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Offshore petroleum platforms are uniquely designed to span from the bottom of the ocean through
the wave-swept surface. From the beginning in 1947, platforms influenced the marine community
and resource utilization of the Gulf of Mexico region. Domestic energy development increased the
number of offshore platformsto the present level of over 4,000 structuresin outer continental shelf
waters. Along with the expansion of hydrocarbon extraction over this period, harvest and
exploitation of fisheriesresources aso intensified. Prior to oil and gas devel opment (1945 to 1950)
in the Gulf of Mexico, commercial landings of finfish and shellfish in Louisianaand Texas ranged
from 185 to 413 million pounds. As the petroleum industry expanded so did commercial fishery
catches from the Gulf, peaking in the mid-1980s at about 1,700 million pounds. The current
commercia landings are around 1,200 million pounds per year.

Offshore platformsand fisheriesof the Gulf of Mexico continueto coexist. Over 90% of commercial
red snapper landings (approximately 4 million pounds per year) originate in Louisiana waters, and
while the exact amount harvested at petroleum platformsisunknown, it isknown to be asignificant
portion of the harvest. In addition to the commercia fishers frequenting offshore structures,
recreational fishers and SCUBA divers are common platform visitors. Surveys of recreational use
found that 70% of all fishers in coastal Louisiana utilized petroleum platforms as fishing
destinations and catches of anglers at these structures were the highest in the published scientific
literature.

The use of offshore structures by marine organisms and the utilization of these resources by
commercial and recreational fishers and SCUBA divers came long before scientific study of
platform communities. While recreational and commercia users may not have understood the
scientific relationship between the structures and species abundance, they were knowledgeable of
the resources at these sites. As the importance of these structures became evident, scientific
examination of how and why they impact the ecosystem in the Gulf of Mexico began.

Initially, research focused on possible impacts from the discharge of materials and the potential
harm from hydrocarbon spills. Much | ater the scientific community realized that the actual physical
presence of these structures could be affecting the abundance and distribution of marine organisms
in the region. This later issue has been the focus of recent research.

Through the lay and scientific knowledge gained over the past 40 years, the common perceptionis
that the 4,000 structures in the region constitute the largest artificial reef complex in theworld. A
typical four-pile platform jacket (the underwater support structure of an offshore platform) provides
two to three acres of living and feeding habitat for thousands of underwater species. It is



4

hypothesized that artificial reefsand platformsimprove and/or diversify habitat, increase resources,
modify theassemblagesof organismsintheregion, or concentrate existing resources. The placement
of these defacto reefs has impacted the regional marine community and, with assessments of the
assemblages, modeling of discharges, and research into the non-target use of these structures,
information exists as to the how and why these structures have impacted the marine ecosystem of
the region.

Despite the long-term relationship between the Gulf of Mexico and hydrocarbon production, a
compendium of the results from fisheries-related research does not exist. It is the goa of this
meeting to bring together 30 years of widely spread investigations from the offshore waters of the
Gulf of Mexico. Although we highlight the relationship between petroleum production and the
environment, we include studies well beyond the scope of that topic. The 48 presentations at this
meeting represent the culmination of research by academic, state, federal and private sector
scientistsfrom all areas of the Gulf. A lesson learned from the sessions was that, while many issues
have been resolved for every question answered, new and important investigations result. Thus,
while this may be thefirst summary of the impact and relationship between offshore structures, the
marine ecosystem and fisheries, it will not be the last.

We acknowledge the efforts and guidance of the many people who contributed to the workshop and
this document. First, we would like to thank the Mineras Management Service (MMS) for
sponsoring the workshop and alarge portion of the research presented. We would also like to thank
Ms. Debra Vigil (MMS), Ms. Anne O’ Heren Jakob and Ms. Patricia Artega (University of New
Orleans) for the organization, | ogistics and managing both the workshop and thisdocument. Finaly,
we acknowledge the efforts of the authors and their effortsin the laboratory and field resulting in
a better understanding of our interaction with the marine environment of the Gulf of Mexico.

Ann Scarborough Bull, Ph.D. David Stanley, Ph.D.

Minerals Management Service Beak International Incorporated
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RIGS TO REEFS: A COOPERATIVE EFFORT AMONG
GOVERNMENT, INDUSTRY, AND ACADEMIA

Charles A. Wilson
Department of Oceanography & Coastal Sciences and
Coastal Fisheries Institute
Louisiana State University

Richard A. Kasprzak
Louisiana Department of Wildlife & Fisheries

This paper provides an introduction to Rigs-to-Reefs and associated research activity in the Gulf of
Mexico (GOM). Herein, we provide a summary of that activity with emphasis on Louisiana and
present some new information on the role and val ue of the cooperation between industry, academia,
and government in pursuit of science.

Most proponents of the Rigs-to-Reefs program know the story about the evolution of the oil and gas
industry offshore. It began in the early 1940s as technology and demand for hydrocarbon took the
United States into progressively deeper waters of the GOM and other parts of the world. The first
offshore structures were in the Ship Shoal area. These old wooden structures have since been
replaced by large steel towers, but even as early asthe 1940s, the fishing value of this* new habitat”
was realized by local fishers.

By thelate 1970sand early 1980s, several grassrootsorganizationsand officialswithintheMinerals
Management Service (MMS) began to raise awareness of the pending loss of fishing hot spots that
fishers had come to enjoy. Then Secretary James Watt and Mr. Villere Reggio of the MM S began
to advocate the concept of Rigs-to-Reefs. Dr. Bob Ditton of TexasA& M, working with Mr. Reggio,
used platform-based volunteers to record the frequency of visits to platforms by fishers. They
showed up to 70% of the trips that venture beyond the Barrier Islands made use of platforms for
fishing activities. This information gave science its first insight into the fisheries' value and the
economic importance of fish associated with oil and gas platforms (Ditton et al. 1984).

In the early 1980s, Congressman John Breaux introduced the National Fishing Enhancement Act
(NFEA), which set into place mechanisms by which artificial reefs could be created. This new law
encouraged states to devel op well-planned, well-organized artificial reef programs (Stone 1985).

In response to the NFEA and alocal interest in preserving the oil and gas platformsto which people
had become accustomed, the LouisianaArtificial Reef Initiative began at Louisiana State University
(LSV) incooperation withthe LouisianaDepartment of Wildlifeand Fisheries(LDWF). Thisad hoc
group worked together to develop state legislation that became known as the Louisiana Fishing
Enhancement Act of 1986 and set into motion thefirst state supported “ Rigs-to-Reefs’ program. The
act addressed the long-term liability of state funding and called for the development of the State
plan. Later in 1986, a plan was devel oped by LDWF and L SU, which included input fromidentified
user groups (commercial, recreational, and industry) and regulatory agencies. Using exclusion
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mapping, the authors identified areas that were compatible with artificial reef development off
Louisiana, which led to the establishment of nine Planning Areas (Wilson et al. 1987).

Shortly after Louisiana' s efforts to develop a program, Texas set in motion asimilar program, and
both states have been very activein turning platformsinto reefs. By the end of 1999, 145 oil and gas
structures had been made into artificial reefs in the GOM (Table 1.1). Over the past 12 years,
activity has varied from year to year with as many as 30 platforms being emplaced in one year. At
thispoint, Rigs-to-Reefsprogramsarewel | entrenched within theindustry; participants know whom
to call and know the process by which reef permitting and reef establishment takes place.

Tablel1l.1. Thenumber of platformsincorporatedin Rigs-to-Reefs programsinthe GOM compared
to numbers present by water depth from 1987-1999.

Water Depth Oil & Gas Structures Artificial Reefs
(ft) Structures Removed Gulf of Mexico
0-20 330 230 0
21-100 2335 916 7
101-200 770 220 79
201-400 433 67 59
401+ 70 1 0
TOTAL 3938 1434 145

The public is fairly unaware, however, of the fact that depth limits the logistics of reef creation.
Some 10% of the platforms that have been retired since 1986 have made it into reef programs.
However, most of the platformsin water depths greater than 200 ft., (59 of 67) and nearly half (79
of 220) in water depths between 100 ft. and 200 ft. have been used in reef programs since 1986
(Table 1.1). Unfortunately, in water depths less than 100 ft., liability associated with clearance and
required navigation aids limits their utilization. Our prediction for the futureisthat there will be a
short-term hiatus in reef development due to new oil and gas recovery technology; however,
removal isinevitable. There are proponentswithin user groupsthat say we should keep all structures
in place.

Louisiana recently took a major step in preserving a very popular fish area by converting the
Freeport McMoran Sulfur Rig off Grand Isle, Louisiana, into an artificial reef. This large, unique
design incorporates the platform legs as anchors for the crossmembers and decking laid on the
bottom; a five-point lighting system provides constant navigational aids that are monitored and
maintained by LDWF. Thisnew reef has been shown to harbor a great number of amberjack, cobia,
and mangrove snapper. Itisaprimary destination for many fishersfishing just offshore of the Grand
Ile area.
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Thanksto funds made availableto this program through the Sportfish Restoration Act, the Artificial
Reef Trust Fund, and most recently the MM S Coastal Marine Initiative (CMI), we are now learning
agreat deal about platforms and the associated life. Scientistsat LSU, TexasA&M, and elsewhere
have explored around and under these platforms with divers, videos and hydroacoustic equipment.
For thefirst timeever, we can put fish numbersto platforms (Figure 1.1). We are now confident that
approximately 10,000-20,000fish livearound each operating platformin depthsover 100 ft. and that
desired species such as creole fish, red snapper, and mangrove snapper are abundant. A simple
calculation of the density of red snapper around platforms in water depths of 70-250 ft. yields an
estimate of red snapper in excess of one million red snapper associated with these platforms alone.
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Figure 1.1. Distribution of Gulf of Mexico oil and gas platforms visited by scientists from 1985 —
2000. Symbolsindicate either bird or fishery research.

Thisresearch hasonly been possi bl e because of the cooperative attitude between industry, academia,
and government. Although funding has been available to conduct this research, it would not have
been possible had certain grass roots elements within the infrastructure of the industry been willing
to take a step (or leap of faith) in working out legal agreements to allow scientists to visit and
conduct research on platforms. Companies like Mobil, BP, Chevron, Amoco, Texaco, and Exxon
are just a few who helped pioneer cooperative agreements and set in motion what will probably
become one of the most successful cooperative research efforts ever.

A number of different researchers have benefitted from industry’ s willingness to support research.
Asan exampleof how important this cooperativeresearchis, we offer thefollowing summaries. Dr.
Bob Russell of the Center for Coastal Energy and Environmental Resources at LSU has been
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actively engaged in tracking the migration of birds across the northern GOM. He has documented
many new speci es-specific migrations; this research would not have been possible without industry
cooperation. Dr. Russell estimates that his three-year CMI-funded research effort (with 1200% in
kind match from industry) would have required eight man-years of ship time. Species of interest
include Prothonortary Warblers, hummingbirds, and Peregrin Falcons. Not only have the sightings
of falcons off platforms dwarfed the previous estimates of population size, but Dr. Russell aso
believes that the placement of platformsin the GOM has likely increased the survival of migrating
birds.

Another important example of industry cooperation that exemplifies long-term vision and
cooperation is WAV CIS. This program, established by Dr. Greg Stone of LSU’s Coastal Studies
Institute and the Department of Oceanography, depends upon oil and gas cooperators such as Paul
Broussard of Texaco to establish permanent sea-state monitoring stationson agridwork of platforms
off Louisiana. These stations were designed and funded to serve as early warning systems for the
projection of tidal surge associated with hurricanes; they are also great aids to fishers heading
offshore. Theinformation associated with this project is particularly important to organizationslike
FEMA and even Baton Rouge' s Office of Emergency Preparedness.

Thereisstill moreto come; the MineralsManagement Service, through the Coastal Marinelnitiative
at LSU, haslaunched abiotechnology initiative. Scientists are now proposing to study the plethora
of organismsassociated with platformsthat might be useful in biomedical research. Several projects
have already been funded to archive organisms, the results of which will be later targeted for
medical research.

One can understand the commitment that the oil and gas companies have made to research effort
by looking at a smple map of the Gulf showing where research has taken place. Figure 1.2
illustratesthe different sites off Louisiana, Texas, Alabama, and Mississippi that serve on platform-
based research projects. Furthermore, Table 2 illustratesthe value of that research. We estimate that
over 120 scientists and students have collectively made 400+ trips to platforms since 1985; they
spent atotal of 22 platform man-years offshore, logged over 2,000 helicopter hours, and over 250
vessel days. The applied research value (match used by researchers as in-kind support) of this
contribution exceeds $3,500,000. Thereal cost to duplicate such research platformswould be much
more, considering that research vessels cost over $4,000 per day.

As scientists, we recognize that platforms are unique research stations for oceanography,
meteorol ogy, and now even bird and medical research. We, as benefactors of thiscooperationinthe
name of science, pose the question, “What can we do to assure that this cooperation will continue
and grow?” We must ask industry, “What can we do to help them continue to make the corporate
commitment to supporting research activities?” The concept of “ good corporatecitizens’ eventually
dwindleswith fiscal reality. These potential research platforms are scattered throughout the world;
over 6,000 are currently in use. Future cooperation will not be just l[imited to the GOM. In addition,
our visions should not be limited to the continental shelf but should include deep water. As the
industry approaches the ocean basin, this cooperative research activity will become even more
valuable.
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Figure 1.2. Estimated number of fish around platforms and reef sites. Depth in meters (m) refersto
water depth of standing platforms. Wreck 93m refersto a drilling rig that sank during
a hurricane, Partial 100m refersto partial removal projects, both in 100m water depth,
and Toppled 100m refers to a platform toppled on its side.

Table1.2. Estimatesof research support and value provided by the GOM oil and gasindustry. Data
were provided by Texas A&M and LSU scientists.

Number Platform Helicopter Vessel Research
of Trips | Man Years Hours Days Value
406 22.0 2,077 263 $3,600,000

38 Scientists
91 Students

RECOMMENDATIONS

We encourage MM Sto work with industry and interested academic entitiesto identify mechanisms
to encourage and reward industry for such risk-taking. Since they will incur the expense of
infrastructure support for research, there should be some incentives (tax credits, mitigation) to
continue or evenincreaseindustries’ desireto cooperate. Asscientists, wewant industry to continue
to be our partners, and it is only through active dialogue that we can ensure that thiswill continue.
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BRINGING TOGETHER NEW AND RECENT RESEARCH

Andrew J. Kemmerer
National Marine Fisheries Service

The ecosystem from the Texas mud flats and Louisianawetlandsto the reefs off Floridathen to the
deeper waters of the shelf is truly unique. It supports a broad range of important industries.
Management or conservation strategies associated with this ecosystem simply always involve
uncertainty and risk; the question is how much risk we are willing to accept. We need to minimize
the risks, but at the same time we need to try to maximize the benefits.

After almost a decade of serving as a member of three different fishery management councils, all
at the same time, | am convinced that reasonable people can work together to achieve reasonable
solutionsto complex environmental issues aslong asthese solutions have afirm footing in science.
Good scienceis key, but unfortunately it will never be quite good enough for some, so there will
continue to be controversy.

The Magnuson-Stevens Act provides the national framework for conserving and managing our
wealth of fishery resources. In 1996, the U.S. Congress acknowledged the importance of habitat in
achieving the full benefits from fishery resources when they enacted the Sustainable Fisheries Act
(SFA). One aspect of the SFA was to refine the focus of fisheries management by emphasizing the
need to protect fisheries habitat. Consistent with this emphasis, Congress required that fishery
management plansidentified as“essential fish habitat” (EFH) those areas necessary to fish for their
basic life functions. EFH was defined as “...those waters and substrate necessary to fish for
spawning, breeding, feeding, or growth to maturity.” The areas that may be defined as EFH are
waters of the United States—that is, state and federal waters with the offshore boundary being the
outer limit of the Exclusive Economic Zone (EEZ). EFH only includeswater, but indirectly involves
watersheds as well because actions there can affect the waters they drain into.

EFH, probably cannot be considered new any more, except on arelative basis, compared to some
of the other requirements of the Magnuson-Stevens Act. It is, however, controversial and | have
been asked to talk about it in the context of OCS oil and gas devel opment. The effectiveness of EFH
depends on its reasonabl e application by reasonable people based on good science. The National
Marine Fisheries Service was sued on its implementation of EFH. It is a good topic and one |
struggled with over the last several years.

As most people here are well aware, most of the requirements of the Magnuson-Stevens Act are
being addressed through eight regional fishery management councils, as prescribed by the Act. The
exceptions are the highly migratory species including many of the sharks, billfishes, and tunas,
which are being handled by the Secretary of Commerce through the National Marine Fisheries
Service (NMFS). Congressimposed adeadline of October 1998 for EFH amendmentsto each of the
fishery management plans, and | believe that al but one of the EFH amendments has been
completed. However, the EFH amendments by three of the fishery management councils were only
partially approved. This approval included the amendments by the Gulf of Mexico Fishery
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Management Council. The problem with the Gulf Council’s amendments, which | had a part in
preparing, was that they did not fully address all managed species, mainly due to a lack of
information. NMFS is working with the affected councils and we hope that the deficiencieswill be
corrected soon.

Overall, the work done by the fishery management councilsto respond to the EFH requirements of
the Sustainable Fisheries Act was quite good, and | would strongly recommend that anyone dealing
with marine and estuarine waters get copies of the appropriate amendments. They contain a
tremendous amount of information consisting of maps, lots of tables, and good descriptive
summaries. A high priority for the agency isto get thisinformation into GIS systems so it will be
even moreuseful and available. Already, thishasbeen donefor the New England, Pacific, and North
Pacific Councils.

The best way to conceptualize Essential Fish Habitat isthat it is the habitat necessary for federally
managed fish species to complete their life cycles. Generally, EFH for any given fish species
constitutes only a portion of the total available habitat. Usually, thisis between 50 and 70% of the
geographic range of alife stage of amanaged species. However, once individual EFH designations
for all speciesin an areaare overlaid, the mosaic of designationstendsto beinclusive. That is, there
are few marine and estuarine areas in federal and state waters which are not EFH for something.
This designation has caused considerable controversy and has been a principal point of discussion
at anumber of Congressional hearings. It is, however, something that should have been expected,
especially considering the number of speciesand life stagesinvolved. Throughout U.S. waters, we
are talking about more than 700 species each with distinct life stages and habitat requirements.
Interestingly, each of the eight fishery management councilsrealized essentially the sameresult with
most of their waters being designated EFH.

At my last count, the Gulf ofMexico Fishery Management Council had seven fishery management
plansfor reef fish, red drum, shrimp, coastal migratory pelagics, stone crab, spiny lobster, and coral
and coral reefs. In addition, the Secretary of Commerce, through the NMFS, hastwo plansincluding
billfish and highly migratory species such as the tunas and sharks. A substantial number of species
are represented by these plans, each with unique habitat requirements. A number of these species
occur in the Outer Continental Shelf (OCS) area and as a result, their habitat needs have to be
considered through the EFH provisions of the plansin any development of offshore oil and gas.

Because of the expected broad designations of EFH, a provision for designating habitat areas of
particular concern (HAPCs) was used to help focus EFH conservation priorities. These are areas
within EFH that provide extremely important ecological functions and/or are especialy vulnerable
to degradation. This designation has caused controversy first because HAPCswere not specifically
mentioned inthe Sustai nabl e Fisheries Act and second because somewant to limit EFH designations
to HAPCs, which was never the intent. The Gulf Council designated a number of areasin the Gulf
asHAPCs, including the familiar Flower Garden Banks off Texas and Louisiana. These areastend
to be quite small and environmentally unique. The HAPC designation does not change anything not
already dealt with through an EFH designation, but it doesraise ared flag for HAPC areas and for
this reason should help devel opers and managers alike to be especially careful when dealing with
these areas.
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Establishing EFH designations was difficult for all of the councils mainly because there is not an
abundance of good habitat information for al managed species. Theinformation tendsto be spotty
and limited to the more popular species. To help deal with this problem, the EFH rule identified
information that could be used for the EFH designations at four levels. Thefirst level, for example,
was for situations where information on the distribution of a species was all that was available,
compared to the fourth level where information on production rates by habitat was all that was
available. The North Pacific Council went a step further by defining a“zero” level of information
where even good distributional information was lacking and much of the spatial distribution of a
species had to be assumed. Fortunately, the Gulf Council did not have to go quite thisfar for their
managed species, for the most part, they were at |east able to designate at the first, or distributional,
level. But once again, the Gulf Council’s EFH amendments were only partially approved because
they did not specifically address all managed species.

Probably the most serious misconception about EFH and the EFH rule isthat it has created a new
bureaucracy replete with new regulations and requirements, a misconception being promoted by
some who know better. Except in the limited context of fishing effects on EFH, thereis very little
regulatory policy about EFH that was not already in effect before the adoption of the Sustainable
Fisheries Act. Prior to EFH, federal agencies had to consult with the NMFS on actions that might
affect fisheries habitat under a host of authorities including the Magnuson-Stevens Act, the Clean
Water Act, theFishand Wildlife Coordination Act, theNationa Environmental Policy Act (NEPA),
the Federal Power Act, the Endangered Species Act, and others. Indeed, NMFSwasdoing well over
10,000 consultations annually, with many of them being done in the Gulf of Mexico, prior to EFH.
TheFishand Wildlife Service, Environmental Protection Agency (EPA), and statesprovided similar
consultations, and this practice has continued. The major differences before and after EFH are that
now the consulting federal agency has to specificaly focus on how their actions might affect
Federally managed speciesand their habitats, and very importantly, now the consulting agency must
respond in writing to the NMFS recommendations. If the agency disagrees with the NMFS advice,
they have to explain why. In other words, they do not have to accept the advice, only acknowledge
it, though the advice has been accepted over 80% of the time.

The Sustainable Fisheries Act requirement that federal action agencies have to consider how their
actionsaffect EFH does shift some of the burden from NMFSto the action agencies. So undoubtedly
thisshift will increasethe agencies work load (although one might argue that they should have been
doing thiswork beforein their NEPA analyses). On the other hand, an even better argument is that
NMFS should be doing everything it can to minimize the burden to other federal agencies, which
is exactly what the agency has been trying to do.

Severa approaches are outlined in the EFH rule that specifically address this issue of minimizing
thework load for federal agencies, including the NMFS. These are defined in the EFH rule; anyone
in EFH consultations should review them. Themost common of theseisestablishment of a“finding”
between the action agency and NMFS. Usually a “finding” is at the district or regional level. A
finding is nothing more than an agreement between NM FS and the action agency that their existing
process, or their existing process with some agreed upon modification, is adequate to satisfy the
NMFS need for notification and information—that is, it provides the basic information for
consultation.
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Other approaches include completion of general concurrence or programmatic consultations. The
general concurrence consultation is the easiest, as it asks for a group of current or future similar
actionsthat may affect EFH, but which are likely to result in no more than minimal adverse effects
individually and cumulatively. Often, reporting requirements exist to allow NMFS to keep track of
what isgoing on, but most often, little or nothing elseisrequired. The next level isthe programmatic
consultation, which allowsfor agroup of similar actionsto be evaluated coll ectively and appropriate
recommendations provided. The best example of such consultationsinthe Gulf of Mexicoistheone
done with the Minerals Management Service (MMYS) late last year. This consultation addressed
pipeline rights-of-way, plans for exploration and production, and platform removal on the federal
Outer Continental Shelf It was done through an MM S-prepared EFH assessment, which was based
to a considerable extent on an analysis of past lease sdes, MMS funded research, and past
interagency consultation activities. The programmatic consultation contains a number of agreed-
upon mitigation measures including the protection of live bottoms and a number of other bottom
features, elimination of the Flower Garden Banks from lease sales, oil spill response plans, and
control and removal of pollution. The consultation also includes exceptions for certain types of
activities for which individual consultations will continue to be required, as well as a five-year
review requirement and annual reports.

EFH offersavaluabletool to help protect and conserve habitat vital to the health and well being of
our fishery resources. It is especially important in the Gulf of Mexico because of the importance of
its fishery resources commercially and recreationally, and because of the multitude of other
industries which utilize the Gulf, al of which are important locally and nationally—oil and gas,
shipping, mining, recreation and many others.

Unfortunately, there remainsaconsiderabl e opposition to EFH from somequarters. Until September
2000, I was unaware of asingle instance where an EFH consultation or related requirement caused
an unreasonable delay in any given activity, such as dredging a channel or laying a pipeline. |
believe this is still the case. Yet, some congressiona testimony and articles in the trade media
suggest that EFH is the end of any further coastal or offshore development. The data and
information indicate otherwise.

| mentioned at the outset the NMFS was sued over its implementation of EFH. The suit was filed
in 1999 by a consortium of environmental organizations. The suit challenged whether NMFS had
complied with the requirements of the Sustainable Fisheries Act when the agency approved, or
partialy approved, the Essential Fish Habitat amendments. The suit specifically addressed effects
of fishing on EFH claiming that not enough was done to minimize these effects. The U.S. Court for
the District of Columbiarecently upheld the agency’ s approval of the EFH amendments because it
found the decision to approve was reasonabl e and consistent with the requirements of the Act. That
isthe good news. The bad newsisthat the court also found that the Environmental Assessments, or
EAs, prepared for the amendments, were deficient under NEPA because they failed to examine a
broad enough range of alternatives in dealing with fishing effects. Based on this assessment, the
court issued an injunction prohibiting NMFS from enforcing the EFH amendments until the agency
performs a new and thorough EA or Environmental Impact Statement (EIS) for each amendment.
NMFSis currently evaluating the judge’ s order to determine next steps.
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Should Gulf of Mexico oil and gas structures be considered essential fish habitat? The preamble to
the EFH rule notes that not all human-made structures should be considered essential fish habitat -
only those that meet the EFH criteria and are designated as EFH in an approved amendment. The
Gulf Council took avery broad approach in designating EFH, and unfortunately was not very clear
onthisissue. And because of thisbroad approach and inclusive nature of the Council’ samendments,
one would have to assume that the oil and gas structures in the Gulf do constitute EFH under the
rule. However, | do not believe this necessarily means that all such structures should be considered
good and that NMFSwill oppose any removal or modification. This scenario would not make sense.
What it probably meansisthat eachinstance of installation, removal, or significant modification will
have to be evaluated at least until more experience is gained and/or the Gulf Council provides
clarification. Overal, | do not see a significant problem. The EFH rule is designed to allow
reasonabl e peopl e to make reasonabl e decisions. | am comfortable that thiswill happen with oil and
gas structures in the Gulf of Mexico.

TheNMFSistill operating under an interim EFH rule mainly because the agency wanted to ensure
time for public comment, after some experience with the interim rule. Overall, the experience has
been good and the public comments fairly consistent; therefore, significant changes with the final
rule are unlikely.

Again, | wanted to thank the Minerals Management Services for the invitation to participate in the
conference.
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OCEAN POLICY

Mr. Roger McManus
U.S. Department of the Interior

One of the accomplishments of the Clinton administration wasthat it brought more attention to the
marine environment at a higher level within the Executive Branch than any other administration in
the history of the country. The possible exception would be the Johnson Administration in which
VicePresident Humphrey and the Stratton Commission conducted thefirst and only comprehensive
review of national ocean policy. That review took place 30 years ago, and there is plenty of
information to suggest that we should berevisiting theissues studied by Stratton and issuesthat have
emerged since.

Earlier this year Congress passed the Oceans Act, which would do just that. The act provides
authority for establishing a second oceans Commission, which will have a similar mandate as the
Stratton Commission’s. It will have about 18 months to complete its work and make its
recommendations to the new President and Congress.

The passage of the Oceans Act may be viewed asthe conclusion of anational movement that started
severa years ago when the growing need for reform in ocean resource management began to be
recognized. The beginning was the most recent historic reauthorization of the Magnuson Act and
the national media attention that focused on the problems facing America's fisheries. Other
highlights included the celebratory years of the oceans and the coral reefs, the national Monterrey
conference and the significant preparatory work for it by the Heinz Center, the President’s Ocean
Task Force, and several White Houseinitiativesincluding executive ordersto protect coral reefsand
otherwise to improve the U.S. system of marine protected areas.

Many individuals and institutions have contributed to this progress. Especialy important was the
leadership of the President’s Council on Environmental Quality, and within the Council, the work
of Ellen Athas. We all owe Ellen and CEQ a great deal for what they have accomplished. | should
highlight also the work of the Center for Marine Conservation in regard to the Oceans Act and
particularly Eli Weissman for garnering the heavy industry support that proved critical for fina

passage.

There have yet been few significant real changes, however, in U.S. ocean policy during this period.
Among the most important was the reauthorization of the Magnuson Act, signifying a change in
Congress's view of the law as a primarily constituent issue to one of national, natural resource
policy. NOAA isimplementing the new changes to Magnuson; it will be afew years before we see
how well they are working.

Among other significant achievements in ocean policy reform was the Department of Defense’s
policy shift that promoted conservation of Right Whales on the east coast and established the
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Navassa Island National Wildlife Refuge and the red hind closure in the Caribbean. Thereistime
for more such significant action, but that time is running out.

Thelack of real change is understandable when one considers that resistance to changesin current
ocean policy ispowerful and entrenched. U.S. ocean policy islargely driven by national security and
international policy concerns. Natural resource management issues have been routinely considered
by the State Department and the Department of Defense as complicationsto their primary missions,
and they have resisted modifications to allow for routine examination of policy needs.

That is why we have no cabinet-level mechanism to resolve marine policy issues for resource
management; all such matters are viewed at anational security level. If we are going to manage our
resources better, we must find the means to address the problems as they arise. In the absence of
such mechanisms, we fail to have transparent and public debate about the future of our oceans and
their resources. Energy policy hasbeen aprimary victim. Another has been the reconciliation of the
needs to maintain our fisheries and conserve marine biological diversity.

