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SUMMARY

The 1994 Information Transfer Meeting (ITM) was held by the Gulf of Mexico OCS Region of the Minerals
Management Service (MMS) at the Clarion Hotel in New Orleans. The purpose of the ITM is to foster sharing
of information among participants about current research, accomplishments, or issues of concern to the MMS.
Presentations at the ITM pertained to the MMS Gulf of Mexico Outer Continental Shelf (OCS) oil and gas
program, as well as regional environmental, social, or economic concerns, or current OCS industry activities or
technologies. Once again, the ITM also served as an opportunity for the public to comment on the information
base available for future oil and gas lease sales, particularly those proposed in the Western and Central Gulf of
Mexico. The audience included scientists, managers, and laypersons from government, academia, industry,
environmental groups, and the general public.

Technical sessions this year included University Research Initiative studies, Conservation and Environmental
Awareness, Chemosynthetic Communities, Oil Spill Contingency Planning, GOOMEX studies, Marine and Energy
Education, Coastal Marine Institute reports, Air Quality Issues, Aging Infrastructure, the LATEX-Seasonde
Cooperative Experiment, Mariculture Associated with Oil and Gas Structures, MMS Environmental Studies
reports, Distribution and Abundance of Cetaceans, and Subsalt Efforts on the Outer Continental Shelf.
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INTRODUCTION

Mr. Gary D. Goeke
Environmental Studies Section
U.S. Minerals Management Service
Gulf of Mexico OCS Region

The Opening Plenary Session welcomes attendees to
the Information Transfer Meeting (1TM) and initiates
the meeting with one or two major presentations of
interest to a broad cross-section of meeting attendees
as well as pertinent to the interests of the Minerals
Management Service’s (MMS) Gulf of Mexico Outer
Continental Shelf (OCS) Regional Office.

ITM INTRODUCTION

The primary purposes of the ITM are (1) to provide
a forum for interchange on topics of current interest
relative to environmental assessments in support of
offshore oil and gas activities in the Gulf of Mexico
OCS Region; (2) to present the accomplishments of
the MMS Environmental Studies Program for the
Gulf of Mexico, and of other MMS research
programs or study projects; and (3) to foster an
exchange of information of regional interest among
scientists, staff members, and decision makers from
MMS, other federal or state governmental agencies,
regionally important industries, and academia and to
encourage opportunities for these attendees to meet
and nurture professional acquaintances and peer
contacts.

The ITM agenda is planned and coordinated each
year by the MMS Gulf of Mexico OCS Regional
Office staff around the three themes mentioned
above— issues of current interest to the Region or
the MMS oil and gas program; accomplishments of
the agency, and regional information exchange.
Presentations are by invitation through personal
contacts between session chairpersons and speakers
who have demonstrated knowledge or expertise on
the subject. A few presentations are accepted in
response to our calls for contributed papers.

Meeting support funding is provided through the
MMS Environmental Studies Program. All meeting
logistical support is provided by a contractor (Office
of Conference Services, University of New Orleans)
and subcontractors selected through the usual federal
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procurement process. A proceedings volume is
prepared for each ITM based on presentation
summaries submitted by each speaker and on session
introductions prepared by session chairpersons.

OPENING PLENARY SESSION
INTRODUCTION

The Opening Plenary Session is planned each year to
address changing themes, which have included
environmental topics, industry technology, offshore
resources, marine research, and OCS program issues.
This year’s Opening Plenary Session was planned to
revisit some of the basic considerations in OCS
operations.

AGENCY WELCOME

Mr. Chris Oynes
Acting Regional Director
U.S. Minerals Management Service
Gulf of Mexico OCS Region

Welcome to our Information Transfer Meeting. This
is a very important meeting for MMS in the Gulf of
Mexico Region, one that focuses on significant
developments in the oil and gas industry. We’re glad
to have you here, and we hope that you have a good
time over the next couple of days.

A tremendous number of environmental studies have
been brought to bear on the OCS-related issues in the
Gulf of Mexico. Some of the efforts we would like to
highlight are that MMS is just completing a five-
year, $16 million study to examine the physical
oceanography of the Gulf of Mexico, as well as a
four-year, $5.7 million study on air quality, and a
number of other broad-brush efforts to further our
understanding of the environmental nature of the
Gulf of Mexico. There are also a number of new
trends affecting the oil and gas industry in the gulf.
The industry is increasingly moving towards deep
waters with the development of new technology.



LOCAL PERSPECTIVES

Dr. Don Davis, Administrator
Louisiana Applied Oil Spill Research and
Development Program

In 1947 Kerr-McGee and the Scanlon Oil Company,
now known as Amoco, put the first well out of sight of
land off the Louisiana coast. Today the offshore
industry has grown to include deepwater projects such
as Auger, Neptune, and Cervesa. Although the
industry’s impact on the people of Louisiana has been
enormous, this impact has at times been both promoted
and ignored.

The largest non-tax source of income to the U.S.
Treasury is off Louisiana’s coast, and it is worth from
$3.4 to more than $10 billion annually. MMS%
directive is to meet the nation’s present and future
energy needs, to reduce our dependency on foreign
energy sources, and to protect the environment, the
people, in addition to the animals that inhabit our coasts
and oceans.

Therefore, when we look at oil and gas exploration, we
should recognize that in Louisiana its a two-fold
development. First of all, when we consider onshore,
beginning in 1906, moving into Catto Lake, which is
the first over-water exploration in the world, we find
dramatic input, not only in oil in Southeastern
Louisiana but also in natural gas in Southwestern
Louisiana. As a result, we recognize prior to spacing
laws, throughout coastal Louisiana there was enormous
oil production so successful that one out of three wells
was productive.

But there is also the forgotten coastal resource: sulphur.
The city of Sulphur was developed as a result of the
Frasch sulphur process, so much so that now we turn
to Main Pass Block 299, a $30 billion production. It
overshadows other South Louisiana producing areas
such as Garden Island Bay, Grand Isle, and Caminada.
Therefore, when we look at Louisiana’s perspective, we
are tied directly to the petroleum industry. The Texas
company now known as Texaco developed the first
mobile drilling barge. We had to gain access. To do
that we built an extensive network of oil and gas
canals. Then the offshore industry simply transported
this kind of technology to move product ashore.

Thus, Louisiana has been involved in the offshore oil
and gas industry for almost 100 years. It is an
enormous industry, one that moves by boat or
helicopter. The largest privately-owned helicopter fleet
in the world is based in Louisiana. And of course, there
are also all the other logistics. The technology for the
construction of offshore facilities was developed in
coastal Louisiana. The development of onshore support
bases at places like Intercoastal City, Empire, Morgan
City, and Grand Isle has been significant as well. Do
you realize that one large oil company annually buys
$500 thousand worth of soft drinks and has over 55 18-
wheelers parked at their facilities?

And yet, this is a conference that is going to look at the
Caribbean initiative. One MMS employee in the
audience that has spent almost a lifetime looking at
recreation. Has anybody thought for a moment that
with the development of oil in Trinidad/Tobago, we’re
also going to see a spinoff industry? We should be
looking at that.

The Caribbean initiative is only one. You’re going to
hear about the North America Free Trade Agreement.
If you develop offshore wells in the Gulf of Campeche
and off of Yucatan, recognizing that the Mexican
government controls the industry in Mexico, has it
occurred to you that the logistic support may in fact
come from Louisiana? It’s been done before. A well off
Yucatan was once supported out of Venice.

So the oil and gas industry is a non-renewable resource
that indeed has enormous impact. Note for a moment,
there are 30,900 plus oil and gas wells drilled in federal
offshore waters; 7,900 producing wells; 3,700 oil and
gas producing platforms; 21,000 miles of pipeline.
Question: Do we know where they are? And are we
ready for the oil spill if we don’t?

If you get an oil spill out of a pipeline in San Jacinto
and future prices increase, what happens when you
have a pipeline that carries two billion cubic feet of
natural gas that’s also disrupted?

Let us keep in mind these human impacts from a
Louisiana perspective. In 1992, there were 13,000
producing company jobs, and of those 10,000 were in
Louisiana. The payroll resulted in an average income
of $52,580 per employee. More than $4.1 billion was
paid by producing companies to vendors annually. I
suspect most people are unaware of that. And I remind
you that there are 6,000 vendors, but if you’ll note,



3,800 of them are in Louisiana. And those people get
an annual income of $2.4 billion.

When you begin to look then at a Louisiana
perspective, the numbers explain it clearly. There are
167 different communities in 47 parishes influenced by
the oil industry. And numbers directly from the oil
industry suggest there are 55,000 vendors. Forty-five
percent derive most of their income from the OCS. So
is OCS important to Louisiana? Unquestionably, the
answer is yes. The impact of this oil and gas activity on
the human, marine and coastal environments are
significant. It is the reason for this plenary session.

We need to look at some of the social as well as the
economic impacts. Currently (December 1994)there are
198 platforms or operations drilling in the Guif of
Mexico, higher than in 1990. The industry has been
rediscovered. And quickly we see that the wells drilled
and the percentage off coastal Louisiana is represented
in the 90th percentile. But to move this product ashore
we have to get it there by affecting our wetlands.
Pipelines are critical.

[ was involved in a study not too long ago in which we
changed MMS numbers because MMS felt that there
were 100 pipelines making landfall in coastal Louisiana
when in point of fact, there were close to 200.
Recognizing that that’s nobody’s fault, we are going to
have to look carefully at this aging infrastructure
because there’s no doubt we’re going to go into deeper
water and there’s no doubt that through the Oil
Pollution Act of 1990 we’re going to have to take
critical steps in looking at the pollution problems. But
in reality, the pollution from offshore is minimal. A
number of studies suggest it is less than one percent of
all oil found in the world’s seas. With that in mind,
Louisiana’s production is somewhat staggering. It is
hard to visualize a trillion cubic feet of natural gas. And
it is hard to visualize that most of Illinois, Wisconsin,
Michigan, Minnesota get their natural gas from one
pipeline off Louisiana’s coast.

[ am involved in an oil spill research and development
program. In terms of a partnership, 1 suggest to MMS
that we need to move ahead with an MOU. And
through your coastal studies program I suggest that we
should not take five years to initiate studies. We should
fast-track them. The environment simply cannot wait.

MMS scientists and engineers work to determine ways
to protect our environment. We're in the business of
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meeting U.S. energy needs and co-funding is a reality.
Co-funding needs to be looked at very carefully at the
highest level.

And if we talk about new partnerships, what is
Louisiana’s position? I have talked to the new secretary
of the Department of Natural Resources, from the
Govemor’s office. Dr. Len Bahr is in the audience who
represents coastal activities, Mr. Roland Guidry, who is
the director of Louisiana’s oil spill program, all agree
it is time to move forward, it’s time we speak with a
common voice. And with that we feel barrier islands
are absolutely critical. Remember for a moment, those
barrier islands are your anchor points for pipelines.
They protect the bay’s infrastructure. The pipelines are
aging. The pipelines’ locations are not fully understood.
And it is a difficult, multi-million dollar job.

Unitization needs to be looked at carefully by MMS
and the state of Louisiana. I realize there are some legal
questions, but there have been other legal issues we
have overcome. The aging infrastructure, orphan wells,
plug-and-abandon issues need to be clearly looked at.
Logistic support will be the driving mechanism as we
continue to go into deeper water.

Do you realize there are 500 operators in the Gulf of
Mexico? Do you realize that 70% of U.S. production
comes from independents, not the majors. Therefore,
we have some important liability issues that also need
to be addressed. Planning and cooperation are critical.

Let’s take a look at the barrier islands for a moment. |
can tell you that the Department of Natural Resources,
the Office of the Governor wants this looked at very
carefully. And we feel we can enter into a partnership.
You already know that recent legislation allows you to
go into ship shoal and mine the sand. You also realize
that the Jones Act prohibits us from importing the
dredge technology.

Pipelines represent a potential for ecodisaster, not a
good word. But think of it for a moment. I can show
you a pipeline incident in which it took ten hours to
find the company to turn off the oil. Not their fault;
they bought the pipeline from Company A that sold it
to B. It was absorbed by D that was broken up into E,
F, and G, and you see what happens. Pipelines are an
issue we’re going to have to look at very carefully. And
that is an area of partnership.
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So the bottom line is simply cooperation,
communication, coordinated policy. These should be
complementary. And we must look for decisive
solutions. But let us not take forever. Let us move fast-
track. Because if we are indeed talking here of
parmerships and a new beginning, from Louisiana’s
point of view, I can tell you unequivocally that we are
now speaking with a common voice.

FEDERAL/STATE PARTNERSHIPS

Dr. Robert S. Camey, Executive Director
Coastal Marine Institute
Louisiana State University

As a graduate student at Texas A&M twenty-five years
ago, my first job was to sort marine animals. Since I
had never seen most of the creatures before, I learned
a great deal about the animal kingdom. At the same
time I also began also began to formulate questions that
eventually became part of my research in the gulf.

Returning to Texas A&M after military service, I found
most of the people I had known had moved on to jobs
with the Bureau of Land Management. These youthful
new administrators were posing questions about
pollution and then funding research at Texas A&M, the
laboratories where they had been educated, to find
answers the questions.

In contrast to the relationship between the Bureau of
Land Management and Texas A&M, some years ago
NOAA chose to not to contract with the University of
Hawaii when it needed to have fifty box cores from
4,000 meters below the ocean sorted. Instead, the
agency chose a more cost-effective independent firm in
New Jersey for the job. So, university students were
denied opportunities to study the diversity of life in the
Pacific Ocean and to formulate ideas that would carry
forth into their professional lives.

The current relationship between MMS and academia
is the result of hard work by Scott Sewell. A Bush
administration appointee and an LSU alum, he
proposed an arrangement between MMS and
universities that works somewhat differently from
traditional situations. For example, according to
guidelines of the 1993 agreement MMS and LSU, both
groups first sit down and identify topic areas after

which a solicitation is issued to LSU researchers.
However, rather than maintain its normal hands-off
treatment of solicited proposals, MMS can negotiate
with the individual principal investigators whenever
necessary. This prevents the academics from going off
on tangents and producing results that are academically
interesting but of questionable use to MMS.

As an example of the breadth of the agreement, as of
November 1994 nearly twenty projects had been
reviewed and had undergone negotiation with a
commitment of over $4.2 million in federal funds to
economics, physical oceanography, platform ecology,
deepwater  policy issues, geohazards, spills,
bioremediation, and laboratory studies of toxicity.

The system is not perfect. There are some difficulties
because it is a partnership with the provision that the
state of Louisiana will provide a dollar-for-dollar match
to the federal money coming in. Up to now matching
funds have come from existing university resources, but
with many departments competing for a limited
amount, there is always the possibility that matching
money may not be awarded.

Another complication of the partnership is that the
program has to remain fairly restricted. Since LSU is
not in a position to fund research done by other
universities, only schools that can commit to the fifty-
fifty match can be asked to participate in the research.

As part of the partnership, the Coastal Marine Institute
at LSU and those being set up at the University of
Alaska and the University of California at Santa
Barbara have been encouraged by MMS to include
students in research projects. MMS must continue to
encourage student involvement since such training is
vital to the generation of ideas in the field.

With MMS obligated to foster educational research,
academia must meet its obligation to provide matching
money. Additionally, educators must commit to treat
the partnership projects not simply as adjunct
undertakings but as central issues of genuine research
that should be put into the arena of scientific debate.

Dr. Robert Carney, an associate professor in LSU’s
Department of Oceanography and Coastal Studies, has
served as director of LSU’s Coastal Ecology Institute
since 1986 and has been director of the LSU-MMS



CMI program since its inception. He received his M.S.
from Texas A&M University and his Ph.D. from
Oregon State University. Prior to LSU, Dr. Camney was
employed at Moss Landing Marine Labs, the National
Science Foundation, and the Smithsonian Institution.

NAFTA: NEW DIRECTIONS

Mr. Howard O. Ness
Director, Mexico Affairs Office
National Park Service

Before we can understand where we are today with
NAFTA, the North American Free Trade Agreement,
we need briefly to review recent Mexican history.

The United States’ relationship with the Republic of
Mexico has not been entirely smooth. Established after
the Mexican Revolution (1936-1938), the new republic
was led by a strong president, Lazaro Cardenas, who
nationalized the oil and gas industry as well as other
natural resources, including fisheries, agriculture, and
hard minerals. He also forced the foreigners, the British
and the Americans, out of Mexico. Cardenas did this
for political reasons, primarily to help Mexico recover
from a revolution that killed over four million people,
about 20% of the population. This allowed them to take
control of their destiny. He unified Mexico and proved
to be one of the greatest presidents that Mexico
has ever had until the most recent president, Carlos
Salinas.

Carlos Salinas completely changed the policies that
Cardenas had initiated. Salinas, a Harvard graduate in
economics, understood that to correct Mexico’s
economic difficulties he had to open Mexico to trade.
An important step in this process was opening trade
with the United States. Mexico decided to lower tariff
areas and get rid of restrictive trade policies for the
United States before they ever negotiated with NAFTA.
Thus, even if we had not passed an agreement in
Congress, Mexico would still have opened its doors to
the world. NAFTA is as much a Mexican initiative as
a U.S. initiative.

Mexico pushed NAFTA so hard because in the GATT,
General Agreement of Tariff and Trade, environmental
issues were obstructing negotiations between the United
States, Mexico, and other countries in the hemisphere.
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Disputes such as the tuna-dolphin matter and the
subsequent embargo by the United States government
stopped very important, very high dollar, trade
negotiations. With NAFTA, Mexico decided a front-
door solution would best promote direct negotiations
with the United States.

Ethical questions regarding environmental protection
arose in Mexico in the early 1980s irrespective of
NAFTA. At that time Mexico initiated important
environmental regulations, some of which were
modeled after the United States’ EPA protection laws
and the Department of the Interior’s land management
policies. Although some of them have proven
unenforceable, they are nevertheless excellent laws and
policies.

NAFTA is a very high forum partnership among three
nations, the United States, Mexico and Canada. It
commits the three countries to "sustainable develop-
ment consistent with environmental protection and
conservation." Along with NAFTA there are numerous
and complicated site agreements. Many are still
forming and are still somewhat competitive with each
other. One of them is the North America Development
(NAD) Bank that was founded to finance
environmental protection research, particularly that
concerned with hazardous waste and water quality.

The Border Environmental Cooperation Commission is
an advisory board to the NAD Bank. Their charge is
environmental protection focused on the water. It is a
bi-national commission between Mexico and the U.S.
headquartered in Juirez, Mexico. Its job will be to
certify the NAD Bank projects.

The EPA has already opened two more offices, one in
El Paso and one in San Diego. Again, this is part of the
environmental protection and conservation concerns,
particularly on the U.S. side, that were required by
Congress before NAFTA was approved.

Another site agreement is the Environmental
Cooperation Committee. It is a committee of U.S.
members only living on the Canadian and Mexican
borders. The group is funded with several million
dollars. The Good Neighbors Commission is a
presidential commission created to enhance a good
neighbor policy with Mexico. These commissions and
committees are all offshoots of NAFTA.
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Finally we come to the U.S. Department of the
Interior. In the prior administration, EPA administrator
Bill O’Rielly ran the negotiations on environmental
policy for the U.S. side, and Interior was not well
represented. This is incredible when you consider that
Interior manages 30.7% of the U.S./Mexico border.
The border is 2,000 miles long, and over 700 miles is
under the auspices of the U.S. Department of the
Interior with nine bureaus involved.

In this administration, Interior Secretary Bruce Babbitt
was involved early in negotiations with Mexico.
Secretary Babbitt’s close relationship with Mexico’s
former Environmental Protection Social Development
administrator  greatly assisted us. Sadly, the
administrator was assassinated. However, we are
optimistic that the new Mexican administrator will
continue environmental quality policies with the United
States.

Our current administration has aggressively tried to
patch the rift between Interior and the EPA. Interior
has said, "We are the resource managers. We need to
be involved in the NAFTA process." So Secretary
Babbitt got involved in the Bi-National Commission,
a high-level commission between the U.S. Secretary of
State and Mexico’s Secretary of Foreign Relations.
Together, they got the dialog going between the two
countries on land policies.

We have recently formed a partnership that many of us
are very proud of, a field coordinating committee with
nine members. One member is the Bureau of Indian
Affairs. With 75 miles of land adjacent to Mexico, the
Indian tribes insist that they are a part of NAFTA. The
Bureau of Reclamation, the old dam builders, is
another member. They are viewed not in their old role,
but as an agency that is changing direction and one
involved with the water issues on the border. The Rio
Grande, a highly used and highly polluted river, takes
up over half the U.S./Mexico border.

In our next fiscal year this new partnership has a three
million dollar budget. The nine bureaus are going to
concentrate on environmental education and the socio-
economic issues of the lower Rio Grande as a region
and as a natural contributor to the Gulf of Mexico. We
will look at Padre Island as part of the ecosystem in
the Gulf of Mexico. Water quality takes on a very high
priority with the committee. This is a new, more
efficient way of doing business with this administration
in that we are pooling our expertise on resources.

Realistically, Mexico’s next administration will
probably de-emphasize environmental protection issues.
Mexico has a rural countryside to feed that will likely
take precedence over other concerns. However, we
have no doubt that the partnerships with Mexico will
continue.

The number one state-owned industry of the
government of Mexico is oil and gas. The fact that it
was not de-centralized demonstrates that the
government has no intention of letting go of its most
important source of revenue. But we have made some
real progress between our two nations with their two
languages and two distinct cultures. In fact,
environmental issues in some ways have brought us
closer together.

Mr. Howard O. Ness is the Head of the Mexican
Affairs Office for the National Park Service, a
cooperative program with Mexico in natural resource
management and cultural affairs. He has over 20 years’
experience in conservation and resource management
working for various federal and state agencies. Prior to
his current position, he worked in Mexico City for the
U.S. State Department as Attache for Fisheries,
Wildlife and Natural Resources for Mexico and Latin
America. Mr. Ness received a B.A. in biology and a
master’s degree from New Mexico State University.
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THE UNIVERSITY RESEARCH
INITIATIVE:
OVERVIEW AND CURRENT STATUS

Mr. Marion T. Fannaly
Director of Special Programs
Louisiana Universities Marine Consortium

BACKGROUND

In 1989, the Minerals Management Service (MMS)
began two university-based research programs on the
long-term environmental and socioeconomic effects
of offshore oil and gas development, one based in the
Gulf of Mexico region and the other in California.
The purposes of these programs were to

* increase strategically the emphasis on long-
term effects within the MMS Environmental
Studies Program (ESP), and

s expand the involvement of universities in
the ESP, stimulating innovative research and
training students in relevant areas.

The Louisiana Universities Marine Consortium
(LUMCON), acting on behalf of Louisiana’s state
universities, was competitively awarded a five-year
cooperative agreement to conduct the Gulf of Mexico
university-based research program. This report
provides an overview of the objectives and
organization of the MMS/LUMCON University
Research Initiative (URI) in the Gulf of Mexico,
reviews overall accomplishments, and presents a
status report for the fifth and final year of the
program.

Since the 1940s, the Gulf of Mexico region, and
Louisiana in particular, has dominated offshore oil
and gas production. From 1941 to 1991, Louisiana
produced 84.5% of all the oil derived from U.S.
federal offshore waters and 87.9% of the natural gas
(Francois and Barbagallo 1992). These figures have
not changed greatly. In 1991, Louisiana accounted
for 83% of all the oil and condensate produced from
the OCS and 75% of all natural gas production.

Clearly, the central Gulf of Mexico region is where
most of the OCS oil and gas production lies within
the United States. Because of the historical and future
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focus of offshore oil and gas development off
Louisiana and Texas, the region serves as a living
laboratory. The experience of over forty years
intensive development can be used to guide prudent
development elsewhere and minimize undesirable
environmental and social impacts.

GOALS

The LUMCON-MMS University Research Initiative
in the Gulf of Mexico has three long-term goals:

1. To identify and implement innovative ideas
for studies of relevant environmental and
socioeconomic effects, to foster
interdisciplinary investigations of these
issues in a peer-review environment, and to
encourage and train students in research
applicable to decision making,

2. To allow MMS to meet its established
information needs by fostering multiple,
interdisciplinary investigations as opposed
to one or a few large efforts, and

3. To build intellectual and technical capacity
within Louisiana’s universities for research
and problem-solving concerning offshore
and coastal petroleum development.

This cooperative program seeks to approach these
goals by supporting investigator-initiated research
germane to one or more key framework issues. The
university scientists are encouraged to propose novel
approaches to their investigation. Proposals are
subjected to internal and external review both in
terms of scientific rigor and innovation and relevance
to the identified issues. Research projects are
supported at modest levels in comparison to typical
MMS studies, but support may be provided over
several years. Research projects under this program
complement MMS’ larger, multi-investigator studies
by filling gaps in understanding, providing
technological innovation, and testing concepts that
may be addressed ultimately by larger MMS
programs.

PARTICIPATING INSTITUTIONS
The Louisiana Universities Marine Consortium

(LUMCON) is an organization of Louisiana’s public
universities, established by statute in 1979 to
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"conduct research and promote education in the
marine sciences and marine technology, particularly
where related to coastal resources and the impact of
energy-related industries upon these resources."
Thirteen public universities in the state are members
of the Consortium. Affiliate members include five
private institutions, one non-degree granting public
institution, the Louisiana Association of Independent
Colleges and Universities, and three state
departments responsible for environmental and
resource management.

CURRENT STATUS

The URI is currently in its final year and is operating
under a no-cost extension to the contract that will
expire 31 January 1995. The major tasks remaining
are completion and publication of final project
reports and publication of a compilation of the
quarterly issues of the bibliography.

Fifteen of the final study reports have been
published. The remaining seven are in draft form and
at various stages of the editing process leading to
publication. All are on schedule for publication
before 31 January 1995.

SCIENTIFIC ACCOMPLISHMENTS

The University Research Initiative has produced
valuable results for MMS, resulting in

e 22 research projects, providing significant
new insights into the environmental and
socioeconomic impacts of oil and gas
development,

e 92 conference presentations,
* 68 journal articles,

e a new social sciences research agenda for
MMS via a socioeconomic workshop,

e 58 new research proposals related to this
program, with 35 funded to date,

e $11,970,000 in additional funding derived
from related federal grants and private
sources, and

e the involvement of 191 university students
and junior researchers (60 graduate and 54

undergraduate students, 76 post-doctoral
fellows and research assistants, and one
award-winning minority high-school
student).

CONCLUSIONS

The program has been successful in achieving the
original goals set for it by MMS in 1988. The URI
allowed researchers to address a variety of questions
related to long-term, low-level impacts of oil and gas
development and production on the OCS. It provided
general conceptual guidance on subject areas of
interest and then permitted considerable latitude in
the formulation of proposals for specific studies to
address the pre-defined framework issues. This
approach stimulated and broadened the participation
of the academic community, developed new concepts
and directions within the MMS relating to the long-
term impacts of oil and gas operations to be
addressed.

Although much valuable research was conducted
under the URI, much still remains to be learned about
the long-term effects of oil and gas development on
Louisiana’s environmental and socioeconomic
resources. Research in the living laboratory provided
by over 40 years of offshore development in
Louisiana is needed and should continue in order that
we may fully understand its impacts and intelligently
guide development in areas of future oil and gas
exploration and production.

Mr. Marion T. Fannaly is the Director of the
LUMCON Office of Special Programs where his
responsibilities  include management of the
University Research Initiative. He has over 20 years’
experience in environmental and natural resource
research and management. Previous positions include
Environmental Coordinator for the Oklahoma Air
National Guard and Administrator of the Water
Pollution Control Division of the Louisiana
Department of Environmental Quality. Mr. Fannaly
supervised the water enforcement and permit
programs of DEQ prior to his appointment as
Administrator. He received a B.S. in zoology from
Southeastern Louisiana University (1972) and a M.S.
in biology from the University of Mississippi (1973).
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BARRIER ISLAND TO HURRICANE
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Ms. Karolien Debusschere
Coastal Environments, Inc.
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ABSTRACT

The effects of two disturbances in the fall of 1992,
Hurricane Andrew and the Greenhill Petroleum
Corporation oil spill, on salt marsh recovery on East
Timbalier Island were evaluated through a
combination of landscape and community scale
analyses. Landscape scale analysis indicated that the
hurricane had a profound effect on the island’s land
cover and morphology. The analysis indicated that
the oil spill had minimal effect on island vegetation.
The landscape scale analysis detected changes in
vegetative cover in areas where oiling occurred in
1992. The community-scale analysis detected fine-
scale vegetative responses to the spill.

INTRODUCTION

Coastal Louisiana is a region of intense oil-and gas-
related activities and is potentially subject to frequent
oil spills that affect coastal marshes. Although many
studies have focused on the immediate impact of oil
spills on coastal marshes (Mendelssohn ez al. 1990),
longer-term impacts and the eventual recovery of
these marshes from oil spills are not well
documented. In addition, the confounding effects of
natural disturbances on the recovery of coastal salt
marshes from oil spills in unknown.
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In 1992, Hurricane Andrew and the Greenhill
Petroleum Corporation (GPC) oil spill impacted East
Timbalier Island, Louisiana within one month of each
other. East Timbalier Island, a deltaic barrier island
in Southeast Louisiana is located in an area
characterized by high rates of land loss and shoreline
erosion. Initial reports indicated that both
disturbances had negatively affected the salt marshes
on the island. The impact of the natural and human-
induced disturbance within such a short time period
was evaluated regarding their potential impact on the
island’s vegetation and recovery from those impacts.

The overall goal of this study was to evaluate the
effects of the GPC oil spill on East Timbalier Island
with regard to salt marsh recovery and the extent to
which this recovery was influenced by hurricane
disturbance. Specific objectives were to (1) determine
the impact and recovery of salt marshes on East
Timbalier Island to the oil spill as a function of
degree of initial oiling and residual surface and
penetrated oil, and (2) document the impact of
Hurricane Andrew on East Timbalier Island and its
effect on salt marsh recovery to the oil spill. This
paper is a summary of the research discussed in
Debusschere et al. 1994.

METHODS

A combination of remote sensing/image analysis
procedures, replicated field surveys, and quantitative
field sampling was employed to assess the potential
impact and subsequent recovery of East Timbalier
Island to both disturbances. Large-scale changes in
island geomorphology, marsh habitat, and oiling
were documented with pre- and post-disturbance
aerial imagery (1990, 1992, and 1993) in conjunction
with field surveys (1992 and 1993). The data were
mapped, analyzed, and processed for spatial and
temporal variations in oiling and hurricane impacts.

The community scale assessment of recovery was
based on a statistical evaluation of the degree to
which the oil-affected areas had recovered (in terms
of plant species composition, biomass, and percent
cover), compared to adjacent reference marshes
(hereafter referred to as unoiled marshes). This
technique provided a quantitative and statistical
assessment of residual oil effects on the vegetation
and a measure of residual oil in the soil.
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Table 1A.1. Summary of land cover area in square meters by land cover type for the study period.

Land Cover 1990 1992 1993

Vegetated Marsh 1,284,815 932,474 896,012
Vegetated Shrubs 121,007 96,946 101,159
No Vegetation 713,202 569,289 486,150
Submerged Washover 0 748,085 462,035
Water 334,018 61,217 54,233
Seawall 154,451 118,809 126,539
Marsh Platform 16,012 4,577 12,143
Intertidal 22,152 49,209 57,375
Inert Solid 6,335 4,053 4,212
Inert Liquid 5,065 4,246 4,001
Total Land Area 2,300,888 1,730,394 1,630,216

Table 1A.2. Land loss by land cover type in square meters between 1990 and 1993 for East Timbalier Island.

Land Cover 1990-1992 1992-1993 1990-1993
Vegetated Marsh -352,341 -36,463 -388,804
Vegetated Shrubs -24,061 -4,213 +198,848
No vegetation -143,913 -83,138 -227,052
Submerged Washover +748,085 -286,050 +462,035
Water -272,801 +6,984 +279,785
Seawall -35,642 +7,730 -27,912
Marsh platform -11,435 +7,566 -3,869
Intertidal +27,057 +8,165 +35,223
Inert solid -2,282 +159 -2,123
Inert liquid -820 -245 -1,064

Total Land Area -570,494 -100,178 -670,672
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Table 1A.3. Land cover change for East Timbalier Island between 1990-1992 and 1992-1993 in square

meters.

LAND COVER CHANGE 1990-1992 1992-1993
Not Vegetated to Not Vegetated 291,348 342,088
Not Vegetated to Vegetated 126,062 92,424
Not Vegetated to Water 477,655 266,466
Change 895,065 700,978
Vegetated to Not Vegetated 232,155 83,967
Vegetated to Vegetated 842,230 813,242
Vegetated to Water 331,437 132,213
Change 1,405,822 1,029,422
Water to Not Vegetated 177,470 206,989
Water to Vegetated 62,087 91,508
Water to Water 117,573 560,007
Change 357,130 858,504

Table 1A 4. Summary of 1992 oil impacted areas on 1992-1993 land cover change map.

LAND COVER CHANGE

PERCENT

Percent Land Cover Change of Total Not Vegetated Qiled Area in 1992

Not Vegetated to Not Vegetated

Not Vegetated to Vegetated
Not Vegetated to Water

43
18
39

Percent Land Cover Change of Total Vegetated Oiled Area in 1992

Vegetated to Not Vegetated
Vegetated to Vegetated
Vegetated to Water

5
80
15

Percent Land Cover Change of Total Qiled Area in 1992

Not Vegetated to Not Vegetated

Not Vegetated to Vegetated
Not Vegetated to Water
Vegetated to Not Vegetated
Vegetated to Vegetated
Vegetated to Water

14
6
13
3
54
10
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RESULTS AND DISCUSSION

The landscape scale analysis indicated that between
1990 and 1992, East Timbalier Island land mass
decreased by 25%; the island’s shoreline changed
from continuous to fragmented; and 56% of the
island’s land cover changed. Most of the land loss
and land cover changes during the study period
occurred in the mid section and on the east and west
ends of the island. Between 1992 and 1993, changes
in land area and land cover continued to be dramatic
and were occurring in the same areas as between
1990 and 1992 where Hurricane Andrew’s impact
had reshaped the island’s morphology.

The 1992 oiling data indicated that 26% of the
island’s land mass was impacted by oil. One year
later, 0.19% of the island’s land mass was impacted
by oil. Only surface oil was observed during the 1992
surveys and in 1993 both surface and penetrated oil
were present. The extent of area impacted varied
significantly: a total of 379,307 m* of surface was
oiled in 1992 from heavy to light categories. In 1993,
1,087 m?® of the surface was lightly oiled and 11 m?
was lightly penetrated.

The analysis indicates that the GPC oil spill had
minimal large-scale effects on land cover. Much of
the erosion that occurred between 1992 and 1993 is
more likely due to natural erosion than oil impact.
The analysis did identify some areas where oil
seemed to have an effect on the land cover. These
areas were located in the interior of a land mass or in
sheltered areas. The analysis was not able to identify
small areas where field surveys noted that oil did
seem to have an effect on the land cover. Field
surveys enhanced the remote sensing/image analysis
of oiling and hurricane impacts.

From a community-scale perspective, dead
aboveground biomass, live-to-dead biomass ratio,
and dead vegetative cover were not sensitive
evaluators for oil impact in this particular case. The
community scale analysis was able to detect fine-
scale vegetative responses. Live aboveground
biomass was significantly lower in oiled compared to
unoiled marshes at four of the nine marsh sites
investigated; two marsh sites had significantly greater
live aboveground biomass at the oiled locations
compared to the unoiled, while the remaining marsh
sites did not differ as a function of oiling. Vegetative
cover generally showed similar trends as

aboveground biomass. When plant biomass and cover
were averaged over all marsh sites across the island,
oiled marshes were not significantly different from
unoiled marshes. Although site-specific impacts,
apparently because of the oiling, were identified,
marsh recovery was apparent as evidenced by similar
vegetative responses between the oiled and unoiled
marshes, when averaged over all marsh sites that
were sampled.

CONCLUSIONS

The acute and longer term effects of Hurricane
Andrew and the Greenhill Petroleum Corporation oil
spill were evaluated from a landscape scale and
community scale perspective. In general, the
landscape scale analysis indicated that Hurricane
Andrew had a dramatic effect on the morphology and
land cover of the island. In addition, landscape scale
and community scale analyses showed that the
Greenhill Petroleum Corporation oil spill had
minimal negative effect on the island vegetation.

More specifically this study demonstrated that:
On a landscape scale

® The East Timbalier Island land mass decreased
by 25% between 1990 and 1992, most of which
can be attributed to Hurricane Andrew.

8 The East Timbalier Island shoreline changed
from continuous to fragmented between 1990
and 1992, most of which can be attributed to
Hurricane Andrew.

® Between 1990 and 1992, 56% of the island’s
land cover changed, most of which can be
attributed to Andrew.

®m  Most of the land loss and land cover changes
during the study period occurred in the mid
section and on the east and west ends of the
island.

®m  Changes in land area and land cover between
1992 and 1993 continued to be dramatic and
were occurring in the same areas as between
1990 and 1992 where Hurricane Andrew’s
impact had reshaped the island’s morphology.

® The analysis indicates that the Greenhill
Petroleum Corporation oil spill had minimal
large-scale effects on land cover.

® In 1992, 26% of East Timbalier Island’s total
land mass was impacted by oil.



m In 1993, 0.19% East Timbalier Island’s total
land mass remained oiled.

®  Surface and oil penetration were present in 1993.
Oil penetration occurred in areas where the
oiling was classified as pooled in 1992.

®  Much of the erosion that occurred between 1992
and 1993 is more likely because of natural
erosion than oil impact.

B The analysis identified some areas where oil did
seem to have an effect on the land cover. These
areas were located in the interior of a land mass
or in sheltered areas. The majority of those areas
were located on the eastern end of the island.

m  The analysis was not able to identify small areas
where field surveys noted that oil did seem to
have an effect on the land cover.

B Field surveys enhanced the remote
sensing/image analysis of oiling and hurricane
impacts.

On a community scale

m  The analysis was able to detect fine-scale
vegetative responses.

®m Live aboveground biomass was significantly
lower in oiled compared to unoiled marshes at 4
of the 9 marsh sites investigated.

®  Two marsh sites had significantly greater live
aboveground biomass at the oiled locations
compared to the unoiled, while the remaining
marsh sites did not differ as a function of oiling.

m  Vegetative cover generally showed similar trends
as aboveground biomass.

®m  When plant biomass and cover were averaged
over all marsh sites across the island, oiled
marshes were not significantly different from
unoiled marshes.

m Dead aboveground biomass, live to dead
biomass ratio, and dead vegetative cover were
not sensitive evaluators for oil impact in this
particular case.

m  The analysis indicated that oiling appeared to
have a more negative effect on the east end
marshes while the west end marshes were more
positively affected.

®  Qil concentration in the soil was significantly
greater in oiled versus unoiled marshes;
however, no significant relationship between oil
content in the soil and vegetative response could
be identified 14 months after the spill event.

B Although site-specific impacts, apparently
because of the oiling, were identified, marsh
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recovery was apparent as evidenced by similar
vegetative responses between the oiled and
unoiled marshes, when averaged over all marsh
sites that were sampled.

These conclusions clearly indicate that the landscape
scale and community scale analyses of East
Timbalier Island’s response to the Greenhill
Petroleum Corporation support and complement each
others findings. In addition, the landscape scale
analysis was able to estimate the impact of the
Hurricane Andrew on the island. Furthermore, this
investigation indicated that the post-hurricane coastal
processes controlling island morphology did not
appear to have an effect on salt marsh recovery to the
oil spill. This was probably due to the fact that the
Greenhill Petroleum Corporation oil spill had
minimal impact on the East Timbalier Island
vegetation, while Hurricane Andrew had a dramatic
effect on the island’s morphology and land cover.
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SATELLITE BASED ASSESSMENT
OF THE MISSISSIPPI RIVER
DISCHARGE PLUME’S SPATIAL
STRUCTURE AND TEMPORAL
VARIABILITY

Dr. Nan D. Walker
Coastal Studies Institute
Louisiana State University

INTRODUCTION

The Mississippi River is the major contributor of
freshwater, sediments, pollutants, and nutrients to the
northern Gulf of Mexico continental shelf and slope.
These river inputs have important impacts on all
aspects of continental shelf oceanography in the
northern Gulf of Mexico. This study utilized five
years of satellite information obtained by the NOAA
Advanced Very High Resolution Radiometer
(AVHRR) to quantify which areas of the continental
shelf and slope of the Gulf of Mexico are subjected
to discharges emanating from the Mississippi River
on various time scales ranging from days to years.
Correlation and multiple regression techniques were
employed to identify the environmental forcing
factors which most affect plume variability. Results
of this study provide important information
concerning suspended sediment distribution on the
continental shelf, potential fate of riverborne
contaminants, and circulation processes in the
vicinity of the Mississippi River delta. The primary
objectives of this research were

1. to determine which areas of the continental
shelf and slope in the Gulf of Mexico are
most influenced by riverborne sediments
and pollutants of the Mississippi River
through the Balize delta

2. to gain a better understanding of the
environmental forcing factors controlling the

distribution of river water and sediments in
the northern Gulf of Mexico.

RESULTS AND DISCUSSION

Five years of digital data acquired by the Advanced
Very High Resolution Radiometer (AVHRR) of the
NOAA environmental satellites were used in this
study. Reflectance information, derived from the
visible channels, provided a quantitative means of
defining the Mississippi River plume and was used as
the primary database for this investigation.

The study area included much of the Gulf of Mexico,
including but not limited to the area 25° to 31° N
latitude, 86° to 92° W longitude. In year 1, a
calibration algorithm relating satellite reflectances to
suspended sediment concentrations was developed.
The satellite image database was comprised of 113
NOAA-11 afternoon images, hand selected from over
3,000 images obtained at the Earth Scan Laboratory
(ESL), Coastal Studies Institute, Louisiana State
University between July 1988 and October 1993. The
image database was used to investigate the spatial
and temporal variabilities of plume morphology on
various time scales. The environmental variables
included in the study were river discharge, hourly
wind data from the Burrwood C-man station, tidal
phase and tidal range. The relationships between five
plume measurements and these environmental
variables were explored using correlation and
multiple regression techniques.

Individual satellite images revealed that the
Mississippi River sediment plume ranged in size
from 822 km? under low river discharge conditions to
7,700 km? under high river discharge conditions. The
sediment plume exhibited annual variability which
was related to the annual river discharge cycle. The
average plume for October 1989, a low discharge
month, measured 2,058 km?, less than one-half the
area of the average plume for March/April 1989,
during the spring flood. Although the time-averaged
plume was found to be closely related to large
variations in river discharge, tremendous day-to-day
variability was observed which was unrelated to
discharge.

Results of the correlation analyses revealed that the
size and morphology of the Mississippi River
sediment plume is influenced by several
environmental forcing factors. The most important



factors determining plume area were found to be
river discharge, prevailing winds 12 hours prior to
image acquisition, and wind speed. Tidal phase and
range explained very little of the variability in plume
area or morphology. Southeasterly winds confined
the plume to the continental shelf and nearshore
zone. The presence of westerly winds maximized the
areal extent of the sediment plume west of the Balize
delta throughout the year. During winter, northerly
winds associated with eastward-moving winter
storms increased the areal extent of the Mississippi
plume and maximized the offshore dispersal of the
suspended sediments. The presence of southerly and
westerly winds increased the areal extent of the
plume east of the delta as well as the extreme
eastward extent of the plume.

