

• The Migratory Bird Treaty Act, 16 USC §§ 703-
712

• Section 307(c) of the Coastal Zone Management
Act (CZMA), 16 U.S.C. § 1456

• National Historic Preservation Act (NHPA), 16
U.S.C. § 470
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Compatibility with Other Ocean Uses (ex-
amples)  (D)

• Marine Sanctuaries:  Section 302 of the Marine
Protection, Research and Sanctuaries Act, 16
U.S.C. § 1432

• Scientific Uses

• Commercial Fishing

• Recreational Fishing

• Artificial Reefs:  National Fishing Enhancement
Act of 1984 (Corps permits for artificial reefs)

• Navigation

• National Security

• Energy Production

o FERC:

• Federal Power Act (FPA), 16 U.S.C. §§
797(e) (licenses for power development, utili-
zation, and transmission)

• Natural Gas Act (NGA), 15 U.S.C. 717(b)

(transportation thereof)

o MMS:  Outer Continental Shelf Lands Act
(OCSLA), 43 U.S.C. 1337 § et seq. (oil and gas
leasing)  (Recently amended by Energy Policy
Act of 2005)

o NOAA:  Ocean Thermal Energy Conversion Act
(OTECA), 42 U.S.C. §§ 9101 et seq. (thermal
energy permitting)

The federal permitting requirements (A) and wildlife
and natural resource coordination and protection laws
(C) are described in more detail below in the context of
a new, joint permitting processing scheme that enhances
interagency review and coordination.  The environmen-
tal evaluation (B) is addressed in Chapter 5.  However,
given the close relationship among leasing, permitting,
and environmental evaluation, some discussion of the
environmental evaluation follows here as well.  One of
the initial considerations in establishing the institutional
framework for offshore aquaculture is whether to ad-
minister the leasing and permitting processes jointly or
sequentially.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.1

It is proposed that leasing and permitting
proceed jointly given the time and
efficiency gains that are expected from joint
leasing and permitting without any loss of
environmental protection.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.2

In light of the fact that joint leasing and
permitting will require close coordination,
the authors recommend that a formal
mechanism be established to enable
NOAA, the Army Corps of Engineers, and

other interested federal agencies to
cooperate with one another and to
coordinate their respective reviews.

Joint Lease/Permit Application Process

A joint lease/permit application should be devised that
will require the submission of information (in conjunc-
tion with the NEPA review) that is sufficient to allow a
determination of whether or not to issue a lease, a Sec-
tion 10 RHA permit, a Section 402 NPDES Permit, and
a CZMA consistency determination.  The Office of
Offshore Aquaculture will make lease decisions and
operational stipulations, and also facilitate review by rel-
evant permitting agencies.  State permits may or may
not be required.  For example, some states may require
a permit to transport live fish through state jurisdictional
waters.  Regardless of whether or not state permits are

PHASING OF THE LEASING AND PERMITTING PROCESSES
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required, the application should have sufficient infor-
mation to allow affected states to make a consistency
determination under the CZMA.

For example, the northeast region of the NOAA Na-
tional Marine Fisheries Service developed a detailed
“scoping outline” (NMFS 1998) for use by prospective
offshore aquaculture applicants in the northeastern sec-
tion of the United States.  The document requires from
applicants a detailed description of the:

1. Proposed activity;

2. Environmental setting (land and water-based);

3. Significant non-aquatic environmental and social
impacts;

4. Significant aquatic and non-aquatic environmental
impacts that can be mitigated;

5. Adverse environmental impacts that cannot be
avoided or mitigated should the project be imple-
mented;

6. Alternatives that are available to achieve project
success; and

7. Value to the community.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.3

A joint, multi-purpose lease/permit
application form to guide review by all
appropriate federal and state agencies and
the public, should be developed for use by
all applicants seeking to locate aquaculture
facilities in federal waters.

At a minimum, the joint application form should contain
the following information:

• The name, address, telephone, fax, and email ad-
dress of the applicant and the applicant’s agent;

• Project name or title;

• A brief description of the proposed activity, its pur-
pose and intended use; and

• A list of any certifications, permits or permissions
already applied for, including date applied, date ap-
proved or denied, administering agency, and iden-
tification number;

Rationale Behind Phasing of the Leasing
and Permitting Processes

As stated above, this report recommends a joint leas-
ing and permitting process.  Discussions between the
authors revolved around two possibilities, the chosen
joint process and a second option of leasing first and
permitting second.  The next two sections further ex-
plore the pros and cons of each.

Option 1: Joint Leasing and Permitting
Process (Chosen)

The first option is to administer the offshore aquacul-
ture leasing and permitting jointly- essentially the pro-
cess followed by the State of Hawaii.  This method has
the advantage of protecting public rights and ensuring
that the rights to ocean space are not dedicated to pri-
vate use prior to the time that a private party has ob-
tained all necessary permits and approvals.  A joint pro-
cess also may be attractive to the extent that the leas-
ing and permitting are overseen by different agencies
and it is desired that a resource management agency,
such as NOAA, take the lead on reviewing the project-
specific environmental impacts in the context of the leas-
ing decision rather than, for example, the Army Corps
in the context of permitting.  In such a circumstance,
the permitting agency would nonetheless rely on
NOAA’s environmental evaluation when making its
permitting decision.  Because leasing and permitting
would be undertaken jointly, only one single site-spe-
cific environmental evaluation would be required.

The federal government would not resolve compat-
ibility of aquaculture at a given location with other po-
tential ocean uses (for example, a marine sanctuary or
an oil and gas leasing site) prior to the point in time
when the aquaculturalist has to invest in a project-spe-
cific environmental evaluation (and which would other-
wise occur at the permit stage).  This approach raises
some concerns from the perspective of members of
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the aquaculture industry as they would not secure prop-
erty rights to publicly-controlled bottomlands and ocean
space before the initial investment for an environmen-
tal evaluation.  Although the joint approach would ex-
pose aquaculturalists to somewhat greater financial risk,
as well as the risk of being outbid on the lease, mecha-
nisms can be employed to allay those concerns. In Ha-
waii, for example, in the event the permit applicant is
outbid, the winning bidder is required to reimburse the
permit applicant for its costs.

There is an additional layer that may precede leas-
ing; initially, the federal government might zone public,
private, or joint venture “aquaculture parks.” Under this
scenario, the environmental implications of dedicating a
wider swath of ocean would be evaluated prior to any
decision to lease a particular tract within the park or to
issue a permit to conduct aquaculture operations.  Af-
ter obtaining approval for such a park, the operator could
sublease the park in segments at which aquaculture op-
erations could take place, provided appropriate permits
are obtained.  Publicly-managed aquaculture parks may
have the advantage of protecting the public’s rights to
ocean resources while at the same time providing
aquaculturalists with greater certainty that ultimately
they will be able to secure the property rights in ques-
tion.  Chapter 4 addresses this and other site determi-
nation options in more detail.

Option 2: Leasing First, Permitting
Second (not selected)

An applicant could obtain a lease from NOAA and
only later, in the context of a specific proposal, seek
any necessary permits.  This model is based on the pro-
cess followed by the Minerals Management Service
(MMS) for offshore oil and gas leasing under the
OCSLA.  From the perspective of the aquaculture in-
dustry, it secures property rights early in the process,
yet it is problematic from the public’s perspective in
that it gives applicants private rights to public resources
before they have secured necessary permits.

Under a lease first-permit second scenario, NOAA
should have addressed compatibility at the leasing stage,
and thus it is envisioned that these issues would not be
prominent during permitting.  Nevertheless, the lead
permitting agency as described below, would be required
to notify agencies that regulate other ocean uses (such
as MMS, the regional fishery management councils, and
state fish and wildlife agencies) of the permit applica-
tion and provide those agencies with an opportunity to
review and comment on the permit application.  To the
extent that a lease does not limit aquaculture activities
to specific species, an analysis of the impacts of the
proposed species-specific aquaculture activity on com-
mercial and recreational fishing is contemplated during
the permit stage.  In that event, the environmental evalu-
ations would be tiered, with one being conducted at the
leasing stage and a second, project-specific evaluation
at the permit stage.  This tiered approach may be dis-
advantageous to aquaculturalists from timing and cost
perspectives and may generate conflicting conclusions
to the extent that the two environmental evaluations are
overseen by different federal agencies.

THE OFFSHORE AQUACULTURE OPERATIONAL BUSINESS PLAN

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.4

When applying for a standard offshore
aquaculture lease and associated permits,
the applicant should provide detailed
information on the proposed aquaculture
operation in the form of an Offshore
Aquaculture Operational Business Plan.

The Offshore Aquaculture Operational Business Plan
should, at a minimum, include the following elements:

• A description of the location of the proposed lease
by coordinates and a map of the lease area;

• A description, engineering drawings, and photos
of the offshore aquaculture structure(s) to be de-
ployed, included specifications, dimensions, opera-
tional protocols, mooring systems, etc.;
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• A list of the species to be cultivated and a descrip-
tion of the proposed source(s) of organisms to be
grown at the site;

• The maximum stocking density, volume of pro-
duction, and production schedule that is anticipated
initially and at full operation;

• Whether the facility will be a single or multiple
year class operation;

• Environmental characterization and baseline in-
formation, including:

- Description of substrate and benthic fauna and
flora;

- An analysis of the chemical constituents of the
discharge, including constituent composition and
potential for bioaccumulation or persistence;

-  The volume of the effluent and concentration
of the pollutants that will reach the receiving wa-
ters;

• A description of any processes that will be em-
ployed to reduce pollutant quantities and/or con-
centrations;

• An  analysis of the quality of the receiving waters
[with bioassays, as appropriate] necessary to de-
termine the limiting permissible concentrations for
the discharge;

• An analysis of the current and mixing dynamics
(both positive and negative effects)

• An analysis of the potential for pollutant transport
by biological, physical or chemical processes;

• Evaluation of available alternatives to the discharge
of the pollutants;

• Measures that will be employed to monitor and
prevent the escape of farmed fish;

• A delineation of best management practices that
will be followed in order to minimize pollutants;

• An evaluation of cumulative impacts;

• A description of the degree of or exclusive use
required by the project;

• A description of the navigational, commercial and
recreational fishing, and military uses of the pro-
posed lease site;

• A description of any protected reserves, preserves,
sanctuaries, or other protected areas within one
mile of the proposed operation;

• Sufficient financial information to establish the ba-
sis for the performance bond and to provide NOAA
with sufficient assurance that the applicant has the
financial resources to operate and maintain all as-
pects of the proposed offshore aquaculture opera-
tion, and that the lease applicant has the neces-
sary financial resources to ensure compliance with
federal and state environmental and natural re-
sources laws.  Any confidential business informa-
tion will be kept confidential by NOAA in accor-
dance with law;

• Documentation to demonstrate the applicant’s tech-
nical capabilities; and

• A discussion of the benefits that may reasonably
be expected to accrue from the project, including
the economic benefits to local communities.

In addition, the Offshore Aquaculture Operational
Business Plan should include four subsidiary plans:

• A Monitoring Plan that is sufficient to assess the
impact of the discharge on water, sediment, and
biological quality;

• An Emergency Response Plan in the event the
aquaculture operations must be temporarily relo-
cated;

• An Escape Response Plan; and

• An Abandonment/Closure Plan

The NOAA Office of Offshore Aquaculture will de-
termine the level of detail in the information provided to
it by offshore aquaculture applicants, but the concept is
that the Operational Business Plan provides sufficient
information for NOAA’s leasing decision and other agen-
cies’ permitting decisions.  A briefer, preliminary plan
may be appropriate for interim leases so as to enable
an aquaculture firm to develop an Offshore Aquacul-
ture Operational Business Plan in preparation for a long
term/standard lease.

If a government agency denies or the aquaculturalist
otherwise fails to obtain a lease or any applicable per-
mit, aquaculture operations would not be allowed to take
place.
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The Public Trust Doctrine holds that “navigable wa-
ters” within the boundaries of a State are held by that
State in trust for the people to use and enjoy (for navi-
gation, fishing, bathing, and similar uses).  The courts
have typically frowned on provision of these public rights
to a private entity for private gain, but in certain cases,
it is possible to dedicate a portion of trust property to
private use, provided that the action is in the public in-
terest (Rychlak 1997).  Rychlak (1997) argues that fish
are held in the public trust and thus, “regulations gov-
erning the artificial cultivation” of fish and shellfish fall
within the scope of the Public Trust Doctrine.  Whether
the public trust doctrine applies to offshore waters con-
trolled by the United States is not entirely clear; how-
ever, the principle that the public benefit from any
privatization of public resources is equally applicable to
the United States when it seeks to privatize the use of
federal offshore waters for private gain.  As such, this
consideration has relevance to the establishment of a
federal offshore aquaculture institutional management
framework.

The federal government, in evaluating and approving
offshore aquaculture operations, must address public
trust-like issues.  Offshore aquaculture producers must
acquire the right to occupy waters (and lands in some
cases) controlled by the federal government for the
benefit of the people, as well as for the ability to protect
their operations from trespass, theft, vandalism, and
competing uses.  In other words, they must secure a
reasonable level of exclusivity for the site, within which
the operation will be located.  This exclusivity can be
accomplished through the development and implemen-
tation of a comprehensive leasing system for the water
column and ocean bottom that protects rights of the
public, offers adequate exclusivity to the operations, and
serves the public interest through compensation.

Currently, no federal legal or institutional structure
exists to comprehensively promote and regulate marine
aquaculture in federal offshore waters of the United
States.  Regulatory issues requiring resolution include
the “limited availability of property rights to protect the
investment” of the marine aquaculture operation, the
“security of ownership of fish in cages”, and the “na-
ture of the governmental authorization received by the

operator” (Waldemar 2001).  Fletcher and Neyrey
(2003) pose the following set of questions that must be
addressed in federal leasing statutes as they are devel-
oped:

1. What agency or agencies have leasing author-
ity?

2. Does the lease contain limitations as to size, ag-
gregate amount of area that may be leased, time
restrictions on leases, and the number of leases
that may be held by a party at one time?

3. For what purposes may leases be issued (other
than aquaculture)?

4. What is the lease cost?

5. What is the penalty for using offshore waters
without holding a lease?

6. What public review and comment provisions will
be built into the leasing process?

7. How will the leasing process address issues re-
lated to riparian owners, navigation, fishing, and
other uses; ecological carrying capacity; and use
of publicly-owned facilities?

8. What are the reporting requirements for lease-
holders?

The success of any aquaculture firm operating in public
waters depends upon the ability of the culturist to exer-
cise control over the site through ownership, lease, or
other form of conveyance.  However, for aquaculture
operations requiring the use of public resources in fed-
eral offshore waters, the necessary institutional and
regulatory structure to balance the needs of aquacul-
ture with those of the users of public resources is ab-
sent.  The establishment of an offshore aquaculture leas-
ing structure, which conveys property rights to sub-
merged lands and/or the water column, will offer some
degree of exclusivity to aquaculturalists.

A leasing system must be established, which gives
the firm the level of exclusivity required (of limited time
duration) for initial exploration and for subsequent fur-
ther development, on the basis of a preliminary plan
provided by the aquaculture firm.  Lease provisions must

OFFSHORE AQUACULTURE LEASING PRINCIPLES
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be consistent with public trust responsibilities.   Fur-
thermore, preference should be given to firms that main-
tain environmental quality, avoid use conflicts, and dem-
onstrate an approach ensuring high productivity of the
operation.

There should be an expectation that private users of
public waters provide fair compensation to the public in
return for exclusive use of a federal offshore water site
(Firestone et al. 2005).

Guiding Principles for Offshore
Aquaculture Leasing

The process of awarding leases to aquaculture firms
should be guided by a set of principles, such as the fol-
lowing as adapted from Eichenberg and Vestal (1992)
for coastal states:

1. Leasing laws should integrate broad public trust
criteria.

2. The United States should develop water column
and sub-bottom leasing laws that are specific to
marine aquaculture.

3. Submerged lands leasing programs should include
criteria to establish priorities among aquaculture
applicants competing for the same site.

4. Leasing laws should include criteria by which pri-
orities can be set for non-aquaculture uses com-
peting with aquaculture applicants for the same
site.

5. Public lands leasing programs should include re-
quirements for the agency to assess the extent
to which the applicant needs exclusive use of the
site, and, to the maximum extent possible, should
reserve to the public the right to use the leased
lands for all public trust purposes that will not
unreasonably interfere with the culture of speci-
fied organisms.

6. Aquaculture leasing laws should include provi-
sions granting lessees not only specified rights to
occupy the site, but should also grant exclusive
rights to ownership of the cultured species.

7. Leasing laws should contain provisions prohibit-
ing leasing of certain lands which should remain
in the public domain.

The main goals of an offshore aquaculture lease, from
the perspective of the government, are to ensure the

adequate protection of the marine environment as well
as the preservation of the public trust and public safety.
The government has several choices as to how it
achieves these goals.  It can stipulate specific limits on
certain practices (for example, specific feed types,
rates, or stocking densities) and/or establish acceptable
parameters to guide operations (such as nutrient con-
centrations and biological oxygen demand levels), al-
lowing the operator to manipulate the management ap-
proach in order to stay within the desired parameters.
Offshore aquaculture leases should delineate those op-
erational parameters that will have an appreciable im-
pact on the aforementioned goals. However, to the ex-
tent feasible and consistent with the protection of the
marine environment, operational guidelines should al-
low the aquaculture operation to exercise its best judg-
ment and manipulate its operations in whatever way it
sees fit, as long as its operations are conducted in a
manner consistent with the environmental review prin-
ciples established in Chapter 4 of the Report and it is
able to achieve the goals, standards, and limits estab-
lished by law and/or embodied in its lease.  Codes of
Conduct and Best Management Practices (BMPs)
should guide offshore aquaculture operations.  Regula-
tors, in consultation with industry and stakeholders, should
develop such Codes and BMPs, which should be moni-
tored and enforced by the leasing agency.

General Provisions of an Offshore
Aquaculture Leasing System

An offshore leasing program should include consider-
ation of the following elements:

• Eligibility – The guidance established by the gov-
ernment of British Columbia in Canada provides a
useful example for the development of eligibility
criteria in the United States.  Following the British
Columbia example, to be eligible to obtain a lease
for an aquaculture facility, an applicant should be
(a) a United States citizen or a permanent resi-
dent 18 years or over; (b) a corporation incorpo-
rated under the laws of the United States; or (c) a
registered partnership.  Other legal forms such as
a joint venture or a trust may also be appropriate.

• Scope – Leasing provisions should include consid-
erations for the “three-dimensional” use of the
ocean environment by aquaculture operations:  (a)
the ocean floor (bottom culture), (b) the superjacent
water column, and/or (c) the sea surface.
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• Aerial coverage – Leasing provisions should iden-
tify locations in federal offshore waters and es-
tablish guidelines (minimum and maximum) for
those locations where offshore aquaculture firms
could obtain leases.

• Lease duration – The term of the lease should
provide the firm with sufficient time to plan, ini-
tiate, and establish its offshore aquaculture opera-
tion and, at the same time, provide the federal gov-
ernment with the flexibility to be able to reassign,
suspend, or terminate leases for just cause.  Crite-
ria for such action must be established.

• Exclusivity – Federal offshore waters leasing pro-
grams for aquaculture should include provisions to
require the federal government to assess the needs
for exclusivity given the nature of the proposed
project and the characteristics of the areas under
consideration.

• Compensation – Provisions to require the lessee
to pay for the (semi-) exclusive use of resources
associated with the lease should be established in
the aquaculture-leasing program.  These payments
could take the form of fees, royalties, and/or other
means, and should be adequate to help pay for the
costs of administering the leasing program.

Administration and Oversight
of the Leasing Process

At the present time, there is neither a formal federal
offshore aquaculture leasing process in place nor a des-
ignated agency responsible to administer and oversee a
leasing system for offshore aquaculture.

Nevertheless, the leasing of OCS mineral resources
(non-oil and gas minerals and sand) provides an excel-
lent example of how an offshore leasing program might
be structured (Giordano et al. 1999).  The Minerals
Management Service (MMS) of the U.S. Department
of the Interior leases mineral rights in federal offshore
waters through competitive lease auction.   The lease is
usually granted to the applicant submitting the highest
bid.  Any person or company may request that OCS
minerals be offered for lease.  The MMS then pub-
lishes what it calls a “Request for Information and In-
terest” (RFII) in the Federal Register to determine
whether additional interest exists in obtaining leases for
non-oil and gas minerals and sand  resources and to

obtain other information that is relevant to the lease sale
decision.