Inarecent book on U.S. ocean policy, authors Biliana Cicin-Sain and Robert Knecht have noted that
“U.S. ocean policy islessthan the sum of itsparts.” They remind usthat recent history has seen the
development of single-purpose legal authoritiesfor marine management, but we now need a second
generation policy to guide usin establishing priorities and reconciling conflictsfor acomprehensive
management regime. At the end of the Clinton Administration the United States still had no such
comprehensive plan for its Exclusive Economic Zone.

| am honored to be before such adistinguished group today. The Secretariat and the Secretary of the
Interior is very proud of you and MM S and the work you do for the Department and the country. |
am particularly pleased to take talk to marine scientists today.

Good scienceis essential to marine policy. We need more of your work and that of your colleagues
in and out of government.

Natural resource policy should be informed by the best science available. Nevertheless, thereis a
widespread misconception that science can or should dictate policy. Asweall know, we use science
to describe and predict how our natural world operates. Human political policy, however, isusualy
based on a variety of factors including those that have nothing to do with science or what science
cantell us. Science does not tell usit isagood thing to take care of our environment; it can merely
inform us about the possible results of how we treat that environment. Science cannot tell us how
to be equitable or fair, what to value. We should | et science of f the hook where it cannot help usand
take responsibility for our philosophies and value judgments.

Unfortunately, policy makers do not approach science that way. They are not trained in scientific
method, and they often misunderstand how science can help them. Sometimes, policy makers even
intentionally misrepresent the role of science to advance their agendas. | wasin ameeting recently
inwhich an administrator was questioning whether one proposed policy was* scientific,” at the same
time acknowledging that the hypothesis she advanced could not be proved. Of course, the issue
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being discussed was predominantly one of values, not which hypothesiswas bearing out best under
experimental testing.

Ideally, of course, weneed, particularly for purposes of government work intended to inform policy,
to design our observations and experimental designs to provide answers to carefully thought-out
guestions, the answers to which are intended to directly influence policy choices. This happens all
too rarely.

In discussing the role of science in informing policy, | am going to take the opportunity to discuss
a policy problem that has resulted from inattention to some rather basic observational and
experimental information.

Every nation on the planet has the responsibility to help provide for the needs and quality of lifefor
people. Increasingly, we have recognized that responsibility includes embracing the obligation to
protect the environment. Many people, including myself, believe that obligation includes
responsibility to protect “wildness,” wild places and wildlife. Whether we protect them or not has
huge implicationsfor thisand future generations and for how we provide for people and protect the
planet.

The concept of sustainable use has evolved asagoal we can use to achieve both objectives through
bal anced mechanism ensuring that our resource use satisfies our needs without undermining future
use. The underlying sustai nable use assumption isthat you do not haveto choose: you can have your
cake and eat it too.

Sustainable use has done a lot of good. In practice, it has promoted environmentally sensitive
management, and the more of that the better. Most of the time, however, development for human
needs alters nature. Y ou cannot have the intensive agriculture, transportation systems, and human
communities people need without making major changes to the sustainability of the natural
environment. Y ou cannot haveintensive harvest of timber or grazing or energy devel opment without
significant changesto the sustai nability of thenatural environment. Such human activitiesdo change
the abundance and diversity of wild living organisms, and they do alter ecological systems. With
respect to those values, in many cases changes are not for the better; they are almost always non-
sustainable.

Sustainable use is a fantasy. And, while it has been very useful in promoting environmental
protection, it belongsin the virtual museum of improbable theories such as perpetual motion.

| suggest that the scientific community in particular must contribute to the conversation about
developing a new paradigm for taking care of people and the planet. | propose that this paradigm
have three elements:

1. That we subscribe to the notion that all human development be conducted in an
environmentally sensitive manner to maintain environmental quality (air, water, soil, noise,
etc.) That the resulting environmental standards be conducive to maintaining the quality of
life for humans and other life forms.
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2. That we adopt a proactive strategy for meeting human needs. Already the amount of human
suffering resulting from the lack of basic necessities, clean and healthful living
environments, and the lack of opportunity for productive livesisintolerable. It is a human
tragedy, and a political and environmental powder keg. To the extent that in meeting those
needs, we providefor other lifeformsaswell, that isgood and right, but we will accept that
in meeting human needs we are going to sacrifice parts of the planet for ourselves.

3. That weadopt aproactivestrategy for protecting wildness. With increasing human numbers,
the days when substantial global wilderness was protected by remoteness are fast receding.
We need to accelerate the protection of such places and their wildlife if we want them
present for future generations. That includes marine places and marine wildlife.

The last topic | want to raise with you is the future of MMS. MMS is an interesting institution. On
the one hand it is the Darth Vader for the environmental community. On the other it is widely
regarded as a professional organization producing practical and credible science and an effective
manager of public resources. MM Sisthelargest manager of public revenuesfrom marineresources,
and ironically, notwithstanding the Service’ s reputation among environmental organizations, it is
achief source of national conservation funding.

Asl noted before, ocean policy experts Biliania Cincin Sain and Robert Knecht have suggested that
weareat the beginning of second generation environmental law wherewe seek to establish priorities
and reconcile conflict among single uses of marine resources.

| believe MM S has a future as part of this second generation of new authorities. The Service has
taken amajor step in this direction with its recent, significant initiatives in marine biotechnology.
| believe that within this century, marine biotechnology products will be the most economically
valuable products we take from the sea. Thanks to the leadership of you and your colleagues,
particularly Ken Turgeon, the Service iswell positioned to take amajor role in this future.

Here is one more example of what your future role could look like. The most prevalent offshore
structures in this country are navigational aids and oil and gas development structures, the latter
being the most significant in mass and complex in administration. A national debate is now
occurring over how to manage aquaculture structures. In the future, the challenge will be with
renewabl e energy structures. New usesfor offshore structureswill increase asthey proveto be more
feasible for access to marine resources and as aternative to shore-based facilities. Besides the
authorities provided to MM Sfor managing oil and gas structures, the only major authority provided
for governing offshore structures is a 19" century law providing for the U.S. Army Corp of
Engineersto judge proposal s pertaining solely to navigational concerns. We have apolicy and legal
authority vacuum in the face of a clearly coming wave of proposals.

| believe we need a single agency to manage offshore structures, one agency to which a permittee
can apply, an agency to take the lead in NEPA compliance. | would suggest that the substantive
decisions should remain in the domain of the most appropriate agencies, but that conflict resolution
and final siting decisions be with the lead of one agency. | believe that agency should take charge
of collecting revenues for use of the public’s resources. | believe that in designating an agency to
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take on these responsibilities, we should ook to the agency that is most experienced with managing
such structures and most experienced with collecting large revenues from industrial users. | believe
MMS should be that agency.

| urge the MM S to start looking at its basic research and management program and consider what
its expanded role should be as the new oceans act commission starts its work and prepares its
recommendations for the next administration and Congress.
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ABSTRACT

The standing stocks and rates of heterotrophic metabolism of the benthos have been estimated in a
joint U.S./Mexican study at a site on the abyssal plain (3.65 km) of the western Gulf of Mexico
(GOM). Total densities and biomass of the principa size categories of the community (bottom
fishes, megafauna, macrofauna, meiofaunaand bacteria) werelow, asexpected from similar studies
in other ocean basins. The total stock sizes, in terms of organic carbon, were lowest in the largest-
sized organisms and increased in importance as mean size decreased, with the greatest total
biomasses in the bacterial and meiofaunal fractions. The respiration rate of each of the above size
groups was estimated on the basis of mean size, abundance and temperature from established
allometric relationshipsintheliterature. These estimates wereincorporated into acarbon budget for
the benthic boundary layer at this site. The total organic carbon remineralization and burial
estimated from the model (10.4 mg C m?d™) was more than two times that estimated from the
oxygen consumption in a benthic chamber (ca. 4.0 mg C m?d™). A time-dependent numerical
simulation of carbon cycling was constructed from the budget to investigate potential effects of
variations in particulate organic carbon (POC) flux to the seafloor.

INTRODUCTION

Abyssal plains constitute a significant proportion of the surface of the earth. Although generally
acknowledged as the ultimate sink of detritus from the continents, their biota has long been
considered sparse and depauperate. The abysso-benthic communities of the Sigsbee Deep in the
western GOM, known as one of the flattest surfaces on the deep ocean floor, are less well known
than many other abyssal plains, in spite of its modest depth (3.6 to 3.8 km) and proximity to the
United States and Mexico. Studies in the western basin of the gulf were initiated in the mid-1960s
by WillisE. Pequegnat and his graduate students. Thiswork encompassed the continental slope, rise
and abyssal plain, including what is now well within be the Mexican Exclusive Economic Zone
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(EEZ). These expeditions aboard R/V ALAMINOS included the Caribbean, as well as the GOM.
Faunal groups studied from the deep gulf included the crustaceans (Pequegnat, L., 1970; Firth 1971),
echinoderms (Carney 1971; Booker 1971), molluscs (James 1972), and fishes (Bright 1968), among
others. Studies included both the megafauna and the macrofauna. Tabulation of fish gut contents
were intended to link the two (Rayburn 1975). Photographs of an “iron stone bottom” north of the
Y ucatan Strait suggested deep bottom currents can be strong enough in the eastern Gulf to sweep
large areas free of unconsolidated sediments (Pequegnat 1972). The macrofauna appeared to be
grouped into assemblages that were distributed within zones down the slope onto the abyssal plain
(Kennedy 1976), but no justification was found for separating the abyssal plain fauna into
zoogeographic provinces by latitude or longitude.

Anchor dredge samples across the Sigsbee Deep and van V een grabs from the northern continental
slope and shelf suggested that the deep benthos was depauperate in numbers and biomass, with
values below those in other ocean basins; the mean size of individual macrofauna was in general
smaller than in the Atlantic at similar depths (Rowe 1971, Rowe and Menzel 1971, Rowe, et al.
1974; Rowe 1983). A log-normal relationship between biomass and depth has been confirmed now
for numerous ocean basins (Rowe 1983), but the decline with depth in the gulf appeared to be
steeper than in most basins. The steep decline was attributed to the gulf’ slow primary productivity.

The most extensive sampling of the sediment biota of the continental slope of the northern GOM
wasconductedinthe 1980sby L GL Ecological Research Associates, with support fromtheMinerals
Management Service of the Dept. of the Interior. This consisted of paired Gray-O’ Haraor GOMEX
box cores (Boland and Rowe 1991), bottom survey camera lowerings and bottom trawling. The
stations studied included three transects down the continental slope off Texas, Louisiana and
Florida. This work stopped at depths just shy of 3 km and therefore did not extend out onto the
abyssal plain. The work on deep-water benthos at Texas A& M beginning in the 1960s up through
the MM S-supported studies of the 1980s has been reviewed in a concise summary by Pequegnat et
al. (1990). However, little information on the abyssal plain was included because the focus was on
the more recent studies of the northern continental slope. Other documentation of the studies of the
slope include reportsto MM S (Gallaway 1988 and Gallaway et al. 1988) and a dissertation on the
polychaete annelid worms (Hubbard 1995).

The Instituto de Ciencias del Mar y Limnologia (ICMyL) of the Universidad National Autonoma
deMexico (UNAM) initiated extensive studiesin the southern GOM with the acquisition of the deep
ocean research vessel JUSTO SIERRA. Mexican biologists are conducting studies of megafauna,
demersal fishes, macrofauna and meiofauna from the continental shelf down across the slope onto
the Sigsbee Abyssal Plain. Stable C and N isotopes have been used to infer pathways through a
benthic food chain (Soto and Escobar-Briones 1995). Deep water studies across the Cordilleras
Mexicanas or “Mexican Ridges’ have identified regions that contain enhanced biomass under
surfacewater masses characterized by accel erated ratesof primary production (Escobar-Brionesand
Soto 1997; Escobar-Briones et al. 1999). Polychaetes dominated the infauna; they encountered a
mid-slope maximum in abundance similar to that described in the northern gulf (Pequegnat et al.
1990). Thefaunacould be partitioned into three groups that conformed to depth intervals of > 3 km,
between 1.5 and 3 km, and < 1.5 km. This contrasts with the view of Pequegnat et al. that the slope
in the gulf can be divided into 5 zones.
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There are several reasons why the deep-living benthos of the gulf might not be similar to that in the
deep western North Atlantic. For example, their geologic histories are very different. The abyssal
plain of the western GOM began formation on the order of 100 x 10° ybp when the Y ucatan
Peninsula separated from the North American continental plate to form the present deep basin
(Buffler 1978). Much of the abyssal plain isthought to have been formed by turbidity flows of fine-
grained material originating on the Mississippi Cone. Approximately one to two meters of pelagic
sediments have accumulated since the Holocene. The continental margin south of Texas and
Louisiana and along the western side of Y ucatan are both underlain by salt deposits which form
diapiric structures pushing up through the pelagic sediments. Both areas have petroleum deposits
associated with the salt but the degree to which these extend out under the flat sediments of the
abyssal plain is not well-established. Cores from the Sigsbee Knollsin the NE central Sigsbee are
known to be characterized by oily sediments (Rezak et al. 1969).

The western gulf basin has maximum depths of 3.8 km, but thisis separated from the Atlantic and
Caribbean by sill depths at 1.5 to 2.0 km stretching between the Y ucatan, Cuba and Florida. This
couldimpedelarval dispersal intothe GOM at abyssal depths. The deep bottom water of the Sigsbee
Deep isdlightly warmer (ca. 4.2°C) than equivalent depthsin the Atlantic or Pacific. Thus, all else
being equal, the turnover of organic matter might be dlightly faster in the deep gulf than at
equivalent depths in the Atlantic or Pacific Oceans.

In 1997, a two-ship operation by Texas A&M and UNAM was conducted to add to general
knowledge of the deep gulf biota. The R/V GYRE met the R/V JUSTO SIERRA at a common
station (25°15' N. Lat. x 93°26' W. Long.) on the northern Sigsbee Abyssal Plain, at adepth of 3.65
km. The JUSTO SIERRA traveled up from Tuxpan, sampling along an east - west line across the
Mexican Ridges off Tampico (Escobar Briones et al. 1999), while the GY RE went due south out
of Galveston, directly to the site. According to Escobar-Briones et al. (1999), the sediments at this
sitecontain 3.8% sand,1.3% organic matter, and 0.17 mg m Chl. a. The near-bottom water contains
6.0 mg L™ oxygen and 34.8 psu of dissolved salts. Asthissiteiswell within the Mexican Exclusive
Economic Zone (EEZ), all sampling conducted from the GY RE was approved a priori by a suite of
Mexican federal agencies. Thislocation in the deep gulf isof potentia importanceto the economies
of both countries because it lies between, and is potentially underlain by, plentiful offshore fossil
fuel resources (Vargas 1996). The joint study was a component of the longterm Memorandum of
Understanding between UNAM and TAMU. Its specific purpose wasto gain amore comprehensive
understanding of community function at acommon location in the deep benthic boundary layer of
the GOM.

METHODS

A large-diameter version of the GOMEX or Gray-O’ Harabox core (0.2 m?), as described by Boland
and Rowe (1991), was used to take rel ativel y undisturbed bottom samples. These were subsampled
for meiofauna, bacteria and sediment pore water nutrient analyses with subcores of various
diameters. Plastic hypodermic syringes (20 ml) cut off to make small piston corers were used to
sample bacteria. They extended from the surface of the sediments down to a depth of 8 cm. These
were preserved in 2% formalin and sea water solution filtered through a 0.2 micrometer filter to
exclude contamination. A 20 cm long subcore for nutrient analysis was extruded from the bottom
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and sectioned at 5 cm intervals. The sections were squeezed through paper filtersin astainless steel
press powered with an hydraulic jack. Blanks were run to determine potential contamination by the
filters. Nutrients were analyzed with an AutoAnalyzer using standard colorimetric reactions. Just
prior to squeezing, the sediments on the top of each section were subsampled for bacteria using a
5 ml plastic hypothermic syringe corer. Two ml were taken at each level sampled. The bacteria
sampleswere stored at 4° C until return to Seattle, where they were analyzed. Approximately 20 ml
of surface mud was scooped with asingle table spoon into a plastic bag and frozen for analyses of
organic and carbonate carbon concentrations. The remainder of each core was sieved through 0.25
and 1.0 mm mesh sievesfor estimation of macrofaunaspeci escomposition, abundance and biomass.

Following laboratory procedures described by Schmidt et al. (1998), the sediment bacteria were
diluted, treated with detergent and sonicated to removethe bacteriafrom sediment particlesfor more
even distribution on the counting filter. They were then stained with DAPI and counted under an
epifluorescent microscope.

Themeiofaunawere sampled by taking 5 replicates from each core with a60 ml hypodermic syringe
barrel. These were preserved whole with 5% buffered formalin in seawater and Rose Bengal stain
aboard ship. Back inthelaboratory these sampleswere sieved through 175 and 53 micrometer sieves
to remove as much sediment as possible and then sorted to major group using a dissecting
microscope. Lengthsand diameters of the harpactoid copepods and nematodeswere measured using
an ocular micrometer. Their volumes were cal culated and used to estimate wet preserved biomass;
this was converted to carbon biomass from published conversion factors (Rowe 1983).

The macrofauna were sorted to major group in the laboratory using dissecting microscopes.
Individual organisms were removed from the samples and estimates were made of wet weight
biomass by direct weighing using a microbalance or by measuring individual lengths and widthsto
determine volume. Organic carbon biomass was calculated from published wet weight to carbon
coversion factorsfor each of the major taxonomic groups (Rowe 1983). Following sorting to major
taxa and weighing, the animals were transferred to 70% ethanol. The polychaete fraction, which
constituted approximately 65% of the total macrofauna, was sorted to species.

Total sediment community respiration was measured using a benthic lander containing a pair of
automatically operated benthic incubation chambers. The lander and its operation have been
described previously by Rowe et al. (1994; 1997). Two plexiglass incubation chambers contain
polarographic oxygen electrodes with internally recording data logger to monitor oxygen
concentrations within the chambers continuously. Oxygen consumption by the bottom and its
contained biotais calculated from the decline of oxygen within the chamber over time, the volume
of the chamber (7 |) and the area of the sea floor it covers (0.09 m?). It was deployed once at the
study site.

Motile scavengers were sampled by attaching a baited trap to the bottom strut of the lander on the
opposite side from the chambers. The trap used was a commercialy available minnow trap
constructed of a plastic cylinder 20 cm in diameter and 40 cm long. Each end of the cylinder was
an inward-facing funnel with a termina hole measuring 2 cm in diameter. The trap was made of
sguare mesh measuring 5 mm on aside. The trap was baited with codfish tissue measuring 2 X 7 x
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7 cm. This muscle tissue had been frozen but was thawed before deployment. This bait was
protected within the trap in 2100 ml plastic jar into which 1 mm diameter holes had been punched
at 1 cmintervals. The purpose of this container was to allow “scent” from the fish flesh to escape
into the bottom water, but prevent the bait from being consumed. Thisinternal container waswired
in placeinthe center of the cylinder. Thetrap waswired onto the bottom horizontal aluminum frame
of the lander so that it would be in contact with the sediment when deployed.

No direct quantitative estimate of sedentary megafaunaor bottom fishes was made during the joint
study aboard GY RE and JUSTO SIERRA, but earlier work sampled these important size groups
(Pequegnat1983). The principal sampler used was a benthic “skimmer” equipped with an odometer
wheel to estimate area of sea floor covered (Pequegnat et al. 1970). The anterior “mouth” of the
skimmer measured 3 m wide by 1 m high. The anterior frame of the rigid, hour glass-shaped
structure was covered with1.25 cm galvanized wire mesh and its bulbous cod end was covered with
0.6 cm mesh. The original meter wheel data are available in the field notes taken aboard ship at the
time of sampling; distancestravelled averaged several kilometers. The notesfrom Pequegnat’ swork
aboard the R/V ALAMINOS are archived at Texas A&M University's Department of
Oceanography.

Biomasswas not measured inthe earlier studies. However archived material enabled usto makesize
and weight measurements on preserved specimens 30 years after capture. The material used by us
had been dried for storage (ophiuroid and asteroid echinoderms) or retained in 70% ethyl alcohol
(holothuroids).

The information on the stock sizes and respiration rates of the biotatabulated in thejoint study are
put together in a carbon budget to allow a comparison of how carbon is both stored and cycled
within an ecosystem. The respiration of the individual groups of metazoans was estimated
independently from known size and temperature relationships in the literature (Grant and
Schwinghamer 1987; Mahaut et al. 1995; Cruz Kaegi 1998). The rate constants for the size groups
were multiplied by total biomass per square meter to give conversion of organic matter to CO,. The
estimates of respiration for each size category were then used to partition the flow of organic matter
through the food web. Secondary production in the metazoans was assumed to be 10% of the
assimilated carbon (P/R=0.1). For the bacteria however it was assumed that the growth and
respiration are equal (P/R=1). This growth efficiency is somewhat higher than those in previous
studies of deep-sea sediment bacteria reviewed by Deming and Baross (1993), but is similar to
several of the measurements described in Relexans et al. (1996). Using alower growth efficiency
(alower P/R) would increase the carbon remineralization relative to biomass production that is
necessary to meet the organic carbon requirements up the food chain. Thiswould increase the total
SOC, thusincreasing the disparity between the model estimated SOC and the SOC measured by the
lander.

Given the information generated on the respiration rates of each of the components above, along
with our assumptions concerning P/R, we cal cul ated predator-prey exchanges required to maintain
steady state. This is a step-wise analysis that has been utilized previously on benthos in the
Demerara Abyssal Plain (Rowe and Deming 1985) and on the continental margin off NE Greenland
(Rowe et al. 1997). The resulting solutions for the predator-prey relationships are not unique, but
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are based on inferences about how the size classes are most likely partitioning their resources. The
POC input term was assumed to be the sum of thelossesto respiration and burial because POC flux
has not been measured in the deep GOM. The simulation of the coupled equations of state for the
standing stocks is solved numerically using the software application program STELLA 1.

RESULTS
Bacteria

The standing stocks of the size categories of the biota have been grouped together, in terms of
biomass and numbers per square meter, for comparison (Table 2.1). Bacteria densities (Figurel)
declined from the sediment-water interface into the sediments. The values in the 8 cm deep cores
had a mean value that approximated the mean value over the top 8 cm in the profile. The valuesin
Table 2.1 are avertical integration to the bottom of the core. The variation around the mean is the
Standard Deviation of the mean of the 8 cm long cores. The “counting error” of similar studies
conducted on deep-sea sediments by thislaboratory isapproximately 22%. The biomassisthe mean
value (Table 2.1) multiplied by astandard conversion factor for carbon per cell for deep-seabacteria
(10** g C per cell, from Williams and Carlucci 1976) used previously in sediment bacterial biomass
estimates (Rowe and Deming 1985) .

Table2.1. Standing stocksof benthic biotaat 3.65 km depth sitein the NW Gulf of Mexico. Values
in parentheses are numbers of replicates (n) and + standard deviation.

TAXON ABUNDANCES BIOMASS
Bacteria 6.9 x 10° cellg/ml* 408 mg C m2-20 cm
(n=5, + 1.2 x10°)
Meiofauna 2.87 x 10° ind. m? 83 mg C m?
(n=25, +8 x 10°) (n=25, +22)
Macrofauna 318 ind. m? (macrofaunal taxa) 32.5mgC m?
490 ind. m? (meiofaunal taxa) (n=5, +15.3 mg C m?)

Total 808ind. m2

M egafauna** 10.5 ha 0.15mg C m?
(Asteroid Dytaster insignis (sea star)

and holothuroid Benthodytes typica

(sea cucumber))

Scavengers 21 per 20-hour trap deployment
(Eurythenes grillus, amphipod
crustacean)

*  Reported as per gram dry sediment in Figure 2.1; ‘per ml’ used for carbon budget (Figure 2.2).

**  from Pequegnat, 1983
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Figure2.1. Bacterial abundance (per gram dry sediment); and ammonium and nitrate concentrations
(micromoles) in sediment pore waters as afunction of depth (cm) into the sediments.
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Pore Water Nitrate and Ammonium

The concentrations of nitrate and ammonium in theinterstitial water have been plotted asafunction
of depth into the sediments (Figure 2.1) along with the bacteria. The NH,," ranged from alow of 25
micromolesat 5 cm up to almost 200 micromoles at the deepest sample. The pattern with depth was
not smooth but erratic. By contrast, the NO, declined smoothly from a high of 70 micromoles near
the sediment-water interface down to aminimum at the deepest sample, theinverse pattern of NH,,",
asexpected. The bacterial densitiesfollowed much the same pattern relative to sediment depth. The
patterns suggest that nitrification isoccurring in thetop few cm’ sbut denitrificationisbeing utilized
in heterotrophic remineralization down to the bottom of the core.

Meiofauna

The mean density of meiofauna-sized organisms was 2.87 x 10° m? (s=+8 x 10, n=25). They were
composed primarily of nematodes, accompanied by harpacticoid copepods. Wet preserved weights,
based on volume, had means of 6.8 micrograms for the nematodes and 3.4 micrograms for the
harpacticoids. Whileit is not unusual for the nematodes to be numerically dominant, it is unusual
for them to be bigger than the crustaceans. Mean biomass was 82.9 mg C m? (s=+22, n=25), based
on conversion of the wet weights to carbon (Rowe 1983).

Macrofauna

The mean macrofauna density was 318 indiv. m? (s=+159, n=5), composed of macrofauna taxa
(polychagetes (65%), molluscs (9%) and crustaceans (27%)). In addition, there were 490 ind. m?
(s=147, n=5) belonging to meiofaunal taxa (harpacticoid copepods, nematodes and ostracods).
Biomass of all taxa retained by the 0.25 mm sieve was 32.5 mg C m?(s=+15.3, n = 5). The mean
weight therefore was 0.05 mg C ind*, based on the total of 808 ind. m?, regardless of taxon.

Out of atotal of 146 individual polychaete annelids in the 5 cores, 96 different species were
encountered. Of these, 61 occurred only once. The highest number for any species was only 8
individuals, a paraonid, possibly Aedicira sp. Only four species out of the total occurred in more
more than one box core. Thus, each box core was almost entirely different from the others. The
mean H’(s) for the polychaetes of individual 0.20 m? cores was 2.78 (s=+0.32, n=5). The H'(s)
calculated with the samples lumped together was 4.03.

Megafauna

The deep gulf summary by Pequegnat (1983) revealed that megafauna on the abyssal plain was
substantially reduced in both numbers and species compared to the continental slope. The
megafauna was dominated by the carnivorous sea star Dytaster insignis and the surficial deposit
feeding sea cucumber Benthodytes typica. Both of these species had wide bathymetric distributions
that extended well up onto the continental slope. Other, |ess abundant megaf auna species were also
observed with some regularity. Thisincluded the brittle star Ophiomusium planum, which reached
high densities in isolated locations. Other species observed were the sea cucumber Psychropotes
semperiana and the penaeid crustacean Benthesicymus cereus/iridescens. A number of other large
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crustacean specieswere observed in these earlier studies, but itisnot clear if they areliving near the
bottom or were captured up inthewater column (Nematocar cinusensifer, for example). Information
on the fish populations in the Sigsbee Deep is meagre, with only 4 species listed by Pequegnat for
depths equivalent to or greater than our site.

Theseastar D. insignis, according to Pequegnat, had mean densities of approximately 5 per hectare
at depthsof 3.6 km. B. typicareached similar values: from 4 to 7 individuals per hectare. Lower, less
reliable numbers were observed for the large crustaceans B. cereus/iridescens and Nematocar cinus
ensifer and the sea cucumber P. semperiana. It is not known if the crustaceans were caught on the
bottom or in the water column.

TheD. insignishad amean dry weight of 2.88 g per individual (s=+2.2, n=11). Mean disk diameter
was 23.3 mm (s=+9, n=11). The holothurian B. typica individuals had been preserved in 70%
ethanol and their mean wet preserved weight was 4.04 grams per individual (s=+1.4, n=13). They
had a mean length of 6.6 cm (s=+1.1, n=13) and a diameter of 1.7 cm (s=+0.35, n=13). Thus, the
sea star had amean dry weight of 14.4 g per hectare and the holothurian had a mean wet weight of
22.2 g wet preserved weight per hectare. The latter value would be equivalent to approx. 3.3 g per
hectare dry weight (Rowe 1983). The two species together would be equivalent to approximately
1.77x10° g dry weight m?.

Scavengers

In the baited trap, a single species was sampled: the cosmopolitan amphipod crustacean Eurythenes
grillus. A total of 21 were captured, ranging in size from 5 mm to 4 cm. The abundance in the trap
can be compared with other studies as a comparison, but no absolute estimates of abundance are
possible. The trap had been in the water for 20 hours.

Sediment Community Oxygen Consumption (SOC)

Only one of the two oxygen electrode recorders functioned properly, and the decline in oxygen in
the chamber was equal to a value was 0.186 millimoles O, m?hr'. This is equivaent to
approximately 4.0 mg C m?d*(as CO,)

The incubations were not completed because the lander |eft the bottom prematurely. [A backup
corrosive link dissolved more rapidly than predicted.] As aresult, no syringe samples of chamber
water were taken at the end of the incubations. The oxygen demand estimate is based on the data
logged from the oxygen electrode.

DISCUSSION
Food Web Carbon Budget
Theinformation above on stock sizesand respiration rates have been put together asacarbon budget

(Figure 2.2). Thetotal stock sizein the detrital organic carbon and bacteria compartment isthe sum
of the measured carbon summed over a depth of 20 cm, plus the bacteriaintegrated to 20 cm. The
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first step in creating the budget isto cal culate respiration rates and growth rates, based on alometric
relationships established in the literature (see Methods). Once the respiration and growth rates are
calculated for each size group, the trophic transfers are calculated from the steady state equations
by forward elimination. The input term is assumed to be the sum of all the loss terms (respiration
and burial). The mean rate was 10.4 mg C m?d™.