Multiple regression techniques were employed in an
attempt to use the relationships observed between the
plume parameters and the environmental variables to
help establish predictive models for plume
variability. More success was obtained in predicting
plume area than plume length. The best model was
obtained for the eastern area from May through
September when 70% of plume variability was
explained by river discharge and local wind behavior.
Plume area was found to increase in size under
conditions of high river discharge and southerly or
westerly winds. The largest sediment plumes east of
the delta were observed after exposure to at least 12
hours of strong southwesterly wind forcing (8-10 m
s') when river discharge was high. In predicting the
eastern extent of the sediment plume, local wind
behavior was found to be more important than river
discharge. The enormous sediment plume observed
east of the delta in August 1993, subsequent to the
Great Flood of 1993, provides an excellent example
of how efficiently the surface sediment is dispersed
towards the east under prolonged exposure to
southerly and southwesterly winds. In this extreme
case, so much Mississippi River water flowed onto
the continental shelf east of the delta that a detectable
amount reached the Florida Keys and the east coast
of the United States, entrained by southward-flowing
currents associated with the eastern edge of the Loop
Current.

The second best predictive model was obtained for
the western plume area during the summer months.
In this case, 64% of plume variability was explained
by river discharge, wind speed, and the east-west
wind component. The western plume area was
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maximized during summer under conditions of high
river discharge and weak to moderate westerly winds.
During winter, a prevalence of northerly or westerly
winds maximized sediment dispersal west of the
delta. Strong northerly winds, associated with
eastward moving winter storms, maximized the
offshore transport and dispersal of plume water and
sediments.

CONCLUSIONS

This study has demonstrated the all-important role of
river discharge variations and wind forcing to the fate
of river sediments from the Mississippi River delta in
the northern Gulf of Mexico. In most cases, the
plume’s response to wind forcing was maximized
after 12 hours. The multiple regression model results
were encouraging and demonstrate that the plume’s
areal extent and surface morphology are somewhat
predictable from readily accessible environmental
variables. Further satellite-based research should
incorporate  information on the sub-surface
characteristics of the plume.

Dr. Nan D. Walker is an Assistant Research
Professor at the Coastal Studies Institute, Louisiana
State University. Her areas of interest include
satellite oceanography and its applications to coastal,
shelf, and deep-water circulation processes, air-sea
interactions, and ocean climatology. She received a
B.S. in marine zoology from Duke University and a
Ph.D. in oceanography from the University of Cape
Town, South Africa.
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BIOTRANSFORMATION PATHWAYS
OF HETEROCYCLES IN THE
MARINE ENVIRONMENT.
BENZO(F)QUINOLINE AND
BENZOTHIAZOLE: POTENTIATION
OF MOBILITY AND TOXICITY

Dr. W. James Catallo
Laboratory for Ecological Chemistry & Toxicology
(SVM) & Center for Coastal Energy and
Environmental Research
Louisiana State University

INTRODUCTION

The purpose of continuing work in this laboratory for
MMS is to examine degradation rates and pathways of
N-, O-, and S- heterocycles (NOSHs) in marine
sediments. NOSH compounds are found in petroleum,
produced waters, coal chemicals, and pyrogenic
mixtures (Catallo et al. 1992). Several NOSHs and
their oxidation products are mutagenic, carcinogenic,
and/or teratogenic (Catallo et al. 1992; Ho 1984).

Relative degradation rates have been determined for
19 prominent NOSH compounds under oxidized
(aerobic) and reduced (anaerobic/methanogenic)
electrochemical conditions in three marine sediments
(Catallo 1994). In the course of work, degradation
pathways for several NOSHs were inferred from
analysis of transformation products using gas
chromatography-mass  spectrometry  (GC-MS).
Sediment microbes capable of degrading NOSHs
were isolated during these experiments. To facilitate
accurate identification of the NOSH degradation
products and evaluate their potential toxicity and
mobility in situ, methods were developed to
synthesize several compounds in deuterated form for
use as tracers. Access to both protiated and
deuterated homologs allows for isotopic dilution
mass spectrometry and tracer studies to be
undertaken in microbial cultures and environmental
matrices (e.g., marine sediment/water).

CASE STUDIES

Sediments (fine-grained estuarine mud) were
collected from coastal marine systems in Bay St.
Louis Mississippi. The sediments were added to

sealed teflon and glass reactors as slurries and
maintained under oxidized (aerobic) or reduced
(anaerobic methanogenic) electrochemical conditions
in the laboratory. Benzo(f)quinoline (I) and
benzothiazole (II) are present in petroleum and
produced water,

@ Q>

I

and are of interest because of their reactivity and
toxicity. Both 1. and II. were synthesized in
deuterated form using the HTDA method (Werstiuk
and Kadai 1974) or de novo syntheses starting with
commercial deuterated precursors.

Mass spectra for the protiated and deuterated
homologs of 1. and II. are shown in Figures 1A.l
and 1A.2. The protiated and deuterated compounds
were added to oxidized and reduced sediment/water
followed by equilibration for several months.
Samples were collected periodically over the
incubation period, followed by solvent extraction
and quantitative analysis using GC-MS.

With respect to I, a major stable metabolite
observed was a polar compound with a molecular
ion at m/z 195 (Figure 1A.3A). The mass spectrum
suggested that the identity of this metabolite was
S5(H)-6-benzo(f)quinoline-one, although the
corresponding phenol also would be consistent:

E
b~ ¢
5 00

Benzo(f)quinoline oxidation products
consistent with the mass spectrum shown in
Figure 1A.3A (m/z 195).
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Mass spectra of protiated (A) and deuterated (B) benzo(f)-quinoline homologs.
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Figure 1A 4. Mass spectra of microbial transformation products of benzothiazole from deuterated tracer
experiments.
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Other deuterated compounds observed in the tracer runs of benzothiazole.
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Parallel runs using the deuterated homolog of I
(Figure 1A.1B) also produced a major oxygenated
product with the same retention time as the protiated
compound. But mass calculations showed that a
ketone or phenol derivative of the deuterated
compound would have a molecular ion of m/z 203,
which was not found. The only structurally consistent
product with appropriate masses in both protiated and
deuterated experiments is benzo(f)quinoline epoxide,
probably the 9,10 epoxide (shown in Figure 1A.3B,
the corresponding protiated system is shown in
Figure 1A.3A). These epoxides are of interest because
they are similar to precursors of known carcinogens
and teratogens.

The mass spectra of protiated and deuterated II. are
given in Figure 1A.2. In general, the main metabolic
products of II. were alkylated and glycolated
benzothiazoles, with smaller amounts of oxidized
species also present (Figure 1A.4). These
transformation products are very similar to those seen
in biochemical reactions of thiamine, which has a
thiazole ring active site:

CH,CH, OH

N CHz ™\~ S
cz\@"“ 2 \
3 Reactive site

Thiamine (Vitamin B1)
Intermediates these reactions in vivo can include

reduced thiazole and its alkyl substituted homologs
including glucoaldehydes and thiols:

’Yf —

Hocu2 o

The products of benzothiazole and its deuterated
homolog in marine sediments were precisely of these
types (Figure 1A.4), and this suggested that

benzothiazole competed with thiamine for enzyme
active sites (e.g., in transketolase). A range of other
deuterated compounds were observed in the tracer
runs of benzothiazole, but these have not submitted to
identification (Figure 1A.5). There also was evidence
of biochemical oxidation reactions which gave rise to
heavy addition products including anilobenzothiazole
and dimeric bis-2,2’-benzothiazole. These products
and the results of subsidiary experiments indicated
that 1H"/1e oxidations of benzothiazole at the acidic
2-proton were followed by recombination to the dimer
or reaction with other amines, including aniline.

RELEVANCE

A fundamental goal of biodegradation research is to
understand the transformation pathways of toxic
chemicals under conditions found in nature. Once
understood mechanistically, the environmental effects
from pollutants can be more adequately anticipated,
and affected systems can be manipulated in ways that
may promote the removal of inhibitory or toxic
products.
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OIL AND GAS DEVELOPMENT AND
COASTAL INCOME INEQUALITY:
A COMPARATIVE ANALYSIS

Dr. Charles M. Tolbert
Louisiana State University Agricultural Center

INTRODUCTION

This research was conducted as part of the University
Research Initiative (URI). The URI was sponsored by
the Louisiana Universities Marine Consortium
(LUMCON) through a contract with the Minerals
Management Service.

OVERVIEW OF KEY FINDINGS

This research employed parish- and county-level data
from the 1970, 1980, and 1990 censuses in a
comparative analysis of family income inequality. We
focused on the analysis of trends in family income
inequality in coastal Louisiana parishes adjacent to the
substantially developed Outer Continental Shelf (OCS).
With a comparative analysis design, we examined
inequality trends in Louisiana parishes and in coastal
counties of the Florida panhandle where there has been
no significant onshore or offshore development of oil
and gas resources. Inequality trends in the parishes and
counties along the Gulf of Mexico were also compared
to statewide family income inequality in Louisiana and
Florida.

The analysis framework enabled a temporal comparison
across key decades in the recent history of the oil and
gas industries. While the decade of the 1970s was one
of rising oil prices and greatly expanded oil and gas
development, the 1980s saw prices fall and industry
activity generally decline. Income inequality was
gauged with multiple measures of inequality computed
with decennial census data.

An initial review of per capita income and median
family income figures indicated lower 1970 income in
Louisiana parishes than in Florida counties. By 1980,
the income relationship in coastal areas was reversed,
with Louisiana parishes generally exhibiting higher
incomes—some precipitously higher—than Florida
counties. Louisiana statewide and coastal 1990
incomes, however, were well below those of Florida.
After taking inflation into account, coastal 1990 median
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family income levels in Louisiana were actually lower
than they were in 1970 (see Figure 1A.6).

A comparative inequality analysis revealed very
different patterns of income inequality for statewide and
coastal areas of Florida and Louisiana. While Florida
inequality primarily trended downward across time,
inequality in Louisiana exhibited a great deal of
volatility and, by 1990, was higher than in 1970 in
several cases. The Louisiana patterns suggest a
substantial impact of oil and gas development on
coastal families in the middle to upper, middle portions
of the income distribution. Sample results targeting the
middle of the income distribution with the Atkinson
(1970) inequality measure are presented in Figure 1A.7.

The inequality patterns suggest that the Kuznets (1955)
hypothesis does hold for the decennial census years
1970-1980 that approximate the oil and gas industry
expansion period. At the state level and in the coastal
parishes, Louisiana income inequality declined. Though
Kuznets did not focus on the case of a decline in
development, the contraction of the oil and gas industry
brought about a corresponding increase in inequality.

In the modeling phase of the analysis, we attempted to
account for these inequality patterns by controlling for
important factors known to influence inequality. At
best, the models accounted for roughly half the variance
in the observed inequality. Moreover, through these
modeling procedures, we were unable to eliminate the
sharp differences between coastal Louisiana parishes
and panhandle counties of Florida or the volatility in
the Louisiana patterns. Education, race, industry mix,
and the national economy simply do not account for the
volatility or trends in Louisiana inequality patterns.
When we control for these factors, a boom and bust
pattern that corresponds to the expansion and
contraction of the oil and gas industry is still evident.
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Dr. Charles M. Tolbert is Professor of Sociology and
Rural Sociology at LSU and is Senior Research
Scientist at the Louisiana Population Data Center. He
specializes in socioeconomic research, including
employment, earnings, and industrial organization. He
came to LSU in 1992 after 11 years in the Department
of Sociology at Florida State University, where he
served as chair from 1988 until 1992. He received his
Ph.D. from the University of Georgia in 1980. His
research has been supported by the Economic Research
Service (U.S. Department of Agriculture), the Louisiana
Agricultural Experiment Station, the Minerals
Management Service, and the National Science
Foundation.
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INTRODUCTION

Ms. Carla M. Langley
Dr. Pasquale F. Roscigno
U.S. Minerals Management Service
Gulf of Mexico OCS Region

The primary focus for this session is to address
conservation issues to enhance environmental
awareness in the Gulf of Mexico region. The
speakers for this session are affiliated with federal,
state, and private sectors with backgrounds in the
environmental field. Presentation topics discussed
within the speakers’ respective areas of expertise
focus on the interrelationships of OCS oil and gas
activities and environmental conservation.

Ms. Carla M. Langley is an environmental scientist
in the MMS Environmental Studies Section in New
Orleans where she oversees publications coordination
and information transfer. She is a graduate of the
University of New Orleans in Louisiana.

Dr. Pasquale F. Roscigno is a program manager in
the MMS Environmental Studies Section in New
Orleans. Previously he held several positions in the
Department of the Interior’s Fish and Wildlife
Service.

MMS CARE AWARD PROGRAM:
OVERVIEW AND HIGHLIGHTS

Mr. Villere Reggio
U.S. Minerals Management Service
Gulf of Mexico OCS Region

INTRODUCTION

The Minerals Management Service (MMS) has
established a Conservation Award for Respecting the
Environment, better known as the CARE Award. The
CARE Award recognizes and champions exemplary
actions and accomplishments by those private
companies engaged in offshore energy development
and that support the broader conservation and
environmental goals of the nation, the Department of
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the Interior, and the coastal states. Although MMS
currently has a Safety Award for Excellence (SAFE)
program that has environmental protection as a stated
purpose, the focus of that program is to protect the
human and natural environment by avoiding
accidents and pollution through adherence to safety
and environmental protection regulations and
guidelines. There are many opportunities, however,
to go beyond these requirements and invest time,
capital, and human resources specifically to enhance
the environment or to cooperate voluntarily with
others seeking solutions to onerous environmental
problems resulting from multiple use of the marine
environment. The CARE Award program has been
established to acknowledge that such efforts and
investments are worthy of recognition and
appreciation.

PROGRAM OBIECTIVES

Establishment of the CARE Award seeks to achieve
the following objectives:

A. Recognition of outstanding environmental
accomplishments by companies involved in
Outer Continental Shelf (OCS) activities.

B. Endorsement of the concept that
conscientious environmental concern and
initiative can be good business and good
public relations.

C. Resolution of environmental problems
without undue regulation.

D. Demonstration that energy development and
environmental conservation can be mutually
supportive.

E. Encouragement of cooperation between
private industry, environmental groups, and
government to achieve conservation and
environmental goals.

SCOPE

The CARE Award is presented on the regional level
for projects or actions occurring on the OCS or
within the Gulf States. Presentation is judged on the
guidelines outlined in Section IV. The CARE
program is focused toward OCS lessees and operators
but may be extended to any private company
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involved with offshore operations that warrants
environmental distinction. The CARE Award is
honorary and will be presented annually, if
warranted, by the Gulf of Mexico Regional
Supervisor, Leasing and Environment. Conservation
achievements resulting from required mitigation
actions are not eligible for the Minerals Management
Service CARE Award.

SELECTION GUIDELINES

Guidelines considered in making recommendations
for the CARE Award include the following:

A. Relevancy—The nominee’s achievement(s)
assist(s) the Department and coastal States
in implementing a particular and timely
conservation or environmental policy,
program, goal, or philosophy.

B. Leadership—The nominee’s achievement(s)
establish(es) a precedent or an improved,
new way of doing business likely to be
copied by other companies with similar
environmental problems or opportunities.

C. Scope of influence—The nominee’s
achievement(s) has (have) regional or
national application or contribute(s) to
enduring appreciation, understanding,
enhancement, preservation, or use of our
natural resources.

D. Innovation—The nominee’s achievement(s)
involve(s) the use of new technology,
approaches, or methods environmentally
superior to standard methods and practices.

E. Commitment—The nominee’s
environmental/conservation achievement(s)
require(s) significant time, money, effort, or
company resources.

SELECTION PROCEDURES

The CARE recipient is selected from a field of
nominees by an MMS committee.

A. Nomination of Candidates—Nominations of
appropriate candidates for a CARE Award
will be solicited by MMS from
environmental groups, state and federal

agencies, private industry, OCS Advisory
groups, the MMS regional staff, and others.
Companies are encouraged to nominate
themselves. Each nomination should meet
one or more of the guidelines for selection
discussed in Section IV.

Nomination should be solicited by MMS
three months prior to the planned award
presentation date. All nominations should be
provided to the MMS Regional office within
one month after the call for CARE Award
nominations. The award presentation date
may vary from year to year as this date will
be determined on an annual basis by the
MMS. Selection of the CARE award
presentation date should be made well in
advance, and nominators and nominees
should be so notified. Although the award
will, if warranted, be presented annually,
candidates nominated for the award can be
considered for environmental contributions
preceding the current calendar year.
However, once a candidate has received an
award for a project(s), that candidate will be
judged in future calendar years only on the
merits of those activities conducted after the
date the award was received. Nominees not
selected as recipient of the CARE Award
can be considered, based on environmental
contributions for which they are previously
nominated, ifrenominated for future awards.
A file will be maintained on each company
nominated, and the selection committee will
consider the cumulative achievements of
each nominee in recommending annual
selections.

Recommendations should be submitted on
an official Minerals Management Service
CARE Award nomination form (Section
VII), along with a letter or memorandum not
to exceed three pages, providing
justification for the nomination of the
candidate on the basis of the company’s
environmental contribution(s). The
transmittal letter and nomination form will
constitute the essential elements of a CARE
Award nomination. Supporting
documentation can be included as an
attachment when such documentation will



provide more insight into the company’s
achievement or the selection rationale.

Selection of CARE Award Recipient—A
selection will be made by the MMS
Regional Director from recommendations
provided by a selection committee chaired
by the Regional Supervisor, MMS, Leasing
and Environment (LE). The selection
committee will be comprised of section
chiefs, MMS (LE), and other discretionary
members within the MMS or United States
Department of the Interior. The use of
discretionary members will be decided upon
by the selection committee chairman. The
selection committee is responsible for
evaluating the recommendations submitted
by the nominees. All information presented
in the recommendations will be considered.
In order to verify and supplement the
recommendations, the selection committee
may consult with representatives of other
federal and state agencies, and other
interested parties, as well as nominees and
nominators.

The selection committee shall identify the
selection for the CARE Award, via
memorandum to the Regional Director, one
month after receiving nominations. The
selection memorandum shall provide
appropriate details of the justification used
for the selection. If a candidate is not chosen
for that calendar year, a memorandum of
explanation shall be submitted in accordance
with the above procedures. Within five
working days from receipt of the selection,
the Regional Director should inform the
selection committee chairman regarding his
decision for concurrence.

After concurrence is received, the selection
committee is responsible for procuring the
appropriate memento for the CARE Award
recipient and for preparing the final written
documentation to be presented along with
the award. The CARE Award selected for
the recipient should relate to the nominee’s
environmental contribution(s) and should be
suitable for display. The selection committee
will prepare the final written documentation
and the chosen award for presentation no

41

less than three days prior to the designated
presentation date. The successful candidate
and nominator will be notified of the
selection along with the date, time, and
place of the award conveyance several
weeks prior to the scheduled presentation.

AWARD PRESENTATION

The Regional Supervisor will formally present the
award to the winner on an annual basis. Date and
time of presentation will be determined by the
selection committee with special consideration to the
best interest of the recipient.

Mr. Villere Reggio, Jr., has been an Outdoor
Recreation Planner with the U.S. Department of
Interior’s Leasing and Environment division of the
OCS Program for almost 20 years. His
responsibilities include investigation, assessment, and
reporting on the interrelationship of the offshore oil
and gas program with the recreational elements of the
marine and coastal environment throughout the Gulf
of Mexico region. Mr. Reggio was instrumental in
developing and establishing the MMS CARE Award
Program, and has served as the CARE Award
Program Manager for the Gulf Region since the
Program’s inception since 1987.
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CARE Award Nomination Form

Nomination Form

CONSERVATION AWARD FOR RESPECTING THE ENVIRONMENT

MMS CARE AWARD

Date

PART I: GENERAL INFORMATION

Company Nominee’s Name including Division or other subgroup:

Nominee’s Address

City State Zip Code
Contact in Nominee’s Organization
TITLE
Daytime Phone Number ()
Type of Organization (Establish relationship to offshore oil and gas business)
[ ]Lessee []Operator [] Service Company [ ] Other (Specify)
Person Submitting Nomination:
Name
Address
City State Zip Code

Daytime Phone Number ()

Affiliation
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PART II: JUSTIFICATION

Responses should be concise. If additional space is required please continue on a separate sheet of paper
with reference to the appropriate location on the nomination form.

1. DESCRIPTION: Provide a general description of the nature of the nominee’s achievement(s)
warranting consideration for recognition under the MMS CARE Award. (This can be incorporated into
a transmittal letter but should not exceed two or three pages.)

2. RELEVANCY: Explain how a conservation or environmental policy, program, goal, or philosophy was
advanced by the nominee’s action(s) or achievement(s).

3. LEADERSHIP: Did the nominee’s achievement(s) establish a precedent likely to be adopted by others?
Explain.

4. SCOPE OF INFLUENCE: Did the nominee’s achievement(s) have Regional or National application
or contribute to enduring appreciation, understanding, enhancement, preservation, or use of our natural
resources?

5. INNOVATION: Did the nominee’s achievement(s) involve the use of new technology, approaches,
or methods environmentally superior to standard methods and practices? Explain.

6. COMMITMENT: Provide available quantitative information indicating the time, money, effort, or
company resources invested in attaining the nominees’s achievement.

PART III: OPTIONAL SUBMISSIONS (5 page limit)

You are encouraged to append new articles or published materials further describing the nominee’s
environmental/conservation achievement(s) that are the subject of this nomination. Photographs and an
indication of other recognition received by the nominee for this accomplishment would also be
appreciated if available or known.

Note: Environmental/conservation achievements resulting from legally required actions are not eligible
for the MMS CARE Award.

Mail Completed Nominations to:

MMS Care Award

Regional Supervisor

Leasing and Environment

1201 Elmwood Park Boulevard
New Orleans, Louisiana 70123-2394
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COASTAL AMERICA -
A PARTNERSHIP FOR ACTION

Mr. Jim Ratterree
U.S. Environmental Protection Agency
Region VI

Coastal America began in fiscal year 1992 as a
collaborative, multi-agency partnership to address
environmental problems along the nation’s coasts.
The partners include the federal agencies with
principal responsibility for the stewardship of coastal
resources, those with responsibilities for
infrastructure  development, and those whose
activities impact the coastal environment: the
Departments of Agriculture, Air Force, Army,
Commerce, Energy, Housing and Urban
Development, Interior, Navy, and Transportation, the
Environmental Protection Agency, and the Executive
Office of the President. The concept originally
envisioned pooling of fiscal resources from
individual agency appropriations, to be used to
implement projects on a competitive basis. However,
due to government-wide streamlining and cutbacks,
Coastal America has been compelled to evolve into
an effective project endorsement process.

The partnership integrates federal capabilities with
state, local, and non-governmental efforts to address
habitat loss and degradation, non-point source
pollution, and contaminated sediments, and
essentially provides: 1) a mechanism for leveraging
resources, expertise, and authorities; 2) a
collaborative, problem-solving focus that expedites
initiatives; 3) a consensus-building process that
avoids conflicts; 4) a philosophy that encourages
cost-efficient, creative solutions; and, 5) an action-
oriented approach that achieves results. A
Memorandum of Understanding signed by the 11
federal agencies outlines the operational framework,
goals, and objectives of the partnership. The
partnership is guided by a Principals Group,
comprised of sub-cabinet level representatives of the
signatory agencies, and by a National Implementation
Team and nine Regional Implementation Teams
(RITs), comprised of senior-level representatives
from the partnership agencies.

Over the past three years, Coastal America has
established an innovative, collaborative process that

has encouraged national policy formulation, regional
planning, and local project implementation. At the
national level, the partners have resolved policy
conflicts and corrected program directives that
inhibited collaborative action. For example, a policy
preventing the beneficial use of dredged material for
wetland restoration was modified and a broader
legislative solution was implemented which
encouraged the use of dredged material for habitat
creation.

At the regional level, the RITs are empowered to
work through existing authorities to set regional
agendas for the Coastal America priorities. Individual
regional strategies have been developed to focus and
prioritize multi-agency efforts. The strategies range
from restoring habitat while developing
transportation routes along the coast to targeting
critical coastal watersheds for coordinated restoration
projects.

At the local level, the partnership teams have pooled
financial resources, technical expertise, and
legislative authorities to implement projects no
agency could accomplish alone. Project concepts
endorsed by the regional teams are placed on a
working list for priority funding, and partner
contributions are solicited. To be eligible for
endorsement consideration a project must 1) be
action-oriented, with a focus on habitat loss and
degradation, non-point source pollution, or
contaminated sediments; 2) include at least three
federal partners and one non-federal participant; and,
3) include education/outreach and monitoring
components.

Although the partnership is relatively new, it has
already proven to be cost effective: resources have
been leveraged, implementation efforts have been
expedited, and environmental improvements have
resulted. More than 20 federal agencies and 150 non-
federal organizations are now participating in Coastal
America projects. In its first year, 1992, the
partnership initiated 24 projects, valued at over $12
million, in 15 states, with over one-half of the funds
contributed by non-federal partners. In 1993, the
partnership initiated an additional 43 projects, valued
at approximately $18 million, in 17 states. These
efforts have resulted and will continue to result in the
restoration of thousands of acres of wetlands; the
reestablishment of hundreds of miles of spawning



streams; and, the protection of coastal birds,
anadromous fish, and marine mammals.

The Guif of Mexico Regional Implementation Team
(GMRIT) is composed of federal and state agency
representatives from the five Gulf Coast states of
Alabama, Florida, Louisiana, Mississippi, and Texas.
It has had a distinct organizational advantage over
the other eight Regional Implementation Teams,
since its formation in May 1991, due to the existence
of the Gulf of Mexico Program (GMP), which
features a highly structured and well-supported
committee system. Because the Coastal America
partners have been active participants in the GMP, a
spirit of cooperation and a sense of organization was
established almost from the very beginning of the
GMRIT. Consequently, attention was tumned
immediately to the task of identifying projects
eligible for Coastal America endorsement
consideration, rather than expending energy on
establishing rules of order or defusing conflict arising
from individual parochial concerns. Also, members
were anxious to lay the foundation for devising a
mechanism to implement projects aimed at correcting
problems identified by the GMP committees.

The GMRIT is at the forefront of the RITs in its
makeup and philosophy. The five Gulf states’
representatives sit on the RIT as equal voting
members. Recently, non-governmental organizations
have been invited to participate in the project
identification and implementing process. Two Gulf
Region projects have been cited by the NIT as
excellent examples of the Administration’s emphasis
on sustainable development and ecosystem
management.

The GMRIT Regional Strategy is among the more
flexible and innovative of the nine regional strategies.
The geographic focus is the entire Gulf of Mexico.
Projects are endorsed, but not prioritized, so as not to
detract from a project’s opportunity to be funded
through an existing mechanism. In addition, to
receive GMRIT endorsement a project must:

1. Include the national Coastal America eligibility
requirements;

2. Have at least one federal sponsor, strongly
committed to securing project funding or to
developing an implementation strategy;

3. Have a project success assessment and reporting
mechanism; and,
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4. Be formally submitted to the GMRIT by the
primary federal sponsor for endorsement (subject
to existing federal and state laws and
regulations), which must be unanimous.

Three projects lists are maintained by the GMRIT
chair: a Completed Projects List, a Endorsed/Funded
Projects List, and an Endorsed/Unfunded Projects
List. To date, eight projects have been completed, 12
are on the funded list, and 19 are on the endorsed list.
Since 1991, over 200 projects have been considered.

To improve the project endorsement and
implementation processes, the GMRIT recently
devised a project success assessment mechanism (for
those projects that are similar in scope to previously
completed or funded projects) and a non-
governmental organization participation strategy.

Mr. Jim Ratterree has worked at EPA, Region 6, as
an Environmental Scientist for the past eight years,
the last four in the Marine and Estuarine Section.
Prior to that he was employed with the Department
of the Interior and Federal Energy Regulatory
Commission in Washington, D.C.; the Bureau of
Reclamation in Amarillo, TX, and Albuquerque, NM;
and, the U.S. Fish and Wildlife Service in Galveston,
TX, in various aquatic biologist-related positions. His
areas of interest and responsibility lie in coastal
wetlands and estuarine ecology. Mr. Ratterree
received his B.S in biology from Lamar University
and pursued an M.S. in geology from the University
of Houston at Clear Lake.

SEA TURTLE STRANDINGS ALONG
THE TEXAS COAST DURING 1994

Ms. Donna J. Shaver
National Biological Survey
Southeastern Biological Science Center
Padre Island National Seashore

INTRODUCTION
The Sea Turtle Stranding and Salvage Network

(STSSN) was established in 1980 to document
strandings of marine turtles on United States beaches
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located along the Gulf of Mexico, Atlantic Ocean,
and Caribbean Sea (Schroeder 1988). Stranded sea
turtles are defined as those non-headstarted turtles
that wash ashore or are found floating either dead or
alive (Schroeder 1988; Teas 1993).

Individuals of all five threatened and endangered sea
turtle species occurring within the northwestern Gulf
of Mexico, including the loggerhead (Caretta),
Kemp’s ridley (Lepidochelys kempi), green (Chelonia
mydas), hawksbill (Eretmochelys imbricata), and
leatherback (Dermochelys coriacea), have been
found stranded in Texas (Rabalais and Rabalais
1980; Whistler 1989). Despite on-going research and
conservation efforts, strandings of sea turtles along
the Texas coast reached unprecedented levels during
1994. This study was undertaken to examine
stranding patterns for sea turtles found along the
Texas coast during 1994 and to determine possible
causative factors for the strandings.

METHODS AND RESULTS

STSSN Procedures and Number of Stranded Turtles
Stranded sea turtles were located by network
participants in response to information provided by
beach visitors and during systematic patrols
conducted in various areas of the state. For each
stranded turtle, information was collected on species,
size, stranding date and location, tag numbers (if
applicable), visible injuries, condition, and final
disposition of the animal. Information was recorded
on standardized forms that were forwarded to the
state and subsequently the national STSSN
coordinators.

The Texas STSSN database was queried for records
of turtles found stranded in Texas from January
through October 1994. Four hundred and
seventy-nine (479) turtles were located stranded,
more than during any previous entire year on record
for the Texas STSSN. Previous yearly totals ranged
from 77 in 1980 to 355 in 1990. Of the 479 turtles
found stranded during 1994, 446 were located dead
and 33 alive. Live individuals were taken to
rehabilitation facilities. Species composition of the
479 stranded turtles included 173 C. caretta, 241 L.
kempi, 37 C. mydas, three D. coriacea, 13 E.
imbricata, and 12 unknown species turtles.

NECROPSIES AND GUT
CONTENT ANALYSES

All of the turtles that died during rehabilitation
efforts and many of the dead, stranded turtles that
were not highly decomposed were salvaged for
necropsy and study. General necropsies, similar to
those described by Wolke and George (1981), were
performed by a limited number of STSSN
participants and veterinarians. Due to the large
number of turtles found stranded and salvaged during
1994, necropsies have not been completed for all
individuals. Of those for which necropsies have been
completed, tissue deterioration often prohibited
conclusive determination of cause of death.

I necropsied and removed the entire digestive tract
from approximately 120 turtles found stranded along
the lower Texas coast during 1994. For the 37
Kemp’s ridley digestive tracts analyzed to date,
ingested items were identified, categorized into seven
general food groups, baked in a drying oven, and
weighed according to procedures outlined by (1991).
Gut contents were present in all 37 analyzed,
indicating recent foraging, and none appeared to have
been ill prior to death. Overall, crabs comprised 95%
of the dry mass. Although marine debris was ingested
by 19% of the 37 L. kempi, only minute amounts
were found and in no instances did it appear that
marine debris ingestion led directly to the demise of
the animal.

POSSIBLE SOURCES OF MORTALITY

Comments listed on STSSN forms revealed possible
causes for strandings of 41 turtles, including boat
propeller injuries (19), entanglement (13), hook and
line ingestion (4), illegal gillnetting (2), and being
lodged in rocks (3). Eleven turtles had been bitten by
sharks and 18 had straight-edged cuts at the bases of
missing appendages, typical of human-inflicted
mutilation (Heinly ef a/. 1988). In most cases it was
impossible for the STSSN participant to determine
whether the bites and mutilation occurred before or
after death. Although 11 turtles were found with
water coming out of their mouth and/or froth in their
trachea, this condition has been disputed as
conclusive evidence of drowning. Based upon
necropsies performed to date, illness and marine
debris ingestion probably caused relatively few of the
479 turtles to strand. Several other possible causes
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for the strandings have been suggested, but were
subsequently dismissed because of a lack of
supportive evidence. Among the unlikely
contributing factors proposed were seismic
exploration, oil platform removal, menhaden fishing,
low water oxygen, pollutants, toxic wastes,
dinoflagellate blooms, and ingestion of fish killed by
any of the preceding factors (Zimmerman personal
communication). There is circumstantial evidence
that a large percentage of the strandings during 1994
resulted from incidental capture in shrimp trawls.
Stranding patterns closely followed nearshore
shrimping patterns. Strandings increased dramatically
during early April and continued at high levels
through mid-May (Figure 1B.1: Weekly number of
non-headstarted sea turtles found stranded on the
Texas coast from January through October 1994.
Upper Texas coast is defined as the region from
Matagorda Island and nearby inshore waters
northward and lower Texas coast is defined as the
region from San Jose Island and nearby inshore
waters southward). From April through mid-May,
strandings were concentrated on Galveston,Mustang,
and North Padre Islands. When shrimping activity
increased along the Texas coast during April, and
boats were most numerous in nearshore waters off
Galveston, Mustang, and North Padre Islands,
strandings were most numerous in those areas.
Strandings abruptly decreased and remained at
relatively low levels from 13 May to 7 July, when
Gulf waters were closed to shrimping activities out to
322 km (termed Texas closure). When shrimping
resumed in Gulf waters, large numbers of turtles
were again found stranded. Strandings at that time
were concentrated in the Galveston, Matagorda, and
Mustang Island areas, where nearshore shrimping
effort was high. In the latter portion of July, when
intensive turtle excluder device (TED) enforcement
and education activities occurred, strandings
decreased. However, strandings again increased
during late August, when TED enforcement activities
decreased, and subsequently decreased when TED
enforcement activities resumed. Correlations have
previously been found between shrimping effort and
strandings of sea turtles in Texas (Whistler 1989;
Magnuson et al. 1990; Caillouet et al. 1991; Sis et al.
1993). In an attempt to reduce trawl-related
mortality, TEDs have been phased into mandatory
usage since 1990. Most of the shrimp vessels
inspected by the National Marine Fisheries Service
and the U.S. Coast Guard in Texas during 1994 had

TEDs present in their nets. However, TED
installation and operational problems that might have
caused turtles to be retained in the nets were noted in
numerous instances (Zimmerman personal
communication). Continued strandings of sea turtles
at levels similar to those recorded in Texas during
1994 could diminish the effectiveness of
conservation programs undertaken on behalf of these
threatened and endangered species. The STSSN
should continue to document stranded turtles and
investigate possible sources of mortality so that
sources related to human activities can be identified
and reduced. TED education, enforcement, and
research/development activities must be continued.

SUMMARY

1) Four hundred seventy-nine (479) non-headstarted
sea turtles were found stranded along the Texas coast
from January through October 1994, exceeding the
number found during any entire year from
1980-1993.

2) Approximately one-half of the turtles found
stranded were Kemp’s ridley, the most critically
endangered sea turtle species in the world.

3) Strandings were most numerous from April
through mid-May and during mid-July. Temporal and
spatial distributions of the strandings closely
coincided with nearshore shrimping effort. A large
percentage of the strandings documented during 1994
probably resulted from incidental capture in shrimp
trawls.
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HANDSHAKES CURB
HEARTACHES: COOPERATION THE
KEY TO CONSERVATION AT THE
FLOWER GARDENS

Dr. Stephen R. Gittings
Mr. Christopher L. Ostrom
National Oceanic & Atmospheric Administration
Sanctuaries and Reserves Division

INTRODUCTION

Doing things at the Flower Gardens has always been
difficult. The banks contain the northernmost coral
reefs in the United States and are over 100 miles
offshore. While this has insulated them from most
human impacts and left them in nearly pristine
condition (Gittings et al. 1992), it has historically
made them difficult to visit, to monitor, and to study,
at least when compared to most other Atlantic reef
systems. And with the designation of the banks as a
National Marine Sanctuary by the National Oceanic
& Atmospheric Administration (NOAA), and
approval by Congress and the President in 1992, their
isolation has made resource protection, education,
surveillance and enforcement all challenges for
resource managers.

Formal environmental protection can be a double-
edged sword. Though protective regulations are
promulgated, designation is typically followed by
increases in recreational use (Tilmant 1987),
elevating the task of enforcement. Recent years have
seen substantial increases in the number of visitors to
the Flower Gardens. Nearly 3,000 recreational divers
annually arrive on charter boats or private vessels.
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Industry has also expanded offshore. Currently seven
oil or gas production platforms and over 60 miles of
pipeline are within the Four-Mile Zone around the
banks. The immediate future is likely to see even
more recreational divers, more private boat arrivals,
more fishing, increased industrial activity, and more
scientific use of the Flower Gardens resources. But
all these uses, which many view as threats, are
accompanied by a high level of interest in and
awareness of issues related to resource protection and
environmental stewardship on the part of the public,
industry and other federal agencies. This has lead to
a number of unique and productive partnerships. The
cooperative nature of the users of the resources
above, on and below the Flower Gardens has resulted
in a more effective and comprehensive protective
regime for the banks and the unusual biological
assemblages they contain.

HISTORICAL PERSPECTIVE OF
CONSERVATION AT THE
FLOWER GARDENS

The Flower Garden Banks are fortunate to have had
a long history of efforts directed at resource
protection. These efforts have come from several
fronts, including government, industry, and the
public.

Bright et al. (1985) summarized the history of
protection for the Flower Gardens for the period up
to 1985, and Gittings er al. (1993) updated the
history. The most significant perceived threats to the
resources of the Flower Gardens have generally been
considered to arise from oil and gas development,
from anchoring by large vessels, and from increasing
levels of use by recreational divers and boaters. Oil
and gas concerns included diminished water quality
due to drilling and production discharges near the
banks, and the threat of spills and clean-up
operations. Large vessel anchoring has been
documented on a number of occasions. The damage
resulting from even single incidents can be extensive,
and anchor scars can be seen on large-scale side scan
sonograms. High levels of recreational use increase
the amount of damage caused by anchoring as well
the impacts of souvenir collection, trash disposal, and
overfishing.

The majority of threats posed by oil and gas
operations were addressed first by the Minerals

Management Service (MMS). In 1974, regulatory
zones were imposed prohibiting activity on the
Flower Garden Banks themselves, and in adjacent
areas required reef monitoring and/or shunting of
discharges to within 10 m of the seafloor.

By all accounts, the MMS regulations have been very
effective, and monitoring programs have revealed no
industry-related deterioration at the Flower Gardens
(e.g. Gittings et al. 1992). In fact, the Flower Garden
Banks National Marine Sanctuary (FGBNMS)
regulations (15 CFR Part 943) affecting the oil and
gas industry are nearly the same as those adopted by
MMS in 1974.

It was evident in the early 1970s that the Flower
Gardens would be a strong candidate for sanctuary
designation. The Banks were formally nominated in
1977 in part because of continuing threats posed by
anchoring by non-oil industry vessels. Anchoring and
the potential problem of coral collecting were nearly
taken care of in the early 1980s. The Draft Gulf of
Mexico Fisheries Management Plan (FMP) for Corals
and Coral Reefs included a provision that would
prohibit anchoring on and collecting corals. Because
the Plan’s promise of removing the final significant
perceived threats, the Flower Gardens was removed
from NOAA’s List of Active Candidates for Marine
Sanctuary status in 1982. But the final FMP did not
contain the anchoring provision. It had been
determined during the review of the Draft FMP that
anchoring was not a fisheries issue.

In 1984, researchers on the East Flower Garden Bank
witnessed an anchoring incident and documented the
damage. Videotapes of the damage were shown at an
MMS Information Transfer Meeting and raised the
awareness of the problem to the staff of
Representative Solomon Ortiz, a member of the
House Merchant Marine and Fisheries Committee.
He and another Committee member, then-Rep. John
Breaux, recommended the Flower Gardens be again
placed on NOAA'’s Site Evaluation List (SEL).

In 1990, the Gulf Reef Environmental Action Team
(GREAT), agroup of 24 volunteers with funding and
support from federal agencies and private sources,
installed 12 mooring buoys on the banks to reduce
anchoring by small vessels. In January of 1992, the
Flower Garden Banks were designated the nation’s
tenth National Marine Sanctuary (13 currently exist).



SANCTUARY MANAGEMENT

Marine Sanctuaries throughout the nation utilize
management tools tailored to the sites. For each, the
primary goal is resource protection. Each has unique
regulations that address site-specific resource threats.
Regulations may address discharges that alter water
quality, activities that mechanically damage living
and non-living resources (e.g. anchoring),
molestation of marine mammals, allowable fishing
techniques, salvaging of artifacts, or other activities.
Sites use varying levels of education, research, and
enforcement, which are determined by site needs.
They also protect resources using proactive measures
(such as mooring buoy installation and contingency
planning).
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Even more variable are the types of cooperation each
Sanctuary uses to accomplish its goals. A treatment
of nationwide cooperative efforts is beyond the scope
of this paper. Here we discuss the role of cooperation
in management of the FGBNMS, and discuss in some
detail the teamwork between industry, the MMS, and
NOAA in protecting the Flower Gardens.

COOPERATION AT THE
FLOWER GARDENS

The Flower Gardens Sanctuary depends heavily on
partnerships. The Sanctuary has taken advantage of
regional expertise among industry, federal agencies,
academic institutions, and environmental groups. One
illustration of this is the composition of the
Sanctuary’s advisory group, a 14-member committee
that consists of people from each of these user groups
(Table 1B.1).

Table 1B.1. Cooperation between the Flower Gardens Banks National Marine Sanctuary and other

organizations.

Sanctuary
Functions

Cooperating Organizations

Activities

Protection &

Management Texas A&M Sea Grant Prog. | Provides reduced-cost office space and staff support
Gulf of Mexico Foundation | Established Flower Gardens Fund to raise funds to
support all aspects of Sanctuary
Mobil, Texaco, Shell, MMS, | Each have member(s) on the Sanctuary’s advisory group
Texas A&M, Louisiana
Univ. Marine Consort., Gulf
of Mexico Fdn., Dive Clubs,
Env’l Groups, Rinn Boats,
volunteers
Resource MMS Contingency Planning, industry operations policy

development, review of development plans, oil spill drills

Gulf Reef Env’l Action
Team

Enforcement

Installed mooring buoys and donated system to NOAA

U.S. Coast Guard

Surveillance, enforcement, contingency planning, spill
response

National Marine Fisheries
Service

Enforcement, conduct investigations

Mobil E&P U.S., Inc.

Report violations
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Sanctuary
Functions

Cooperating Organizations

Activities

Texaco, Anadarko, Oryx

Qil spill drills

Rinn Boats, Inc.