The MMS gathers comments, information, and indi-
cations of interest from interested parties that address:

1. Commercial, navigational, recreational, and
multi-use considerations; environmental con-
cerns, including information on biological and
physical resources; archaeological resources;
and social and economic issues.

2. Potential conflicts with approved state and lo-
cal coastal zone management plans and steps
that the MMS could take to avoid or mitigate
these conflicts.

3. Indications of interest from industry respon-
dents, specifying areas within the RFII area that
are of particular interest for consideration in a
possible OCS sand and gravel lease sale.

The RFII specifies a comment period.  During this
time, the MMS may schedule public workshops to dis-
cuss the RFII and the leasing process.  Information re-
ceived by the MMS is used to make a preliminary de-
termination on whether the leasing process should con-
tinue and, if so, then the environmental assessment is
conducted.

Proposed Leasing Program Framework
for Offshore Aquaculture

In the proposed approach, the importance of the fol-
lowing items is stressed:  initially determining suitable
areas for aquaculture; offering these areas for joint leas-
ing and permitting through a coordinated interagency
process; making a determination of environmental ef-
fects and effects on other users through the NEPA pro-
cess; and then subsequently awarding (or not) a lease
and the requisite operating permits.

An offshore aquaculture leasing program must in-
clude provisions that:

• Identify a lead federal agency responsible for ad-
ministering an offshore aquaculture leasing sys-
tem;

• Identify, assess, and evaluate areas within the
federal waters compatible (and incompatible) with
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the needs of offshore aquaculture operations, re-
source conservation, navigation, fishing, other
uses, and public access;

• Allow for input by the public and review by the
states;

• Ensure, through reasonable lease terms and con-
ditions, both the viability of offshore aquaculture
operations and protection of the public interest;

agencies, so as to create a one-stop
process for applying for offshore
aquaculture leases and permits.

An Aquaculture Lease that Includes
Operational Terms

Although the Army Corps issues section 10 permits
in the oil and gas context, its involvement in the process
is minimal.  The Army Corps’ minimal level of involve-
ment in offshore oil and gas development is consistent
with its policy “that state and federal regulatory pro-
grams should complement rather than duplicate one
another”  [33 C.F.R. 320.1(a)(5)].   Consequently, where
lands “are under mineral lease from the [MMS], that
agency, in cooperation with other federal agencies, fully
evaluates the potential effect of the leasing program on
the total environment.”  Accordingly, the Army Corps’
decision whether to issue a permit on those lands is
“limited to an evaluation of the impact …on navigation
and national security” [33 C.F.R. 322.5(f)].    In such
circumstances, the Army Corps uses “general permits,
joint processing procedures, interagency review, coor-
dination, and authority transfers (where authorized by
law) to reduce duplication.” [33 C.F.R. 320.1(a)(5)].

This bifurcation of responsibility has worked well for
the Army Corps and MMS in the oil and gas context
and could be replicated in the aquaculture context.
Under this scenario, Congress would create an aquac-
ulture lease that sets forth operational parameters (for
example, species, density, production volume, produc-
tion schedule, feed type and rate, emergency and es-

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.5

   Congress should create a new offshore
aquaculture leasing authority, vest that
authority with NOAA, and direct the Army
Corps of Engineers to focus its Section 10
review on national security and navigation
and to rely on the NOAA-coordinated
environmental evaluation.  Leases should
spell out terms of tenure and operational
parameters.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.6

   The NOAA Office of Offshore Aquaculture
should have the authority to grant offshore
aquaculture leases for areas in, on, and
under federal waters and the responsibility
to administer and monitor all offshore
aquaculture leasing activities.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.7

  It is proposed that the NOAA Office of
Offshore Aquaculture facilitate inter-agency
interaction with other relevant permitting

• Require a detailed description of the scope, na-
ture, and operation of any proposed offshore
aquaculture operation; and

• Provide for regular monitoring of the operation,
including the establishment of minimum produc-
tion and performance levels, environmental com-
pliance, utilization of best management practices,
and other approaches.

PROPOSED AQUACULTURE LEASE
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cape response) in addition to specifying the terms of
the tenure (for example, duration, geographic extent,
fees, termination) in leasing federal ocean space.  From
an efficiency standpoint, it makes sense to base deci-
sions on the operational characteristics of the proposed
aquaculture operations in the hands of the same
agency—NOAA—that will have aquaculture leasing
authority and for that agency to jointly consider lease
terms and operational parameters in the context of a
lease application.  Moreover, in such a “joint” process
only one environmental evaluation would be required.
The one downside to encompassing operational param-
eters within the lease, is the potential for conflict of
interest.  However, given that fees/royalties are not likely
to be substantial and that NOAA has other strong con-
stituencies that may have interests adverse to aquacul-
ture (for example, commercial fishers and conserva-
tion/ preservationists concerned with marine mammals,
endangered species, and fish habitat), there may be more
of an appearance of conflict of interest than actual con-
flict.

It is envisioned that leases would spell out terms of
the tenure (for example, coordinates, length, royalties,
cancellation, performance bonds, closure), and delin-
eate operational parameters (for example, production
levels, facility design, emergency response, escape re-
sponse) while the Section 10 permit would be limited to
navigation and national security concerns.  As the lead
federal agency, NOAA would have responsibility for
coordinating and consulting with other federal agencies
to ensure that other concerns such as cultural resource
protection are accounted for in the leasing decision.  An
aquaculturalist would continue to need to obtain a RHA
permit from the Army Corps—but as mentioned above,
that permit would be limited to national security and
navigational concerns and likely would take the form of
a general permit.

This sharing of responsibility makes sense given the
Army Corps’ and NOAA’s respective capabilities: The
Army Corps has knowledge and expertise in the areas
of national security and navigation while NOAA has
expertise in the areas of fisheries, marine mammal pro-
tection, ocean science and coastal management.  Fur-
thermore, NOAA has specific responsibilities under the
ESA, MMPA, MSPRA, CZMA, the Magnuson-Stevens
Act, and the Fish and Wildlife Coordination Act, all of
which would be implicated by both a Section 10 and an
aquaculture lease.  Moreover, in light of the fact that
NOAA will already be conducting an environmental

analysis in the context of the leasing decision, designat-
ing NOAA as the lead agency to consider the opera-
tional parameters of proposed aquaculture operations
for any NEPA analysis is both cost effective and time
efficient.   In sum, while NOAA would take the lead on
environmental matters, the Army Corps would retain
its responsibilities under Section 10 for analyzing the
impact of the proposed aquaculture permit on naviga-
tion and national security and would help to ensure co-
ordination with other relevant federal and state agen-
cies such as the Coast Guard and the Department of
the Navy.

The NOAA Office of Offshore Aquaculture could
eventually  be incorporated as a component of a larger
NOAA office responsible for managing all offshore fa-
cilities and operations.  Regardless of its placement, the
NOAA Office of Offshore Aquaculture would be re-
sponsible for oversight and management of the offshore
aquaculture-leasing program, monitoring of offshore
aquaculture facilities, and eventual abandonment of such
facilities.

Option Considered but not Selected: Sec-
tion 10 of the Rivers and Harbors Act Per-
mit to Function as an Operations Permit

One option was for the Army Corps to take the lead
on permitting and for the Section 10 permit to become
the primary means for the federal government to per-
mit aquaculture facilities.  Section 10 of the Rivers and
Harbors Act (RHA), 33 U.S.C. § 403, and implement-
ing regulations require that any person desiring to con-
struct a structure in or over any navigable water of the
United States to first obtain a permit from the U.S. Army
Corps of Engineers.  When it enacted the Outer Conti-
nental Shelf Lands Act of 1953 (OCSLA), Congress
extended the Army Corps’ jurisdiction to the regulation
of islands, installations and other devices to the sea-
ward limit of the outer continental shelf, 43 U.S.C.
§1333.  Thus, under present law, a Section 10 permit
would be required of anyone who seeks authority to
conduct offshore aquaculture.  Substantively the Army
Corps balances a number of use issues (for example,
navigation, fish and wildlife, water quality, and recre-
ational and other uses) in making a permit decision in
the “public interest” (33 C.F.R. § 320.4).
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Under present practices, the Army Corps may, if there
is public demand, hold a public hearing on the project,
33 C.F.R. §327.4; in light of the novelty of aquaculture
permitting, we recommend that it be mandatory in the
event Section 10 gains primacy in aquaculture.  It also
should be noted that the Army Corps has the latitude to
grant a temporary permit for short-term research
projects (with minimal environmental evaluation) or a
“full” permit requiring an Environmental Assessment
(EA) or, if there is significant impact, an Environmental
Impact Statement (EIS), an approach that could be
termed “risk-based permitting” (See, for example, Bay
1993).

Planning and Siting of Offshore
Aquaculture Operations

As discussed in Cicin-Sain, et al. (2001), the capac-
ity for mapping the natural features and current and
future uses of federal offshore waters  (but not the ex-
plicit mandate to do so) is present at NOAA and at the
U.S. Department of Interior.  For this work to occur,
however, these agencies would need to be given the
necessary financial and personnel resources, through
both administrative and new congressional action on
aquaculture.  It is important that this planning process
take place on a timely basis; otherwise, the develop-
ment of the offshore aquaculture industry will be sig-
nificantly hindered.   Proposals for offshore aquacul-
ture operations, however, may need consideration by
the NOAA Office of Offshore Aquaculture before or
while these planning efforts are underway.  If this is the
case, decisions should be made on the basis of avail-
able information.  A detailed discussion of planning and
siting needs can be found in Chapter 4.

Offshore Aquaculture Leases

Cicin-Sain et al. (2001) argue for the establishment
of a federal offshore leasing framework for aquacul-
ture.  Leases can provide aquaculture operations (semi-
) exclusive rights to occupy a site and exclusive rights
to the cultured species.  They also can provide more
protection for and delineate more responsibilities required
of the aquaculture operation than can permits or licenses.
Such a leasing framework should be guided by a set of
principles relevant to public trust responsibilities and

should specify the scope, size, duration, and other terms
of the lease.  Some form of compensation to the public
for the exclusive rights granted should also be incorpo-
rated into the lease terms.

The aquaculture lease regulations developed by the
Maine Department of Marine Resources (13-188, Chap-
ter 2) have been used as the basis for a portion of the
recommendations put forth below.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.8

 Four types of leases should be authorized:

(1) A research lease to encourage the develop-
ment and testing of new gear or techniques
and to allow for scientific research;

(2) A short-term (or interim) lease to enable an
aquaculture firm to further develop the
facility’s Offshore Aquaculture Operational
Business Plan;

(3) A long-term (or standard) lease for an appli-
cant with a fully developed Offshore Aquac-
ulture Operational Business Plan; and

(4) An emergency lease to provide the culturist
with a rapid response capability in the event
facilities must be temporarily moved or relo-
cated.

Research Aquaculture Leases.  The NOAA Of-
fice of Offshore Aquaculture should have the au-
thority to grant a research offshore aquaculture lease
in federal offshore waters for commercial aquacul-
ture research and development, for scientific re-
search, and/or for assessing commercial viability of
a proposed operation.  The research lease should be
limited to a maximum of 50 acres and to a period of
no longer than 5 years.

Short-Term Aquaculture Leases.  The NOAA
Office of Offshore Aquaculture should have the au-
thority to grant short-term provisional leases to allow
commercial applicants to develop an operation’s
project concept and test its feasibility.  The short-
term lease should be granted for a period of no longer
than three years.

Commercial Offshore Aquaculture Leases.  The
NOAA Office of Offshore Aquaculture should have



LEASING AND PERMITTING

42

the authority to issue an offshore aquaculture lease
to site and operate an offshore aquaculture opera-
tion.  The offshore aquaculture lease may be granted
for a period of up to ten (10) years, renewable there-
after at five-year intervals.

Emergency Aquaculture Leases.  The NOAA Of-
fice of Offshore Aquaculture should have the au-
thority to grant an emergency offshore aquaculture
lease when the health and safety of the species in
confinement is threatened and the NOAA Office of
Offshore Aquaculture determines that the relocation
of the offshore aquaculture facilities will not threaten
the environmental quality of the receiving waters or
the health of marine organisms in those waters.  The
purpose of the emergency lease is to allow for the
quick relocation of offshore aquaculture facilities as
the result of an unanticipated, natural, or man-made
phenomenon that is beyond the control of the lease-
holder.

Offshore Aquaculture Lease Terms
and Conditions

Application Requirements

Form.  All applications must be submitted on the joint
form prescribed by the NOAA Office of Offshore
Aquaculture—a form that is comprehensive enough
to serve as the application for any other necessary
permits, licenses, and certifications for the operation
under consideration.

Fee. A nonrefundable application fee must be sub-
mitted along with the application form.  The amount
of the fee should be determined by the nature of the
offshore aquaculture operation and the relative size
of the proposed lease site.

Required  Elements.  In addition, the applicant must
furnish detailed information in the form of an Off-
shore Aquaculture Operational Business Plan (taken
from the aquaculture lease regulations of Maine
(U.S.) and British Columbia (Canada)) as detailed
earlier.

Offshore Aquaculture Lease
Acreage, Siting, and Review

Aquaculture Lease Acreage.  While many coastal
states that have adopted aquaculture leasing guide-

lines usually set a maximum area limit for leases per
applicant, the size of each offshore aquaculture lease
should be negotiated based upon the amount of acre-
age available and the demonstrated needs and capa-
bilities of the culturist.

Siting and Spacing of Offshore Aquaculture Op-
erations.  Leasing guidelines should be developed
that address the possibility of multiple-use conflicts
in the proposed ocean space.  These guidelines should
address marine reserves and sanctuaries, existing
offshore aquaculture leases (both shellfish and fin-
fish), wildstock shellfish beds, important cultural re-
sources, and others as deemed necessary and ap-
propriate.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.9

Consideration needs to be given to the
cumulative impacts of offshore aquaculture
facilities and, consequently, spacing and
fallowing guidance should be developed by
the NOAA Office of Offshore Aquaculture.

Public Interest Review.  Applications for offshore
aquaculture leases should be subject to public inter-
est review.  A single, coordinated review process
should be developed so as to serve the needs and
requirements of the offshore aquaculture lease pro-
gram and the federal permitting process.  A notice of
lease and permit application and of public hearing
should be made available to the applicant, the rel-
evant federal agencies, the states (and the relevant
agencies therein), and the public potentially affected
by the proposed aquaculture operations.  This notice
should also be publicized in regional and local media.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.10

Adoption of a mechanism similar to the
Request for Information and Interest (RFII),
utilized by the Minerals Management
Service in leasing sand and gravel
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resources, should be incorporated into the
offshore aquaculture leasing program
adopted by the NOAA Office of Offshore
Aquaculture.  The RFII process should be
enhanced by requiring the scheduling of
public hearings for areas potentially
affected by the proposed offshore
aquaculture operation.

Environmental Assessment

As part of ensuring environmentally sound and ac-
ceptable decisions for offshore aquaculture operations,
the NOAA Office of Offshore Aquaculture should pre-
pare an Environmental Assessment (EA) and/or an En-
vironmental Impact Statement (EIS), as appropriate, to
determine possible environmental consequences of off-
shore aquaculture development.  This environmental
review process is used to assess the full range of pos-
sible impacts, offers a set of alternatives for develop-
ment, and identifies mitigating measures and stipulations
to such possible impacts.  The NOAA Office of Off-
shore Aquaculture should determine the type of envi-
ronmental analysis required under NEPA on a case-by-
case basis.  Environmental considerations are detailed
in Chapter 5.

Offshore Aquaculture Lease Decision

In considering whether or not to grant an offshore
aquaculture lease, the NOAA Office of Offshore
Aquaculture should consider the extent to which grant-
ing the offshore aquaculture lease is consistent with
criteria set forth in existing and newly created law and
regulations (for example, regarding fair return to the
public from the use of offshore waters, use of a pre-
cautionary approach, and the principle of sustainable
use), and the extent to which the proposed operation
will affect:

1. Navigation;

2. Fishing (commercial and recreational) and es-
sential fish habitat;

3. Other aquaculture uses;

4. Ecological carrying capacity;

5. Source of organisms to be cultured;

6. Military or other federal government operations;

7. Existence of marine protected areas, marine
sanctuaries, and other resource preserves;

8. Endangered, threatened, and depleted species;
and

9. The public’s interest in federal offshore waters.

In addition, a Coastal Zone Management Plan Con-
sistency Determination(s) should be made, as appropri-
ate.  If certified, a Draft Leasing Notice should be pub-
lished for public comment, and a Final Leasing Notice
will be published thereafter.  Under no circumstances
should an offshore aquaculture lease be granted if
the firm fails to obtain all its licenses, necessary per-
mits and certifications.

Responsibilities of the Offshore
Aquaculture Leaseholder and Lease
Terms

General Lease Terms.  The lease should specify
acreage, duration, and operational parameters.

Facility Operations.  The lease should provide that
the aquaculture operations shall be conducted in ac-
cordance with a final, NOAA-approved Offshore
Aquaculture Operational Business Plan, which should
be incorporated into the lease and made an enforce-
able part thereof.

Lessee Rights.  Any lease issued by the NOAA
Office of Offshore Aquaculture should vest in the
lessee: (a) the exclusive right during the term of the
lease to keep, breed, hatch, and culture the species
of finfish and/or shellfish within the leased area and
to take the species of finfish and/or shellfish from
the leased area; and (b) the ownership of all fish speci-
fied in the lease that are within the leased area (see:
McMullan and Weir 1998).

Environmental Monitoring.  As a condition of a
lease, the NOAA Office of Offshore Aquaculture
should require that environmental monitoring be con-
ducted on standard offshore aquaculture lease sites.
Environmental monitoring also will be required for
research and short-term leases, albeit at scales rela-
tive to the size of the operation.

Access and Information.   The lease should in-
clude a provision allowing employees and represen-
tatives of the federal government access to the lease
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site, aquaculture facility, and associated vessels to
conduct monitoring, inspection and enforcement ac-
tivities.  Moreover, the lessor should be required to
furnish, on reasonable notice, information, documents,
and records that may be relevant to occupational
health and safety or to the protection or preservation
of the marine environment.

Health and Safety.  The operator should be required
to maintain all places of employment within the leased
area in compliance with occupational safety and health
standards and free from recognized hazards.

Annual Rental Fees.  The operator should be as-
sessed an annual, per-acre lease rental fee, and a
royalty fee, as necessary and appropriate, in ex-
change for the semi-exclusive use of offshore space
for aquaculture.  The NOAA Office of Offshore
Aquaculture should establish the amount of this fee(s)
after due consultation with the offshore aquaculture
industry, other ocean user constituencies, the public,
and agencies of the federal government.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.11

In exchange for the semi-exclusive use of
offshore space for aquaculture,  the NOAA
Office of Offshore Aquaculture should
establish rental fee and royalty rates after
due consultation with the offshore
aquaculture industry, other ocean user
constituencies, the public, and other
federal agencies.

Sub-leasing and Lease Transferability.  The
NOAA Office of Offshore Aquaculture should not
recognize any sub-leasing arrangement from leases
it grants that may be entered into by the leaseholder.
The original lessee should be held responsible for
meeting all legal and administrative requirements and
liabilities arising from the operation of the lease.  These
stipulations should also apply for major stockholder
changes.

The NOAA Office of Offshore Aquaculture may con-
sider approving the transfer of a lease from one lessee

to another, provided that the original lessee completes a
Request for Transfer form, the proposed subsequent
lessee makes an appropriate financial disclosure and
otherwise satisfies all financial requirements of the lease
(for example, establishment of a performance bond),
and the NOAA Office of Offshore Aquaculture puts
the request on official public notice, holds a public hear-
ing, and evaluates the transfer according to the criteria
outlined in its leasing provisions.

Performance Bonds

An escrow account, performance, or security bond
should be required of all successful applicants for off-
shore aquaculture leases.  These funds may be neces-
sary for the rehabilitation of a lease area upon the trans-
fer, expiration, or cancellation of a lease, to ensure that
the lease site can be returned to its natural state in the
event that the site is abandoned.  The value of such a
bond must be sufficient to remove and salvage, resell,
or dispose of all of the anchors, cordage, cages and
physical equipment on the site.  To calculate this value,
the NOAA Office of Offshore Aquaculture should col-
lect bids from several independent salvers at the time
of application and every five years thereafter.