The largest total stock sizes were located in the smaller organisms at the bottom of the food web.
The smallest size group, the bacteria, was almost an order of magnitude larger in total massthan the
other size groups. As mean organism size increased, total biomass decreased. Likewise, assizein-
creased, the metabolic rates decreased. In this particular budget, the microbiota have been lumped
with the detrital organic matter becauseit isnot possibleto separate the rel ative contributions of de-
tritusand bacteriain thefood web. Almost 50% of thetotal input wasremineralized by the microbial
component. A close second was meiofaunarespiration. By comparison, the other respiration flows
wererelatively low. Predation by the megafaunaand the fishes was estimated to be extremely small
ordersof magnitudelower than thefluxesthat characterize the bacteria, mei ofaunaand macrofauna.

Burial of organic carbon was calculated from long-term rates of sediment accumulation.
Approximately one to two meters of Holocene pelagic sediments, composed primarily of foram
ooze, are spread over the entire Sigsbee Deep. Thus, the rate of accumulation is ca. 100 to 200 cm
per 13,000 years; at the time scales of our budget thisis ca. 0.0115 cm y™*. Multiplying this by the
concentrationin a1l cmthick layer (22.4 g C m?-cm) givesaburia rate of ca. 0.7 mg C m?d™. This
is about 7% of the total estimated flux remineralized by the biota.

Deming and Baross (1993) reviewed the rel ationshi ps between sediment bacteriaand depth, organic
carbon and POC input. They found that the best predictor of total bacterial biomasswas POC input.
Based on their regression we would estimate that the input of POC at our site would be
approximately 22 mg C m?d™. These estimates can aso be compared with values of Relexans et
al. (1996), who measured metabolic rates of sediment bacteria in 3 areas off NW Africa. They
introduced trace quantities of **C labelled dissolved free amino acid (DFAA) mixtures at in situ
pressures and temperatures. Utilization rates increased from approximately 2 to 6 mg C m?d* asa
function of biomassincreases of 150 up to 650 mg C m-20 cm. Our biomass (ca. 408 mg C m?-20
cm) would equate to approximately 3.7 mg DFAA-C m?d™ in their regression. This estimate
however does not include other compound classes (lipids and carbohydrates) presumed to be
available to the bacteriain the DOM pool.

A fair number of trawls have been taken across several other continental margins, thus making it
possible to compare densities and biomass of megafauna and fishes with the gulf. Lampitt et al.
(1986) for example plotted l0g,, biomass of total invertebrate megafauna as a function of depth in
the NE Atlantic. Their regression line predicts that 0.31 g wet weight m should be encountered at
3.7 km depth. Haedrich et al. (1980) measured awet preserved weight of ca. 0.08 gm™ of fishesand
0.05 g m? of megafaunal invertebrates (echinoderms and crustaceans) between depths of 3.2 and
3.7 km in NW Atlantic, suggesting that the abundance and biomass of these groupsis lower there
than in the east Atlantic. The lower value above is appreciably higher than our estimate in the gulf
(0.006 g wet preserved weight m?= ca. 0.16 mg C m, Figure 2.2); thus, compared to the Atlantic,
the deep gulf appearsto be relatively depauperate.
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SOC has been measured at asite on the deep abyssal plainin the eastern gulf, and the rate measured
was approximately 1.5 times what we measured (Hinga et al. 1979), which is within the usual
experimental error for thistype of measurement. These two gulf values arein general near the low
end of comparable sites (Smith and Hinga 1983), being above the west Atlantic (Roweet al. 1994),
but below the east Pacific (Jahnke and Jackson 1991; Smith 1992; Pilskalin et al. 1996) at
comparable depths.

Total carbon residence time in both the living and non-living components can be estimated by
dividing the stock size by theflux rate. Thisgivesresidencetimesof 54 daysfor theliving biotaand
118 yearsfor the detrital organic carbon, using the sum of the respiration rates based on the size and
temperature model . Based on the lander value, the residencetimesincreaseto 131 daysfor the biota
and 307 yearsfor the non-living fraction because the lander value isless than half model estimates.

Time-Dependent Simulation

The carbon budget above can be put into aset of coupled time-dependent differential equations. The
input term can then be varied in order to investigate the responses of the stock sizes and the fluxes
to changesin theinput term. The changesin theinput might be natural temporal or spatial variability
or new perhaps alien sources of organic matter such as drilling mud, dredge spoils, etc.

Each state variabl e (stock or box) isrepresented by adifferential equationinwhichtheconcentration
(stock size) isequal to the flows (arrows) into the stock minusthe flows out of the stock. At steady
state, the flows in (+) equal the flows out (-). Because these equations are coupled, they can be
solved simultaneoudly to estimate the size of each stock over time. Experiments can be run to
estimate the effects of changesin input, growth efficiencies, predation rates, etc., on the biomass of
each stock asafunction of time. Thisincludes transient storage as living biomass, transfer between
trophiclevelsand remineralization into metabolic CO,. A termisa soincluded for long-term burial .
Asin the budget above, all units for stocks are mg C m? and fluxes are mg C m-d*. Equations for
each stock are

d[Macrofauna)/dt = Deposit feeding + Predation (on meiofauna) - Respiration (by
macrofauna)

d[Megafauna)/dt = Predation (on macrofauna) - Predation (by fishes) - Respiration
(by megafauna)

d[Meiofauna]/dt = Grazing - Predation (by macrofauna) - Respiration (by
meiofauna)

d[ Sediment organics and Microbiotal/dt = Input of POC - Longterm burial - Deposit
feeding by macrofauna - Grazing by meiofauna - Respiration(by microbiota)

Initial conditions are defined asthe mean values of the stocksrepresented in Table 2.1 and the boxes
in Figure 2.2. Respiration rates are parameterized as first order decay rates dependent on the size
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of the stock. Respiration constants, with units of d*, are cal culated by dividing the rate by the stock
size.

Megafauna Respiration = [Megafauna] * Kegsauna respiration

Microbiota Respiration = [ Sediment organics and microbiota) * Kocg microbes
Macrofauna Respiration = [Macrofaunal * K axofauna respiration

Meiofauna Respiration = [Meiofaunal * Kieiofauna respiration

The respiration rate constants were calculated by dividing the stock size into the flux. The values
follow:

Kinegetauna respiration = 0-0019

Kocsmicropes =0-01189

Kinacrotauna respiration =0-0169

Kneiotauna respiration =0-0518
The units are days (d).
Fluxes attributable to trophic transfers such as predation, deposit feeding, etc., arefirst-order fluxes
that are functions of donar stock size and a coefficient (listed below) having units of days (d*), as
follows:

Deposit feeding = [ Sediment organics and microbes] * k1

Grazing = [ Sediments organics and microbes] * k2

Predation of macrofauna on meiofauna=[Meiofauna] * k3

Predation of megafauna on macrofauna = [Macrofauna] * k4

Predation of fishes on megafauna = [Megafauna] * k5
with the following feeding rate coefficients:

k1l = 2.966E-4

k2 = 0.01159

k3 = 0.00482
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k4 = 1.23E-5
k5 = 1.91E-4

The largest stock size by far isthe detrital carbon in the surficial 20 cm of sediment (approx. 400
to 500 g C m2-20 cm; Figure 2.2). This is about what would be expected along any continental
margin, based on similar studies (Roweet al. 1991). Thewidely-recognized problem with this stock
isthat little quantitative information is available on what fraction of the pool can be utilized by the
heterotrophic biota. The assumption was made in earlier models that only a small fraction of the
stock isavailable, and in earlier models this small fraction was used in the cal culation of the donar-
dependent rate constants. If the entire stock is used, then the rate constants are very small and the
effects of variations in the input term on community dynamics are very small. The large pool of
carbon effectively dampensthe responsesto variationsin input. One alternative has been to assume
that thereactive carbonisfound only in thetop few centimeters of sediment (K hripounoff and Rowe
1985). At our site however nitrate declines continuously throughout thetop 20 cm (Figure 2.1), thus
suggesting that degradation of organic matter is not limited to the surface but is continuing to depth
via denitrification (Christensen and Rowe 1984). In the models for our site a full spectrum of
possibilities was run, with the extremes being a pool of detrital carbon in which the entire stock
(400-500 g C m?-20 cm) was reactive, abeit at extremely low rates, versus a condition in which
only the living carbon (the bacteria) in this stock was reactive. In the latter case the detritus is
effectively non-existent because it is completely unreactive or refractory. We present the results of
the latter extreme, in which the assumption is made that the standing stock of the reactive organic
matter islimited to living bacterial biomass (408 mg C m-20 cm).

Asin previous models (Rowe et al. 1997; Rowe 1998), a time-varying function has been used to
represent seasonal changes in primary production in surface waters. The POC input varies over a
365 day cycle from a minimum of 8.4 up to a maximum of 12.4 mg C m?d™. The equation for the
input in the STELLA 1l codeisthe following:

Rain of Organic Particles=1F(Seasonal V ariation<0) THEN(8.4) EL SE(8.4+Seasonal
Variation*12.4)

where Seasonal Variation = Sine(pi* days/182.5). This means that during 6 months of the year the
raininto the bottom is 8.4 mg C m?d*, whereas during other 6 monthstherain followsasinecurve,
with amaximum of 12.4 mg C m? d™.

Each standing stock has been plotted as a function of time (Figure 2.3). The results suggest that
organic matter input (mg C m-d™) that varies on a seasonal basis will be reflected throughout the
food web. The largest variation is seen in the smallest animals, which also have the highest
respiration and feeding rates. The changes in the larger organisms are small by comparison. A lag
on the order of several weeks can be seen between organic matter in sediments and bacterial
biomass. The lag cascades through the food web such that the largest group, the megafauna, has
peak biomass values at the times when the organic matter in the sedimentsis lowest. Most of the
organic matter isrecycled into CO,, rather than being transferred up the food chain. The mean input
of organic carbon needed to balance the simulated utilization [based on cal culated respiration rates)
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reflects values that might be encountered at equivalent depths along many continental margins
where similar studies have been conducted.

The lags in response to the input of organic matter and the tranglation of lags along the food web
suggest that predicting the times of the year that highest biomass or greatest community respiration
rates will be encountered will not be ssimple. The works of Muller Karger et al. (1990) and Walsh
et al. (1989) have documented that highest plant biomass occurs in the winter when mixing is
greatest. Thus, according to our analysis, highest biomass and respiration values in deep water
would be encountered during the following summer.

Experiments have also been run to estimate the effects of constant step-like increases. These result
in aramp up of al rates and biomass values with steady state being reached for each group at
varioustime periods. The smaller organismsreach steady state in relatively short periods (weeksto
months), but the larger organismstake monthsto years, depending on theincreasein theinput term.
This type of shift up could be used to investigate the effects of organic loading from alien sources
such as drilling mud, dredge spoils, etc.

Themodel can bevalidated by measuring changesin biomass over timeor by measuring respiration
rates. The lander incubation value can be regarded as an independent assessment of the combined
respiration of the organisms living within and on the sediments. In our single measurement, we
discovered that the mean rate of POC utilization predicted from the simulation is approximately 2.2
times higher than the direct measurements of sediment community respiration obtained using the
benthic lander at this site (9.7 vs. 4 mg C m?d™). Thus, the indirect estimates of respiration based
on mean biomass, total biomass and temperature need adjustment.
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DISTRIBUTION AND ABUNDANCE OF PHYTOPLANKTON ZOOPLANKTON,
ICHTHYOPLANKTON, AND MICRONEKTON IN
THE DEEPWATER GULF OF MEXICO
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Phytoplankton distribution and abundance in Gulf of Mexico (GOM) waters has been reviewed at
decadal intervals over the last 30 years, first by Bjornberg (1971), then by Iverson (in Iverson and
Hopkins 1981), and most recently by Vargo (in Vargo and Hopkins 1990). Most of the primary
literature these reviewers cited focused on the continental shelf. Moreover, Vargo, in particular,
noted that much of theinformationfor hisreview camefrom studies conducted 10to 20 yearsbefore
1990. In fact, data collected by expeditionsin the 1960s and 1970s remain the basis for the general
paradigm that standing stocks and productivity of phytoplankton are both quite low seaward of the
shelf-slope break in the Gulf of Mexico. In the review for this Fish and Fisheries Workshop, we
support that description of the mean state but we also show that research carried out since 1987
indicates “hot spots’ in primary production occur when/where nutrient availability is locally
enhanced, even in deepwater seaward of the shelf-slope break.

In the late 1960s, Soviet scientists characterized the deepwater GOM as very low in standing
plankton biomass and with mean primary productivity of just 100-150 mg C m? d* (Koblenz-
Mishkeet al. 1970). A few years|ater, extensive surveysof phytoplankton chlorophyll and primary
production that span the period 1964-1971 were summarized by El-Sayed (1972) in atlas format,
as averages within 2° squares of latitude and longitude. In the atlas, low values of primary
production (< 0.25 mg C m® h?) are typical. When integrated from surface to base of the photic
zone, most 2° squares total < 10 mg C m? h, If there are on average 12 h of sunlight per day, this
rate is equivalent to < 120 mg C m? d* and so is in good agreement with characterization by
Koblenz-Mishke et al. Allowing for primary production to proceed 300 days a year in the GOM
because of its subtropical climate, this rate of primary productivity is < 36 g C m? y*. As a
consequence, the deepwater GOM isusually placed at the low end of the estimated range of 50-160
g C m? y* that is generally accepted for the annual gross primary production in open-ocean
ecosystems (Smith and Hollibaugh 1993).

When essential plant nutrients are limiting, any process that increases the nutrient concentrations
available to the phytoplankton in the deepwater GOM will increase primary productivity. It iswell
known that freshwater inputs carry high nutrient loads, but in the GOM these high nutrient inputs
are usually measurable only close-in to rivers and estuaries (Lohrenz et al. 1999). An exception
occurs, however, when surface currents set up off-shelf flow that carriestheriver water seaward past
the shelf-slope break and into deepwater. In mid-summer 1998, low salinity Mississippi River water
was entrained and wrapped clockwise around the periphery of a warm slope eddy that altimetry
showed was centered near 28.5°N, 87°W. A comparison of the salinity and chlorophyll fields shows
that surface chlorophyll concentrations in this river water exceeded 2 mg m™ and that the patches
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of highest surface chlorophyll corresponded spatially to the patches of lowest surface salinity. In
fact, NEGOM fieldwork documented similar situationsin subsequent summers 1999 and 2000 and
GulfCet Il fieldwork documented entrainment of low salinity “green water” and its transport off-
shelf in the previous summer 1997. We suggest entrainment and transport off shelf may betherule,
rather than the exception, when/where a warm slope eddy is present in the NE Gulf.

Recently, Wiseman & Sturges (1999) reviewed some large and mesoscale motions that might
enhancethe availability of nutrientsfor primary production. They pointed out that the high velocity
periphery of sope eddies (and other eddies) are regions of high vertical shear and thus might be
expected to be areas of nutrient upwelling aswell asregionsof nutrient-rich river water entrainment.
In fact, direct measurements of **C uptake confirm that anomalous high primary production occurs
at stationsin the high velocity periphery of warm slope eddies sampled west of the NEGOM field
area. Gonzalez-Rodas (1999), who summarized primary productivity measurements that he made
on six LATEX cruises, reported two prominent hot spots in deepwater primary production ( > 2.5
g C m?d?) on these six cruises. In August 1993 and again in November 1994, productivity near
27.5°N and 92°W was 10-fold or more higher than typical for the oceanic Gulf over the upper
continental slope. In summer 1993, the northern edge of Loop Current Eddy (LCE)-W was
interacting with the continental margin between 91° and 93°W; the localy high shear there
apparently fueled a region of anomalously high deepwater primary production. This eddy had a
diameter of some 250 km; at the location where the productivity was measured, the geopotential
anomaly was about +20 cm and current speeds were about 60 cm sec™ (see Table 5 in Gonzalez-
Rodas 1999). In fall 1994, the northern edge of another anticyclone, LCE-Y, was interacting with
the continental margin again between 91° and 92 °W. This eddy was even larger in diameter (320
km) and presented a geopotential anomaly of +36 cm (from Table 5 in Gonzal ez-Rodas 1999).

The deepwater Gulf of Mexico has been considered a biologically impoverished ocean in terms of
zooplankton, ichthyoplankton, and micronekton as well as phytoplankton, since on average the
standing stocks of plankton and fish seaward of the shelf break are lower than those found in
temperate and higher latitude regions. Previous reviewers have reinforced this perception (e.g.
Hopkins, writing in Iverson and Hopkins 1981, and in Vargo and Hopkins 1990).

However, relegating secondary production in the GOM to oligotrophic status is an
oversimplification, because standing stock levels are not uniformly low but are instead punctuated
by spatial and temporal variation greater than that found in most other oligotrophic oceans. This
variability may be manifested as spatial and tempora “hot spots’ of increased biomass. For
example, Khromov (1969a, 1969b) reported that while zooplankton standing stocks in the tropical
oligotrophic Caribbean Sea were ailmost always low and did not exceed 10 ml wet displacement
volume (WDV) per 100 m®in waters offshore of the shelf/slope break, GOM stocks exhibited more
seasonal, interannual, and spatial variability, with biomasslevelsashigh as35 ml WDV per 100 m?
(range < 5 - 35). Hopkins and Lancraft (1984), who compared integrated wet weight biomass of
zooplankton and micronekton in three tropical -subtropical oceans (Caribbean Seanear Puerto Rico,
Gulf of Mexico at 27°N x 86°W, and Pacific Ocean near Hawaii), found that GOM levels were the
highest in both categories (if large medusae wereincluded in the micronekton total). Although more
recent studies of GOM biomassdo generally reveal low standing stocks, reported estimates can vary
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by afactor of 10 or more from the minimawithin a given study (Biggs et al. 1988; Richards et al.
1993; Wormuth et al. 2000).

Finally, the deepwater ichthyoplankton community includes the larvae of commercially important
species such as tuna, mackerel, billfishes, and swordfishes (Vargo and Hopkins 1990), and
commercial fisheries do exist for the adults in the Gulf of Mexico. The deepwater GOM is aso
habitat for substantial populationsof marine mammals, seaturtles, and seabirds (Daviset al. 2000).
The presence of sizeable populations of such apex predators in the deepwater GOM implies a
reliable supply of lower trophic level prey resources (Biggset al. 1988) and suggeststhat underlying
physical processes allow “oases’ of biologica productivity to develop in the mostly oligotrophic
deepwater GOM.

We suggest that these deepwater “hot spots’ of zooplankton, micronekton, and ichthyoplankton
occur when primary production is enhanced by coarse to mesoscale eddies, as described above.
Lamkin (1997) showed that larval fish were associated with the Loop Current and periphery regions
of companion cyclones and anticyclones, and recently Wormuth et al. (2000) documented that
deepwater cyclones had locally higher standing stocks of zooplankton and micronekton than did
LCEs. Thesefeatures may not be revealed by coarse sampling or averaging of measurements across
largetemporal and spatial scales. However, combining alternative techniques such asacoustical and
optical techniqueswith traditional direct sampling with nets can provide zooplankton-micronekton-
ichthyoplankton data with sufficient resolution to examine temporal and spatial trendsin amanner
impossible with net sampling at single discrete locations. This capacity is aso useful given the
growing amount of coarseto mesoscal e oceanographic dataavailablefrom satellites. A combination
of net, acoustical, and optical techniques appears to be the optimum way to study variations in
zooplankton and micronekton standing stock biomass, and such a unification of technologies will
lead to better understanding of the interaction of hydrography and ecology in the deepwater Gulf
of Mexico.

In summary, expeditionsin the 1960s and 1970s are the basisfor the general paradigm that standing
stocks and productivity of phytoplankton are both low (< 0.1 mg chl m?; < 150 mg C m? d*)
seaward of the shelf-slope break inthe Gulf of Mexico. The present review supportsthisdescription
of the mean state (stable state) but also shows “hot spots’ in primary production (> 2 g C m?d?)
occur when/where nutrient availability islocally enhanced seaward of the shelf-slope break (Biggs
and Resder, inreview). Fundamental nutrients-phytoplankton-zooplankton (NPZ) food chain theory
(summarized by Lalli and Parsons 1997) forecasts that enhanced primary production, if sustained,
will support increased zooplankton, ichthyoplankton, and micronekton production. Available
evidence from the GOM is that deepwater “hot spots’ that are temporally persistent have higher
stocks of zooplankton and micronekton, even when the specific locations of such “oases’ are
gpatialy variable along the continental margin. Continued study and assessment of plankton and
micronekton within these “hot spots’ is warranted, since these organisms ultimately serve as food
for higher trophiclevel predators, including commercially important fish species, federally protected
marine mammals, and seabirds.
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ABSTRACT

Fish aggregating devices (FADs) have recently been utilized around the world and have been shown
to have large effects on fish and fisheries, particularly tunas and tuna fisheries. Other pelagic fish
species aso are aggregated and impacted by FADs. Fishery problems and potential problems have
been identified with FADs, primarily increased relative catch of smaller/younger fish and potential
changesindistributionand migration. FADsalso can have positive effects, primarily making fishing
moreeffectiveand efficient. Important and val uable commercial and recreational fisherieshavebeen
established by deployment of FADs. The offshore oil and gasindustry in the Gulf of Mexico (GOM)
recently has been expanding into deep waters of the outer continental shelf and slope where petro-
leum structures have the potential to act as FADs. A project is being conducted by the U.S.
Geological Survey—Biological ResourcesDivision (USGS-BRD) in collaborationwiththeMinerals
Management Service (MMS) to assess and anticipate potential impacts of increased numbers of
deepwater petroleum structures on highly migratory fish speciesin the GOM. Preliminary review
of scientific literature on FADs suggests that processes and factors involved in fish aggregation by
objects are complex and that the current scientific understanding of FADsisinsufficient for predic-
tion of the potential fish aggregating impacts of deepwater petroleum structures in the GOM. Al-
though present understanding of FADssuggeststhat deepwater structuresarelikely to have measur-
able impacts, direct research and study may be needed to assess fully and to estimate such impacts.

INTRODUCTION TO THE IN-PROGRESS PROJECT

The project described below is designed to assist the MMS in assessing the degree to which
petroleum structuresin deep waters of the northern GOM may function asFADsand thus may result
in biological impacts on highly migratory species (HMS) and other pelagic fish speciesin the Gulf.
The project was described at the Gulf of Mexico Fish and Fisheries: Bringing Together New and
Recent Research workshop to disseminate information about project’s existence and its goals, to
contact other GOM fishery scientists and managers, and to involve, in our ongoing work, those with
pertinent information and experience.

WHAT ARE FADs?

Theterm fish aggregating device (FAD) isusually applied to two categories of floating objects that
attract and aggregate fish. The first is comprised of floating objects that are moored or anchored,
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while the second consists of those objects that are free drifting. The functioning of the two
categories of FADs, in terms of aggregating fish, is similar, but may be different because of many
factors by which the two types of FADs are inherently different. A complete discussion of FADs
isbeyond the scope of this paper. In this paper, we focus on deepwater FADs and associated pelagic
fish species, although FADsin coastal waters may function differently and attract different species.
The following summary is presented to provide context and perspective for our current project.

The use by fishermen of objectsto attract and aggregate fish probably extends back to ancient times.
The earliest FADs were probably anchored, floating rafts of bamboo, locally called payaws, that
were traditionally deployed by artisanal fishermen in the Philippine Islands in the early 1900s
(Anderson and Gates 1996). Payaws were commercialized around 1975, when purse seiners began
to set nets around them (Dickson 1999). The use of anchored FADs similar to payaws soon spread
throughout the region and around the world. Recent moored FADSs are constructed of man-made
materials and are often highly engineered. They have been used particularly in oceanic island
nations, where they can be deployed in depths shallow enough for mooring, yet be close to deep
pelagic environments. In placeslike Hawaii, wherethere currently are 52 FADs moored at |ocations
around the idand state, FADs are used by both commercia and recreational fishermen (Higashi
1994; Holland 1999). Moored FADS are also widely used in the Mediterranean (D’ Anna,
Badalamenti and Riggio 1999). With the exception of experimental midwater FADs studied in
coastal waters (Klimaand Wickham 1971; Whickham and Russell 1974) and experimental moored
FADsonthe NW coast of Cuba, which were successful in aggregating skipjack tuna(Martin 1999),
the GOM is probably the only large area in which deepwater FADs have not been purposely
utilized.

The other category of FADSs, free-floating objects, has become exceedingly important over the last
decade. Tunafisheries, particularly purse seine fisheries, like those in the eastern tropical Pacific,
have taken advantage of the propensity of tunas to aggregate around floating objects. Originaly,
such fisheries caught tunas from around natural objects like logs or even dead marine mammals.
In the Pacific, alarge part of the purse seine landings were taken by setting on pods of dolphins,
to which tunas, for still unknown reasons, are attracted and aggregate. Because of concerns about
mortality of dolphins and the advent of so called “dolphin-safe’ tuna, the eastern Pacific tunafleet
shifted away from setting on dolphins and began to concentrate on natural “logs’ starting around
1992. At the same time, fishermen began to deploy artificial objectsin the open ocean in order to
aggregate tunas (Lennert-Cody, Garcia and Hall 1999). Recently, man-made drifting FADs
technology has become very sophisticated, and some FADs even have radio transmitters, echo
sounders (for detecting schools of tuna) computers (for storing echo sounding data and controlling
radio transmissions to fishing vessels), underwater lights, and satellite tracking (Fonteneau et al.
1999).

The use of FADs (natural and man-made) has accelerated to the point that in 1998, 55% of the
eastern Pacific tuna purse seine effort was expended in setting on schools around FADs or logs
(Tillman 1999). Exact catch statistics are difficult to obtain, but because catch success is much
higher around floating objects, it is clear than the largest part of the eastern Pacific tuna catch
presently comes from around FADs.
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FISH SPECIES ASSOCIATED WITH FADS

Thefish speciesthat are attracted and aggregated by FADsin deepwater environmentsare primarily
pelagic species. They can be further subdivided into highly migratory species (HMS) and coastal
pelagic species.

Theterm HM Sisused by the National Marine Fisheries Serviceto includetunas, marlins, swordfish
and certain pelagic sharks (NMFS 1999). The most important group of fish associated with FADs
are the tunas, particularly skipjack (Euthynnus pelamis), yellowfin (Thunnus albacares), and to a
lesser extent, bigeye (Thunnus obesus) tuna (Freon and Misund 1999). Marlins are considered to
associated with FADs (Hall et al. 1999), and in places like Hawaii and Australia, moored FADsare
favored areas for recreational billfishing. Swordfish, however, have not been reported to be
aggregated by FADs. Severa species of sharks have been noted to associate with FADs. Other
oceanic, migratory species (not included in the NMFS HMS definition) such as dolphin
(Coryphaena hippurus) (Leonart et al. 1999) and wahoo (Acanthocybiumsolandri) (Hall et al. 1999)
are known to associate with FADs.

There are many other species of fish that associate with FADs that can be classified as coasta
pel agics—speciesthat areusually foundin coastal and continental shelf environments. They include
severa carangids, particularly scads (Decapterus sp.) and amberjacks (Seriola sp.) (D’Anna,
Badalamenti, and Riggio 2000; Deudero et al. 2000). Most of these species or groups and others
(e.g., cobia, Rachycentron canadium; king mackerel, Scomberomorus cavalla) are abundant in the
GOM and may be affected by FADs (Franks 1999).

PROBLEMSWITH FADS

Unfortunately, several issuesor potential problemsare connected with FADs. Thefirst isthat tunas
caught from around FADs tend to be much younger and smaller than those caught from free-
swimming schools. Thisis particularly true for yellowfin tuna. Polovina (1991) was one of the first
to point out this problem. He noted that the Philippines tunafisheries around payaws resulted in an
over 20timesincreasein landings, but that over 90% of thetunas caught around those FADs areless
than one year old. He pointed out that reductionsin size at entry result in very substantial reductions
in yield estimates made from standard yield models. This problem is well recognized today.
Fonteneau et al. (1999) recently concluded that the current massive use of FADsin worldwide tuna
fisheriesis “probably an unsafe fishing mode which needs to be limited to reasonable biological
levels.” In the European Union — Japan High Level Fisheries Consultations, 14-15 October 1999,
the parties expressed their differencesin opinions about the use of FADs and discussed devel oping
ajoint research program aimed at improving selectivity of FADs.* The International Commission
for the Conservation of Atlantic Tunas (ICCAT), because of concern about the high take of
juveniles, has issued recommendations for restrictions on the use of FADs.?

! Euorpean Union pressrel ease, 20 October 1999. http: //europa.eu.int/ conv fisheries/news_corner/press/info65-en.htm.

’Gary Matlock, NOAA, National Marine Fisheries Service, U.S. House of Representatives, House Resources
Subcommittee testimony, 15 July 1999.
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There are other potential problemswith FADs. One concern iswhether FADs might disrupt normal
movement and aggregation patterns (Klelber and Hampton 1994). How such changes might impact
stocks, through effects such as changesin spawning areaand resultant effectson larval survival and
recruitment are largely speculative at the present time. A related potential general problem is that
of increased catchability of fish associated with FADs and the resultant impact on population
dynamics and stock status. Also, fishing around FADs may result in increased bycatch, because of
simultaneous aggregation of non-target species (Hall et al. 1999). Conflict between user groups
(e.g., between hook-and-line fishermen and purse seiners) is a common, practical problem (Anon.
1982).