Charter boat operators report violations and buoy
problems, and support damage assessment

Education Sea Grant Assist with production of brochures, posters, and videos
Seaspace Provides booth at annual dive show
Houston Museum of Natural | Host annual Night on the Flower Gardens, an educational
Science anniversary celebration
Dive Clubs & Env’l Groups | Co-sponsor Night on the Flower Gardens
Gulf of Mexico Fdn. Publishes a Technical Series through the Flower Gardens
Fund to keep public aware of Sanctuary activities &
research
Shell Contributions to Flower Gardens Fund
Volunteers, Experts Present slide shows and talks (e.g. Elderhostel), provide
materials for and review educational products
Research MMS Co-fund monitoring and 1992 mass spawning cruise

Mobil E&P U.S,, Inc.

Provides platform access, lodging and logistical support

National Fish & Wildlife
Fdn.

Co-fund fish censuses and Flower Gardens Fellowships

Gulf of Mexico Fdn.

Co-fund fish censuses and scholarships, and provide
cruise support and project funding

Mobil, Texaco, and Natural
Gas Pipeline

Contributions to the Flower Gardens Fund for research
and monitoring

Seaspace

Research scholarships

National Biological Survey

Provided staff and funds for toxicology studies

Rinn Boats, Inc.

Offers ship time to conduct graduate student research

Sea Grant, Entrix,
Oceanographic Expedition

Co-sponsored research cruises

National Undersea Research
Center/ Univ. North
Carolina

Sponsored research workshop to summarize research
interest and stimulate proposals




Table 1B.1 summarizes some of these cooperative
efforts and indicates how the Sanctuary uses
partnerships to

reduce the costs of office management
raise funds for Sanctuary programs

obtain advisory support

enhance resource protection efforts
conduct surveillance and enforcement
produce and distribute educational materials
conduct educational programs

facilitate, enhance, and fund research and
monitoring

0O 0 0O 0 0O 0 O ©

Two of the most important cooperating groups for
the Sanctuary are the MMS and oil companies
themselves. The FGBNMS works with MMS more
than it does any other federal agency. MMS worked
with the Sanctuary in 1992 to develop a policy on
seismic exploration that was designed to control the
activities of seismic vessels in certain parts of the
Sanctuary. MMS requests NOAA review of plans for
drilling, production, and pipeline operations in the
Four-Mile Zone around the Sanctuary. MMS staff
provides technical advice, when requested, during
these reviews. They invite the Sanctuary manager to
participate on spill drills. They assisted the FGBNMS
in notifying companies operating in the Four-Mile
Zone of the requirement to have permits and other
authorizations certified. They jointly fund with
NOAA the long-term monitoring program, and
sponsored a 1992 research cruise. And currently,
NOAA and MMS are collaborating on an oil spill
risk assessment for the Flower Garden Banks. At the
headquarters level, the two groups have periodic
meetings to share information on current activities
and to coordinate planning.

Several oil companies have been valuable partners
for the FGBNMS. Mobil, Texaco, Shell, and Natural
Gas Pipeline have all made donations to the Flower
Gardens Fund for Sanctuary research and education
programs (the Flower Gardens Fund was established
in cooperation with the Gulf of Mexico Foundation,
a non-profit 501(c)(3) organization, to enhance
conservation efforts at the Flower Gardens through
increased public and private sector involvement in
research, monitoring, education, and communication).
Mobil, Texaco, and Shell have also have
representatives on the Sanctuary advisory group. And
Mobil provides transportation, lodging, and logistical
support to scientists conducting research from HI-
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A389A, a gas production platform in the Sanctuary.
An inflatable is stationed on the platform for use in
Sanctuary operations.

CONCLUSION

The FGBNMS has depended on partnerships since its
designation and will continue to do so. Staff and
resources will simply never be adequate to
accomplish all the tasks required for resource
protection without help from groups with similar or
complementary goals. Furthermore, product quality
is enhanced through partnerships, reducing wasteful,
unnecessary, and even counterproductive duplication
of effort. And because of vested interest on the part
of cooperating partners, the final products are more
effectively and widely used.

Comprehensive marine resource management, a goal
of the National Marine Sanctuary Program, can only
be attempted if regulatory agencies are willing to act
in cooperation with other publics with vested interest
in the resource. National Marine Sanctuary managers
have become well aware of this fact and have made
cooperative programs a high priority in their
operational plans. This has had numerous positive
effects. Resource protection has become more
comprehensive and more effective. Education and
outreach efforts have expanded. Research scientists
are conducting more of their work in sanctuaries.
And the National Marine Sanctuary Program’s
visibility has increased. In contrast to the past,
agencies and groups have begun to approach the
Sanctuary Program to develop cooperative programs,
and support has grown substantially in the last
several years. And while the outlook for future
federal support is unclear, partnerships make the
prospects for effective resource management much
more promising.
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A CLOCKWORK ORANGE:
THE TRANS-GULF MIGRATION OF
THE MONARCH BUTTERFLY

Dr. Gary Noel Ross
President, Baton Rouge Audubon Society

The monarch butterfly in eastern North America is
world famous for its seemingly miraculous treks
between Canada, the United States, and Mexico.
Likewise, the overwintering roosts in the highlands
of central Mexico have been well documented.
Although the insect’s land routes are fairly well
known, there have been occasional reports that the
gossamer-winged insects could not possibly navigate
over large bodies of water, entomologists have
concluded that the sightings were of insects blown
out to sea by heavy offshore winds.

Now, with data spanning nearly three decades,
scientists have had to revamp their theories, and the
distinguished international traveler has acquired a
new reputation: oceanic voyager.

My interest in monarchs began in 1965. As a
graduate student at Louisiana State University, I
assisted with research on migrating song birds along
the coast of southwestern Louisiana. The work
involved focusing high-powered field telescopes at
the moon each moonlit night during fall and spring.
This pioneering strategy allowed us to count the
silhouettes of song birds as they crossed the bright
disk. Then, using simple mathematical calculations,
we extrapolated the total number of birds crossing
the sky for a given period of time. The data were
conclusive: a trans-Gulf flyway did indeed exist for
avian migrants.

During our night vigils, we occasionally noted other
winged creatures in the night sky. Now commonly
termed "angels," many of these could be identified as
monarch butterflies (monarchs have a distinctive
soaring flight pattern). Not realizing the uniqueness
of these observations we simply dismissed them as
tangential to our research. After all, we reasoned,
why shouldn’t migrating butterflies use the same
flyways as birds?

The data were forgotten until the late 1970s. Then,
while researching the natural history of southwestern



Louisiana, 1 noted that during each spring and fall
masses of monarchs were taking advantage of the oak
and hackberry trees growing on the old beach ridges
known by the local Cajun residents as cheniers
(French for "oak ridge"). Furthermore, my casual
observations indicated that in the spring, many of the
monarchs were flocking onto the cheniers directly
from over the Gulf waters to the south; and each fall,
many monarchs were departing the cheniers to the
south, again directly over the Gulf. I noted with
interest the observations, but merely filed away the
data.

Then, in the summer of 1990, a brief item appeared
in a scientific newsletter claiming that "on the 17th
and 18th of October, each year for the past 18-10
years, monarch butterflies in immense numbers alight
on and rest on an offshore oil and production
platform in the Gulf of Mexico."

How could I continue to disregard the long-term
clues? With no more than a week of scientific
sleuthing I was able to learn that the paradigm for
monarch migration did not include night flying or
navigation over large expanses of water. Monarchs
supposedly skirted pilots and offshore workers in the
petroleum industry stationed in an area of the
northwestern Gulf known as West Cameron Block
had on several occasions personally witnessed
numbers of monarchs descending in mass upon
production platforms and drilling rigs.

Now, following four years of research in the
northwestern Gulf I have compiled substantial data
that allows me to advance new theories on monarch
migration.

To summarize, nearly 30 different man-made
structures ranging from just a few miles to nearly 150
miles offshore, repeatedly host monarchs in mid-
October and to a lesser degree again in mid March.
Although Louisiana has more than 3,000 manmade
structures fanning out into the Gulf, the monarch
sightings are not distributed in a random pattern.
When plotted on an aeronautical chart, the data
reveal a specific arrangement: a 90-100 mile swath
extending from southwest Louisiana to (by
extrapolation since no structures reach beyond 150
miles, and no monarch tagged on a rig or platform
has ever been recovered), northeastern Tamaulipas,
Mexico. The flight path for the butterflies is
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consistently south to southwest in October and north
to northeast in March. Although the insects seem to
prefer moving when winds are favorable for gliding,
the tenacious migrants are able to hold to their
apparently prescribed course even when buffeted by
strong head winds. The butterflies usually fly 30-130
feet above the warm Gulf water, presumably taking
advantage of thermal uplift. At peak migration, on an
average of one to two butterflies per minute can be
observed, often circling the iron structures. During
each year, at least one platform was inundated by
hundreds if not thousands of butterflies, usually at
dusk. The majority remained throughout the night.
Some, however, departed into the darkened sky after
but a brief respite.

I am often asked just how do the migrating monarchs
home-in on the offshore structures? Again, the past
four years of research offer compelling evidence.
Over 90 percent of all butterfly records involve
offshore structures that are yellow in color. Since
monarchs are known to be highly sensitive to that
color, I theorize that the fall migrants mistake the
colorful protuberances in the Gulf for patches of
golden-rod, a favorite source of nourishing nectar, or
perhaps even for trees sporting autumnal foliage. In
essence, the monarchs are exploiting the offshore
structures as "pit stops.”

But magnetism probably plays a significant role, too.
The body of each monarch contains small quantities
of magnetite, a kind of biosynthetic compass that
presumably empowers the insects with the ability to
orient to Earth’s natural geomagnetism, and
therefore, to navigate over great distances (the record
for one monarch tagged in Ontario and later retrieved
in Mexico stands at 2,133 miles). Since the offshore
facilities continually generate substantial electro-
magnetic fields because of their electrical generators,
telecommunication equipment, and massive iron
construction, [ theorize that the insects’ genetic
programs are fooled. The butterflies are probably
literally "pulled" farther offshore by false readings
from fine-tuning, for yellow (and possibly bright
lights, too) dictates a descent. If darkness is
imminent, most butterflies simply remain for the
night. Then, with renewed vigor and in the absence
of suitable nourishment, the instinct to migrate drives
them onward to complete their remaining hours
(probably 10-12) of over-water journey
(approximately 350 miles, a saving of over 200
miles).
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In the spring, conditions are a bit different. Primed
for reproduction, monarchs leave their forested
retreats in central Mexico to begin searching out
milkweeds, their only host plants. Instinctively, the
butterflies move in a northwesterly direction. Of
those that reach the Mexican Gulf coast, many
probably continue to skirt the water line northward
since offshore waters contain very few production
platforms or drilling rigs. Also, only terra firma
offers the possibility for immediate reproduction.
However, my data indicate that some monarchs must
launch-out over the water. Furthermore, Ibelieve that
those that do have a decided advantage. But let me
explain.

Monarchs are genetically tied to breed on only
milkweed plants mainly in the genus Asclepias.
Relatively common along roadsides and within
pastures, these showy plants survive because of a
milky sap that contains chemical substances that
render the plants more or less immune to predators.
Monarch caterpillars throughout their evolutionary
history have learned to not only tolerate these toxins
but to actually sequestor and incorporate them into
their own body chemistry. Monarch caterpillars,
therefore are also immune to many predators. During
metamorphosis, these same toxic alkaloids are passed
on to the adults so that the butterflies are also
unpalatable. (The striking colors of both the
caterpillars and butterflies supposedly advertise this
immunity to potential predators: "I taste bad. Leave
me alone!™)

But not all milkweeds are equally potent. That is,
some species contain higher concentrations of
alkaloids than do others. As a corollary, not all
monarchs are equally potent. In fact, experiments
have proven that some monarchs contain practically
no measurable quantities of alkaloids. These
butterflies are readily eaten by avian and mammalian
predators.

According to evolutionary theory, these monarchs
that breed on species of milkweed that are well
endowed with alkaloids will have a greater potential
for survival than those that do not. Since genes are
passed on only by survivors, it is these chemically
primed individuals that over time come to dominate
a particular population.

Therefore, natural selection favors those butterflies
that breed on especially toxic varieties of milkweed.

My analysis of the vegetation of coastal Louisiana
indicates that only one species of milkweed is
common there. Known as green or antelope-horn
(Asclepias viridis), the species is an early spring
bloomer and distributed in dry woods, fields and
prairies along the Gulf coast and then northward into
the midwestern states. Chemical analysis of the plant
indicates that it contains copious amounts of
alkaloids so that it ranked as one of the most toxic of
its kind. I reason, therefore that those monarchs that
migrate in the spring across the waters of the Gulf
are able to oviposit on a species of milkweed that
virtually assures the survival of most of their
offspring. As such, the oceanic route increases the
survival potential for the butterfly species through
time.

Although I am not yet in a position to propose that
the oil industry’s development in the Gulf of Mexico
over the past 50 years has inadvertently sparked the
evolution of a new, more direct flyway for the
monarch, I do believe that this "Trans-Gulf Express"
does offer migrants a definite advantage: a shorter
route complete with open-sea oases and access to
breeding grounds with host plants rich in alkaloids.
And so what may have begun as only a chance
wandering by few wayward individuals is now being
continually reinforced and expanded.

22 April 1993. Baton Rouge, Louisiana. On that day
the monarch was accorded an unusually festive
tribute. The Earth Day ceremony—reputed to be the
largest in the South—initiated its new" All Species
Parade" in which 300 school children along with at
least another 50 supportive older folks masqueraded
as the state’s native plants and animals. The
participants were grouped according to major
habitats: Gulf waters first, followed by marshlands,
swamplands, and finally pine and hardwood forests.
Since the monarch is a migrant throughout all parts
of the state—and now proven to fly over the Gulf as
well—the butterfly was the lead off for the parade.

Although all costumes sported a professional eye-
catching pizzazz, the uncontested crowd pleaser was
the colorful orange and black celebrity monarch that
towered above the crowd. Since 1991 the parade has



increased in size and has been applauded by both the
populace and media as a grand success.
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THE LOUISIANA PROGRAM:
PROGRAMMATIC OVERVIEW

Mr. Rik Kasprzak
Louisiana Wildlife and Fisheries
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In 1986, Louisiana, concerned over the removal of
offshore oil and gas structures (Reggio et al. 1986),
proposed legislation to develop a comprehensive
artificial reef program for the state. The Artificial
Reef Program is responsible for siting, maintaining,
and enhancing artificial reefs in both state and federal
waters off the Louisiana coast, using, but not limited
to, retired oil and gas structures.

The Louisiana Artificial Reef Initiative (LARI)
drafted legislation modeled after the National Fishing
Enhancement Act (NFEA). The NFEA provided
encouragement and guidelines to states for creating
well-developed,  well-organized artificial reef
programs. The LARI was created in 1985 and was
composed of university, state and federal officials,
members of recreational and commercial fishing
interests, and representatives of Louisiana’s oil and
gas industry. The Louisiana Fishing Enhancement
Act (Act 100), was signed into law in June 1986 and
provided the authority to develop a comprehensive
artificial reef program in Louisiana.

Act 100 established Louisiana’s Artificial Reef
Development Program and named and outlined the
duties of the three participating agencies. The act
created the Louisiana Artificial Reef Development
Council composed of the Secretary of the Department
of Wildlife and Fisheries, the Executive Director of
the Center for Coastal Energy and Environmental
Resources and the Director of the Louisiana Sea
Grant College Program. The Council is responsible
for overseeing development and implementation of
the program. The program is administered by the
Louisiana Department of Wildlife and Fisheries and
conducted jointly with scientists from the Center for
Coastal Energy and Environmental Resources at
Louisiana State University.

The Act established the State of Louisiana as the
permittee for artificial reefs developed under the
program’s jurisdiction and appointed the Department
of Wildlife and Fisheries as agent for the state. The

state assumes responsibility for the reefs upon
placement within the established reef permitted area.
The State, donors, and other participants constructing
a reef under NFEA and Act 100 are absolved from
liability, provided the terms and conditions of the
authorizing federal artificial reef permits are met.

Act 100 mandated that a plan be drafted to establish
the rationale and operational guidelines for the
program, including the siting criteria for Louisiana’s
artificial reefs. The plan (Wilson et al. 1987) was
accepted and endorsed by the 1987 Louisiana
Legislature. With the plan in place for guidance,
Louisiana began the lengthy process of identifying
areas inappropriate for reef development. This
process, known as exclusion mapping, excluded areas
such as shipping lanes, traditional commercial fishing
areas, pipeline corridors, restricted military zones,
existing live bottoms, and other areas deemed
unsuitable due to depth, bottom type, hydrological
conditions, and preference by other user groups
(Christian 1984; D’Itri 1985; Myatt 1985).

Following exclusion of areas where reefs should not
be developed, a series of public hearings were held
across south Louisiana to outline the program and,
with public input, to select areas where reefs should
be located. As a result of those hearings, eight
artificial reef planning areas were chosen where
specific artificial reef projects could be sited in Phase
I of the program. These planning areas facilitate
platform abandonment planning by oil and gas
companies and provide flexibility in specific site
selection within the planning areas, thereby
encouraging industry cooperation. At the suggestion
of local fishermen, a ninth planning area (Ship Shoal)
was added seaward of the cities of Houma and
Morgan City. Phase Two of the Program takes
advantage of low profile materials such as shell and
concrete rubble to allow reef development in
Louisiana’s shallow inshore and nearshore waters.

Louisiana Act 100 did not authorize the use of State
general funds for the program but established the
Louisiana Artificial Reef Trust Fund. Oil and gas
companies that contribute structures to the program
donate half the disposal savings realized through
program participation for deposit into the Louisiana
Artificial Reef Trust Fund. Based on average removal
cost (NRCMB 1985) and the location of the state’s
artificial reef planning areas, Louisiana estimated



that, depending on water depth, the oil and gas
industry can save up to $1 million per structure
(compared to the cost of traditional onshore
abandonment) by converting it into an artificial reef.
The interest generated by the Artificial Reef Trust
Fund is designated for program operation, including
buoy deployment and maintenance, monitoring,
research, and development.

Since the program’s inception in 1987, the program
has created 19 offshore reefs utilizing 48 obsolete oil
and gas platforms donated by 17 participating
companies. Other offshore oil and gas operators have
also expressed an interest in the program, and
negotiations are in progress. Negotiations to obtain
platforms and to determine the amount of donation
are done on a case-by-case basis between the oil and
gas operator and the State. The size, location,
distance from shore, water depth, resale value, and
proximity of the platform to the permitted reef site all
affect the cost of converting a rig into a reef; thus, it
is not always cost-effective for operators to
participate (Pope 1988).

In addition to the offshore reefs, three inshore reefs
have been constructed of oyster and clam shell
provided to the Department as mitigation for shell
dredging activities. This low-profile material is ideal
for inshore reef development in that it can be shaped
in such a manner to minimize the reef’s impacts on
navigation and the inshore shrimp trawl fishery.

Federal and state governments, the oil and gas
industry, as well as commercial and recreational
fishermen, have been beneficiaries of Louisiana’s
artificial reef program. However, it will take the
continued cooperation of the various state and federal
agencies involved and the support of the Gulf user
groups to ensure that Louisiana’s program will enjoy
continued success.
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THE CHEMOSYNTHETIC
ECOSYSTEMS STUDY: AN
OVERVIEW

Dr. Ian R. MacDonald
Geochemical and Environmental Research Group
Texas A&M University

INTRODUCTION

Planning for this study was initiated by MMS shortly
after the 1984 discovery of chemosynthetic fauna at
natural hydrocarbons seeps on the continental slope
in the Gulf of Mexico. From a management point of
view, the study was called for because of the
agency’s concern that energy exploration and
production could harm an important component of
the slope ecosystem. The Geochemical and
Environmental Research Group (GERG) of Texas
A&M University, was awarded the contract in July,
1991. GERG brought to the study a mature program
of research that included investigators from several
research universities in the Gulf region and
elsewhere. As a result, the team was able to proceed
immediately to the fieldwork stage of the program
and to build upon a existing data base acquired
through several previous years of field sampling and
analysis.

The study is tasked with determining the abiotic
factors that determine whether communities of
chemosynthetic fauna become established and persist
at hydrocarbon seeps and with estimating the relative
importance of the communities to the slope
ecosystem. To address the question of possible harm
due to human activity, the study has examined the
growth rates of the major faunal groups, the record of
the community accessible to analysis by
paleolotologists, and the incidence and causes of
short-term change. Because the communities occur at
depths of 500 m or greater, and because they tend to
be small in area, the investigations have relied
heavily upon research submarines for sample
collection and exploration. Initially, five sites located
in water depths of 500 to 720 m were selected for
study on the basis of their faunal composition and
geographic location. MMS contracted for 18 dive
days with the submarine Johnson Sea-Link and her
surface support ship.
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In general, the study results show that the seep
communities are a unique and important component
of the slope ecosystem of both the regional and
national EEZ. Although susceptible to damage
through carelessness, this ecosystem can be protected
through application of good scientific knowledge and
appropriate management oversight. This presentation
will discuss the regional and local patterns of
occurrence evident in oil seeps and the biological
communities associated with seeps.

REGIONAL OCCURRENCE

Regionally, a map of the known seep communities
indicates a broad belt of occurrence across the upper
to mid-continental slope. The landward limits of seep
communities appear to be real and increasingly to
restrict occurrence of seep fauna in water depths less
than about 500 m-—although physiological and
ecological causes of this restriction are very poorly
understood. The seaward and east-west extents of this
distribution are artificially constrained by the limits
of exploration. Collection of oil-laden surface
sediments by piston coring also indicates the general
prevalence of seepage on the slope. One deep water
(2200 m) seep has been explored in Alaminos
Canyon and the thriving chemosynthetic community
found in that site (Brooks et al. 1990) support the
idea that lower slope seeps are colonized. To the east,
the Mississippi Fan and Canyon region does appear
to limit seepage—this is confirmed by general lack of
surface slicks and reduction in sediment hydrocarbon
levels. There are seep communities off Mobile Bay
in Viosca Knoll region. The steep Florida
Escarpment (and coincident lack of hydrocarbon
reservoirs) also limits the eastward occurrence of
seep communities at slope depths; however, the first
documented finding of tube worms and mytilids was
at the base of the Florida Escarpment, at a depth of
3600 m (Paull er al. 1984). The Escarpment
communities have been linked not to thermogenic
hydrocarbons, but to connate fluid seepage from the
highly porous Florida Platform. Noting the oil
reserves of the Mexican slope, and the similarities
between the Yucatan and Florida Escarpments, it is
clear that seep communities have a Kknown
distribution that indicates their presence across the
full extent of the continental slope in the U.S. Gulf of
Mexico and a potential distribution that is
circumambient of the entire Gulf.
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To test this theory, locations of probable oil slicks
were compiled from a number of sources: a
photograph taken from the Space Shuttle, a Landsat
Thematic Maper (TM) scene, and in three European
Radar Satellite (ERS-1) scenes, as well as collections
of floating oil and observation of sea-floor seeps
from submarines. These locations were ranked
according to recurrence of evidence for natural oil
seepage among the various data sets. As a result, it
was possible to verify 43 biological communities that
depend on hydrocarbon seeps and 63 locations where
remote sensing data indicate there are sea-floor
sources capable of producing perennial oil slicks.
Remote detection of natural seepage confirms that the
range of chemosynthetic communities dependent on
hydrocarbon seepage in the northern Gulf of Mexico
extends over the full depth range of the continental
slope.

This broad regional distribution, however, belies the
local occurrence of chemosynthetic communities.
Because the fauna depend upon geological processes,
they are freed from the restrictions that increasing
water depth imposes upon the photosynthetic food
chain; thus they often form very dense aggregations
in the otherwise food-poor deep sea. However,
because their food supply is so specific, seep
communities are sharply limited by the spatial and
temporal conditions of seepage; thus seep
communities tend to be dense, but small in area.

FINE-SCALE PATTERNS

Clear distribution patterns emerge at spatial scales of
< 10 m. Spatially, seep mussels are the most
restricted and typically occur as 1- to 5-m wide ovoid
or linear patches, often on slope terraces or mound
crests. Tube worms form in bush-like clusters that
colonize surface sediments along fault zones. The
widths of these colonies are typically 10 to 100 m,
while the lengths often extend the entire active length
of the faults. Vesicomyids and lucinids are spatially
the least restricted. There is much difficulty in
distinguishing living vesicomyids from
accurnulations of dead shells, and the infaunal
lucinids are collected by coring. Generally, however,
the bivalve beds occupy large flat regions up to 1,000
m in width. These distribution patterns are the result
of the adaptations that each faunal group has made to
colonize and exploit seepage and will be briefly
outlined in the following.

Seep Mytilids

Methane availability limits the habitat suitable to
seep mussels. Gaseous hydrocarbon, migrating from
depth, is relatively less restricted by sediment pore
structure than is liquid oil (Verweij 1993). Bubbling
gas vents are therefore relatively more localized than
the oily sediment in seep zones. Secondary processes
such as hydrate formation and dissociation, carbonate
precipitation, and indeed the tightly bound mat of
mussels, will channelize and retard gas seepage;
overall though, the cross-section is relatively small.
A somewhat less restrictive case occurs where
mussels are able to exploit methane dissolved in
seeping brine. Here, the greater density of brine tends
to maintain it as a distinct fluid in pools of flow
channels on the seafloor. The major restriction here
is substrate stability, because the anoxic brine
becomes toxic to mussels unable to extend their
siphons into the overlying sea water. In both cases,
gas vents and brine seeps, the habitable gradient is
steep and the actual habitat areas is restricted. At
brine seeps, mussels dominate, with occasional
solitary tube worms able to exploit sediment anoxia.
At gas vents in oil seeps, the mussels usually occur
surrounded by more extensive tube worm bushes.

Tube Worms

Tube worms have two requirements that, in
combination, limit their habitat. Their symbionts
utilize H,S, which is probably derived from sulfate
reduction in a sediment column made anoxic by the
bacterial degradation of the massive carbon input
provided by oil seepage. No measurable
concentrations of H,S have been detected at the off-
bottom heights where the tube worms’ gas exchange
plumes are commonly found (MacDonald et al.
1989). The implication is that H,S is supplied by
diffusion across the tube wall in that portion of the
tube that is usually buried in the anoxic sediments.
The tube worms themselves require a hard
attachment substrate for larval sediment—although
this requirement may be relaxed somewhat where
larvae can settle on adults. The combination of these
two requirements is met along the active portions of
faults where carbonates are exposed and sufficient
sedimentation or mud expulsion has occurred to
provide a sediment drape. Tube worms do occur in
lithified crevices, but the extent of such colonies is



sharply limited and the development of the individual
worms is generally stunted.

Bivalves (Vesicomyidae and Lucinacea)

Seep clams also exploit sediment anoxia: the
vesicomyids by extending their vascularized foot
below the surface oxidized layer while their siphon
takes in oxygenated sea water; the lucinids by
constructing a Y-shaped burrow within which they
can control oxygen levels through siphon pumping or
shifting their position (Reid and Brand 1986; Cary et
al. 1989). Lucinids have a very wide distribution in
the Gulf of Mexico, including shallow estaurine areas
where sediment anoxia is clearly not related to oil
seepage. Of the two groups therefore, the spatial
extent of lucinids around seeps should be the greater.
There is difficulty in confirming this, however,
because the animal’s infaunal habits tend to hide
them from view. Vesicomyids require the shallow
anoxia typical of a mud flow flats and have been
confirmed to colonize areas >1 km wide. All three
groups, mussels, tube worms, and vesicomyids, have
been sighted together under the exceptional
circumstances where all of the conditions of brine
seepage, sediment anoxia, and attachment substrate
CO-0CCUr.

TEMPORAL STABILITY

Life-spans of the Gulf chemosynthetic fauna, where
they can be determined by growth experiments, are
long—on the order of tens to possibly hundreds of
years. Short-term change in their communities should
therefore result from variation in fluid flow or other
seep-related processes. Successful settlement events
should be relatively rare and the effects of predation
relatively limited. Comparison of seep communities
photographed at intervals of up to three years reveals
little direct evidence for change in either community
composition or density. This is in marked contrast
with the chemosynthetic communities at the
Galapagos hydrothermal vent, where entire
aggregations of tube worms were replaced with
mussels over a period of less than five years (Hessler
et al. 1988). Indirect evidence, on the other hand,
points to change and various rates. Most rapid change
will undoubtedly result from catastrophic events such
as blow-outs. Upended carbonate slabs and sharp
sided pockmarks are clear indicators that such
blowouts do occur. Over a circa-annual time scale,
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variation in water temperature can destabilize near-
surface hydrates and greatly increase local seepage.
(MacDonald ef al. 1993). Finally, rechannelization of
fluid-flow may choke off fluid flow in a highly
localized area; evidence for this can be seen in the
defunct mussel beds that are commonly found in the
vicinity of living beds. In general, however, the
incidence of short-term change seems to be low
enough that likelihood of detecting it in the short
term is reduced.
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INTRODUCTION

Hydrocarbon seeps are caused by geologic factors; in
the Gulf of Mexico, deeply buried mobile salt causes
fracturing of the sediment pile (Worrall and Snelson
1989) and the consequent release of mature
hydrocarbons along fault planes. What is more, the
seeps themselves modify the local geology of the
seafloor (Roberts et al. 1990) and provide substrate
and sustenance to chemosynthetic organisms
(Kennicutt et al. 1988; MacDonald et al. 1990).

Seeps have been studied in two main fashions: by
submersible observations close to the seafloor and by
geophysical remote sensing from the sea surface.
Thus, one of the main gaps in such studies is the
missing link from the broad scale of geophysical
sounding to the ultra small scale of the submersible
viewport. In this report we describe the use of a

hybrid technique, geophysical data collected from a
submarine, as the basis of a study of the geological
and geophysical characteristics of hydrocarbon seeps
in the Gulf of Mexico. These geophysical data
provide a synoptic view on the scale of hundreds of
meters, but with a resolution of less than a meter and
this allows us to compare viewport-scale
observations with broad scale seismic data.
Furthermore, we have used ground truth data,
collected by submersible, to better understand the
geophysical picture.

OBJECTIVES

The objective of this study was to use maps of
geophysical (mainly acoustic) characteristics of the
seafloor and shallow subbottom at hydrocarbon seep
sites to provide a framework for assessing the effects
of the seeps on the seafloor and the relationship to
chemosynthetic communities. Using the principles of
seismic stratigraphy, we wished to classify and map
the extent of sediments affected by seepage. Our goal
was to ground truth these classifications with
geologic data (cores and submersible observations)
and to correlate these characteristics with other
geophysical and geologic data. A major objective of
this task was to compare the geophysical framework
with locations of chemosynthetic communities,
surface features, and subsurface structures, such as
faults. In addition, we wished to use the
observational framework developed in this study for
implications about the geologic formation and
evolution of hydrocarbon seeps.

METHODS

We studied four well-known seep sites located on the
Louisiana continental slope in the Green Canyon and
Garden Banks lease blocks areas (Figure 1C.1).
These sites are located in or near lease blocks
GC 184, GC 234, GB 386, GB 425 at depths from
535 to 600 m. GC 234 is located along a portion of
a tensional fault between salt diapir ridges (Behrens
1988). The other sites are all mounds located either
on the flank of a salt diapir (GC 386, GB 425) or on
a fault radiating from a salt diapir (GC 184).

The primary data for this study were 25 kHz echo
sounder profiles, 77 kHz side-scan sonar images, and
bathymetry data acquired with the U.S. Navy
research submarine NR-I. The bathymetry yielded
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Figure 1C.1 Location of study areas. Simplified bathymetry of the Louisiana slope shown at top; bottom
panels show multibeam echosounder bathymetry in vicinity of study areas. Boxes show areas
of detailed study. Contours labeled in meters.
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the morphology of the seep sites, and the side-scan
sonar gave a high-resolution acoustic images of
surface features, whereas the echo-sounder probed
the shallow subbottom sediments. The geophysical
instruments were mounted on the lower hull of the
submarine, which was sailed at an a more-or-less
constant altitude of several meters above the seafloor,
typically at a velocity of one to two knots. Most
surveys consisted of lines spaced approximately 30 to
100 m apart, giving more than 100% overlap of the
side scan images from adjacent tracks. With the
geophysical data, we constructed and compared
bathymetric charts, sonar backscatter images, and
maps of acoustic reflection character.

Geologic ground truth data were provided by analysis
of 0.5-m push cores, visual observations, and video
photography obtained with the submersible Johnson
Sea-Link as well as 3-m piston cores acquired aboard
the R/V Gyre. Sea surface geophysical data were
available for all four sites, but these data were
diverse in type and parameters because most were
borrowed from industry sources.

RESULTS
Acoustic Echo Types

Echo sounder records were divided into six
characteristic types (Figure 1C.2), based on the
amount and type of apparent alteration of the
sediment layers. These types are as follows:

Type 1: Characterized by a strong reflector at the
seafloor and no apparent acoustic penetration into the
subbottom. The strong reflector is probably carbonate
or gas hydrate at or near the seafloor and has a high
reflection coefficient, so that most of the acoustic
energy is reflected or attenuated near surface. Cores
within these zones were typically short and contained
carbonate rocks, usually within the upper 20 cm, as
seen for example in core GB386-A from the seep
mound in GB 386 (Figure 1C.3). Side-scan mosaics
often showed rough topography in these regions and
when viewed by submersible, carbonate outcrops
were often observed.

Type 2: Shallow penetration with an abrupt
termination of acoustic penetration. This signature
probably represents a thin layer of mud overlying a
hardbottom, such as carbonate or hydrate. It may

show areas in which recent mud flows have covered
a pre-existing hard substrate. Such zones usually
appeared no different from surrounding sediments
when seen in side-scan images or from a
submersible, because of the covering of sediment.
Cores taken in these areas, however, showed similar
features to Type 1 area cores, but the hard layers
were buried below the surface. Push cores from a
Type 2 area on the seep mound in GC 184 typically
contained mud with disseminated carbonate, but one
had nodular carbonate at its bottom. About half of
these push cores showed traces of oil. Core GB425-
A, from a similar zone on the flat-topped mud mound
in GB 425, retrieved muds of two different colors,
separated by an expansion void above which were
small vesicles and a band of dark mud (Figure 1C.4).
This core seems to show the boundary between two
layers, presumably that seen in the echo sounder
records. Moreover, the gas expansion feature
suggests the buried strong reflector may have been a
gas hydrate layer.

Type 3. Scattered subbottom echoes without
continuous horizontal internal reflectors. Such a
pattern probably shows non-layered sediments altered
by oil, gas, disseminated carbonate precipitates, or
hydrates.

Type 4. Scattered subbottom echoes with indistinct,
horizontally continuous reflectors. This signature
probably represents layered sediments disturbed by
gas, oil, or carbonate precipitates. Types 3 and 4 are
similar, except for the existence of internal reflectors,
which are likely related to the original deposition of
the sediments. Core GB425-D was recovered from a
Type 2 zone and it yielded mud permeated with
carbonate nodules, oil stains, and shell fragments. All
three components are potential scatterers of acoustic
waves (particularly if the oil is accompanied by gas)
and may therefore be the source of the apparent
alteration of the sediments noted in reflection
profiles.

Type 5. Zones in which acoustic energy is abruptly
attenuated; typically laterally continuous features
disappear within these zones. Although we had no
core samples of Type 5 acoustic wipeout zones,
because they occurred rarely in our study areas, this
type of acoustic behavior is widely recognized as the
signature of gassy sediments (Behrens 1988; Hovland
and Judd 1988; Anderson and Bryant 1990).
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Figure 1C.2.

Examples of echo types observed in 25 kHz subbottom-reflection profiles from the study sites.

Distance between horizontal lines is 5 feet in seawater.
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Description of Core GB425-A: from a Type 2 echo type (buried hard substrate) zone, showing
evidence of buried hard substrate. At right are trends in carbonate percentage and porosity.
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Type 6. Parallel, continuous subbottom reflectors.
These characteristics denote normal, undisturbed
hemipelagic sediments. Several cores obtained from
Type 6 zones in the GB 386 and GC 234 study areas
contained hemipelagic muds with little evidence of
alteration by hydrocarbon seeps and were similarly
lacking in shell fragments and authigenic carbonates.

Distribution of Echo Types

Within the seep areas we studied, the echo types
appear in two different patterns. The seeps that are
characterized by mounds, such as GC 184, GB 386,
and GB 425, and GC 184, are characterized by either
Type 1 (hard substrate) or Type 2 (buried hard
substrate) over the mound itself (Figures 1C.5, 1C.6,
1C.7). These two reflection types show hard
substrates at or near the surface, owing to active or
recently active precipitation of carbonate or hydrate.
The Type 2 signatures may indicate recent mud flows
that have buried a previous hard substrate, as
interpreted from submersible observations at GB 425.
That hard substrate is often at or near the present-day
seafloor, suggests that with time, the covering of
sediments is probably incorporated into the hard
substrate, so that the hard reflector moves upward
through the sediment column or that erosion may
uncover the substrate. Given the uniformity of the
burial or exposure of most hard substrate reflections,
it seems that the upward movement is probably the
most likely occurrence. On the other hand, the
pattern of Type 1 and Type 2 occurrence is slightly
different at each site. GB 386 has Type 1 over the
mound summit and Type 2 around its edges
(Figure 1C.6), whereas the distribution on the GB
425 mound is almost opposite (Figure 1C.7). GC 184
appears different from the other two because the
areas of Type 1 echoes are patchy and scattered
(Figure 1C.5). These differences probably reflect a
variability in the occurrence of carbonate or hydrate,
which in turn may signify variability in the structure
of the mounds and hence the geometry of
hydrocarbon seepage.

Around the mounds, the echo types are variable,
apparently dependent on the areal extent of the
seepage zone. GB 386 seems to be an isolated seep
mound, as it is surrounded by undisturbed Type 6
sediments (Figure 1C.6). Both GB 425 and GC 184
are evidently part of extensive zones of seep
alteration that are larger than the survey areas. In GB
425, Type 1 and Type 4 sediments surround the

mound (Figure 1C.7), whereas in GC 184, Type 3
sediments surround the mound (Figure 1C.5). In both
cases, sea surface geophysical survey data indicate
that the study areas are only small parts of larger
zones of seepage.

GC 234, which has no large mound structure, has
echo type patterns that are clearly different from the
other sites (Figure 1C.8). Here, the distribution is
complex, but mainly consists of small patches of
Type 1 (hard substrate), Type 3 (disturbed
sediments), and Type 5 (acoustic wipeout) within an
area of Type 6 (undisturbed) sediments. The
occurrence of Type 1 and Type 5 reflections,
scattered in patches throughout the survey area,
seems to indicate that carbonate or hydrate formation
and gas seepage are widespread along the fault scarp
and not as localized as at the mound sites.

Backscatter Mosaics

Acoustic backscatter patterns in the side-scan sonar
records seem to show mainly the effects of small
scale topography; this topography is extremely
variable in its appearance at the sites we studied. In
some instances, the topography is apparently related
to mound structure or formation because the
topographic features follow the bathymetric contours,
such as curved ridges at the edges of the mounds in
GB 386 and GB 425.

In some locations, the topography appears to be rock
outcrop. In the images, such features appear as small
scale roughness or clusters of mounds (Figure 1C.9).
The roughness, blockiness, and clear acoustic
shadows cast by these features suggests they are
outcrops. Probably these outcrops consist mainly of
authigenic carbonate; however, in some such areas,
rock outcrops are not apparent and the small scale
roughness may be in part caused by clusters of tube
worms (e.g., at GC 234) or even by hydrate mounds
(MacDonald et al. 1990). Our study indicates that
these outcrop zones are often correlated with Type 1
hard substrate reflection patterns. Furthermore, at GC
234, at least, many of the "outcrops" are more or less
linear and seem to be correlated with faults mapped
in multichannel seismic data (Figure 1C.10). Thus,
the "outcrops" may represent the effects of seepage
along the fault traces at the seafloor.
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Figure 1C.5. Distribution of echo types, defined from 25 kHz subbottom-reflection profiles, in the vicinity of the seep-related mound in the GC 184
study area. Echo types are shown in Figure 1C.2. Observed chemosynthetic organism locations are shown by open and filled circles.
Bathymetry contours shown at 5-m intervals. 3
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Figure 1C.6. Distribution of echo types, defined from 25 kHz subbottom-reflection profiles, in the vicinity of the seep-related mound in the GB 386
study area. Echo types are shown in Figure 1C.2. Bathymetry contours shown at 5-m intervals. Core locations denoted by letters; capitals
signify piston cores, whereas lower case represent push cores.
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Figure 1C.7. Distribution of echo types, defined from 25 kHz subbottom-reflection profiles, in the vicinity of
the seep-related mound in the GB 425 study area. Echo types are shown in Figure 1C.2.
Bathymetry contours shown at 5-m intervals. Core locations denoted by letters.
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Figure 1C.8. Distribution of echo types, defined from 25 kHz subbottom-reflection profiles, in the vicinity of the seep-related mound in the GC 234
study area. Echo types are shown in Figure 1C.2. Observed chemosynthetic organism locations are shown by filled circles; gas seep
locations shown by stars. Bathymetry contours shown at 5-m intervals.
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Figure 1C.9. Side-scan sonar mosaic of the GC 234 detailed study area. Dark areas show strong acoustic backscatter, whereas light areas show weak
backscatter or acoustic shadow. Bathymetry contours, at 5-m intervals, are overlaid. 3



Figure 1C.10.

Comparison of the GC 234 side-scan sonar mosaic and fault traces (heavy lines) mapped with multi-channel seismic data (J. R. Reilly,
personal communication, 1994).
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Relationship of Geophysical Signatures and Seep
Organisms

Within the limitations of our data set, we note a good
correlation among hard substrate reflections,
"wipeout” zones, "outcrops" on side-scan sonar
images, and the locations of chemosynthetic
organism clusters. Comparison of echo types and
chemosynthetic organism sitings shows that at GC
184, 97% of tube worm bush locations and 92% of
bivalve sitings are within areas classified as having
Type 1 or Type 2 reflection characteristics
(Figure 1C.5). At this site, almost all of the seep
mound shows these two reflection types, so we could
also say that 96% of all chemosynthetic organisms
are on the mound. The lack of organisms off the
mound, even within the small survey area is striking.
At the site in GC 234, the situation is slightly
different. No Type 2 reflections were noted, but
much of the seep zone is characterized by Type 1 or
Type 3. Here there is a clear clustering of organisms
near zones characterized by these two reflection types
(Figure 1C.8). Although 86% of the organisms are
located on Type 1 or Type 3 reflection zones, only
46% are located on Type 1 hard substrate reflectors,
implying that Type 1 areas are not required as
community sites.

These observations indicate a clear preference of
chemosynthetic organisms for sediments showing
Type 1, Type 2 (both hard substrates), and Type 3
(shallow disseminated seep products) characteristics.
This is probably the result of two factors. First, these
are areas where there has been a significant
precipitation of authigenic carbonate, which may
form a solid substrate to which organisms, such as
tube worms, can attach themselves. Second, such
areas also have high concentrations of seeping
hydrocarbons, hence the massive carbonate
precipitation, so the organisms find at such locations
the hydrocarbons needed to produce food.