The term of the policy for the Performance Bond
should be such that under no circumstances should the
bond be allowed to lapse prior to both a final inspection
of the site and a certification by the leasing authority
that the site has been cleaned up to its satisfaction.  It
should be the responsibility of the applicant to purchase
the bond for a minimum of two years into the future
and annually renew the bond.

Termination and Revocation of the Lease

Any offshore aquaculture lease may be terminated or
revoked due to:

• Late or non-payment of rents/royalties;

• Failure to meet performance standards;

• Breach of lease stipulations;

• Operating outside the approved lease area; or

• Failure to obtain or maintain all required permits.

In addition, a lease may be terminated if the contin-
ued operation of the aquaculture facility may result in
substantial harm or damage to life, to property, or to the
marine, coastal, or human environment, to the national
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security or defense, or in the event that the federal gov-
ernment decides to put the leased site to another use.
In the event the aquaculture lease must be terminated
for reasons of national or defense security or in the
event that the federal government decides to put the
leased site to another use, the offshore aquaculture firm
should be provided with reasonable compensation.

Disposition of Facilities
upon Termination

Lease terms will require the leaseholder to remove
all facilities and equipment and restore the leased area
back to its original condition at the end of the lease.  If
the lessee fails to do so, the improvements will be re-
moved and subsequently confiscated, and the lessee will
forfeit its performance bond to pay for such removal.

Abandonment of Facilities

Management of this phase of the offshore aquacul-
ture development process can seek lessons from the
experience of the Minerals Management Service in ad-
ministering its responsibilities under the Outer Conti-
nental Shelf Lands Act.  With regard to offshore oil
production platforms, MMS regulations provide that all
structures shall be removed from a lease within one
year after lease termination.  Lessees are obligated to
verify site clearance for an area wider than the facility
(for platforms, it is a 1,320-foot radius circle centered
on the platform).  For structures located in water depths
of greater than 300 feet, the requirement for site clear-
ance verification is a sonar search of the location; for
waters depths of less than 300 feet, 100% of the area
must be trawled in two directions, bringing up and dis-
posing of all objects caught in the trawl (Waldemar 2001).

The important aspect here is to establish requirements
for offshore aquaculture operators to remove all facili-
ties and return the leased area to its original state.  In
many cases, the leasing agency will require that the
operator establish an escrow account or provide a per-
formance bond sufficient to pay for both the removal of
all structures and the restoration of the area to pre-use
conditions.

NPDES Permits

Several classes of pollutants are associated with
aquaculture: fish meal, nutrient wastes and chemical
pollutants. Thus, in addition to an aquaculture lease and

a Section 10 permit under the RHA, a Section 402 Na-
tional Pollutant Discharge Elimination System (NPDES)
CWA discharge permit is required, depending upon the
characteristics of the facility.  Section 401 of the CWA,
33 U.S.C. § 1341, which would otherwise require a
federal permit applicant to receive certification from a
state that its discharge is in compliance with state wa-
ter quality standards, is not applicable in federal off-
shore waters because the jurisdictional reach of the
states under Section 401 only extends three miles off-
shore.  See 33 U.S.C. § 1362(8); NRDC v. EPA, 863
F.2d 1420 (9th Cir. 1988).

Section 301 of the CWA prohibits the discharge of
pollutants except in compliance with the requirements
of the Act, including the obligation to obtain a Section
402 (NPDES) permit.  Thus, persons desiring to dis-
charge pollutants into the territorial sea, contiguous zone
or ocean must first obtain an NPDES permit that man-
dates compliance with effluent limitations, standards of
performance, and Section 403 ocean discharge criteria
adopted by EPA. More specifically, an implementing
regulation, 40 C.F.R. § 122.24(a), requires that a "con-
centrated aquatic animal production facility" (CAAPF)
obtain a NPDES permit. CAAPFs are defined as "a
hatchery, fish farm, or other facility which meets the
criteria in Appendix C… or which the Director desig-
nates" on a "case-by-case" basis after finding that it is a
"significant contributor of pollution to waters of the
United States." 40 C.F.R. § 122.24(b-c).

As set forth in Appendix C of the regulation, if an
aquatic animal production facility discharges at least 30
days in a year and exceeds certain production limits, it
is "concentrated" within the meaning of the rules, and
thus requires a permit.  Facilities that grow or hold cold-
water fish or other aquatic animals and that produce
less than 9,090 harvest weight kilograms (approximately
20,000 pounds) in a year and that feed less than 2,272
kilograms (approximately 5,000 pounds) of food during
a calendar month are excluded. Facilities that grow or
hold warm water fish or other aquatic animals and that
produce less than 45,454 harvest weight kilograms (ap-
proximately 100,000 pounds) in a year or that employ
closed ponds that discharge only during periods of ex-
cess runoff are excluded. This rule is often confused
with another discharge regulation related to aquacul-
ture, 40 C.F.R. § 122.25, which regulates the discharge
of pollutants into an aquaculture project. This latter pro-
vision, however, has no bearing on discharge from
aquaculture facilities.
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In 2004, EPA promulgated a final rule codified at 40
C.F.R. Part 451 that established CWA effluent limita-
tions guidelines and new source performance standards
for CAAPFs.  As described in Chapter 1, the regula-
tion provide technology-based narrative limitations and
standards for wastewater discharges from new and ex-
isting CAAPFs that discharge directly to U.S. waters.

The rule applies to commercial (for-profit) and non-
commercial (generally, publicly-owned) facilities that
produce, hold or contain 100,000 pounds or more of
aquatic animals per year.  While facilities producing
fewer than 100,000 pounds of aquatic animals per year
are not subject to the rule, in specific circumstances
they may still require NPDES permits that include limi-
tations on discharges.  As noted above, an aquatic ani-
mal production facility producing fewer than 100,000
pounds of aquatic animals per year will be subject to
the NPDES permit program if it is a CAAPF as de-
fined in 40 CFR 122.24.  Certain other types of facili-
ties also are not covered by the rule, including closed
pond systems (most of which do not meet the regula-
tory definition of a CAAPF facility), molluscan shell-
fish operations, including nurseries, crawfish produc-
tion, alligator production, and aquaria and net pens rear-
ing native species released after a growing period of no
longer than 4 months to supplement commercial and
sport fisheries.

The final regulation applies to CAAPFs, producing
more than 100,000 pounds per year of fish, located in
the territorial seas, contiguous zone, or ocean waters.
Any future CAAPFs that will produce more than
100,000 pounds per year of fish in the contiguous zone
or in ocean waters are point sources that will be subject
to the regulation as well as NPDES permitting require-
ments.  It has been EPA's long-standing position that
point source discharges subject to CWA requirements
include the addition of a pollutant from a point source to
waters of the contiguous zone or ocean except in lim-
ited circumstances.  Consequently, discharges from net
pens located in the contiguous zone or ocean waters,
are subject to CWA requirements, including the guide-
line and NPDES permitting requirements.

On February 20, 2002, a federal district judge in Maine
held that salmon net pen farms in Maine coastal waters
are required to obtain CWA permits. USPIRG v. Atlan-
tic Salmon of Maine, 215 F. Supp. 2d 239 (D. Maine
2002). Among other substances found to be "pollutants"
under the CWA, were live non-native fish that escape,

fishmeal, and feces as well as pharmaceuticals and
antibiotics associated with the aquaculture production
process. Moreover, net pens were found to be point
sources (see Firestone, J. and R. Barber 2003).

EPA and NOAA should work together to ensure a
clear understanding and careful coordination of NPDES
permitting requirements and offshore aquaculture in-
cluding: scope and applicability of the NPDES program
to offshore aquaculture; how NPDES permit decisions
are made and processed; how permit terms and condi-
tions are developed; permittee monitoring obligations;
and how NPDES permit requirements are enforced.

Ocean Dumping Permits

With regard to ocean dumping permits under section
102 of the MPRSA, EPA regulates the transportation
of material for ocean dumping to ensure that such dis-
posal "will not unreasonably degrade or endanger hu-
man health, welfare or amenities, or the marine envi-
ronment, ecological systems or economic potentialities."
33 U.S.C. § 1402(a).  The MPRSA, however, explic-
itly excludes from its reach the deposit of oyster shells
or other materials for the purpose of "developing, main-
taining, or harvesting fisheries resources" provided that
the activity is otherwise regulated or authorized by fed-
eral or state law. 33 U.S.C. § 1402(f).  Thus, an aquac-
ulture facility engaging only in onsite discharges asso-
ciated with its operations and otherwise regulated or
authorized by state or federal law (e.g., by NPDES
permits or leases issued under a legal regime such as
recommended in this report), would likely be subject to
this exemption.  Furthermore, under MPRSA section
102(d), no permit is required for the transportation for
dumping or the dumping of fish wastes, except when
deposited in harbors or other protected or enclosed
coastal waters, or where EPA finds that such deposits
could endanger health, the environment, or ecological
systems in a specific location.  Where the Administra-
tor makes such a finding, such material may be depos-
ited only as authorized by a permit issued by EPA.  The
limits established in any NPDES permit that is issued
would presumably be set at levels that would not allow
unreasonable degradation or endangerment of the ma-
rine environment.
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does not follow NMFS recommendations, it must ex-
plain its decision in writing and describe the measures it
will take to avoid, mitigate or offset habitat impacts.  16
U.S.C.  §1855(b)(4)(B).  Each Regional Fishery Coun-
cil also will have established procedures for reviewing
Federal or state actions that may adversely affect the
EFH of a species managed under its authority.  50 C.F.R.
§ 600.930(a).

The Endangered Species Act, 16 U.S.C. §§ 1531
et seq., requires federal agencies that propose to issue
permits to consult with the U.S. Fish and Wildlife Ser-
vice and the National Marine Fisheries Service prior to
permit issuance in order to insure that the permitted
activity is “not likely to jeopardize the continued exist-
ence of any endangered species or threatened species
or result in the destruction or adverse modification of
[critical] habitat of such species,” and to suggest rea-
sonable and prudent alternatives.  16 U.S.C. §
1537(a)(2).  More specifically, a three-step process must
be followed to ensure compliance with the ESA.  First,
request of the Secretary of the Interior or Commerce
or both, as appropriate, information as to whether any
species which is “listed or proposed to be listed may be
present in the area of such proposed action.”  16 U.S.C.
§ 1536(c)(1).   If a Secretary indicates that such a spe-
cies may be present, the agency would then be required
to conduct a “biological assessment for the purpose of
identifying any endangered species or threatened spe-
cies which is likely to be affected by such action.”
The assessment may be undertaken as part of comply-
ing with NEPA.   If an endangered or threatened spe-
cies is “likely to be affected,” formal consultation of
Section 1536(a)(2) and (b) is triggered.

Marine Mammal Protection Act of 1972, 16 U.S.C.
§§ 1361 et seq., prohibits the harassment, hunting, cap-
ture or killing of marine mammals without a permit from
either the Secretary of the Interior or the Secretary of
Commerce, depending upon the species of marine mam-
mal involved.   Such permits only can be issued for
limited purposes (for example, scientific research, pub-
lic display, incidental takes).

As noted above, the NOAA Office of Offshore
Aquaculture would have overall responsibility for the
review process associated with the aquaculture lease
and necessary permits.  That process will require NOAA
to coordinate and consult with a number of federal agen-
cies regarding potential impacts of the proposed aquac-
ulture project on cultural artifacts and fish and wildlife
as well as state review for impacts on land, water and
natural resources within states’ coastal zones.

Federal Agency Consultation
and Coordination

Pursuant to section 106 of the National Historic
Preservation Act, 16 U.S.C §470f, and 36 C.F.R. Part
800, the Army Corps must take into consideration cul-
tural, religious, historic and archeological resources prior
to permit issuance.  Jurisdiction is generally confined to
state waters, but could apply to federal waters if the
issuance affected a viewshed or in some other way
impacted property that has historic designation such as
a historic district.  In order to generate information on
these resources, a permit applicant should prepare a
report in consultation with the Advisory Council on His-
toric Preservation and submit it as part of its license
application. Cultural, religious, historic and archeologi-
cal resource impacts are evaluated further during the
NEPA process.

Under the Fish and Wildlife Coordination Act, 16
U.S.C. §§ 661-666c, and other laws, any federal agency
considering whether to issue a federal permit that will
control or modify any body of water must consult with
the U.S. Fish and Wildlife Service or the National Ma-
rine Fisheries Service, or both, as appropriate, as well
as with the state agency exercising administration over
affected wildlife resources.  Moreover, under the
Magnuson-Stevens Act a federal agency must consult
with NMFS regarding actions they propose to autho-
rize, fund or undertake that “may adversely affect” any
essential fish habitat (EFH) and in many instances pro-
vide NMFS with a written assessment of the effects.
16 U.S.C. § 1855(b)(1)(D)(2).  If the federal agency

CONSULTATION REQUIREMENTS THAT MUST BE SATISFIED
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The Marine Protection, Research and Sanctu-
aries Act, 16 U.S.C. § 1434(d), requires that any fed-
eral agency proposing to take action (including actions
authorizing private activities by licensees, lessees or
permitees) “internal or external” to a National Marine
Sanctuary that is “likely to destroy, cause the loss of, or
injure any sanctuary resource,” is required to provide
the Secretary of Commerce with a written statement

describing the proposed action and its potential effects.
If the Secretary finds that such effects are likely, the
Secretary is required to recommend to the federal
agency reasonable and prudent alternatives to the pro-
posed action.  If, after consulting with the Secretary,
the federal agency does not follow the Secretary’s rec-
ommendations, it must provide a written explanation for
its decision.

Figure 3.1: Flowchart for a coordinated joint lease/permit process, which
would be administered by NOAA’s Office of Offshore Aquaculture.
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Coastal Zone Management Act
Certification

To the extent an aquaculture facility is well-sited 3 to
200 miles from shore, it may pose few problems for
states other than potentially impacting onshore infra-
structure requirements (staging areas and base yards
to support offshore operations) and the possibility of
escapees.  However, under the Coastal Zone Man-
agement Act (CZMA), 16 U.S.C. §§ 1451-1465, and
implementing regulations, states develop coastal zone
management programs subject to the review and ap-
proval of the Secretary of Commerce.  To the extent
that a federal aquaculture permitee’s activity affects
any land or water use or natural resource of a state’s
coastal zone, the permit applicant is required to certify
that the project “complies with and will be conducted in
a manner consistent with the management program”
and to include the certification in the permit application.
15 C.F.R § 930.57(a). Simultaneously, the applicant is
required to provide the appropriate state agency(ies)
with a copy of the certification and any necessary sup-
porting documentation (ibid).  To the extent an offshore
aquaculture project affects the coastal zone of more
than one state, multiple certifications may be required.
State concurrence is presumed if the state fails to act
within six months. 15 C.F.R § 930.62.

If a state objects to the consistency certification, an
applicant may appeal to the Secretary of Commerce.
15 C.F.R § 930.63(e).  However, unless the Secretary
finds that an aquaculture project is consistent with the
“objectives or purposes “ of the CZMA or is otherwise
“necessary in the interest of national security,” a fed-
eral licensing agency cannot issue an aquaculture per-
mit. 15 C.F.R § 930.130(e).  An applicant whose project
was found by a state to be inconsistent with that state’s
coastal zone plan also could pursue remedies under state
law.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.12

NOAA should coordinate reviews by
agencies under other authorities such as
the National Historic Preservation Act, the
Endangered Species Act, the Marine
Mammal Protection Act, the Fish and
Wildlife Coordination Act, Magnuson-
Stevens Fisheries Act, and the Coastal
Zone Management Act.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.13

Fishery Management Councils (FMCs)
should review applications for potential
impacts on essential fish habitat and
impacts on fisheries under their purview;
however, requirements such as restrictions
on the total allowable catch, seasons and
ownership that FMCs apply to capture
fisheries should not be applicable to
offshore aquaculture.  Aquaculture
operations conducted pursuant to a lease
and all necessary permits should be
excluded from the definition of “fishing”
under the Magnuson-Stevens Act, 16
U.S.C. § 1802 (15).

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.14

 It is critical for NOAA, the Army Corps, and
EPA to involve states early in and
throughout the zoning, leasing, and
permitting processes, and states should
receive timely and adequate notice as well
as an opportunity to comment.
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○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.1

It is proposed that leasing and permitting
proceed jointly given the time and
efficiency gains that are expected from joint
leasing and permitting without any loss of
environmental protection.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.2

In light of the fact that joint leasing and
permitting will require close coordination,
the authors recommend that a formal
mechanism be established to enable
NOAA, the Army Corps of Engineers, and
other interested federal agencies to
cooperate with one another and to
coordinate their respective reviews.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.3

A joint, multi-purpose lease/permit
application form to guide review by all
appropriate federal and state agencies and
the public, should be developed for use by
all applicants seeking to locate aquaculture
facilities in federal waters.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.4

 When applying for a standard offshore
aquaculture lease and associated permits,
the applicant should provide detailed
information on the proposed aquaculture
operation in the form of an Offshore
Aquaculture Operational Business Plan.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.5

Congress should create a new aquaculture
leasing authority, vest that authority with
NOAA, and direct the Army Corps of
Engineers to focus its Section 10 review on
national security and navigation and to rely
on the NOAA-coordinated environmental
evaluation.  Leases should spell out terms
of tenure and operational parameters.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.6

   The NOAA Office of Offshore Aquaculture
should have the authority to grant offshore
aquaculture leases for areas in, on, and
under federal waters and the responsibility
to administer and monitor all offshore
aquaculture leasing activities.

SUMMARY OF LEASING
AND PERMITTING RECOMMENDATIONS
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○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.7

  It is proposed that the NOAA Office of
Offshore Aquaculture facilitate inter-agency
interaction with other relevant permitting
agencies, so as to create a one-stop
process for applying for offshore
aquaculture leases and permits.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.8

Four types of leases should be authorized:

(1) A research lease to encourage the develop-
ment and testing of new gear or techniques
and to allow for scientific research;

(2) A short-term (or interim) lease to enable an
aquaculture firm to further develop the
facility’s Offshore Aquaculture Operational
Business Plan;

(3) A long-term (or standard) lease for an ap-
plicant with a fully developed Offshore
Aquaculture Operational Business Plan; and

(4) An emergency lease to provide the culturist
with a rapid response capability in the event
facilities must be temporarily moved or relo-
cated.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.9

Consideration needs to be given to the
cumulative impacts of offshore aquaculture
facilities and, consequently, spacing and
fallowing guidance should be developed by
the NOAA Office of Offshore Aquaculture.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.10

Adoption of a mechanism similar to the
Request for Information and Interest (RFII),
utilized by the Minerals Management
Service in leasing sand and gravel
resources, should be incorporated into the
offshore aquaculture leasing program
adopted by the NOAA Office of Offshore
Aquaculture.  The RFII process should be
enhanced by requiring the scheduling of
public hearings for areas potentially
affected by the proposed offshore
aquaculture operation.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.11

In exchange for the semi-exclusive use of
offshore space for aquaculture,  the NOAA
Office of Offshore Aquaculture should
establish rental fee and royalty rates after
due consultation with the offshore
aquaculture industry, other ocean user
constituencies, the public, and other
federal agencies.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.12

NOAA should coordinate reviews by
agencies under other authorities such as
the National Historic Preservation Act, the
Endangered Species Act, the Marine
Mammal Protection Act, the Fish and
Wildlife Coordination Act, Magnuson-
Stevens Fisheries Act, and the Coastal
Zone Management Act.
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○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.13

Fishery Management Councils (FMCs)
should review applications for potential
impacts on essential fish habitat and
impacts on fisheries under their purview;
however, requirements such as restrictions
on the total allowable catch, seasons and
ownership that FMCs apply to capture
fisheries should not be applicable to
offshore aquaculture.  Aquaculture
operations conducted pursuant to a lease
and all necessary permits should be
excluded from the definition of “fishing”
under the Magnuson-Stevens Act, 16
U.S.C. § 1802 (15).

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 3.14

It is critical for NOAA, the Army Corps, and
EPA to involve states early in and
throughout the zoning, leasing, and
permitting processes, and states should
receive timely and adequate notice as well
as an opportunity to comment.
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HISTORY AND IMPORTANCE OF PLANNING
AND SITE ASSESSMENT

CHAPTER
   4

PLANNING AND SITE ASSESSMENT
FOR OFFSHORE AQUACULTURE

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Typically, the actions of planning, site assessment and
zoning for land-based resources serve as an extension
of a federal, state or local government’s police power,
with the goal of promoting the general public’s health
and welfare.  Traditionally, planning powers have been
exercised at the local level, with local governments
adopting land use ordinances to manage conflicting uses
and promote safety.  A common format for planning
combines a map and text, describing the uses allowed
in the area designated on a map.  Similar and compat-
ible activities are grouped together, such as residential
and public recreational areas, or commercial and light
industrial uses.  These use combinations allow desig-
nated activities to grow in predictable directions and
ensure that incompatible uses will not interfere with each
other.  This smart growth allows for stability within dif-
ferent sectors of a community, efficiency in meeting
regulatory requirements, and greater security in invest-
ments.