POTENTIAL POSITIVE EFFECTS OF FADS

Some of the very same issuesthat, under some circumstances, might be considered to be problems
can be viewed positively under different circumstances. The main advantage of FADs is that they
do aggregate fish and make them easier to catch than if they were dispersed widely in an oceanic
environment. Similarly, the samefactorsthat result in aggregation of speciesthat may be considered
to be unwanted bycatch in commercial fisheries (e.g., billfishes), under some circumstances can be
viewed by recreational fishermen ashighly positive, becausethey enhance opportunitiesfor offshore
gamefishing.

FADs, including GOM petroleum structures, might even be able to contribute to reduction of the
important problem of commercial bycatch of billfish and undersize swordfish. Thiscould take place
through longline fisheries shifting to fishing around FADs, where tunas are more concentrated
relativeto billfish and juvenile swordfish. Also, they may shift their fishing techniquesto utilization
of gears (e.g., vertical longlines; or shorter, more-frequently hauled horizontal longlines) that may
significantly reduce bycatch and bycatch mortality (less mortality when fish are on the line for
shorter periods (Berkeley and Edwards 1998)). A situation has been described for the
Mediterranean, where seasonal shift to fishing for dolphin (Coryphaena hippurus) around FADs
could reduce longline catch of juvenile swordfish (Cannizzaro et al. 1999).

Presence of FADs can make commercial and recreational fishing much more dependable, and often
more economical, because less time and fuel is expended searching for fish, and because smaller
vessels can be used to fish around FADs located close to shore. It isfor those kinds of reasons that
moored FADs have been deployed so widely around the world.

DEEPWATER PETROLEUM ACTIVITIESIN THE GULF OF MEXICO

A major development in offshore petroleum exploration and production in the GOM has occurred
recently. It isdetailed it in arecent MMS publication titled Deepwater Gulf of Mexico: America’s
Emerging Frontier (Baud et al. 2000). The following discussion is summarized from that
publication.

MM Sdefines* deepwater” aswater deeper than 1,000 ft. Over thelatter part of thelast decade, three
factors have come together to result in expansion of petroleum industry activities into deep water:
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1. discovery that deepwater wells often had enormously high flow rates and, therefore, great
economic return;

2. technological advances, including development of new types of structures that are able to
be used in deeper water, and the use of subsea well completions in deeper water; and

3. economic incentive arising from the passage of the Deepwater Royalty Relief Act of 1995
inthe U.S. Congress.

Deepwater petroleum production has expanded to the point that by 1999, deepwater production
exceeded that of all the shallow water. Because of this expansion, the number of permanent,
deepwater structures in the GOM has currently grown to 27 platformsin 1,000 ft or deeper, with
another 24 platforms in depths between 500 and 1,000 ft. The number of deepwater platformsis
increasing rapidly.

In view of the large number of deepwater structures of various types that are expected to be
deployedinthenext few years, MM S convened the Wor kshop on Environmental 1ssues Surrounding
Deepwater Oil and Gas Devel opment (Carney 1997). Oneof theresultsfrom that workshop wasthat
MM S wisely identified the potential for deepwater petroleum structures to function as FADs.

PROJECT DESCRIPTION

The U.S. Geological Survey, Biological Resources Division accepted the task of assisting MMSin
assessing this potential situation in which deepwater structures might act as FADs. The project is
in progress and is described briefly below.

The major elements of the project include:

1. survey of existing literature and information on FADs and related topics,

2. synthesis of FADs literature and available information,

3. survey of existing literature on HM S and other important pel agi ¢ fish speciesthat potentially
could be impacted by FADs in the GOM,

4 synthesis of HMS literature and available information, and

5. synthesis of FADs and HMS best available information into conclusions and
recommendations.

We are conducting this work by the following main approaches:

1. comprehensive search of existing literature (published and gray, including international and
foreign language references) on FADSs,

2. development of acomputerized, searchable, bibliographic data base, including annotations
and key words created directly for the GOM FADs issue,

3. comprehensive search of existing literature on GOM HMS and other potentially impacted
pelagic fish species, and

4. development of a HMS bibliographic data base similar to that for FADs.
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Additionally, we have organized a technical session and expert panel discussion (to be held at the
22-25 February 2001 Midyear Meeting of the Southern Division of the American Fisheries Society
in Jacksonville, FL) on deepwater structures and FADs. The goas of the session and panel
discussion are to obtain new or unpublished information, bring in researchers with expertise in
FADs from other regions, integrate appropriate fishery management agencies into the process, and
to develop a broad-based consensus of expert opinion about the potential importance of the issue
and about the needs for additional information and research.

PRELIMINARY FINDINGS-FADS

We have found that there is a very large and diffuse body of literature and information on FADSs.
Desurmont (1996) listed 134 referencesin abibliography of FADs-related literature. The literature
has grown recently, and currently we have over 500 technical references in our bibliographic
database. We also have found several hundred secondary references that are of some, but not first
order, pertinence to FADs, or which have other biological/environmental issues pertinent to
deepwater structures astheir subject. The secondary references will be collected opportunisticaly,
but exhaustive collection and compilation is beyond the scope of this project.

Despite thislarge body of literature, a good scientific understanding of why fish aggregate around
objects has yet to be developed. It seems that the literature has so far only begun to dissect the
problem, and that there has been little progress in synthesizing and understanding the phenomenon
of fish aggregation around FADs. Thisis not surprising, because thisis avery complex issue that
islogistically and technically difficult to study.

Kingsford (1999) recently reviewed and listed 19 factors that may affect the affinity of fish for
FADs, and he suggested that they could be the basis of testable hypotheses. We added 13 additional
(20-32) factors. The factors are:

1. Availability of food

2. Availability of juvenilefish

. Presence of conspecifics (spawning, cannibalism, density effects)

Presence of other species (competition, predation, potential prey)

. Availability and nature of shelter (FAD design)

. Substrate for undergoing behavioral change

Day versus night

. Predation (by residents and vagrants)

. Intraspecific and interspecific competition

10. Larval/juvenile drift to “suitable” areas

11. Disturbance, natural (e.g., storms) and anthropogenic (e.g., boat noise)

12. Proximity to shore

13. Location and time (due to larval supply and movements of fishes)

14. Water quality and visibility

15. Design of FADs

16. Size of FADs. (For floating FADs, there seemsto be acomplicated rel ationship for medium
size objects (1-6 m max dimension), there seemsto be little or no relationship between fish

©O~NOUAW
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density and size, while smaller and larger objects are less attractive (Hall et al. 1992;
Akishige et al. 1996).)

17. Cluster of FADs

18. Soak time of FADs

19. Combination of pelagic and benthic FADs

20. Visihility of structure (visual reference)

21. Shadow and other natural lighting effects

22. Artificia lighting

23. Movement of moored FADs

24. Oceanographic conditions (currents, and vertical structureof T/S/DO, Langmuir circulation,
potential for upwelling due to structure)

25. Hydrodynamics (vorticity and current fields induced by structure)

26. Visual appearance of FADs (color/patterng/reflectivity)

27. Spatial distribution of FADs (density/nearest neighbor/orientation relative to bathymetry)

28. Anchored versus drifting FADs

29. Species behavior and habitat utilization patterns [intranatants (<0.5 m away), extranatants
(0.5-2.0 m), circumantants (up to 5 —7 nmi) (Fedorayako 1992)

30. Movement of drifting FADs (current or wind)

31. Marinemammals (especially dol phins) presence (associ ation with objectsdevel oped through
previously developed association with marine mammals)

32. Sea state (can affect fish's ability to detect objects by visua or auditory mechanisms, can
affect other factors such aslocal availability of prey)

It is clear that this list isin no way exhaustive. Very few of these many factors have ever been
rigorously studied.

Similarly, Freon and Misund (1999) reviewed and listed the major hypotheses explaining the
association between fish and floating objects. They included:

Concentration of food supply hypothesis (Kojima 1956).

Schooling companion hypothesis (Hunter and Mitchell 1967).

Substitute environment hypothesis (Hunter and Mitchell 1967).

Cleaning station hypothesis (Gooding and Magnuson 1967).

Shelter from predator hypothesis (Suyehiro 1952; Soemarto 1960; Gooding and Magnuson
1967).

Spatial reference hypothesis (Klima and Wickham 1971).

Comfortability stipulation hypothesis (Batalyants 1992).

Generic-log hypothesis (and related hypotheses) (Hall 1992).

M eeting point hypothesis (Soriaand Dagorn 1992; Dagorn 1994, Freon and Misund 1999).

agbrwpNE
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However, after more than three decades of work on thisissue, there still islittle or no agreement as
to which hypotheses are valid and as to which of them may apply jointly under different
circumstances. Perhaps only one of these has been generally discounted. The concentration of food
hypothesis has been found to be unlikely to explain aggregation of fish like yellowfin tunaaround
FADs. Buckley and Miller (1994) found that the diets of FADs associated yellowfin tuna showed
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little differences betweens non-FADs yellowfin and pre-FADs yellowfin, and Holland, Brill and
Chang (1990) found that movements of yellowfin around FADs indicated that they fed away from
the FADs. Additionally, hydroacoustic surveys have found that the biomass of prey-size fish is
amost always insufficient to support the biomass of predator-size fish normally associated with
FADs (Josse, Bach and Dagorn 1998). Other than the food supply hypothesis being discounted, the
reasons for fish association with FADs remains very uncertain. Factors involved in attractiveness
of floating objects have not been determined. Hall et al. (1992) concluded that as long as objects
were at least one meter in minimum dimension they could not detect significant differencesin the
number of fish aggregated to the object. In view of this uncertainty, it seems unlikely that these
factors, hypotheses and the general state of understanding of fish-FADSs interactions are adequate
to assess or predict the degree to which various types of deepwater petroleum structures are likely
to act as FADsfor various pelagic fish speciesin the GOM.

PRELIMINARY FINDINGS — GULF OF MEXICO HMS

Y ellowfin tuna are abundant in the GOM. An extensive Japanese longline fishery operated in the
GOM between 1963 and 1981, before leaving the GOM dueto severe reductionsin CPUE (Wilson
1988). These declines may have been attributable to factors other than the stock being fished down,
such as shift in migratory path, poor year classes, or other unknown factors (Wilson 1998). In any
event, the declines suggest that yellowfin tuna stocks in the GOM can be substantially impacted.
Recently, U.S. longliners have continued to harvest yellowfin tuna from the Gulf, with landingsin
1998 totaling 3,784,786 |b with dockside value of $9,263,471 (Table 1). Y ellowfin tuna accounted
for 93% of the catch (Ib) and 94% of the value of the total tuna catch (including wahoo) from the
GOM in 1998. For al of these reasons, yellowfin tuna should be considered the primary speciesin
any considerations of FADs effects of deepwater structures.

Surprisingly, GOM skipjack tuna landings are very small, amounting to only slightly over one
thousand pounds landed on the Florida Gulf coast. However, Sakagawa (1986) suggested that the
GOM appeared to beapromising areafor devel opment of new skipjack tunafisheries. Experimental
FADsdeployed on the NW coast of Cubahave been found to be effectivein aggregated harvestable
concentrations of skipjack, that were caught on pole and line (Martin 1999). Therefore, the extent
to which skipjack tuna are likely to be aggregated and affected by GOM deepwater petroleum
structures is an open question.

The GOM isthe only known spawning areafor the western Atlantic stock of bluefin tuna (Thunnus
thynnus) (Mather, Mason and Jones 1995). Becauseits stock status may be precariously low (Safina
1993), even small effects on bluefin tuna could be important. Although bluefin tunas have not been
reported to highly attracted by FADsin other parts of theworld, it may be notablethat in thewestern
Atlantic, there is a population of bluefin off of Cape Hatteras, N.C. that seem to aggregate near
wrecks, where they are caught in large numbers (most released) by recreational anglers. The
guestion as to whether bluefin tuna might be attracted to GOM deepwater structures, and hence
might change migration, and spawning patterns is speculative but is worth consideration.
Additionally, any aggregation could result in increased bycatch of bluefin by fisheries targeting
other species.



58

Table 2.2 Landings of tunas and wahoo from the Gulf of Mexico in 1998 (Source: NMFS).

Florida Louisiana Texas

“Species’ | Pounds Value Price | Pounds Value Price | Pounds  Value Price
Tuna, NR 5,838 $3,079 $0.53 NR
Albacore
Tuna, 2,871 $7,316 $2.55 26,868 $113,605 $4.23 NR
Bluefin
Tung, Little | 119,169 $35,829 $0.30( 108,221 $39,241 $0.36 NR
Tunny
Tuna, 523,708 $1,233,885 $2.36| 2,958,087 $7,338,444 $2.48( 302,991 $691,142 $2.28
Yellowfin
Tunas, 12,627 $23,555 $1.87|
Misc.
Tuna, 9,677 $24,569 $2.54 19,634 $71,281 $3.63 NR
Bigeye
Tuna, 27,701 $27,015 $0.98 46,011 $22,425 $0.49 6,424 $5,864 $0.91]
Blackfin
Wahoo 37,554 $67,699 $1.80( 137,983 $143,740 $1.04 NR

NR — None Reported.

Given the unresolved status of FADs science, and given thefact that there are already 27 deepwater
structuresin the GOM and atotal of 51 structuresin depths over 500 ft, one reasonable conclusion
may be that direct study around existing and future structures is the best and perhaps only way to
assessthe degree to which deepwater structureswill affect fish. Many methods and approacheshave
been used to study fish association with FADs, and most could be adapted to GOM deepwater
structures. Previous studies can be categorized (with examples of each type of study) asfollows:

1
2.

3.

0N

Tagging: Hunter and Mitchell (1968); Itano and Holland (1999).

Hydroacoustic survey: Stanley and Wilson (1996); Bach et al. (1998); Josse, Dagorn and
Bertrand (1999); Josse, Bertrand and Dagorn (1999).

Telemetry, acoustic tracking: Holland, Brill and Chang (1990): Klimley and Holloway
(1996); Marsac, Cayre and Conand (1996); Marsac and Cayre (1998); Brill et al. (1999).
Telemetry, network of automated acoustic receivers: Klimley and Holloway (1996).
Fishery dependent methods, including recreational catch surveys. Love and Westphal
(1990); Stanley and Wilson (1990 &1991); Cillaurren (1994).

Fishery independent hook-and-line fishing CPUE: Friedlander, Beets, and Tobias (1994).
Experimental net fishing: Massuti, Morales-Nin and Deudero (1999).

Modeling: Hilborn and Medley (1989); Kleiber and Hampton (1994); Daghorn, Bach and
Josse (1997); Sibert and Holland (1999).
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Kingsford (1999) makes a strong case for sampling before and after to determine the impact of
FADs. This may be something to consider in view of the potential extensive and intensive
deployment of deepwater oil and gas structures in the GOM. In a few years, once petroleum
structures are abundant throughout deepwater areas of the northern Gulf, it may be too late to
directly estimate their effects, because conditions prior to introduction of deepwater structureswill
not be able to be estimated.

PRELIMINARY CONCLUSIONS

Based on existing scientific knowledge of FADs and fish attraction, it is not reasonable to discount
the possibility that deployment of large numbers of petroleum structures in the GOM will have
significant and substantial impacts on HMS. Conversely, the state of knowledge is not adequate to
determine or predict that large effects will in fact occur, to estimate the extent to which they will
occur, or to predict what species will be affected. However, the existing knowledge does clearly
show that FADs can have large effects on fish and fisheries.

With this in mind, and the growing number of deepwater structures in the GOM, the preliminary
conclusion is that the situation will probably have to be assessed by direct study of existing and
future structures. There are several research approaches that have been used productively to study
FADs and that could be applied to deepwater oil and gas structures. It is likely that adequate
understanding will require a combination of several of these approaches.
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HABITAT USE OF SHELF-EDGE TOPOGRAPHIC HIGHS IN THE NORTHWESTERN
GULF OF MEXICO BY SHARKS AND RAYS (SUBCLASS ELASMOBRANCHII)

Jeff Childs
Center for Coastal Studies
Texas A&M University-Corpus Christi

ABSTRACT

Thecontinental shelf of the northwestern Gulf of Mexicoincludesanarray of submerged hard-banks
and reefs in addition to a great concentration of offshore petroleum platforms that provide
significant vertical and structura relief in an otherwise level landscape, and are defined as
“topographic highs’. This study investigates the habitat use of shelf-edge topographic highs by
wide-ranging sharks and rays occurring in the northwestern Gulf of Mexico. Three topographic
highs (East and West Flower Garden Banks and the High Island A-389A offshore production
platform) located near the shelf-edge (200 m isobath) were visited from July 1992 through April
1998. Underwater surveys on SCUBA were conducted to gather information on the species
composition, abundance, life history stages, sexes, and socia groups of elasmobranchs occurring
at the study sites. Thirteen species were identified that include Ginglymostoma cirratum (nurse
shark), Rhincodon typus (whale shark), Galeocerdo cuvier (tiger shark), Carcharhinusfalciformis
(silky shark), Carcharhinus obscurus (dusky shark), Carcharhinus perezi (Caribbean reef shark),
Carcharhinus plumbeus (sandbar shark), Sphyrna lewini (scalloped hammerhead), Dasyatis
americana (southern stingray), Aetobatis narinari (spotted eagle ray), Mobula hypostoma (lesser
devil ray), Mobula tarapacana (sicklefin devil ray), and Manta birostris (mantaray). These species
form three assemblages (winter, summer, and resident) at the Flower Garden Banks. Carcharhinus
falciformis was the only species found utilizing the High Island platform throughout the year. Data
gathered in this study show the Flower Garden Banksfunction as nursery areas, adult feeding areas,
and possibly as a mating area to these elasmobranch species, while the High Island platform
functionsasasecondary nursery areato C. falciformis. Seasonal movementsrelativeto other habitat
areas in the region are also modeled for the sharks and rays observed at shelf-edge topographic
highs.

“This abstract is provided although the presentation was canceled.
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LIFE ALONG THE EDGE: THE WHALE SHARK (RHINCODON TYPUS)
IN THE NORTHERN GULF OF MEXICO’
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Keith D. Mullin
Southeast Fisheries Science Center
National Marine Fisheries Service
NOAA Mississippi Laboratories

John D. Hewitt 1V
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ABSTRACT

The whale shark (Rhincodon typus) occurs in the northern Gulf of Mexico though little is known
regarding the behavior and ecol ogy of the largest living fish species. Whal e shark sightings amassed
in three independent surveys conducted from the air, sea surface, and underwater, were compiled
with historic sightings and analyzed using geographic information system technology (ArcView).
Sightings data show whale sharks utilize neritic (< 200 m isobath) and oceanic (> 200 m isobath)
waters of the northern Gulf during warmer months (June thru November), however, during colder
months (December thru May) whal e sharks chiefly utilize oceanic waters. The majority of sightings
arelocated in neritic and oceanic waters out to the 2000 m isobath, between Pensacola, Florida and
Brownsville, Texas. Thegreatest concentration of sightings occurs south of Louisianaand southeast
of Texas in the vicinity of the shelf edge (200 m isobath) where sampling effort is considered
greatest. No sightings were made within the hypoxic zone located south of Louisiana and Texas
during months that hypoxic conditions are known to exist. Solitary sightings were common,
however, 18 % of sightings were of aggregated animals, the largest aggregation consisting of 30
whal e sharks. Aggregations occur in the vicinity of shelf-edge banks during August and September
when mass spawning events occur at the Flower Garden Banks, the northernmost hermatypic
tropical coral reefslocated onthe continental plate of North America. Aggregationsal so occur along
the shelf-edge and seaward in the vicinity of the Loop Current frontal boundary, indicating that
whale sharks may optimize their foraging effort in areas where plankton is often known to be
abundant.

“This abstract is provided although the presentation was canceled.



67

POTENTIAL CONFLICTS BETWEEN DEEPWATER FISHING AND
OIL AND GAS OPERATIONS IN THE GULF OF MEXICO

David B. Snyder
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Concord, CA

George H. Burgess
Florida Museum of Natural History
University of Florida

Chris Frid
Florida M arine Research Institute

INTRODUCTION

The fishing and offshore energy industries have coexisted amicably for many yearsin shelf waters
of the northern Gulf of Mexico (GOM). Recently, the offshore energy industry in the GOM has
shifted its interest beyond the shelf and into deeper waters (>200 m). This is evidenced by over
3,800 active leases and about 50 devel opment/production facilitiesin water depths greater than 200
m. Existing and future structures represent new and evolving technology that could interact with
deepwater (bluewater) fisheries. All phases of industry-geophysical surveys, exploratory drilling,
devel opment/production, and abandonment-coul d interact with current deepwater fishing practices.
Inthe northern GOM these practicesincludetrapping for golden crab, trawling for royal red shrimp,
bottom longlining for groupers, snapper, andtilefishes, and surfacelonglining for sharks, swordfish,
and tunas,

The potential for interactions between bluewater fishing and deepwater energy industry was raised
as a primary concern by a fisheries subcommittee during a recent deepwater workshop (Carney,
1998) sponsored by the Minerals Management Service (MMYS). In 1999, Continental Shelf
Associates, Inc. was awarded a contract to investigate this problem for MMS. The project team
consists of independent consultants with experience in fisheries, oil and gas technology, space-use
problems, and Geographical Information Systems (GIS).

OBJECTIVES

We are assessing actual and potential interactions between the two industries through the following
objectives:
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» Determine bluewater fishing endeavors and practices and deepwater outer continental shelf
(OCS) energy development activities;

» Describe and map bluewater fishing and deepwater OCS energy devel opment activities;

» Describecurrent GOM and relevant worldwideinteractionsand predict futuresituationsthat
may occur inthe GOM between bluewater fishing and deepwater OCS energy devel opment
activities; and

* Recommend proactive mitigation measures for MMS and for the fishing and OCS energy
industries.

METHODS

The first two objectives are being addressed by gathering descriptive information and "mappabl e’
data from a variety of sources for the two industries. Past and current information on the OCS
energy industry will be obtained from MMS data sets that contain active leases, filed Plans of
Exploration (POES), existing development facilities, and existing pipelines. Existing facility
descriptions will come from filed Development Operations Coordination Documents (DOCDS) or
POEs, U.S. Coast Guard files, and industry operators. Descriptions of exploratory drilling rigs will
come from various drilling rig contractors. Future OCS activity will be projected from the MM S
data sets that include active leases with filed POEs or DOCDs, announced discoveries with filed
POEs or DOCDs, and future pipelines. In addition, an analysis of |ease bonuses paid on existing
leases will be made to determine which lease block received high bids.

The bluewater commercial fishing industry will be described from data obtained from National
Marine Fisheries Service (NMFS) data sets. Several data sets will be examined, including the
longline logbook data set, the shrimp data set, and the reef fish logbook data set. These data sets
provide varying levels of spatial resolution, ranging from latitude/longitude (degrees and minutes)
to large scale (kms) NMFS statistical grids. Catch and effort information will be extracted from the
data sets to characterize spatial and temporal patterns in the northern GOM. Species composition
and life history characteristics will be described for primary deepwater fisheries species.

Current domestic conflicts are being gathered from U.S. Coast Guard, Fishermen's Contingency
Fund, and California Fisheries Liaison Office. Information on international interactions will be
compiled from a variety of sources including Canada-Nova Scotia Offshore Petroleum Board,
Fisheries and Offshore Consultative Group (North Sea), and United Kingdom Offshore Operators
Association Compensation Fund.

RESULTS
The most common facilities used in deepwater operations are fixed platforms, semi-submersible

floating production systems, compliant towers, tension leg platforms, spars, and subseacompletions
(Figure2.4). The spatial preclusion of seafloor or water column by these facilities depends upon the
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Figure 2.4. Deepwater production systemsin the Gulf of Mexico.

type of mooring system used and the water depth. For example, catenary moored systems cover
much greater portions of the seafloor than do tension leg systems.

Presently there are about 3,800 active leasesin waters greater than 200 m deep, with approximately
50 platforms currently operating in these water depths. Areas with the future activity are in
Mississippi Canyon, Green Canyon, Garden Banks, and VioscaKnoll |ease bl ock areas. Of the 3,800
leases, about 800 received bonus bids exceeding $1 million. With the exception of Corpus Christi
and Port Isabel, where there has been little if any drilling success to date, al OCS areas with less
than 60 leased blocks are either relatively small in overall extent in the deepwater study areaor have
experienced legal constraints on leasing. The remaining eight areas have hundreds of |eased blocks
each. In most of these areas, between approximately 3 and 6 percent of |eased blocksreceived bonus
bidsin excessof $500 per acre. Interestingly, theseinclude both the rel atively nearshore area of East
Breaks and Green Canyon, aswell asthe more distant and deeper water areas of Alaminos Canyon,
Atwater Valley, Keathley Canyon, and Walker Ridge. In fact, the two bluewater blocks which
received bonus bidsin excess of $5,000 per acre are of recent vintage (1998) and arein water depths
of approximately 1,500 and 3,000 m. In the Garden Banks area, which saw the first development
in over 600 m, and Mississippi Canyon, which boasts several developments beyond 900 m, twice
the percentage of leases received bonus bids in excess of $500 per acre.

Current deepwater fishing practicesin the northern GOM includetrapping for golden crab; trawling
for royal red shrimp; bottom longlining for groupers, snappers, and til efishes; and surfacelonglining
for sharks, swordfish, and tunas. The areal extent of these fisheries varies greatly, from widespread
to localized. The roya red shrimp fishery appears to be concentrated in the area south of
Alabama/Mississippi corresponding to statistical grid 10, with minimal effort expended in areas of f
the FloridaKeys and Texas. Golden crab trapping is most prevalent off of southwestern Floridaand
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Figure 2.5. Spatial distribution of surface longline sets made in the Gulf of Mexico during 1998
(Source: National Marine Fisheries Service longline logbook data 1999).

the Florida Keys, with very few fishers actually participating in this fishery. There is some
speculation that the deepwater crab fishery will expand in the future. The bottom longline fishery
occurs near the shelf break, and is legisatively mandated to remain offshore of the 102 m depth
contour. Most effort by reef fish permit holders for deepwater groupers and tilefishes occurs
offshore of west Florida; however, appreciable effort has been expended offshore of Louisianaand
Texas aswell. The pelagic longline fishery is widespread in the open GOM (Figure 2.4). Of these
gear types, the pelagic longline presents the greatest possibility for interactions or space-use
conflicts.
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ABSTRACT

In response to an U.S. Department of Commerce Aquaculture Policy, the Gulf of Mexico Offshore
Aquaculture Consortium (OAC) was formed to create a collaborative, Gulf-wide, interdisciplinary
research and devel opment program to generate primary scientific dataand conduct studiesin marine
policy, ocean environmental, marine biology and ocean engineering aspects of offshore aquaculture
(www.masgc.org/offshoreconsortium.html). Permission has been provided to moor a600 m? Ocean
Spar Sea Station (OSSS) in U.S. federal waters near a Chevron gas platform off the coast of
Mississippi (29° 58.649'N, 88° 36.297'W). To decrease user conflicts, unintentional damage and
vandalism to grow-out systems, a currently producing gas platform was chosen as the site for the
consortium’s experimental offshore aquaculture operation. The OSSS is not attached to the gas
platform but is moored to the continental shelf on a single-point mooring (SPM) and allowed to
move in a‘watch circle’ near the Chevron platform. Although providing no investment, Chevron
isacooperator to the project asafield observer to structural damage and provides passive navigation
protection. Increased liabilities and dependence on oil and gas operations exist with integration of
these industries. An alternative solution to design and manufacture a lift-boat specifically for
offshore agquaculture operations has been proposed to alleviate offshore aquaculture logistics. An
aquaculture lift-boat would eliminate oil and gas liability issues, create compl ete independence for
the offshore aguaculture operations, and compares economically to integration strategies of
aquaculture with the oil and gasindustry. From apreliminary analysis of options, the OAC research
team has concluded that for offshore aquaculture to succeed in the Gulf of Mexico (GOM): (1) an
OSSS design will be required; (2) cobia may be the best candidate species; and (3) a lift-boat
strategy may be most appropriate to alleviate offshorelogistics, and is economically comparable to
aquaculture integration with the oil and gas industry.
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INTRODUCTION

Aquaculture is expanding rapidly in freshwater environments, land-based recirculation facilities,
coastal bays and fjords, and, more recently, in the exposed open ocean. Freshwater expansion is
limited in the U.S. due to the quantity of freshwater resources required for inland aquaculture and
declining groundwater resources of many U.S. areas (Postel 2000). U.S. aguaculture expansion will
likely be limited either to ponds, lakes or reservoirs, or require development of high-cost
recirculation technologies (Ebeling 2000).

Expansion of coastal aquaculture, both land-based and net pen culture in protected bays and fjords,
isalso limited. Unlike other regions of the world, such as Norway, Scotland, Chile and Canada, the
U.S. lacks unpopulated bays and fjords that allow expansion of coastal aquaculture, with the
exception of Alaska where commercial fish culture is currently prohibited. Rapid increase of the
nation’s coastal population has formed mega-cities, creating increased pollution and stress to the
environment, all of whichlimit coastal aquaculture expansion (Edwards1989). Inaddition, currently
used U.S. coastal areaswill eventually have bottlenecks to future expansion of net pen aquaculture
due to threats of self-pollution by the aquaculture facility (Lumb 1989). As a result, it has been
recognized that perhaps the most appropriate option for expansion of U.S. aquaculture production
isin the open ocean environment within the exclusive economic zone (EEZ). This area has fewer
user conflicts and provides a consistent flow of high quality water for successful aguaculture
operations. In addition, offshore waters may buffer fluctuating temperatures and have more stable
sdlinities than inshore waters (Waldemar Nelson International Inc., 1997). However, offshore
operationswill requirelargeinfusions of knowledge, research, capital and logistic support to ensure
SuCCess.