DISCUSSION
Hydrocarbon Seep Sediment Alterations

Tensional faults are one of the primary effects of
deep salt movement on the sediment column of the
Gulf of Mexico continental shelf and slope. These
faults may dissect hydrocarbon reservoirs within the
sediment column, allowing gas and oil to escape by
providing both a break in the reservoir seal and an
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upward pathway. In order that the hydrocarbons
reach the sea floor, it is probably necessary that the
faults are large, or genetically related to one that is
large, and also active. Only large faults will usually
penetrate sufficiently deep to tap a mature reservoir
and also provide sufficient offset to break through
impermeable formations. Likewise, only active or
recently active faults will break through to the sea
floor, and this is necessary to let the hydrocarbons
escape. In our study areas, which are limited in
geographic extent, all of the seeps occur either on the
flanks of salt diapirs or along a fault system formed
between two diapirs. This implies that the diapirs are
the locus of most intense deformation and hence the
most likely locations for seeps to occur.

When hydrocarbons reach the seafloor, they have
several geologic effects. The hydrocarbons change
the characteristics of the sediments, causing
alterations that can be imaged by acoustical methods.
They may also entrain sediments, causing the
formation of seep mounds.

The effects that perturb acoustic signals can be
divided into two classes: the results of gas within the
sediments and the results of materials precipitated
within the sediments. The gas causes attenuation of
the acoustic waves and the result is a zone of
"acoustic wipeout" (signal loss) or "turbidity"
(reverberation) where subsurface reflections are not
seen (Hovland and Judd 1988; Anderson and Bryant
1990). This is the Type 5 reflection character noted
in our study. The precipitates either cause acoustic
"turbidity," the scattered, amorphous reflections
within the sediment column, or a hard substrate that
reflects most of the acoustic energy. Hard substrates
may be caused by the precipitation of massive
carbonate layers and blocks (Roberts et al. 1990) or
by the formation of gas hydrate layers. We see these
as the Type 1 and Type 2 reflections within our
surveys. Carbonates can also be disseminated as
macro- or micronodules (Behrens 1988; Roberts et
al. 1990) and thus cause acoustic turbidity by the
diffraction of acoustic energy throughout the affected
sediment column. These effects cause Type 3 and
Type 4 reflection characters in our study areas.

The formation of a seep mound implies the
localization of the seep to nearly a point source.
Interestingly, the three mounds we studied are all
located on the flanks of salt diapirs, whereas the one
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site without a significant mound is along a fault
system between diapirs. This may indicate that seeps
next to diapirs are more likely to be localized,
perhaps within a narrow fault, whereas those between
along wider fault zones are less likely to be
constrained and localized.

Our observations suggest that the mounds are formed
by flows of low viscosity mud, like a "mud volcano,"
rather than by the diapiric rise of a mud body.
Evidence in favor of this hypothesis is as follows.
Low viscosity and fluidized sediments are inferred
from observations of fresh mud flows and the active
eruption of gas and oil-charged mud from vents on
the summit of the mound in GB 425. In addition, a
layer of fresh, buried mussel shells in a core from
near GC 234 indicate that the shells were quickly
buried by a mud flow, before the shells could be
degraded by post-mortem contact with sea water.
That these mounds are not diapiric is inferred from
industry multichannel seismic reflection profiles that
appear to show continuous layers beneath the GB
386 and GC 184 mounds. This observation implies
that the sediments were not deformed by diapiric
action.

Our observations also suggest that there are at least
two types of mounds: those with rounded summits
and those with flat-topped summits. The one
rounded-summit mound we studied, in GC 184, is
asymmetric and has Type | reflections and
chemosynthetic organisms occurring mainly on one
side of the mound (Figure 1C.5). These asymmetries
suggest that the source of the hydrocarbons, probably
the fault beneath the mound, lies under the west side
of the mound. The flat-topped mounds appear more
symmetric in cross-section. In addition, observed
hydrocarbon venting on the GB 425 mound occurs
only at locations along the edge of the summit
platform. We suggest that the middle of the summit,
which shows mostly Type 2 hard substrate
reflections, is impermeable to hydrocarbon migration,
perhaps because it is capped by hydrate or carbonate,
and this causes the hydrocarbons to vent around the
edges of the summit (Figure 1C.11).

Interestingly, the flat-topped mound in GB 386,
which has hard substrate at the surface (Figure 1C.6),
is not a site of abundant and varied chemosynthetic
communities, whereas GB 425, which has a thin
sediment covering a top hard substrate (Figure 1C.7),
is inhabited by many different species of

chemosynthetic organisms. This difference may
indicate that the GB 425 mound is more active,
expelling more mud, gas, and oil, and hence this is
the reason for the greater numbers and variety of
chemosynthetic organisms.

Chemosynthetic Organisms and
Geophysical Signatures: Finding Seep
Communities by Remote Sensing

Our study suggests that geophysical techniques can
be used to narrow the areas of detailed study needed
to locate and classify chemosynthetic communities.
Ultimately, there is no geophysical method that will
allow the reliable identification of such communities
while profiling from the sea surface. However, by
using known geophysical signatures and affinities,
likely locations can be localized for more detailed
study.

Seeps are located along faults and faults are usually
identified in regional seismic exploration profiling
surveys. Thus, the first step in locating
chemosynthetic communities is to map the faults
along which seeps could occur. The likeliest faults to
harbor seeps are those which are active and thus
extend to the surface and those which show a
significant displacement.

Having found the faults, the next step would be to
look for seep related topography and sediment
alteration. Topographic features would be mud
mounds, carbonate mounds, and pock-marks. The
mud mounds are typically more than 10 m in height
and more than several 100 m in diameter and would
be evident on high-resolution bathymetry maps and
side-scan sonar images. Carbonate mounds can be
somewhat smaller, one to a few meters high and 10
m wide, or less. In addition, pock-marks are variable
in size, from small shallow craters a few meters
across to large craters many meters deep and
hundreds of meters wide.

Sediment alterations can usually be found using
acoustic profiling and imaging techniques. On side-
scan sonar records, the alteration can appear as an
increase in backscatter, particularly in conjunction
with small mounds. In 3.5 Khz and other echo
sounder profiles, the alteration may show up as an
attenuation of signal reflections ("wipe out"), as an
enhancement (hard substrate), or as reverberation
("turbidity"). These are caused mostly by gas,
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Figure 1C.11.

Model for the formation of flat-topped seep-related mud mounds. Faulting associated with salt
movement (II) creates fluid conduits (III). Fluid sediment slurry, propelled by rising gas and oil,
vents along the fault zone and spreads radially from vent to build mound (IV). Authigenic
carbonate precipitation and gas hydrate emplacement form a relatively impermeable cap at the
mound top, so that vents are localized to the edges of the summit (VI and VII).
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carbonate layers or disseminated nodules, or hydrate
layers. In addition, if the seepage is particularly
strong and contains much gas, the gas bubbles may
be detected within the water column by these
acoustic methods (Anderson and Bryant 1990).

Having located areas of larger scale topographic
features or sediment alterations caused by seepage, a
more detailed examination is necessary. To locate
chemosynthetic communities, various ultra-high
resolution imaging methods are needed. Side-scan
sonar images will show carbonate outcrops, and may
even show tube worm bushes or bivalve clusters if
the resolution is high enough and the organisms are
dense enough. Typically, this will require a deep-
towed sonar or sonar affixed to a submersible, so that
the acoustic source and target are not greatly
separated. However, many chemosynthetic
organisms, such as bivalves, may be invisible.
Underwater photography, such as with a camera sled
or a laser line-scan device can provide visual sitings,
as can submersible dives. Although these last are
slow and painstaking techniques, presumably they
can be directed, using a nested search technique
employing increasingly higher resolution methods, so
that the time consuming visual searches can be
minimized.
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PALEONTOLOGY OF SEEP
BIVALVE COMMUNITIES

Mr. K.A. Warren
Dr. E.N. Powell
Department of Oceanography
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Chemoautotrophic benthic assemblages have been
discovered on the continental slope of Louisiana in
the Gulf of Mexico. These communities are
associated with petroleum seepage, and resemble
those assemblages found at hydrothermal vents
(Kennicutt et al. 1985 and Brooks et al. 1987).
Callender and Powell (1992) describe the prominent
features of petroleum seep assemblages as high
density, high abundance of large organisms,
dominance by a single taxon, and low diversity. Six
distinct biofacies have been recognized from
petroleum seep assemblages; dominated respectively
by mytilid mussels, vesicomyid clams, Lucinoma



clams, thyasirid clams, vestimentiferan tubeworms,
and the normal slope fauna. The long-term history of
these seep assemblages is not well known. This study
was designed to examine the long-term record of
seep assemblages by comparing guild and tier
structure, paleoenergetics, and changes in community
composition of the six biofacies at a number of
petroleum seep sites.

Seep assemblages from five sites, GC-184, GC-234,
GC-272, GB-386, and GB-425, were sampled by
submersible grabs and surface vessel box cores and
piston cores. The grab and boxcore samples were
used for guild and tier structure and paleoenergetics
analysis. The piston core samples were sectioned at
five centimeter intervals and are being used to
investigate changes in community composition over
thousands of years of accumulation, in addition to
paleoenergetics and guild and tier structure analyses.

Autochthonous seep assemblages are characterized
by a unique tier and guild structure, size-frequency
composition, and animal density that together
identify the paleoenergetics structure of these
communities and distinguish them from other
autochthonous assemblages of the shelf and slope.
All seep assemblages were dominated by primary
consumers, whereas the non-seep assemblage was
dominated by carnivores. Carnivore dominance
seems to be typical of shelf (or euhaline) death
assemblages. Seep assemblages, in contrast, retain
the theoretically-expected rarity of predaceous forms
in fossil assemblages. The infaunal tier was well
represented in most petroleum seep assemblages
because a large fraction of the shelled biota were
infauna or semi-infauna. Dominance by shelled
infauna is unusual. Local enrichment of food
resources and the dominance of shelled primary
consumers explain the guild and tier structure of seep
assemblages. Nearby autochthonous and
parautochthonous assemblages relying on planktonic
production are substantially different in each of these
criteria. The non-seep autochthonous assemblages
were dominated by epifauna and semi-infauna as is
typical for continental shelf and slope assemblages.

A hindcasting paleoenergetics model was used to
estimate the energy demand of both seep and
non-seep assemblages. The basic paleoenergetics
equation is as follows:

ALt =PgLt * Prit + RLt
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where Ajp; is the energy assimilated over the
individual’s life span, Pgr is the portion of net
production devoted to somatic growth, Py is the
portion of net production devoted to reproduction,
and Ry is the amount of energy respired over the
organism’s life span. The two important products of
the hindcasting model are paleoproduction and
paleoingestion. Paleoproduction is equal to the
individual’s biomass-at-death, while paleoingestion
is the assimilated energy divided by the assimilation
efficiency,

It = ALt (AT L

Hindcasting of energy demand based on the observed
biomass as preserved and an estimate of
sedimentation rate shows that energy demand by the
community exceeds the supply from planktonic rain
in seep communities, a crucial verification of the
adequacy of the hindcasting model.

Bathymodiolus sp., Lucinoma atlantis, and Thyasira
oleophila shells were radiocarbon dated from the
seep sites at GC-234, GC-184, and GB-425,
respectively. A calibration curve of amino acid dating
was used to increase the number of lucinids and
thyasirids that could be aged. Piston cores from the
"Mussel Beach" area of GC-234 recovered two
buried mussel beds. The first bed, centered at about
95 cm depth, contained shells estimated to be
between 2,000 and 3,000 years old. Mussels from the
deeper bed, at about 195 cm were estimated to be
between 3,000 and 4,000 years old. Thus, the two
mussel beds were approximately 1,000 years apart in
age. Both of these beds contained individuals in life
position, and some of the mussels still had byssal
thread attachments, indicating the importance of
catastrophic burial in the preservation of mussel beds.
The lucinids from GC-184, at 68 centimeters depth,
were calculated to be over 3,500 years old, while the
GB-425 thyasirids at 40 cm depth were 500 to 1,000
years old. The lucinids from a depth of 10
centimeters at GC-272 were found to be modern in
age, and no deeper individuals were encountered.

We also developed a computer program designed to
reconstruct the original abundance and size-frequency
distribution from a collection of bivalve fragments.
The need for this shell reconstruction program comes
from the fact that many seep bivalves are obtained in
fragmented condition due to taphonomic processes.
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A primary attribute of the program design was the
use of simple readily measured characters (shell
length, width, thickness, weight) allowing rapid
analysis of shell fragments. The program was tested
using a mussel, two lucinids, and an arc shell. In each
case, the whole shells were measured, broken into a
minimum of three to four pieces, and then
remeasured. Numerical abundance was slightly
overestimated and size-frequency skewed slightly
towards smaller size classes. In terms of
paleoproduction and paleoingestion, these errors
proved of little consequence. This computer program
was then applied to the seep mussel, lucinid, and
thyasirid fragments from the piston cores. The
size-frequency distributions of the reconstructed
thyasirid populations were similar to those of the
whole shells present in the cores, with most
individuals being over 50% of the species maximum
size. The reconstructed seep mussel size-frequency
distributions, on the other hand, revealed that there
were both very small and very large individuals, but
most were in the middle-size classes.

Combining detailed sampling of cores, reconstruction
of fragmented individuals and paleoenergetics
analysis permits the study of the persistence and
resilience of seep communities. Some sites retained
optimal habitat for some species continuously over
geologically-long time periods of time. More
commonly, however, habitat optimality varied
substantially over time scales of 300 to 500 years.
Local extinctions and recolonizations occurred, and
these seemed to occur fairly rapidly in the context of
the time span represented by the entire core or a
portion of the core recording times conducive to a
selected fauna. Thresholds of optimality seem to be
present. Triggering mechanisms producing the rapid
faunal changes are unknown, but could include small
changes in sediment chemistry.

In the case of mussel beds, catastrophic burial was
implicated in preservation, but the importance of
catastrophic burial in fostering local extinctions
seems to be minor. Most extinctions occurred
quickly, but without hiatuses of faunally depauperate
sediments that might be typical of catastrophic
sedimentary events. Thus, one important
characteristic of these sites was the degree of
persistence of the chemosynthetic biota. A fauna was
typically persistent over a time span of a few hundred
years, but was typically not persistent over a time
span of 300 to 500 years.

Faunal succession was not observed. When local
extinctions occurred in the chemosynthetic biota, the
biota was replaced by the normal slope biota or a
mixture of a normal slope biota and the juveniles of
chemosynthetic species that failed to survive to
adulthood. Thus the only faunal transitions were
between chemosynthetic and non-chemosynthetic
faunas. Not one distinctive faunal transition between
two chemosynthetic species was observed. Sites were
always recolonized by the chemosynthetic species
that had previously become locally extinct.
Accordingly, the chemosynthetic faunas were
resilient over long time scales, time scales of
geological importance. The inescapable conclusion is
that sites are more or less permanently conducive to
only one, or at most two, chemosynthetic species.
Site specificity is retained over geologically-long
time frames. This suggests that site chemistry
remains within a narrow range for geologically-long
times and that the local variations in site chemistry
are sufficient to control the presence or absence of
the locally preferred chemosynthetic fauna at the
expense of the background heterotrophic fauna.

The relatively low persistence but high resilience of
the seep faunas indicates that sites retain a degree of
uniqueness in their capacity to support seep faunas
over geologically-significant time periods. In this
study, only the Lucinoma sp. biofacies was found at
more than one site. Significantly, this species was
rarely persistent over long time spans and rarely did
a significant number of individuals attain
near-maximum size, so that this species was simply
more capable of surviving in a variety of suboptimal
habitats than were the other species. At least as
important was the failure to sample habitats optimal
for several important chemosynthetic species, namely
the solemyids (a few were taken at GB-386),
Lucinoma atlantis (occasionally collected at GB-425)
and Vesicomya cordata. We suggest that at least
three additional unique habitats remain unsampled
and unsurveyed. Given the uniqueness of sites, we
would expect these biofacies to dominate sites that
are as yet unexplored rather than to be present but
unsampled within already explored sites.
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INTRODUCTION

Dr. Norman Froomer
U.S. Minerals Management Service
Gulf of Mexico OCS Region

The Geographic Information System session at this
year’s ITM was associated with a cooperative effort
between the MMS and Louisiana State University,
Center for Energy and Environmental Research. The
purpose of this project, which has been developed as
part of the MMS Coastal and Marine Initiative
(CMI), is to develop a GIS database for use in oil
spill contingency planning in the Gulf of Mexico
region. An important step in the project is to develop
consensus among users on what data categories to
include in the database and on sources of data. The
MMS and LSU have established a Steering
Committee for the project to help guide these, and
other, decisions. The Steering Committee includes
representatives of the major user groups of the
database, including state and federal regulatory and
resource protection agencies, and industry.

The ITM session was divided into two parts. During
the first part, Dr. Shea Penland, LSU project director,
presented an overview of project accomplishments to
date and future objectives. He was followed by Steve
Oivanki, Mississippi Office of Geology, and Mr.
Chris Friel, Florida Marine Research Institute, who
presented overviews of GIS database development
and applications underway in their respective states.

The second part of the session was used for a
Steering Committee meeting. The objective of the
meeting was to develop a prioritized list of data
categories for inclusion in the data base. A list that
resulted from the meeting is included in the ITM
proceedings.
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MMS GULFWIDE INFORMATION
SYSTEM (GWIS):

A CONSISTENT REGIONAL GIS
DATABASE FOR

OIL SPILL CONTINGENCY
PLANNING BASED
ON INTERAGENCY AND INDUSTRY
CONSENSUS

Dr. Shea Penland, Ms. Karen Ramsey,
Mr. Ed Vigil, Ms. Lynda Wayne,
Ms. Karen Westphal,
and Mr. Chris Zganjar
Center for Coastal, Energy, and
Environmental Resources
Louisiana State University

Dr. Norman Froomer
U.S. Minerals Management Service
Gulf of Mexico OCS Region

ABSTRACT

The Minerals Management Service (MMS)
established the Coastal Marine Institute (CMI) at
Louisiana State University as part of the Center for
Coastal, Energy, and Environmental Resources
(CCEER) to promote environmental research related
to the oil, gas, and mining industries. One of the
primary initiatives of CMI is to create an
environmental information program to support
government and industry oil spill contingency
planning needs in order to fulfill the Oil Pollution
Act of 1990 and MMS compliance regulations. The
MMS/Gulfwide Information System (GWIS)
database will contain critical information about the
location and character of environmental resources,
infrastructure, and administrative boundaries that
occur within the coastal region of the U.S. Northern
Gulf of Mexico. Information needed to support the
program will be collected from state and federal
resource agencies, industry, and other data providers.

INTRODUCTION

Accurate, current information and base maps are
essential to successful oil spill contingency planning
and environmental analysis in the Gulf of Mexico
(GOM). The GOM coastal zone will face an
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increasing risk of a major oil spill impacting the
shoreline over the next decade as oil imports
continue to increase and domestic oil and gas
activities continue. The GOM will be one of the few
regions in the United States where offshore oil and
gas leasing will continue to pose new environmental
challenges in the future. The environmental pressures
on the coasts and waters of the Gulf of Mexico will
continue to accelerate as population increases present
greater demands for resources. Environmental data
are therefore crucial to the accurate assessment of
risks posed to these resources by the exploration,
production, and transport of hydrocarbons in the
GOM, and to the development of adequate oil spill
contingency plans. In addition, conflicts in response
actions and damage assessments can be minimized by
developing needed data sets in cooperation with both
government and industry. Over the past five years,
government and industry have debated the accuracy
and resolution of information on resources at risk
used in oil spill contingency planning. All parties
through the regulatory process agree on the need to
develop a common system to distribute
environmental information that meets the regulatory
requirements and needs of both government and
industry. The objective of the Minerals Management
Service (MMS) Gulfwide Information System
(GWIS) database is to create and manage mutually
agreed-upon data sets for use by government and
industry in meeting oil spill contingency planning
and environmental analysis requirements.

The Regional Technical Working Group (RTWG) of
the MMS Gulf Region also recognizes the
importance of accurate environmental data and the
need to establish an information center to support oil
spill contingency planning and GIS environmental
analysis by government and industry. In 1992 RTWG
nominated a project to develop a regional center for
oil spill contingency planning and environmental
analysis (Regional Study No. GOM-A008). This
project was ranked in the top five projects for the
1993 Regional Study Plan of the Environmental
Studies Program (ESP). In addition, the Oil Pollution
Act of 1990 and Executive Order 12777 have
mandated a greater role for the MMS in oil spill
contingency planning and environmental analysis.

The MMS GWIS database project will develop an
information system for oil spill contingency planning
and environmental analysis to support the
requirements of government and industry. Vast

amounts of environmental, infrastructure, and
administrative and political information will be
required to support the intended activities. To
compile and manage such a complex data set, it will
be necessary to utilize the advanced spatial data
management capabilities of geographic information
systems (GIS) technology, which enables users to
map critical information with geographic positional
accuracy. More important, however, a GIS provides
a highly efficient framework for storing, retrieving,
and analyzing both the maps and associated
databases of information used to describe the maps.

GIS technology also provides a mechanism for
maintaining spatial data in dynamic environments
and enables the power of spatial associations to be
more fully realized. By utilizing this advanced
technology, the system will provide a substantial
environmental data base that can be accessed by the
MMS, other government agencies, and industry for
various analyses and products that may be used for
contingency planning, environmental assessments,
leasing activities, regulatory decision-making, and
other general management purposes.

GULFWIDE SUPPORT AND CONSENSUS
FOR DATABASE

The objective of GWIS is to develop an authoritative
database that will be used by MMS for oil spill
contingency planning, as mandated by the Oil Spill
Act of 1990, and by industry and other regulatory
and resource protection agencies for oil spill planning
and response. The current practice of using disparate
data sources for oil spill planning and response
fosters inconsistent interpretations and contention
among the involved parties. To encourage consensus,
GWIS has established a Steering Committee with
members from industry, Federal agencies, and each
Gulf state. The Steering Committee is involved in all
major decisions concerning the design and
composition of the database (Table 1D.1).
Furthermore, many Steering Committee members
have contributed cash and in-kind resources to the
project. The Steering Committee members of the
GWIS program are listed in Table 1D.2.

REGIONALLY COMPLETE AND CONSISTENT
'‘BOTTOM UP’ DATABASE

The Guif of Mexico coastal states are providing
much of the data for the project. MMS and LSU are



compiling and augmenting the data using an
enhanced environmental sensitivity index (ESI)
mapping framework to assure regional completeness
and consistency. The enhanced ESI concept includes
additional items in the database, expanded offshore
geographic coverage, metadata for each geographic
feature, information on level of effort and area
covered by surveys, and procedures to assure
regional consistency and completeness from local
data sources.
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APPLICATION INDEPENDENT DATABASE

While the primary purpose of GWIS is to develop a
database to support oil spill contingency planning,
another important objective is to compile a database
that can be used for other environmental and
planning applications. To assure this capability, the
project, to the extent that resources permit,
emphasizes the robustness of the data itself, not the
specific application for which the data will be used.
The objective is to have GWIS serve as a model and
a first step toward developing a flexible and complete
Gulf of Mexico database based on primary data.

Table 1D.1. The GWIS priority data layers for oil spill contingency planning identified by interagency and industry

consensus.

L. Level One Priority Layers

A. Base Maps
1:2,000,000
1:100,000
Texas 1:24,000
Louisiana  1:24,000
Mississippi  1:24,000
Alabama 1:24,000
Florida 1:40,000
Enhanced - ESI Base Map 1:24,000

B. Shoreline Habitat Type
exposed vertical rock shoreline/seawall
sheltered/rock platform
exposed rock platform
exposed rip-rap
sheltered rip-rap
gravel beaches
mixed sand and gravel beaches
shell beaches
coarse sand beaches
fine sand beaches
exposed mud flats
sheltered mud flats
mangroves
salt-brackish marsh
fresh flotant marsh
fresh marsh
swamps
developed/upland

C. Aquatic Habitat Type
sea-grass beds
oyster reefs
coral reefs
artificial reefs

D. Terrestrial Biological Resources
mammals
birds
reptiles

E. Aquatic Biological Resources
mammals
fish
mollusc
crustaceans
reptiles

F. Regulated Endangered & Threatened
Species
type and distribution

G. Recreational Areas
beaches
marinas
boat ramps
diving areas
boating/fishing



96

II. Level Two Priority Data Layers C. Political and Administrative Boundaries
and Locations
A. Location of Protected Areas federal
special management areas state
state parks municipal

G.

state preserves

state wildlife refuges
federal preserves
federal wildlife refuges

Coastal Marine Processes
wave data

currents

hydrography

water temperature
meteorology data
climatic data

Transportation Infrastructure
roads

airports

helipads

USCG Area Contingency Plans
MSO boundaries

MSO Protection Priorities
MSO Response Strategies

Access and Staging Areas
ramps
hoists

Modern, Historical, and Prehistorical
Cultural Resources

Bathymetry

Ul Level Three Priority Data Layers

A.

Sources of Public/Commercial Water
Supplies
water in-takes

Qil and Gas Infrastructure
platforms

wells

pipelines

facilities

service bases

terminals

refineries

gas processing plants
ports

federal lease block
state lease block

Pre-Approved Zones
dispersant

in-situ burning zones
exclusion areas

Navigable Shipping Routes/Channels
navigable shipping routes/channels
navigation markers

anchorage

lightering zones

Response Equipment Location
sources
inventory

Topography
minimum 5’ contours

Place Names
names from USGS quads (GNIS)

Permitted Waste Disposal Sites
incinerators
landfills

1IV. Not Prioritized

A.

Land Use
USGS landuse/landcover

Database of Historical Spills
risk analysis

location of spill source
spiller

Utilities

lines

generation stations
power plants

phone

power cable crossings

D. Population Data

census data
residences
camps



Table 1D.2. Steering Committee members of the MMS GWIS program.
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Minerals Management Services

Louisiana State University

Texas General Land Office

Louisiana Qil Spill Coordinator’s Office
Mississippi Department of Environmental Quality
Alabama Department of Environmental Management
Florida Department of Environmental Protection
U.S. Coast Guard

National Oceanic and Atmospheric Administration
Environmental Protection Agency

Clean Gulf Associates

Marine Industry Response Group

Marine Spill Response Corporation

Aramco
Exxon
Chevron
Amoco

MISSISSIPPI OIL SPILL
PLANNING GIS:
CURRENT STATUS AND
FUTURE PLANS

Mr. Stephen M. Oivanki
Mississippi Office of Geology

INTRODUCTION

Oil spill response in Mississippi is handled by the
Emergency Services Division of the Department of
Environmental Quality (DEQ). Personnel from
Emergency Services act as on-scene coordinators to
direct clean-up activities and evaluate post-spill
remediation. Oil spill planning in Mississippi is also
seen as a tool for field response, and therefore efforts
are under way to build a Geographic Information
System (GIS) at DEQ which meets both planning and
response requirements.

CURRENT OIL SPILL
PLANNING/RESPONSE DATA

The only oil spill planning and response data
currently available in Mississippi are found in a
document developed by the Mississippi Department

of Marine Resources (formerly the Bureau of Marine
Resources) in 1984. The "Contingency Guide to the
Protection of Mississippi Coastal Environments from
Spilled Oil" was prepared by Cornell M. Ladner and
James S. Franks with numerous contributions of data
and expertise from personnel at other scientific and
academic institutions in the state. The Guide is in a
large, atlas format with the entire Mississippi coastal
environment divided into a series of 11 maps. Each
map is based on the NOAA nautical chart for the
area at that time.

The Guide was designed to rate the protection
priorities for oil spill response from high to low
according to the degree of negative impact an oil
spill would have on a particular section of coastline
and its interior environments. Seven protection
priority levels from 1 (highest) to 7 (lowest) are
identified, and within each level several smaller
rankings are subdivided. The highest priority
identified is 1A, openings to rivers, bays and
estuaries leading to sheltered salt marshes. The
lowest priority, 7R, is given to the concrete seawalls,
bulkheads, and wharves. In the case of unusually
high tide conditions, some priorities would move
from lower to higher levels based on the exposure of
interior habitats under those conditions.
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The entire shoreline of the mainland and the barrier
islands is both color-coded and labeled to correspond
with the matching priority level given to the
particular section of shoreline. Offshore habitats,
such as oyster beds and grass beds, are also ranked
and located on the maps, as are the locations of
seasonal or migratory waterfowl habitats.

Appendices in the Guide provide tables of spawning
seasons for all commercial and recreational species
and areas and seasons for relative abundance of those
species in coastal waters. Vital descriptions and life-
cycle highlights for representative species are also
given, as are endangered species known to occur in
the coastal environment. Tides, currents, and other
oceanographic information are listed with references
for further research.

This Guide has served as an excellent planning and
response tool since its publication; however, much of
the data is now out of date, and the coastal
environment and economic climate in Mississippi
have changed. The current effort to produce a
comprehensive oil spill planning/response GIS will
remedy these deficiencies.

FUTURE OIL SPILL
PLANNING/RESPONSE GIS

The Office of Geology, Coastal Section, of the
Mississippi Department of Environmental Quality
currently maintains a large GIS operating in
ARC/Info on a SUN Sparc Station. Base map data
include the most recent digitized USGS 1:24,000
topographic quadrangle maps with shoreline
positions for the mainland and the islands updated
annually by GPS surveys. Geomorphic characteristics
of the mainland and island shorelines are classified
and cataloged utilizing interpretation of oblique video
surveys flown periodically along the coast. Land
use/land cover classifications for all the USGS
quadrangles in the coastal zone of Mississippi have
been identified and mapped using a condensed
Cowardin interpretation of 1991-92 color-infrared
vertical photography. Bathymetric data for the
Mississippi  Sound are updated using in-house
bathymetric mapping equipment.

At the request of the DEQ Emergency Services
Division, this GIS will be modified to incorporate
additional data necessary for oil spill planning and

response. Additional data layers planned include the
following:
Offshore grass beds and shellfish beds (1) (2)
Migratory waterfowl habitats (1)
Endangered species habitats (1) (2)
Seasonal marine species nesting areas (1) (2)
Habitat and wildlife management areas (1)
Boat ramps and staging areas
Critical transportation facilities and routes
Environmental Sensitivity Index (ESI)
Cultural/economic priority areas
Key response personnel notification data
Critical boom lengths for estuary protection
Critical water depths for boat operations
Up-to-date census data

Data supplied by: (1) Department of Marine
Resources, (2) National Park Service.

Other data layers will be updated and added as
needed or specified by users of the GIS.

The Environmental Sensitivity Index for Mississippi
shorelines will be designed according to NOAA
standards in cooperation with their ongoing national
ESI mapping effort. Mapping will be done within the
next year using the geomorphic shoreline mapping
system already developed for Mississippi. GPS base
map accuracy along the shorelines of +/- 2 meters
will allow detailed large-scale maps of critical
response areas to be developed for use in field
activities.

Future access to the GIS will be available either by
export through ARC/Info files to other systems, or
through ArcView II on personal computers. Data will
be subdivided into manageable segments for easy
access through ArcView, either on a desk-top PC in
the office or on a portable PC in the field during
actual spill response activities. Hard-copy maps and
documents will also be produced for distribution to
industry and regulatory personnel as needed. By
maintaining the GIS at DEQ in the Office of
Geology, the Emergency Services Division can have
quick and hands-on access to and input into the
database.



DEVELOPMENT AND APPLICATION
OF THE FLORIDA MARINE SPILL
ANALYSIS SYSTEM

Mr. Christopher A. Friel
Florida Marine Research Institute

Successful emergency management is highly
dependent upon the availability of succinct
information that accurately describes the crisis
conditions at hand. In 1992, the Florida Department
of Environmental Protection’s (DEP) Florida Marine
Research Institute (FMRI) received a legislative
appropriation to develop an "automated marine spill
sensitivity atlas" to generate targeted information for
oil spills emergency response decision. After
soliciting proposals, CAMRA contracted with
Environmental Systems Research Institute’s (ESRI)
Application Development Group to initiate
development of the Florida Marine Spill Analysis
System (FMSAS).

The principal goal of the FMSAS project was to
design and develop a prototype GIS application that
integrates a variety of information (digital maps,
imagery, and tabular data) with targeted analytical
routines needed to implement an oil-spill contingency
planning, response, and damage assessment strategy
focused on natural resource protection. An additional
requirement was to implement a selected set of these
requirements for a pilot study area in the Florida
Keys and develop a strategy for expanding the
prototype to a statewide, fully operational system.
The project included a needs assessment, conceptual
and physical application design, database integration,
interface development, and the formulation of a
user’s guide, program maintenance manual, and
statewide implementation plan.

A specific requirement of the FMSAS project was the
ability to portray real-time spill conditions relative to
marine resources at risk such as bird rookeries, turtle
nesting beaches, or prime fisheries habitat. From an
information content perspective, environmental
sensitivity index (ESI) maps provide the fundamental
base map series of the FMSAS. Prior to the FMSAS
development the only available map series that
targeted oil spills was the "Sensitivity of Coastal
Environments and Wildlife to Spilled Oil in Florida"
series, developed in 1979-80. These atlases consist of
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7.5-minute United States Geological Survey (USGS)
topographic maps annotated with Environmental
Sensitivity Index (ESI) shoreline types, wildlife-
resource areas, and spill-response staging areas and
strategies. The ESI rankings of shorelines is critical
because it cartographically indicates the vulnerability
of specific shorelines to oil spills. Explosive
urbanization and coastal alteration over the last
decade in Florida rendered these ESI ranking
obsolete in many areas.

From the onset of the project, FMRI decided that at
aminimum the FMSAS should be capable of keeping
the ESI maps relatively current and should provide
the ability to combine traditional ESI information
with other spill-related information. ESRI conducted
interviews at the FMSAS with various
representatives from selected agencies involved in
marine spill management in Florida and the United
States, including the National Oceanic and
Atmospheric Administration (NOAA), the Marine
Spill Response Corporation (MSRC), and the United
States Coast Guard (USCG) to define these
requirements. These interviews were made during a
week-long "rapid prototyping” workshop in which
the existing application software and geographic
databases developed by ESRI for spill management
groups in the United States and abroad were utilized.
The needs expressed during the rapid-prototyping
process were used several ways. They helped us
determine the functional requirements of and formed
the basis for the FMSAS database design.

In July 1993, one year after contract initiation, FMRI
took final delivery of a user-friendly prototype spill
analysis system that included over 30 natural
resource and spill response-related databases for
South Florida including threatened and endangered
species, ESI shorelines, benthic habitats, bathymetry,
managed area boundaries, National Wetland
Inventory (NWI), satellite imagery, aerial
photography, and on-line tabular reference material
with response strategies for specific shoreline types.
A potentially catastrophic oil spill in Tampa Bay in
1993 provided the ultimate test of the FMSAS
design. Coast Guard officials received a distress call
the morning of 10 August 1993 after an outbound
freighter collided with two inbound tugs a few miles
from the Sunshine Skyway Bridge near St.
Petersburg, Florida. One barge, carrying 8 million
gallons of Jet A fuel, burst into flames and burned for
more than 14 hours while the other barge lost an
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estimated 388,000 gallons of Number 6 fuel oil
before the leaking slowed and stopped. A bulk carrier
transporting phosphate was also damaged and began
taking on water. The leaking chemicals moved with
the tides toward some of Florida’s ecologically
sensitive habitats and pristine beaches.

Technological advances enabled several divisions
and bureaus of the DEP teamed with local, state, and
federal agencies to respond to the spill in an
unprecedented manner. From almost the moment the
ships collided, responding officials wanted very
detailed information on the bay’s natural resources
such as bathymetry, sea grass beds, mangroves,
marshes, turtle nesting sites, and sites of endangered
wildlife, displayed in conjunction with the current
location and extent of the spill. GIS and Global
Positioning Systems (GPS) played an important role
in generating real-time maps for analyzing changing
spill conditions, logistical alternatives, resources-at-
risk, and environmental sampling strategies. Many
data resources were combined to create maps for
simultaneous evaluation and monitoring efforts of the
response.

To assimilate spill-boundary information inreal time,
FMRI staff used GPS receivers in helicopters to
record locations of the vessels and the changing
perimeter of the spill. GPS files were immediately
imported into the FMSAS. The first map was plotted
just hours after the spill occurred and hand-carried to
the Coast Guard command center so each agency
could formulate its response plans. Maps produced
during the first three days were considered critical
aids in developing possible scenarios. The helicopter-
based GPS cres flew several times a day throughout
the project and as the spill continues, air-to-plot time
decreased significantly. Various databases and
images were combined to create maps that were used
by command center staff, the media, and individuals
involved in response, environmental sampling, and
damage assessment.

Many of the lessons learned during the Tampa Bay
spill are being used to further refine the conceptual
design and physical characteristics of the FMSAS.
Assumptions made during the design process were
tested in a crisis setting, and additional databases and
functionality were identified. For instance, it would
have been helpful to have all licensed landfills and
incinerators in the vicinity in the system to identify
disposal options for recovered product and soiled

clean-up materials. To focus future refinements, the
Institute is holding debriefings of involved parties to
identify functions the FMSAS performed well and
those that need enhancements. Unanticipated uses for
the system continue to emerge.

Following the successful response in Tampa Bay, the
DEP is investing considerable resources to refine the
FMSAS by adding databases, enhancing
functionality, equipping DEP field offices, and
implementing mobile oil spill response capabilities.
The FMSAS full-scale implementation report
prepared by ESRI described a long-term plan for the
incremental development of a statewide, GIS-based
oil spill response system for Florida. The plan
prioritizes key databases, and the challenge is to
assemble and automate the data for each region of the
state before a spill occurs there. Several paths for
extending the functionality of the FMSAS are also
included in the plan. Several governmental agencies,
utility companies, and private firms have obtained the
FMSAS. The DEP is exploring the possibility of
cooperative agreements and Memorandums of
Understanding (MOU) with other agencies such as
the Minerals Management Service (MMS), to foster
a collective investment so that the FMSAS design
and prototype application can be shared and
improved without redundant expenditures. It has
become apparent that the basic design, natural
resource sensitivity databases, and "resources-at-risk"
analyses that form the basis of the FMSAS have
widespread utility for analyzing a variety of marine
and coastal impacts such as dredge-and-fill and
coastal construction proposals. Significant database
development efforts are underway stateside and
resources are being dedicated to enhance the
modeling functionality of the FMSAS. The long-term
goal is to continue the development of the FMSAS to
provide maximum protection from oil spills for
Florida’s natural resources statewide.

As a research administrator, Mr. Friel directs
geographic information systems (GIS) and remote
sensing activities at the Florida Marine Research
Institute headquartered in St. Petersburg, Florida.
Prior to this appointment, he used GIS for
environmental research at many levels of government
in Michigan, Illinois, and Florida. His areas of
research interests are automated cartography, spatial
analysis, and GIS applications for environmental
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management. Mr. Friel received his B.S. in
geography from Northern Michigan University and
his M.S. in geography from Western Illinois
University.
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INTRODUCTION TO THE
GOOMEX STUDY

Dr. Pasquale R. Roscigno
U.S. Minerals Management Service
Gulf of Mexico OCS Region

Dr. Mahlon C. Kennicutt II
Geochemical and Environmental Research Group
Texas A&M University

The aim of the Minerals Management Service’s
(MMS) Outer Continental Shelf (OCS)
Environmental Studies Program is to characterize the
effects of offshore oil and gas development. This
characterization has been done either through a
comparison of current ecosystem data with earlier
benchmark data or through special studies oriented
towards monitoring specific parameters. These
studies have shown that the acute impacts of OCS
development are localized. There is less certainty
regarding the nature of consequences of the subtle,
chronic, long-term stresses that may be associated
with OCS development in areas with a history of
activity.

The MMS awarded a competitive contract to the
Geochemical and Environmental Group (GERG) of
Texas A&M University for a study entitled Gulf of
Mexico Offshore Operations Monitoring Experiment
(GOOMEX) - Phase 1. GOOMEX study sties are all
off the coast of Texas. These are Matagorda Island
Field Block 686, Mustang Island Area East Addition
Block A-85, and High Island Block A389 (which
includes the East Flower Gardens).

GOOMEX Phase I is a multidisciplinary
investigation to examine the impacts of sublethal,
chronic exposure to discharges from oil and gas
production facilities on marine ecosystems. The
initial phase seeks to develop a suite of
environmental indicators that will be refined in
subsequent phases. This information will be useful in
the preparation of Environmental Impact Statements
and provide future guidance for stipulated activity on
the OCS. GOOMEX can lead to the creation of
mitigation measures and the modification of the
scope of proposed lease sales in the Gulf of Mexico.
GOOMEX will feed directly into the operational
aspects of OCS. Activities such as the discharge of
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effluents, site clearance, mandated sea-bottom
surveys and archaeological surveys, have resulted
from previous studies.

GOOMEX attempts to quantify natural variability
associated with Gulf marine ecosystems so that
perturbations caused by chronic exposure to
contaminant discharges can be measured. In the
future, early warning indicators developed from
studies such as GOOMEX can alert managers and
operators before damages to marine ecosystems
become obvious. Some levels of interaction
examined in this study range from responses at the
molecular up to the community level.

The information generated from this study is
analyzed and synthesized in a comprehensive final
report. This information provides a database on the
fate and effects of hydrocarbons and metals from the
operations of platforms on the OCS. The
environmental benefits that will result from the
incorporation of knowledge learned from GOOMEX
will benefit the daily operations on the OCS, making
them more environmentally safe.

Presented in this session are a series of papers that
report on the results of last year’s efforts.

Dr. Pasquale F. Roscigno is a program manager in
the MMS Environmental Studies Section in New
Orleans. Previously, he held several positions in the
Department of the Interior’s Fish and Wildlife
Service.

Dr. Mahlon C. Kennicutt I, Senior Research
Scientist, is Chief Chemist of the Geochemical and
Environmental Research Group with the College of
Geosciences and Maritime Studies at Texas A&M
University. Dr. Kennicutt has expertise and research
interests in marine chemistry, environmental
chemistry, and organic geochemistry. He received a
B.S. in chemistry in 1974 from Union College and a
Ph.D. in oceanography from Texas A&M University
in 1980. Dr. Kennicutt has published over 100 peer-
reviewed papers, numerous book chapters, and has
made scientific presentations world-wide.
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THE GOOMEX PHASE | STUDY
DESIGN AND PROGRESS TO DATE

Dr. Mahlon C. Kennicutt II
Geochemical and Environmental Research Group
Texas A&M University

The objective of GOOMEX Phase I is to assess
sublethal effects associated with chronic exposure of
marine organisms to contaminants derived from
offshore oil/gas exploration and development
activities. A chronic impact is defined as an effect on
the biota that is caused by exposure to the "long-
term" accumulation of chemicals in the environment.
"Long-term" is defined as locations with a ten-year or
longer history of production after exploration.
Sedimentology, chemistry, and oceanographic work
elements describe the areal and temporal distribution
of contaminants, sediment characteristics, and water
quality. Biological work elements identify responses
to chronic chemical contamination as reflected in
induction of detoxification enzymes, life history,
reproductive success, reproductive effort, community
structure and genetic diversity. The sampling plan
was designed to detect and describe nearfield impacts
and contaminant gradients extending out from each
site. All study components are linked by a common
statistical design.