Little has been done to determine the best-suited and
environmentally appropriate offshore areas for marine
aquaculture development.  Natural resource and land
use managers have employed planning and zoning as
some of their most powerful tools over the last century.
The marine environment can benefit from similar tools
as users increase, the social efficiency of marine in-
dustries decreases, and the health of marine ecosys-
tems declines.  Advanced planning assists environmen-
tally appropriate siting, reduced user conflicts, and a

thorough and efficient process for streamlined review,
permitting, and leasing.

The critical importance of thorough pre-operational
planning and site assessment to sustainable offshore
aquaculture production cannot be overemphasized.  This
point is underscored by the estimated multi-million dol-
lar capital and operational costs for development of off-
shore aquaculture farms (Waldemar Nelson Interna-
tional, Inc. 2001).

Siting decisions based on insufficient or faulty infor-
mation can create costly delays, environmental degra-
dation, reduced production, leasing issues, licensing and
other regulatory requirements, or ultimately, project fail-
ure.  A comprehensive feasibility study to identify and
evaluate relevant technical, environmental and finan-
cial factors is a fundamental prerequisite for prospec-
tive aquaculture operations in coastal and open ocean
environments. Companies seeking to develop open
ocean aquaculture projects should conduct pre-opera-
tional surveys and develop detailed Offshore Aquacul-
ture Operational Business Plans describing technical and
environmental specifications, from initial siting needs
through project termination.

The orderly development of an offshore aquaculture
industry depends upon private businesses and the rel-
evant government agencies assuming mutual responsi-
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bility for planning and site assessment.  Federal authori-
ties, charged with regulatory oversight of federal off-
shore waters, should assume the primary responsibility
for identifying suitable sites or zones for aquaculture
development.  The government may designate the den-

sity and scope of aquaculture activities permissible in
approved sites or zones based on detailed technical sur-
veys, site mapping and application of criteria designed
to address technical, environmental and socio-economic
issues and concerns.

KEY ELEMENTS OF PLANNING

Initially, planning for offshore aquaculture areas will
require the designation of one government agency to
be responsible for siting, management of the designated
sites, issuance of water column and seabed leases, and
issuance of a permit that incorporates the concerns of
other relevant federal and state agencies.

Preliminary planning should expand on the goals and
selection criteria that are set out in existing legislation.
In addition to identifying candidate sites and ecosys-
tems, the responsible government agency must describe
habitats, species’ characteristics, and species’ ranges
in order to identify areas most appropriate to either use
or protect.  At the same time, the social dimensions of
resource use must be documented to identify the full
costs and benefits of siting or restricting particular uses
in a given area.  The agency should identify site-specific
goals, objectives, prohibitions, and permitted uses.  This
information should be included in a site-specific man-
agement plan.  In setting up a planning scheme for off-
shore aquaculture, the following key elements must be
addressed by both the government agency and the
culturist.

Surveys

Planning for offshore aquaculture should begin with
comprehensive delineation of the environmental char-
acteristics and traditional uses of offshore areas.  Map-
ping of federal waters is a daunting and multi-year task
and while some mapping of federal waters is under-
way, the interim steps noted below can be used to begin
the planning process for offshore aquaculture.

A survey of the area, preferably using GIS (geo-
graphic information systems) or other remote mapping
techniques should be available.  It should delineate
physical, chemical and biological environmental infor-
mation relevant to offshore aquaculture uses (such as
depth, temperatures, current, and area-specific ecologi-

cal factors).

U.S. coastal waters represent a public resource for
use by fishers, recreationalists, mineral exploiters, the
military, and the shipping industry.  Mapping the off-
shore area to delineate traditional users and special en-
vironmental concerns will provide a strong foundation
for an offshore planning effort.  For example, the agency
can identify those areas already being overused, having
existing user conflicts; or having known environmental
aspects that eliminate the area as an appropriate off-
shore aquaculture site.  By eliminating these areas as
potential sites, the agency can then determine which of
the remaining sites should be opened for aquaculture
after an environmental review.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 4.1

It is recommended that comprehensive
mapping of offshore areas be conducted
to identify areas suitable for the offshore
aquaculture industry as well as other uses
and to further the development of a detailed,
map-based marine zoning plan.

Socio-Economic
and Environmental Issues

The maps provided by the above survey should pro-
vide overlays detailing the various human uses of the
area.  Overlays should typically include such uses as:
offshore mineral development or energy development;
capture fisheries; recreational uses; shipping channels;
the presence of endangered, threatened or sensitive
species; military uses; marine protected area status; or
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other aquaculture development.

Design/Engineering

The planning process should provide guidance for the
design of offshore aquaculture facilities that are com-
patible with an area’s ecosystems and uses.

Legal and Regulatory Requirements

Comprehensive planning for offshore aquaculture
must recognize the legal and regulatory requirements
applicants must satisfy to engage in an offshore aquac-
ulture operation.  As discussed in Chapter 3, included
are federal permitting and review requirements of the
Clean Water Act (CWA), National Environmental Policy
Act (NEPA), Rivers and Harbors Act (RHA), as well
as other federal legislation and potential individual state
requirements.  A siting plan should alleviate possible
redundant permit requirements by addressing the req-
uisite environmental review. Furthermore, if site desig-
nation and planning has been mandated by umbrella leg-
islation, then the site-specific management plan can be
used to develop the enforceable regulations that autho-
rize specific use and protection for an area.  In addition
to implementing these rules, the day-to-day procedures
necessary to administer the area must be set up (e.g.
accommodating other users and enforcing regulations).

Federal agencies are required to comply with NEPA,
which in section 102 requires all federal agencies to
include a detailed statement of the environmental im-
pact of a major federal action that significantly affects
the environment.  A “major” federal action is one that
requires substantial planning, time, resources, or expen-
diture that the federal agency proposes or permits.
Through the Environmental Assessment (EA) and En-
vironmental Impact Statement (EIS) reviews, agencies
are forced to consider environmental impacts before
action is taken.  In addition, NEPA mandates coordina-
tion and collaboration between federal agencies.  Spe-
cifically, prior to making any detailed statement, the re-
sponsible federal official must consult with and obtain
the comments of any federal agency that has jurisdic-
tion by law or special expertise with respect to any en-
vironmental impact involved. For practical purposes,
NEPA’s mandates do not extend beyond this consulta-
tion stage.  The Supreme Court has declared that
NEPA’s reach is procedural rather than substantive:
NEPA cannot mandate particular results but only pre-
scribe the necessary process.  Thus, once a federal

agency has completed the “detailed statement” that
NEPA requires, it may then continue its proposed ac-
tivity.

Public Input

Having noted the specific requirements of environ-
mental assessment under NEPA, the planning process
for aquaculture siting should involve two stages of pub-
lic input.  The first stage occurs when a planning project
commences. It offers the public and interested parties
an opportunity to comment on management issues rel-
evant to the area.  The second stage of public input is
designed to provide opportunities for the public to com-
ment on the prepared final plan.  After the second stage
of input, the agency may require revision of the plan to
address public comments.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 4.2

Two stages of public review, including the
scheduling of public hearings for areas
potentially affected by a proposed offshore
aquaculture operation, are recommended
for the planning process: upon
commencement of the planning process
and upon completion of the final plan.

The Offshore Aquaculture
Operational Business Plan

Finally, the planning approach should provide adequate
guidance for the creation of business management and
implementation plans, noting the key elements a culturist
must prepare in order to receive permits and meet the
requirements as determined under the site assessment.
These elements include a physical description of the
aquaculture facility and mooring system, information
necessary to support an environmental review of the
site, a description of the use profile of the immediate
vicinity, and an evaluation of cumulative impacts.  Such
plans were detailed in Chapter 3.
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REMOTE SENSING AND GEOGRAPHICAL
INFORMATION SYSTEMS AS PLANNING TOOLS

Canada, New Zealand, Australia, the United States
and other countries with developing marine aquacul-
ture (and other open-ocean industries) have programs
in various stages of development and technical sophis-
tication to identify and inventory important marine re-
sources and activities within their jurisdictions.  Techni-
cal information is obtained via a variety of remote sens-
ing methods including: high resolution satellite imagery;
aerial photography; single, multiple beam, and side scan
sonar; global positioning systems (GPS); and related
technologies.  Information from oceanographic, biologi-
cal, geological and diver surveys provides additional detail
and is used to ground truth remote sensing data.  Rel-
evant social, political, economic and legal factors are
also incorporated into the process.

The collection, organization and analysis of coastal
and oceanic spatial data are part of the growing techni-
cal field of marine geomatics.  Geomatics involves the
measurement, analysis, management, retrieval and dis-
play of earth-based or geographically-referenced infor-
mation (University of New Brunswick 2002).  Data-
bases containing physical, chemical, biological and other
categories of information are integrated and displayed
with computerized geographic information systems
(GIS), using specialized software capable of generat-
ing graphic comparisons or overlays of selected data
sets.  Advances in remote sensing methods and GIS
technologies have greatly improved the ability of re-
source managers to characterize and monitor the im-
pacts of human activities on coastal and ocean environ-
ments (GESAMP 2001).  Remote sensing and GIS are
currently applied in a variety of aquatic science fields
(University of  New Brunswick 2002).

Use of geographic information systems in the plan-
ning effort to integrate aquaculture with other uses of
open ocean waters is a relatively new application of the
technology.  Kapetsky (2000) conducted a survey of
GIS applications in aquaculture.  He subsequently re-
viewed and categorized 102 examples of geographic
information systems used for aquaculture between 1985
and 1998 (Table 4.1).

Kapetsky (2000) reported that:

• GIS applications in aquaculture date only from 1985;

• The largest number of GIS applications were based
in the United States;

• The great majority of GIS applications were aimed
at coastal aquaculture, while nearly all of the re-
mainder were for inland areas.  Only one applica-
tion was offshore.

• Geographical gaps are evident in the patchiness of
GIS applications within large countries and also
among countries, regions and continents.

•  GIS aimed at aquaculture development is rela-
tively well covered (Table 4.1), with little attention
given to the environmental impacts of aquaculture.

Kapetsky (2000) observed that the multi-disciplinary
and spatial nature of aquaculture siting, operation and
environmental monitoring are ideally suited to a range
of uses for GIS, particularly in the context of other uses
for land and water as well as integrated multi-sector
development and management plans.  Benefits of using
this approach include:

• Improved allocation of resources;

• Reduced resource/user conflicts;

• More appropriate aquaculture siting; and

• Increased potential for operational success of
aquaculture ventures through  comprehensively
matching aquaculture technologies with the natu-
ral environmental, human and financial resources.

Current, state-of-the-art geographical information
systems are already demonstrating their practical value
for aquaculture planning and siting decisions.  The New-
foundland and Labrador Department of Fisheries and
Aquaculture (DFA), for example, maintains an Internet-
based Aquaculture Geographic Information System
(AquaGIS) <http://www.aquagis.com>.  This system
is designed to integrate relevant information on aquac-
ulture, fisheries and coastal zone resource management
for use by the private and public sector regarding eco-
nomic/financial, environmental and regional planning
activities.  AquaGIS is an important component of the
aquaculture licensing process administered by the DFA.
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Table 4.1  Categories and Numbers of Geographic Information Systems Applications in Aquaculture

GIS Training and Promotion

• Training (7)

• Promotion of GIS (13)

GIS Aimed at Development

• Suitability of the site (16)

• Strategic Planning for aquaculture development (20)

• Anticipating the consequences of aquaculture (8)

• Web-based aquaculture information systems (1)

• Marketing (1)

GIS in Culture Practice and Management

• Inventory and monitoring of aquaculture and the environment (24)

• Environmental impacts of aquaculture (2)

• Restoration of aquaculture habitats (1)

Multi-Sectoral Planning that Includes Aquaculture

• Management of aquaculture together with fisheries (3)

• Planning for aquaculture among other uses of land and water (6)

 (Kapetsky 2000)

The web site provides online access to relevant geo-
graphic information such as:

• Current, pending, approved and available aquac-
ulture sites;

• Environmental data, including an inventory of ma-
rine plant and animal resources;

• Cultural data including local governmental juris-
dictions, environmentally sensitive/protected areas
and economic development zones; and

• Baseline information on land use, topography, hy-
drologic data and other resources.

Due to limited availability of land and water resources
and the high potential for use conflicts in the State of
Hawaii, the state Aquaculture Development Program
has been evaluating the use of a geographical informa-
tion system for aquaculture site analysis and selection.
The Hawaii GIS incorporates information on bathym-
etry, hydrographic and bottom conditions, and pre-ex-
isting uses such as the location of harbors, sewer outfalls,
telecommunication cables, offshore shipping lanes, an-
chorages, and sensitive habitats.  Analysis and model-
ing of the data proves useful as a planning and regula-
tory tool, identifying areas with high, marginal, and no
aquaculture potential (Young et al. 2002, Corbin 2002).



PLANNING AND SITE ASSESSMENT

58

PLANNING AND FRAMEWORK OPTIONS

A series of interrelated criteria should be investigated
to determine appropriate coastal/offshore locations for
aquaculture.  Most of these criteria apply to all types of
offshore operations while others may vary based on
physical/biological requirements of candidate species,
production level, farm density and the ecological sensi-
tivity of a given location.  Barg (1992) and the National
Marine Fisheries Service (NMFS) (1998) summarize
important biological, physical, social, and economic fac-
tors to be considered in the aquaculture planning and
site selection stages. The following investigations of
socioeconomic, physical, biological, and technical issues
can increase the likelihood of successful planning. The
list below would be tailored to the physical area under
consideration as well as the actual elements of the plan-
ning process.

Socioeconomic Criteria

• Identify, and ensure the development of appropri-
ate proposals to reduce or eliminate, threats to ex-
isting nature conservation values, cultural/heritage
values, or scientific values

• Ensure, through effective management, the recov-
ery and continued protection/conservation of vul-
nerable or endangered species and economic com-
munities that are, or may become, vulnerable or
endangered;

• Ensure that activities are managed on the basis of
ecologically sustainable use;

• Provide a basis for managing the resource con-
flicts with other established or emerging ocean
uses such as navigation; recreation; commercial
and sport fisheries; essential fish habitat; marine
sanctuaries and reserves; historic/cultural sites;
marine mammal and other species interactions; and
military operations;

• Allocate environmental capacity in terms of waste
production/emission limits for aquaculture and
other activities;

• Provide for the management of areas in conjunc-
tion with community groups where those groups
have a special interest in the areas concerned; and

• Enable people using the area to participate in rec-

reational opportunities, consistent with the goals
of the area and other uses;

• Anticipate economic viability and community im-
pact (employment, markets, goods and services);

• Maintain environmental/ecological integrity (envi-
ronmental assessment and monitoring programs);

• Encourage public consultation and involvement in
the site allocation process;

• Protect the public trust: lease, permit, and license
fees;

• Create zones with development and environmen-
tal objectives specifically related to aquaculture and
other compatible activities;

• Establish production targets related to the devel-
opment of potential and social-economic objectives
(GESAMP 2001).

Physical Criteria

• Assess access to high quality water;

• Specify baseline environmental quality;

• Determine sufficiency of tidal or current flow for
waste transport and diffusion;

• Investigate bottom topography and sediment char-
acteristics for anchors, moorings,  and other struc-
tures; and

• Other important physical considerations include:
water depth, water chemistry,  salinity and dissolved
oxygen profiles, solar irradiation, temperature, wind
energy  and other meteorological factors, and de-
gree of exposure based on annual wind, tidal and
wave energy patterns.

Biological Criteria

• Measure primary productivity, ambient nutrient lev-
els, photosynthetic activity, and the presence of
harmful algal blooms;

• Determine occurrence of natural predators, en-
demic diseases, and parasites;

• Assess abundance and distribution of wild popula-
tions, and potential for biological interactions; and
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• Ascertain ecological conditions, including the di-
versity, structure and interaction of benthic and
pelagic communities.

Technical Criteria

• Specify geographic boundaries, including total
area to be occupied by the lease;

• Research history of the site, including prior uses
and outcomes;

• Categorize the operation (for example, shellfish
vs. finfish) and production level (biomass, inten-
sity);

• Investigate facility design, engineering, construc-
tion and maintenance;

• Determine appropriateness of technology, opera-
tional plan and husbandry methods;

• Assess proximity and access to maintenance, pro-
cessing, and other on-site or land-based support
facilities;

• Examine emergency, contingency and termina-
tion plans; and

• Certify financial status of the company and ac-
cess to capital and credit.

A planning and management strategy for the location
and siting of aquaculture development should be incor-
porated into a comprehensive Integrated Coastal Man-
agement approach (Barg 1992).  This inclusion of aquac-
ulture use with other sector activities or plans would
involve technical and economic assessments of costs
and benefits.  Further, by identifying and evaluating likely
adverse environmental and social impacts, this approach
prevents activities from exceeding the carrying capac-
ity of the environment.  Anticipated negative impacts
may be maintained within acceptable, pre-determined
limits through regulatory oversight, monitoring and con-
tingency planning.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 4.3

A planning and management strategy for
the location and siting of offshore
aquaculture development should be a
component of a comprehensive ocean and
coastal management approach including
consideration of socioeconomic and
environmental criteria.

OPTIONS FOR OFFSHORE AQUACULTURE SITING

Site-Specific Lease or Easement

Leases or easements may be granted on a case-by-
case basis.  The leasing agency should take into ac-
count the following to assess the suitability of a lease or
easement for offshore aquaculture in a particular area:

• Project-specific and area-specific factors;

• Limits on authority to issue a marine aquaculture
lease for the surface, water column, and bottom
of an area;

• Appropriateness of restrictions on the lease in-
cluding: individual and aggregate area limits, limits
on the number of leases held at a given time, time
limits for leases, and limits on purposes for which
leases are granted;

• Associated costs for leasing;

• Method of public notice and review; and

• Specific conduct for the leased activities, includ-
ing interference with rights of riparian owners, navi-
gation, other uses, and the ability of area to sup-
port existing ecology.

Pre-Permitted Site

A governmental entity may elect to pre-permit a site
or designate an area as open for particular individual
uses such as marine aquaculture.  The entity must per-
form the following functions in order to create a pre-
permitted site:

• The entity conducts environmental assessment and
baseline studies.

• From the assessment, the entity creates a Master
Plan for siting in the area and a Master Environ-
mental Approach determining which techniques
and projects are appropriate for that area.  A Mas-
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ter Permit is then prepared for uses in the area.

• The entity submits the assessment, plan, and per-
mit to relevant state and federal agencies for ap-
proval before the site is pre-permitted.

• The entity issues general permits for the area to
address state and federal regulatory requirements.

• The entity then approves individual uses for the
area through an application process.

Designated or Pre-Approved Area

A governmental entity may elect to designate a pre-
approved area for short-term leasing.  This option will
likely be best used with small-scale or pilot-project des-
ignations that do not require long-term approval or a
lease.  The following steps should be followed:

• The entity conducts a survey and determines that
the area is an appropriate site for aquaculture.

• Aquaculture is designated as a pre-approved ac-
tivity, along with other activities that can co-exist.

• The entity then requires culturists interested in us-
ing the site to conduct environmental assessments
for their particular type of aquaculture in order to
ensure that the equipment, species, medicines, and
feed are appropriate for the designated area.

• Following the environmental assessments, the ac-
tivity may begin with simplified permitting.

Zoned Areas for Multiple Use

A multiple-use area would allow for compatible uses
that may fall under several categories including: prohib-
ited activities, which may not be applied for under any
circumstances; non-complying activities, which are ex-
cluded unless the effects are minor or the activity does
not conflict with the zoning plan; discretionary activi-
ties, which are generally considered suitable for the area,
subject to site considerations; controlled activities, which
may proceed, provided they meet performance crite-
ria; and permitted activities, which are allowed without
a specific permit.  To determine which uses should be
allowed, the following standards should be considered:

1.  The proposed use is consistent with the purpose of
marine industrial districts and with the services of
those industries;

2.  The proposed use is compatible with existing use
plans for the area and with the relevant coastal
zone management plan; and

3.  Public facilities and services are adequate to serve
the proposed use.

Buffer zones around the new or expanded develop-
ment activities may also be delineated, with a minimum
of 100 feet between the facility and the buffer zone,
taking into account factors such as:

• The use is water dependent.