On 10 August 1999, the U.S. Department of Commerce approved an Aguaculture Policy to promote
the devel opment of an environmentally sustai nable and economically feasible aguaculture industry
with avision:

“To assist in the development of a highly competitive, sustainable aquaculture
industry in the United States that will meet growing consumer demand for aquatic
foods and products that are of high quality, safe, competitively priced and are
produced in an environmentally responsi ble manner with maximum opportunity for
profitability in all sectors of the industry.” (U.S. Department of Commerce
Aquaculture Policy 2000)

Specific DOC objectives, by 2025, are to
* Increase the value of domestic aguaculture production from the present $900 million
annually to $5 hillion, which will help offset the $6 billion annual U.S. trade deficit in
seafood.

* Increase the number of subsequent jobsin aquaculture from the present estimate of 180,000
to 600,000.
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» Develop aguaculture technologies and methods both to improve production and safeguard
the environment, emphasizing where possible, those technologies that employ pollution
prevention rather than pollution control techniques.

* Develop a Code of Conduct for responsible aquaculture by the year 2025 and have 100
percent compliance with the code in federal waters.

» Double the value of non-food products and services produced by aguaculture to increase
industry diversification.

» Enhance depleted wild fish stocks through aguaculture, thereby increasing the value of both
commercia and recreational landings and improving the health of our aquatic resources.

* Increase exports of U.S. aguaculture goods and services from the present value of $500
million annually to $2.5 hillion.

This long-term approach for aquaculture development, spanning a minimum of three generations
of operatorsand researchers, will require adherenceto the principles of sustainability (Goodland and
Daly 1996). Sustainable development of aquaculture will ensure that an economically and
environmentally sound industry exists for future generations. In addition, development of new
sustainable aguaculture industries will require appropriate levels of market access, high product
demand and supportive government agencies with goal-oriented research (Aarset 1999).

MARINE AQUACULTURE OPERATIONS

Marine aquaculture may be classified into four categories according to the degree of protection
afforded the operation by the site characteristics (Table 3.1). Land-based operations pump the water
totanks, on-shore, thereby being protected from storm surges and adverse weather conditions. These
operations require large capital investments in infrastructure and are restricted by coastal
development to the extent that future land-based operations may be focused only on hatchery and
processing facilities to complement open ocean grow-out facilities. Similarly, coastal aguaculture
sites are located in protected, remote bays or fjords, away from populated areas and presumably
anthropogenic sources of pollution associated with coastal communities.

In coastal aquaculture, asinthe oil and gasindustry, farm workerstypically rotate in shifts, upwards
of aweek, living on-site throughout. Farm workers have their quartersin acabin either floating on
the water near the cages or on-shore in line-of-sight of the cage flotilla. This close proximity to the
cages and fish stock provides security against losses to vandalism, theft, predators, or adverse
weather. Most logistical issues have been overcome with barges designed to hold large quantities
of feed, regular site visitsto change crew and replenish fuel and food, and constant communication
maintained through VHF/UHF radios or cellular tel ephone. Site protection to the cagesallowsfarm
operatorsto perform necessary tasks, such as multiple daily feeding, net changing, size grading and
stock sampling, with minimal dependence on mechanization. Such aquaculture does not requirethe
same degree of infrastructure as more exposed sites.
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Table 3.1. Comparison of marine aguaculture strategies as categorized by degree of exposure
operation to natural oceanographic and storm events.

Location Advantages Disadvantages
Land-based Facility |- Control water quality - Limited space
- Isolation of operation from - Expensive capital investment
populated areas not required
- Complete protection from storm
surges
Coastal - Less capital investment - Possible self-pollution
Environments - Protected from much of the - Limited space for expansion
(protected bays and natural elements - Isolation more desirable to be
fjords) - Surveillance possible with free of anthropogenic coastal
minimal investment pollution
- User conflicts exist close to
shore
Exposed Sites - Utilizing environment - Exposed to destructive natural
previously unexploited elements
- Consistent and high guantity - Limited space near-shore
water supply - User conflicts exists close to
- Visual protection still possible shore
from nearby land - Increased infrastructure
necessary with increased
exposure
- Rely more on mechanization
Offshore Sites - Decreasing user conflicts with |-  Truly exposed with no
increasing distance from shore protection from either side
- Very consistent water supply - Increased capital costs
- Large potential for industry associated with increased
expansion technology and mechanization
- Large investments require to
ensure economic feasibility
- Complete isolation from shore
bases with no land in sight

A simple move of the farm to a more exposed environment increases the logistical demands of the
operation. Land is still not far away but the degree of exposure increases the risk of storm damage
to the cage infrastructure and complicates routine farming operations. The aguaculturist must now
rely more heavily on mechanization to allow feeding at set times during the day. Routine operations,
taken for granted in protected sites, now becomes a substantial chore. Exposed sites, not far from
aland base, still enjoy the luxury of visual observation of the cages and stock, and quick response
time to emergency situations that are not present in the offshore environment.
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Offshore aquaculture operations have al the logistical challenges of both remote coastal and
exposed aquaculture but at an escalated scale. In such instances, the degree of exposure from all
directionsissubstantial, with thefarm being truly exposed to any and al natural elements. Operators
requirelargeinfrastructureto producefishin quantity for economicfeasibility. In addition, excellent
husbandry practices are required to ensure a stress free, healthy stock that is growing in auniform
fashion. Routine operations such as medication and size grading may be impermissible in this
exposed offshore environment. Finally, because of the extreme remote conditions, offshore
aquaculturewill requireinnovativetechnol ogiesto allow appropriatelevel sof feeding, long-distance
communication in the absence of cellular phone coverage, and carefully planned levels of response
to emergency situations.

U.S. Open Ocean Aquaculture Development

Truly open ocean aguaculture in highly exposed sites some distance from shoreis still a pioneering
enterprise throughout theworld. To allow open dialogue and promote international devel opment of
open ocean aquaculture, three symposiahave been dedi cated to i ssues and advancements associated
with the development of a sustainable open ocean aquaculture industry. A fourth meeting is set to
convene in St. Andrews, New Brunswick, Canada, 18-19 June 2001 <http://www-org.usm.edu
/~o00a/ooa_iv.html> (Table 3.2).

Table 3.2. Open Ocean Aquaculture (OOA) Symposia allowing open dialogue and promotion of
international development of open ocean aguaculture.

Symposium Themes Locations Major Discussions References

Open Ocean Aquaculture Portland, Maine, |Engineering, Prospects and Polk (1996)
U.S.A. Challenges for Industry

Charting the Future of Maui, Hawaii, Technological, Biological, Helsley

Ocean Farming U.S.A. Policy and Industry Successes |(1998)

Joining Forces with Industry |Corpus Christi, |Alternative Uses of Oil and Stickney
Texas, U.S.A. Gas Platforms and Candidate |(1999)

Species

Taking Open Ocean St Andrews, Policy, Environmental, To convene

Aquaculture to a Commercial | New Brunswick, |Engineering and Candidate 17-20 June

Reality Canada Species 2001

In addition to these international open ocean aguaculture symposia, two regional open ocean
aguaculture projects have been implemented to develop an environmentally sustainable and
economically feasible industry. The University of New Hampshireis currently involved in an open
ocean demonstration project to develop and commercialize aguaculture off the coast of New
Hampshire near the Isles of Shoals. This project is an integrated, multidisciplinary effort covering
biology, oceanography, engineering, sociology, economics, outreach and education (Bucklin and
Howell 1999; Bub 2000). A comparable research project has been implemented in Hawaii and has
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successfully grown Pacific threadfin (Polydactylus sexfilis) to a market size off the south shore of
Oahu (Helsley 2000).

In 1999, athird U.S. regiona open ocean aquaculture research program was implemented in the
GOM. This program resulted in the formation of the Gulf of Mexico Offshore Aquaculture
Consortium (OAC) <http://www.masgc.or g/oac>, creating acollaborative, Gulf-wideinterdiscipli-
nary research and development plan to ensure sustainable—economic, social and environmental—
development of an open ocean aquaculture industry for the GOM.

The Gulf of Mexico and Open Ocean Aquaculture

In most aquaculture development projects throughout the world, it has been fairly easy to
accomplish the mere task of raising fish to a marketable size. However, in amost all cases,
sustainable development of these industries, without environmental concerns and threats of self-
pollution, have been nearly non-existent. In most cases, environmental and management decisions
have been based upon primary scientific data collected from other regions of the world or models
in an attempt to describe and predict impacts. The OAC plans not only to develop an economically
feasible open ocean aguaculture sector, but also to defend the sustainability of the industry based
on primary scientific data, collected throughout its devel opment and subsequent commercialization,
from the GOM. Primary data collection and industry development will be performed using a
proactive approach from the outset, learning from mistakes made by previous aguaculture
development elsewhere, and in consultation with all GOM stakeholders, regardless of their
perspective.

Aswith other U.S. regions, the GOM has comparabl e bottlenecks to development and expansion
of coastal aquaculture. The GOM is the seventh largest marine area in the world and may be
considered a very productive eutrophic sea, described as the “fertile fisheries crescent” (Gunter
1963). This productivity increases the assimilative capacity of the water, thereby reducing the
environmental impacts associated with aquaculture effluents from offshore farms. In addition,
numerous indigenous speciesto the GOM have been identified as candidate speciesfor aquaculture
with excellent grow-out and market potential characteristics, including red drum (Sciaenops
ocellatus), red snapper (Lutjanus campechanus), cobia (Rachycentron canadum), and greater
amberjack (Serioladumerili). Numerouscriteriaare used to sel ect candidate speciesfor aquaculture,
including the growth rate to amarket size. A growth performance index (@’ ; Longhurst and Pauly
1987), using L, and K values from wild stock literature for each of these species in the northern
GOM provide favorable growth attributes for economically feasible grow-out (Table 3.3). With the
subtropical growing conditions, fingerlings for all of these species are anticipated to reach a
consumer-driven market size within a1-2 year grow-out cycle, increasing the economic feasibility
of open ocean aquaculture ventures in the GOM.

The offshore GOM area appropriate for aguaculture may bevery limited. Water depths between 30-
50 m aremost desirable. Depthsin thisrange are considered adequate to sink the cagesin an attempt
to avoid hurricane damage but remain within safe diving limitsto inspect mooring and connections.
Use of remote operated vehicles (ROV) may be economically feasible for such inspections,
extending the water depth (Willoughby 1999). To keep within 30-50 m, much of the GOM is
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Table 3.3. Growth performance index (®’)* calculated from cited L, (cm) and K valuesfor
potential aguaculture speciesindigenous to the northern Gulf of Mexico. Vaues shown
in parentheses are standard errors.

Species Sex L, (cm) K 0} Source
Rachycentron male 117.07 0432 3.77 Franks et al. (1999)°
canadum (2.808) (0.046)

female 155,50 0.272 3.82
(3.514) (0.017)

Lutjanus combined 95.0 0.175 3.20 Nelson and Manooch

campechanus (1.35) (0.005) (1982)°

Sciaenops ocellatus combined  91.8 0.422 355 Doerzbacher et al.
(2.1) (0.023) (1988)¢

Seriola dumerili combined 127.2 0.227 3.57 Manooch and Potts
(N.P)* (N.P.) (1997)

& @' =log,,K + 2log,,L,, (Longhurst and Pauly 1987)

® Cobia were caught from northeastern Gulf of Mexico within the recreational hook-and-line
fishery and aged with sagittal otoliths (male N=170; female N=395)

¢ Red snapper were caught in the commercial hook-and-line fishery off Louisiana and aged
with scales (N=403)

¢ Tagged red drum returns from recreational and commercial fishery off Texas and growth
determined from tag and release measures (N=2010)

¢ N.P. = not provided

" Greater amberjack captured from headboats operating in the Gulf of Mexico from Naples,
Florida, to Port Aransas, Texas and aged with sagittal otoliths (N=340)

excluded from open ocean aguaculture, and may be as far as 40 km from land. In addition to
limitations associated with desirabl e depth, some areas of the GOM are proneto experience seasonal
hypoxia(Rabalaiset al. 1994, 1996). Although thishypoxic layer isgenerally restricted to the lower
one-third of thewater column, large cages or submerged operations may beimpacted. An additional
layer commonly experienced in GOM waters is the nepheloid layer developed from resuspension
of fine sea-floor sediment generated from bottom turbulence (Shideler 1981). Littleisknown of this
layer’simpact on fish health or its seasona extent in much of the GOM.

Complete hurricane avoidance is unlikely in the northern GOM. However, it may be possible to
decrease hurricane impactsto aguacul ture ventures by sinking cagesto avoid such storms. With this
strategy comes the risk of exposing the fish stock to larger sediment resuspension that may
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subsequently irritate the gills, create secondary bacterial infections and result in mass mortality
(Sherk et al. 1974, Brown 1993) and subsequent economic loss to the operation. Finally, much of
the GOM has long supported both commercial and recreational fishing. User conflicts must be
carefully considered and dealt with to ensure success of a future open ocean agquaculture industry.
All of these issues limit appropriate sites for open ocean aguaculture in the GOM to some degree.

THE GULF OF MEXICO OFFSHORE AQUACULTURE
CONSORTIUM RESEARCH PLAN

A site was chosen in 26 m of water approximately 35 km off the coast of Mississippi, in federal
waters (29° 58.649'N, 88° 36.297'W). This distance logistically separates the OAC from the
previously discussed U.S. open ocean aquaculture initiatives by extending operations outside the
sight of land from the aquaculture site. This site is adjacent to a Chevron gas platform, placing the
cage within the minerals lease. During the first year, both the cage and environment will be
monitored to determine the movement and behavior of the cage in the local oceanographic
conditions and to ensure that the selected site is somewhat appropriate for successful aquaculture.

An Ocean Spar Sea Station (OSSS) was chosen for the experimental cage to sustain high energies
in the offshore environment (Loverich and Gace 1998). The OSSSis 600 m® volumethat isretained
by itsrigid structure and netting. Recent open ocean agquaculture projects have opted to usethe more
common submerged grid mooring system for exposed, open ocean applications (Fredriksson et al.
2000). To decrease mooring costs, system complexity and potential environmental impact, the OAC
OSSS will be moored to the Outer Continental Shelf (OCS) on a single-point mooring (SPM)
(Figure 3.1; Goudey et al. in press). This cage/mooring configuration will be subsequently
monitored with GPS and current meter units to determine the degree of motion with ambient
oceanographic conditions. Specific environmental monitoringwill determinethe seasonal influence
on the nepheloid layer and hypoxia, and the impact of hurricanes and storm surges on sediment
resuspension. Following thisfirst year of baselineresearch, oneof the candidate speciessummarized
in Table 3.3 will be stocked in the cage and grown to amarket size. It is apparent that thisfirst year
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Figure3.1. Representation of the Gulf of Mexico Offshore Aquaculture Consortium Ocean Spar Sea
Station and single-point mooring (SPM) design.
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isnot an aguaculture project, but focused more as an oceanographic and environmental study. Table
3.4 lists the agencies and permits required for Year 1 (oceanographic) and leading into Year 2
(aguaculture) OAC research.

Table3.4. Permitsacquired to deploy an aquaculture cage on asingle-point mooring (SPM) in Gulf
of Mexicofederal U.S. watersand conduct Y ear 1 oceanographic research (upper portion
of table) and potentialy necessary for Year 2 aquaculture research (lower portion of

table).
Agency Permit/Letter
U.S. Coast Guard Private Aids to Navigation CG-2554
Gulf of Mexico Fisheries Management Letter of Support
Council
U.S. Army Corps of Engineers Nationwide Permit
National Marine Fisheries Service Letter of Acknowledgment

U.S. Environmental Protection Agency National Pollutant Discharge
Elimination System (NPDES)

National Marine Fisheries Service Exempted Fishing Permit (EFP)
MS Department of Environmental Letter of Acknowledgement
Quality

MS Department of Marine Resources  Coastal Zone Consistency

The OAC cage and Chevron platform are perhaps extended to the outer limit of arelationship with
the current leasing and permitting system imposed on the offshore oil and gas (O& G) industry. In
the absence of models and alegal framework to acquire and maintain a Marine Aguaculture Zone
(MAZ), the relationship consists of the cage having passive protection from nearby marine vessels
and limited visual surveillance to prevent vandalism and storm damage. For Chevron, the benefits
of cooperating with the OAC in this project are minimal, and in fact, their participation might best
be viewed as altruistic. Thisleads us to pose the questions: would such arelationship exist if this
project were at acommercia scale? and what would it entail ? We see four specific scenariosto the
development of offshore aquaculture in the GOM, each with its own set of advantages and
disadvantages (Table 3.5).

INTEGRATION OF OFFSHORE OIL/GAS PLATFORMS AND CAGE AQUACULTURE
With the presence of around 4,000 oil and gas structuresin the GOM, it would seem that the use of

the existing platform structures (removing single-well caissons due to lack of appropriate space)
would offset most of thelogistic limitations of isolated offshore aguaculture. These platforms could
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Table 3.5. Comparison of scenarios for integration of oil and gas (O&G) platforms inthe
development of offshore aguaculture in the Gulf of Mexico.

Offshore
Aquaculture
Operations Strategy

Advantages

Disadvantages

O&G Invest into and
Integrate Offshore
Aquaculture Within
Operations

Increase economic potential of
0&G structure

Leasing modifications required
Current platform design will not
allow mooring offshore cages to
the structure and not designed
for safe aquaculture operations
Future platform design criteria
modified for safe operations
Potential interference with O&G
operations

Offshore Agquaculture
Investors Lease
Abandoned O&G
Structures

Offset costs associated with
structure removal

O&G industry not direct investors
to offshore aquaculture

Current platform design will not
allow mooring offshore cages to
the structure and not designed
for safe aquaculture operations
0&G industry will still have

liability issues:
1. Maintenance of aids to
navigation

2. Structural integrity of the
structure for its life

3. Injuries or property damage
associated with the structure

0&G original operator may be

responsible for removal if new

operator neglects removal

Near O&G Platform
but as a Separate
Operation

No transfer of ownership
required

Passive protection to the cage
facility

Visual surveillance offered to
vandalism and storm damage

No benefits of platform to the
aguaculture operator as a ‘shore-
base’

Potentially interfere with O&G
operations

O&G operator potentially liable
for aquaculture mortality near its
structure

Lift-boat within
Marine Aquaculture
Zone

Eliminates all O&G concerns to
aquaculture

Specifically designed for
aquaculture operations

Avoids storm impact

Increased user conflicts if
competing for new space with
traditional use
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provide astablework baseto conduct the day-to-day operationsrequired for an aguaculture venture.
In addition, they could provide deck space for feed storage, lodging for farm workers, necessary
utilities and communications, surveillance against vandalism and storm damage, and passive
protection from other, more traditional, users of the GOM. However, such platforms are built well
above the water column to protect them from storm surges and are designed to last for years
following the expected life of an oil and gas well, approximately 25 years, with 100-year storm
manufacture criteria. With such obvious benefits to the aquaculture sector, is this a logical
integration of two industries? What could be some of the potential constraints to prevent such an
industry ‘marriage’ ?

Investment by Oil and Gas Companies

Of course, the OAC is not the first organization to attempt offshore aquaculture in the GOM, and
with this, we are not the first to realize existing oil and gas structures could be a valued asset to
expansion of an industry (Stickney 1999). Following placement of a structure on the OCS, it may
also bereadily available for aternative uses to enhance the economic potential and offset the costs
of design, construction and deployment. These costs, dependent on the size and water depth, could
range from $10-30 million (Chambers 1998). With the prospects of large economic returns
associated with the economies of scale of offshore aquaculture, such an integration could become
enticing. Previously trained oil and gas empl oyees could also become trained aguaculturists, armed
with advanced technol ogies and innovation for successful farm production.

Such visions for integration have several constraints to overcome before attaining commercial
reality. Current leasing mechanisms within the Minerals Management Service (MMYS) authorize
companies to explore for, develop, produce and transport oil and gas from the OCS. The
involvement of aguaculture will complicate such alease and add several new layersto thisprogram
in the form of additional approvals required from several other regulatory agencies (Table 3.4).
Platform design would also haveto be altered substantially for safe operationsasafish farmfacility.
Current designs are appropriate to hold and conduct necessary operation for successful oil and gas
production in a safe and responsible manner. Aquaculturists will require modifications for
deployment of boats, personnel and feed on aregular operational basis. In addition, structureswill
have to be modified to provide sufficient deck spacefor storage of large quantities of feed and work
boats. Current structures are also designed for very specific vertical and horizontal |oads that would
have to account for additional stresses associated with mooring cages and net pens to the structure.
An alternative approach, of course, would be to moor the cage system to the OCS as the OAC has
done. However, aguacul ture benefits associated with decreased costsfor expensive mooring systems
required for holding the cages on the OCSin avery exposed and harsh environment are now absent.
In addition, mooring systemsto the OCS may be limited to within 50 m depth to ensure safe diving
limits are adhered to. Finally, aquaculture operations may interfere with routine oil and gas
operations for which the structures are primarily intended.

Use of Abandoned Oil and Gas Structures

A second scenario for use of existing structures for offshore aquaculture involves abandoned
structures from the oil and gas industry. Within one year of production completion, oil and gas
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operators are required to remove the production equipment and return the site to pre-production
conditions. Such an endeavor in 30-50 m depth averages about $1 million. These costs may be offset
somewhat may acquiring a permit to drop the platform in its place to create an artificial reef, or
those with excellent structural integrity may be hauled to another oil or gas field and reused.
Aquaculture investors could view these costs and regulations as a reason to lease the existing
structure where it is and maintain it as an aquaculture facility. In this case, cages may still not be
attached to the structure due to increased |oads associated with its movement and drag.

For the oil and gas company, issues of liability are paramount in this scenario. Although the
structure may be used by another operator, the original company is still liable for maintenance of
aids to navigation and structural integrity of the structure for the life of the facility. In addition, the
origina operator may be held liable for al injuries or property damages arising from the offshore
structure except in cases where gross negligence or willful misconduct by the injured party could
be proven, regardless of whether the oil and gas company is actively operating the structure or not.
Finally, ininstanceswherethe structure may be sold to an offshore aquacultureinvestor, the original
oil and gas company is responsible for structure removal if the new operator fails to do so upon
completion of their work. The MM S has implemented a Supplemental Bonding Program requiring
an oil and gas operator to post a bond to offset the cost of abandonment liability of the lease
including structure removal (Kruse 1999). For afutureto exist for the use of oil and gas abandoned
structuresfor offshore aquaculture, the original oil and gas company would haveto bereleased from
its responsibility for structure removal. However, it has yet to be determined whether aquaculture
investors could afford the cost of such bonds from the outset.

Neighboring but Separate Operations

To offset issues regarding transfer of ownership and future status, a third scenario may be utilized
in that the aquaculture investor moors its cage systems near an existing oil and gas company
structure. A comparable situation exists between the OAC cage and the Chevron platform. In this
instance, the benefits for the aquaculture operation would be passive protection from abundant
vessel traffic in the GOM and perhaps surveillance from vandalism and storm damage as discussed
above. However, operating near an oil and gas platform does not benefit the aquaculture operation
by providing an offshore working and storage platform. As previously discussed, the oil and gas
company may not wish to store feed or house aquaculturists on the platform to eliminate liability
risks. In addition, such associations may become unsafe and interfere with the day-to-day operations
of the oil and gas operators, or vice versa, and decrease the time spent for the aguaculture operations
(Wilson and Stanley 1999). Finally, the operating oil and gas company could be held liable for any
tainting, mortality, or other loss of the caged fish stock associated with their operations.

Following this exhaustive list of liabilities and hurdles associated with a relationship between the
oil and gas industry and offshore aquaculture, one has to wonder whether such afuture could exist.
Is there another option for the development of offshore aguaculture?
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Figure 3.2. Hypothetical illustration of a lift-barge potentially designed for offshore aquaculture
operations (courtesy of Dennis Good, Goodstreak Marine, Slidell, LA).

ALTERNATIVE SOLUTIONS TO OFFSHORE AQUACULTURE
LOGISTICAL CHALLENGES

How isan offshore aquaculture industry to devel op without an accessible working platform to serve
as a‘shore-base' ? One such alternative is the creation of a Marine Aquaculture Zone (MAZ) with
alift-boat, specifically designed for aquaculture operations, asitsfocal point (Figure3.2). A lift-boat
strategy would alleviate all concerns associated with aquaculture and the oil and gas industry and
does not introduce any new technology to the GOM. A lift-boat would be designed, with
environmentally sustainable criteria, to create a safe working platform for offshore aquaculture.
Such a barge could possess sufficient living quarters for the workers, deck space for feed storage
and a crane capable of lowering and raising afarm work boat and feed. In addition, power could be
supplied with ahybrid system of wind turbines, and photovoltaic cellsand wastes coul d be collected
and disposed of on-shore to minimize the risks of tainting or losing the fish stock. Regular
operational mode would see the lift-boat jacked-up from the water surface, perhapsto 7 m height,
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to provide a stable working platform. In severe stormy or hurricane conditions, workers would sink
the cages before raising the lift-boat legs and moving to shore.

A concept involving future offshore aquaculture and MAZs cause some concern to other user
groups. Such user groups may include recreational boaters and fishers, traditional wild fishers and
even the oil and gas industry by preventing access to future oil and gas fields. Most use conflicts
may simply be avoided through active dialogue and careful planning and consideration of all
stakeholders. Lift-boats and associated MAZs may be placed in the same zone of a previous
minerals rights lease immediately following removal of the oil and gas structure. This alleviates
concernsfrom the oil and gas sector asthisareahasbeen exploited for itsmineral value. In addition,
during operation, the previous oil and gas structure would have prevented successful wild
commercial fisheries. With its immediate replacement by offshore aquaculture, this new industry
isnot removing currently utilized and precious space from wild fishers. Finally, following structure
removal, recreational fishers lose a large and valued fish aggregating device (FAD). However,
replacement by offshore aquaculture and a lift-boat will essentially continue the presence of this
valued FAD effect. A strategy could be negotiated whereby recreational fishers could fish near the
lift-boat while respecting the operations of the aquaculturist and not vandalize the cages.

SELECTION OF THE MOST APPROPRIATE OFFSHORE
AQUACULTURE STRATEGY

A list of associated expensesisprovided in Table 3.6 to compare the economic environment for each
of the proposed offshore strategies. Such a simplistic analysis is warranted at this time with the
current state of factual knowledge associated with offshore aquaculture operations and the grow-out
of the candidate species considered. With the exception of red drum, knowledge of the biological
aspects — nutrition, stocking density, food conversion ratio, feed quantity, etc. — and feasibility of
raising each of these candidate species is currently limited. In addition, each of these species,
including red drum, has minimal collected data regarding offshore grow-out and associated costs
and returns at a commercial scale. Finaly, severa of these species either have closed fisheries or
no commercia value and aminimum commercial size limit above the anticipated market demand
size. These factors will alter the expected revenue for an aquaculture product—harvested at a
consumer derived size, of the highest quality possible, and at the time of the highest market
demand—thereby fetching premium prices. Throughout OAC research development, costs and
returns associated with offshore aguaculture will be carefully documented and extrapolated to a
commercial scale to gain better insight of the economic feasibility of commercial offshore
operations.

With increased independence from the oil and gasindustry and decreased liabilities (Table 3.5) and
a comparable expense list to the oil and gas investment strategy (Table 3.6), perhaps use of the
‘adternative’ lift-boat solution to thelogistical challenges may indeed be the most desirableroutefor
industry devel opment. Thisnotionisbased ontheindependenceof the* alternative’ solution, without
the liabilities associated with the oil and gas industry and specific design for the needs of offshore
aquaculture operations. To further substantiate use of alift-boat, an economic comparison revealed
that each of these strategies, with the exception of using an abandoned oil and gas structure, appear
somewhat comparable with respect to thelevel of investment required. Direct investment by the oil
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Table3.6. Simplistic outline of potential expensesexperienced for each of the offshore aquaculture
strategies outlined in Table 3.4.

Offshore Aquaculture Strategy

0&G Abandoned | Separate |Aquaculture
Investment | Structure | but Nearby | Lift-boat

Capital Expenses

Platform Abandonment Bond 1,500,000

Platform Refurbishment 500,000 500,000

Lift-boat Manufacture 1,000,000
Large Work Boat? 500,000

Small Service Boats 100000 100,000 100,000 100,000

Cages (6 x 3000 m3) + mooring systems 600000 600,000 600,000 600000
Total Capital Expenses| 1,200,000| 2,700,000| 1,200,000| 1,700,000
Operating Expenses

Supply Boat Runs 150,000 150,000 750,000° 150000
Feed® 315,000 315,000 315,000 315,000
Crew! 315,000 315,000 400,000 315000
Maintenance (platform + equipment) 200000 200,000 100,000 200000
Insurance (4% of revenue®) 72,000 72,000 72,000 72,000

Total Operating Expenses"| 1,052,000 1,052,000 1,637,000| 1,052,000
Contingencies (10% of operating costs) 105,200 105,200 163,700 105,200

TOTAL EXPENSES| 2,357,200 3,857,200( 3,000,700| 2,857,200

Itis assumed that the strategy of being near a current structure would purchase a large work boat due
to increased dependency on it. Other strategies would contract this service out on a weekly basis.

The strategy of being near a structure but operating from a land-base would require numerous more
trips to the cage, upwards of 3 times per week for security and maintenance operations.

Quantity of feed delivered is based on a food conversion ratio of 2:1 remaining constant throughout
the grow-out cycle and total growth per year of 450,000 kg, regardless of species, and multiplied by
a feed cost of $350 ton-1.

Crew is typically calculated from annual salaries of a manager ($75,000), supervisor ($50,000 x 2),
and farm crew ($35,000 x 4).

More salary would be required for supply boat crew annual salaries of captain ($50,000) and deck
hand ($35,000).