The field program includes four sampling activities
conducted over a one-and-one-half year period. The
study initially evaluated five test sites and narrowed
the longer-term study to the three most appropriate
sites. The sampling design included a radial pattern
with sample stations at 30-50, 100, 200, 500, and
23000 m. Station locations were chosen based on a
dose-response model and used to test the hypothesis
that chemical and biological parameters vary with
distance from the platform. Comparisons of data
from stations close to platforms (<2000 m) to stations
distant from platforms (23000 m) are used to
evaluate the significance of the observed variations.
Sediment collection was by boxcore and megafauna
were collected by otter trawl.

The study includes the analysis of contaminants in
sediments, pore waters, and biological tissues (trace
metals and hydrocarbons). All trace metal and
hydrocarbon analytical protocols are those used in
the NOAA NS&T program. The associated QA

activities were similar in scope to those of the NS&T
program.

Biological effects were monitored in a wide range of
important species from meiofauna to megafauna
including infauna, epifauna, mobile invertebrates and
demersal fish. The biological measurements cover a
range of potential markers of impact from induction
of detoxification enzymes to traditional assemblage
analysis. Assemblage information was collected for
meiofauna and macroinfauna. Reproduction and life
history studies for meiofauna emphasized
harpacticoids. Megafauna (invertebrate) reproductive
effort and health was also assessed. All biological
studies were coordinated with measurements of tissue
contaminants. Demersal fish were examined for
chronic impacts at several levels of detail including
necropsies (gross pathology), histopathology of
representative tissues, stomach content food analysis,
liver and stomach content contaminant analysis, and
biliary PAH metabolites. Megafauna (invertebrates)
were also examined for histopathologies.

Biological exposure to contaminants was evaluated
using a series of biochemical biomarkers that
measure  P4501A induction. /n vivo biomarkers
included catalytic enzyme assays for ethoxyresorufin-
O-deethylase (EROD) and aryl hydrocarbon
hydroxylase (AHH) activities. Levels of P4501A
mRNA in fish livers were also assessed. PAH
metabolites were measured in the bile of demersal
fish as an indicator of PAH exposure. Highly Ah-
responsive in vitro cell bioassays (i.e., rat hepatoma
H4IIE cells) were also used to determine the
inductive potency (as measured by EROD activity) of
extracts from invertebrates.

Additional work elements were added to the core
program to (1) assess pore water toxicity based on
sea urchin embryological development tests and (2)
develop an immunological probe to estimate
reproductive effort in megainvertebrates. A series of
other techniques are also being developed including
measures of meiofauna genetic diversity, utilization
of more appropriate organisms for bioassays, and
evaluation of various in vitro toxicological assays
presently utilized for mammalian systems.

Data synthesis includes contour maps of important
physical, chemical, and faunal characteristics,
correlations, regressions, and plots of dependent



versus independent variables. Variations in benthic
faunal assemblages are described by power diversity
(rare fraction curves) and multivariate analysis.
Principal component analysis (PCA), analysis of
variance (ANOVA), multivariate analysis
(MANOVA), covariate analysis (ANCOVA) and
general linear modeling (GLM) form the basis for the
statistical interpretations.

At present (November 1994) all field activities have
been completed. All of the data has been collected
and collated into a central database for synthesis.
Data synthesis emphasizes cross work element
interpretations and rigorous statistical hypothesis
testing.

Dr. Mahlon C. Kennicutt II, Senior Research
Scientist, is Chief Chemist of the Geochemical and
Environmental Research Group with the College of
Geosciences and Maritime Studies at Texas A&M
University. Dr. Kennicutt has expertise and research
interests in marine chemistry, environmental
chemistry, and organic geochemistry. He received a
B.S. in chemistry in 1974 from Union College and a
Ph.D. in oceanography from Texas A&M University
in 1980. Dr. Kennicutt has published over 100 peer-
reviewed papers, numerous book chapters, and has
made scientific presentations world-wide.

RESULTS OF STATISTICAL
ANALYSES BASED ON THE
GOOMEX STUDY DESIGN

Dr. Roger H. Green
Department of Zoology
University of Western Ontario
London, Ontario, Canada

THE GOOMEX STUDY DESIGN REGARDING
STATISTICAL ANALYSIS

A primary concern in the design of the GOOMEX
Phase 1 study was to collect a data set that would
provide a statistically rigorous test of the major
hypotheses. The study design facilitates the
description of patterns in space and time of the
biological, toxicological, chemical, sedimentological,
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and oceanographic characteristics of each of the
platforms.

The original general null hypothesis for the study is
as follows:

H,: There are no differences in any of the
sedimentological, chemical and/or biological
parameters measured among platform sites
(at distances less than 2,000 m from the
platform, or platform group) and comparison
sites (located a minimum distance of 3,000
m from any present or historic platform, or
platform group).

Many variables are being measured, and biological
responses can be related to aspects of the
environment that may be causing the response. We
can think of the biological response variables as
dependent variables, and the environmental variables
that may be causing the responses as independent
variables. However one can also think of the
ANOVA design variables (P = platform, C = cruise,
D = distance from platform, R = radius (direction)
from platform) as predictors. Thus the environmental
variables, as well as the biological variables, can be
thought of as response variables predicted by the
design variables. However, as far as causality is
concerned, we visualize a pattern of contaminants
determined by direction and distance from a platform
at a given time (i.e. the design variables), whereas the
biological variables measure a biological response
caused by the contaminant concentration rather than
by position relative to the platform per se (Technical
Proposal June 1991, Figures 2.1-2.3, p.9). Therefore
the logical analysis sequence is to first examine
relationships of contaminant concentrations to the
design variables, then (given that those relationships
provide evidence of "platform—centered”
spatial/temporal pattern) evaluate the importance of
time (among—cruise variation) in those relationships,
and finally (given that among—cruise variation is
relatively unimportant whereas among—platform
variation is meaningful) pool over cruises, and
examine relationships between biological variables
and contaminant environmental variables (with
"natural” environmental variables e.g. sediment type,
water chemistry taken into account)
platform-by-platform, in the context of the
within—platform design variables (D and R). If
among—cruise variation is meaningful and cannot be
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ignored, then the last step in the sequence would
have to be done for each platform-by—cruise
combination.

The outermost distance category (FAR =>3,000 m)
was intended to provide a control in the sense that it
was chosen to be beyond any likely platform-related
impacts. Thus it represents natural, baseline
conditions. Qur design does not allow for an a priori
test to answer the question: how far away from
platforms do effects extend? This would have to be
answered with a post hoc test, e.g., a multiple
comparison test where distance from the platform is
treated as a categorical variable. In fact, the actual
distance of a sample from a platform is available as
a continuous variable so that the pattern of effects
can be modeled and graphed. The sampling plan was
designed to detect near-field impacts and
contaminant gradients extending out from a platform.
Oversampling within the near field ( <3,000 m) is
designed to define the spatial scale of the impact
based on an exponential decline in contaminant
concentrations. The sampling design includes 5 radii,
5 distances per radius, and n pseudoreplicates (e.g.
n=2 from a boxcore) per each R-by-D combination.

The study design is based on a dose-response model.
Contaminant concentrations should decline
exponentially with distance away from the platforms.
Biological responses should be a function of the
contaminant gradient; thus a detectable response
would dissipate with distance from a platform also.
The basic form of a dose response model is:

Y = e—kx

Where Y is the response, and X is the dose. This
non-linear response can be transformed so that linear
models can be used to analyze the data with the
following formula:

log Y =a+ 56X

This suggests that contaminant and organism
abundance variables should be transformed
logarithmically. One would also come to the
conclusion to use log transformation on most
variables from an entirely different line of logic. An
important assumption for using ANOVA s

homogeneity of sample variances. Based on the data
from the first two cruises, it has been found that the
variances of contaminant variables and organism
abundances are stabilized with log transformations.

All data from Dboxcores; e.g., contaminant
concentrations, grain size, meiofauna, macrofauna,
and pore water toxicity tests are analyzed using the
same statistical procedures. Data from trawls are a
subset of the same design, since there are just two
stations per platform (NEAR and FAR on one
radius). Some data elements require additional
analyses that are unique to their particular area of
science (e.g., size frequency analysis).

There are four different categories of study design
within the overall GOOMEX sampling scheme.
These are summarized in the following table. Any
cruise-by—platform subset of the data could be
analyzed by itself (Case 1). Platforms could be
compared on any given cruise (Case 2). The total
design can be analyzed with all C*P*R*D
interactions (Case 3). If among—cruise variation is
relatively unimportant whereas among—platform
variation is meaningful, we can pool over cruises and
do analyses platform-by-platform (Case 4). In all
four cases, if D is treated as a continuous variable
(i, an ANCOVA) and Y is a log-transformed
variable, then we are using the dose—response model.

Platforms

Cruises 1 >1

1 Case 1: Case 2:
Unique C*P analyses Unique C analyses

>1 Case 4: Case 3:
Unique P analyses Total design analyses

Case 1 implies that there is no generality: every C*D
combination is unique and has to be analyzed by



itself. In SAS notation the analysis would be by the
model: Y = R D R*D; BY C P. The residual error
(among pseudoreplicates at each R*¥D) would be used
as the error to test R, D, and R*D. There is really no
other choice.

Case 2 implies that we can generalize over platforms,
but not over cruises. This is unlikely; it is much more
likely that the reverse will be true (Case 4). The R
are unique to particular P, so R is nested within P.
The D, on the other hand, are crossed with both P
and R(P). The SAS analysis model is: Y =P R(P) D
P*D D*R(P). P is tested against R(P) which tacitly
assumes R are random within a P. R(P), D and P*D
are tested against D*R(P). D*R(P) is tested against
replicate error.

Case 3 implies full generality, over platforms as well
as cruises. In other words it implies that patterns of
effects re. D and R can be described independent of
which platform it is or which cruise it is. This is
unlikely, but it is our starting point. Its use will
probably demonstrate that platforms are
heterogeneous, and then we will move on to Case 4.
Again R is nested within P. Here D and C are crossed
with both P and R(P). The SAS model is: Y =C P
C*P R(P) C*R(P) D P*D D*R(P) D*C P*D*C
D*C*R(P), P is tested against R(P), and D and P*D
against D*R(P). C and P*C are tested against
C*R(P). R(P) is tested against a composite error
term. D*R(P) and C*R(P) are tested against
D*C*R(P), which is tested against replicate error.

Case 4 implies that we can generalize over cruises
but not over platforms, which is likely. Cruises may
be '"significantly different" but we hope that
among—cruise variation is relatively unimportant
(whereas we expect among—platform variation to be
substantial and meaningful) so that we can pool over
cruises, and examine relationships platform-by-
platform in the context of the within—platform design
variables D and R. The SAS model is: Y =C R C*R
D C*D R*D C*R*D, When R is declared as random,
C is tested against C*R, R is tested against a
composite error term, and D is tested against R*D.
The double interaction terms, C*R, C*D, R*D are
tested against C*R*D. Only the triple interaction
term is tested against replicate error.
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THE STATISTICAL ANALYSIS FLOW &
EXAMPLES OF ANALYSIS RESULTS

The data analysis flows in the following sequence:

o Input phys/chem and design variable data,
and label levels of some design variables.

o Sort data by design variables.

o Check data by determining minimum &
maximum values for variables.

o Evaluate variables for appropriate
transformations.

o Transform the variables as appropriate.

o Do a PCA and interpret results, regarding
original variables and regarding the design
variables.

o Keep dominant Principal Components as
new synthetic predictor variables.

o Input biological data.

o Do as in lines 2—5 above for the biological
data.

o Merge the phys/chem data with the
biological data.

o Do Case 3 GLM analyses (ANOVAs &
ANCOVAs).

o Do Case 4 (or Case 1) GLM analyses
(ANOVAs & ANCOVAs).

o Do descriptive analyses to show what is
going on at each platform (e.g. tables of
means and SEs for each D*R combination,
bivariate scatterplots labeled by D and R,
model predictions of response variable
values plotted against distance from
platform as a continuous variable, P-by-P
contour plots for variables with positions of
D*R stations shown).
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The need for and the choice of transformations of
variables was assessed by determining the
relationship of residual variance to residual mean
(and thus the transformation needed to stabilize the
variance), using the Taylor’s Power Law model. The
results agreed with the common practice and logic of
transforming such data, so we recommend the
following routine transformations: All contaminant
concentration and organism abundance data should
be log—transformed, or log(Y+1) transformed if zero
values are present. Recall that log transformation of
response variables also allows use of linear models to
describe the non-linear (exponential decay)
dose-response model. Percentage data (SANDP,
SILTP AND CLAYP) should be "arcsin square root"
transformed. Transformations are either inappropriate
or unnecessary for the variables REDOX and O2.

The PCA performs several functions here. It can be
used to provide guidance in selection of a subset of
variables. It can also provide new synthetic variables,
the "PC scores,” which can be used as response or
predictor variables in GLM models. And PCA
efficiently and effectively displays the multivariate
data in relation to the design variables, i.e. as "PC2
vs. PCI1" plots with points coded by CRUISE,
DCODE, SITE or RADIUS. Such plots can show
some obvious patterns, even before formal
hypothesis—testing statistics are done. They do so
here and examples are shown. It is clear that cruises
differ trivially if at all, that platforms differ a great
deal and mostly on PC2 and PC3, that distances
differ mostly on PC1 and fall out in the order that
would be expected. Properly interpreted PCA results
can help tease apart confounded environmental
gradients, such as contaminant concentrations versus
substrate types. Here among-platform variation in
substrate type loads heavily on PC2, and the
distance—from—platform gradient in substrate type on
PC1.

Case 3 analyses show that platforms have
meaningfully different patterns of response variables
re. distance and direction from the platform, but that
cruises — though often statistically significant in
various regards — account for a relatively small
amount of the variation. We then show some
examples of Case 4 (and some Case 1) analysis
results. For example, ANOVAs done at a platform
with D and R as design variable predictors typically
show significance for the D*R interaction, indicating
that contaminants go different distances from the

platform depending on the direction. This is shown in
contour plots, and also in plots of model predictions
against distance as a continuous variable, with points
labeled by R. We also show that ANCOVAs done to
predict a biological response variable from various
contaminant variables (the covariates), in a D— by-R
ANOVA design context, typically show a highly
significant interaction between D and the covariate.
This indicates among ring (distance -category)
differences in the relationship between the biological
response and the contaminant. We then use plots of
mode] predictions against distance as a continuous
variable, with points labeled by R, to show that the
source of the interaction is a strong and consistent
negative relationship between biological response
and contaminant at the NEAR distance category (the
innermost ring) but no relationship further away from
the platform. For example, above-baseline
contaminant concentrations go out to 500-1,000 m
from the platform (e.g. for Cd at HI-A389), but a
relationship between harpacticoid copepod
abundance and [Cd] is seen only at the innermost
(NEAR) ring, i.e. distances of 30-50 m from the
platform, and one can see that the relationship is
driven by the highest [Cd] values. The same pattern
is seen for harpacticoid abundance versus [Pb} and
[Zn].

Dr. Roger Green is a Professor of Zoology at the
University of Western Ontario, Canada. He has over
25 years of experience in the biological sciences. His
specialty is environmental biology/ecology and
biostatistics. He has written a total of 49 refereed
papers on the subject and one book entitled Sampling
Design and Statistical Methods for Environmental
Biologists. He has been invited to participate in
numerous technical conferences and workshops
concentrating on he design and analysis for
environmental monitoring and study. He is currently
consulting with seven governmental and/or industrial
agencies on the environmental effects of chemical,
noise, and nuclear pollution.



HYDROCARBON CONTAMINANTS
ASSOCIATED WITH GOOMEX
STUDY SITES

Dr. Terry L. Wade
Dr. Mahlon C. Kennicutt 11
Geochemical and Environmental Research Group
Texas A&M University

As a consequence of offshore oil/gas exploration,
development and production activities, contaminants
are released to the environment. Discharges of muds
and cuttings during the drilling phase contain
chemical contaminants including hydrocarbons,
barium, and other trace metals. In addition to
contaminants discharged during drilling activities,
chronic long-term discharge and releases during the
development and production phases may result in the
accumulation of contaminants in the surrounding
benthos. One objective of the GOOMEX program
was to test the hypothesis that contaminants and
other chemical parameters are not significantly
different near to as compared to far from platforms.
Sediment contaminant distributions were also used to
support studies of biological effects related to
chronic, sublethal contaminant exposure. An
extensive field program was conducted at three sites,
High Island A389 (HIA-389), Mustang Island A85
(MU-AS85), and Matagorda Island 686 (MAI-686).
Sediment samples were collected by boxcore on a
radial pattern with sampling stations at 30-50, 100,
200, 500, and >3,000 m. Megafauna were collected
by otter trawl. The 23,000 m stations served as
controls in the study design.

Hydrocarbon concentrations in sediments, pore
waters, and biological tissues were determined.
Hydrocarbon analyses were performed by protocols
developed for the NOAA National Status and Trends
(NS&T) Program and EPA Environmental
Monitoring and Assessment Program (EMAP) and
include aliphatic (i.e., n-C,,-C;, isoprenoids) and
polycyclic aromatic (i.e, C,-C, alkylations)
hydrocarbons. The associated analytical quality
assurance program was similar in scope to NOAA
NS&T and EPA EMAP programs and included the
analyses of blanks, surrogates, internal standards,
matrix spikes, calibration checks, and Standard
Reference Materials with sample batch of samples.
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Compared to marine settings impacted by spills and
coastal areas that experience long-term chronic
contamination, hydrocarbon sediment concentrations
were low at the platform sites studied. Indicators of
petroleum contamination are highest near, and
decrease rapidly with distance away from, a platform.
The contaminant field in general exhibits a
significant directional orientation in response to
bottom current transport processes. These effects are
most apparent at MU-A85 and HIA-389. Based on
the barium concentration and grain size distribution
(high sand content), the high sediment hydrocarbon
concentrations appear to be caused by disposal
practices during the drilling phase. Pyrolytic
hydrocarbons are more generally distributed over the
study areas, indicating possible atmospheric transport
and deposition of these PAH.

Selected megafauna were also analyzed for
contaminants including PAHs. Generally, only low
concentrations of PAH, near the method detection
limits were observed in these organisms. The low
contaminant burdens in tissues may reflect the low
sediment PAH concentrations detected as well as the
ability of vertebrates (i.e., demersal fish) to
metabolize PAH. Statistical testing supported the
hypothesis that invertebrates and vertebrates tissue
contaminant concentrations were not significantly
different at control stations (23,000 m) as compared
to organisms collected close (less than 100 m) to a
platform. No significant increase in bioaccumulation
related to proximity to a platform was apparent. The
lack of an indication of induction of detoxification
enzyme systems in demersal fish in close proximity
to platforms also confirms that biotic exposure is
minimal if present at all.

Hydrocarbon contamination associated with the
platforms studied is low and localized within the
immediate vicinity (< 200 m) of the platform. The
localization of contaminants at MU-A85 and HIA-
389 is attributable to the practice of bottom shunting
of platform discharges during drilling and the low
energy (deeper water) environment. MAI-686
exhibited little or no hydrocarbon gradient related to
the platform probably due to a combination of
surface shunting of the platform discharges and the
high energy (shallower water) setting. The volume of
discharges during drilling and the discharge history
of the location must also be considered in
interpreting the resultant contaminant distributions.
Sediment PAHs contained two and three ring PAH
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and little of the higher molecular weight, more
carcinogenic PAHs. The PAH detected in sediments
can in large part be attributed to hydrocarbons
indigenous to cuttings and not platform additives,
discharges, or spills.

Principal component analysis allows for the
description of a consortium of independent variables.
The first principal components which explains 35.4%
of the variance, is related positively to several
contaminants including aliphatic hydrocarbons,
alkylated PAH, Ag, Ba, Cd, Hg, Pb, Zn and
negatively to Al. The second principal component,
which explains 13.2% of the variance, is positively
related to sediment parameters including pyrogenic
PAH, grain size, Al, Fe, Cr, Ni, and Se and
negatively related to sand content. The use of
principal components shows that many of the
contaminants measured co-vary and that the observed
differences in sediment contaminants at near versus
far stations are statistically significant.

Dr. Terry L. Wade, Senior Research Scientist, is
Associate Director for Environmental Chemistry at
the Geochemical and Environmental Research Group
in the College of Geosciences and Maritime Studies
at Texas A&M University. Dr. Wade has been active
in the field of marine organic environmental
chemistry for over 20 years and is a respected
international expert in environmental chemistry. He
has more than 90 environmentally related
publications which deal with the sources and
environmental fate of trace contaminants in air,
water, sediments, soils and organisms. Dr. Wade has
presented the results of his research at national and
international meetings.

Dr. Mahlon C. Kennicutt II, Senior Research
Scientist, is Chief Chemist of the Geochemical and
Environmental Research Group with the College of
Geosciences and Maritime Studies at Texas A&M
University. Dr. Kennicutt has expertise and research
interests in marine chemistry, environmental
chemistry, and organic geochemistry. He received a
B.S. in chemistry in 1974 from Union College and a
Ph.D. in oceanography from Texas A&M University
in 1980. Dr. Kennicutt has published over 100 peer-
reviewed papers, numerous book chapters, and has
made scientific presentations world-wide.

TRACE METAL CONTAMINANTS
ASSOCIATED WITH GOOMEX
STUDY SITES

Dr. Paul N. Boothe
Dr. Bobby J. Presley
Trace Element Research Laboratory
Department of Oceanography
Texas A&M University

Trace metals are added to the sediment column in
significant amounts by discharges from offshore
petroleum drilling activities. The metals represent a
source of enhanced, chronic contaminant exposure
which can potentially impact both infauna and
epifauna in the vicinity of drilling platforms.
GOOMEX is a large-scale study aimed at rigorously
evaluating near and far field differences at petroleum
drilling sites. The purpose of the trace metal work
element was to determine the spatial and temporal
distribution of trace metals in sediments and
interstitial waters around each GOOMEX study site,
and to rigorously define statistically significant
differences in the inorganic exposure regime between
near (< 2,000 meters) and far (= 3,000 m) fields at
each site. In addition, trace metal levels were
determined in resident biota (fish and invertebrates)
to look for statistically significant differences in
bioaccumulation between near and far fields.

Five drilling sites were sampled during the first
winter cruise (January 1993). Sediment samples were
collected in a radial pattern from 30-50 to 23,000 m
around each site (2 replicates at 25 stations = 50
samples). Approximately 60 megafauna samples (30
near field and 30 far) were collected by trawling at
each site. The three study sites with the strongest
chemical gradients (MAI-686, MU-A8S, HI-A389)
were sampled in the same way three more times
(June 1993, January and June 1994). Over 800
sediment samples (818) and 847 biota samples were
analyzed. Thirty selected pore water samples from
each of the first two cruises were also analyzed.

Most of the trace metals selected for analysis are
priority pollutants (Ag, As, Cd, Cr, Cu, Hg, Ni, Pb,
Sb, Se, Zn) which are known to be toxic to
organisms. Tin (Sn) was also included because of its
potential toxicity. Barium (Ba) was selected because
it is sensitive tracer of the particulate, settleable
fraction of drilling discharges. Barium (as barite) is



the dominant component of drill mud (up to 90% on
adry weight basis) and the background concentration
of sediment Ba in the Gulf of Mexico is low (200-
500 ppm dry weight). Aluminum (Al) and iron (Fe)
were chosen because they vary as a function of grain
size (i.e. high in clay, low in sand) and can be used
to characterize variations in sediment type around
each platform. Vanadium (V) was included because
it can occur in high concentrations in crude oil. All
16 elements were measured in sediment, 14 in biota
(except Al, Sb) and seven in pore water (Ba, Cd, Cu,
Hg, Pb, V, Zn).

Analytical methods, proven and accepted through use
in national environmental monitoring programs
(NOAA NS&T and EPA EMAP), were used in this
study. These are sensitive methods capable of
accurately determining actual trace metal
concentrations even in uncontaminated, pristine
areas. To insure the highest data quality, a
comprehensive quality assurance (QA) program was
conducted as part of the study. This QA effort
involved extensive additional field and laboratory
QA samples as well as stringent QA acceptance
criteria.

Since Ba is the major elemental tracer in drilling
muds, much of the data interpretation focuses on
inter-relationships with Ba. Figure 2A.1 shows the
average spatial distribution for Ba.
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Ba trends observed in this study are highly
significant (except MAI-686) with distance (< 500 m)
and consistent with previous platform studies.
Sediment Ba levels vary greatly among the study
sites. These differences are a function of both the
amount of barite discharged and the degree of
sediment transport (scouring) at each site (Boothe
and Presley 1985). Analysis of sediment cores shows
that the Ba is mixed deeper in the sediment column
at the shallow water sites (MAI-686, MU-A8S5, > 20
cm) than at HI-A389 (10-15 cm). Mass balances of
excess Ba, using sub-surface Ba profiles, show that
only 1-10% of the Ba discharged is retained in near
field (< 500 m) sediments (Boothe and Presley 1985).
The spatial distribution of Ba is highly directional at
all sites. The contaminant field appears to be
temporally stable despite inter-cruise differences.
Pore water data showed little correlation with
corresponding solid phase trace metal levels.

Principal component analysis (PCA) was used to
assess systematically inter-relationships among the
numerous contaminant, sedimentology and water
quality parameters in the large GOOMEX data set.
One component (PC1) includes Ba, several covarying
metals (Ag, Cd, Hg, Pb and Zn), hydrocarbons and
sand. The positive correlation between coarse
sediment and contaminants is unusual but reflects the
drill cuttings "halo" present at each site. A second
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Mean surficial (0-2 cm) sediment Ba as a function of distance at the final GOOMEX study sites.
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component (PC2) includes Al, Cr, Fe which track
fine-grain sediment.

Invertebrate soft tissue (278 samples; shrimp, crabs,
bivavlves, polychaetes), fish livers (248) and fish
stomach contents (321) were analyzed from both near
field (~ 100 m) and far field (= 3,000 m) trawls made
at each study site during all four sampling cruises.
Contaminants in organism tissues exhibited
significant inter-cruise and inter-site variability due
in part to variability in the species composition. Few
significant differences due to distance (i.e. near vs.
far ) were observed. The stomach contents of fish
collected in near field trawls at HI-A389 exhibited
significantly higher Ba concentrations than those of
far field fish. Ingestion of Ba-enriched sediments is
the most likely explanation for this observation. Iron
levels were higher in certain types of organisms (e.g.
stomach contents, invertebrates) collected in the far
field trawls at MAI-686 and HI-S389. Again,
ingestion of iron-rich sediments at these sites is the
likely cause. The elevated far field Fe trend has been
observed in a previous study (Boothe and Presley
1987).
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MEIOFAUNA ECOLOGY AT
GOOMEX STUDY SITES

Dr. Paul A. Montagna
Marine Science Institute
The University of Texas at Austin

The goal of GOOMEX is to develop and recommend
sensitive and appropriate techniques to assist
monitoring activities of offshore oil and gas
production. To accomplish this goal, a range of
biological, biochemical and chemical methodologies
are being tested to detect and assess chronic sublethal
effects of offshore oil and gas production.
Documentation of detoxification response to
contaminant exposure is defined as the primary
objective of GOOMEX. A secondary objective is to
document the impacts of any contaminant exposure
at the organism, population, or community level.
Benthic infauna studies are designed to fulfill the
secondary objective.

The benthic infauna component of the GOOMEX
program focuses on organisms that live in sediments.
Both meiofauna and macrofauna are being studied.
Meiofauna are the smallest living metazoans, passing
through a 500 um sieve and retained on a 63 pum
sieve. Macrofauna are larger, being retained on a 500
um sieve. Although the operational definition of
these two groups is based on sieve sizes, the groups
are dominated by different taxa. The meiofauna are
composed primarily of nematodes and harpacticoids.
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The second statistical analysis performed was an
analysis of covariance for each platform, where the
actual distance from the platform is a covariate in the
model. The advantage of using this model is that it
removes interactions due to platform, distance, and
radial uniqueness. Directionality of a response is
tested by the distance*radii interaction. The specific
null hypothesis being tested is that there is a
logarithmic change with respect to distance from a
platform.

Platform effects are clearly evident at HI-A389
(Table 2A.1). Every variable, except the density of
other meiofauna taxa exhibited a statistically
significant response with respect to distance from the
platform. Platform MAI-686 had significant
differences for all abundance measures and
harpacticoid diversity. Platform MU-A85 had only
one significant measure: nematode biomass. Total
abundance measures and harpacticoid diversity were
significant at the two platforms where effects were
found.

A factor analysis was performed on the species
composition data for nematodes and harpacticoids
todetermine what was correlated with changes in
community structure. For nematodes, differences
were mainly due to platforms. There were also

differences due to inner ring at all platforms. For
harpacticoids, differences were due to platforms and
to inner rings at all platforms except MU-
A85.Harpacticoid body length and reproduction
studies were also performed. If animals have to divert
energy for growth and maintenance to detoxification
then there should be smaller body sizes and less
reproductive effort as a sublethal response.

Two species were chosen and adult body lengths
were measured. Because individuals were not found
at every station, body length measurements were
pooled into near and far categories by comparing the
inner ring (>50 m) versus all outer rings (>50 m).
There were no interactions for cruises, platforms and
stations (near and far). There were also no significant
distance effects for body lengths.

All gravid harpacticoid females found were reserved;
egg numbers were counted and egg diameters were
measured. There were no significant distance effects
for clutch size. However, there was a significant
difference for total reproductive effort (clutch
volume) at two platforms (MAI-686 and MU-ASS).
Since, egg numbers were the same among stations,
differences in reproductive effort are due to smailer
egg sizes near platforms. Statistical relationships are

Table 2A.1. Summary of analyses covariance by platform. Asterisks (*) indicate significance levels for the test that
there are no significant distance effects at platforms. Abbreviations: *P<0.05, **P<0.01, ***p<().001,

****p<0.0001.
Variable HI-A389 MAI-686 MU-A8S

Total meiofauna density * * ok ok -
Nematode density *k ok ok -
Harpacticoid density * ook -
Other meiofauna taxa density - ok ok -
Nematode:Copepod ratio * % - -
Nematode biomass *x% - ok ok
Nematode diversity ** - -

* *x .

Harpacticoid diversity




related to sample size. It appears that at least 100
females must be included to detect change.

Toxicity of pore water extracted during the first
cruise was estimated using nauplii of the harpacticoid
species Longipedia americana. There were no
significant difference in survival after 96 hours at
platforms MU-A85, GA-288, MAI-686, and MAI-
622. At HI-A389, there were significant differences
in the number of surviving nauplii between near and
far sites (P=0.0001). These results are similar to the
results obtained using sea urchin gametes.

Meiofauna, particularly Harpacticoida, are restricted
to the surface of Gulf of Mexico shelf sediments.
Therefore, meiofauna are affected by deposition of
contaminant materials associated with platforms. The
current sampling regime has sufficient power to
detect small changes in the meiofauna community.
Harpacticoids are the best indicators of platform
effects. This is true for both total abundance and
species diversity and reproductive effort.
Harpacticoid abundance, diversity, reproductive
effort and survivability declines as we sample nearer
the platforms. Nematode diversity does not appear to
be useful for detecting platform effects, since there
was only one no discernable trend at HI-A389. The
nematode:copepod ratio was only an effective
indicator at the HI-A389 platform, suggesting that
this is not a good general index of platform affects.
All platforms have completely different abiotic
characteristics in terms of depth, oxygen content, and
sediment grain size (except for the two MAI
platforms, which are identical). Within a platform
area, factor analysis using PCS of environmental
measurements indicates that there seems to be little
influence due to these environmental characteristics
on community structure, but most differences among
platforms can be attributed to natural variation and
gradients in theses abiotic components.

Changes in meiofaunal responses are noticeable only
within 50 m of platforms. Strongest response was
found at MAI-686, probably due to local hypoxia
events during the summer sampling seasons. The
response at HI-A389 is probably due to shunted
effluent. There was no community response at
MU-ASS.

The best indicators of change are the following: total
meiofauna density (which indicates potential lethal
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responses (if other hypotheses, e.g., fish predation
and sediment grain size effects are rejected),
harpacticoid diversity (which indicates a sublethal
community response), harpacticoid genetic diversity
(Street; which indicates response at the population
level) and harpacticoid reproductive effort (which
indicates a sublethal organism response). The ability
to detect differences in harpacticoid community, life
history, and reproductive parameters demonstrates
that we will be able to develop reliable indicators of
sublethal responses. Coupled with genetic and
toxicity studies, the study of the biology of the
Harpacticoida should prove to be a powerful tool
monitoring purposes.

Dr. Paul A. Montagna is a benthic ecologist with
more than 20 years’ experience. He has worked at the
University of Texas at Austin since 1986 and is
presently an Associate Professor in the Department
of Marine Science and Research Scientist at the
Marine Science Institute in Port Aransas, Texas. Dr.
Montagna received his B.S. in biology from State
University of New York at Stony Brook, a M.S. in
biology from Northeastern University, and a Ph.D. in
biology from the University of South Carolina.

MACROINFAUNA ECOLOGY AT
GOOMEX STUDY SITES

Dr. Donald Harper
Marine Laboratory
Texas A&M University at Galveston

Macroinfaunal samples were collected from three
subcores in each box core. The subcores to be used
for macroinfauna were randomly assigned prior to
collecting the samples. The sediment in each subcore
was extruded to a depth of 10 cm. The sediment was
washed on a 0.5 pm mesh sieve, placed in a pre-
labeled jar, and fixed with 5% seawater-formalin. In
the laboratory, samples were rinsed with fresh water
and preserved in rose bengal-stained 70% ethanol.
They were subsequently examined using low power
magnification. All specimens were removed, sorted
to polychaete and non-polychaete categories, and
placed in clean 70% ethanol. Specimens were
subsequently identified and counted.
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A factor that may confound the results of this study
to some extent is the small size of the sub-cores --
100 cm? each. In the course of data analysis, it was
determined that in 11% of the stations (30 of 330) the
species composition of each of the three subcores
was unique, i.e., there was no co-occurrence of
species. Very often there was only one individual of
each species present. The number of stations at which
no co-occurrence occurred were Cruise 1 - 17, Cruise
2 - 5, Cruise 3 - 2, Cruise 4 - 12,

Seasonal trends in macroinfaunal abundance were
similar at MU-A85 and MAI-686. Raw numbers of
infauna were in the 700-900 range during Cruises 1
and 2, increased to 1,600-1,800 during Cruise 3 and
then decreased to about 600 individuals by Cruise 4.
At HI-A389 infaunal numbers increased only slightly
from Cruise 1 to Cruise 3 (900 to 1200 individuals)
and then decreased agai,n to 600 during Cruise 4.

The areal distribution of total numbers of species at
each site suggested that no trends couid be detected.
Comparison of abundances along radii indicated no
consistent trends. However, when the data for each
ring was summed and averaged, a distinct trend
emerged. At all three sites, the 50-m ring had a
slightly depressed number of species compared with
the 100-m stations. Mean numbers of species per ring
were similar at MAI-686 and HI-A389: numbers of
species were in the mid-40 range at the 50-m ring,
increased to the low-50 range at the 100-m ring, and
then decreased to near or below the 50-m ring totals
with increasing distance from the platforms.
Although the pattern was similar at MU-ASS,
numbers were higher. The number of species
increased from 63 on the 50-m ring to 78 on the 100-
m ring. The number then decreased to 56 at the 200-
m station and then returned to 63 by the 5,000-m
station.

Plots of areal distribution of macroinfauna at each
site indicate that all three platforms had halos of
various sizes surrounding them in which infaunal
abundances were greater than in the far-field region.
In order of increasing halo size, the sites were MAI-
686, MU-A86 and HI-A389. MAI-686 had elevated
abundances of 200 individuals or more at four
stations close to the platform. There were also far-
field stations to the south with 200 or more
individuals. Between 100 and 200 individuals were
collected at most of the stations. MU-A85 had 11
stations with 200 or more individuals in the near-

field region. Most of the remaining stations yielded
between 100 and 200 individuals. The largest
abundances were found at HI-A389. This site also
displayed a nearly symmetric pattern of decreasing
abundances with increasing distance. Total
abundances of >400 individuals were collected at
three near-field stations. Abundances between 200
and 400 occurred at four slightly more distant
stations. Abundances between 100 and 200
individuals occurred at nine near- and intermediate-
field stations. Stations at 500-m and 5,000-m
distances yielded <100 individuals. Comparison of
abundances along radii indicated a fairly uniform
trend. The 100-m and/or the 50-m station had larger
numbers of individuals than the more distant stations.
When data from rings are summed and averaged, a
similar pattern emerges at all three sites. Near-field
abundances were generally higher than at more
distant rings. At MU-A85 abundances were slightly
higher at the 100-m ring, while at MAI-686 and HI-
A389, abundances were highest at the 50-m station.

The numerically dominant species differed at each
platform. At the shallower MAI-686 site
Mediomastus californiensis, a soft bottom dwelling,
direct deposit-feeding polychaetous annelid was the
numerical dominant at most stations. Paraprionospio
pinnata  (Polychaeta) and Ampelisca agassizi
(Amphipoda) were numerically dominant at two
stations. At MU-A8S, Paraprionospio pinnata was
the numerical dominant species at most stations. P.
pinnata, a polychaetous annelid which typically
inhabits temporary tubes in muddy to sandy mud
sediments, is a surface deposit/suspension feeder
which extends its palps over the substrate or into the
water column to collect detrital and sediment
particles. Tharyx annulosus, Foram A and
Xenanthura brevitelson were each dominant at one
station, all at 5,000-m distance. At site HI-A389, no
species was numerically dominant throughout the
study area. At four stations on the 50-m and 100-m
rings cirratulid polychaetes (Cirratulus cirratus and
Cirriformia sp. A) were numerically dominant; these
two species accounted for the very large (>400
individuals) abundances found in the near-field
region at this site. Cirratulids inhabit the surficial
sediments and use palps and tentacular filaments for
surface-deposit feeding. The HI-A389 site was also
unusual in that 11 of the 25 stations had no species
which was numerically dominant. Eight of these
stations occurred on the 500-m and 5,000-m rings,



and were characterized by having relatively small
numbers of individuals.

The numerically dominant taxa were the Polychaeta,
Amphipoda, Nemertea, Bivalvia, Decapoda, Isopoda
and Foraminifera. These groups comprised about
85% of all individuals collected. The data for each
group was summed and averaged for each ring to
determine if trends could be detected. The Polychaeta
were more abundant at the 50-m and 100-m rings
than at more distant stations; at HI-A389 the
abundances were considerably higher because of the
contribution of cirratulid polychaetes. Amphipod
abundance distribution was essentially the inverse of
the polychaete distribution. Very low numbers were
collected at the 50-m stations and the largest numbers
mostly occurred at the 500-m and 5,000-m stations.
Nemertean abundance trends were similar to the
polychaete trends. Highest numbers were collected in
the near-field area and lowest numbers in the far-field
area. Bivalves showed no consistent distribution
trend between sites. Largest numbers were collected
on the 500-m ring at MAI-686 and MU-A8S5, but on
the 50-m ring at HI-A389. Decapod trends were
likewise mixed. Numbers were low on all rings at
MAI-686. Largest abundances occurred on the 50-m
ring at HI-A389 and on the 100-m ring at MU-ASS.
Isopods were absent at MAI-686 and present in very
low numbers at HI-A389 on all rings. At MU-AS85
the largest numbers were collected on the 50-m ring
and the abundances decreased almost logarithmically
to the 5,000-m ring. Foraminiferans were absent at
MAI-686. At the other two sites, foram abundances
were low in the near-field region and increased
toward the far-field region, similar to the amphipod
distributional patterns.

Cluster analysis, using the Bray-Curtis dissimilarity
index, flexible sorting and log transformation of
abundance data, was used to produce site group
dendrograms. If all data at one station (e.g. station
1A) are summed over all cruises and all platforms,
two site groups are produced. One group contains all
500-m and 5000-m ring stations, and some of the
200-m ring stations. The second group, which is
quite distinct from the first, contains 50-m and 100-m
ring stations and the remaining 200-m ring stations.
All data summed for site HI-A389 produced
essentially the same dendrogram, except that only
one 200-m ring station was included with the 50-m
and 100-m ring stations. MU-A85 data produced a
two-group dendrogram in which the second group
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contained only 50-m and 100-m ring stations. MAI-
686 was quite different. Again, two major site groups
were produced, but one 50-m and one 100-m ring
stations were included with the far-field stations,
while the near-field group contained one 5,000-m
station and two 200-m stations.

COMPARISON WITH DATA FROM OTHER
STUDY COMPONENTS

Low oxygen occurred at MAI-686 during both
summer cruises. There is no evidence that the oxygen
levels decreased enough to drastically affect the
benthos. Abundance trends at both MAI-686 and
MU-A85 were similar. Furthermore, abundance
trends were downward at all three sites during
summer 1994.

All three sites had sand halos around, or near, the
platforms; sand content in the sediments decreased
with distance from the platform. The sands at MU-
A85 and HI-A389, both deep-water stations, were
large and angular, typical of cuttings.

Contaminants at MAI-686 were in low
concentrations and did not vary significantly with
distance from the platform, while at MU-A85 and
HI-A389 hydrocarbon contaminants were
significantly elevated in sediments collected near the
platforms. The increase in hydrocarbon contaminants
from site to site correlates with the increased
macroinfaunal abundances on the S0-m ring from site
to site. The highest concentrations of hydrocarbons
were observed close to HI-A389. This site is also
where the largest numbers of near-field infaunal
organisms were collected. It is possible that
microbiological assemblages in the sediment, which
utilize hydrocarbons, may be providing a food source
for the macroinfauna.

Pore water toxicity tests (defined as success of
fertilization of sea urchins eggs and normal larval
development) were conducted on pore water
extracted from sediments. Pore water from several
stations in the HI-A389 near-field region showed
toxic effects. Most of these stations coincided with
large populations of cirratulid polychaetes. The
"toxicity" does not appear to inhibit the settlement
and survival of the infauna at these sites. Ophiuroids,
the only echinoderm present in large enough numbers
to permit averaging, were generally most abundant at
the 50-m and 100-m rings. HI-A389 assemblages



122

contained the smallest numbers of ophiuroids of the
three sites.

RECOMMENDATIONS FOR FUTURE STUDY

1. Select the one or two sites where abiotic
variables (i.e. hypoxia, scour, etc.) have
minimum impact.

2. Reduce the number of stations sampled for
biological components.

3. Establish amicrobiologial program toinvestigate
the possibility that hydrocarbon degrading
bacteria are supporting the large populations of
macroinfauna near the platforms.

4. Collect at least three replicate samples of at least
300 cm?® each at each station for macroinfaunal
analysis.

5. Remove meiofaunal and microbiological samples
from the macroinfaunal samples.

6. Continue monitoring the various taxa of
macroinfauna

7. Conduct experiments on selected taxa that show
a negative correlation with the near-field area,
e.g. amphipods. Establish breeding populations.
Expose amphipods to newly collected sediment.
Determine if, in the absence of predation,
mortalities occur.
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chemical and geological characteristics, and to
determine the effects of man-made perturbations on
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pertaining to petroleum production, including the
Buccaneer Field Study (Harper et al. 1981), the
Texas Bays Study (Mackin 1971), and the New
Bayou Study (Nance 1984), and has conducted
literature reviews and synthesis on unpublished
reports pertaining to oilfield brine disposal (Harper
1986). He has also studied the effects of dredging
and spoil disposal and brine disposal.
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INNOVATIVE APPROACHES TO
MARINE AND ENERGY EDUCATION:
INTRODUCTION AND OVERVIEW

Dr. Robert Rogers
U.S. Minerals Management Service
Gulf of Mexico OCS Region

The Minerals Management Service (MMS) needs
more emphasis on public education. As has often
been mentioned during this year’s Information
Transfer Meeting, the MMS has an extensive
program of information-gathering through the
environmental studies program and an extensive
network of users who utilize this information in lease
sale decisions, oil and gas operations, stipulations
formulation, and emphasis on safety in production
and development activities.