• The project meets a recognized private right or
public need.

• Adverse effects on water quality and on fish, plant,
and wildlife habitat are minimized.

• Insofar as possible, non-water dependent struc-
tures or operations associated with water-depen-
dent projects or activities are located outside the
minimum 100-foot buffer.

• Water-dependent research facilities or activities
operated by State, Federal, local agencies, or edu-
cation facilities, may be permitted in the buffer if
nonwater-dependent structures or facilities asso-
ciated with these projects are located outside the
buffer.

•  Commercial, water-dependent fisheries facilities
may be permitted in the buffer, including, but not
limited to structures for: crab shedding; fish
off-loading docks; shellfish culture operations;
shore-based facilities for aquaculture operations;
and fisheries activities.

For example, a buffer of twenty-five meters can be
left between existing farms and the zone boundary ex-
cept where the area is unsuitable or farmers have re-
quested that the zone boundary follow the edge of ex-
isting leases.  This buffer allows for small lease alter-
ations that may be requested in response to changing
farm management practices.

Recently, the Australian government approved the
development of nine new marine aquaculture zones (to-
taling more than 2400 hectares) in the state of Victoria.
Prior to allocation of the areas, each zone will have a
management plan prescribing operational, environmen-
tal, and administrative elements. The zones are poten-
tially available for mussels, scallops, abalone, and pearls.
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Marine Aquaculture Parks

The purpose of the park is to provide adequate space
for aquaculture operations, best suited to the environ-
mental characteristics of the area, and to minimize con-
flicts among industrial, commercial and recreational uses
with optimum access to land-based and coastal area
services.

The park may be delegated to a private sector entity,
or managed by either a public sector entity or a mixed
public/private partnership.  In an aquaculture park, the
government could provide the necessary infrastructure
and dictate the types of aquaculture allowed in the park.

One method to create the park is through the desig-
nation of a Special Management Area (SMA).  This
type of marine park balances the needs for water-de-
pendent development and environmental conservation
through efforts between local and state governments
as well as through federal authorities, in an effort to
resolve development conflicts before they occur.
Through a Special Area Management Plan, an area can
be managed as an industrial or port area, a beach ac-
cess area, or an urban waterfront for residential or com-
mercial areas adjacent to the waterfront.  Ports are
often managed under such a plan which provides man-
agement guidelines, a dredging plan, an area develop-
ment plan to show proposed limits on development in
the area, and a mitigation program to compensate for
environmental losses from development allowed in the
area.

The following elements should be used in creating a
Marine Aquaculture Park:

• The government provides initial investment in in-
frastructure and staffing (for a long-term payback
from occupants).

• The government provides the initial baseline stud-
ies and environmental assessment information, de-
termining, as above, the types of aquaculture best
suited for the park.

•  Initially, occupants receive economic incentives
such as low rents or offsets in return for a share in
the success of the operation.

• A portion of the facility should be designated for
short-term use to allow incubation of future com-
panies as well as short-term research projects; in

addition, a portion should be leased long-term to
qualified companies in order to provide a base of
operating support.

• The park may be linked to local educational and
community activities through outreach programs.

The Natural Energy Laboratory of Hawaii provides
a good model for an aquaculture park, based on hous-
ing tenants that have different emphases and are at
varying levels of development. For instance, tenants in
an aquaculture park, set up like the energy laboratory,
may be in any of the following categories:

• Pre-Commercial Tenants — those who have
projects with commercial potential, but which still
require a period of research and development in
order to solve production problems or optimize pro-
duction methods;

• Commercial Tenants — those with technical and
production expertise and a prepared business plan
who are ready to move on to commercialization;

• Research Tenants — those with scientifically-
sound research projects of their own design who
can utilize the unique resources at the park; and

• Education Tenants — those with short or long-
term education and/or training programs, which
can complement the activities and industry devel-
opment occurring at the park.

Through development of a framework like the ma-
rine aquaculture park, the rent base and profit base pro-
vided by existing tenants allows for a government to
both maintain the park and invest in future endeavors
(aquaculture or other).

Complete Mapping/Zoning: Elements
of a GIS-based mapping approach
to zoning

Zoning separates activities that may conflict with each
other, such as commercial fishing and aquaculture.
Zoning also allows areas that need permanent conser-
vation to be protected from potentially threatening pro-
cesses by being placed off-limits to users (except for
the purpose of scientific research) for varying lengths
of time.  Marine zoning plans prove similar to planning
schemes prepared for local government areas.  For
example, zoning plans provide for activities that are al-
lowed by right (based on historical use or an existing
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property right), allowed with permission, or prohibited.
Each zone category specifies which activities can or
cannot be undertaken and whether or not permission is
required to undertake those activities.  Principal objec-
tives of a zoning plan should be:

1. The conservation of the area;

2. The regulation of uses in the area to provide for
reasonable use;

3. The regulation of activities that exploit area re-
sources, to minimize the  effect of those activities
on the area; and

4. The reservation of some areas for traditional uses.

There are generally seven stages in the development
of a zoning plan for a marine area:

1. Initial information gathering and preparation.
The agency assembles and reviews information on
the nature and uses of the area.  It also develops
systems for public participation.

2. Public participation and consultation before
the preparation of the plan.  The agency seeks
public comment on the accuracy and adequacy of
the information.  It then gathers suggestions for
the content of the zoning plan.

3. Preparation of a draft plan.  The agency pre-
pares a draft zoning plan, specifying the objectives
defined for each zone.

4. Revision of the draft plan through public par-
ticipation and consultation.  The agency seeks
comment on the published draft plan.

5. Consideration of public comment and finaliza-
tion of the plan.

6.  Adoption of the revised plan.  The plan now
takes into account the comments and information
received in response to the published draft plan.

7. Submission of the plan to the relevant govern-
ment agency for review and approval.

Zoning maps are then prepared and distributed, show-
ing what activities are permitted and in what areas.  In
addition, continued research, monitoring of area activi-
ties, and changing circumstances require that zoning
plans be reviewed periodically.  Example areas and re-

strictions for a zoning plan include the following:

• General Use A Zone.  The least restrictive of the
zones, this designation provides for all reasonable
commercial uses including aquaculture, shipping,
and trawling.  Prohibited activities are mining and
oil drilling.

• General Use B Zone.  This zone provides for rea-
sonable use, including most commercial and recre-
ational activities.  Prohibited activities include trawl-
ing and general shipping, as well as those activities
not allowed in the General Use A Zone.  Aquacul-
ture is allowed in this zone.

• General Use C Zone.  This zone provides areas
for some recreational and commercial activities,
consistent with the region’s long-term conserva-
tion, including marine farming.

• Habitat Protection Zone.  This zone provides ar-
eas free from the effects of trawling, while allow-
ing for a range of recreational and other commer-
cial activities consistent with sensitive habitat ar-
eas.

• Restricted Zone.  This zone provides for appre-
ciation and enjoyment of areas in their relatively
undisturbed state.  All activities that remove natu-
ral resources are prohibited.

• Buffer Zone.  This zone provides for protected
areas and allows opportunities for their apprecia-
tion and enjoyment while allowing for limited com-
mercial use.

• Scientific Research Zone.  Set aside exclusively
for scientific research, this zone prohibits entry and
use for other reasons.

• Preservation Zone.  This zone provides for the
preservation of the area in an undisturbed state.
All entry is prohibited, except during either an emer-
gency, or when permitted scientific research can-
not be conducted elsewhere.
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○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation  4.4

   NOAA should consider the development
of the following options for the placement
of offshore aquaculture operations:

• leases or easements granted on a case-by-case
basis, taking into account environmental cri-
teria of the area and project-specific factors;

• identification of sites suitable for the desig-
nation of pre-permitted sites for marine aquac-
ulture, upon securing necessary general per-
mits to address state and federal regulatory
requirements;

• designated areas for short term leasing of
small scale or pilot projects in locations to
minimize impacts on other user groups and on
the environment;

• zoned areas for multiple use, depending upon
the appropriateness of the site and public in-
put;

• marine aquaculture parks to provide initial
infrastructure, environmental assessment infor-
mation, and designated areas for pilot, re-
search, and longer-term commercial projects.

LONG-TERM U.S. GOAL: INTEGRATED
      MANAGEMENT OF FEDERAL WATERS

Currently, no clear authority exists to provide com-
prehensive management of federal waters. Legislation
such as the Outer Continental Shelf Lands Act and the
Magnuson-Stevens Fishery Conservation and Manage-
ment Act cover certain activities in federal waters but
there has been little legislative attention to determining
domestic access to or allocation of federal waters re-
sources.  Conflicts between user groups often bear
uncanny resemblance to conflicts between users on land
and without legislation managing the resources of fed-
eral waters, conflicts and inequities are virtually certain
to recur.

This gap has been discussed in a number of books
and reports in recent years (e.g., NRC 1997, Cicin-Sain
and Knecht 2000), and it represents a major emphasis
of both the Pew Oceans Commission and the U.S.
Commission on Ocean Policy.  There is now clear con-
sensus that a comprehensive planning effort should be
undertaken.

A legislated system of management, allocation and
licensing according to activity in an area may be the
only means of avoiding conflicts and resource deple-
tion. As space and resources become scarcer, efforts
at both the state and federal levels are necessary to
assess uses and needs for coastal and offshore areas.

It is recommended that the U.S. Congress develop
legislation to support, develop, and implement a map-
ping, management, development, and conservation plan
for U.S. federal waters that will address the needs of
the offshore aquaculture industry and those of other
users.  Both the Pew and the U.S. Commission on
Ocean Policy reports provide detailed recommendations
for a comprehensive approach to governance of U.S.
federal waters.

Capacity for undertaking comprehensive federal
waters management (but not the explicit mandate to do
so) is currently present at NOAA and at the U.S. De-
partment of Interior. Three NOAA offices have spe-
cial expertise in this regard: The National Ocean
Service’s Special Projects Office (which has done con-
siderable work on ecosystem-based mapping and plan-
ning); the Coastal Services Center in Charleston (which
has begun the process of mapping ocean processes and
resources using Geographic Information Systems, and
uses using the Southeast region as a model); and the
Office of Ocean and Coastal Resource Management
(which administers the coastal zone management pro-
gram), which could serve as an effective bridge to state-
based work.

At the Department of Interior, two agencies are par-
ticularly relevant: the U.S. Geological Survey which has
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the mandate to assess the public lands resources of the
United States; and the Minerals Management Service
with authority over offshore mineral resources and with
much experience in the study of ocean resources and
processes in U.S. federal waters. For this work to oc-
cur, of course, these agencies would need to be given
an explicit mandate—either through administrative ac-
tion or through new congressional action on aquacul-
ture. Development of the aquaculture industry will be
hindered if such planning does not take place on a timely
basis.

The long-term goal should be implementation of leg-
islation providing for management of federal waters.
In the absence of legislation providing explicit authority
for federal waters management, executive action can

provide an explicit mandate to NOAA and the Depart-
ment of Commerce to provide assessments of federal
waters areas that are suitable for various uses, includ-
ing aquaculture, through mapping, analysis, and plan-
ning.  Royalties from offshore uses, including energy
uses, mineral extraction, and leases can be used to fund
comprehensive mapping and zoning efforts.

In the short-term, steps toward the systematic analy-
sis of federal waters resources and uses must be un-
dertaken and assistance provided, on a timely basis, in
identifying areas particularly suited (and not suited) for
offshore marine aquaculture operations.  The new
NOAA Office of Offshore Aquaculture should be given
the lead responsibility, authority, and resources to pro-
vide these interim services.

 SUMMARY OF PLANNING AND SITE ASSESSMENT
RECOMMENDATIONS

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 4.1

  It is recommended that comprehensive
mapping of offshore areas be conducted
to identify areas suitable for the offshore
aquaculture industry as well as other uses
and to further the development of a detailed,
map-based marine zoning plan.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 4.2

 Two stages of public review, including the
scheduling of public hearings for areas
potentially affected by a proposed offshore
aquaculture operation, are recommended
for the planning process: upon
commencement of the planning process
and upon completion of the final plan.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 4.3

   A planning and management strategy for
the location and siting of offshore
aquaculture development should be a
component of a comprehensive ocean and
coastal management approach including
consideration of socioeconomic and
environmental criteria.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 4.4

NOAA should consider the development of
the following options for the placement of
offshore aquaculture operations:

• leases or easements granted on a case-by-case
basis, taking into account environmental cri-
teria of the area and project-specific factors;

• identification of sites suitable for the desig-
nation of pre-permitted sites for marine aquac-
ulture, upon securing necessary general per-
mits to address state and federal regulatory
requirements;
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• designated areas for short term leasing of
small scale or pilot projects in locations to
minimize impacts on other user groups and on
the environment;

• zoned areas for multiple use, depending upon
the appropriateness of the site and public in-
put;

• marine aquaculture parks to provide initial
infrastructure, environmental assessment infor-
mation, and designated areas for pilot, re-
search, and longer-term commercial projects.
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INTRODUCTION

CHAPTER
   5

ENVIRONMENTAL REVIEW OF
 OFFSHORE AQUACULTURE

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Evidenced by original research and review publica-
tions, environmental impacts of marine aquaculture have
received increased attention in recent years (for ex-
ample, Halvorson 1993, Goldburg and Triplett 1997,
Naylor et al. 1998, Rosenthal et al. 1999, Cicin-Sain et
al. 1999, 2001, DeVoe 1992, Tlusty et al. 2001).  As the
United States considers the use of federal waters for
marine aquaculture, serious attention will have to be
given to sustainability (Chamberlain and Rosenthal 1995;
PACON 1995) and to limits and standards for environ-
mental effects (Heinig 2001).  Few examples of off-
shore aquaculture on a commercial scale exist, thus
making it difficult to predict all potential effects.

Due to the relatively high level of uncertainty associ-
ated with offshore aquaculture, it is preferable that the
environmental review process be both flexible, with re-
spect to different types of aquaculture operations, and
adaptive in response to monitoring results.

In marine aquaculture, natural resources are con-
sumed as feed, and wastes are deposited in the marine
ecosystem, which may lead to exceeding the capacity
of the natural ecosystem to support the activity while
maintaining its own biological integrity. This is a critical
issue for aquaculture practiced in near- or in-shore eco-
systems,  but exceeding carrying capacity may also be-
come an issue for offshore aquaculture that becomes
industrial in scale and methodology and emphasizes maxi-
mizing production over integrating with the natural sys-

tem and operating within its productive capacity. How-
ever, it is not essential to conduct aquaculture in this
manner.  The activity indeed lends itself to designs that
more nearly mimic natural ecosystems, including, for
instance, the employment of polyculture to produce natu-
ral feed, to clean up wastes with natural organisms, to
enhance and protect fish habitat, and to restore
biodiversity to depleted ecosystems.  The effects of
such aquaculture are more likely to be benign or even
positive. Aquaculture that is well integrated into the
natural biological cycles of marine ecosystems ought to
be the goal of regulations and permitting standards, even
though a considerable understanding of ecological prin-
ciples would be required.  Guidance from the academic
and government research community will be essential.
In order to encourage such practices, environmental
standards, monitoring, and review must be clear and
rigorous with a variety of incentives to reward successful
efforts.

Several objectives should guide aquaculture devel-
opment in federal waters and be incorporated  into en-
vironmental review.  To avoid harming large marine eco-
systems and their wild fauna and flora and to enhance
fisheries habitats whenever possible, open water aquac-
ulture should incorporate and accommodate, not
threaten, native biodiversity.  This harmonization can
be achieved by giving careful attention to the species
and strains grown, as well as to the variety of species
cultivated in a single facility and/or in the composite of
operations in a region.  The maintenance of good water
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quality is important to the aquaculture operation and the
ecosystem that surrounds it, and a diversity of culti-
vated species can help maintain that quality.  It is also
important to minimize interactions between cultured
organisms and wild organisms, with the goal of approach-
ing zero interactions, and to minimize, mitigate, or moni-
tor any impacts of such interactions, should they occur.
Potential impacts include: competition between wild and
cultivated species or individuals; interbreeding between
wild and cultured individuals of the same species; and
disease transmission in either direction.  Environmental
reviews should address these concerns.  In order to do
this sufficiently, a careful and complete environmental
assessment of any proposed aquaculture site must be
done before permits can be granted with appropriate
conditions.  The application of the National Environ-
mental Protection Act (NEPA) to this process is an es-

sential component of aquaculture development in fed-
eral waters, despite some as of yet unsuccessful argu-
ments that NEPA does not apply to offshore federal
waters (for example, NRDC  v. U.S. Dep't of the Navy,
CV-01-07781 CAS [RZx]; C.D. Cal. Sept. 17, 2002).

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 5.1

Congress should clarify and confirm that
NEPA applies to federal waters and the
continental shelf.

GUIDING PRINCIPLES AND CONCEPTS
FOR ENVIRONMENTAL REVIEW

In the development and implementation of a frame-
work for aquaculture development in federal waters,
there must be an underlying assumption that the chemi-
cal and biological character of the marine ecosystem
should be protected from degradation.  Environmental
reviews should be implemented to facilitate this end.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 5.2

Environmental impacts from aquaculture,
such as those described in this chapter,
should be avoided, minimized, or mitigated
to the maximum extent possible.

Both internationally and in the United States, several
principles and concepts have been accepted to guide
the assessment and operation of activities with poten-
tial impacts upon natural ecosystems.  Listed below and
aired in the context of aquaculture, these principles and
concepts should be basic to U.S. aquaculture policy in
federal waters (see also our 2001 report, Development
of a Policy Framework for Offshore Marine Aquac-
ulture).

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 5.3

A commitment to sustainability, application
of the precautionary approach, concern for
environmental carrying capacity, thorough
scientific assessment and monitoring of
the environment, ecosystem-based
adaptive management, and public
participation and transparency should
guide environmental review of aquaculture
in federal waters.

Sustainability

The UN Commission on Sustainable Development
(CSD) definition, adopted also by the U.S. President’s
Council on Sustainable Development, is:  “Sustainable
development is development that meets the needs of
the present without compromising the ability of future
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generations to meet their own needs.”  In federal wa-
ters, ecological sustainability is critical, since those eco-
systems are essential for sustainable fisheries in the
future and for services they provide in maintaining a
healthy environment for the planet.  The scientific risk
of not fulfilling sustainability requirements should be es-
timated for aquaculture development in federal waters.
While risk assessments should be conducted, it should
be recognized that these exercises use scientific facts
and judgments and ultimately feed into a process of man-
agement, in which political, social, ethical, and economic
factors also play important roles and influence decisions.

Precautionary Approach

For activities that potentially pose negative environ-
mental impacts, the precautionary approach suggests
that one should not proceed with a proposed activity if
there is a risk of irreparable harm to the environment,
even if proof of harm is not possible.  The approach
goes beyond that to prescribe that, in the face of uncer-
tainty, action be taken to prevent potential harm if such
an activity is undertaken.  The approach prescribes
demonstration that harm is unlikely or will be mitigated
and places upon the proposer of the activity the burden
of the financial responsibility for restoration if unantici-
pated harm does occur.  Aquaculture development must
therefore address concerns regarding the potential for
a wide range of environmental impacts.  Alternative
types of aquaculture design that are inherently compat-
ible with the natural system would be preferred under
the precautionary approach.  Examples include, among
others: restricting culture organisms to native strains of
native species; controlling culture density to minimize
stress and disease susceptibility; growing feed organ-
isms to reduce or eliminate the need for supplemental
feed containing wild-caught fish meal; and polyculture
(the cultivation of several species in one facility) of spe-
cies that interact to reduce impacts on the natural eco-
system.  Polyculture, for instance, may incorporate sea-
weed or microalgae to utilize nutrient effluents from
fish culture and shellfish to eat particulate organic ef-
fluents.

A definition of the Precautionary Approach devel-
oped during the deliberations of the U.S. Commission
on Ocean Policy (2002-3) provides appropriate guid-
ance for aquaculture:

“The Precautionary Approach is applying judi-
cious and responsible management practices,

based on sound scientific research and analysis,
proactively rather than reactively, to ensure the
sustainability of ecosystems for the benefit of fu-
ture as well as current generations.  Where there
are threats of serious or irreversible damage, lack
of full scientific certainty shall not be used as a
reason for postponing action in order to prevent
environmental degradation.  Each management
plan developed using the precautionary approach
should include scientific assessment, monitoring,
potential for mitigation to reduce environmental
risk, and appropriate periodic review of the sci-
entific basis for precautionary restrictions, and
the restrictions themselves.”