Fewer maintenance costs required in the absence of a platform to maintain.
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9 Revenue is based upon an estimated ex-vessel price of $4.00 kg-1 of 450,000 kg from the 6 x 3000
m3 cages with a stocking density of 25 kg m-3. Other assumptions include 100% survival and constant
growth giving a 1-year grow-out cycle for each of the species.

" Total Operating Expenses are exempt of additional anticipated expenses, such as office rental,

personnel and supplies, that are considered identical regardless of the strategy used and therefore
not required for this simplistic economic illustration.

and gas company into the aguaculture sector has the greatest economic merit. However, this is
dependent on the degree of interference caused by aquaculture to the oil and gas operations for
production. With areasonabl e cost of investment and operationsand increased independence, design
and manufacture of alift-boat specifically for offshore aguaculture seems to be most desirable.

CONCLUSIONS

In the 21% century, offshore aquaculture will be required to grow the necessary biomass of fish to
meet global consumer demands for seafood. This new industry will require substantia efforts,
research, collaboration, and investment to become a commercia reality. Enormous logistical
challengesare present for aquaculture operationswithincreasi ng distancefrom shore. For the GOM,
an obvious solution to such challenges could include the use of currently operating, abandoned, or
future oil and gas structures. However, an aquaculture logistics solution involving the oil and gas
industry will require substantial modifications in both the design of the offshore structure and the
permitting mechanism to allow fish grow-out with oil and gas production. An alternative solution
to enormousoffshoreaquaculturelogisticsisthedesign of alift-boat for saf e aguaculture operations.
A lift-boat would alleviate potential constraints associated with oil and gas industry liabilities and
independence of the aguaculture venture. In addition, following the simplistic economic analysis,
design and manufacture of a lift-boat specifically for offshore aguaculture may be considered
economically comparable to the offshore aguaculture strategies involving the oil and gas industry.
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ABSTRACT

In 1989, the 71% Legid ature of Texasdirected Texas Parksand Wildlifeto devel op a State Artificial
Reef Plan to create and enhance reef fish habitat offshore of Texas. The Texas Artificial Reef Plan
provides guidance and flexibility to allow for changesin policy as new information is presented or
becomes available. The goals of the Texas Artificial Reef Plan are to enhance the fishery resources
biologically, commercialy, and recreationally. The Program utilizes a ten-person citizen advisory
committee, representing major interest groups in the Gulf of Mexico to create new sites, evaluate
material donations, and minimize user conflicts.

Oneof themain criteriafor the Programisto actively pursue complex, stable, and durable structures
in aform as close to their current form as possible. Oil and gas platforms are the primary reef
building material of choice, sincethey already serveasartificial reefsinthe Gulf of Mexico and also
meet the material criteria of the Program. The Texas Program promotes the use of "partialy
mechanically removed" structures to minimize damage to the benthic communities attached to the
structure, and to minimize loss of reef fish from the use of explosives when toppling structuresin
place to create artificial reefs. These standing structures alow the maximum biological profile to
remain higher in the water column and still meet safe navigational clearances.
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RIGS-TO-REEFS FROM AN OPERATOR’S VIEWPOINT

Dave Dougall
Agip Petroleum Co.

ABSTRACT

Oil and gas platforms offshore of the U.S. presently number around 4,000 and some date as far back
as the 1950s. As these structures come to the end of their economic lives, they must be
decommissioned. Since 1988, decommissioning of platforms has occurred at a rate of 100 to 150
per year.

This paper reviews the alternatives available to owners of offshore oil and gas structures for
retirement of these structures and examines the attractiveness of donating those structures to an
artificial reef program.

BACKGROUND

Oil and gas development in the Gulf of Mexico (GOM) began in the 1930s in the tidal lands of
Louisiana. Thefirst oil well out of sight of land was placed in 1947 in about 18 feet of water. Since
then, technology has more or less continuously improved, and devel opment has continued to move
farther from shore and into deeper water. GOM oil and gas platforms are located from shoreline to
200 miles from land and in water depths near 5,000 feet. Figure 3.3 provides insight into the
distribution of platformsin the GOM. This map shows the relatively high density of structures on
the broad shelf area off the coast of Louisianaand Texas.

Although deepwater drilling and development are currently the focus of substantial attention in the
GOM, thevast mgority of existing platformsarelocated inrelatively shallow water (see Figure 3.4).
These are the older sites and, therefore, the locations where most of the removal activity will occur
over the next several years.

DECOMMISSIONING

Steel platforms generally have auseful life of 10 to 30 years; productive oil and gas reservoirs, of
course, may be substantially less: Thus, the need to remove oil and gas structures.

Oil and gas platforms represent a substantial liability to the owner, in terms of removal cost and
potential damage claims. Removal costs may range into the tens of millions of dollars, depending
on anumber of circumstances, such aswater depth, platform location, size, complexity, and market
for reclaimed equipment and structure at the time of removal. Damage claims may arise from
personal injury, environmental damage, or property damage. Theseliabilitiesareonly relieved upon
complete removal of the platform or the transfer of ownership to another responsible party.
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Gulf of Mexico

Figure3.3.  Platform distribution in the northern Gulf of Mexico.

Generally speaking, platforms offshore of the U.S. must be removed within 12 months after lease
production ceases. Present requirements specify that companiesmust permanently plug and abandon
al the wells, sever all wellheads, casings, pilings, and any other obstructions to adepth at least 15
feet below mudline, remove everything from the lease, and then verify that the site is clean either
by having an independent contractor trawl 100% of the area (twice) or by conducting asonar survey,
the choi ce depending on circumstances. Either way, the survey isprecisely prescribed, and awritten
report must be submitted.

A review of MMS records from 1986 through 1998 shows that a total of 1,255 structures were
removed during that period (an average of 116 per year). Figure 3.5 depicts the distribution of
platformsremoved by water depth and confirmsthat most of the platform removalsarefrom shallow
water. (The spike in 1993 is areflection of damages caused by hurricane Andrew in August 1992,
and the spike in 1997 of alarge removal program by one of the maor operators).
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RIGS-TO-REEFS

Current rules and liability considerations generally encourage complete removal of platformsat the
end of their useful lives. Top deck structures and equipment are often removed and reused
elsewhere, with remaining decks, equipment, and jacket brought to shore, cut up, and recycled as
scrap. Some offshore structures, however, are donated to the rigs-to-reefs program. These programs
are managed by state agencies to take advantage of the reef-like ecosystems fostered by these
offshore oil and gas structures.

The northern GOM seafloor is predominately mud and sand, with relatively little hard bottom or
natural reef areas. Oil and gas platforms have long been recognized as havens for fish and are
favorites for recreationa and commercia fishermen and divers as well. The hard surfaces of
platform members provide attachment for a variety of invertebrates such as barnacles, corals,
sponges, mussels, and anemones. They also provide cover for smaller species of fish. These
structurescreateideal communities, supporting popul ationsof reef fish such as snapper and grouper,
and attract transient species like mackerel and shark.

Particularly active rigs-to-reefs programs are in waters offshore of Louisiana and Texas and are
managed by the Louisiana Department of Wildlife & Fisheries and the Texas Parks & Wildlife
Department. These programs include:

» Planning for areas where placement of artificial reef materials are encouraged or excluded.

» Technical evaluation of the configuration the structure will have after it isin place on the
bottom. Of particular concern is adequate clearance above the structure for vessel traffic;
generally at least 85 feet are required. The platform and all piping and equipment left on
board must be thoroughly cleaned and certified by a qualified third party.

* Funding procedures for management of the program and purchase and maintenance of
marker buoys. The owner of the structure providesacomparison of costs associated with the
reefing proposal versusthe alternative of transport to shore and disposition. The owner then
makes a monetary donation to the program in the amount of 50% of the estimated savings.

» Transfer of ownership of the structure to the state. The program includes a permit program
and execution of aformal transfer of ownership. Transfer of ownership relievesthe previous
owner of further liability.

Asindicated above, oil and gas structures generally must be severed bel ow the mud line. However,
beginning in 1987, the state program managers, in consultation with MMS and the U.S. Coast
Guard, began actively to consider and approve “partia removal” of platforms under some
circumstances. In this procedure, the topsides are removed and either placed on the bottom or
transported offsite for reuse elsewhere, and the jacket is cut off at an agreed water depth necessary
to assure vessel traffic safety. Leaving the jacket members partially in place maximizes the amount
of available attachment surface remaining within the depth of biological activity.
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BENEFITS & LIMITATIONS
Donation of al or part of platformsthat are no longer of use is awin/win for everyone.

» Conversion of thestructureto an artificial reef decreasesthat expensethat would beinvolved
in complete removal.

* Theowner/operator is released from further liability from the structure.
» Arrich habitat areaisretained for the benefit of fishing, diving and species propagation.

Given the obvious benefits of donating structuresinto the rigs-to-reefs program, it would seem that
every decommissioned structure would go into the program. Y et the majority of structures are
removed. As discussed above, by far most of the structures removed are from relatively shallow
water, too shallow to provide the clearance required for safe navigation.

CONCLUSION

Given the number and age of oil and gas structures in the GOM, platform removal activity will
continue to be substantia in the foreseeable future. Wherever feasible, reuse of structures as
artificial reefsis an economic and beneficial aternative to removal and transport to shore.

David A. Dougall is Manager of Environmental Affairs & Safety for Agip Petroleum Company,
with drilling and production operations in the Gulf of Mexico. Mr. Dougall’ s background includes
environmental consulting on risk assessments, compliance audits and permitting. His background
also includes corporate and field assignments for a major oil company, including several years
coordinating permitting and complianceeffortsin California. Hereceived hisM.S. in environmental
science and B.S. degree from the University of Oklahoma. Heis aregistered professional engineer.
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THE ARTIFICIAL REEF DEBATE: ARE WE ASKING THE WRONG QUESTIONS?

Robert L. Shipp
Department of Marine Sciences
University of South Alabama

In the last several decades, and especially the last five years, an enormous amount of literature has
been published on artificial reef ecology (e.g., Fifth International Conference on Aquatic Habitat
Enhancement, Bulletin of Marine Science 55: 265-1360, 1994; Specia Issue on Artificial Reef
Management, Fisheries 22:17-36, 1997; Bortone 1998; Technology and Management of Artificial
Reefs: An Update, Gulf of Mexico Science 16:31-105, 1998). Although numerous aspects of the
issue have been addressed in these works, such as materials of construction, critical minimum size
of area, and rates of recruitment, the one persi stent question that appearsto dominateall the synoptic
treatisesisdo reefs simply attract fishes (and other organisms), or isan actual increased production
of biomass attributable to reefs (Bohnsack 1989; Bohnsack et al. 1997)?

The relevance of this question seems obvious. If the former is true, then reefs may be detrimental
to fish populations, making certain specieseasier to harvest, thus accel erating the decline of stressed
stocks. This opinion is held by many workers, at least in certain instances (Bohnsack et al. 1997;
Grossman et al. 1997; Lindberg 1997). Therefore, the utility of reefs as a management tool is
discouraged and deemed counterproductive. With the latter hypothesis, increased biomass
productivity isgenerally regarded asapositive, and unlessthe productive benefits are overwhelmed
by increased fishing activity, artificial reefs are viewed as a viable and positive management tool.

The current status of the debate seems to have reached a partial “resolution” of sorts, with the
general acceptance that much depends on location. The general agreement seemsto bethat in areas
withlittle natural hard bottom, reefsmay bebeneficia inproviding habitat that islimited (Grossman
et al. 1997; Bortone 1998). But in areas where abundant hard bottom is available, thus habitat is not
limiting, placement of additional reefsis, at best, neutral and, perhaps, counterproductive.

ATTRACTION VS PRODUCTION: DOESIT REALLY MATTER?

Although I do not disagree with this consensus, | think it fail sto address the attraction vs production
guestion. For what we really see in the location solution is not that production is necessarily
increased where hard bottom islimited but that there is afundamental modification of habitat. And
with this, there is a concurrent transformation of biota. For instance, in a flat sandy mud
environment such asisfound in the north central Gulf of Mexico shelf, placement of artificial reefs
displaces a fish fauna dominated by small benthic species with larger reef-related forms. A net
change in fish biomass may or may not occur, but does that really matter from a management
perspective? | am not so naivethat | don’t realize that for many workersthe production aspect really
means production of desirable reef species (Grossman et al. 1997), but to many, it is a matter of
production per se. Hard bottom is thought to support primary and secondary production, with the
successional sequence of encrusting organisms, increased refuge habitat for prey species, and actual
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increase in biomass the result (Carter et al. 1985; Pamintuan et al. 1994 also see Stone et al. 1979;
Bohnsack 1989; Lindberg 1997).

THE ALABAMA SHELF: A CASE STUDY

For a case study, | will use the expansive flat inner shelf of the north central Gulf of Mexico off
Alabama. A large portion (4,000 km?) has been prepermitted for placement of artificial reef
structure. Thisareahasbeen previously referenced and its history and current fishery status arewell
documented (Szedimayer and Shipp 1994; Minton and Heath 1998).

Because this is probably the largest unified artificial reef site in the United States, and possibly in
the world, it lends itself well to this discussion,. During the decade of the 1970s, before
establishment of the 4000 km** reef area, we conducted a series of trawling surveys on this portion
of the shelf. The study, designated SAMERI (South Alabama Marine Environmental Resource
Investigation) included nearly 100 trawl samples, of 15-min tow time, with a 30-foot semi balloon
trawl, at 15 fathoms. The sampling was conducted over 3 years. Although the detailed seasonal and
gpatial variation and species composition are beyond the scope of this commentary, the fish faunal
elements were dominated by relatively diminutive soft bottom species, reflecting the near total lack
of hard bottom in the area. The few reef species collected were juveniles or subadults (e.g., red
snapper, Lutjanus campechanus).

The trawled species are amost exclusively of no current economic importance. The dominant
groups are flounders and other flatfishes, cusk-e€ls, searobins, and small species of seabasses. The
flounder species al mature at very small sizes (maximum of 200 mm) and are not exploited. The
cusk-eels are a dominant faunal component, primarily fossorial diurnally, but are important prey
species when they forage nocturnally. The other species are also too small to have any commercial
value other than asminor components of the ground fish harvest. All of these specieshaveextensive
ranges over the entire Gulf of Mexico shelf, and many aso on the United States Atlantic coast, thus
arein no danger of any imaginable substantial stock depletion.

Thistrawled bottom now iscontained mostly within the heart of thereef permit area. Approximately
20,000 artificial structures have been placed there, constructed of various materials (Minton and
Heath 1998). Included are 100 decommissioned army tanks, cement bridge rubble resulting from
hurricane damage, thousands of busesand automobiles, prefabricated cement modul es, and avariety
of other structures. Early inthe program, little restraint was placed on material sfor reef deployment,
and thousands of reef sites have been removed or destroyed by hurricanes and other natural events.
Nevertheless, because of recent more stringent regulations on reef materials, many thousand likely
remain.

When reef structure is placed in these areas, the reef biota isin sharp contrast to the preexisting
fauna. Previousto the reef building effort, few reef fisheswere taken off the Alabamashelf (Minton
and Heath 1998). Although historically Mobilewas considered amajor market for red snapper, these
fish were harvested primarily from Pensacola southeastward to Tampa (M cEachran and Fechhelm
1998) or from the Campeche Banks off Mexico (Albert King, pers. comm.). But Schirrippa (1998)
reported that recently morethan athird of recreationally caught red snapper from the Gulf of Mexico
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came from off Alabama, although this area represents less than 5% of the U.S. Gulf shelf. Similar
statistics are provided by the 1993-96 Southeast Area Monitoring and Assessment Program
(SEAMAP). Thus, the ichthyofauna of a quarter of a century ago has been transformed from an
economically depauprate biomass to one supporting an industry, which, according to Minton and
Heath (1998), is valued at 60 million dollars annually. Has the total biomass increased? We don’t
know. Does it matter in terms of management decisions? | think the citizens of Alabama's coastal
communities would offer a strong negative.

RESEARCH NEEDS

Other questions are relevant, even if those regarding absolute biomass changes are not. If, in fact,
thereis some dependence on surrounding forage speciesfor thereef residents, thiswould eventually
become limiting to the carrying capacity of the reefs. Bioenergetic studies to address carrying
capacity are strongly warranted and, in fact, are currently under way in the Alabama setting (James
Cowan, pers. comm.). Likewise, if these large areas do approach maximum carrying capacity, or if
these micro population concentrations centers are disturbed or even destroyed, do the reef residents
move to nearby or even more distant sites, thus becoming de facto emigration resources for other
areas? Thislatter question was partially answered by Watterson et al. (1998) for the Alabamastocks.
Their data strongly indicated hurricane impacts on the reef structures off Alabama resulted in near
unidirectional migration of red snappers eastward, with many tagged fish from Alabama taken off
the Florida panhandle as far east as Apalachee Bay.

ARTIFICIAL REEFSAS MARINE SANCTUARIES

The issue of marine reserves or marine protected areas (MPAS) is emerging rapidly as a possible
management tool for marine fish stocks. Several papers have addressed this issue recently
(Bohnsack 1994, 1998). The South Atlantic Fishery Management Council is considering creating
reserves in habitat not currently used by fishers. Such a decision seems well founded on the basis
of the Alabama experience. And the success of such an action is not likely to depend on whether
artificial reefs attract fish or actually produce biomass.

SUMMARY

The production-attraction debate has become central to much of the discussion of the utility of
artificial reefs as management tools. This debate seems to have little relevance in areas where
natural hard bottom is sparse or lacking. Rather, in these areas, biomass transformation from “less
valuable’ to “morevauable’ speciesisindicated. Nevertheless, in my experience, the preeminence
of the production-attraction issue has often clouded the issue and reflected negatively on artificial
reef benefits. Care should be taken that this debate be clearly reserved for habitats where additional
hard bottom may be of little or no value because of recruitment limitations.
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ARTIFICIAL REEFS: HABITAT FOR MARINE RESOURCES-NATIONAL POLICY?

Ronald R. Lukens
Gulf States Marine Fisheries Commission

THE NATIONAL FISHING ENHANCEMENT ACT AND PLAN IMPLEMENTATION

The National Fishing Enhancement Act of 1984 (Act) established artificial reef development as a
national priority. In doing so, it made a case for the positive benefits from creating habitat for
fisheriesand established anumber of broad guiding principlesthat are expected to positively impact
theway inwhich artificial reefsare developed. The Act directed the U.S. Army Corps of Engineers
(COE) to institute a permitting and regulatory framework within which artificia reefs would be
developed. In addition, the Act mandated that the National Marine Fisheries Service (NMFS)
develop the National Artificial Reef Plan (1985) (Plan), intended to establish national standardsand
provide broad national guidancefor creating regional and state plansfor artificial reef development.
Implementation of the Act and the Plan resulted in a permit and regulatory program under the COE
dredge and fill program. The sole authority provided to the NMFS was development of the Plan,
which was completed one year after enactment of the Act in 1985. True implementation, however,
occurred at the state level, evidenced by the magnitude of artificial reef development activity
undertaken by state programs over the last 16 years, including development of state artificial reef
plans.

IMPETUS FOR NATIONAL PLAN REVISION

Why should the Plan be revised? The Plan itself calls for periodic revisions, recognizing that
progress, including plan development, research, and data collection, would reveal new and better
ways to conduct programs. Such progress has been evident through the variety and frequency of
research and policy publications, periodicinternational conferences, and regional andloca meetings
dealing with all aspects of artificial reef development and management. In addition, since the mid
1980s, the Gulf and Atlantic States Marine Fisheries Commissions have been providing aregional
forum for state artificial reef programs to come together to work on regional and national scope
issues. Finally, therecognitionthat artificial reefsaretool sfor fisheriesmanagement has contributed
to the need to re-evaluate our current national guidance and policies for artificial reefs.

The combination of these and other factors led the Gulf, Atlantic, and Pacific States Marine
Fisheries Commissionsto request from the NMFSin 1996 that the states, through the Commissions,
be given the responsibility to take the lead in revising the Plan. In December 1996, the NMFS
agreed, and by letter encouraged the states to begin revising the Plan. Through a series of meetings,
some sponsored by the NM FS and some sponsored by the Commissions, therevision wascompl eted
in December 1998. Soon thereafter, the three Interstate Marine Fisheries Commissions submitted
the document to the NMFS for consideration to replace the 1985 Plan and establish new nationa
policy on artificial reef development and management. In addition, the three Interstate Marine
Fisheries Commissions adopted the document as interstate policy, entitling the document Coastal
Artificial Reef Planning Guide (1998).
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REVISED NATIONAL PLAN

During the process of revising the Plan, the states and commissions recognized the high quality of
the work done by the original plan writers, such that much of the original Plan is embodied in the
revision. Of significance, the National Standards were established by the Act and continue as the
broad principles under which all other policies and recommendations are established. Those
National Standards are as follow:

» enhance fishery resources to the maximum extent practicable;

» facilitate access and utilization by US recreational and commercial fishermen;

* minimize conflicts among competing uses of waters covered under this title and the
resources in such waters,

* minimize environmental risks and risks to personal health and property; and

» be consistent with generally accepted principles of international law and not create any
unreasonabl e obstruction to navigation.

Whilethefirst National Standard admonishes us to “enhance fishery resources,” the primary focus
of artificial reef programs over the past 16 years, and prior, has been enhancing fishing success
through the creation of known locations where fish would be accessible. The revision places a
greater emphasis on the habitat implications of artificial reef development. It should be noted that
the revision does not diminish enhancement of fishing success asan important goal of artificial reef
development, but rather elevates the importance of the habitat implications.

The original plan established four criteriathat should be considered when determining the kinds of
materials that should be used in artificial reef development. Those criteriainclude the following:

1. function-effective habitat for marine organisms,

2. compatibility-compatible with the marine environment;

3. durability and stability- materials should be able to withstand the marine environment for
adesired length of time and remain stable on the bottom where placed; and

4. availability-readily available for use.

These criteriawere deemed generally to be applicable, with the exception of “availability.” While
it isimportant that materials be readily available for use by artificial reef programs, it isinaccurate
to think of availability asacriteriafor consideration of using amaterial, sinceif it is not available,
it will not be used. The revision has deleted “availability” as a criterion, while continuing to
recognize the importance of availability of suitable materials. In addition, the revision splits
“durability” and “stability,” because it was determined that, while the two are associated, they are
significantly different and should be treated separately. For example, amaterial can be quitedurable
and be inherently unstable in salt water, such as an automobiletire. Conversely, it is possible for a
material to lack durability and yet be relatively stable.

As described above, materials used to create artificial reefs constitute an important programmatic
issue. In recent years, the issue of materials selection has also become quite controversia. Many
have heard the criticisms that artificial reef programs are nothing more than waste disposal
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programs. Y earsago, that criticism had akernel of truthinit; however, morerecently state programs
have strived to move to material sthat follow the established criteria. The original Plan went to great
lengths to identify selected materials and describe their attributes. Today, the variety of materials
has increased to the point that it would be unwieldy to continue to address them all within the text
of the Plan. As aresult, the revision incorporates, by reference, the document entitled Guidelines
for Marine Artificial Reef Materials (1997), developed by the Gulf and Atlantic States Marine
Fisheries Commissions. That document is currently under revision.

One of the most important issues addressed in the revision isqualificationsfor holding an artificia
reef permit. Currently, under the COE permitting program, any citizen of the United States can
request and receive an artificial reef permit by following established procedures and showing proof
of liability coverage. Unfortunately, the liability criterion has not been applied in most cases;
consequently, individuals with no capability to withstand aliability suit have been granted permits.
In addition, a fishing organization may be able to qualify, but could easily disband well before the
life expectancy of the reef they build has run its course. Who then isliable? Thisissue has not been
addressed. The revision recommends that the COE issue permits only to the state agency with
responsibility to manage marine resources. The drafters consider this appropriate because the state
agency 1)is legislatively authorized to exercise stewardship responsibility over marine resources,
2)can ensure compatibility with fishery management planning, and 3)can assume liability for the
lifeof theartificial reef. Thelanguageinthe Act doesnot allow the COE to makethisarequirement;
however, its appearance in the revision elevates it as an important issue that the COE should
consider and identifiesit as an issue that should be addressed in any future amendments of the Act.

Mitigation has continued to be an issue that involves artificial reef development. Many cases have
emerged in which artificial reefs have been proposed as a way to mitigate for the destruction of
dissmilar habitats. The revision attempts to put in perspective the position of the states in this
regard, stating that if mitigation is to be considered necessary, it should be in kind/in place. The
revision recognizesthat thiscannot alwaysbe done; consequently, therevision strongly recommends
caution when applying artificial reefsasmitigation. For example, an offshore, high salinity artificial
reef should not be acceptable as mitigation for the loss of estuarine marsh.

Therevision recommendsthat the COE require project objectivesasapart of the permitting process.
All artificial reef projects should have well defined objectives that are consistent with fishery
management objectives. In addition, in order to determine of projects are successful in meeting
stated objectives, baseline evaluation and monitoring should be conducted, with follow-up
evaluation and monitoring to assess the change brought about by the project. The revision
recognized the importance of specifying compliance monitoring and performance monitoring, as
found in the origina Plan. Compliance monitoring isrequired assure that program activities do not
significantly vary from permit requirements. Performance monitoring, while not required by most
permits, is equally important in determining whether stated objectives are being met, and equally
importantly to assess the overall impact of artificial reef devel opment.

The revision emphasizes the importance of recognizing that artificial reefs should be fishery
management tools. Artificial reefscan beused to restore damaged habitats or can be used to enhance
habitats for selected species. There have been many discussions recently about using artificial reefs
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to establish sanctuaries, or marine protected areas, as a way of addressing the criticism that
establishing a no-take area penalizes the citizenry by taking away reef areas historically open to
commercia and recreational fishing. In addition, we have many examples of using artificial reefs
as specia management areas in which effort control and spatial and use conflict management
measures can be applied.

As mentioned above the draft Plan revision was submitted to the NMFSin late 1998. The draft has
undergone internal review by NMFS, and has been reviewed by the relevant federal agencies.
Currently, NOAA General Counsel isholding approval of thedocument until the new administration
has had an opportunity to evaluate itsimpact on federal fisheries policy. The next step isto publish
the document in the Federal Register and get public comment. It isnot known when this might take
place.
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REEF FISH RESOURCES AND GAS PIPELINES ON THE
WEST FLORIDA SHELF: POTENTIAL CONFLICTS

Christopher C. Koenig
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Institute for Fishery Resource Ecology
Department of Biological Science
Florida State University

Kathryn M. Scanlon
U.S. Geologica Survey

ABSTRACT

Marineprotected areas(MPASs) placed appropriately provide promising optionsfor the management
of exploited populations by protecting critical habitat, community structure and function, and
spawning populations. They also provide the unique opportunity to experimentally evaluate the
effects of anthropogenic impacts (particularly fishing) on the biotic and physical components of
ecosystems. Recently (19 June 2000), the Gulf of Mexico Fishery Management Council established
two MPAsin the northeastern Gulf of Mexico (GOM). The impetus for establishing these reserves
was strong evidence of fishing-induced changes in the demographics (especially changes in sex
ratio) of several economically important reef fish species. Herein, we discuss proposed construction
of two gas pipelines that would run through both MPAs. We are particularly concerned about the
effects of construction on essential fish habitat (EFH) both within and outside of the reserves. The
pipeline contractors must accurately show the degree of impact from construction activities. We
suggest that the ecol ogical impact study provided by one of the pipeline construction companieshas
not adequately shown thisimpact. Further, we find that in both cases, pipeline construction would
destroy critical habitat, compromise the ecological structure and function of resident biotic
communities, and undermine an otherwise unique opportunity to evaluate fishing effects on shelf-
edge reef fish populations.

We recommend that the pipelines be rerouted to areas outside of the reserves, and that particular
attention he paid to avoid live-bottom and high-relief habitat to the extent possible. We recommend
that new environmental impact studies be doneto provide morerealistic profiles of habitat. Further,
wesuggest that ateam of scientistsdevelop for the Federal Energy Regulatory Commission (FERC)
and the Mineral Management Service (MMS) a standardized format for conducting such studies so
that valid comparisons can be made among different projects and different areas.

INTRODUCTION

Concern over extreme demographic changes in gag (Mycteroperca microlepis) populations of the
southeastern United States—including declinesin the proportion of males, declinesin the size and
age structure of spawning groups (Coleman et al. 1996, McGovern et al. 1998), and the apparent
occurrence of inbreeding (Chapman et al. 1999)—prompted the Gulf of Mexico Fishery
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Figure 4.1. Map of Florida and shelf waters showing the location of Madison-Swanson,
Steamboat Lumps, and Oculina MPAs and the proposed routes for Buccaneer
and Gulfstream gas pipelines.

Management Council to recommend closing portions of the west Florida shelf edge (50-120 m
depths) to fishing. On 19 June 2000, the National Marine Fisheries Serviceofficially established two
marine protected areas (MPA'S) in gag spawning habitat, known as the M adison-Swanson MPA and
the Steamboat Lumps MPA (Figure 4.1). The two areas combined cover over 200 nm? and will
remain closed for a period of four years.

Studies within the newly-formed M adison-Swanson and Steamboat Lumps MPAs and associated
control sitesare already underway by scientists at anumber of different state, federal, and academic
institutions. These studiesinclude side-scan sonar and multibeam mapping, ROV (remotely operated
vehicle) video transect work, and studies of the community and behavioral ecology of resident
populations. Because the whole intent of MPASs s to exclude as many confounding anthropogenic
effects as possible, the reserve and control sites are being monitored to evaluate recovery from
fishing effects.
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Gas pipelines proposed to transit the northeastern GOM from Mobile Bay, Alabama, to near Tarpon
Springs, Florida, could cross both MPAs. We reviewed the draft environmental impact statements
that describe the potential effects of construction on Outer Continental Shelf (OCS) habitat. We
were particularly interested in the extent to which construction could disrupt the integrity of critical
shelf-edge habitat and the evaluation of fishing effects in these regions. We first describe the
pipeline construction process, as outlined by the construction companies—Buccaneer Gas Pipeline
Company and Gulfstream Natural Gas System—and then critique those portions of the Draft
Environmental Impact Statements (DEIS) provided by each company’s subcontracting firm,
Continental Shelf Associates (CSA) for Buccaneer, and Sea Byte, Inc., for Gulfstream. The intent
of this paper is to provide recommendations to these companies and to future oil and gas
construction projects on the OCS.