Despite the fact that the MMS has an extensive
environmental studies program that began in 1973
and covers a wide variety of disciplines, the public
knows very little about the program and about the
knowledge accumulated. Over $150 million has been
invested in this program, making it one of the largest
in the Gulf of Mexico. More emphasis is needed on
educating the public about this information base.

In the interest of fostering exchange of information,
the MMS has entered into a number of projects
emphasizing cooperation between decisionmakers
needing the information and academicians
researching the technical disciplines. The University
Research Initiative is a cooperative agreement
between the Louisiana Universities Marine
Consortium (LUMCON) and the MMS. This
program emphasizes the long-term impacts of OCS
activities. MMS has benefitted not only from the
information gathered but also from an infusion of
information to the academic community on issues
related to the oil and gas industry. A significant
number of researchers, graduate students, and
technicians have been trained in research related to
these issues and sensitized to the complexities of oil
and gas activities, from exploration through
production and development.

More recently, a similar program has been initiated
with Louisiana State University. This program, the
Coastal Marine Institute, is in its second year and is
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designed to provide a framework for environmental
research of joint interest to the state of Louisiana and
the MMS on OCS oil and gas and marine mineral
issues.

Historically the MMS has used its information base
in decisionmaking related to a variety of in-house
decisions. Clearly in a time of reinventing
government and information highways, information
must be shared not only for internal utilization but
also for information exchange with users outside of
MMS and outside of the federal government.

The need for more effectively reaching the public
with an understanding of the MMS, its studies
program and its mandate for existence, is the purpose
of this ITM session. This is the first time that we
have had an ITM session designed expressly for
emphasizing the need for public education.

Presentations during this session will be made by
individuals who are active in outstanding programs
of public education emphasizing marine or energy
awareness. These programs reach a wide variety of
target audiences, from individual citizens and
students to state and federal decisionmakers. What
makes them effective will be discussed in this
session.

Dr. Robert Rogers is a Biological Oceanographer
serving on the Environmental Studies Staff of the
Gulf of Mexico Regional Office, Minerals
Management Service. In this position he has
participated in the development and administration of
many ecological surveys of the Gulf of Mexico. This
has included studies of the Flower Garden Banks of
the Western Gulf, coastal wetlands of the Central
Gulf, and seagrass beds of the Eastern Gulf.
Dr. Rogers received his undergraduate and masters
degrees from Louisiana State University and his
Ph.D. from Texas A&M University. He has been
involved in ecological research on the continental
shelf and coastal wetlands of the Gulf of Mexico.
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THE GULF OF MEXICO PROGRAM’S
APPROACH TO ENVIRONMENTAL
STEWARDSHIP THROUGH PUBLIC

EDUCATION

Ms. Belinda Duke
Extension Environmental Specialist
Mississippi Cooperative Extension Service for the
Gulf of Mexico Program

The Gulf of Mexico is undeniably one of the most
valuable ecosystems in the world. The Gulf,
"America’s Sea," covers over 600,000 square miles.
Its commercial fisheries annually produce nearly two
billion pounds of seafood, and almost 90% of U.S.
offshore oil and gas comes from Gulf waters. Four of
our nation’s busiest ports are on the Gulf, and other
nations of the world fish its waters.

But our treasure is troubled. The health and vitality
of the Gulf has declined—in part because of
increasing population along its coast and the
accumulation of years of abuse, neglect and depletion
of its resources. By ignoring the Gulf’s limitations,
we have reduced its ability to regenerate in the way
that nature intended.

In 1988, the Gulf Program (GMP) was established by
the U.S. Environmental Protection Agency in
response to public concern expressed about certain
environmental issues in the Gulf of Mexico—
specifically the designation of a site in the Gulf for
the incineration of toxic wastes.

Other Federal partners also recognized the need to
protect this treasure and joined the EPA in its
response. Federal agencies involved currently in the
Gulf of Mexico Program include Soil Conservation
Services; Army Corp of Engineers; U.S. Fish and
Wildlife; NOAA/National Marine Fisheries; U.S.
Food and Drug Administration. State staff
participation is provided by Mississippi Cooperative
Extension Service and Mississippi Soil and Water
Conservation Commission for the five Gulf states. A
number of other agencies, citizen groups, and
organizations make up the membership of the
varying Gulf of Mexico issue committees.

The Gulf of Mexico Program’s vision is of a Gulf
flourishing in all its natural beauty; but the beauty

and the resources of the Gulf are threatened. Our
challenge is to meet this threat by interweaving the
diverse interests of the various pertinent entities and
focusing on the Gulf to protect, preserve, and restore
America’s Sea.

To address this challenge, the Gulf of Mexico
Program focuses its attention on the eight most
crucial concerns involving the Gulf. Technical issue
committees were established to develop strategies for
implementing solutions to these environmental
problems: Coastal and Shoreline Erosion; Freshwater
Inflow; Habitat Degradation; Living Aquatic
Resources; Marine Debris; Nutrient Enrichment;
Public Health; and Toxics and Pesticides. In addition
to the issue committees, a Data and Information
Transfer and a Public Education and Outreach
Committees were established as operating
Committees.

The goal of the Public Education and Outreach
Committee is to format the technical data and
information gathered from the technical committees
into "citizen-friendly" outreach and educational
materials and presentations. This information is to be
disseminated to every county and parish in the five
Gulf coast states to create greater public awareness of
environmental issues for the Guif of Mexico.

In recognition of the need to achieve greater public
awareness of the issues the Gulf faces, the Gulf
Program recently established the "The Gulf of
Mexico Public Information Center."

The Gulf Program’s Public Information Center (PIC)
is located at NASA, Stennis Space Center,
Mississippi, along with the NASA Visitor Center.
Over 100,000 visitors per year visit the NASA
facility from all 50 states and over 60 countries. This
center offers educational programs, tours, displays,
and demonstrations for all ages.

The Gulf of Mexico Public Information Center is a
distribution center for materials concerning Gulf
environmental issues. These materials, such as
brochures and pamphlets, are made available by EPA
and the other Gulf of Mexico Program Federal
Agency partners. The Public Information Center
provides an excellent point of exchange and is the
focal point for Gulf of Mexico Program technical and
characterization information.



Currently under formation, the Public Information
Center will be open, providing visitors with a "hands-
on" approach to Gulf environmental learning.
Visitors will have the opportunity to view displays
and demonstrations, interact with high tech
equipment, have outreach and educational materials
available, and receive instruction on the computer on-
line Bulletin Board System (BBS). Tours for
students, teachers and the general public can be
arranged.

Other available outreach activities include the
Electronic Bulletin Board System. Available by
dialing the BBS 1-800 number to the on-line Bulletin
Board System (BBS) is a Guif of Mexico Program
Specialists Directory and Catalog of Environmental
Databases. Gulf-related information can be obtained
through this directory and catalog, which provides
over 8,000 contacts, 2,000 organizations, and over
100 databases. A wide array of environmental
outreach and educational materials are available for
downloading by use of the BBS. These materials are
currently in English, but plans are in the works for
the materials to be also available in Spanish.

The Gulf of Mexico Symposium, celebrated
biennially, is a report card to the nation highlighting
innovative projects and programs throughout the Gulf
region. The next Symposium will be in Corpus
Christi, Texas, from 29 March to 1 April 1995. There
will be an educator’s track, a student track and a
challenge track (technical participation). International
involvement is being highlighted.

"Gulfwatch,"our bi-monthly publication/newsletter,
is available by mail or by dialing the BBS. The
purpose of this newsletter is to inform interested
agencies and individuals of current activities and
findings related to the Gulf of Mexico.

Workshops are conducted in coordination with
NASA to teach environmental education to teachers
and other interested groups. These consist of specific,
topic-related seminars or Gulf general information
seminars and are held at the facility. Continuing
education workshops are coordinated with schools,
aquariums, senior citizen groups, 4-H, minority
groups, and other environmental
organizations/associations or agencies, at those
particular sites.
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Contacts for GMP/PIC are as follows:GMP/PIC—
Lynn York, Information Coordinator, Johnson
Controls, (601) 688-7940; BBS Sysop—Kay
McGovern, System Operator, Lockheed, (601) 688-
7671; Workshops, Outreach and Educational
Programs—Belinda Duke, Extension Environmental
Specialist, MS Cooperative Extension Service for the
Gulf of Mexico Program, (601) 688-1519.

REFERENCE

The Gulf of Mexico Program—A Partnership for
Action Document, 1992. Gulf of Mexico
Program, Stennis Space Center, Miss., EPA
Document.

Belinda Duke is an Extension Environmental
Specialist at the Mississippi Cooperative Extension
Service for the Gulf of Mexico. Ms. Duke has been
with the Gulf of Mexico Program since July 1993.
She is a member of the Public Education and
Outreach Committee and the Technical Advisory
Committee and will serve as Education’s Track
Leader for the 1995 Symposium.

ENERGY EDUCATION FOR THE 90S
AND BEYOND

Mr. Gerard Katz
National Energy Education
Development Project (NEED)

The National Energy Education Development
(NEED) Project is the flagship organization in the
country dedicated to implementing comprehensive,
non-biased energy education programming in the
nation’s schools. Established by Congressional
Resolution in 1980, the NEED Project is now a vital
force in more than 5,000 schools nationwide.
Networks of educators, students, and government and
industry leaders have been established in 28 states
and the program is expanding every year.

The NEED Project’s goal is to prepare the next
generation to make responsible energy decisions by
developing the critical thinking and leadership skills
of students. NEED’s educational philosophy is to
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encourage students to take responsibility for their
own learning and that of others through hands-on
activities and cooperative learning groups.

The NEED Program provides teachers with
comprehensive, up-to-date resources on all the major
energy sources and activities to use with these
resources. The activities are designed to encompass
different learning styles, using art, drama, music,
language arts, math and science skills. All students
are given opportunities to be leaders and to work in
groups as they learn about energy issues and their
economic and environmental consequences.

Student leadership is one of the key components of
the NEED program. Students are encouraged to
become involved in the training of others and in the
implementation of their programs. Several state
programs are run by veteran NEED students, and
students serve as staff at all NEED training and
awards conferences.

The NEED Project also publishes Energy Exchange
magazine three times a year. This magazine provides
the most current information and discusses the latest
issues in energy. Articles are written for teachers and
students at different reading levels, with suggested
activities for further exploration. NEED also
conducts a national Youth Awards Program for
Energy Achievement torecognize outstanding energy
programs throughout the country. State programs
submit their best school programs to the national
judging and all outstanding schools are invited to
attend the four-day National Recognition Ceremonies
held in Washington, D.C. each June.

The NEED Project has been working with MMS to
implement partnership programs in several coastal
regions, including Alaska, California, Texas, Florida,
Alabama, and North Carolina. These programs
provide teachers and students with leadership training
workshops, class sets of materials to implement three
to six week energy units, hands-on experiment Kits,
and evaluation tools.

In Panama City, Florida, one of the training programs
included a Let’s Talk Energy Show dealing with the
issue of oil and gas exploration on the OCS. A
representative from MMS was one of the panelists on
the show. Teachers and students were surveyed
before and after the 45 minute activity to ascertain

any changes in their knowledge and opinions about
the issue. The survey results dramatically illustrate
how information and education can make an impact
on emotional energy issues. A copy of the survey
results is attached.

This year, in addition to implementing these school
programs, the NEED Project is working with
INTERMAR to develop an activity for high school
students dealing with non-energy marine minerals.
This activity should be available for distribution in
the spring of 1995. The fall issue of Energy
Exchange magazine, scheduled for distribution in
early December, will feature an article for teachers
and high school students on marine minerals in the
EEZ. A draft of this article is also included here.
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Panama City - Middle School Workshop
16 February 1994

"Let’s Talk Energy Show'" OCS Survey

Students and teachers were asked to respond to each question with responses from 0 - 10, as
follows:

Strongly Disagree Not Sure Strongly Agree
0 5 10
1. Efforts should be made to increase the supply of domestic energy sources.

Before 7.2
After 7.6

2. Efforts should be made to increase the supply of domestic, clean burning, natural gas.

Before 7.0
After 7.0

3. Exploration and production of natural gas should be undertaken in the panhandle area
of Florida.

Before 2.2
After 3.6

4. The development of offshore energy resources will hurt the fishing industry in the
Florida panhandle.

Before 7.9
After 5.6

5. The construction of offshore drilling and production platforms will be an ugly site when
viewed from the shore.

Before 8.5
After 5.8

6. The construction of offshore drilling and production platforms will have a bad
environmental effect on the quality of the beaches.

Before 8.3
After 5.0
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MARINE MINERALS: AMERICA’S
UNDISCOVERED TREASURE

Martha Wise Hall

Draft of Article for
Energy Exchange

EEZ AND OCS-—THE LIE OF THE LAND

When most people think of the United States, a map
of the country comes to mind. Everyone recognizes
the outline of the USA and its borders. But our
resources aren’t confined to those borders—they
reach much farther. Our borders extend 200 miles
into the water from our coastlines and encompass an
area bigger than the country itself. The submarine
area claimed by the United States includes 3.9 billion
acres, whereas the land area of the country includes
only 2.3 billion acres.

This vast underwater area s called the Exclusive
Economic Zone (EEZ) of the United States. By
proclamation of the President in 1983, the United
States claimed jurisdiction over all the areas within
the EEZ and is responsible for protecting and
developing its natural resources, both living and
non-living. Other countries are free to travel and fish
in the international waters of the EEZ to within 12
miles of the coast, where territorial waters begin. The
U.S. has exclusive jurisdiction over this area and
foreign vessels cannot enter without permission.

The undersea world extending away from the shore
is a fascinating place. In most places, the continent
extends into the ocean on a broad shelf that gradually
descends toa sharp drop, called the continental slope.
This continental shelf can be as narrow as 20
kilometers along the west coast and as wide as 400
kilometers along the northeast coast. The water on
the continental shelf is shallow, rarely exceeding a
depth of 150 to 200 meters.

This shelf drops off dramatically at the continental
slope, ending in abyssal plains that are three to five
kilometers below sea level. Many of the plains are
flat and featureless, while others are marked with
jagged mountain ridges, deep canyons, and valleys.
The tops of some of these mountain ridges form
islands where they extend above the water. Some

ridge crests contain hydrothermal vents—underwater
geysers. Rich deposits of minerals and amazing
plants and animals have been discovered around
these vents.

The EEZ regions surrounding the Pacific and
Caribbean islands have different topographies. The
island shelves are composed of volcanic rock on
which coral reefs or carbonate sediments have
developed. These shelves are very narrow and
shallow, dropping off sharply to abyssal plains or
deep ocean trenches. The Hawaiian Archipelago, for
example, is a chain of volcanic mountains rising from
plains five to 7.5 kilometers deep.

Much of this submarine world has not been
explored—it is the Earth’s last frontier—but scientists
do know about some of the resources in many areas.
Most of us are aware of the rich deposits of oil and
gas on the outer continental shelf (OCS), especially
off the coasts of California and in the Gulf of
Mexico.

OIL, GAS, AND PHOSPHORITE

Oil and gas reserves on the OCS are located in
sedimentary rock basins, where organic matter settled
millions of years ago. If the sediments that contained
this organic matter produced the proper conditions of
temperature and pressure, petroleum and/or natural
gas was formed. Thirty basins in the EEZ have been
identified that could contain enormous oil and gas
reserves. Several of these basins have been explored
and are producing oil and gas at this time.

There are other marine minerals in the EEZ that can
provide a wealth of resources to the United States in
the future. They are located in or on the sediments of
the subseabed and underwater mountain ridges. There
are even resources in the muds and oozes, and
dissolved in the seawater itself.

The most important marine minerals are sand and
gravel, shell, phosphorite, placer minerals such as
gold and platinum, and heavy minerals such as
titanium, chromium, and magnetite (Placers are
minerals that were deposited in the ocean by the
movement of water or glaciers.) Sand, gravel, and
shell are widely distributed along the OCS. The other
minerals are found only in certain areas or
formations.



Phosphorite is found in deep depressions and
sedimentary basins along stable regions of the
continental shelf. It is mainly used in fertilizers, but
is also an important ingredient in feed supplements,
fireworks, and water treatment. At the present time,
there are abundant onshore resources, and the U.S.
exports some of its production. By the turn of the
century, however, it is predicted that we will need to
import phosphorite, based on remaining onshore
reserves and consumption estimates. As onshore
resources become more difficult and costly to extract
and the land is valued more for other uses, offshore
deposits may become an important resource.

GOLD, PLATINUM, AND HEAVY MINERALS

Deposits of placer minerals and heavy minerals are
also located in pockets throughout the OCS. The
United States has limited onshore deposits of most of
these minerals and must import a significant
percentage of its demand. Titanium is the only
important mineral in this group that the U.S. exports
in significant amounts, and its supplies are limited.
Titanium is an essential mineral in the aerospace
industry because of its ability to withstand high
temperatures and is widely used as the white pigment
in paints, paper, and plastics. There is no effective
and economical substitute for titanium at this time.

The United States imports almost 100% of the
platinum we use, mostly from South Africa and the
former Soviet Union. Most people think of jewelry
when platinum is mentioned, but 97% of its demand
is for industrial applications, especially in the auto
industry. With the federally mandated phase-out of
leaded gasoline, the demand for platinum has
increased dramatically in the last few years.
Automobiles that run on unleaded gasoline require
catalytic converters, which are made with platinum.
The demand for platinum will continue to increase in
the near future, unless breakthroughs occur in
experimental technologies for catalytic converters.

Chromium is another mineral essential to the
economic welfare of the country. Chromium is used
in the manufacture of stainless steel and for other
industrial purposes. It is considered a National
Defense Stockpile item because of its importance in
the production of cars, planes, and trains. At present,
the U.S. imports more than 80% of the chromium it
requires, mostly from South Africa.
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Gold is used for many purposes. Jewelry accounts for
70% of U.S. use, but gold is also important to the
electronics and aerospace industries, as well as to
medicine and dentistry. Currently, the United States
is the second leading producer of gold after South
Africa and exports a small amount to other countries.
Two dozen gold mines account for most of the gold
production in the United States today.

In today’seconomy, there is little incentive to recover
offshore resources of platinum, chromium, and gold.
Considering the limited onshore resources and the
political instability of major suppliers, however, they
may become important resources for the United
States in the future.

METALLIC SULFIDE ORES

The hydrothermal vents located along volcanic ridges
contain metallic sulfide deposits that are rich in zinc,
manganese, iron, lead, and silver. Active vents
(smokers) produce new deposits whenever they erupt.
These minerals are used in many products, including
batteries, paint, weights, crystal glass, jewelry,
photographic and electronic equipment, plastics, and
in the construction and transportation industries.
Recently, deposits have been discovered off the coast
of Oregon and around the Pacific Islands. Most of
these deposits are located in water as deep as 10,000
feet and are considered uneconomical to mine at the
present time, but their potential is significant.

The crust deposits associated with hydrothermal
vents are rich in cobalt, manganese, and phosphorite.
Cobalt is especially important to the aviation industry
to make lightweight superalloys that can withstand
high temperatures. The United States produces no
cobalt—we import 75 percent of our supply and the
remaining fourth is recycled from scrap. There has
been some interest in recovering cobalt from offshore
deposits near Hawaii.

Manganese is also found in nodules on the Blake
Plateau off the southeast coast and on the abyssal
plains of the Pacific Ocean floor. It is used
extensively in the manufacture of steel and in other
industrial products, and is considered critical to
national security. Nearly 100 percent of U.S. supply
is imported and there is no satisfactory substitute.
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SAND AND GRAVEL

The most abundant and important marine mineral
resource for the near future is sand and gravel. These
minerals are found in large quantities along the
seabed of the OCS. The sand and gravel can be
mined using several types of dredges that remove it
from the ocean floor and deposit it on barges or even
pipe it directly to shore. Some dredges use suction to
bring the sand and gravel to the surface, while others
raise it in large buckets or scoops.

Mixtures (aggregates) of sand and gravel are used in
huge quantities in the construction of buildings,
roads, railroad beds, dams, and airports, and in the
restoration of shorelines. Historically, construction
aggregate has been produced onshore in the United
States because land resources have been plentiful and
cheap. This situation is changing, however, for
several reasons: economical sources are being
depleted, lands with resources are more valuable for
other uses, environmental concerns preempt use, and
available resources are too far from markets.

Construction aggregate is a low-cost item. A very
small increase in price per ton can add dramatically
to the total construction cost of a project.
Transportation of the aggregate from the production
site to the construction site is the largest cost—most
aggregate is transported by truck. Therefore, to keep
the transportation cost down, the aggregate must be
produced locally. In many areas, there will soon be
no local, land-based deposits, especially in big cities.

The greatest demand for construction aggregate is in
major metropolitan areas, where land prices are high
and land use is restricted. Land development has
made many of the local deposits unreachable;
furthermore, the land is so valuable that communities
don’twant to use it for aggregate production. In New
York City, for example, aggregate costs are now
three times the national average and researchers have
predicted that available resources will be completely
depleted within ten years.

New York is not an isolated case. In the United
States today, half of the population now lives within
50 miles of a U.S. coastline, mostly in metropolitan
areas. Since 1980, the biggest increase in population
growth has been in the coastal states. And where
population increases, construction increases. Where

will the construction industry get the materials it
needs at reasonable prices?

One answer is from the oceans. The United States
extracts very little sand and gravel from the OCS
right now, but other countries have been doing it for
years. Almost 25 percent of the sand and gravel
produced in Japan comes from off-shore mining. The
United Kingdom has been mining sand and gravel
from the ocean since 1925; 15 percent of their total
production is from marine mining. The Netherlands
and Denmark also obtain much of their sand and
gravel from off-shore sites. These countries have
developed sophisticated mining equipment and have
conducted numerous studies to determine the impacts
of marine mining on the fishing industry and the
environment.

The technology is available to recover sand and
gravel from the OCS economically, but the United
States’ sand-dredging industry is comparatively small
and designed for near-shore work. Federal law at this
time requires that any equipment used to mine
minerals in the EEZ or transport them must be built
in the United States; therefore, America’s ship
builders may have to adapt equipment for deeper
water projects. U.S. companies cannot buy the barges
and dredges from countries already well-skilled in
the business.

Transportation of the aggregate is another
consideration. Transportation costs will continue to
increase for land-based mines, as production sites are
located farther from metropolitan areas. Marine
transportation by barge, on the other hand, costs
about one-third as much per ton as trucking.

TODAY AND TOMORROW

One established area in which the United States uses
marine sand is in the restoration of beaches. A
substantial portion of the nation’s coastline is eroding
severely, causing damage to beaches, wetlands, and
coastal properties. The traditional approach of
building jetties has become very expensive and has
often proved ineffective in the long run.

Many coastal communities have been restoring their
beaches using sand dredged from the ocean or from
nearby navigational channels as part of their
maintenance programs. Restoring the beaches with
sand from the ocean is a cost-effective approach,



though studies are showing that sand cannot be
dredged too near the shoreline without altering the
current and wave patterns, which could intensify
erosion.

Crushed shell from the OCS is also used in some
areas as a foundation for roadbeds and in the
manufacture of fertilizer. Shell is not evenly
distributed along the OCS, but in areas where it is
abundant, it can be an economical alternative to
onshore products.

ECONOMIC AND ENVIRONMENTAL
IMPACTS

Of course, the mining and transport of marine
minerals does have an impact on the environment of
the oceans, just as land-based mining affects the
environment. During the period of active mining,
there are disturbances of the water, with an increase
in turbidity and noise. (Turbidity is the amount of
sediment suspended in the water.) These disturbances
may affect the plant and animal populations near the
site.

Effects that should be considered before permitting
any dredging activity might include changes to the
topography of the sea floor and changes to marine
plant and animal communities on the site, as well as
broader changes to the composition of the area’s
ecological systems. Studies are being conducted to
determine how quickly the plant and animal
communities in dredged areas reestablish themselves.

Sometimes alterations caused by the mining cause
problems for the local fishermen; discarded mining
equipment and rough terrain can damage their nets.
Fish populations can also be disturbed, at least during
the time of active mining, and breeding grounds can
be affected. Studies have shown that many of the
changes to the marine environment appear to be
short-term or can be mitigated with careful
management.

The ecology of the different areas of the EEZ is
varied and complex. Marine mining in some areas
will produce completely different effects than in
others. Site by site environmental impact studies will
need to be undertaken to protect the integrity of the
EEZ, as is required of land-based mine sites. In many
cases, the effects of marine resource recovery will be
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more economical and less damaging to the
environment than the effects of recovering the same
resource from the land.

The EEZ contains an underwater treasure of
resources for the United States. With careful
management, these resources can be wisely and

economically used and protected.

As the founder of the National Energy Education
Development (NEED) Project, Gerard (Jerry) Katz
has guided the project’s growth since its inception in
1978. Jerry received his B.A. in physics from Herbert
H. Lehman College in New York in 1973 and he
completed graduate courses in education, curriculum
development, and instruction from the State
University at Albany and New Paltz. He taught
physics and directed student activities for five years
at Greenville High School in Greenville, New York,
before dedicating himself full-time to the
development of the NEED Project into a national
organization.

TEACHING SCIENCE FOR THE
21ST CENTURY

Dr. John Dindo
Assistant Director
Dauphin Island Sea Lab

Dr. Bruce Alberts, a former president of the National
Academy of Sciences states, "Schoolchildren should
learn science the way scientists do, not by
memorizing definitions in boring textbooks, but by
doing science." Vice President Gore and Commerce
Secretary Brown are trying to find support for a
national information network utilizing fiber optics,
yet the majority of all Americans have trouble
programming their own VCR. Carl Sagen writes,
"Less than half of all Americans know that the Earth
moves around the Sun and takes a year to do it." It is
true today that there are scientist in the
unemployment ranks, yet the United States still ranks
seventh in science and math when compared to other
industrialized nations.
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Teaching science teaches the pathways to critical
thinking. We are told today that our value system is
lost, both at home and in schools. Mr. Hunter wrote
a book in 1990 titled 4 Question Of Values: Six Ways
We Make The Personal Choices That Shape Our
Lives. In his book Lewis points our that we use six
different cognitive methods to establish our value
judgments:

1. Authority taking someone else’s
work, having faith in that
work

2. Logic subjecting beliefs to the

variety of consistency
tests/deductive reasoning

3. Senses gaining direct knowledge
through our own five
senses

4. Emotion feeling something is right

although we do not know
it

S. Intuition unconscious thinking

6. "Science" synthetic technique
relying on sense
experience to collect
observable facts, intuition
to develop a testable
hypothesis about the facts,
logic to develop the test,
and sense to complete the
test

Science allows us to utilize all five of Lewis’s lenses
to help shape our lives. If used at an early critical
thinking stage, techniques can be established as a
foundation for education. George Will, a Washington
Post syndicated columnist wrote an article titled
"Educators Place Children At Risk." The article
referenced the Chicago late openings in 1993 and the
1,069 schools closed on opening day of the academic
year in New York this year due to asbestos testing.
These days add up to fewer and fewer days in the
classroom . The United States already has the lowest
number of classroom days per year as compared to
the rest of the industrialized world. As we move
closer to the twenty-first century our children

graduating today will not be able to cope with the
world of technology that lies ahead of them. As a
scientist and an educator 1 know that to truly be able
to understand the life sciences, mathematics, and
technology we must invest in time, a commodity that
will continue to be the most limiting as we move into
the twenty-first century. Going back to the basics is
not the answer, only a convenient one for politicians.
No one in the twenty-first century will be doing long
division by hand, but a student must still understand
the principles of long division.

We have long assumed that true science should be
taught when a student matures, so we leave it for
middle school. Middle school is too late to be
teaching the principles of conceptual thinking and
application of trial and error experimentation. The
inquisitiveness of early childhood, including
kindergarten, is the time that science should be
initiated. Young children love to ask why, and show
me, and how did you do that? Teachers can introduce
science techniques and the concepts of scientific
investigation at this age because the students are
eager to learn. Dr. Alberts, National Academy of
Sciences, states, "We subject millions of American
children every year to this mindless curricula of
memorization." It becomes so boring that it
discourages them from pursuing science and leaves
them with the belief that science is nothing but
memorization at an age that sets standards and
initiatives for the future. Students learn by doing
experiments they do every day in their play, yet we
fail to apply it in the classroom.

Students of all ages are fascinated by the oceans and
the life that they hold. By capitalizing on this
fascination, we teach the principles of scientific
investigation using the marine environment as our
focal point. As a consortium of 22 colleges and
universities, we were founded to conduct marine
research and education at the undergraduate and
graduate level. But for the past 15 years we have
expanded our educational program to include
offering marine education to over 15,000 K-12
students a year. Nine thousand of these students are
in the elementary grades. Our teaching centers on the
scientific approach to understanding the environment
and the plants and animals that coexist in that
environment. By using hands-on learning at all grade
levels we stimulate the critical thinking pathways that
help establish a foundation for the future. Our classes
involve both instruction within a classroom as well as



instruction out in the environment, not just a show-
and-tell but rather total involvement by the students
themselves. It may involve watching the movement
of a hermit crab along the shallow bottoms or
measuring wind-derived waves, but students are
challenged to ask the questions and seek answers to
what ever aspect they are studying. In addition we
constantly try to emphasize that this process of
utilizing critical thinking skills can be applied
anywhere, from a drainage ditch next to the school,
to the city park, or a lake or stream. It only takes
imagination and stimulus by the teacher to capture
the interest of students. The best way to understand
science is to experience it first-hand by doing it. It is
not enough just to read about past scientists and what
they did; it is important to challenge students to think
about science and then go about the learning process
of doing science. Utilizing Eisenhower monies from
the federal government, we teach teachers how to
teach science better and how to introduce science at
an early level.

A USA/Times report indicates that by the year 2000
over 14,000 jobs will be available for individuals
who have a Ph.D. in science, math, or engineering,
yet only about half of those positions will be filled
with students from the Unites States. The 2l1st
century will be one of technology-based information
and learning techniques. We must advance our
teaching beyond the old methodologies and stimulate
students early. Just because a methodology worked in
the past does not mean its applicable now or in the
future. Ron Kreigel has written a book titled If It
Ain’t Broke, Break It, which highlights change in our
teaching to prepare our students better for the future.
I believe that our approach to teaching science at the
Dauphin Island Sea Lab establishes a foundation of
inquisitiveness that can carry forth into the future.

Dr. John J. Dindo is Assistant Director of the
Dauphin Island Sea Lab, where he has worked for 18
years. He received is B.S. in fisheries ecology from
the University of Alaska, his M.S. in physiology and
biochemistry and his Ph.D. in marine ecology from
the University of Alabama at Birmingham. His
research interests include artificial reefs, hardbottom
reefs, and coastal ecology.
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STIMULATING KNOWLEDGE OF
MARINE ECOLOGY THROUGH
INNOVATIVE STRATEGIES

Dr. Robert Thomas
Vice-President for Environmental Policy
Audubon Institute

Project CEED is a multidimensional educational
effort taking place in coastal Louisiana. Its focus is
expressed in the acronym: Coastal Education for
Economic Development. The concept is that citizens
who understand that their livelihood is dependent on
a healthy coastal ecosystem will be motivated to
show stewardship toward the environment. In
Louisiana, as in all coastal states, children who drop
out of school are likely to seek employment in the
coastal zone, usually in a fisheries related field. As a
consequence, Project CEED is directed toward that
group that is most likely to drop out of school:
middle school at-risk students.

Project CEED is a collaborative effort between the
staffs of the Audubon Institute (operator of the
Louisiana Nature Center) and faculty members from
the Department of Special Education and Habilitative
Services of the University of New Orleans. Project
CEED’s educational approach combines the talents
and expertise of hands-on environmental educators
(who know what to teach) and special educators
(who know how to teach atypical learners). A wide
variety of materials has been developed to
accomplish the objectives of Project CEED. Many
local teachers participated as members of the writing
team. Business involvement guarantees that the
economic perspective is maintained (the first program
in this area of Project CEED is under development).

Project activities are "teacher friendly," i.e., they do
not require massive preparation time for use, and the
teacher does not have to be science-oriented. The
activities are designed for use in several different
disciplines such as English, math, art, and history.
Teaching elements include concept mapping,
decision making, asking provocative questions,
Bloom’s taxonomy, Taylor’s Muitiple Talent Model,
poetry, scamper, synectics, and more. A videotape
(Wetlands Blues) with accompanying teacher’s guide,
and a Macintosh computer game that models a
wetland are available. Several independent teacher’s
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guides have been developed, each of which focuses
on a wetlands related topic (e.g., beaches, wetland
values, etc.) and a specific student-generated product
(e.g., designing a bumper sticker, designing t-shirts,
etc.).

Project CEED is a continuing program, with many
new phases being considered. For information about
acquiring the program products, contact: Office of
Environmental Policy, The Audubon Institute, P.O.
Box 4327, New Orleans, LA 70178-4327.
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INTRODUCTION

Dr. Richard Defenbaugh
U.S. Minerals Management Service
Gulf of Mexico OCS Region

Dr. Robert S. Carney
Director, Coastal Marine Institute
Louisiana State University

On 30 September 1992 the MMS and the State of
Louisiana signed a Cooperative Agreement
establishing the first Coastal Marine Institute (CMI).
This CMI addresses the parallel OCS information
needs of both parties in a timely, cost effective
manner, while taking full advantage of the academic
talents in the immediate OCS planning area.

Under the terms of this agreement, the MMS and the
State of Louisiana provide matching funds to conduct
environmental research of joint interest. The State,
through Louisiana State University (LSU), provides
matching funds of at least one dollar for each dollar
provided by the MMS (up to $10 million over a five-
year period). All funds obligated are used to support
studies that fall within a general framework.

The CMI framework provides broad boundaries for
guidance in the development of specific research
projects. This framework was designed to include the
following: technologies for extracting and
transporting non-energy resources; environmental
responses to changing energy extraction and transport
technologies and spills; analyses and synthesis of
existing data/information from previous studies;
modeling of environmental, social, and economic
processes and systems; new information about the
structure/ function of affected systems via application
of descriptive and experimental means; and projects
that improve the application and distribution of
multisource information.

The framework also serves to foster the continuing
education and training of the academic and the
regulatory communities, as well as MMS
professional and management staff (e.g., short
courses, workshops, seminars, etc.)

Studies proposed for support under the CMI are
reviewed by the CMI Technical Steering Committee,
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on which MMS and LSU are equally represented.
The LSU participants include Drs. Robert Carney and
Chip Groat. The MMS members include Dr. Richard
Defenbaugh, Acting Regional Supervisor of the
Office of Leasing and Environment, Gulf of Mexico
OCS Region, and Dr. Ken Turgeon, Chief,
Environmental Studies Branch. Dr. Carney, who
serves as the CMI director, administers the daily
activities of the program from LSU’s Baton Rouge
campus.

This session and its continuation (Session 3C) reflect
the diversity of issues and interests that are of mutual
concern to the State of Louisiana and to the MMS.
The range of topics extends from socioeconomics to
the development and application of sub-lethal aquatic
toxicity tests. The information resulting from these
and other CMI research efforts will provide managers
at both the federal and state levels with some of the
information necessary to develop the oil, gas, and
mineral resources of our outer continental shelf in an
environmentally sound manner.

Dr. Richard Defenbaugh is Acting Regional
Supervisor for Leasing and Environment within the
Gulf of Mexico OCS Regional Office. His graduate
work at Texas A&M University on the natural
history and ecology of Gulf of Mexico estuarine and
continental shelf invertebrates led to a M.S. in 1970
and a Ph.D. in 1976. He previously worked in the
Bureau of Land Management’s New Orleans OCS
Office. At MMS he served as Chief, Environmental
Studies Section for ten years and then moved to the
position of Deputy Regional Supervisor for Leasing
and Environment. He was appointed Acting Regional
Supervisor in July 1993, following the accidental
death of Mr. Ken Adams. Dr. Defenbaugh serves as
one of two MMS representatives on the CMI
Technical Steering Committee.

Dr. Robert Carney, an associate professor in LSU’s
Department of Oceanography and Coastal Studies,
has served as director of LSU’s Coastal Ecology
Institute since 1986 and has been director of the
LSU-MMS CMI program since its inception. He
received his M.S. from Texas A&M University and
his Ph.D. from Oregon State University. Prior to
LSU, Dr. Carney was employed at Moss Landing
Marine Labs, the National Science Foundation, and
the Smithsonian Institution.
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ENVIRONMENTAL CONDITIONS

Ms. Susan E. Welsh
Department of Geology and Geophysics
Louisiana State University

Dr. Masamichi Inoue
Coastal Studies Institute
Department of Oceanography and Coastal Science
Louisiana State University

INTRODUCTION

The Gulf of Mexico (GOM) is a highly suitable
domain for paleoceanographic study using an eddy-
resolving, ocean circulation model. This modeling
project features two distinct phases. The circulation
in the Gulf of Mexico is first modeled under present
environmental conditions in order to calibrate model
parameters and verify model output. This part of the
project is of significance not only as a necessary step
in creating a model for past environmental
conditions, but it also provides a valuable toof in the
study of Loop Current behavior and general
circulation in the Gulf of Mexico. The next step is to
lower sea level in the Gulf of Mexico to
approximately that which occurred during the Last
Glacial Maximum. New surface boundary conditions
will be applied that reflect the glacial environmental
conditions. The circulation generated by the
paleoceanographic model will be compared to
circulation inferred by several paleontological and
sedimentological studies of the Gulf of Mexico. This
paleoceanographic model should help interpret the
distribution of glacial fauna and sedimentation
patterns found in the geologic record.

NUMERICAL MODEL DESCRIPTION
The bathymetry of the Gulf of Mexico features

several broad, gently sloping shelves, steep escarp-
ments and relatively shallow sill depths in the

Yucatan and Florida Straits. Circulation in the Gulf
of Mexico is dominated by the presence of the Loop
Current (LC) and anticyclonic eddies that are shed
from the LC. The Modular Ocean Model (MOM), a
three-dimensional primitive equation model, allows
us to include the effects of bottom topography as
well as adequately resolve eddy dynamics.

During the 20-plus years that MOM has been under
development, it has been thoroughly tested and
improved. The Bryan/Cox/GFDL model is the pre-
cursor to MOM and was described in detail by
Semtner (1986). The MOM version, produced by R.
Pacanowski, K. Dixon and A. Rosati (1991) at the
Geophysical Fluid Dynamics Laboratory at Princeton
University, retains the basic physics of the Bryan-
Cox code, but it has been modified for more efficient
use with a UNIX operating system. The model was
most recently updated and available for use in
August 1993.

The finite-difference method was used to construct
the model on a staggered grid referred to as the
Arakawa B-grid. Temperature, salinity, actual depth
and transport stream-function lie at the center of the
grid box, and velocity points lie at the centers of the
vertical edges. The model grid is derived from the
ETOPO05 1/12° resolution, world topography data set
available from the National Ocean Data Center
(Figure 2C.1). The bathymetric values are inter-
polated to 1/8, and then smoothed using a coastline-
preserving scheme to prevent topographically-
induced instabilities in the numerical solution.

The model grid extends outside the GOM into a
synthetic return flow region that links the Straits of
Florida with the Yucatan Straits. The bathymetry in
this region has been altered to connect the Florida
Straits with eastern portion of the Caribbean and does
not represent actual bathymetry. The inflow into the
GOM is achieved by forcing the flow through the
western Caribbean to acquire the observed
geostrophic values, thus eliminating the need to
model the entire North Atlantic. Another benefit of
allowing the flow to recirculate around Cuba is to
avoid the implementation of open boundaries.

A factor in the choice of the 15 model depths is the
preferred use of evenly-spaced levels, which results
in a higher-order computation of the vertical modes.
It was necessary to use bimodal spacing of the depth
levels, such that the upper 4 levels are 75-meters
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GULF OF MEXICO MODEL GRID
DEPTH CONTOURS (METERS)

CONTOUR FROM 500 TO 3500 BY 500

Figure 2C.1. Contour plot of model depths (meters) superimposed on an outline of gridded land values for
model domain.
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thick and the lower 11 levels are 300-meters thick for
a total depth of 3,600 meters. These depth levels still
allow for higher vertical resolution on the shelf.
The initial runs of the model simulate present-day
environmental conditions in order to calibrate the
model and determine the ability of the model
accurately to simulate the GOM circulation. The
three-dimensional annual mean temperature and
salinity fields used to initialize the model have been
interpolated from the Levitus Climatological Atlas of
the World Ocean (Levitus 1982). The surface
temperature and salinity fields are restored to Levitus
annual mean values with a relaxation time scale of
six weeks. The surface wind stress field has been
interpolated from the Hellerman and Rosenstein
(1983) annual mean wind data.

The volume flux through the Yucatan Straits is
controlled by adjusting the barotropic u-component
of velocity along a longitudinal band center at
82.375°W in the Caribbean. The desired vertical
shear is achieved by relaxing the temperature and
salinity along this same vertical cross section to the
observed values on a time scale of one week. The
temperature and salinity fields used for this purpose
are derived from the Levitus climatology. The inflow
condition into the Gulf of Mexico is illustrated by a
contour plot of the v-component of velocity with
depth across the Yucatan Straits (Figure 2C.2).

Maximum velocities of 100-105 cm/s occur in the
upper level (37.5 meters) in the Yucatan Straits. The
volume flux through Yucatan fluctuates between 25
and 29 Sverdrups with an average of approximately
27 Sverdrups.

RESULTS

The model has been successfully initialized with the
three-dimensional temperature and salinity fields,
wind forcing, quadratic friction, a 5-point conjugate
gradient solver, a surface boundary condition on
temperature and salinity and adjustment of the flow
to geostrophic values in the Caribbean. The values of
viscosity and diffusivity are 20 m%s and 10 m%/s
respectively. Bottom stress is applied with a
coefficient of Cp, =.001. This case was run for over
eight years of model time on an IBM 3090. The cpu
time per time step is approximately 4.3 seconds
(using 30-minute time steps) or 21 cpu hours per
model year of simulation.

Approximately three years of model integration were
necessary for the model to become sufficiently spun-
up. At this point a five-year integration was made to
verify the results. A snapshot of the model output
was made every twelve weeks that included the
transport stream function, u- and v-components of
velocity, temperature, and salinity at every grid point.
These snapshots are used to look at model output in
extreme detail. Velocity vectors are plotted at several
levels to determine circulation patterns. A map of
temperature contours and velocity vectors for the LC
and a detached eddy is provided in Figure 2C.3. The
vertical temperature and salinity structure of these
same features are provided in Figures 2C.4 and 2C.5.

The difficulty with analyzing the output from a three-
dimensional model such as MOM is the tremendous
amount of model data that is generated. We have
been fortunate to obtain software that uses the
graphics capabilities of our Silicon Graphics Indigo
workstation to animate the temperature fields gener-
ated by the model. This animation/visualization
software was written by Lingsong Bi of the
Computer Science Department at LSU as part of his
Master’s thesis and is call Data Viz. These anima-
tions are extremely useful tools for describing the
process of LC eddy formation, as well as their
westward migration and final dissipation. The surface
temperature and total velocities were saved every
three days during the five-year integration for use in
the animation software.