The Precautionary Approach has also been incorpo-
rated as a guiding principle in the FAO Code of Con-
duct for Responsible Fisheries (FAO 1995, Article 6.5),
which further emphasizes the need for action in the face
of uncertainty:

 “States and sub-regional and regional fisheries
management organizations should apply a pre-
cautionary approach widely to conservation,
management and exploitation of living aquatic
resources in order to protect them and preserve
the aquatic environment, taking account of the
best scientific evidence available.  The absence
of adequate scientific information should not be
used as a reason for postponing or failing to take
measures to conserve target species, associated
or dependent species and non-target species and
their environment”

Though its primary focus is wild fisheries, the Code
includes aquaculture as a special fisheries activity (Ar-
ticle 9), and in so doing prescribes the application of the
precautionary approach to this activity. NOAA has
drafted a code of conduct for offshore aquaculture that
mirrors the concerns and approach of the FAO guide-
lines.  Effectively applying a precautionary approach to
aquaculture development, both coastal and offshore,
benefits the environment, the aquaculture industry, af-
fected activities such as fishing, nearby coastal com-
munities, and consumers.  It also fulfills commitments
in international agreements to which the United States
is party and is consistent with applicable U.S. laws.  To
accomplish this goal, the management of aquaculture
development in federal waters will necessarily be cau-
tious, given the substantial uncertainties involved.  This
would argue for careful attention to design, initial re-
strictiveness in permits, and well-developed response
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plans in the case of unanticipated negative impacts.

Environmental Carrying Capacity

As defined in GESAMP (2001), environmental ca-
pacity or assimilative capacity is:  “a property of the
environment and its ability to accommodate a particular
activity or rate of an activity...without unacceptable
impact.”  Some causes and mechanisms of impact can
be identified for particular proposed activities in speci-
fied locations, and the capacity of the environment to
absorb each of these can to some extent be estimated,
but there will be uncertainties associated with these es-
timates. Assessment of environmental capacity for
marine ecosystems may include such considerations as:
the rate at which nutrients can be added without trig-
gering eutrophication; the rate of organic flux to the
benthos without major disruption to natural benthic pro-
cesses; and increases in the rate of dissolved oxygen
uptake that can be accommodated without causing
mortality of the indigenous biota (GESAMP 1996a).
Understanding and measuring environmental capacity
enables prediction of the scale of activity that can be
accommodated without threatening to violate environ-
mental standards.  The estimate of environmental ca-
pacity, however, is invariably associated with consider-
able uncertainty, so the precautionary approach demands
appropriate safeguards. In particular, management of
size, stocking density, and fallowing policies can reduce
the risk of exceeding the capacity of the ecosystem to
support aquaculture while maintaining its own charac-
teristic functions and diversity.

Environmental Assessment
and Monitoring

Every area proposed for aquaculture development
and every specific proposed aquaculture project is to
be subject to an Environmental Assessment or Envi-
ronmental Impact Statement as required by NEPA.  In
the process all scientific information available on the
site and project should be assembled and additional in-
formation gathered if necessary.  Before the project
may move forward, an environmental baseline study of
the area or site should be done.  The surrounding aquatic
and benthic ecosystem should be characterized biologi-
cally, physically, and chemically and potential impacts
should be identified.  The risk of unacceptable impacts

and the opportunities to mitigate negative impacts should
be assessed.  However, it is important to understand
that risk assessment alone will not provide enough in-
formation upon which to base a decision, because some
potential impacts will be unforeseen.  There will ulti-
mately have to be some provision for dealing with such
impacts.

For each approved project, critical environmental
parameters should be identified for regular monitoring
(for example, sedimentation, oxygen levels and BOD,
nitrogen concentrations, and indicator species).  The
Monitoring Plan should be available when the EIS or
EA is reviewed.  There should be plans for frequent
analysis of monitoring data.

Adaptive Management

Integral to the application of the precautionary ap-
proach is adaptive management, which is sensitive to
monitoring and enables rapid response to unexpected
environmental impacts.  Management plans for aquac-
ulture ventures should provide for adequate monitoring
and mechanisms for responding in a timely fashion if
monitoring results indicate unacceptable changes in the
ecosystem which could be caused by the aquaculture
operation.  Because of inherent ecological complexity
and the difficulties associated with monitoring complex
ecosystems, it will not always be possible to prove cause
and effect.  Therefore, the flexibility to appropriately
modify operations when suspected negative impacts are
detected is key to avoiding or minimizing environmental
damage.  Adaptive management also affords the criti-
cal opportunity to apply lessons learned to future man-
agement decisions, thus providing for the improvement
of offshore aquaculture management over time.

Public Participation and Transparency

Including the public in the environmental reviews at
each of the stages discussed above is fundamental to
U.S. law and to international codes of conduct for aquac-
ulture.  Federal waters are public waters, and therefore
the public must be fully informed and involved in the
permit/lease process, and be given adequate and un-
derstandable information of the benefits and environ-
mental impacts of individual proposed aquaculture
projects.  All analyses relevant to environmental assess-
ments and monitoring should be well documented and
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made public.  Furthermore, with little knowledge about
the environmental effects of offshore aquaculture, ei-
ther negative or positive, it is in the public interest for
the government to support research relevant to the en-
vironmental effects of various technologies and meth-
ods associated with commercial aquaculture in federal
waters.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 5.4

Every environmental review should
incorporate public (including stakeholders)
review.  Public input should be solicited and

integrated into the process so that it can
effectively influence decisions based on
the environmental reviews.

While regulations and permitting authorities gener-
ally emphasize the need to minimize negative environ-
mental impacts, it is important in the case of aquacul-
ture that environmental review and permitting proce-
dures also consider positive impacts.  Indeed, giving
credit in some way for those positive effects will pro-
vide incentives for more beneficial types of aquacul-
ture.

POTENTIAL EFFECTS OF AQUACULTURE IN FEDERAL WATERS

Aquaculture practices in marine waters can gener-
ate environmental impacts as a function of: (1) the ap-
plied technique; (2) site location; (3) size of the produc-
tion; and (4) capacity of the receiving body of water
(Ackefors and Sodergren 1985), as well as (5) the se-
lection of species and genetic strains.  Aquaculture may
affect water quality, the benthic layer, the native gene
pool, the spread of disease, and the ecosystem as a
whole.  As particular considerations and issues are site-
and species-specific, anticipated and actual impacts will
have to be assessed on a case-by-case basis.  Further-
more, assessments of environmental impact need to be
made at several stages in the process of planning, per-
mitting, and executing aquaculture development.

The nature and intensity of all the offshore aquacul-
ture impacts cannot be predicted at present due to the
limited experience thus far within the industry.  Though
the effects of nutrient-rich wastes might be diminished
by greater and more rapid dilution in the open ocean,
one might expect that many of the issues associated
with coastal aquaculture will confront open ocean aquac-
ulture as well (see Development of a Policy Frame-
work for Offshore Marine Aquaculture in the 3-200
Mile U.S. Ocean Zone).  The most important potential
effects include those noted below.

Exceeding the Capacity of the Ecosystem

The estimation of  “carrying capacity” is complex
and typically associated with high levels of uncertainty.
In the case of aquaculture, it is based upon the
ecosystem’s potential to support the cultivated organ-
isms and process the effluents while successfully main-
taining the diversity and productivity of the natural bio-
logical system.  In other words, aquaculture should not
sacrifice ecological integrity and the health of wildlife.
When the carrying capacity is exceeded, degradation
of the ecosystem begins, generally resulting in reduced
ecosystem structures that are more vulnerable to col-
lapse.  Even in large and dynamic marine ecosystems,
the number and size of aquaculture facilities in a given
area as well as the nature and quantity of their efflu-
ents are critical in determining whether the system can
support the activity.

Pollution Due to Waste Flowing
from Net Pens or Other Aquaculture
Structures

Wastes potentially associated with aquaculture fa-
cilities open to natural waters offshore will include urine
(nitrogenous wastes), feces (highly organic wastes),
feed fall-out,  pharmaceuticals, growth-enhancing
chemicals, and antifoulant chemicals.  Densely stocked
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fish of the expansive culture facilities expected in fed-
eral waters could discharge very large amounts of ex-
crement, feed, and associated chemicals.  Depending
on local conditions, such as currents and ocean depth,
these substances could have detrimental impacts on the
ecosystem and/or the culture system.  Most shellfish
are of less concern, due to the relatively low nutrient
content of their pseudofeces (compared to fish excre-
ment), and they often do not require extra feed beyond
the naturally occurring plankton.  Nevertheless, on the
scales and densities expected for offshore shellfish
aquaculture, effects such as increased oxygen demand
and bottom sedimentation may be of concern and should
be assessed.  Based upon experience from large,
nearshore aquaculture facilities, the consequences of
pollution generally fall into three categories:

(1) Water quality changes.  The addition of nutrients
could change natural food web dynamics, lead to
localized oxygen depletion, or be toxic to marine
life (including the cultured species).  Nutrient en-
richment resulting from feed debris and excre-
ment, may or may not be a detriment, depending
on natural dilution rates and the capacity of the
primary producers to utilize the nutrients without
dramatic or unacceptable changes in productiv-
ity and diversity.  Effluents may include other
chemicals, such as pesticides and pharmaceuti-
cals used in association with the treatment of
cultured animals or their cages.  Assessment of
these effluent components and their impacts off-
shore may be difficult, and setting standards for
effluents and the receiving waters may be some-
what arbitrary in highly dynamic offshore wa-
ters.  Furthermore, even with established con-
centration guidelines, the monitoring of sources
and fates proves difficult in open-ocean situa-
tions, and mitigating effects of current flow and
dilution are uncertain.  An alternative and more
precautionary approach is to set targets for the
minimization of pollutants, known to reduce en-
vironmental quality (GESAMP 1996b) even in the
absence of demonstrated harm.  Studies of
salmon net-pen aquaculture in the Pacific North-
west have shown that risks to water column qual-
ity may be relatively low except in poorly flushed
embayments and that monitoring sediment qual-
ity changes may be more important (Brooks and
Mahnken 2003).

(2) Sediment quality changes.  The settling of or-
ganic debris and excrement from aquaculture op-

erations may smother benthic communities and/
or deplete them of oxygen, thereby creating an
inhospitable area beneath the aquaculture cages.
As the depth of water beneath the cages in-
creases, the impacts are reduced, if the water cir-
culation in the area is adequate to disperse the
debris.  Nevertheless, for facilities on the scale
expected in federal waters, close attention must
be paid to benthic impacts.

(3) Habitat degradation.  Changes in the chemistry
or the physical character of the surrounding envi-
ronment may make the habitat unsuitable for the
area’s natural biota.  For instance, aquaculture
may cause changes in oxygen levels, dissolved
and particulate organics, inorganic chemical ra-
tios, water clarity, etc.  These altered levels may,
in turn, lead to changes in biodiversity and/or pro-
ductivity, potentially jeopardizing the integrity of
the surrounding ecosystem.

Interactions Between Wild Populations
and Escaped Aquaculture Organisms

In the case of the culture of species that are native to
the waters in which aquaculture occurs, escaped aquac-
ulture organisms may interbreed with wild individuals
of the same species and cause a shift in the wild gene
pool, particularly if non-native strains of native species
are used in culture.  Non-native species, while not in-
terbreeding with native wildlife, may establish viable
reproducing populations in ecosystems into which they
are released.  Whether aquaculture organisms are na-
tive or non-native, escapees may compete with wildlife
for food and habitat.  All these concerns prove signifi-
cant, because escapes from aquaculture facilities sited
in open waters commonly occur and usually involve very
large numbers of animals (Firestone, J. and R. Barber
2003).

While it is agreed that escapes of both native and
non-native species should be avoided, there is a great
deal of disagreement as to how this goal for aquacul-
ture may best be accomplished.  Some believe that fa-
cilities can be made secure enough to prevent escapes,
that genetically modified organisms (GMOs) can be
effectively made sterile or otherwise prevented from
surviving in the wild, and that non-native strains of na-
tive species are insignificant threats.  In contrast, oth-
ers strongly believe that non-native species, and in some
cases non-native strains, and GMOs should be prohib-
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ited from open water aquaculture altogether.  Before
proposals for the introduction of non-native species or
strains or genetically modified strains are entertained
for offshore aquaculture, Congress or responsible Fed-
eral agencies, with advice from the public, must decide
whether the United States is going to allow non-native
species/strains to be cultivated in federal waters and, if
so, what the standards for such introductions will be.

If the government is inclined to consider allowing the
cultivation of non-native species or strains when there
are assurances of containment, it is essential that, at a
minimum, a formal Environmental Impact Statement be
produced consistent with NEPA and with full public
participation and review.  The EIS should consider the
risk of non-containment and the potential impact on the
ecosystem if the species is not contained. It is impor-
tant to note that in their codes of conduct, FAO and
ICES have assumed that culture organisms will escape
from their enclosures and have indicated that regula-
tory criteria should be based on this assumption.  For
the purposes of this report, international guidelines will
be cited, but it is critical that the United States develop
its own standards, with input from the public (those who
have ultimate authority over these waters).

Introduction of Non-indigenous
Species and Diseases

Little disagreement occurs over the need to avoid
the introduction and establishment of non-native spe-
cies into the ecosystem.  Aquaculture in open waters
should generally avoid species that would be outside
their recognized range, at least until standards have been
developed as described in the previous section.  This
framework for aquaculture in federal waters was de-
veloped for the aquaculture of native species.

Open to exchange with ocean waters, offshore
aquaculture structures pose the potential for releasing
large quantities of cultured and associated organisms
into the natural ecosystem.  The release of culture or-
ganisms and/or any diseases they harbor, may occur as
releases of minute reproductive stages of the culture
organism, escapes of adults with or without disease,
and/or the transmittal of disease microbes to nearby
wildlife.  The concern is that cultured species or strains
that are not characteristic of the local biological com-
munity  may escape and survive to interact with wild-
life, and may reproduce and establish populations in
ecosystems not within their natural distribution range.

New diseases may be transferred to native biota, or,
conversely, disease from the wild may pose a threat to
culture organisms.  If such is the case, the aquaculture
facility may become  a concentrator of naturally-oc-
curring diseases in the ecosystem.  The avoidance or
treatment of disease in aquaculture facilities may in-
volve antibiotic drugs, which themselves can become
an environmental problem.  For that reason, vaccines
are favored whenever possible.

Impacts on Fish Habitat
and Interactions with Fisheries

While ecologists are concerned about the impacts of
aquaculture on whole ecosystems, the fishing industry
is concerned about the potential impacts upon fished
stocks.  Large-scale aquaculture may impact nearby
habitat of fished species and thereby affect their avail-
ability to the fishery.  Areas essential to the survival and
reproduction of important commercial fisheries species
should be avoided when siting aquaculture facilities.

Offshore aquaculture has the potential to interfere
with fisheries in several ways.  The location of the fa-
cilities in traditional fishing grounds can give rise to con-
flicts.  With some forethought regarding siting, many
such conflicts are avoidable.  Other interactions may
be more complicated.  If the aquaculture effluents dam-
age nearby critical fish habitat, cause toxic algal blooms,
or spread disease to wild fish populations — or if es-
caped aquaculture fish interbreed or compete with wild
fish — fisheries may be adversely affected, although
specific linkages are difficult to prove.

Interactions with Predatory Marine
Mammals, Birds, and Endangered
Species

Marine aquaculture facilities attract predatory ani-
mals, including mammals (especially seals) and marine
birds, attracted by the feed and the culture organisms.
Efforts to ward off these animals through a variety of
methods, including killing them or driving them away
with acoustic devices, require permits under laws pro-
tecting threatened and endangered species, and marine
mammals.  Even with the required permits, these ef-
forts often engender public concern about the welfare
of the wildlife.
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EVALUATING AND MITIGATING POTENTIAL NEGATIVE IMPACTS

Impacts Due to Input of Feed

Intensive aquaculture of finfish requires the input of
feed, which typically consists of a high proportion of
meal and oil derived from wild fish caught specifically
for this purpose. While agriculture consumes the great-
est portion of wild-caught fish meal, aquaculture prom-
ises to increase its share, particularly as the offshore
industry develops.  The impacts of this increased de-
mand will be felt in marine ecosystems where feed fish-
eries abound.  This transfer from the fished ecosystem

to the aquaculture ecosystem may cause large changes
in both marine food webs and distribution patterns on a
global scale. There have been attempts to reduce the
proportion of wild-caught fish meal by incorporating
more material from high-protein plants such as soy, but
such efforts may affect the quality of the product and
may increase waste from feeding.  For offshore aquac-
ulture to be truly sustainable, feed, from whatever the
source, should also be sustainably obtained and applied.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 5.5

 Environmental review should be carried
out at three stages of offshore aquaculture
development and operation:  planning/
assessment, leasing/permitting, and long-
term monitoring with adaptive
management.  The respective
environmental reviews should be tailored
to each stage of offshore aquaculture
development and operation.

Environmental assessments/impact statements that
evaluate the potential for environmental impacts at each
stage may build upon each other, but it is expected that
full assessments of appropriate parameters be made at
each stage.  Pre-established criteria should be devel-
oped for zoning, leasing, and permitting decisions, ad-
dressing potential impacts on both the natural environ-
ment and the human environment (for example, impacts
on other ocean users) based upon the precautionary
approach.  In addition, once an aquaculture facility has
been established in federal waters, environmental ef-
fects should be monitored and reviewed at pre-deter-
mined intervals.

The environmental review process should place high-
est value on aquaculture systems that promote biologi-
cal diversity and maintain ecological integrity of the sur-
rounding and underlying ocean environment.  Environ-
mental review should ensure that the siting of the facil-

ity is environmentally appropriate and that the proposed
aquaculture operation has incorporated all the design
and mitigation options necessary to avoid predictable
adverse impacts. There are a number of choices to be
made in the establishment of offshore aquaculture, and
these choices may significantly affect the impacts that
a particular facility, group of facilities, and/or aquacul-
ture as a whole will have upon marine ecosystems.

Siting

Arguably the most important consideration in mini-
mizing negative impacts of aquaculture is the decision
on the facility location.  Siting should take into consider-
ation, for instance, conflicting uses including fishing,
water quality needs for the area, current flow patterns,
storm patterns, and proximity to areas important to
threatened and endangered species.  Each site will have
its particular concerns, and thus the complement of pa-
rameters needed for assessment will be site- specific.

 Facility Design

In the design of the facility, containment to minimize
escapes is of prime importance as well as the entrap-
ment or rapid recapture of culture organisms if they do
escape.  Other desirable features would include tech-
nologies permitting the capture and reprocessing of or-
ganic wastes as well as the prevention of toxic efflu-
ents.  Furthermore, predator control measures should
be benign.
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Stock Character and Density

Species selection should be based on the need to mini-
mize negative environmental impacts and interactions
with wild populations.  Stringent adherence to guide-
lines or standards regulating the use of non-native spe-
cies or strains should be employed.  The density of stock-
ing, furthermore, should neither exceed the carrying
capacity of the ecosystem nor threaten the health and
welfare of the stocks. Generally, attention to these con-
cerns will also benefit the quality of the cultivated food
product.  Aquaculture development in large marine eco-
systems should favor diversity among species grown in
neighboring facilities over repetition (for example, nu-
merous facilities all growing the same single species).
This practice is essential to reduce cumulative impacts
on the ecosystem and to reduce susceptibility of the
cultured stocks to the spread of disease from one facil-
ity to another.

Feed Characteristics

Physical characteristics and feeding schedules should
minimize waste; natural or cultivated feed is preferable.
The use of fish-meal from wild-caught fisheries target-
ing feed fish should be minimized or eliminated.  The
use of agriculture products in feed should take into ac-
count mass balance of nutrients cycling through the
ecosystem (for example, whether or not the system can
tolerate the extra load of nutrients from land-grown
sources).  Aquaculture cultivated food sources are pref-
erable when feed must be added to the system.  Dis-
card from fisheries could be used but should not serve
as a justification for fisheries bycatch.