SHELF-EDGE REEF FISH POPULATIONS: A BRIEF REVIEW

Most of the economically-important reef fish species of the southeastern United States are
overfished (Coleman et al. 2000). Many of them are protogynous hermaphrodites—fish that change
sex from female to male—and a great many of them co-occur in shelf-edge habitat (Koenig et al.
2000). Among the factors hindering effective management of these species are poor catch records,
poor collective memories of the historical state of fished populations, inadequate records of the
unfished condition (Jackson 1997), and a lack of political will to implement appropriate
management practices.

The reductionist approach of single-species management compounds this problem because it
typicaly limits inquiry to the population dynamics of one stage in the life cycle of an exploited
species (the adults). It rarely considers other stages (larvae, juveniles, subadults) that are equally
important to population persistence and ignores the fact that exploited species form part of a
complex interacting ecosystem.

TheMagnuson-StevensFishery Management and Conservation Act of 1996 (NMFS 1996) provided
for substantive changesto this approach by suggesting that EFH and ecosystem-level processes are
important components of effective fisheries management. Admittedly, the definition of EFH is
broad—defined in the act as“those waters and substrate necessary to fishesfor spawning, breeding,
feeding, or growth to maturity” (NMFS 1996). But the mandateis clear that EFH must be protected
and that potentially adverse effects on EFH from fishing and non-fishing activities (which would
include pipeline construction or other oil and gas-related activities) must give way to actions that
encourage habitat conservation.

Oneimportant step toward management in the framework of ecological reditiesisthe use of MPAS
(NMFS 1999, NRC 2000, Bulletin of Marine Science 2000). MPAsnot only providethe opportunity
to observe reef fish population parameters and community structure in an unfished state, but they
also provide opportunities to experimentally evaluate the effects of fishing on specific behaviors,
demographics, ecological interactions, and habitat. For example, an MPA alows evaluating the
extent to which fishing that targets gag spawning aggregations sel ectsfor males and disrupts the sex
change process.
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Of particular interest in the GOM are the shelf-edge (50 — 120 m depth) reefs of west Florida, reefs
that have been fished for over 100 years (Camber 1955). Asimportant asthese areas are, neither the
direct nor the indirect effects of fishing on habitat or the associated reef communities have been
evaluated. Direct effects of fishing, in addition to removal of targeted species, include mechanical
damage to habitat due to mobile fishing gear, trapping, and anchoring. Indirect effects include
trophic cascades resulting from the removal of top-level predators (Hughes 1984, Hughes et al.
1987) and potential habitat loss resulting from removal of species that act as geologic agents
(Scanlon et al. in review, Coleman and Williams in review). One need look no further than the
EORR (Experimental Oculina Research Reserve) MPA off central east Florida (Figure 4.1) for an
example of extensive fishing-induced habitat destruction and the effects on benthic communities
(Koenig et al. 2000).

Gag spawning aggregations occur in these shelf-edge regions from the eastern GOM to North
Carolina (Koenig et al. 1996, McGovern et al. 1998, Koenig et al. 2000). Yet, the area in the
northeastern Gulf between latitudes 28° and 29° 30' N at depths ranging from 50 to 120 m is
considered both the gag population center of abundance and the heart of the commercia fishery
(Schirripa et al. 1999). Many other economically important reef fish species also spawn in this
region, including scamp (Mycteroperca phenax), red grouper (Epinephelus morio), gray snapper
(Lutjanus griseus), red snapper (Lutjanus campechanus), vermilion snapper (Lutjanus
rhomboplites), red porgy (Pagrus pagrus), and others (Coleman et al. 1996, Koenig et al. 2000).
Thus, locating MPAs in thisregion is particularly important.

PROPOSED PIPELINES ON THE WEST FLORIDA SHELF

Buccaneer’ sproposed pipelineisapproximately 411 mileslong. It passesthrough roughly 200 miles
of critical shelf-edge habitat (but see comments below), including some 12 milesin the southwest
portion of the Madison-Swanson MPA. Gulfstream’ s proposed pipelineis approximately 420 miles
long, crosses roughly 59 miles of shelf-edge habitat (~53 miles on the west Florida shelf edge and
~6 miles on the Alabama shelf-edge), 3.5 miles of which are in the northeast corner of the
Steamboat Lumps MPA (Figure 4.1). The Buccaneer pipelineisin somewhat shallower water than
the one proposed by Gulfstream.

Pipeline occurring at depths less than about 61 m must be buried in the substrate. This is an
expensive process with destructive effects on habitat. Pipeline occurring at depths greater than 61
m is neither buried nor anchored to the bottom. However, this does not mean that constructionisa
low-impact process at those depths. In order for the 1.0 m diameter pipeline to maintain a smooth
sigmoidal shapeasit islaid from the barge to the seafl oor, the barge must be secured in place by 12
anchors, eight forward of the barge and four aft. Each anchor measures about 5 x 6 m and weighs
at least 13 tons. The anchors are distributed radially from the barge by cables 7.6 cm in diameter;
the anchors and cables together cover a swath approximately one nautical mile wide. The barge
progresses along the pipeline route by drawing in the fore anchor cables, letting out the aft anchor
cables, and subsequently repositioning the anchors for another round. This action is repeated twice
within each mile, such that there are 24 anchor strikes per mile.
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The extent of the habitat damage caused by this process is related to the compounded effects of
anchor-cable sweep (the extent to which anchor cables contact the bottom), anchor drag, and sea-
state. The anchor-cable sweep is greatest near the anchors as the barge is drawn forward due to the
considerable catenary in the cable line. When cables sweep the bottom, they act like trawls or
dredges, but with far greater force, literally raking away al habitat structure. Anchor strikes affect
less area than cable sweep, but an increased sea state will likely increase the damaging effects of
both. Neither company has considered the effects of sea state.

Each company was responsible for conducting photo-video surveys along portions of the proposed
route and then comparing those videos to geophysical data (side-scan sonar imagery and seismic
reflection profiles) to determine the degree of relationship between thetwo. The MM Srequired that
the photo documentation surveys be conducted at depths shallower than 100 meters, even though
the proposed pipelines would cross habitat at greater depths. In the side-scan sonar data, dark,
medium, and light areas correspond to the acoustic properties of the seafloor. For example, ahard
rocky bottom would produce a dark image, and a soft-grained, sediment-covered bottom would
produce alight image. However, other factors (e.g., small-scale roughness of the seafloor, angle of
slope, and state of compaction of sediments) also affect the acoustic properties of the seafloor, and
hence complicate the interpretation of the acoustic image produced.

CRITIQUE OF ESTIMATED IMPACTS TO SHELF-EDGE HABITAT.

Because we are most interested in the effects of construction on habitat important to reef fish, we
confine our comments to estimates of hard-bottom (carbonate rock either exposed or covered by a
thin veneer of sediment), and specificaly “live-bottom” (hard-bottom with sessile epifauna)
coverage made by Sea Byte, Inc., (for Gulfstream) and CSA (for Buccanesr).

The ground-truthing exercises conducted by Sea Byte at both shelf (15— 50 m) and shelf-edge (50
—100 m, the greatest depth required by MM Sfor habitat delineation) depthsrevealed: (1) that areas
with light acoustic reflectivity had 15% live-bottom coverage, (2) that areas with moderate
reflectivity had 21% live-bottom coverage, and (3) that areas with dark reflectivity had 53% live-
bottom coverage. Although the percentage of live-bottom increased with the degree of
reflectivity—that is, the lower the reflectivity, the lower the percentage of live-bottom—the
relationship was a poor indicator of the presence of live-bottom. For instance, when similar studies
were conducted inshore by Seabyte (1999), they found a high degree of correlation between dark
reflectivity and the presence of live-bottom. This was not the case on the OCS. Based on that
finding, Sea Byte decided that the geophysical data did not adequately represent the extent of live-
bottom inthe OCS. Thus, they relied upon a series of parallel photo-video transects made along the
entire pipelineroute (to 100 m depths), interpol ating the extent of live-bottom between the transects.
This approach provided nearly 100% coverage of the proposed impact area and gave morerealistic
estimates of live-bottom coverage.

The proposed route of the pipeline relative to shelf-edge habitat is ambiguous in the documents
prepared for Buccaneer by CSA. In fact, the documents provide three different proposed pipeline
pathsrelative to depth: onein which the pipeline appearsto be shallower than the 100 meter isobath
over al of itslength (CSA 1999, 2000a), onein which it deeper than 100 min several places (CSA
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2000b), and yet a third in which the 300 ft. (91 m) isobath and the 100 m (328 ft.) isobath are
indistinguishable (CSA 2000c). If thefirst route is correct, then the pipeline route covers about 200
miles in shelf-edge depths. If the second route is correct, then it covers about 100 miles. For
purposes of discussion, we used thefirst map presented in the seriesfor evaluation. Thischoicewas
completely arbitrary because the maps are so confusing.

Continental Shelf Associates, Inc., (Buccaneer) performed photo-video documentation surveysover
75 miles of the shallower pipeline route across the west Florida shelf (from shore to about 50 m
depths). However, they only surveyed about 8% (15 of the nearly 200 miles) of the route through
the more critical shelf-edge habitat, sampling only six sites, four of which were clustered in a 20-
mile segment midway along that line and none of which were deeper than 100 m. Unlike Sea Byte,
CSA found, as stated in their summary, an “exceptionally high degree of correlation” between the
geophysical dataand their photo-documentation of live-bottom (CSA 1999) and that the geophysical
data, if anything, overestimated the amount of live-bottom (CSA 2000a).

This interpretation by CSA is in part due to their assumption that live-bottom only occurred in
geophysically-determined hard-bottom habitat. However, closer examination of their maps shows
that the correlation—much like that found by Sea Byte—is not particularly good for predicting how
much live-bottom exists in an area. Live-bottom exists to some extent in all geophysicaly-
determined zones. For instance, in one segment (plot 4 of segment 2 on shelf edge habitat in CSA
1999), live-bottom was found in video transectsin “light” areas (not identified in the map legend,
but presumably sediments ranging in texture from silty to fine or medium grained sand, based on
the text), while very little live-bottom is found in “dark” areas,

We found interpreting CSA’ s maps difficult because the terminology in the text and the maps was
unclear. For instance, the self-contradictory phrase “carbonate (limestone) sediment” is used
repeatedly. Limestone, by definition, is arock, not a sediment. One can only guess what this term
ismeant to describe, becauseit isnot defined in the map legend or in thetext. Furthermore, the map
legend contains a number of units (e.g., “exposed carbonate (limestone) sediment,” “sediment
veneer over carbonate (limestone) sediment,” “sand covering carbonate (limestone) sediment with
scattered outcrops,” “exposed carbonate (limestone) sediment with areas of outcrops and sand
pockets,” and “scattered outcrops’) which appear to have considerable overlap, are ambiguous or
contradictory, are contrary to common geological usage, and are never defined. As aresult, these
maps are of little use either for delineating or for quantifying benthic habitats.

Considering CSA’s inadequate photo coverage of the shelf-edge habitat and the apparently low
concurrence between the geophysical patternsand their photo-documentation data, we consider that
thelir report grossly underestimates the extent of shelf-edge live-bottom coverage. Although itisnot
unreasonabl e to quantify biotal coverage and sessile invertebrates potentially impacted, it is more
important to determine construction impactsto the actual habitat, regardless of the density (or biotal
coverage) of theindividual benthic species. For example, CSA’s (2000c) quantitative survey states
that about 8% of the construction routeislive-bottom habitat, but that only 12.5% of that is covered
by sessile invertebrates. They have interpreted this to mean that 1% (.08 x .125) of the live-bottom
habitat would be destroyed. We caution that the emphasis should be placed on the areal coverage
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of the habitat, and not on the areal coverage of the individual organisms. The latter leads to an
erroneous perception that vastly underestimates the impact on habitat of pipeline construction.

DISCUSSION AND RECOMMENDATIONS

Considerable concern exists among scientists and conservationists about the rate of habitat loss
worldwide. In fact, habitat loss is considered the primary reason for declines in biodiversity
(Wilcove and Wilson 2000). The litany of agents responsible for the declines include water
diversion projects, hydropower dams, agricultural practices, and urbanization. To these can beadded
habitat destruction caused by mobile fishing gears—trawls and dredges—which have devastated
many low-relief live-bottom habitats (Dayton et al 1995, Auster et al. 1996, Watling and Norse
1998). There is strong interest in monitoring these effects and limiting them to the extent possible.
Pipeline construction is just one more effect that should be closely evaluated. Such constructionis
not constrained in the same way that mobile fishing gear is because (1) it can affect areastypically
inaccessible to trawls; and (2) it has the potential through sheer force of impact to cause far more
damage to habitat, reducing high relief structure to rubble.

We are very concerned by the methods used to delimit habitat in the reports of proposed pipeline
construction in the northeastern GOM. The reason that accurate estimates of different habitat types
are so critical is that these numbers are used to evaluate the extent of damage caused by pipeline
construction. For purposes of these studies, the MMS applied the “low-relief live-bottom
stipulation,” which is that those applying for oil and gas leases conduct photo-documentation
surveys of the seafloor within the project area only at depths of 100 m or less (Gulfstream 2000).
The MMS considers live-bottom to be “seagrass communities or those areas which contain
biological assemblages consisting of sessile invertebrates (such) as sea fans, sea whips, hydroids,
anemones, ascidians, sponges, bryozoans, or coralsliving upon and attached to naturally-occurring
hard or rocky formationswith rough, broken, or smooth topography; or areaswhose lithotopefavors
the accumulation of turtles, fishes, and other fauna.” No surveys are required in areas of greater
depth.

We find the depth restriction of 100 m not only arbitrary, but exclusive of a number of important
typesof marinehabitat. Of particular concern are exclusionsof deep-water reef fish habitat and coral
and sponge communities. For instance, important reef fish habitat exists at depths greater than 100
m, including essential habitat for tilefish Lopholatilus chamaeleonticeps, blueline tilefish
Caulolatilus microps, Warsaw grouper Epinephelus nigritus, snowy grouper E. niveatus, speckled
hind E. drummondhayi, and yellowedge grouper E. flavolimbatus (Parker and Mays 1998). All four
of the groupers are considered at risk of extinction by the American Fisheries Society (Musick et
al. 2000), and two of them—Warsaw grouper and speckled hind—are now considered threatened
(Coleman et al. 2000), thus requiring special management attention. Extensive live-bottom (65%
coverage) exists at depths of 120 to 160 m off the southwest Florida shelf (Phillips et al. 1990).
Further, beds of the deep-water coral Lophelia pertusa (= L. prolifera) occur in water depths of 439
to 512 m some 40 miles east of the Mississippi delta. Similar banks off Norway and the Faeroe
Islands, which support enormously diverse biota, have suffered tremendous |osses (Roberts 1997).
Although little is known of these habitats—or perhaps because so little is known—they should be
guantified in estimates of habitat impacts from oil and gas construction projects. Thus, we
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recommend that photo-documentation surveysinclude all depths at which any oil and gas activities
are to occur.

The most significant source of habitat damage during pipeline construction is due to anchor cable
sweep. Buccaneer (2000) estimated the damageto range from oneto one-and-a-half acres per anchor
strike, or about 24 to 36 acres per construction mile. Gulfstream (2000), on the other hand, estimated
that habitat damage would be on the order of 114 acres per construction mile at depthsranging from
61 m (200 ft) to 100 m (328 ft). It would be much greater at shallower depths because the lower
angle of the anchor cable causes more of it to touch the bottom. Thus, the two estimates of habitat
damage due to cable sweep differ three- to nine-fold, depending on the construction depth. The
estimated area of damage provided by Gulfstream is more redlistic because it is based on
engineering considerations (e.g., sweep features of each anchor cable and relationship to depth) and
historical observations.

How could these companies, running parallel analysesalong parallel routes, cometo such disparate
conclusions about the relationship between the geophysical data and photo ground-truthing, in
estimating anchor-cable sweep damage, and in estimating habitat coverage? Further, why did both
companies choose routes that went specifically through marine protected areas?

We found it difficult to make comparisons between the habitat quantification documents provided
by the two pipeline construction companies because the methodol ogies used were not standardized.
In fact, CSA did not even follow standard survey or statistical methodol ogies, making comparisons
impossible in most cases. To avoid problems of interpretation, we recommend that a team of
scientists develop standard methods and terminology for use by the FERC and the MMS.
Subcontractors should al so be required to provide statistically-sound error valuesin their estimates
of areal habitat coverage.

It is unclear why both Buccaneer and Gulfstream chose pipeline routes that transit MPASs. They
either were wholly unaware of the Gulf Council’ s July 1999 recommendation that these sites be set
aside as MPAs or they categorically chose to ignore these boundaries. Regardless which of these
scenarios is true, there is little doubt that significant damage in critical habitat would occur and
experimental studies of reef fish reproductive behavior and the effects of fishing on habitat and
ecosystem function would be compromised. If the boundaries of these MPAsarenot respected arare
opportunity to evaluate fishing effects might be lost. Thus, we recommend that oil and gas
construction projects hold MPAs as sacrosanct and avoid all anthropogenic disruption.

MPAs likely will form an important component of future fisheries management plans. To wit, on
26 May 2000, President Clinton signed an Executive Order calling for the expansion of the system
of MPAs throughout the United States (Federal Register vol. 65, no. 105, pp. 34909-34911). The
intent is to “(a) strengthen the management, protection, and conservation of existing marine
protected areas and establish new or expanded MPAs; (b) develop a scientificaly based,
comprehensive national system of MPASs representing diverse U.S. marine ecosystems, and the
nation’s natural and cultural resources; (¢) avoid causing harm to MPAs through federally
conducted, approved, or funded activities’ (italics ours). This Executive Order sets the tone for
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future conservation of living marine resources. Our respect for these resources and the MPASs that
contribute to their sustainability translates into a respect for future generations.
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ABSTRACT

The North Sea rigs-to-reefs debate has moved forward with the creation of a multi-stakeholder
steering group to oversee devel opment of independent research. Given the sharp division in stake-
holder opinion, this group represents a proactive approach to assessing the potential for the
formation of reefs using redundant oil and gas platforms. This paper examines the historical
approach to the concept adopted by major North Sea stakeholders against a background of political
landmarks including the 1995 Brent Spar incident. It examinesin detail the reaction of fishermen
to calls for offshore and nearshore reefs, noting in particular the importance of liability, loss of
access, and safety concerns. Thefishing industry remains neutral about the benefits of inshorereefs;
the industry remains, however, committed in opposition to offshore reef creation, especially when
combined with ano fishing policy. Theenvironmental group Greenpeaceisopposed to any rigs-to-
reefs initiative, seeing this as a means by which offshore operators can circumvent the OSPAR
Decision 98/3, which requires complete removal of offshore installations. The importance of cost
and the existence of willing reef beneficiaries are highlighted as important to the acceptance and
success of anearshorerigs-to-reefsventure. Off shorereef creation faces numerous political hurdles.
The importance of a genuine stakeholder dialogue to integrate scientific and political thinking and
avoid the recurrence of an event similar to the Brent Spar, is stressed, the paper concluding that
fishermen hold the key to the success of rigs-to-reefs ventures in the North Sea, their co-operation
and participation essential in the promotion of aconcept that hasfor so long been promoted to them.

INTRODUCTION

The potential for the ‘rigs-to-reefs’ concept to be implemented in the North Sea has always been a
source of contention between scientific, environmental, fishing and offshore sectors. In the wake
of the Brent Spar incident, the concept has come under increasing scrutiny from all stakeholders.
The investigative effort has not been a proactive one amid the more general debate on North Sea
abandonment and seadisposal, but instead areactionary link among all stakeholderson anissuethat
has not been thoroughly evaluated and that is shrouded in suspicion and mistrust.

This concept’s applicability in a North Sea context has been subject to scientific appraisal and
speculation over the past two decades (ICIT 1991; Picken 1992; Side 1992; Aabel et al. 1997; Baine
1995, 1998; Soldal et al. 1999) showing that fish are attracted to platforms, athough only with
cautiously mooted biomass estimates (ICIT 1991; Soldal et al. 1999; Picken et al. 2000). Thorough
programs of scientific research have been promoted to bridge the gaps in knowledge (Aabel et al.
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1997); however, scientific research to date does not induce the confidence needed to justify the
initiation of arigs-to-reefs program (in any form) against a background of political scepticism.

Many of the social and political issues inherent in the North Sea rigs-to-reefs debate have been
ignored or devalued, much to the dismay of fishermen who see theseissues asimportant as and per-
haps more crucial than any program of scientific research. The concerns of fishermen regarding any
form of sea disposal of offshore platforms, for example, have been publicly stated since the early
1970s, yet these concerns are often ignored in contemporary limited scientific evaluation of a
conceptual abandonment option. Indeed, such aconcept if it wereto proceed would have significant
ramificationsfor fisheriesand environmental management throughout the north-east Atlanticregion.

This paper addresses the socio-political issuesinvolved in the debate, concentrating on therelation-
ship between Scottish fishermen (through the Scottish Fishermen’ s Federation [ SFF]) and offshore
operators. Information hereisfrom direct contact with stakehol der representatives and output from
working groups and workshops. This primary research is supplemented by the analysis of published
literature on abandonment and environmental management, stakeholder policiesandlegislation. The
paper ends with a discussion of the present status of the rigs-to-reefs debate in the North Sea.

FISHERMEN, OFFSHORE OPERATORS AND THE GOVERNMENT —
A HISTORICAL PERSPECTIVE

With the emergence of petroleum activity in the North Seain the early 1970s, it was recognized that
fishermen would be inconvenienced. The government, however, assured the fishing industry that
once the oil companies had completed their operations, all installations would be removed and the
seas returned to the fishermen in the condition in which the oil industry had found them. The 1958
GenevaConvention onthe Continental Shelf backed thisassurance, and fishermen acceptedit (Allan
1986, 1992, 1994).

Asthe years passed, however, the fishing industry looked on with mounting concern, as assurance
of complete removal began to evaporate. The industry was informed that complete removal might
not be possiblefor reasonsincluding cost, thetechnical plausibility of completeremoval operations,
and the perceived uncertainty of future legislation regulating the abandonment of offshore oil and
gasinstallations. In response, the fishing industry maintained its argument that promises had been
made as to the complete removal of installations and that those promises should be kept.

The development of the International Maritime Organisation’s 1989 Guidelines' and other inter-
national and UK legislation® gradually led to the general acceptance of toppling and partial removal

! Guiddlines and Standards for the Removal of Offshore Installations and Structures on the Continental Shelf and in the
Exclusive Economic Zone (developed in response to Article 60(3) of the 1982 United Nations Law of the Sea
Convention).

2 0slo Commission Guidelines for the Disposal of Offshore Installations at Sea 1991, OSPAR Convention for the
Protection of the Marine Environment of the Northeast Atlantic 1992, UK Petroleum Act 1987, UK Food and
Environment Protection Act 1985.
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as abandonment options. The fishing industry, while committed to complete removal, believed it
had been forced into instigating a damage limitation exercise. Accordingly, the fishing industry
proposed that it would pressfor six minimum safeguards (Allan 1994) in the event of acase-by-case
approach to abandonment. In summary, these address the witnessing of removal operations by the
fishing industry; debris clean-up operations; confirmation of debris clearance by side-scan and trawl
operations; regular inspection of abandonment sites; establishment of a compensation fund by the
government for loss of accessto fishing grounds; and establishment of an additional compensation
fund for specific gear |osses/vessel damage caused by oil debris.

A shift in SFF policy on abandonment, however, occurred in 1994, the main determinant being the
cost to the UK taxpayer of abandonment operations (ICIT 1994). This policy was devel oped before
the Brent Spar incident and before the “Westhaven” tragedy. In the UK, the percentage of total
abandonment costs borne by the state is estimated to be in the region of 50-70%. From available
estimates of total costs of partial and complete removal of North Sea instalations ICIT (1994)
concludes that the government may be able to make savings in the region of £1.25-1.75 billionin
tax revenue if partial removal is adopted as the main abandonment route. There is, therefore, an
obvious economic incentive in considering partial removal options compared with complete
removal. ICIT (1994a) further considers the implications of the above savings in a wider remit
involving thelikely cost to fishermen of installations remaining partly in place, namely through loss
of access and damage to fishing gear. In doing so the study utilizes the compensation criterion
suggested by the economists Kaldor (1939) and Hicks (1939), which in summary suggests that a
project is only worthwhile if the financial gain is able to compensate those who lose out from the
project, thus ensuring that no one is worse off as a result of the project (the study notes that the
Kaldor-Hicks principle does not take account of any moral obligation). Inthisinstance ICIT (1994)
postulates that “it is highly unlikely that the cost of loss of access or future losses of gear by
fishermen would exceed £1.25 billion,” the estimated (lower) cost of requiring complete rather than
permitting partial removal. Include the original assurance by the government that the structures
would be entirely removed, the prospect that certain areas of the seabed will be unavailable to the
fishing industry and the potential for damage to fishing gear that may result from the migration of
debris as the partially abandoned structures degrade, it seems reasonable to conclude that by
operatingaprogram of partial removal asopposed to completeremoval thegovernment and offshore
operators are set to gain financialy to the detriment of the fishing industry. It therefore seems
reasonable that the fishing industry would expect compensation not only from the offshore
operators, but also from the government, bearing in mind that they both gain financially from the
situation.

Despite the strong moral argument for complete removal of offshore installations, the SFF have no
wish to see the magjority of abandonment (complete removal) costs being met by the taxpayer in the
form of lost revenues from Petroleum Revenue and Corporation Tax (ICIT 1994). Whereas
previously the SFF sought complete removal and nothing else, their changein policy recognizesthe
financial burden to the taxpayer and accordingly establishes a number of objectives that recognize
partial removal as apossibility. These are:
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To minimize risk to fishermen, to their vessels and gear and to minimize the areas of the
seabed that will be lost to fishing in perpetuity as the result of the abandonment of partially
removed structures.

To ensure adequate compensation to fishermen for any damages or lossesincurred asaresult
of the abandonment of partially removed structures and to seek the establishment of simple
mechanisms for such settlements.

To ensure that fishermen, government, the offshore industry and the public understands the
reasons for its change in policy.

A number of principles have also been established to guide all aspects of this policy (ICIT 1994)
including:

a)

b)

The “Polluter Pays Principle’

In thisinstance the premiseisthat any costs to the fishermen should be recovered from the
polluter. This policy will depend upon the transfer of liability for abandonment; if to the
government then it should accept responsibility for compensation; however, if not then the
polluter pays principle should apply.

Compensation for damage and loss should be in accordance with the “ General Principle of
Strict Liability” and should be adequate and no more than adequate

Inthisinstanceacall ismadefor theavoidance of costly and lengthy court actionsfor claims
in favor of a“formal arrangement...for the consideration of such claims that accords with
the principles of strict civil liability” wheretheincident has occurred in areas where fishing
islegal. Any encroachment of the safety zone, for example, should not be dealt with in this
manner.

That equity between the present and all future generations of fishermen should be aguiding
principle

Any compensation accepted for loss of access in perpetuity must be accepted on behalf of
fishermen now and of fishermen of the future.

FISHERMEN, ARTIFICIAL REEFS, LOSS OF ACCESS AND SAFETY

It isdifficult to glean the attitude of fishermen about the prospects of an artificial reef created from
an abandoned offshore facility without the politics of off shore abandonment in general clouding the
issue. It is also apparent that fishermen’s actions often do not reflect their words, unsurprising in
view of the very contentious nature of the issuesinvolved.
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At the 1994 conference on “Managing the Environmental Impacts of Decommissioning and
Abandonment Offshore,” Aberdeen, a representative from the Scottish Fishermen’s Federation,
made the following statement:

“We are also somewhat bemused and amused to hear of suggestions that toppled
platforms may become artificial reefs. The main experiences of these have beenin
warm climates. The North Sea is totally different in climatic and fishing terms.
However, it isfair to state that one or two Constituent Association members of the
SFF have been prepared to co-operate with artificial reef projects targeted for
nearshore locations.”

This statement is fairly representative of North Sea fishermen’s views on artificial reefs. They do
not recognize any potential benefits from offshore reef creation, whereas in certain situations they
may see some value in placing a reef nearshore. This view reflects recognition of the genera
concept of artificia reefs and is not specifically geared towards dismantled offshore installations.
The formation of nearshore reefs has readily identifiable benefits in its nearshore location, most
notably easier accessibility for nearshore fishermen and the greater potential for targeting specific
resources such as lobster and crab. Fishermen also recognize the role that artificial reefs may play
in conservation of nearshore resources, in providing safe havens and/or the exclusion of mobile
fishing gear from an area. Artificial reefs exist in Poole Bay, England and Torness, Scotland, and
have two general pointsin common: (1) they were both constructed from waste material, and (2)
they were both research-orientated. The Poole Bay artificial reef has shown distinct fisheries
enhancement properties particularly in relation to lobster populations (Jensen and Collins 1995);
however, the program of research has been discontinued on the Torness reef (Todd et al. 1992).
Picken (1992) and Picken et al. (2000) also refer to the attemptsto place areef in the Moray Firth,
Scotland. In 1987, a potentia project entitled SPARE (Scottish Pilot Artificial Reef Experiment)
was devel oped by Aberdeen University with the support of the Scottish Fishermen’ s Federation and
the Scottish White Fish Producers Association to research the use of redundant mud modules as
artificial reefswith particular emphasis on the fisheriesimplications. The project, however, did not
proceed because fundswere not sufficient. Aberdeen University is presently still pursuing, with the
support of the same fisheries organizations, the possibility of placing a high-profile steel reef to
mimic the potential effectsof placement of dismantled parts of offshoreinstallationsnearshore. The
support of fishermen is therefore available for such experimental projects.