The temperature and velocity signals of the eddies
are easily traced into the Western Gulf where the
eddies appear to be entrained by the northward-
flowing current. The eddies are about 450 km in
diameter at the surface after they become detached
from the Loop Current. Time series of temperature at
several locations around the Gulf were analyzed to
determine the eddy shedding period, which is
approximately every 30 weeks.

The model was then run for another 60 weeks for the
purpose of saving some of the lower level data for
analysis using the animation software. Temperature
and velocity fields were saved for levels 1, 3, 5, and
6 with depths of 37.5m, 187.5m, 450m and 750m,
respectively.  Animation of the lower level
temperature  fields is interesting because the
temperature signal of the eddies is very large
compared to the ambient fluid.
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ZONAL V COMPONENT SLAB (CM/SEC) ROW = 48
CASE10A WEEK = 306.0

CONTOUR FROM 0 TO 64 BY 4

Figure 2C.2. Contour plot of the v-component of velocity (cm/s) looking northward across the Yucatan
Straits.
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Figure 2C 4.

Contour plot of temperature (°C) versus depth from west to east through the cores of the detached eddy and the Loop Current at week
204 of model integration.
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The next step in modeling the Gulf of Mexico for the
present environmental conditions is to include the
annual cycle in the forcing. The Hellerman monthly
mean wind stress fields will be used to force the
model. The surface boundary condition on
temperature and salinity as well as the inflow
condition in the Caribbean will be based on the
Levitus monthly mean climatology.

The final stage of this project is to repeat the
seasonal calculations with a bathymetry representing
sea level at 124 meters below present and forcing
with glacical surface boundary conditions. Seasonal
wind stress and fresh water flux are available from
the glacial atmospheric model of Kutzbach and
Guetter (1985). The sea-surface temperature
estimates made by CLIMAP (CLIMAP Project
Members, 1976) are available on a 2° by 2° grid for
summer and winter seasons. Output from these model
runs will be compared with circulation inferred from
studies of the distribution of glacial planktonic
foraminifera and sedimentological studies made in
the Florida Straits.

SUMMARY

The first stage of this GOM modeling project is
necessary to develop and validate a model for use in
paleoceanographic modeling of the GOM. The
present-day simulations of the GOM will be of value
to the GOM modeling community due to the
increased grid resolution, a unique method of forcing
that eliminates the use of open boundaries and
implementation of one of the latest state-of-the-art
numerical models. The model integration appears
quite stable and the simulation of the Loop Current
and associated eddies is very realistic. The
implementation of the annual cycle in the forcing
should produce even more realistic results. The goal
of the second stage is to learn about the GOM
circulation during lowered sea level and help
interpret Late Quaternary sedimentological and
paleontological studies of the GOM.
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EVALUATIONS
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INTRODUCTION

Both the petroleum industry and the Minerals
Management Service (MMS) are mandated to
understand the physical-biological-geological
complexities of the Outer Continental Shelf (OCS)
and Upper Continental Slope region of the northern
Gulf of Mexico because of the combined demands
for resource utilization and management. Within
simple geologic frameworks, the tasks of both
resource extraction-utilization and rational environ-
mental management of these efforts are reasonably
well understood. However, in extremely complex
settings like the northern Gulf of Mexico OCS, MMS
must anticipate environmental management problems
in a geographic region that has received the least
financial support to determine physical-biological-
geological characteristics and spatial-temporal
variability of these properties. With continuing
interest in oil and gas exploration beyond the conti-
nental shelf edge, industry has met the challenge with
innovative engineering concepts and design for
drilling-production facilities and resource transport
systems. In order to effectively manage OCS
activities, MMS must incorporate the best possible
information from industry and academia to develop
new concepts and technologies for environment
assessment. This document proposes to utilize
digitally acquired and processed high resolution
acoustic data to improve OCS habitat mapping,
geohazards detection/evaluation, and chemosynthetic
community identification/ classification.

The Outer Continental Shelf and slope of the
northern Gulf of Mexico is arguably the most
complex such setting in today’s oceans. This region
is an extremely valuable resource for the United
States since it has produced more oil and gas than
any shelf-slope complex in the world. However,
exploration and production in this region has not
been easy or inexpensive because of the region’s

extreme sea-floor and subsurface complexity. This
intricate geologic framework has been imposed on
the system by processes forced by high-volume
sediment input and the compensating effects of thick
and malleable underlying salt deposits (the Jurassic
Louann Salt). Since Late Cretaceous times, the
northern rim of the Gulf of Mexico has been
receiving large volumes of river-borne sediments that
collectively have prograded the shelf edge hundreds
of kilometers to its present position (Woodbury et al.
1973; Worzel and Watkins 1973). As is now widely
recognized by the geologic community, sediment
input to the outer shelf and continental slope is
strongly modulated by sea level changes (Suter and
Berryhill 1985; Berryhill e al. 1986). During periods
of lowered sea level, fluvial systems entrenched
themselves as they prograded across the shelf
eventually to deposit their sediments in thick and
widespread shelf-edge deltas (Suter and Berryhill
1985; Roberts et al. 1991; Sydow and Roberts 1994).
Sediment was deposited directly to the slope from
these systems by turbid flows and delta-front
instabilities. In addition, these rapidly deposited
deltas loaded the shelf margin, an inherently unstable
area, frequently causing large shelf-edge failures that
contributed large volumes of sediment to downslope
depositional sites (Coleman et al. 1983). The
interplay between intense periods of sedimentation,
largely at low sea level, and compensating salt
tectonics has resulted in a present-day slope
configuration that is characterized regionally by
numerous domes and basins (Martin 1980). The
domes are the topographic responses to
allochthonous salt that can take many forms
(Figure 2C.6). Their depositional counterparts, the
sedimentary basins are the results of salt withdrawal
or local deformation of shallow salt lobes or massifs
(Figure 2C.6). These basins can be divided into
interdomal (between salt domes, ridges and/or
massifs), interlobal (between allochthonous salt
lobes), and supralobal (above allochthonous sait
lobes) (Simmons 1992).

Superimposed on the regional dome and basin
topography are smaller scale features that reflect the
extremely complicated nature of both the modern sea
floor and the subsurface. Ironically, it is this high
level of geologic complexity that provides the
northern Guif OCS with numerous reservoirs and
hydrocarbon traps as well as a difficult arena in
which to operate with regard to exploration,
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Figure 2C.6. Distribution of salt-related structures across the northern Gulf of Mexico continental slope.

production, and environmental management.
Processes such as faulting, erosion-redeposition,
sediment mass movement, fluxes of fluids and gases
to the sea floor, hydrate formation, carbonate
precipitation/diagenesis, and intense localized benthic
community development impose an unmatched
variability to the northern Gulf of Mexico slope. This
myriad of surface processes and associated response
features provide unique habitats for benthic
communities, including specifically protected
chemosynthetic communities that develop at sites of
hydrocarbon seepage. In addition, these surface to
near-surface processes produce conditions of variable
geotechnical sediment properties over short distances,
gas-charged sediments, substrates with highly
variable small-scale topography, and other conditions
that present practical problems for resource
development. The challenge is to obtain, synthesize,
and interpret the best data sets available in order to
develop predictive capability about the modern sea
floor. The goal is to transfer the criteria established
by this means to standard forms of acoustic data that
can be collected at a reasonable price and over large
areas. Regional mapping of sea-floor type (e.g.,
Berryhill’s MMS 84-0028 OCS Map Series) is not

sufficient to add much information about the slope
that we haven’t known for a number of years. This
proposal is the first step in developing a new and
"higher resolution" and more in-depth understanding
of surficial habitats, bottom features of various
scales, and sedimentary characteristics of the slope
by both directly acquiring new digital acoustic data
and calibrating these data sets with five years of
direct observations/sampling as well as results
published by others (e.g. MacDonald 1992) from test
areas. Results of this new approach will be compared
to existing geohazards data sets in order to specify
sea-floor conditions requiring new technologies for
reliable interpretations.

Questions being asked by this research project are
(1) Can we improve on our current level of
understanding and predictability of the OCS sea floor
by employing digitally acquired and processed high
resolution acoustic data coupled with the best
possible observations-samples collected by research
submersible? (2) Can a set of interpretation criteria
be derived from project activities that may be applied
to existing and future surface-tow geohazards data
(the industry standard) and deep-tow data as well as
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for improving our interpretive and predictive
capability of sea-floor characteristics and conditions
in this complex setting? If these questions are
positively answered in view of project results, both
MMS and industry will benefit. For example,
although geohazards evaluations have traditionally
been viewed by MMS as the responsibility of
industry, for the first time MMS will have a rigorous
and well-calibrated set of criteria for judging the
geohazards interpretations of lease block areas
submitted prior to drilling and production activities.
In a management framework, a specific goal of this
work is to produce new criteria for benthic habitat
recognition with special emphasis on habitats
supporting  chemosynthetic =~ communities  (for
compliance with MMS NTL 88-11).

THE PROJECT

Project Objective: To apply state-of-the-art digital
data acquisition processing technology to high
resolution acoustic data for the purpose of developing
better criteria for geohazards and benthic habitat
evaluations. The work will be carried out in three
geologically distinct areas of the upper slope where
standard geohazards data sets already exist and are
available for comparison. The goal for this work is to
develop a more reliable and objective set of criteria
for identifying and evaluating sea floor
characteristics that can be applied to operational and
environmental management problems. The
establishment of such criteria coupled to digitally
acquired data could greatly increase the reliability of
surface-tow data for geohazards evaluations and may
be suitable for compliance to MMS regulations for
chemosynthetic communities without the added
expense of bottom video and/or photographic
surveys. The hypothesis to be tested is this:
acquisition and processing of digital high-resolution
acoustic data coupled with submersible-acquired data
can produce a set of interpretation criteria that will
significantly improve capability to predict the
character of the modern OCS sea floor.

Approach: The approach involves synthesis of
existing analog data, high resolution acoustic digital
data acquisition, acoustic vs digital data comparisons,
research submersible verification of sea floor
features, and development of criteria for feature
detection from surface-tow data sets. Three areas off
central Louisiana in the Green Canyon Lease Area
(Area 1 - Blocks 52 and 53, Area 2 - Blocks 140 and
185, Area 3 - Block 272) and are in the Garden Bank

Lease Area (Area 4 - Blocks 338, 382, 426, 427, 470,
and 471) were selected as test sites. These areas were
surveyed by Conoco and Shell in preparation for
their Juliette and Anger platforms and pipelines.
These companies have given access to these data sets
for the purposes of this project. In addition, five
cruises funded by NOAA’s National Undersea
Research Program (NURP) have provided specific
observations and samplings utilizing highly
maneuverable research submersibles to provide a
working understanding between signatures on
acoustic data sets and detailed characteristics of
bottom features. The proposed project builds on these
invaluable data sets by proposing a test utilizing
newly acquired high resolution digital data against
standard analog data sets acquired in surface-tow
mode. These new data sets will be acquired with
three different acoustic sources (ORE Geopulse, 15
in® water gun, and 50 in’ air gun) using the DELPH
2 digital acquisition and processing system linked to
differential GPS navigation/survey software
developed at Coastal Studies Institute. Digital side-
scan sonar data will also be acquired over test sites
coincident with high resolution seismic data. An
added bonus is that TAMU-2 (a medium-range side-
scan sonar/subbottom imaging system developed at
Texas A&M) data have been acquired as a test over
Area 1. In addition to a test of standard surface-tow
data, this project will allow evaluation of TAMU-2
data with permission of Dr. Richard Carlson, of the
Geodynamics Research Institute. The four study
areas contain a variety of sea floor conditions and
features to make project comparisons a
comprehensive test and a data set from which feature
detection criteria can be reliably derived. Features
found in these areas are (a) carbonate mounds, (b)
regions of coarse carbonate sediments on the sea
floor, (c) a variety of faults illustrating various levels
of activity, (d) collapse depressions, (e) active and
inactive mud volcanos, (f) hydrate mounds, (g) thick
hemipelagic sediments, (h) lush and sparce chemo-
synthetic communities, (i) mud flows, (j) mass
movement features, and (k) areas of sea floor erosion.

Progress and Future Work: The project was funded
as a three-year study. Year 1 involved two major
tasks: (1) collection, review, and archiving of
existing high resolution acoustic data to be used in
developing sea floor features interpretation criteria,
and (2) field testing of digital data acquisition
systems for three separate high resolution seismic
systems as well as a digital side-scan sonar system.
Year two focuses on acquisition of high resolution



acoustic data over specific features in the test areas
(primarily Areas 1 and 4) utilizing the DELPH 2
system for comparison with standard analog data
sets. Year 3 involves data collection with the DELPH
2 system primarily for Area 2 and 3. Feature-by-
feature comparison of new and existing analog data
sets, comparison of high resolution acoustic data plus
submersible observations with surface amplitude data
derived from 3D seismic surveys, development of a
comprehensive set of criteria for improved feature
identification, and the formulation of recommenda-
tions to both MMS and industry for future acqui-
sition, processing, and interpretation of high
resolution acoustic data sets are all part of the final
year’s activities.
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A SOCIOECONOMIC OUTER
CONTINENTAL SHELF ISSUE
ANALYSIS OF
STAKEHOLDERS IN THE CENTRAL
GULF OF MEXICO

Dr. Robert Gramling
University of Southwestern Louisiana

INTRODUCTION

This project will identify the levels of support for,
and opposition to, Outer Continental Shelf oil and
gas activities, by the various stakeholder groups in
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the coastal central Gulf of Mexico (Alabama,
Mississippi, and Louisiana); the social and economic
issues and concerns that are seen as being important
by these groups; the underlying assumptions held by
various stakeholders concerning the effects of Outer
Continental Shelf activities; and suggest ways to
focus research and management efforts effectively on
significant issues of public policy.

The current project, an issue analysis of the Gulf of
Mexico, was a high priority recommendation that
came out of a Minerals Management Service funded
workshop (see Gramling and Laska 1993), which was
held in New Orleans in September of 1992. The
workshop was designed to produce a recommended
research agenda that could move toward addressing
the appraisals made by the National Research
Council (1989; 1992).

An issue analysis which can identify the social and
economic issues and concerns of the major
stakeholders, connected to the Gulf of Mexico oil and
gas activity in the central Gulf of Mexico is
important for two reasons. First, as noted above, the
array of various levels of opposition to, and support
for, the Outer Continental Shelf leasing program is
not a simple one. The delineation of the various
levels of support and opposition, and how they are
distributed within the central Gulf, is the first step
toward understanding this complex phenomenon.
Second, and more importantly, an issue analysis will
uncover the reasons behind the various levels of
support for, or opposition to, Outer Continental Shelf
activities. What are the assumptions that the various
stakeholders and stakeholder groups make about the
nature, both positive and negative, of various Outer
Continental Shelf activities that lead to their support
or opposition? This is a critical question not only for
understanding the phenomenon, but also for
predicting the socioeconomic impacts of various
activities that potentially take place on the Outer
Continental Shelf. As Gramling and Freudenburg
(1992; see also Freudenburg and Gramling 1992)
have shown, human social systems respond not only
to alterations in the physical environment, such as
those produced by various development projects, but
also to changes in the social environment, such as
those produced by new information concerning
proposed actions. While there has been no physical
development activity (e.g., exploratory or
development drilling) associated with the federal
leasing program in the vicinity of the Florida Keys
since the 1950s, significant, empirically verifiable

changes in the human environment have resulted
simply from proposing these activities; changes
which have had dramatic effects on the leasing
program itself, including a Presidential moratorium.
In short, knowing the assumptions that underlie the
support or opposition to Outer Continental Shelf
activities allows for a better understanding of what
the effects of those activities will be, and
consequently to more informed decision making.

Specifically, the objectives of this research are

» To identify and describe the various stakeholder
groups in the coastal central Gulf of Mexico,
define their interests degree of concerns about
Outer Continental Shelf oil and gas activities.

» To identify the specific social and economic
issues and concerns related to the central Gulf of
Mexico oil and gas activity that are seen as being
important by different major stakeholders and
other knowledgeable individuals.

*  To identify the underlying assumptions held by
various stakeholders concerning the effects of
Outer Continental Shelf activities, which
determine the positions they take on the social
and economic issues.

» To suggest ways to further enhance research
initiatives by ensuring their relevance to
stakeholders’ concerns.

RESEARCH METHODOLOGY

With an issue analysis the research strategy is
different from standard surveys where the interest is
focused primarily on representativeness. With
surveys the researcher wants to be able to statistically
generalize to the public at large or some element of
that public from the sample collected. But this
presupposes you know what to ask them. Simple
questions like do you support offshore oil aren’t
going to give much predictive power about what
particular stakeholder groups will do. Issue analysis
targets the issues as they are expressed by those who
will later potentially act on the basis of their stand on
the issue. In effect the population the researcher is
interested in becomes the array of issues and
positions on those issues of interest, rather than the
individuals who hold positions on those issues.
Another way to think of this is: with a standard
sampling methodology the researcher must be very
careful to sample all the elements of the population
they want to generalize to, however, with issue
analysis the researcher must be very careful to



sample across all of the issues and positions on the
issues of interest. In order to do this a "theoretical”
sampling procedure (often called snowball sampling)
is used, which allows the researcher to target issues.

Snowball sampling is a method through which the
researcher develops an ever-increasing set of sample
observations. One respondent in the population under
study is asked to recommend others for interviewing,
and each ofthe subsequently interviewed participants
is asked for further recommendations (Babbie 1992).
This is the only feasible type of sampling procedure
which will fit the requirements of the project to: 1)
identify various stakeholder groups through a referral
process and, 2) retain flexibility in the field to
identify and sample stakeholder groups as they are
"discovered" through the sampling process. Sampling
continues until the investigation exhausts the issues
(i.e. no new ones are being found) when a content
analysis of the interviews will allow the relative
strength (i.e. proportionately how many individuals
hold particular positions, and how strongly do they
hold them), of the positions to be determined.

This type analysis is most useful in identifying the
strength and organization of various stakeholder
groups that may support or oppose an activity or
identifying appropriate categories for use in a type of
data collection that uses standard methodology where
the interest is statistical generalization.

Specifically the research has nine major components:

1. A review of existing information on key
stakeholder groups and their concerns. This
involved both a literature review and initial
telephone interviews with currently known key
informants, in the central Gulf of Mexico.

2. The creation of a data base that allowed the
comparison of employment, industrial sector,
occupational, income, and household data at the
state, county, and community level across the
entire three central Gulf states using the recently
available U.S. Census summary tables available
on CD ROM. The data base covered the three
central Gulf of Mexico states Louisiana,
Mississippi, and Alabama, all counties/parishes
in these states, and all "places" (cities) reported
by the census.

3. The selection of relevant sample communities,
and/or regions, based on the information
obtained from components 1 and 2 above. After
examination of the communities in the data base,
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initial contacts in the communities, and
consultation with representatives from Minerals
Management Service the target communities
were selected. The area chosen for investigation
ranged from Cameron to Gulfshore, and included
the communities of Cameron, Lafayette, Morgan
City, Grand Isle, Gulfport, Biloxi, Mobile (very
limited sampling), Fairhope, Dauphin Island,
Orange Beach and Gulfshore. Data collection
was begun with a letter of authorization to spend
funds, in June 1993 using Grand Isle as a test
community.

The identification of additional key informants:
In each of the selected communities key
stakeholder informants were identified. In each
community these informants were the start of the
"snowball" sampling procedure. In each
community or region our first key informants
were public officials/community leaders who had
detailed knowledge about the area. We asked
these individuals what groups have interests
concerning OCS activities in order to: 1) test and
potentially expand our initial assumptions
concerning stakeholder groups; and 2) obtain
references as to specific individuals within these
groups in order to interview them.

Key informant interviews. We interviewed a
wide variety of individuals across oil, gas, and
support sectors of the economy, commercial
fishermen of various types, recreational
fishermen and boaters in the sample
communities during july and August of 1993.
These interviews solicited information as to the
important issues and concerns with respect to
OCS activity, and how it is believed OCS
activities have or will affect the community.
Examination and copy of relevant local
documents noted by key informants. This was
limited to instances where the position(s) of
specific stakeholders have been put forth in
writing (e.g., position papers, correspondence,
reports), or the documents could provide
important information about the group or the
community.

Transcription of interviews. The interviews are
currently being transcribed. When this process is
completed the data will be loaded into an
analytical software program for analysis.
Content analysis of interviews and relevant local
documents. Content analysis is a process by
which specific concepts that appear in the
documents to be analyzed (here the transcripts of
the interviews and the local documents) are used
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to generate coding categories, and the resulting
appearance of the concepts across categories of
individuals or groups is analyzed. This is not
simply a counting procedure. The key to content
analysis is the identification of the appropriate
concepts that are embedded in the relevant
documents (in this case transcripts), and the
analysis of the ways in which the concepts
appear across the interviews. For example, a key
concept that might emerge is that of "economic
development." Once identified as a key concept
in the interviews a variety of words would be
chosen (e.g., economic, jobs, training, etc.) that
would allow the researcher to electronically
search the interviews for these key words, and
determine if economic development is an issue
in that document, and to what extent that issue
dominates the transcript. Once instances of
economic development have been identified then
the researcher can (for example) see if this
concept is more likely to be raised by individuals
familiar with OCS activities than those relatively
unfamiliar with OCS activities, or with certain
stakeholder groups, and not with others.
9. Analysis of results and report writing.

PRELIMINARY FINDINGS

Although no formal analysis of the data has yet
occurred, as the transcription is not complete, several
trends seem to be emerging

1. Outer Continental Shelf activities are generally
supported in Louisiana for most stakeholder
groups. The exception to this are several
environmental groups, and some of the alter-
native users of coastal waters. Most common
among this latter group are shrimpers who
contend that some areas (e.g., east of the mouth
of Bayou Lafourche) can’t be shrimped due to
the amount of discarded oilfield trash on the
bottom. Some of these areas appear to be in state
waters, and some in the vicinity of some of the
earliest Outer Continental Shelf development. In
general it is somewhat difficult to tell without
more careful analysis of the data the level of
problems that shrimpers have with Outer Conti-
nental Shelf activities, because of the extent of
the conflict and opposition that has arisen in the
shrimping community over the use of TEDs.

2. Most business interests in coastal Mississippi
aren’t excited about offshore oil, but they aren’t
focused on the issue. Community leaders in

Gulfport and Biloxi have in the past opposed
Outer Continental Shelf activities, but they are
currently so focused on gambling as an
economic activity that Outer Cotinental Shelf
concerns have shifted into the background.

3. Mobile Bay appears to be the dividing line for
real opposition to offshore activity. Baldwin
county took the state to court to stop the sale of
state leases, and community residents in Orange
Beach and Gulfshore voice frequent, strong
opposition to offshore development. It is
probably not coincidental that beach oriented
tourism really begins west of the mouth of
Mobile Bay and continues into Florida.

4. In general, most of the people we interviewed
were ignorant of Minerals Management Service
and its role in offshore development.
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The restructuring of the OCS oil and gas industry in
the Gulf of Mexico began shortly after the crash in
oil prices in 1986. This restructuring consists of two
shifts in the industry: a shift from the majors to
independents and a shift from focusing on explor-
ation and development as well as production to a
focus on production. The first shift is seen in the
decline in the majors’ share of overall activity in the
Gulf and the concomitant increase in the indepen-
dents’ portion of the operations. Between 1987 and
1991, the majors’ share of production dropped slight-
ly from 74 to 70% while their portion of exploratory
wells has fallen from 40 to 21% and their part of
developmental wells has decreased from 63 to 49%
(Dodson and LeBlanc 1993). The second shift is also
demonstrated by these numbers in that the majors’
share of production has not declined as much as their
share of exploratory and developmental wells.

THE PURPOSE OF THE STUDY

The purpose of the study is to examine the OCS oil
and gas industry and to document evidence of a shift.
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Specifically, we are planning to do the following.
First, we will describe the current business
characteristics and environment of companies
operating in the Gulf of Mexico and examine how
the characteristics and environment have changed
since 1986. Second, we will portray the present
business practices of companies active in the Gulf,
examine how these practices have changed since
1986, and investigate how changes since 1986 in the
business characteristics and environment are related
to changes in practices. Third, we will compare the
business characteristics, environment and practices
and the changes since 1986 in these three factors by
type of company—major or independent. Fourth, we
will compare the characteristics, environment,
practices and changes since 1986 across the type of
independent company—Ilarge integrated, small
integrated, large nonintegrated, and small
nonintegrated. (These four types of independents will
be discussed below.)

DATA AND METHODS

The study consists of two data collecting stages. In
the first phase, in-depth face-to-face interviews of
representatives of 11 companies active in the Gulf
were conducted. These 11 enterprises included three
majors, five large integrated independents, one large
nonintegrated independent and two small noninte-
grated independents. In the second phase, we
conducted structured phone interviews of executives
in about 40 companies active in the Gulf—nine
majors, nine large integrated independents, five small
integrated independents (there are only five of these),
nine large nonintegrated independents, and nine small
nonintegrated independents.

The four groups of independents were determined
using the following information. First, the
independent companies were sorted by whether they
are involved in downstream activities or not. The
integration status of the companies is published in
documents concerning oil and gas companies. Then,
these companies were classified by size based on the
number of employees; their exploration and develop-
ment funds; and rankings of their assets, revenues,
and world reserves. The companies selected for the
phone interview were chosen using simple random
sampling within each of the five categories of com-
panies active in the Gulf. It was not possible to use
stratified random sampling due to the distribution of
businesses in the five categories (discussed below).
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The procedure for the structured interviews was as
follows. We faxed two letters describing the
study—one from us and one from MMS—and a copy
of the interview instrument to each of the chosen
companies. In our letter, we asked the company
representative to either call us and arrange an
appointment for the interview or to delegate the
interview to another person and have that person call
us to arrange the appointment. This method worked
quite well; we have had only two refusals thus far
despite the oil and gas industry’s reputation for
secrecy. We suspect that our approach elicited a good
response rate for the following reasons. First, the re-
spondents could arrange a time for the interview that
was convenient for them. Second, they had all of the
questions in advance which enabled them to ascertain
that the questions were not too sensitive and allowed
them to prepare their answers in advance, thus reduc-
ing the amount of time to complete the interview.
The respondents needed time to prepare their answers
since some questions ask for specific information for
1986, and they were not likely to know these details
without referring to company documents.

The structured interview collected data about the
following. (1) We obtained information for 1986 and
the present about company characteristics, such as
the type of resource extracted (oil or gas or both), the
amounts produced, exploration activities, spending
on research and development, locations of regional
offices, number and distribution of employees, and
participation in joint ventures. (2) We got details
about the companies’ use of service companies in
1986 and the present. (3) We asked the respondents
about their outlook concerning the future of activity
in the Gulf. (4) The company representatives
provided information about the impact of policies,
technology, and regulations on their operations.

Preliminary Findings

Only stage one of the project, in-depth face-to-face
interviews, has been completed. These interviews
revealed the following. (1) The two categories of
companies usually referred to when discussing the oil
and gas industry—majors and independents—are not
adequate. (2) There is too much diversity among
independents in their production, reserves, inte-
gration, and staff, to discuss them as one group.

Second, the majors do not appear to be abandoning
the Gulf of Mexico, with the exception of Tenneco.
Instead, they are changing the manner in which they

operate by engaging in asset rationalization,
corporate restructuring, and downsizing. Asset
rationalization refers to the establishment of core
areas of operations. The majors are divesting
properties outside their core areas and acquiring
properties within these areas. Corporate restructuring
is enabling the majors to become more efficient by
altering their management structure, reporting
relationships and geographic dispersion. They are
giving divisions greater autonomy while they are also
consolidating management and technical functions
within the divisions.

The third finding from in-depth interviews concerns
independents. Three factors enabled independents to
become active in the Gulf of Mexico. The change
from nominated leasing to area wide leasing and the
reduction of the minimum bid enabled the indepen-
dents to acquire properties in the Gulf. In addition,
the infrastructure was already created by the majors;
therefore, independents did not need the capital to
develop the infrastructure necessary to participate in
offshore extraction. Moreover, independents now
have increasing access to new technology such as
that used in subsalt exploration and deepwater
drilling. Overall, independents are lean, efficient, and
opportunistic; they contract out most activities; and
they vary greatly in size and orientation.

Fourth, the majors and independents were found to
differ in the following ways. On the whole, the
majors incur higher operating costs and they contract
out fewer activities than do most independents. The
majors have financial advantages including greater
access to capital, but large independents also have
greater access to capital than do small independents.
Further, typically, independents are more concerned
about environmental regulations than the majors,
particularly the financial responsibility provisions of
OPA 90, the increases in lease bonding to cover
plug-and-abandon liabilities, and the implications of
the Clean Water and Clean Air Acts.

Yet there are many similarities among the majors and
the independents. Like the independents, the majors
are acquiring producing properties and are develop-
ing smaller fields, although they prefer larger fields.
Similar to the majors, independents are doing subsalt
exploration and are involved in deepwater projects.
Further, majors and independents are complying
similarly with environmental and safety regulations
with a few caveats. Three of the respondents
mentioned problems that the independents were



having in terms of complying with the regulations.
They stated that independents might have more diffi-
culty complying and expend fewer resources to
comply, have less ability to cope with infrequent
crises, and be lax about reporting problems such as
very small spills.

Fifth, the respondents expect a decline in production
and activity in the western and central Gulf in the
near future; however, this decline depends on
deepwater  technology and projects, subsalt
exploration, and the viability of exploration and
production in the eastern Norphlet Trend. Moreover,
the respondents assessments about the likely future of
oil and gas in the Gulf varied widely from
pessimistic to optimistic. Pessimists portrayed the
Gulf in 1998 as having low prices of oil ($15) and
gas ($2.20); less exploration and production activity
than exists at present; and lower employment in the
majors, independents, and service and supply
companies. Optimists predicted higher oi} ($22) and
gas ($3.00) prices; greater exploration and production
activity than there is currently; the same employment
in the majors and higher employment in the
independents and service and supply companies.

The endeavors necessary to conduct the structured
phone interviews resulted in the following findings.
First, there are about 103 companies with telephones
currently operating in the Gulf: 17 majors, 19 large
integrated  independents, 5 small integrated
independents, 14 large nonintegrated independents,
and 46 small nonintegrated independents. This distri-
bution of independent companies across the four
categories is reasonable. It is logical that most
independents would be small and nonintegrated given
that many of the companies are extracting from fields
the majors left due to the small amount of oil and
gas. Most large companies could not maintain a pro-
fit while obtaining small amounts of oil and gas. In
addition, it is rational that there would be few small
integrated companies since downstream integration
represents additional activities that the company must
undertake and this requires staff and resources that a
larger company is more likely to have.

Current Status of the Project

We have completed 37 interviews and most of these
have been coded. Interviewing and coding should be
finished by 1 1994 December. The initial report will
be submitted to Minerals Management Service at the
end of May, 1995.
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A MANAGEMENT OVERVIEW FOR
RESOURCE DEVELOPMENT IN
CONTINENTAL SLOPE HABITATS

Dr. Robert S. Carney
Director, Coastal Marine Institute
Louisiana State University

As the oil and gas industry moves into progressively
deeper water, regulatory agencies are faced with
important questions. What is necessary? Devise a
new environmental perspective? Modify the ap-
proaches taken at continental shelf depths? Or,
simply manage deeper seafloor just like shallower?
The review undertaken in this CMI project takes
three approaches to these questions. First, not
discussed here, is a review of previous U.S. efforts to
address deep ocean environmental concerns. None
were especially successful for a host of reasons.
Second is to consider what we know about the deep
Gulf of Mexico. In fact, we know a good deal. Third
and the focus of this presentation, what is known
about deep ocean ecology that is relevant to environ-
mental regulation? Much of this presentation is based
upon Gage and Tyler’s (1991) excellent general
reference on the deep ocean.

Four general patterns are seen in the deep sea.
BIOMASS DECREASES WITH DEPTH

The biomass of the deep-sea benthos decreases expo-
nentially as a function of depth over most of the

world ocean due to the consumption of nutritive
detritus during transit from the photic zone to the
bottom (Carney, 1989). This fundamental pattern has
a variety of management consequences.

1. For equal areas shallow and deep, in most
instances the number of animals threatened by
environmental impact will be less in the deep
sea. However, there are two complicating issues,
one known and one speculative. Known is that
while overall abundance may be low in deep
water, diversity of organisms can be higher than
in shallow water. Thus, more kinds of animals
will be at risk. Speculation based upon this
diversity pattern is that deep ecosystem structure
is more complex and more sensitive to
perturbation.

2. It is unlikely that secondary production in the
deep-sea can support sustained commercial
exploitation of fish stocks, thereby minimizing
conflicts between fishing and seafloor
development. A few deep water (fisheries,
however, must be considered. Orange roughy,
Hoplostethus altanticus, common is U.S. is
fished at 1500m and deeper (Anon. 1994).

FAUNA CHANGES WITH DEPTH

This has been seen in all areas so far studied. As with
all zoogeographic gradients, causes of the change are
linked to environmental difference. There has been
considerable energy expended worrying about the
exact nature of the change (see Carney et al. 1989),
but the general pattern is clear. As you progress
down the continental slope, each depth or depth zone
is characterized by a distinctive combination of
species. The management consequences are complex.

1. Species-specific concerns cannot be the same
from shallow to deep, and they may even differ
between sites on the continental slope. There
will probably be less emotional attachment to
deep-sea organisms on the part of the public.
However, novel species, such as those at chemo-
synthetic communities, may attract public
concern.

2. There may be more habitat specificity in deep
water than in shallow, meaning that deep
seafloor should not be managed as part of a very
wide whole.

3. If deep-sea species are adapted to a relatively
uniform environment, they may be more
sensitive to perturbation.



SPECIES DIVERSITY IN DEEP WATER IS
UNEXPECTEDLY HIGH

Modem ecological and evolutionary theory tells us
that to have many coexisting species we need moder-
ately high productivity and a combination of factors
that prevent competition displacing species. The key
aspect about such factors is heterogeneity. The phy-
sical environment, the food, etc., must be complex.
Given this theoretical perspective, oceanographers
were quite surprised when sampling along a depth
transect between Woods Hole and Bermuda revealed
a dramatic increase in overall species richness
beyond the shelf-slope break (Sanders and Hessler,
1969). Explaining this has been an important topic in
benthic ecology ever since. Although authors have
proposed various explanations, the fact is that the
pattern remains unexplained.

The diversity problem facing resource managers
stems from lack of an explanation for a pattern that
challenges widely held scientific points of view.
Since we really do not know why the deep ocean is
so diverse, we can neither accept nor refute hypo-
thetical impact scenarios. The deep abyss may be
robust in the face of impact or it may be especially
fragile. We have little to base a conclusion on.

Real progress in explaining the causes of deep high
diversity may come about when considerable effort
is expended to describe the pattern found at many
places in the world ocean. The few scattered studies
now available provide only a sparse base for com-
parison. There is, however, indication that distinct
global patterns exist (Rex et al. 1993). Until then, we
can speculate about the few data available. Such
speculation falls into general categories. First, the
reporting of high diversity can be challenged on
sampling and analytical grounds (Gray 1994). There
is validity to some of this attack, but the fact remains
that the deep sea is not a species poor environment.
Second, theory can be amended. This was Sanders’
(1969) original approach when he proposed the
stability-time hypothesis. Third, we can say theory is
correct but our perceptions are wrong; the deep
environment is really highly heterogeneous. Since
this heterogeneity is hard to demonstrate, it is some-
times postulated in quite complex ways involving
transitory mosaics (Grassle and Maciolek 1992).
There are also some well documented examples of
temporal and spatial heterogeneity (Thistle et al
1985), but their relevance on the larger scale is
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problematic. None of these categories of explanation
provide much management guidance.

THERE ARE UNIQUE DEEP HABITATS

Over the decades in which the three above gener-
alities about the deep ocean were developed, ocean-
ographers thought of the deep benthos as a soft mud
system. Rocks had been seen, but encrusting fauna
was extremely rare at depths below 1000m. This
view changed radically with discovery of chemo-
synthetic communities now known to be common at
hydrocarbon seeps in the Gulf of Mexico. The results
of a MMS study on these systems is underway at the
Geochemical and Environmental Research Group,
GERG, at Texas A&M, but a few preliminary obser-
vations can be made. These systems are reef-like in
many regards and will probably be protected in a
similar manner. Perturbations associated with samp-
ling persist over at least five years, indicating slow
recovery from disturbance. Finally, although these
systems provide food for large predators and scaven-
gers in the slope environment, links with surrounding
benthos are poorly understood (Carney 1995).

CONCLUSIONS

In many respects the deep sea is different from
shallow water and may be regulated according to dif-
ferent policies. Aesthetics and recreation will be
minimal issues. Conflicts with bottom fisheries will
be minimal or non-existent. Special habitats are there
and will be afforded protection. However, limited
understanding of the system makes it impossible to
predict the overall sensitivity to perturbation.
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DEVELOPMENT AND APPLICATION
OF SUB-LETHAL TOXICITY TESTS
TO PAH USING MARINE
HARPACTICOID COPEPODS

Mr. Gui Lotufo
Dr. John W. Fleeger
Department of Zoology Physiology
Louisiana State University

INTRODUCTION

Petroleum drilling and production operations in the
Gulf of Mexico have made a substantial impact on

the local environment. A broad range of chemicals is
used and largely discharged as produced water or as
spills. As a result, the biota have been exposed to
crude and refined oil for many years. Among all
petroleum hydrocarbons, polynuclear aromatic
hydrocarbons (PAHs) occur in high concentrations
and are among the most carcinogenic, mutagenic, and
toxic compounds of the pollutants discharged to the
marine environment. An estimated 2.3 x 10 ° metric
tons of PAH enter the aquatic environment annually
(Kennish 1992). PAHs are highly hydrophobic
compounds and strongly bind to the organic fraction
of sediment particles. Therefore, the PAH
concentrations in sediments are typically much
higher than those in the overlying water.

We propose to develop sub-lethal toxicity tests for
sediment-associated PAH using harpacticoid
copepods. Harpacticoids are wide-spread epibenthic
and infaunal members of the meiofauna
(invertebrates passing a 1 mm sieve but retained on
a 0.063 mm sieve). They are very abundant in most
marine sediments, second, among metazoans, only to
nematodes. Harpacticoids play a significant role in
food webs of juvenile fish and shellfish. Upon
hatching, copepods mature through six naupliar
stages, then metamorphose to six distinct copepodite
stages, the last of which is the mature adult (Hicks
and Coull 1983). Many benthic harpacticoids spend
their entire cycle in the sediment. Their short life
cycle (a few weeks) and easily distinguishable life
stages facilitate rapid assessment of population
growth and sublethal effects on reproduction (Coull
and Chandler 1992). Harpacticoids have been used in
toxicological studies of sediment-bound metals and
PCBs and other pesticides (e.g. Green et al. 1993;
DiPinto ef al. 1993; Chandler et al. 1994); however
few data are available on PAH effects.

MATERIAL AND METHODS
Selection of PAH

From the long list of PAH single compounds, two,
phenanthrene and fluoranthene were selected to asses
the toxicity of PAH to harpacticoids and for
developing protocols of sub-lethal sediment tests for
hydrophobic compounds. Both are medium molecular
weight PAH and usually constitute a high percentage
of total PAH in sediments. Sediment quality criteria
(SQC) obtained from the equilibrium partitioning
theory were derived for these two compounds using
marine invertebrates (USEPA 1993 a, b). For a more



realistic approach concerning natural PAH
contamination in sediments, diesel fuel, a complex
mixture of hydrocarbons, was also used.

Test Animals

Developing a toxicity test is very labor intensive. A
series of experiments to evaluate and select several
factors involved in detecting hazardous effects in
living organisms must be performed. The main goals
are to achieve maximal discriminatory power and
repeatability. It is desirable to have high performance
in the controls (i.e., good survivorship) and low
variability within treatments. An "unlimited" supply
of test organisms was made available by culturing
one species of sediment-dweller harpacticoid
representative of the local estuarine copepod
assemblage from the Louisiana coast. Schizopera
knabeni is a member of the Diosaccidae, the most
speciose and diverse family in Harpacticoida. It has
been cultured sediment-free at room temperature in
static conditions in 2 L Erlenmeyer flasks. The water
is partially renewed frequently and the culture fed
with diatom paste mixed in water. Although cultured
in the absence of sediment, the copepods always
burrowed instantly when transferred to dishes
containing sediment.

Contamination Procedures

Mud-flat sediment was sieved through a 125 um
mesh, cleaned and condensed after Chandler (1986).
This sediment was homogenized with artificial
seawater (25 %o), sieved through a 45 um mesh and
allowed to settle for 24 h. The supernatant was
removed via aspiration leaving reconstituted test
sediment (solids content =14 %, total volatiles = 9
%). PAH (phenanthrene or fluoranthene) carried in
200 pl of acetone was spiked dropwise on a
vigorously stirring slurry of 150 g wet-weight
sediment. Mixing was maintained for 4 h and the
PAH-amended sediment was stored at 4°C in the
dark. The amount of PAH spiked was calculated on
a dry weight basis. The expected concentrations for
single compounds were: 0 (control), 0 acetone (200
ul, no PAH), 60, 125, 250, 500 and 1000 mg/kg
(ppm). Contaminated sediments were stored for at
least 5 days before use in the experiments to assure
equilibration between PAH bound to organic carbon
(of sediment particles) and PAH in solution in the
pore water.

165

Diesel fuel was mixed with autoctaved mud-flat
sediment and after tumbling for a week, was
thoroughly washed with water to remove non-
adsorbed hydrocarbons. The final total PAH
concentration measured was 660 mg/kg (stock
sediment). This full-concentration sediment was
diluted with clean sediment from the same site on a
dry weight basis and vigorously stirred for 12 hours.
The resulting expected total PAH concentrations in
300 g of wet sediment (mg/kg) were: 5, 10, 25, 50,
100, 200 and 400.

Analytical Chemistry

PAH from all concentrations of phenanthrene,
fluoranthene and diesel will be extracted from
sediment and chemical analysis performed with a
GC-FID. Definitive values are not available yet;
however, this spiking procedure was tested with a
freshwater sediment and found to be effective.
Toxicity data are therefore reported as expected
(nominal) concentrations.

Toxicity Test Protocols

Three toxicity tests were performed using Schizopera
knabeni, each having a different end point: mortality,
reproductive output, and grazing activity. Copepods
were withdrawn from the culture flasks and sorted
under a dissecting microscope. The same test
chambers and procedures were used in all experi-
ments. The chambers consisted of a 15 ml
scintillation vials filled with 10 ml of 25 %o filtered
artificial seawater. One ml of test sediment at each
concentration was gently spread on the bottom of
each chamber with minimal disturbance using a 1 ml
Finnpipette to create a 2- to 3 mm sediment layer.
Three hours later copepods were added to test
chambers. Test chambers were placed in plastic
storage containers in 2 cm of water. The containers
were kept in the dark in an incubator at 25 °C during
each experiment. At the end of each experiment, the
contents of each chamber were sieved through a 45
pum mesh and retained copepods were enumerated
and scored as live or dead.