Disease Management

Minimization of the use of drugs is strongly endorsed.
Vaccines are in all cases preferable to antibiotics and
pesticides when there is a choice.  In cases calling for
antibiotics and pesticides to prevent the spread of dis-
ease or parasites, they should be used sparingly and
monitored closely.  The FDA and EPA are responsible
for regulating the use of these chemicals for treating
diseases and pests, but their effects on wildlife should
be considered by the aquaculture permitting and man-
agement agencies as well. When an outbreak of dis-

ease occurs in aquaculture facilities, it must be dealt
with in a manner commensurate with the potential risk
to wild populations and to other aquaculture facilities.
In some cases (for example, infectious salmon anemia
(ISA) in salmon farms), this response to disease out-
break may require the immediate destruction of all dis-
eased and exposed stock as well as the fallowing of the
facility for at least one year until monitoring indicates
the absence of the disease. In other cases, it may be
determined that aquaculture organisms with naturally
occurring diseases do not elevate the threat of an out-
break in wild populations.  Disease outbreaks must be
reported immediately to the regulating authority and a
designated pathologist, who should make a rapid deci-
sion regarding appropriate action.

Integrated Multi-species Aquaculture
(Polyculture)

The government should promote research and incen-
tives to encourage polyculture of a variety of species
that, when functionally integrated, can mitigate nega-
tive impacts and maximize positive environmental ef-
fects.   In addition to balancing the aquaculture system
so that its negative impacts are minimized, well designed
and executed polyculture provides diversity that should
contribute to the stability of the culture system as well
as to the maintenance of the natural ecosystem.  It may
also eliminate the need for the input of feed from exter-
nal sources.

Biosecurity

Biosecurity refers to producing aquatic species in a
well-controlled environment that excludes the introduc-
tion or propagation of unwanted organisms and includes
the prevention of escape or passage of organisms back
into the natural environment (Moss 1998).  The use of
“specific pathogen free” animals, a mandatory starting
point for such a system, ensures the reliable identifica-
tion and propagation of animals that are free of listed
pathogens.  In this sense, biosecurity encompasses not
only animal health, but also the design, location, and
operation of the production systems, as well as product
quality, product safety, and environmental and economic
aspects.
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U.S. Laws and Regulations

Environmental review at each stage of aquaculture
development in federal waters should be consistent with
applicable U.S. laws and regulations, which are dis-
cussed under relevant sections in this document.  As
mentioned previously, NEPA, the law that addresses
environmental review directly, requires an Environmental
Assessment (EA) for any proposed activity that has a
potential environmental impact.  The EA is used to de-
termine the potential for significant environmental ef-
fects, which, if found, warrant a full Environmental
Impact Statement (EIS) prior to granting any federal
permit(s). While NEPA establishes the general process
of environmental assessment,  requirements of other
applicable statutes provide additional guidance for evalu-
ations to be included in the EAs and EISs and for deci-
sions based on these evaluations.  The applicability of
NEPA to aquaculture in federal waters seems clear but
should be reaffirmed to prevent attempts to discount it.
Other applicable laws are reviewed in other sections of
this document.

RESPONSIBILITIES OF GOVERNMENT AND INDUSTRY

Offshore aquaculture is an expensive undertaking.
Thoughtful design and implementation prove costly but
essential, as do the activities of management and envi-
ronmental review.  Monitoring the environmental im-
pacts of aquaculture will require extensive baseline data
and follow-up measurements of biological parameters
not specifically regulated.  The monitoring plan should
be developed by the responsible government office
(NOAA Office of Offshore Aquaculture if established)
and should be comprehensive in scope to enable the
assessment of regional ecosystem impacts.  The ben-
efits of baseline data will be shared by the public, the
scientific community, and the aquaculture industry alike.
Therefore it is appropriate that at least initially when
the offshore industry is relatively small, the government
share the costs of baseline monitoring with industry.  This
is distinct from operational monitoring associated with
compliance, the cost of which should be borne by in-
dustry as part of the cost of conducting business, and in
line with the polluter pays principle.   It is accordingly
recommended that:

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 5.6

Initial environmental review and associated
ecosystem monitoring should be done by
or under the direction of the NOAA Office
of Offshore Aquaculture, with costs shared
(especially initially) by NOAA and the
applicant.  Costs of subsequent monitoring
associated with comprehensive
environmental review could also be shared
while costs for routine operational
monitoring should be borne by industry.

International Guidance

Three international institutions have developed aquac-
ulture guidelines, which prove useful in establishing cri-
teria for the environment review processes with respect
to aquaculture in federal waters.  These criteria are
found in: the UN Food and Agriculture Organization
(FAO) Code of Conduct for Responsible Fisheries; the
GESAMP report on Planning and Management for Sus-
tainable Coastal Aquaculture Development; and reso-
lutions of the North Atlantic Salmon Conservation Or-
ganization (NASCO), especially the Oslo resolution to
minimize impacts from salmon aquaculture on wild
salmon stocks.  These international agreements set mini-
mal standards with which U.S. procedures should com-
ply.  For many provisions, U.S. standards may be more
stringent and precise. The environmental guidelines rel-
evant to aquaculture for these three organizations are
compared in Table 5.1.

NATIONAL LAWS AND INTERNATIONAL GUIDANCE
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Table 5.1  International Environmental Guidelines Applicable to Offshore Aquaculture Development

FAO
Code of

Conduct for
Responsible

Fisheries

GESAMP
Planning  &

Management for
Sustainable

Coastal
Aquaculture
Development

North Atlantic
Salmon

Conservation
Organization

Application of the precautionary approach x x x
Minimize adverse effects on wild fishery populations and critical fish habitats x x
Adopt and implement international codes of practice for introductions and
transfers

x x

Planning should ensure aquaculture development :
     is ecologically sustainable
     ensures rational use of resources
     ensures access to fishing grounds
     protects local livelihoods

x
x
x
x

x
x

Base environmental review on best scientific information available, taking into
account traditional knowledge and relevant environmental, economic and social
factors.

x

Appropriate brood stock selection and production of eggs, larvae and fry x x
Advanced environmental assessment of potential and actual impacts:
          on wild species diversity
          on genetic diversity of wild populations
          on critical habitat
          on ecosystem integrity
          on harmful algal blooms
          on water quality
          by interactions with wild populations
          by discharge of nutrient and organic effluents
          by use of drugs and chemicals
          by inputs (feeds etc.)
          with respect to environmental capacity

x
x

x

x
x
x

x

x
x

x
x

x

x
x

x

Ensure:
          responsible choice of species or strains
          responsible siting
          aquaculture exclusion in defined critical habitat
          responsible design and technology
          responsible management  by fish farmers
          responsible spatial distribution of facilities
          appropriate density of culture organisms
          minimization of escapes

x
x

x

x

x
x
x
x

x

x

x
x

Minimize harmful effects of introduced non-native species, genetically altered
organisms, and disease

x x

Develop and use appropriate feeds, feed additives and fertilizers x
Effective farm and fish health management:
     enforce hygienic measures
     favor vaccines
     minimize pharmaceuticals
      prevention/minimization  of spread of disease
     fallowing sites
     maintain disease lists

x
x
x

x

x

x

x
x
x

Minimize /regulate use of hazardous chemicals x
Ensure food safety and high quality of product x
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○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 5.1

Congress should clarify and confirm that
NEPA applies to federal waters and the
continental shelf.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 5.2

Environmental impacts from aquaculture,
such as those described in this chapter,
should be avoided, minimized, or mitigated
to the maximum extent possible.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 5.3

A commitment to sustainability, application
of the precautionary approach, concern for
environmental carrying capacity, thorough
scientific assessment and monitoring of
the environment, ecosystem-based
adaptive management, and public
participation and transparency should
guide environmental review of aquaculture
in federal waters.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 5.4

Every environmental review should
incorporate public (including stakeholders)
review.  Public input should be solicited and
integrated into the process so that it can
effectively influence decisions based on
the environmental reviews.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 5.5

Environmental review should be carried
out at three stages of offshore aquaculture
development and operation:  planning/
assessment, leasing/permitting, and long-
term monitoring with adaptive
management.  The respective
environmental reviews should be tailored
to each stage of offshore aquaculture
development and operation.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 5.6

Initial environmental review and associated
ecosystem monitoring should be done by
or under the direction of the NOAA Office
of Offshore Aquaculture, with costs shared
(especially initially) by NOAA and the
applicant.  Costs of subsequent monitoring

SUMMARY OF ENVIRONMENTAL REVIEW RECOMMENDATIONS
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associated with comprehensive
environmental review could also be shared
while costs for routine operational
monitoring should be borne by industry.
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THE CONTEXT

CHAPTER
   6

MONITORING OF FACILITY OPERATIONS
FOR OFFSHORE AQUACULTURE

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Considerable logistical and resource challenges sur-
round the monitoring and inspection of aquaculture farms
in federal waters.  Monitoring should be coordinated by
the NOAA Office of Offshore Aquaculture or through
MOUs, MOAs, or other agreements with other federal
or state agencies or their designees.  With approval,
some sampling can best be done through self-monitoring
by the farm operator or through a suitable independent
contractor, hired by the operator.  After a baseline study,
monitoring may be carried out to determine site sensi-
tivity, to inform the decision-making process, and to
match permit conditions to the environment’s carrying
capacity.  Monitoring may additionally be carried out
to:

• Ensure compliance with permit stipulations;

• Verify and validate mathematical models;

• Ensure compliance with environmental standards;

• Measure effects on the environment;

• Determine action to be taken; and

• Audit the results of self-monitoring (SEPA 1998).

It is important to recognize that monitoring is not the
sole or best way to prevent environmental impacts from
aquaculture.  In some countries, environmental assess-
ment has failed to address the problem of over-rapid
and unplanned development of aquaculture.  The im-
pacts associated with aquaculture are often insignifi-
cant when a single farm is considered in isolation but

proper planning must take into account cumulative im-
pacts when several farms are located in proximity.  More
importantly, in the absence of any broadly accepted en-
vironmental quality standards, assessments of the sig-
nificance of impacts will be highly subjective and in-
consistent (GESAMP 2001).

Coordination of Monitoring Activities

The NOAA Office of Offshore Aquaculture should
coordinate the data collection efforts of any state or
federal agencies that regulate or assist the aquaculture
industry.  It should also consolidate any data collected
by independent monitoring firms or aquaculture firms
as part of a permit requirement. All pertinent regulatory
agencies should cooperate with the NOAA Office of
Offshore Aquaculture in the establishment of a central
information system and should provide all available in-
formation requested. The NOAA Office of Offshore
Aquaculture will work with industry to determine data
that should be public and data that can remain confi-
dential.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 6.1

The NOAA Office of Offshore Aquaculture
(OOA) should coordinate data collection
efforts of state or federal agencies that
regulate or assist the offshore aquaculture
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industry.  The NOAA OOA should establish
MOUs, MOAs, or other agreements with
pertinent regulatory agencies to ensure
that these data are supplied in a timely
fashion and in a proper format to avoid
duplication of effort.

In order to obtain agreement on any specific response
or adaptation of the Monitoring Plan, monitoring must
include effective synthesis, analysis, reporting, and ef-
fective communication of monitored parameters and
variables.  Reporting procedures and response mecha-
nisms, furthermore, must be clearly spelled out in the
plan.

Monitoring Costs

Industry should bear the costs of operational moni-
toring.  Given the number of unknowns and variables
inherent in the offshore environment, it will be impera-
tive to perform extensive baseline data collection.  The
costs of this initial data collection will be substantial and
beyond an industry that is in the early stages of devel-
opment.  In order for the aquaculture industry to de-
velop in offshore waters, federal authorities will have
to perform and pay for at least some of this work.  As
the industry develops and some of the unknowns are
clarified, then the offshore aquaculture industry should
assume more of even the baseline monitoring costs.

TYPES OF DATA AND MONITORING

Baseline data should be collected and organized in
such a manner as to allow effective enforcement of all
laws pertaining to aquaculture at individual facilities.
Baseline features should be established before the per-
mits are granted and should include, at a minimum, the
following site-specific categories:

• Geophysical site characteristics, including currents
and bathymetry;

• Benthic habitat characteristics including commu-
nity structure and function; and

• Water column water chemistry and plankton.

A monitoring program may collect information for
outcome indicators or performance indicators.  Indica-
tors relating to specific objectives of the management
plan (for example, environmental quality; biodiversity;
productivity; economic activity) are known as outcome
indicators.  Indicators relating to the efficiency or ef-
fectiveness of the planning procedures, or to the per-
formance of individual components and implementing
mechanisms of the plan, are known as performance
indicators.  The outcome indicators should serve not
only to measure success in meeting objectives, but also
to enhance understanding of physical, ecological, and

economic systems, and of the causal links between de-
velopment activity and environmental effects (GESAMP
2001).

Operational Monitoring
or Permit Compliance Monitoring

If the NOAA Office of Offshore Aquaculture deter-
mines that a proposed aquaculture activity does not have
a significant environmental impact, it may issue a find-
ing of no significant effect (FONSI) and reduce the
frequency of monitoring or the types of data that it re-
quires.  The NOAA Office of Offshore Aquaculture
should have the authority to require monitoring of any
of the following as a requirement of the lease/permit:

• Feeding and production data sufficient to estimate
effluent loading;

• Changes in water column chemistry or phytoplank-
ton composition;

• Changes in benthic habitat characteristics, includ-
ing community structure and function or sediment
organic composition;
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• Smolt and brood stock introduction and transfer
data;

• Disease incidence and use of chemical therapeu-
tics; and

• Other such ancillary information as may be neces-
sary depending on the nature of the production fa-
cility.

Analysis

Collection and organization of data should be done in
such a manner as to allow effective enforcement of all
laws and regulations pertaining to the aquaculture ac-
tivities.  Data returns should be promptly entered into a
database and compared to levels established in the
aquaculture permit.  If appropriate levels or standards
are exceeded, then prompt remedial and enforcement
action should be initiated by the NOAA Office of Off-
shore Aquaculture or its designees.

Site Inspections and Audit of Records

Routine inspections of facilities’ shore bases to check
compliance with aquaculture permit conditions should
involve the inspection of: stock records held; medicinal
treatments; chemical storage facilities; disposal facili-
ties for mortalities and other solid wastes; net-washing
facilities; and the disposal of net-washings.  Visits to
facilities will be necessary to inspect chemical treat-
ments and to obtain water samples from treated cages
for chemical analysis.  Samples of fish or shellfish tis-
sue and feed may also be collected.  The frequency of
these visits may vary depending on the size of the farm
and the sensitivity of the site.  While some visits will be
pre-arranged to ensure the engagement of appropriate
farm personnel, others must be unannounced.  Further
unannounced visits will be undertaken if a breach of
permit conditions is suspected.

Discharge Monitoring

Due to difficulties associated with obtaining repre-
sentative samples, monitoring of seawater for medicines
and chemicals following discharge through the cage net
is not practical.  However, sampling of water within the
treated cages may occasionally be warranted in certain
circumstances and the measured levels compared
against recommended treatment concentrations.  Ap-
propriate sampling protocols should be established by
the NOAA Office of Offshore Aquaculture in consul-
tation with industry.

Environmental Monitoring

Environmental monitoring can be carried out in order
to check compliance with environmental standards or
to assess sites or coastal systems for expansion or de-
velopment.  The NOAA Office of Offshore Aquacul-
ture may require the regular collection of biological,
chemical or physical data from predetermined locations
such that the present status, and any ecological changes
attributable to aquaculture, can be quantified (GESAMP
1997).

Self-monitoring

Depending on staff and budgetary considerations, the
NOAA Office of Offshore Aquaculture will undoubt-
edly delegate some of the monitoring duties to the ap-
plicant, to independent consultants, or to other regula-
tory agencies (through MOUs, MOAs, or similar agree-
ments).  Self-monitoring relies on operators to carry
out an agreed program of work, at an agreed timescale,
in agreed formats, at agreed sampling stations, either
using their own staff or a contractor.  The program must
be enforceable, flexible, and site-specific.

The NOAA Office of Offshore Aquaculture should
periodically review and audit self-monitoring plans to
ensure the soundness and accuracy of the data col-
lected as well as the appropriateness of the sample col-
lection and handling methods.  Operations with a track
record of little impact should be considered for reduc-
ing the frequency of the sampling, as appropriate.

Monitoring Strategies

The scaling of monitoring effort to the sensitivity of
the site or coastal system and to the size of farm is
recommended (GESAMP 1996).  The data must be
collected in a robust and scientific manner.  Sampling
and program design, including monitoring frequency and
intensity, should be flexible and will vary depending on
key issues and priorities.  Monitoring must be regularly
reviewed to ensure optimization of resources and feed-
back into remedial action programs.

The general public, and other stakeholders, should
have prompt access to monitoring results. This access
will help maintain the participatory dimension of the plan,
and encourage responsibility for meeting its objectives.
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Agents that can cause environmental effects and
should require monitoring include:

• Organic wastes from feces and waste feed;

• Nutrients within the water column; and

• Medicines, therapeutants, and chemicals, includ-
ing antifouling agents.

The types of data collected can include: chemical
data, such as concentrations in the water column, sedi-
ments and biota; biological data, such as assessments
of the invertebrate community of the sediments, bioas-
say and biomarkers of toxic effects; and physical data,
such as information on physical characteristics of sedi-
ment and water movements.

Programs of data collection may be designed for:

• Pre-license baseline studies, such as for the de-
termination of site sensitivity;

• Post-license operational monitoring, such as for
effects assessment;

• Aquaculture permit compliance, during produc-
tion, pre-stocking, fallowing or medicines applica-
tion;

• Assessing site recovery after the removal or re-
duction of biomass from the farm.

The interpretation of the data depends on an under-
standing of both the effects arising from fish and shell-
fish farming and the nature and complexities of the re-
ceiving environment.  The reasons for obtaining the data
will determine the optimal quantity and quality of data
required, as well as the environmental compartments to
be investigated (for example, water, sediments, and
biota.)

Environmental monitoring can be carried out locally
and/or regionally around a site, and either on a short
term or a long-term basis, depending on the effects un-
der investigation or data under review.  Measurements
against background reference sites and/or baseline
pre-operational /pre-change conditions are essential.

Potential weaknesses and associated risks to be
avoided include:

• A failure to analyze and review the data;

• The measurement of inappropriate determinants;

• The collection of data that cannot be interpreted
or applied to measurable field effects; and

• Poor feedback into regulatory mechanisms.

Survey Design and Statistical
Considerations

When designing a monitoring program, it is neces-
sary to optimize the quantity and quality of data gener-
ated with the resources available.  The survey design
should consider the species to be used.  Statistical analy-
sis is fundamental in this respect and should be used to
meet the following operational requirements:

• The design of sampling programs;

• The review and analysis of data sets;

• The determination of how to optimize the use of
information or resources; and

• The identification of data gaps and the determina-
tion of the degree of replication in sampling and
analysis required to detect environmental change.

A potentially useful aid to the design of these pro-
grams is the “Improved Environmental Monitoring
Manual of Best Practice” and accompanying suite of
computer software developed by the Scottish Environ-
ment Protection Agency (SEPA 1998).  The manual
separates the design of a monitoring program into logi-
cal steps, allowing the statistical evaluation of the per-
formance of the proposed strategy, and, therefore the
value of the resulting information. It is then possible to
re-evaluate the proposed program by altering assump-
tions regarding either resources available or acceptable
statistical precision, bias, or data reusability.  Thus, this
manual provides for the design of the optimum monitor-
ing program within the resources available.

Where effects are severe, complex statistical analy-
sis may not be necessary.  However, monitoring is of
little value if causal links and change cannot be unam-
biguously established and differentiated from back-
ground factors.  Statistical approaches to assessing
changes from baselines and reference data are neces-
sary (SEPA 1998).

Confidentiality

Information obtained by the NOAA Office of Off-
shore Aquaculture is a public record, unless it is data
voluntarily collected by the submitter and is appropri-
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ately designated as being only for the confidential use
of the NOAA Office of Offshore Aquaculture or its
agents.  The NOAA Office of Offshore Aquaculture
should establish procedures to ensure the segregation
from public records of information so designated.  Rea-
sonable mechanisms should be established allowing pub-
lic persons to request to view such confidential infor-
mation and the submitter to respond to the request.
Without compelling rationale, the NOAA Office of Off-
shore Aquaculture should not reveal confidential infor-
mation.