The situation becomes confusing when we take acloser ook at offshore reef creation. Thereisvery
little support from fishermen for offshore reef deployment. Their doubt in any benefits to fish or
fishermen isnormally expressed in response to comparisons between the North Seaand the Gulf of
Mexico, in particular the differences in fishing activity and environmental and climatic factors.
Thereisavalid argument against such comparison, but the available information from North Sea
studies indicates quite strongly that fish are attracted to offshore installations (ICIT 1991; Picken
1992; Side 1992; Aabel et al. 1997; Baine 1995, 1998; Soldal et al. 1999). Thisinformation should
provide a basis for analyzing the prospects of offshore reef creation in the North Sea. Fishermen
have also been known deliberately to fish close to offshore installations and along pipeline routes
to take advantage of what they know is a fish aggregation response to their presence. Picken et al.
(2000) quote one example of the financial benefits associated with such aggregation in the North
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Sea, when “a fishermen was fined £8,000 for repeatedly fishing within the 500m zone around
platforms, during which time over £200,000 worth of fish were caught.”

Fishermen are aware of the fish aggregating properties of offshore installations in the North Sea.
Their distinct opposition to the formation of offshore artificial reefs, however, is based more on
safety and political considerations, and represents a defiant opposition to the offshore industry.
Fishermen also see offshoreartificial reef creation asapotential excuseor additional reason offshore
operators could use in their arguments for partia abandonment or toppling of individual
installations. The fact that the structures do attract fish does not help their situation, and has
probably been recognized as such for many years.

Reef creation, especially offshore, has the same issues of liability associated with partial removal
and toppling, such asloss of access and potential damageto fishing gear and personnel from impact
on abandonment residues. If a platform is toppled or partially removed, the government has
proposed that a 500m “no fishing zone” remain in place for safety purposes (Select Committee
1996). This proposal was made in advance of the recent OSPAR Decision [July 19983, but is still
of relevance in certain scenarios. During the operational lifetime of platforms, fishermen were
excluded from the 500m safety zones, and in the instance of partial removal they will have lost
access in perpetuity to such prescribed zones. The government and offshore operators do not
consider the loss of access claim to be proven (ICIT 1994). The SFF stated to the Select Committee
of 1996 “Wherethe SFF believesit reasonableit will pursue aclaim on behalf of present and future
generations of fishermen for adequate compensation for the loss of access to fishing grounds in
perpetuity...Any settlement will be made into a fund established on the principle of equity for all
fishermen of present and futuregenerations.” The United Kingdom Offshore Operators A ssociation
(UKOOA), however, did not favor compensation for |oss of access, stating, “we do not seefrom our
admittedly non-fishing background the problem with the North Sea as being lack of access; we see
the problem as being lack of fish.” The Committee, in its conclusions, agreed with the government
and offshore operatorsthat | oss of accesswas not proven, going so far asto state that “somefishing
free areas, however small, may help to protect dwindling fish populations; in the North Sea the
decline of fish populationsis a serious concern.”

It is very difficult to prove the ‘loss of access argument, as noted by ICIT (1994). This difficulty
results from the variability of fisheries that are natural systems and the associated variation in
fishermen’ s earnings as aresult of these fluctuations, but also skill, market price and level of effort.
ICIT (1994) identify that the only possible way of proving ‘loss of access' is through a process of
argument, related to:

1. theoccupation of different grounds by fish throughout a season; these variations are known
to fishermen who then utilize their knowledge to fish grounds which yield the greatest catch
per unit effort;

2. thefact that no loss of earnings will occur through no lack of access;

3 OSPAR Decision 98/3 on the Disposal of Disused Offshore Installations 1998
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3. the fact that loss of access to an entire fishing ground will result in loss of earnings
represented by the loss of catch associated with this ground; and

4. postulationssurrounding thegrey areathat liesbetween pointstwo and three, which suggests
that loss of earnings correlates with the proportion of grounds lost.

One of the mgjor arguments against the ‘loss of access' claims is that fish move and fishermen
merely need to redirect their effort. The problem with this argument is that although an equivalent
level of catch may be achieved, there may be an increase in effort expended to achieve it, with
fishermen thus fishing at a net loss compared with the situation where there is no ‘loss of access.’
If fishermen expend the same level of effort, it can equally be maintained that there may be a
reduction in catch which again results in a net loss compared with the situation where there is no
‘lack of access.” ICIT (1994) do, however, warn that given the natural fluctuations that occur in
fisheries, itisagain very difficult to relate loss of earningsto ‘loss of access' and that a*“ substantial
loss of access would have to occur before this was demonstrable...,” there always existing the
possibility that in some years natural fluctuations will be responsible for loss of earnings.

Other arguments against the *loss of access' claim (ICIT 1994) include the following:

» fishermen achieve their EC quotas so there is no loss of catch. This argument becomes
invalid in light of the above discussions regarding effort;

» platform remains provide a ‘reef effect’ and are a gift either through conservation promise
or aggregation properties. However, fishermen are skeptical of this notion, believing that
fishing such areas, if legal, would present increased risk to personnel and equipment.
Secondly, any aggregation may also be viewed as removing fish from surrounding fishery
and this constitutes an argument for loss of access; and

» platformscreate obstaclesto fishermen but also provide potential breeding and nursery areas
for fish stocks that have a conservation value which will ultimately benefit the fishermen.
They may provide additional sustainability to a fishery in the same way that prohibition
areas do, but the scale and degree to which thiswould occur is subject to much speculation,
particularly given the small areas that will exist around platforms.

The SFF aso argued to the Select Committee (1996) that compensation was due for damage to
fishing gear and boats and injury or death as a result of offshore installations and associated
residues. The government believesthisto be a matter for affected parties and owners. The SFF also
reiterated the difficulty in proving that such debris was responsible for any damage and that it
preferred the establishment of a simple mechanism to deal with compensation. The Select
Committee (1996) agreed with the government that it was a matter for affected parties and owners,
however, it did “agree in principle with the claims for compensation by fishermen.”

The basis for such claimsisthe *polluter pays principle’ and relates to the two situations whereby
such damages and losses occur in areas where fishing remains lawful and those areas where fishing
isillegal, i.e. within the 500m safety zones that are likely to be established upon abandonment.
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With the government refusing to accept liability for abandonment residues, the operator becomes
responsible for any damages or losses occurring in areas outside the safety zone, and under the
general principles of strict liability, fishermen need only prove the cause of damage. Compensation
would be sought, therefore, if previous assurances regarding the risk of movement of residues
outside the safety zone were found to be wanting in practice (ICIT 1994). The pursuit of such a
compensation claim through the courts is generally seen as an unfavorable option, both in the
attendant publicity to offshore operators and in the likely event that the cost to fishermen would be
grossly disproportionate to the damage. This explains the preferred establishment of a ssimple
mechanism to deal with such claims, amechanism, which at itssimplest wouldinvolvethe provision
of compensation by the operator where such damage is shown to be attributable to abandonment
residues. In the event that no one operator isfound attributable such a claim would be best directed
to a collective operator’ s fund handled by UKOOA.

Regarding claimsfor damage within a500m safety zone, adifferent processwould apply, asfishing
within such zones would beillegal and the vessel skipper would be subject to prosecution. There
are possible defenses of safety zone infringements, including adverse weather conditions, but it is
highly unlikely that a claim would be pursued by fishermen for damage incurred as a result of
infringement especially if acompensatory mechanism wasin placefor loss of access. Suchaclaim
would therefore need to be pursued through the courts.

A compensation fund for fishermen was established in 1975 by UK OOA for lossand damageto gear
arising from the presence of non-attributable oil-related debris. This fund also provides for loss of
fishing time as aresult of any such damage depending upon the circumstances. When the debrisis
attributable to a specific operator, the claim is made directly to the oil company; however, where
non-attributable the clam is made to the fund which is administered by fishing industry
representatives. Theaverage number of claims settled between 1975 and 1990 by the fund was 90%.
In general, the greatest portion of claimsisfor damageto gear. The value of claimsincreased from
£15,000 in 1976 to £193,000 in 1990, athough much of this can be related to inflationary factors.
Average settlement was approximately £2,000 per claim. No known examples of settled claims
arising from safety zone infringement exist (ERT 1993).

The safety risk posed to fishermen by the presence of abandonment residues is perhaps best
envisaged when we consider the events surrounding the “Westhaven” tragedy in March 1997 (Side
1999). Four fishermen died after the fishing vessel “Westhaven” capsized whiletrying to freeitself
after itstrawl boards slipped under agap between the seabed and the pipeline running from the Piper
fieldto Flottaoil terminal in Orkney. Theincident, which occurred 100 milesnortheast of Aberdeen,
has raised a number of questions regarding the risks posed to fishermen by free-standing areas of
pipeline (spanning). Fishermen called for awide-ranging review of oil safety in the North Sea after
asheriff’ sinquiry into the disaster, even though the sheriff concluded that no one wasto blame for
thetragedy. The sheriff’ srecommendationsincluded theinitiation of talks between the HSE and ail
and fishing industries on fishing vessel safety around pipelines. Although this was an incident
involving aNorth Seapipeline, itisrelevant to theissues discussed here, asanindication of thelevel
of potential risk posed to fishermen from the presence of a structure abandoned at sea.
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OSPAR DECISION 98/3

On 20 June 1995, Shell UK decided to abandon its plans for the deepwater disposal of the Brent
Spar. Theproposed deepwater disposal operation, vindicated by the completion of aBest Practicable
Environmental Option statement as required by UK law, had become “untenable” against a
background of activity by environmental activists. Three years were to pass, seeing a moratorium
on the disposal at sea of decommissioned offshore installations, before agreement was reached on
Decision 98/3 under the auspices of the Oslo and Paris Commissions. It entered into force in
February 1999 and is representative of a hardening attitude towards marine pollution and sea
disposal in the northeast Atlantic by member states. Decision 98/3, as we will see however, still
leaves much open to debate, and has perhaps served to focus even greater attention on the option of
rigs-to-reefs.

The preamble to the decision contains an affirmation that disposal should be governed by the
precautionary principle, which takes into account potential effects on the environment; and the
recognition that reuse, recycling or final disposal on land will generally be the preferred option for
the decommissioning of offshore installations.

Indefinition, the decision describesadisused off shoreinstall ation as* an offshoreinstall ation, which
is neither:

a. serving the purpose of offshore activities for which it was originally placed within the
maritime area, nor

b. serving another legitimate purpose in the maritime area authorised or regulated by the
competent authority of the relevant Contracting Party”

Point (b) of this definition means that an offshore platform which, upon the end of its productive
life, is utilized for some other legitimate purpose (such as an artificial reef), is not classified as a
disused offshore installation and would therefore not be subject to this decision. The OSPAR
Convention 1992 under Article 8, becomes the relevant guiding legislation, requiring that the
contracting party must authorize any placement of adisused installation or pipelinein the maritime
area for a purpose other than that for which it was originally designed or constructed. Such
authorizations is required to be in accordance with relevant applicable criteria, guidelines and
procedures adopted by the Commission, with aview to preventing and eliminating pollution.

The Oslo and Paris Commissions have taken a much stronger position on sea disposal than was
previously envisaged. Although an alternative reuse is still possible, seadisposal in any other form
is tightly restricted. Point 2 of the decision states that “The dumping, and the leaving wholly or
partly in place, of disused offshore installations within the maritime areais prohibited.” Derogation
is possible (Annex 1) provided that the competent authority of a relevant contracting party is
satisfied that an assessment procedure (Annex 2) has provided “significant reasons why an
aternative disposal is preferable to reuse or recycling or final disposal on land.” Categories of
aternative disposal arelisted as:
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» al or part of thefootings of asteel installationin acategory listedin Annex 1 (i.e. weighing
more than ten thousand tons in air), placed in the maritime area before 9 February 1999;

* a concrete instalation in a category listed in Annex 1 (i.e. gravity based concrete
installations, floating concrete installations) or constituting a concrete anchor base; and

» any other disused offshore installation, when exceptional and unforeseen circumstances
resulting from structural damage or deterioration, or from some other cause presenting
equivaent difficulties, can be demonstrated.

The Brent Spar incident has added a new dimension to the decision-making process of
abandonment, that of the power of public opinion; there is a growing view within Europe that the
North Seashould not be used asa‘dump’ by the offshore oil and gasindustry. The decision strongly
indicatesthat sea disposal has become the least favored option, and will only be allowed to proceed
in the strictest of circumstances. Given this legislative shift towards complete removal, it is not
impossible that the offshore industry and government may well see artificial reefs as a potential
“solution” (Baine 1998), a viable alternative use that will involve little extra expenditure over the
partial removal/toppling options, a situation more pronounced in the creation of an offshore reef.
Indeed, even if there were not a shift towards complete removal, the management of partially
removed/toppled structures such as artificial reefs may well provide away of aleviating the fears
of those against partial removal and toppling, particularly asabandonment isnow fixed in the public
eye. It is difficult to envision the situation where such a change in tactics by the operators and
government will be viewed as genuine, and not just as a cost efficient means of disposal under a
different guise. The ‘dumping in a different guise’ perception is an argument that will almost
certainly be used in the event of reef creation by its opponents. Thiswas highlighted at the Oslo and
Paris Commission/s 1996 Working Group on Sea-Based Activities (SEBA) meeting when
Greenpeace International informed SEBA of the possibility of artificial reefsbecoming a“tacticto
circumvent OSCOM Decision 95/1*” even though the OSPAR Convention 1992 clearly statesin
Article 1 (gii) that ‘dumping’ does not include: “placement of matter for a purpose other than the
mere disposal thereof, provided that, if the placement isfor a purpose other than that for which the
matter was originally designed or constructed, it isin accordance with therelevant provisions of the
Convention.” This perception isunfortunate, as the option of artificial reef creation isaviable one.
Kjeilen et al. (1995), for example, well in advance of the Brent Spar incident, studied the possible
deployment of the Odin platform, in the Norwegian sector of the North sea, as an artificial reef.

Inadebate heldin March 1997 hosted by the Institution of Civil Engineers (PressRelease, 13 March
1997) artificial reefs were on the agenda with the motion, “In the search for sustainability,
abandoned oil platforms are an enhancement to the sea bed,” being passed by delegates 27 to 23
with 4 abstentions. What was remarkabl e about this debate wasthat in responseto the argument that
asmall number of designated reef sites may help in offsetting the decline in North Sea fish stocks,
the Greenpeace representative stated that they werein favor of measuresto improve North Seafish

‘A precursor to OSPAR Decision 98/3
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stocks and they were not “averse to the utilization of cleaned structures in designated areas but
oppose toppling platformsin situ.”

This opposition clearly reiterates Greenpeace’ s argument that reef creation may well become an
excuse for toppling, which they would view merely as ‘dumping in adifferent guise.” However, it
does lend some weight to the argument of utilizing decommissioned structures or parts thereof as
nearshore artificial reefs or indeed in a specialy designated area of the North Sea, similar to the
designated reef zones in the Gulf of Mexico. Greenpeace International, in collaboration with
SustainAbility, also developed the “Beyond Sparring” project, a consultation exercise that aimed
to help in the process of formulating an Integrated Remova Strategy (IRS) for oil and gas
installations (SustainAbility 1997). The lack of participation from the oil and gas industry in this
consultation exercise is notable. Other primary stakeholders were identified as engineering
contractors, local authorities and environmental campaigners. In the consultation document the
authors note the growing perception that offshore sea disposal “whether involving in-site toppling
or by another name (e.g. rigs-to-reefs) — is politically and socially unacceptable.” This position is
very much in contrast to the comments highlighted above. The “Beyond Sparring” project did not
aim to debate the merits of onshore vs. offshore disposal but instead began from the standpoint of
developing onshore re-use and recycling options, bringing all stakeholders together to discuss the
development of a more environmentally, economically and socially sound approach to onshore
disposal. The lack of interest from the oil and gas industry, however, led to Greenpeace’ s handing
control of the project early in 1998 to what was perceived as a more neutral organization, the
European Commission.

The Oslo and Paris Commission’s meeting at Sintra, Portugal which discussed the disposal of
disused installations as one item of awide-ranging agenda, has been viewed as an historic meeting.
In general, al parties agreed to strive towards zero concentrations of man-made hazardous
substances and artificial radioactive substances in the marine environment. A cessation of
discharges, emissions and losses hasadelivery year of 2020. The agreement has been welcomed by
such “green” oriented countries as Denmark and Sweden, and Greenpeace has seen the agreement
asa'vindication of decades of campaigning’ (Anon 1998). Indeed, in a pressrelease dated 23 July
1998, Greenpeace stated that it was confident that the decision meansnoinstallation will be dumped
and no footings will remain. In the wake of Decision 98/3, Anon (1998) indicates that only 41
stumps of platformswill now even be considered to be covered by the derogation. The UK oil and
gas industry has expressed concern at the deal which it said “appeared to have been based on
political expediency.” Thus, whilethe OSPAR Decision’ sexclusion of legitimatere-usesof offshore
installations from the definition of a “disused offshore instalation” leads the way for the
consideration of artificial reef creation as a perfectly viable and legal proposition, the spirit of the
recent Sintrameeting suggests that implementing such are-use option would require an exceptional
degree of political maneuvering to win acceptance from the remaining members of the Commission
through the procedural and consultation process prescribed in Annexes 2 and 3 of OSPAR Decision
98/3.
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NEARSHORE AND OFFSHORE REEF CREATION FOR COMMERCIAL FISHERIES

The common issue of liability remains one of the largest stumbling blocks in the pathway towards
any rigs-to-reefsinitiative. Theissue of liability (and ownership) in the event of damage caused by
abandonment residues to other sea users, most notably fishermen is a contentious one. As noted in
the 1989 IMO Guidelines and Standards, legal titleto installations and structuresthat have not been
completely removed must be unambiguous, and responsibility for maintenance and liability for
future damages must be clearly established. More recently, OSPAR Decision 98/3 in its
preliminaries acknowledges that the national legal and administrative systems of the relevant
contracting parties need to make adequate provision for establishing and satisfying legal liabilities
in respect of disused offshore installations.

Asdiscussed by Side et al. (1993), UKOOA'’s position as highlighted in the Fourth Report of the
House of Commons Select Committee (Select Energy Committee 1991) is that the government
should assume liability. This position relates to the probable influencing of operator’s borrowing
power by such a continued liability, the practicality of such a long-term risk and the possible
sidelining of environmental factors when considering disposal options. The Select Committee
agreed, recommending that the offshoreindustry “ set up afund to indemnify the government against
civil clams and to cover legal and administrative costs’ (Side et al. 1993). The government,
however, was not prepared to act as“ defendant in perpetuity.” Liability is certain, therefore, to rest
with the operatorswith the establishment of an abandonment fund into which all UK OOA members
pay. Mr Eggar, however, addressing the House of Lords Sel ect Committee on the Decommissioning
of Oil and Gas Installations (Select Committee 1996), indicated that the government did not have
a“closed mind on this” but that “we have not seen any compelling reasons as to why they [offshore
operators] should not retain that responsibility.” The Select Committee (1996) initsconclusionsand
recommendations, acknowledging that installation remains may survive in the seafor hundreds of
years, noted that if an operator and partners were to disappear then no-one would be responsiblefor
liability. Also acknowledging the existence of problems associated with quantifying liability in
perpetuity for astructure, the Committee recommended further discussion between government and
the offshore industry on this matter. In Norway, the government will undertake ownership of an
abandoned installation with remuneration for such liability being supplied by the licensee
(Petroleum Committee 1993).

In the event of reef creation, a third possibility arises: the transfer of liability to the reef
beneficiaries. Thisis more likely to occur with respect to nearshore reef creation, or a designated
offshore site managed by a specific body, as reef beneficiaries or managers will need to be clearly
defined before such a placement occurs. In this instance, the user or manager could assume
ownership with the offshore operator providing some remuneration in lieu of any possible future
liability. This is unlikely to occur with offshore reef creation by toppling in situ (unless in a
designated reef areq) as there are no readily identifiable reef beneficiaries who would wish to
assume such liability. In the present climate it is extremely doubtful that commercia fishermen
would consider such amove.
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Nearshore Reef Creation

Steering away from scientific validation, the placement of any artificial reef for nearshore fisheries
management begs the question of its need, in line with existing and potential future management
options, restrictions and goals. The real benefits will accrue in a habitat-limited fishery where an
increase in biomass may result; through the combination of reef placement and a program of stock
enhancement whereby the reef provides suitable additional habitat to support the potential increase
in exploitable biomass; and where the reef helps as a central area to remove individuals from a
fishery, acting as areservoir or safe haven, helping to mitigate against over-pressurized fisheries.

In a nearshore UK context, the main fisheries of concern will be those for shellfish such as the
European |obster and edible crab, although one must not forget the recreational fin-fishing industry.
In many studies it has been shown that bottom reefs are the most appropriate for these shellfish
species (e.g. Jensen and Collins 1995) with the provision of adequate space for shelter. The use of
offshore platforms in this context is debatable, particularly with respect to lattice jackets, and one
would again acknowledge the merits of utilizing reefs consisting of e.g. concrete blocks which can
be designed and placed in an optimum way to meet the specific needs of the management situation.
One example of this use of artificial reefs is a proposal to deploy blocks of stabilized quarry
aggregate by-product (from Argyll, Scotland) with cement and fly ash in the creation of an artificial
reef for research and, amongst other possible options, the future management of the local lobster
fishery (Wilding and Sayer 1997).

A nearshore rigs-to-reefs initiative will require a beneficiary who is willing to assume ownership
and liability for the structure. Thisis amplified by its location, the costs of nearshore reef creation
needing to be at most equal to the cost of onshore disposal (otherwise donation of the structure to
a rigs-to-reefs scheme by an offshore operator has little benefit to operator in comparison with
onshore disposal). Therisk of interaction with other sea users al so increases in anearshore context.
Without abeneficiary, arigs-to-reefsproject will have no grounds on which to proceed. The demand
for a nearshore reef and a demonstration of potential environmental and socio-economic benefits
will aso be centra to:

» itsidentification as a BPEO (as required by UK law) for the abandonment of a particular
structure;

» the agreement of OSPAR Contracting Parties of its acceptability; and

» thecounteracting of any environmental campai gn opposed to the use of an offshore structure
asthe reef.

Nearshore reef creation does not produce as strong a response from environmental groups and
fisheries representatives as offshore reef creation does. Greenpeace has expressed its opposition to
nearshore reef creation. Although they do not condemn nearshore reef creation in general, they
condemn the use of high-grade steel in their construction, which they maintain would be more
appropriately brought onshore for reuse and recycling.
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Offshore Reef Creation

The only potential purpose of an offshore rigs-to-reefs program is in a fisheries management
context, be it to enable fish aggregation for a sustainable gear-specific fishery or as a conservation
area where fishing is prohibited. There are obvious cost saving incentives for offshore operators
through such an abandonment route, however, fishermen and environmental campaigners strongly
oppose to this option, and the prospects for formation of an offshore artificial reef beit toppled in
situ, moved to adesignated site or utilized in combination with a no fishing policy, are not good.

Interms of an individual offshorerigs-to-reefs scenario or small cluster of reefs, such a proposition
faces the following political hurdles, the first being most critical:

an offshorereef is seen asan impediment and danger to fishermen and their fishing methods,
not a benefit, and even if thereisamarginal fishery benefit, the risk posed to safety would
far outweigh these in the overall picture;

oppositionto the concept from fishermen which would almost certainly prevent the adoption
of the concept as the BPEO in a given situation(s) and which ultimately could be used by
other contracting parties to the OSPAR Convention 1992 as a significant reason for not
proceeding;

opposition to the concept from environmental organi zations, most notably Greenpeace, who
see artificia reefsasa“weak link” in abandonment legislation, which could set dangerous
precedents for industrial waste disposal. They also see the rigs-to-reefs option as a panacea
for the offshore industry’ s abandonment problems, undermining its responsibility to clean
up its own waste;

opposition to the concept from contracting partiesto the OSPAR Convention who will view
this plan as being in conflict with the spirit of the Sintra agreement; and

lack of abeneficiary (both thefishing and environmental sectorsare opposed to offshorereef
creation) and therefore potentia transfer of liability.

A no-fishing area (sanctuary) to help conserve stocks in combination with arigs-to-reefs program
is also faced by the following hurdles:

opposition from fishermen centering on:

(1) opposition to the mere presence of a no-fishing zone, never mind the combined
instance;

(i)  theimplications for the North Sea fishing industry as it is an area that supports a
mixed fishery; and

(iii)  the general imposition of another damaging set of regulations and level of
bureaucracy;
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opposition from Greenpeace and OSPAR Contracting Parties (many of which are members
of the EU) to the rigs-to-reefs aspects of the scheme;

the impracticalities that will exist as aresult of the maze of international, EU and national
legislative and administrative procedures that will be required, including the integration of
such a concept within the Common Fisheries Policy;

lack of sufficient scientific datato justify the use of reefs when aclosed zoneto fishing may
be enough;

lack of abeneficiary and therefore transfer of liability;

difficulty of enforcement; and

problems with the decommissioning of such a scheme if ineffective or unworkable; or
indeed, if successful, thereisthe question of access provision and whether the reefs should

be removed or left in place.

STAKEHOLDER DIALOGUE

Thelnternational Association of Oil and Gas Producers (OGP), formerly the E & P Forum, initiated
stakeholder dialogue in 1997 to take into account broader interests when shaping future research
initiatives. A workshop heldin Brusselsin 1997 saw the participation of European fisheriesindustry
representatives, non-governmental research institutes, offshore industry, environmental interest
groups, EU administration, governmental research bodies and departments, al working together to
identify key issues and questions that need to be addressed in determining the potentia for rigs-to-
reefs in the North Sea (Environment Council 1997). Prioritized questions under the heading of
“socia and political aspects’ were:

What are the criteriafor [determining] success of artificia reefs?

How can the objectivity and independence of the research be assured?

How can we measure direct and indirect benefits compared with other options?
How could we have rigs-to-reefs without setting a precedent for general dumping?

How can we ensure that the dialogue continues with all parties and active participation in
existing regulatory processes and management issues?

Who would own artificial reefs and who would be responsible or liable in perpetuity?

The second point above is of particular note. There has been mistrust over some of the scientific
research as aresult of the relationship between main academic rigs-to-reefs proponents and the oil
industry. As aresult of the workshop, an independent rigs-to-reefs “ steering group” was formed,
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whose main task is to assess the potential for rigs-to-reefs in the North Sea and to guide ongoing
independent research into need and suitability. The steering group is composed of members from
the fishing industry, academia, research institutions, environmental groups and the European
Commission, who report back to those workshop attendees who expressed awish to remain in the
dialogue process.

The steering group designed the study process to examine the rigs-to-reefs concept and choose the
most appropriate organization to undertake the research. The OGP sonly input is through funding.
The study process is composed of three stages. Stage one setstwo parallel questions. What are the
management, environmental and economic needs of the United Kingdom’s eastern and Norway’ s
eastern seaboards (including nearshore and offshore waters)? What functions might artificial reefs
be able to perform in the North Sea context? This research has been completed (Baine and Kerr
2000), and the Steering Group is reviewing the results to determine to what extent the deliverables
identified in the answer to the second question meet the needs identified in the answersto thefirst,
compared to the other management options available (stage two). If the steering group finds
sufficient evidenceto justify further investigation, two more parallel questionswill be investigated
(stage three). Firstly, can redundant offshore installations be reused as artificial reefs and if so, at
what cost, and how could the attendant legal, political and environmental issues be resolved?
Secondly, how else might the benefitsof artificial reefsbeachieved, usingwhat materials, involving
what issues and at what cost?

At present, therefore, there is a way forward in the rigs-to-reefs debate, one that involves all
stakeholders, athough Greenpeace has distanced itself from the steering group. Greenpeace has
declined to join on the basis that the outcome appears, in their eyes, to have been predetermined,
with little quality discussion on whether or not the concept should have been considered any further
before defining research strategies. Their stand embraces the precautionary principle; however,
giventhat UK watersalready feature artificial reefs constructed from waste material, combined with
the informed assumption that any North Sea rigs-to-reefs program will never approach the levels
witnessed in the Gulf of Mexico and the fact that stringent legislative control would be imposed,
there must be scope for Greenpeace to enter the dialogue.

CONCLUSION

The implications of the Brent Spar incident are still being resolved with the emergence of a
landmark OSPAR Decision on abandonment. Although more focused, the future of North Sea
abandonment is still not entirely clear, with the possibility of derogation, the uncertainty over the
disposal of concreteinstallations, and the momentum that has gathered concerning the rigs-to-reefs
debate. Therigs-to-reefsconcept isby no meansatrivia oneand requiresfurther closeexamination,
but this can only be achieved through discussion, negotiation and proactive participation from all
the stakeholders involved. Firstly this discussion will enable an integration of scientific and socia
thinking, admittedly on a controversial subject, but nonetheless a valid one. An opportunity exists
to comprehensively to examinethe deployment of steel lattice jackets (waste material) asafisheries
management tool in the North Sea. The success of such ventures in the Gulf of Mexico does not
ensure a similar outcome in the North Sea, but it does provide food for thought. Secondly, the
discussionwill help usavoid recurrence of the Brent Spar incident. Therel ationship between science
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and political motivationiscentral to therigs-to-reefsdebate; atrusted independent and authoritative
evaluation has to be the 