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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
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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



17

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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Figure 2.2. Conceptual model and carbon budget of the benthic food web on the western Sigsbee
Deep abyssal plain, at adepth of 3.65 km. Valuesin parentheses are the biomass of each
variablein (mg C m?) integrated over a sediment depth of 20 cm. No values are given
for the fish because no data are avail able. Fluxes between boxes are flows of carbon in

units of mg C m*d™.




34

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 = [ Sedi