Comparison of Water and Sediment
Quality with Standards

Water quality, and in some cases sediment quality,
can be evaluated by comparing concentrations of nutri-
ents, medicines and chemicals, and dissolved oxygen
levels with established environmental quality standards
(EQSs).  These EQSs may have different origins and
status.  Some are derived for and endorsed by the EPA.
Certain standards may be described as ‘tentative’ when
a detailed toxicity data set is not available (for example,
EPA’s Alert Levels for heavy metals in bivalves), and
others, which are based on few data, should be referred
to as Predicted No Effect Concentrations (PNECs)
rather than EQSs.

Environmental quality standards for water can be di-
vided into several categories to cover different forms
of pollution and different exposure-period lengths. They
may be expressed as an annual average, which may be
assessed by samples collected over a long time period
and is more applicable to continuously discharged pol-
lutants.  Antifouling agents are principally in this cat-

egory.  For pollutants that are discharged intermittently
(such as sea lice treatments), a shorter term standard
or a maximum acceptable concentration is more rel-
evant and can be applied to a single sample.  Compli-
ance with standards for sea lice treatments are usually
estimated by mathematical modeling rather than by sam-
pling and analysis (SEPA 1998).

Samples may be taken over a wide area (up-current,
down-current and across-current) from the site; how-
ever, the most elevated concentrations are likely to oc-
cur down-current.

The derivation of quality standards for sediments is
much more complicated than that for water. The pollut-
ant may be deposited in the surface layer; however it
can migrate vertically through the sediment over time,
and may also be dispersed by re-suspension.  Alterna-
tively, the pollutant may bind to fine or organic sedi-
ments and, although it might be measurable chemically,
being in a bound form, it may be biologically unavailable
and therefore not toxic (MAFF 1995).

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 6.2

 A paramount objective of monitoring and
regulation should be ensuring that
offshore aquaculture activities do not
exceed established environmental quality
standards or the carrying capacity of the
environment.

BASIC WATER COLUMN QUALITY INDICATORS

Nutrients

The goal of these policies is to prevent unacceptable,
increases in nutrient concentrations, which might result
in increased phytoplankton populations and associated
water quality problems.

Nutrients arise from fish and shellfish farming through
the continuous release of food and feces.   There is
little evidence that these sources will cause significant
problems in offshore waters, but there may be some

risk of elevated concentrations causing enhanced phy-
toplankton growth in certain basins.  The flushing time
of the system in relation to primary productivity (plank-
ton production) is important and it is recognized that an
area with a flushing time of about 3 days justifies the
assessment of planktonic growth.  The area requiring
monitoring must therefore be defined and will be de-
pendent on its flushing time, depth, and hydrographic
characteristics.  The flushing time can be calculated
from the ratio of tidal volume to total volume (Edwards
and Sharples 1986).
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Monitoring programs for nutrients (nitrogen and phos-
phorus) and chlorophyll-a levels, should be related to
both the biomass of animals and to the sensitivity of the
area being monitored.  The Scottish Environmental Pro-
tection Agency’s (SEPA) Manual of Procedures for
monitoring marine cage fish farming, for example re-
quires nutrient monitoring where the biomass is greater
than 1000 tonnes.  For farms with a biomass of 1000
tonees or more, one winter and one summer survey are
required; the details of the surveys vary according to
the sensitivity of the site (SEPA 1998)  (EPA’s Effluent
Limitations Guidelines apply to facilities producing
greater than about 45 tonnes, but do not require water
quality monitoring.).  Production amounts and other fac-
tors (for example the volume and flushing characteris-
tics of the receiving water), will suggest when more or
less or any monitoring is required for a particular sys-
tem.

Data should also be used to assess the effects of
local nutrient inputs to the system, and to support the
mathematical modeling approach used in setting the
conditions of the aquaculture permit.  Interpretation of
ecosystem nutrient impacts will be difficult where there
are other sources of nutrients, such as sewage.  We
also note recent studies have shown that in most well
flushed coastal areas, water quality changes in the wa-
ter column are often minor and at least one U.S. state
has discontinued water column monitoring requirements
at salmon farms for NPDES compliance due to such
studies (Brooks  and Mahnken 2003).

Dissolved Oxygen Monitoring

Deoxygenation may or may not occur locally at a
farm, where an organic load is discharged, or in deep
basins some distance away.  Several farms may con-
tribute to deoxygenation in a basin and thus whole ba-
sins should be considered.  As for nutrient monitoring,
the geographical boundaries of the system must first be
defined and the total biomass in the area calculated.  To

concentrate monitoring on vulnerable basins, a biom-
ass/sensitivity approach is proposed, as defined by
Edwards and Sharples (1986) (SEPA 1998).

It is recognized that deoxygenation is not expected to
pose a problem in most offshore environments.  Where
such a problem exists, the operator would be respon-
sible for dissolved oxygen (DO) monitoring at the site.
Some basins may deoxygenate naturally at certain times
of year and in such cases, the organic load from farms
may exacerbate the degree of deoxygenation.  Further
research needs to determine production level thresh-
olds when DO monitoring should be required.  Model-
ing techniques may be able to predict how much oxy-
gen depletion a farm would cause within a basin, but
such models are not yet fully developed or routinely
available (SEPA 1998).

Medicines and Chemicals

Some environmental monitoring may be done, par-
ticularly nearby or within cages, but the main method of
regulation of the use of medicines and chemicals will
be predictive modeling.  For each medicine and chemi-
cal, monitoring plans will be developed appropriate to
the properties and fate of the substance.  Monitoring of
medicines in water is constrained by the difficulty of
relating any water sample to a particular time and dis-
tance from the treatment.  Routine sampling of medi-
cines in water is therefore not considered to be an ef-
fective use of resources.  Furthermore, the medicines
may be toxic at concentrations below the limit of ana-
lytical detection.  Water sampling should be used as an
occasional check to ensure that modeling predictions
are correct, and should focus on the 1-3 hour period
after treatment, and within a short distance of the cages.
Occasional sampling within the treated cages also proves
valuable to check that the concentration does not ex-
ceed that recommended on the product label (SEPA
1998).

SEABED MONITORING

Applicants considering various sites should be alerted
to the advantages of more dispersive, as opposed to
less dispersive, sites for marine farms, so as to reduce
the severity of benthic effects from settling effluents.
In highly energetic areas material may be dispersed and

assimilated by the benthic fauna, with relatively few
effects.  In lower energy areas, the seabed may be-
come organically enriched and anoxic, causing distor-
tions in the structure of the benthic fauna.
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Unlike some other effects, such as nutrient enrich-
ment, the effects of organic pollution on the seabed are
usually localized.  Therefore, monitoring should focus
on the vicinity of the farm and, for this reason, some
seabed monitoring lends itself well to self-monitoring
by operators or their consultants.  Accumulation rates
will vary drastically according to depth of water, cur-
rent speed, and species present, with some species re-
leasing more organic particulate material than others.
Small biomass farms in dispersive areas are unlikely to
cause problems and thus a biomass/sensitivity table
should be prepared to ensure that the monitoring effort
is targeted where the risk is greatest (for example, at
sensitive sites with a large biomass) (Edwards and
Sharples 1986, SEPA 1998).

Medicines and Chemicals

Sediments will be monitored for medicines and chemi-
cals, which are likely to accumulate, for comparison

with sediment action levels.  For in-feed medicines, or
other medicines that may accumulate in sediments, regu-
lators should occasionally sample and analyze sediments
for residues and compare these with sediment criteria
and action levels.  For any new substances, appropriate
monitoring programs will be introduced, depending on
the properties of the substance and the most sensitive
environmental compartments (SEPA 1998).

It should be incumbent upon the NOAA Office of
Offshore Aquaculture to define appropriate standards
for sediment concentrations of chemicals (such as anti-
fouling treatments and therapeutants), based on the best
available scientific data indicating probabilities of unac-
ceptable impacts to the environment.

In federal waters, defining an area for either water
column or seabed impact assessment may be challeng-
ing.  If environmental capacity can be determined, then
the door is opened to controls on effects, rather than on
activity.

SUMMARY OF MONITORING RECOMMENDATIONS

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 6.1

The NOAA Office of Offshore Aquaculture
(OOA) should coordinate data collection
efforts of state or federal agencies that
regulate or assist the offshore aquaculture
industry.  The NOAA OOA should establish
MOUs, MOAs, or other agreements with
pertinent regulatory agencies to ensure
that these data are supplied in a timely
fashion and in a proper format to avoid
duplication of effort.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 6.2

A paramount objective of monitoring and
regulation should be ensuring that
offshore aquaculture activities do not
exceed established environmental quality
standards or the carrying capacity of the
environment.
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THE CONTEXT

CHAPTER
   7

 COMPLIANCE  AND  ENFORCEMENT
FOR OFFSHORE AQUACULTURE

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Purpose

The intent of the recommendations in this chapter is
to suggest a set of compliance and enforcement mecha-
nisms associated with the aquaculture leases.

Possible Compliance and Enforcement
Issues

Certain operations will be prohibited outright (for ex-
ample, overboard discharge of certain wastes or chemi-
cals).  Other operations will be permitted to the extent
that they do not cause unacceptable impacts (for ex-
ample, feeding, harvesting, and net cleaning).  At some
point certain operations can be expected to have unac-
ceptable repercussions on the environment.  To the ex-
tent that these impacts can be predicted in advance then
operational limits may be appropriate.

Enforcement measures would be taken when aquac-
ulture operations exceed the terms of the aquaculture
permit.  Operational violations could encompass:

 • Violating species, stock sources, strain, disease in-
    spection, or genetics requirements;
 • Exceeding stipulated stocking densities or feeding

    rates;
 • Use of chemicals, antifoulants, parasitides,
    therapeutants in excess of aquaculture permit;
 • Activities or structures outside the physical metes
    and bounds of the lease;

 • Failure to deploy or maintain physical structures
    according to accepted plans;

 • Unacceptable changes in BOD, nitrogen, and/or
   bottom fauna detected by monitoring;

 • Violated escapement provisions;

 • Clean Water Act (NPDES if required) violations;
   and

 • Marine mammal interactions.

Protection of aquaculturists might be needed for situ-
ations involving:

• Vandalism or theft (willful or unintentional); and
• Collision resulting in accidental damage or injury.
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REGULATION

The emphasis on environmental regulations must be
to control unacceptable environmental impacts (SEPA
1998).  Controlling the scale of the activity does not
allow for economic growth and provides a disincentive
for technological innovation (GESAMP 2001).

Ideally, regulations will guide, promote and facilitate
sustainable development of the aquaculture industry.
Ensuring that activities (either alone or in the aggre-
gate) do not exceed the carrying capacity of the envi-
ronment is one practical interpretation of this objective.
Regulations should also observe the precautionary ap-
proach (see Ch. 5 for definition) and the polluter pays
principle (requiring polluters to pay the costs of moni-
toring, management, and of clean-up)  (GESAMP 2001).

Aquaculture regulations must be coordinated with
other state and federal management initiatives, integrated
coastal management plans, and fishery management
planning efforts.  As emphasized in previous sections,
public involvement is important, meaning not only con-
sultation and information exchange, but also direct in-
volvement or participation of stakeholders in the deci-
sion making process, especially in relation to defining
overall objectives and associated targets and standards
(GESAMP 2001).

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 7.1

   The NOAA Office of Offshore Aquaculture
should coordinate state and federal
management initiatives and incorporate
input from both public interests and the
offshore aquaculture industry to ensure
that no significant compliance and
enforcement concerns are being
overlooked, while at the same time
avoiding unnecessary duplication of effort.

Regulation is difficult, especially with respect to large
numbers of small-scale developments, and offers lim-
ited incentive for improved environmental performance.
It may be made more effective if responsibility for de-
sign, implementation and enforcement is located at the
proper administrative level, and full use is made of self-
management and self-enforcement capacity by indus-
try and farmers’ associations.  Incentives (financial,
market, infrastructure) can be designed to stimulate in-
novation and improvements in environmental manage-
ment, and should be used wherever possible.  How-
ever, incentives may need to be underpinned or rein-
forced through complementary regulation (GESAMP
2001).

Codes of Conduct

Where the rationale for regulation is clear, and par-
ticularly when it relates to the interests of farmers them-
selves (for example, where it is designed to minimize
self pollution, or exchange of pathogens between farms),
every effort should be made to promote self-regulation
through codes of practice.  These codes may be rein-
forced through peer pressure, and in some cases actu-
ally best enforced by associations of farmers themselves
(GESAMP 2001).

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 7.2

Offshore aquaculture operations should be
guided by Codes of Conduct and Best
Management Practices developed by
industry, regulators, and other
stakeholders. The appropriate regulatory
agencies should monitor operations to
ensure that the Codes and Practices are
being followed.

Finally, for regulations to be effective it is critical that
the appropriate legal, procedural and institutional frame-
works necessary to monitor and regulate the industry
are in place and have adequate resources to perform
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the task (GESAMP 2001).  Regulations need to be ra-
tional, motivated by the best available science and not
by speculation and emotion.  Industry participation in
the process will ensure more ready acceptance and
easier enforcement, and a flexible, adaptive strategy
will ensure that new information can guide the forma-
tion of new policy and regulation.  Lastly, every attempt
should be made to minimize the administrative and fi-
nancial burden to the industry.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 7.3

 It is imperative that the regulatory
authorities be given adequate resources to
monitor and enforce the offshore
aquaculture industry.

Using Environmental Quality Standards
as the basis for regulatory interventions

Environmental quality standards (EQS), as defined
in the previous chapter, can be used as a basis for regu-
latory actions in several ways, to:

• Define a specific area or zone in which aquacul-
ture and compatible activities are to be allowed or
promoted;

• Set environmental quality standards (EQS) in terms
of acceptable nutrient concentrations;

• Estimate environmental capacity (for example, to-
tal quantity of nutrients that can be released into
the area without breaching EQS);

• Calculate acceptable nutrient loads (the environ-
mental capacity) that will not breach EQS;

• Develop incentives or regulations to prevent aquac-
ulture and other activities from exceeding the ac-
ceptable load. (These might include: cessation of
permit issuance once a critical total production
threshold is reached; cessation of permit issuance
once an environmental quality standard is reached;
pollution tax related to quantity of discharge.)

Response Procedures

Monitoring of specific environmental indicators is of
limited use if it is not linked to a pre-determined man-
agement response in the event that the monitored vari-
ables are found to lie outside their acceptable limits.
There should be a priori agreement about the action
that will be taken if, for example, environmental im-
pacts exceed predicted levels.  This action might take
the form of a reduction (where monitoring indicates that
environmental capacity has been exceeded) or increase
(where capacity is under-utilized) in, for example, num-
ber of farms, allowable waste emissions, stocking den-
sity, or production.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 7.4

 Regulators must ensure that the operators
understand well in advance the penalties
associated with any violations and what
regulatory actions will be taken if
environmental impacts exceed established
levels.

Evaluation and Adaptation

It must be recognized that any new plan or regula-
tory scheme will most likely be inadequate and flawed.
Clear procedures must be established for more general
evaluation, including subjective assessments, coupled
with specific procedures for adapting or changing the
regulations and their enforcement.  This could take the
form of “stakeholder committees”, public meetings or
other specified consultation procedures, and possibly pe-
riodic evaluations by external consultants.  Once again
it is clear that these committees must have access to
well presented and analyzed monitoring data, as well as
more subjective assessments and submissions.  They
must also have the power to modify the plan as re-
quired, on a regular and clearly defined basis (GESAMP
2001).
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○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 7.5

   Monitoring results should be promptly
reviewed by the appropriate regulatory
authority for compliance with lease
conditions as well as ecosystem impacts.
The NOAA Office of Offshore Aquaculture
should coordinate monitoring, data
collection and enforcement activities by the
various regulatory authorities.

Repeated cycles of assessment, evaluation, and ad-
aptation are required to allow for steady refinement and
improved understanding of physical, ecological, social
and economic parameters and processes over time and
to allow for a steady refinement and improvement of
the management plan.  Public involvement and expert
consultation must be used in the first place to help fo-
cus research and data collection.  Once the plan is imple-
mented, the need for new research or data, or the re-
dundancy of some research or data, should be assessed,
and research and monitoring adapted accordingly

(GESAMP 2001).

It is also likely that certain planning instruments will
fail or be inefficient in terms of meeting the objectives
of the plan, mandating adjustments or changes.  In gen-
eral it is better to build from modest and widely agreed
initiatives and adjust or expand the scope of activities,
in the light of thorough evaluation.  This approach will
allow for much more rapid implementation of the most
important elements of the plan.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 7.6

   Monitoring requirements and regulations
should be flexible and adaptive so that they
can respond to changes in operating
procedures or environmental conditions.
Frequent consultations between industry
and regulatory authorities will minimize the
monitoring burden and maximize the
effectiveness of regulations.

ENFORCEMENT OPTIONS

Penalties

Given the broad range of enforcement issues that
may arise, regulatory authorities must be able to apply
appropriate civil and criminal penalties against the re-
sponsible individuals and entities. Several enforcement
options are available when it is determined that proce-
dures defined in an aquaculture permit are not being
followed or EQSs are being exceeded.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 7.7

   Permit violations should be subject to
civil and criminal penalties. If an operation
causes damage to the ecosystem, then the
operator should be held responsible for
remediation and restoration, or, when such

actions are not possible, reasonable costs
of such damage.

Civil remedies arise when operations may cause an
imminent and substantial endangerment to public health,
welfare, safety, or the environment or for violations of
the terms of the lease. These remedies could include
suspension, revocation, remediation or fines and could
be pursued administratively or judicially.  Criminal rem-
edies would apply to false statements (for example,
forged monitoring results), knowing endangerments
(felony), or to gross negligence (misdemeanor).

If monitoring detects unacceptable impacts from
aquaculture activities such as chemical discharge, BOD
or benthic faunal impacts or escapement, then the op-
erator could be required to:
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• Suspend activities;

• Modify the terms and conditions of the aquacul-
ture permit to ameliorate the undesirable impact
(for example, reduce stocking densities, feeding
rates, move to a more dispersive site or fallow
the site);

• Conduct remedial activities to compensate for en-
vironmental damages;

• If nothing can be done to avoid the impact and no
remedial solutions can be agreed upon, then it may
be necessary to revoke the aquaculture permit.

If a violation is detected that does not result in unac-
ceptable environmental impacts, then the regulatory

agencies may choose to re-evaluate the need for such
a stipulation in the aquaculture permit.

Where results are satisfactory, no action is neces-
sary except to notify the culturist and to record “no ac-
tion” in the Public Register.  Where results are unsatis-
factory, there is a need to inform the farmer and re-
quest an explanation.  Subsequently, it may be appro-
priate to move to enforcement action.  Alternatively,
negotiations on ameliorative options may be more ap-
propriate.

It is appropriate in such cases to give notice of intent
to the discharger. This course of action may encourage
dischargers to consider other remedial measures.

SUMMARY OF COMPLIANCE
AND ENFORCEMENT RECOMMENDATIONS

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 7.1

   The NOAA Office of Offshore Aquaculture
should coordinate state and federal
management initiatives and incorporate
input from both public interests and the
offshore aquaculture industry to ensure
that no significant compliance and
enforcement concerns are being
overlooked, while at the same time
avoiding unnecessary duplication of effort.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 7.2

   Offshore aquaculture operations should
be guided by Codes of Conduct and Best
Management Practices developed by
industry, regulators, and other
stakeholders. The appropriate regulatory
agencies should monitor operations to

ensure that the Codes and Practices are
being followed.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 7.3

    It is imperative that the regulatory au-
thorities be given adequate resources to
monitor and enforce the offshore aquac-
ulture industry.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 7.4

   Regulators must ensure that the
operators understand well in advance the
penalties associated with any violations
and what regulatory actions will be taken if
environmental impacts exceed established
levels.
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○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 7.5

  Monitoring results should be promptly
reviewed by the appropriate regulatory
authority for compliance with lease
conditions as well as ecosystem impacts.
The NOAA Office of Offshore Aquaculture
should coordinate monitoring, data
collection and enforcement activities by the
various regulatory authorities.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 7.6

   Monitoring requirements and regulations
should be flexible and adaptive so that they
can respond to changes in operating
procedures or environmental conditions.
Frequent consultations between industry
and regulatory authorities will minimize the
monitoring burden and maximize the
effectiveness of regulations.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Recommendation 7.7

   Permit violations should be subject to
civil and criminal penalties.  If an operation
causes damage to the ecosystem, then the
operator should be held responsible for
remediation and restoration, or, when such
actions are not possible, reasonable costs
of such damage.
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Appendix
RESULTS OF CONSULTATIONS WITH NATIONAL

AND REGIONAL-LEVEL STAKEHOLDERS
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