To generate LC,, values for sediment-associated
phenanthrene, fluoranthene and diesel fuel, copepods
were exposed for 96 h to test-sediments and assessed
for mortality. Thirty adult copepods in each test
chamber in four replicates were used per treatment.
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Two chronic or sub-lethal tests, in which mortality is
not the endpoint, were developed and applied to
Schizopera knabeni. The first assessed the effects of
PAH on the reproductive capacity, by determining
the average number of offspring produced by one
fertile female. A second test explored PAH effects on
grazing activity, by quantifying the amount of algae
grazed on by copepods in a given period of time.

The reproductive-output test was performed by
exposing one mating pair (sub-adult female and adult
male) to PAH-contaminated sediment for the period
of 14 days. This period of time was enough for the
offspring produced from the first brood to develop
into late copepodite stages and for the females to
produce a second brood. Each sediment concentration
was replicated with ten test chambers containing one
mating pair in each. Each unit received a dose of
food consisting of 0.2 mg of Microfeast Plus larval
diet (yeast) after 24 h. At the end of the experiment,
all life stages were recovered from the sediment,
adult mortality was assessed and egg clutch size,
nauplii and copepodites produced were enumerated.

In the grazing activity experiment, five adult females
were placed and kept unfed for 24 h in the test cham-
bers. Radiolabeled algae (the dinoflagellate Isocrysis
galbana cultured in "*C bicarbonate) was offered in
a known amount and copepods were allowed to graze
for a period of 3 h. Grazing was terminated by
washing the copepods from the sediment and
transferring to 4% formalin. Copepods from each
experimental unit were solubilized in scintillation
vials and radioactivity incorporated through ingestion
of algae was measured in a scintillation counter.

RESULTS

In all phenanthrene and fluoranthene experiments, the
carrier (acetone) treatment was never significantly
different from the acetone-free control.

96-h Survivorship

Excellent performance in the controls was achieved,
with survivorship close to 100% in both control
treatments. There was a direct positive relationship
between mortality and sediment PAH concentrations
in the sediment with phenanthrene, fluoranthene, and
diesel fuel (Table 2C.1). Significant mortality was
observed at sediment PAH concentrations as low as
250 mg/kg of phenanthrene and fluoranthene, and as
low as 100 mg/kg of diesel fuel.

14-Day Reproductive Output

Total offspring produced in 14 days by one fertile
female was determined by enumerating eggs in the
egg sac, and larval (nauplius) and juvenile
(copepodite) stages. Nauplii and copepodites together
comprised the so-called realized offspring, indi-
viduals that hatched from egg and survived until
experiment termination. In the fluoranthene experi-
ment (Figure 2C.7), a significant reduction in the
total offspring produced was detected at 250 mg/kg.
However, a significant reduction in the realized
offspring was detected at a lower concentration, 125
mg/kg. In the phenanthrene experiment (Figure
2C.8), no statistically significant difference was
observed in the total offspring between the control
and all PAH treatments. But again, a significant
reduction in the number of nauplii and copepodites
occurred at 125 mg/kg. In the diesel experiment
(Figure 2C.9), total reproduction and realized
offspring were significantly reduced at 50 mg/kg,
whereas total number of copepodites was reduced at
10 mg/kg. It was evidenced by the three experiments
that besides an overall adverse effect on offspring
production, PAH had a stronger impact on the normal
development of eggs into nauplii and copepodites.

Grazing Activity

As determined by the total radiolabel incorporation in
copepods via ingestion of radioactive algae, grazing
activity was adversely impaired by phenanthrene in
the sediment (Figure 2C.10). A mean decrease in
grazing was observed in the 60 mg/kg treatment, but
a significant decrease was detected at 125 mg/kg and
higher. Incorporation of label into dead control
copepods was minimal, indicating that the radio-
activity in copepods is due to active ingestion of
radiolabeled cells. Sub-lethal toxicity tests usually
require long term exposures to contaminants, as for
the reproductive output experiment described above.
An adverse effect on feeding, an important physio-
logical activity, was detected after a short term
exposure of only 24 hours applying the test protocol
developed in this project. Tests using fluoranthene
and diesel fuel will be performed shortly.

CONCLUSIONS

The first part of this project provided test protocols
that proved useful in detecting adverse effects of
PAH on copepods, a ecologically important group of
estuarine metazoans.
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Table 2C.1. Mean percentage survivorship and corresponding standard deviation in the fluoranthene,
phenanthrene and diesel 96-h survivorship experiments.
—

Treatment (mg/kg)

Mean survivorship (%)

Standard deviation

Fluoranthene
0
60
125
250
500
1000

Phenanthrene
0
60
125
250
500
1000

Diesel
0
25
50
100
200

10 0
100 0
96 0
87.5 6.16
67.5 9.88
24 11.25
99.25 1.5
97.75 1.5
96.75 2.87
77.5 33.93
3425 23.21
8.25 16.5
99.25 1.5
99.25 1.5
91.5 8.35
58.5 7.05
4 425

{0 ——

were drawn from the
the harpacticoid

Four basic conclusions
experiments performed with
Schizopera knabeni:

*  PAH in the sediment phase had an adverse
impact on survival, reproduction, development
and feeding of a harpacticoid copepod.

*  Qub-lethal tests, more sensitive than acute
exposures, detected toxicity of sediment-
associated PAH at lower concentrations.

*  Diesel fuel, a complex mixture of PAH, had a
more significant impact at lower concentrations
than the single compounds phenanthrene and
fluoranthene.

*  The grazing activity test, performed first with
meiobenthos, proved more sensitive and time-
effective when compared to the reproductive-
output test.

FUTURE RESEARCH AND TEST
APPLICATIONS

Our future research will focus on performing the
developed test protocols to detect and compare PAH

adverse effects on three of the most abundant species
of harpacticoids in the estuaries of the Gulf of
Mexico. We also propose to test the hypothesis that
pre-exposure to PAH increases tolerance to this
compounds. This will be accomplished by comparing
the sensitivity of two populations of the same
species: one from Louisiana, subjected to historical
chronic exposure to hydrocarbons; the other from a
more pristine estuary, potentially in Florida. We will
also test the hypothesis that PAH in the sediment
may exert a selective pressure towards development
of resistance. Laboratory experiments will be
performed to compare the tolerance across genera-
tions of a population of harpacticoid chronically
exposed to PAH in laboratory-controlled conditions.
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Figure 2C.7.

Histogram of total reproductive output in terms of mean
number of offspring produced by one mating pair in the
fluoranthene 14-day reproductive output experiment
with Schizopera knabeni. Total is fractionated into
number of eggs, nauplii and copepodites. Oac = acetone
control.
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Figure 2C.8.

Histogram of total reproductive output in terms of mean
number of offspring produced by one mating pair in the
phenanthrene 14-day reproductive output experiment
with Schizopera knabeni. Total is fractioned into
number of eggs, nauplii and copepodites. Oac = acetone
control.
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Figure 2C.9. Histogram of total reproductive output in terms of mean Figure 2C.10.  Histogram of the radioactivity incorporated in

number of offspring produced by one mating pair in the
diesel fuel 14-day reproductive output experiment with
Schizopera knabeni. Total is fractioned into number of
eggs, nauplii and copepodites. Oac = acetone Control.
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Major oil and gas companies are shifting their
exploration and production (E&P) investment from
the United States to foreign countries. As they do so,
smaller companies, "independents," are expected to
play a more prominent role in domestic E&P. Within
both industry and government circles the
apprehension is widespread that such a shift from the
majors to the independents will cause domestic oil
and gas resources to be developed less aggressively
and less efficiently.

This project addresses such concerns by attempting
to discern and quantify differences in behavior and
success among firms of different sizes (majors, large
and small independents) operating on the Gulf of
Mexico OCS. Indicators such as 1) exploration and
development effort, 2) wildcat success ratio,
3) drilling productivity and 4) wildcat drilling as
percent of total drilling effort are derived and used to
compare performances of majors and independents.

An economic model of the process of hydrocarbon
reserve additions also has been developed and used
to test the hypothesis that majors have explored for
and developed petroleum resources more efficiently
or aggressively on the Gulf OCS than have indepen-
dents. The model is used to study differences
between majors and independents in the responsive-



ness of their drilling to changes in: 1) economic
factors, 2) resource depletion, and 3) taxation.

Our findings to-date are as follows:

1. Over the past ten-years, independent operators
accounted for 57% of cumulative wildcat permits
issued to search for new hydrocarbon reservoirs/
fields on the OCS and 70% of total exploratory
wells drilled on the OCS. Moreover, small
independents accounted for more than 40% of all
exploratory wells drilled by independents and
28% of total exploratory wells.

2. Independents have been more willing to assume
the higher risk inherent in exploration than the
majors. More than 55% of independents’ total
drilling effort was exploratory drilling in
comparison to the 21% wildcat ratio for the
majors. And while only one in every four
wildcat wells drilled by the majors was
successful during the period 1983-1992, one in
every three wildcat wells drilled by independents
was successful at finding new reserves during
the same period.

3. Contrary to conventional thinking, the upstream
oil and gas industry indicators we have
developed indicate that independents have been
both more aggressive and more successful than
the majors in exploration, while the majors have
only been moderately more successful than inde-
pendents in development drilling on the OCS.

4. In the aggregate, large, medium-sized, and small
independents have all been more effective than
the majors in adding hydrocarbon resources per
successful foot drilled. If success is measured by
barrels-of-oil-equivalent(BOE)-added-per-foot-
of-successful-wells-drilled, on average,
independents were more successful than the
majors--adding 267 BOE per successful foot
drilled over the 1983 to 1993 period compared to
226 BOE per successful foot drilled for the
majors. If total footage drilled, rather than
successful footage, is used, the difference
narrows. Majors added 108 BOE per foot drilled
while independents as a group added 110 BOE.
Within the independent classification, large
independents added 117 BOE per foot, middle-
sized independents 114 BOE per foot and small
independents 103 BOE per foot drilled.

To investigate these differences more carefully, we
developed a hydrocarbon model of reserve additions
on the Gulf of Mexico OCS. The hydrocarbon model
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views drilling as the primary means of generating
new reserve additions; subject to resource
availability, economic and policy incentives,
cumulative geological knowledge and technical
progress. The model structure is a combination of
econometric descriptions of drilling behavior and
geologic-engineering specifications of the
effectiveness of drilling at adding new hydrocarbon
reserves. The model is estimated using pooled, cross-
section (majors, large and other independents) and
time series data (for the period 1978 through 1992).

Empirical estimates made with our hydrocarbon
model confirm the inferences drawn from descriptive
analysis.

We found no statistical evidence of significant
differences in the responsiveness of gross find-rate of
hydrocarbon-reserves to technical progress among
firms of different sizes operating on the OCS. We did
find that resource depletion (or the growing maturity
of the Gulf of Mexico OCS) more negatively affects
majors’ ability to add new reserves (per foot of
successful wells completed) than it affects indepen-
dents. Responsiveness of gross find-rate to cumula-
tive drilling (a proxy measure for resource depletion)
on the Gulf of Mexico OCS is estimated, on average
as -0.81, -0.64 and -0.61, respectively, for majors,
large independents and other independents.

Further, we found no differences among firms of
different sizes in the responsiveness of drilling effort
on the OCS to before-tax net cash flow (economic
incentives) or the effective tax rate. Estimates of the
hydrocarbon drilling equation suggest a highly
negatively elastic response of drilling to the effective
tax rate and a positively inelastic response of drilling
effort to economic benefits. Drilling response to
resource depletion is also more negatively elastic for
majors than it is for independents.

This report covers the first six months of project
activity. During the remainder of the project we will

1. Assemble and organize data from the Louisiana
Department of Natural Resources (LDNR) files
necessary to replicate the analysis summarized
here for the Louisiana state jurisdiction. The
principal problem in doing this is estimating
reserves and reserve additions because the
LDNR data does not provide such data.
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2. Compare the results for the OCS we have
described in this report with the results for the
Louisiana jurisdiction.

Dr. Allan G. Pulsipher is the Director of the Policy
Analysis Program at the Center for Energy Studies at
Louisiana State University. He as a B.A. from the
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University, both in economics

Dr. Wumi O. Iledare is a Research Assistant
Professor in the Center for Energy Studies at
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ROLE OF BOTTOM SEDIMENT
REDOX-CHEMISTRY NEAR OIL
PRODUCTION FACILITIES IN THE
SEQUESTER/RELEASE AND/OR
DEGRADATION OF METALS,
RADIONUCLIDES AND ORGANICS

Mr. B. C. Banker, Mr. T. Z. Guo, Dr. J. H. Pardue,
Dr. R. D. DeLaune, Dr. C.W. Lindau
Wetland Biogeochemistry Institute
Louisiana State University

SUMMARY

Bottom sediment was collected from a brackish site
in coastal Louisiana. The sediment had been exposed
to produced water discharge from several wells for a
number of years (St. Pe, 1990). The sediment
contained radium and elevated levels of selected
metals and petroleum hydrocarbons. The influence of
sediment redox chemistry on the partitioning of
metals and radium and the degradation of petroleum
hydrocarbons at the site was examined.

Adsorption isotherms for selected metal including
barium was determined in sediment incubated in
microcosms (Patrick et al. 1973) under various
sediment redox conditions ranging from +450 mV to
-170 mV.

Freudlich isotherms were used to determine
metal/elemental adsorption at the various redox
levels. Results obtained have shown the importance
of sediment geochemistry on metal adsorption. We
determined the adsorption capacity for Cu, Zn, Cd,
As, Pb, Cr, Ni and Ba. We were particularly
interested in Barium because of its presence in
drilling muds. Under oxidized condition, Fe’* and
Mn** hydroxides were the main components
responsible for sediment adsorption capacity at the
study site. Under reduced condition, sediment humic,
fulvic materials, and Fe(Il), Mn(Il) sulfides
controlled metal adsorption.

Shown in Figures 2C.11 and 2C.12 are results of
cadmium and barium adsorption at various sediment
redox conditions (-Eh) which depict the importance
of sediment redox chemistry on the adsorption or
release of metals in bottom sediment at the site.

When sediment redox condition (Eh) was +430 mV
(highly oxidized) the adsorption capacity of the
sediment for Cd was high due to high adsorption
capacity by oxidized Fe(Ill) and Mn(IV)
oxyhydroxides. As the sediment became moderately
anaerobic (-80 mV) the adsorption capacity
decreased. This decrease was attributed to the
dissolution of Fe(IIT) and Mn(IV) oxyhydroxides.

As more anaerobic condition developed (-130 mV)
the adsorption capacity of the sediment for Cd
increased. At this redox level, sulfate was reduced to
sulfide (S*) which precipitated Mn*" and Fe** to form
insoluble sulfides. At the initial stage of sulfide
formation, the degree of supersaturation was low.
The attraction between S* and Fe*" or Mn** was only
sufficient to cause these ions to bind together
forming amorphous precipitates. These newly formed
amorphous precipitates (FeS and MnS) have high
surface areas. Therefore the sediment under these
conditions had a high adsorption capacity for Cd.

When intense reducing conditions were reached
(Eh=-160 mV) the adsorption capacity of the sedi-
ment for Cd decreased. At this range, the sulfide ion
(S™) concentration increased and the degree of super-
saturation was great. The formation of FeS and MnS
precipitates on the surface of amorphous FeS and
MnS particles formed larger crystal lattice particles.
These large FeS and MnS particles contained less
surface area and were less active. Therefore the
sediment at these redox levels containing such
particles have less adsorption capacity for Cd.
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Adsorption of Cadmium as influenced by sediment Eh (mV)
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Barium adsorption rate was also influenced by
sediment redox condition. At highly oxidized
conditions (Eh=430 mV) the sediment had a high
adsorption capacity for Ba due to the greater
adsorption capacity by Fe(IV) and Mn(IV)
oxyhydroxides contained in the sediment. When
sediment became anaerobic, the adsorption capacity
decreased due to the dissolution of Fe(IV) and
Mn(IV) oxyhydroxides.

Factors affecting the solubility and mobility of ***Ra
in the sediment at the site was also evaluated using
sequential extraction procedure adopted from
Shannon et al. (1991). The sediment collected
contained significantly high **Ra activity was
incubated in microcosms under controlled conditions.
Results indicate that ***Ra solubility was controlled
by co-precipitation of radium within sulfate minerals
(e.g. barite and gypsum). Very little was in available
or potentially available forms. In biologically-active,
contaminated bottom sediments, conversion of sulfate
to sulfide results in the dissolution of some barite
releasing small amounts of radium to other available
forms. Key results include:

1. Selective extractions of the sediment indicated
that very low activities of radium are present in
"available" or '"potentially available" forms.
Nearly all of the radium activity (>95%) can
only be extracted using strong acids.

2. The modified MINTEQ geochemical speciation
model indicated that sediment porewater is
unsaturated with respect to pure radium minerals
but supersaturated with respect to other sulfate
minerals such as barite (BaSO,) and gypsum
(CaSO,. 2H,0). Radium can co-precipitate
within these minerals.

3. Inthe biologically-active bottom sediment under
anaerobic conditions, conversion of suilfate to
sulfide results in the dissolution of some barite,
redistributing  small amounts of radium
(approximately 5% of the total activity) to
available and potentially available forms.

Degradation of petroleum hydrocarbon as influenced
by sediment redox condition at the site was also
determined. It is apparent from our initial analyses
that the sediment at this discharge site were not
enriched with lighter petroleum hydrocarbon
fractions particularly aromatics. This suggested that
there was either rapid degradation of these fractions
or the solubility of these components was conducive

to mobility. The rate of degradation in the sediment
was determined by the use of an internal marker
(Hopane). Historically the ratio of heptadecane:
pristane and octadecane: phytane have been used as
a reference of degradation (Bertrand ef al. 1983). A
problem is that pristane and phytane are somewhat
biodegradable; therefore, the ratio are useful only in
the early stages of biodegradation. Hopanes are very
resistant to biodegradation (Peters and Moldowan
1993) and serve as an excellent internal marker for
this degradation. Hopanes are the molecular fossils of
bacterial hopanoids and may be the most abundant
chemically defined organic species on earth
(Ourisson and Albrecht 1992; Prince et al. 1987).
Hopane has been shown to be neither generated no
degraded in the time frames of laboratory
experiments on biodegradation (Prince et al. 1994).

Sediment obtained from the discharge site was
incubated in microcosm at various redox levels (Eh).
The initial sediment added to the microcosm was
found to contain primarily long chained branched
fractions (e.g., isoprenoids). This suggests that the
lighter molecular weight fractions are rapidly
degraded or leached from the sediment. To estimate
the time or capacity for degradation of lower
molecular weight fractions (aromatic etc.) at various
redox levels south Louisiana crude oil was added to
the microcosm. Hopane was shown to be an excellent
internal standard for determining petroleum
hydrocarbon degradation rate. Samples were
periodically removed and then analyzed on a HP MS-
GC to determine degradation. Results using hopane
internal standards shows that sediment redox
conditions were also important in petroleum
hydrocarbon degradation.

In conclusion, sediment redox chemistry at the
produced water discharge site was shown to be very
important in determining release, mobility of metals
and radium and in the degradation of hydrocarbons.
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The Clean Air Act Amendments of 1990 (CAAA)
specifically mandate that the U.S. Department of the
Interior’s Minerals Management Service (MMS)
conduct a research study to assess the potential for
certain types of onshore impacts of air pollutant
emissions from offshore oil and gas exploration,
development and production in the Outer Continental
Shelf (OCS) regions of the Gulf of Mexico.
Furthermore, the study was to assess the need for
further control of offshore air pollution emissions.
This mandate grew out of widely expressed concerns
regarding the cumulative impacts onshore of air
pollutant emissions from more than 3,000 offshore
oil and gas production and development facilities in
the central and western Gulf of Mexico. The impacts
of greatest concern are ozone concentrations in
onshore areas not attaining the National Ambient Air
Quality Standard (NAAQS) for one-hour average
ozone (120 parts per billion [ppb]). These
nonattainment areas include the region from Baton
Rouge to the Gulf of Mexico, two parishes around
Lake Charles in Louisiana, the
Houston—Galveston—Beaumont—Port Arthurarea, and
Victoria County in Texas.

Accordingly, MMS undertook sponsorship of the
Gulf of Mexico Air Quality Study (GMAQS), which
is intended to evaluate the effects of the development
of Outer Continental Shelf (OCS) petroleum
resources on onshore ozone concentrations. The first
stages of this three-year project began in May 1992,
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GOALS AND OBIJECTIVES OF THE STUDY

The overall goal of this study was quantitatively to
determine through modeling (emissions,
meteorological, and photochemical) the effects of
current and future OCS development in the Gulf of
Mexico on the nonattainment areas for ozone in
Texas and Louisiana delineated above.

PROJECT ELEMENTS AND CHRONOLOGY

The project was divided into eight major tasks
conducted in the following sequence:

1. identification of representative historical ozone
episodes;

2. development of appropriate emissions
inventories for these historical episodes
(including OCS and onshore emissions, and
growth/control in calendar years of interest);

3. preliminary emission, meteorological and
photochemical modeling of selected historical
episodes;

4. design and conduct of a field study to collect
appropriate meteorological and air quality data
during the summer of 1993;

5. development of emission inventories for the
1993 ozone episodes and projection of future
year emission inventories.

6. meteorological and photochemical modeling of
ozone episodes selected from the 1993 field
study; assessment of the ozone impacts of
alternative OCS future development scenarios in
the Gulf Coast area on the on shore ozone
nonattainment areas;

7. characterization of the uncertainty in the model
estimations;

8. evaluation of the needs for future research or
data collection efforts to improve understanding
of the OCS effects on ambient ozone onshore.

The principal elements of the study were the field
study, data analyses, emissions inventory
development, meteorological modeling, and
photochemical modeling. This paper describes the
emission, meteorological, and photochemical
modeling procedures and interim results of the
GMAQS for a high ozone episode that occurred
throughout the study region on 17-21 August 1993.
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OVERVIEW OF EMISSION INVENTORY
MODELING

Comprehensive gridded, hourly emissions inventories
were prepared for the entire study area, for the 1993
ozone episodes. These inventories cover an area of
nearly one million square kilometers, encompassing
the OCS and onshore ozone nonattainment areas
(Houston, Beaumont, Lake Charles, and Baton
Rouge).

Air pollutants inventoried include NO, NO,,
speciated VOC, and CO. These inventories were
converted to formats suitable for input to the
photochemical model using the Emissions Processing
System (EPS2.0). Quality assurance guidelines and
procedures were developed, applied, and documented
throughout the emissions inventory process to assure
traceable emissions processing with minimal errors.

The emission inventories prepared included both
onshore and offshore emissions and OCS related
emissions. All relevant emissions from anthropogenic
and natural (i.e., biogenic and geogenic) sources were
considered, with special attention focused on offshore
anthropogenic sources. Emissions from onshore
anthropogenic sources were estimated based on
information obtained from the USEPA 1990 Interim
State Implementation Plan (SIP), the Louisiana
Department of Environmental Quality (LADEQ), and
the Texas Natural Resources Conservation
Commission (TNRCC).

A special survey was conducted to inventory offshore
emissions sources. In conjunction with MMS, three
survey forms were designed to solicit the information
needed to estimate emissions from OCS production
platforms, crew/supply boats and crew/supply
helicopters. A software package was designed and
developed for this study to estimate platform
emissions by accessing the survey database,
assigning quality assurance tracking codes, making
quality control checks and data corrections,
calculating emissions, and preparing the emissions
data files in the format required by EPS 2.0. The
emission calculations performed by the software
reflect recent updates to the methodology given in
EPA’s Compilation of Air Pollutant Emission Factors
(AP-42, Supplement E). Fugitive emissions were
estimated using factors from a recent MMS Pacific
OCS Study (MMS 92-0043,44). Estimates of
emissions were also prepared for other OCS sources,

including pipeline and military vessels, and
helicopters, using available information from a
variety of sources.

OVERVIEW OF METEOROLOGICAL
MODELING

Following preparation of the geographical and
meteorological input data files required by the
SAIMM, several test applications of the model were
performed to establish the most appropriate set of
input parameters and modeling procedures. For
coarse grid resolution simulations, the SAIMM was
exercised for the 17-21 August episode day using
episode-specific temperature and moisture profiles
and Four Dimensional Data Assimilation (FDDA)
and variable surface characteristics.

A procedure for extracting information from the
coarse-grid SAIMM simulations to provide time- and
space-varying boundary conditions for fine-grid
resolution simulations was developed and tested for
the Houston domain using the coarse-grid simulation
results. The SAIMM was exercised for the fine-grid
domain using domain-wide initial temperature and
moisture profiles, FDDA, and variable surface
characteristics. Information from the coarse-grid
simulation was transferred to the fine-grid simulation
using the FDDA procedure; the FDDA analyses were
prepared by incorporating observations into a coarse-
grid-simulation-derived first-guess field. Several fine-
grid simulations were run to determine how to best
achieve the one-way nesting (i.e., which of the
prognostic variables to nudge and the optimum
strength of the nudging coefficients) in the fine-grid
simulations. The one-way nesting procedure was
successfully applied to the generation of
representative meteorological fields for episodes on
17-21 August 1993.

OVERVIEW OF PHOTOCHEMICAL
MODELING

An advanced photochemical air quality model, the
Urban Airshed Model (UAM-V), was set up and
tested for the 17-21 August 1993 ozone episode. The
episode was selected on the basis of extensive
analysis of 1993 field study data. The gridded model
inputs were developed under the emissions inventory
and meteorological modeling procedures described
above. A nested grid was employed with the finest
grid spacing over the Houston/Beaumont



industrialized/urban areas, and the coarse-grid nest
covering the balance of the roughly 1,000km by
1,000km modeling domain.

Evaluation of the model’s performance for this
episode was completed using available air quality
measurements, and the model was found to perform
reasonably well, based on both quantitative statistical
tests and qualitative comparisons. Sensitivity tests
were carried out to examine the model’s responses to
uncertainties in inputs and to changes in the OCS
emissions inventory.

The UAM-V modeling results for this episode
suggest that the effect of transient emission likely
played an important role in the formation of the
highest ozone levels. In particular, a spill of gasoline
in the Ship Channel area of Houston on morning of
19 August appears to have contributed to the highest
ozone levels measured during the episode. The model
appears to be sensitive to both NO, and VOC
emissions depending on the region and the mix of
local emissions, suggesting that a mixed NO, and
VOC emissions control strategy may be required.
Furthermore, sensitivity tests suggest that the existing
emissions inventory in the Houston/Bay
City/Beaumont areas may be inadequate for day-
specific photochemical modeling, due perhaps to
unresolved day-to-day variations in emissions.

Results from running UAM-V for this episode with
and without the OCS emissions showed virtually no
onshore impacts on ozone concentrations and only
relatively small impacts (9-39 ppb ozone) in some
areas well offshore.

NEXT STEPS

Since the meteorology for the 17-21 August 1993
showed little penetration of air from over the Gulf
into either the Baton Rouge or greater Houston
regions, the episode does not reveal significant OCS
impacts in the areas of high ozone. Nevertheless, the
modeling of this episode was instructive about the
general meteorological, air quality, and emissions
issues surrounding the ozone problems in the study
region. A later summer 1993 episode, 6-11
September, was characterized by high ozone (albeit
not as high as during the August episode) along the
Gulf coastline. Air flow during this period also
suggests that onshore emissions could have been
transported well offshore overnight and returned
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onshore the following day. Therefore, this September
period may offer greater potential for commingling of
onshore and onshore emissions than did the August
episode. For these reasons, it was decided that the
remaining modeling efforts on this project will focus
on this September episode. The final report, to be
completed by 1 August 1995, will present the results
of the September modeling, focusing on the potential
for OCS ozone impacts onshore.

A STUDY OF SO, CONCENTRATION
AND DISPERSION METEOROLOGY
IN A CLASS | AREA

Dr. S. A. Hsu
Coastal Studies Institute
Louisiana State University

ABSTRACT

Owing to energy productions from oil platforms in
the Gulf of Mexico, it is unavoidable that sulfur
compounds such as SO,, H,S, and H,SO, are
affecting nearby coastal areas. On the other hand, the
most recent Clear Air Act does not allow Class I
areas such as National Seashores and Wildlife
Refuges to be polluted. In the offshore region east of
the Mississippi River, for example, there are very
active areas of energy production and therefore many
potential sources for the emissions of SO, and other
sulfur compounds. Unfortunately, downwind from
these emission facilities are the Gulf Islands National
Seashore (including Petit Bois, Horn, and Ship
Islands) and Breton and Delta National Wildlife
Refuges. In the summer of 1993, three SO,
measurement stations were in operation on both
Delta and Breton National Wildlife Refuges. Our
results show that the maximum 24-hour and 1-hour
SO, concentrations in these wilderness areas were 12
and 6 ppb, respectively, as compared to the
corresponding NAAQS values of 500 and 140 ppb.
Even if one adds the respective 10 and 2 ppb for the
prevention of significant deterioration increments (for
Class 1 areas) for these sampling periods, the
maximum SO, concentration is still less than 6% of
the NAAQS value. It is also found that after the
passage of a weak cold front on 11 September 1993,
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when the wind blew from the land to the Gulf, the
SO, concentration was at least twice as high as when
the Bermuda High Pressure System resumed its
normal influence, i.e., when the wind blew from the
Gulf toward the land. Therefore, the SO,
concentration in our area may be due to sources from
both the land and the offshore region.

INTRODUCTION

The most recent Clean Air Act requires that Class I
areas such as national parks and wildlife refuges are
subject to the Prevention of Significant Deterioration
(PSD) doctrine. For PSD areas, maximum
"increments" of SO, and total suspended particles
have been established. Sulfur compounds are a
necessary by-product of offshore oil and natural gas
production. The region east of the Mississippi Delta
contains not only large amounts of offshore
petroleum production, but also the Guilf Islands
National Seashore and the Breton and Delta Wildlife
Refuges. Therefore, a study of the SO, concentration
and its impact in these wilderness areas has been
initiated by the U.S. Minerals Management Service
since 1993. Some results of our SO, measurements
are presented in this paper.

FIELD EXPERIMENTS AND RESULTS
The concentration of atmospheric pollutants is

inversely proportional to the wind speed. Generally
speaking, the wind speeds are lower in the summer

than in other seasons. With this in mind, we have
been funded by the Minerals Management Service
since 1993 to measure the SO, concentration in the
summer of 1993 and again in the upcoming summer
of 1994 in the Breton Wilderness area. Some results
from 1993 are shown in Figure 2D.1. Note that the
highest SO, concentrations in the summer of 1993
are incorporated in the figure so that they can be
compared to the National Ambient Air Quality
Standards (NAAQS). Since the maximum 24-hour
NAAQS for SO, is 140 ppb for both primary and
secondary standards, we use this value for our brief
discussion here. In the summer of 1993 the averaged
maximum 24-hour was 3 ppb, which is
approximately 2% of the 140 ppb allowable once a
year. Figure 1 also delineates the PSD increments of
the SO, for 24-hour maximums, which is
approximately 2 ppb. The Breton Wilderness area is
also a Class I area, so the PSD values must be
applied. Therefore, we have about 5 ppb for the 24-
hour maximum, which is below 5% of the maximum
24-hour value of 140 ppb allowable once per year.

In our area, atmospheric frontal systems become
active in September. An example of the SO,
measurements in the fall is provided in Table 2D.1.
It shows that after the passage of a weak cold front
on 11 September 1993, when the wind blew from the
land to the Gulf, the SO, concentration was at least
twice as high as when the Bermuda High Pressure
System resumed its normal influence, i.e., when the
wind blew from the Gulf toward land. Therefore, the

Table 2D.1. A comparison among calibrated measurements of SO, concentrations (in ppb) in the Breton
Wilderness Area when the wind blew from land to Gulf on 11 September and vice versa on 13

September 1993 (in parentheses).

Location Maximum 3-hour average Maximum 24-hour average
Gosier Island 8.5 (3.2) 5.8 (2.3)
Breton Island 11.9 (2.0) 6.3 (1.7)
Pass-A-Loutre 2.3 (1.0) 2.0 (1.0)
EPA Standards* 500 140

* Not to be exceeded more than once per year.
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SO, concentration in our area may be due to sources
from both the land and the offshore region.

CONCLUSIONS

On the basis of our SO, measurements in the summer
of 1993 in the Breton and Delta Wildlife Refuges, the
SO, concentration in these Class I areas was only 2%
of the national maximum allowable once per year.
However, we also found that when the wind blew
from the land to our Class I area offshore, the SO,
concentration was more than twice as compared to
the meteorological condition when the wind blew
from the Gulf toward the land. Therefore, it is
recommended that detailed (hourly) measurements of
the SO, concentration for an entire one-year period
be made in order to separate the contributions from
the offshore region vs. land sources. In addition, an
SO, transport trajectory climatology should be
thoroughly investigated for the Gulf Coast region.
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MEASUREMENTS OF SO, AND NO,
CONCENTRATIONS AND RELATED
METEOROLOGICAL AND
LIMNOLOGICAL
PARAMETERS IN A CLASS | AREA
IN SUMMER 1994

Dr. S. A. Hsu
Coastal Studies Institute
Louisiana State University

In the summer of 1994 both SO, and NO,
concentrations were measured at Pass-A-Loutre in
the Delta Wildlife Refuge and at both Gosier and
Breton Islands in the Breton Wilderness area.
Related limnological and surface meteorological
parameters were also measured. In addition, upper-air

radiosoundings were made to determine the mixing
height in these Class I areas. Some preliminary
results are summarized as follows (see example
figures as attached):

1. When the wind direction shifted from south to
west (mainly from the Gulf of Mexico) to the
north (mainly from coastal regions of
LA/MS/AL), both SO, and NO, concentrations
increased at least by a factor of two. For SO,, the
concentration at Gosier increased from 1 to 2
ppb, at Breton from 4 to 16 ppb, and at Pass-A-
Loutre from 2 to 13 ppb. For NO,, it increased
from less than 25 to 75 ppb with a maximum of
175 ppb at Breton and from less than 5 to 25 ppb
at Pass-A-Loutre. These results are very similar
to those obtained in the summer of 1993 after the
passage of a cold front.

2. The mixing height ranged approximately from
300 to 400 m in the moming and from 400 to
700 m in the afternoon. The climatological
summer mean of approximately 1,200 m for both
morning and afternoon over our study area as
compiled by Holzworth (in EPA-AP-101) is thus
overestimated by a factor of two to three. It is
shown that, based on the free-convective theory,
the mixing height over our study area in the
afternoon should be around 600 m rather than
1,200 m. The results of our radiosoundings over
the deep Gulf in the summer of 1993 also
showed that the mean mixing height was
approximately 600 m with a standard deviation
of 100 m.

3. The salinity in the pond adjacent to our air
quality measurement site on Gosier Island in the
summer of 1994 ranged from 8 to 14 ppt. The
pH values were from 8 to 8.5. Diurnal variations
in salinity, water temperature, and pH were
pronounced. The diurnal range of salinity was
about 3 ppt, pH 0.5, and water temperature 5°C.

Dr. Hsu received his B.S. degree in meteorology
from the National Taiwan University, Taipei, in
1961, his M.S. in environmental health engineering,
and his Ph.D. in meteorology from the University of
Texas at Austin, in 1967 and 1969, respectively.
Since 1969, he has been a professor at the Coastal
Studies Institute, Louisiana State University. Dr. Hsu
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SIZE STRUCTURE AND HEALTH OF
MACROINVERTEBRATE
POPULATIONS AT GOOMEX SITES

Dr. Eric N. Powell
Dr. Elizabeth A. Wilson-Ormond
Mr. Matthew Ellis
Department of Oceanography
Texas A&M University

One component of the Gulf of Mexico Offshore
Operations Monitoring Experiment (GOOMEX)
project involves the assessment of macroinvertebrate
population structure and health. Little information is
available concerning how population structure and
health is affected in these species by oil and gas field
development. We have utilized several different
methods to assess differences in macroinvertebrate
population structure in species living near by and far
from gas-producing platforms. Differences in catch
per unit effort (CPUE), size-frequency distribution
and health (determined by the presence of parasites
and pathologies), were used as indicators of possible
sublethal effects of exposure to chemical
contaminants or other gas field-associated factors in
target species.

Animals were collected by trawling from locations
close to (near-field) and far from (far-field) three
platforms, MAI-686, MU-A85, and HI-A389, to
assess the effect of oil and gas field development on
macroinvertebrate population structure and health.
After collection, all individuals of target species were
measured to determine size-frequency distribution
and CPUE. Specimens of target species were
preserved and returned to the laboratory for complete
histological analysis. Each tissue section was
analyzed for the presence and intensity of parasites
and pathologies. Intensity of parasitism was
determined by counting every occurrence of specific
parasites or pathologies in each individual tissue
section. Target species were: the shrimp
Trachypenaeus  similis, Penaeus aztecus, and
Solonocera atlantidis, the crabs Callinectes similis,
Portunus gibbesii, and Portunus spinicarpus, the
starfish Astropecten duplicatus, and Astropecten
cingulatus, the stomatopods Squilla empusa, Squilla
chydaea, and Squilla edentata, and the scallop
Amusium papyraceum.
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CPUE was calculated by dividing the number of
individuals of a specific species collected in a trawl
by the length of that trawl as determined by
shipboard navigation. CPUE can be used as an
indicator of species abundance; for example, high
values of CPUE indicate that more individuals were
collected per trawl, hence the species is probably
present in higher abundance. Although few species
had significantly different CPUE between the near
and far-field stations, starfish, scallops and penaeid
shrimps were all more abundant at some far-field
stations. Only species of mantis shrimp had
significantly higher abundance at near-field stations.

Differences in patterns of size-frequency distribution
of target species between the near and far-field
stations were frequently observed and were platform
specific. Analysis by sex showed that size differences
were not simply produced by site discrimination
according to sex. For example, size-frequency
distributions at MAI-686 show that nearly as many
species are larger near the platform as far from the
platform. Female P. azfecus and most crabs were
larger in the far-field. Both sexes of T. similis and all
starfish were larger in the near-field. At MU-AS8S,
species were only significantly larger far from the
platform. These included shrimps, crabs, stomatopods
and scallops. Starfish were unaffected. In contrast,
species at HI-A389 were larger only near the
platform. These included female (but not male) crabs
and female stomatopods. Size-frequency distribution
varied by cruise. Some species were consistently
larger on the spring cruises than on the winter
cruises. Combining the results of CPUE analysis and
the size-frequency distributions show that not only
are some species larger far from the platform, but
they are also present in higher abundance. For others,
abundances do not change, but size-frequencies do.

Common parasites and pathologies in shrimp were
nematodes, cestodes, gut inflammations, cf.
Baculovirus, and cysts in connective and muscle
tissue. Crabs had nematodes and several gill
pathologies. Starfish were frequently parasitized by
nematodes. Shrimp were heavily parasitized and
larger individuals had higher intensities of most
parasites and pathologies. Infection intensity was
often related to sex. At least one viral epizootic (cf.
Baculovirus) was sampled at MU-A85, and viral
infections were also observed at MAI-686. In
contrast to shrimp, crabs were relatively free of
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parasites and pathologies, but starfish were heavily
parasitized by nematodes. Stomatopods, scallops and
hermit crabs had very few parasites, always at low
prevalences.

Some parasites and pathologies varied according to
position from the platforms. At MAI-686, some
parasites were more intense in the near-field (e.g.
nematodes in crabs), and some were more intense in
the far-field (e.g. Baculovirus in shrimp, and
nematodes in starfish). However, at MU-ASS,
essentially all significant differences included higher
incidences in the near-field. This included cestodes
and cysts in shrimp, gill maladies in crabs, and
nematodes in starfish.

Proximity to the platforms influences the catch per
unit effort and size-frequency distributions of some
species. Abundance, as determined by CPUE is
higher at the far-field stations when differences exist.
Changes in size structure were frequently observed.
At MAI-686, these changes were complex. Some
species were larger in the near-field, others larger in
the far-field. At MU-A85 and HI-A389, size structure
changes were consistent. Affected species were larger
in the far-field at MU-A85 and larger in the near-
field at HI-A389. Accordingly, each platform
exhibited a uniquely different pattern.

The platform-specific pattern in differences in size-
frequency distribution could be related to differences
in the chemical environment at those platforms. For
example, MAI-686 has a recurring summer increase
in Si0, and decrease in oxygen in the near-field.
Possibly increased productivity at that platform
allows larger individuals of some species to be
common near the platform while decreased O, drives
other species away. Unlike, MAI-686, MU-A8S5 has
a contamination gradient (heavy metals and
hydrocarbons). Like MAI-686, sedimentary TOC
declines in the near-field. For one or both of these
two reasons, nearly all species are larger in the far-
field. HI-A389 had the strongest contaminant
gradient but no TOC gradient. Several species are
larger at the near-field station. Differences in
sediment type or local food availability may control
population structure there.

In general, differences in species abundance and size-
frequency distributions, with small individuals
typically found near the platform and higher

abundances at the far-field station, might be
explained by (1) decreased growth in near-field
individuals; (2) higher mortality of adults nearer the
platform; or (3) migration with age. The relative
importance of each cannot evaluated. Causative
factors might include differences in food resources
near the platforms, increased exposure to
contaminants that detrimentally affect growth and
health, or differences in the predator abundance near
the platform. Forcing factors might be water column
chemical anomalies, contamination gradients, and
naturally-occurring sedimentary chemical gradients.
Evidence exists suggesting the importance of each of
these in selected cases.

In most populations of invertebrates, prevalence and
intensity of parasites and pathologies is usually
higher in older individuals. Older individuals should
have a greater possibility of being parasitized or
diseased by virtue of their longer life. Size can be
used as a surrogate for age in most invertebrate
species. Therefore, since we analyzed the largest
individuals we collected, we should have analyzed
the oldest, and because the individuals at the far-field
station are typically larger, they should also be older.
Higher prevalence and intensity of parasitism then,
may result from individuals being older at the near or
far-field stations. However significant gradients
existed, even taking size into account. In this study,
species collected from the far-field typically had
higher prevalence and intensity of parasites and
pathologies. This suggests a difference in population
health on scales of three kilometers. At MAI-686, the
distribution of infection was complex. Some parasites
were present in higher intensities near the platforms,
while others were present in high intensities in the
far-field. This complexity was also seen in the size
structure of the populations. At MU-A85, parasitism
was much heavier in the near-field despite the fact
that larger individuals were consistently more
abundant in the far-field. Histopathology shows
strong evidence for a near-field decrease in
population health at MU-A85 where a contamination
gradient exists. At MAI-686, the presence of TOC
and water column chemical gradients produces a
complex relationship between location and
parasitism/pathology.

The results obtained identify physiological impacts
on populations living in close proximity to gas
platforms in some developed fields. In general,
individuals tend to be smaller, tend to be found in



lower abundance, and tend to have higher intensity
and prevalence of specific parasites at near-field
sites. Each platform exhibits a different pattern of
differences in size-frequency distributions and
parasitism, probably due to its own unique chemical
and physical environment. Further statistical
analyses, particularly correlations between the body
burdens of chemical contaminants and differences in
size and intensity of parasitism, may help to clarify
the effect of offshore gas production on these species.

Dr. Eric N. Powell is a Professor of Oceanography at
Texas A&M University where he has been a faculty
member for 17 years. He has published extensively
in the fields of oyster ecology and physiology,
benthic ecology, and paleoecology. His research
experience has included studies on reproductive
effort and condition, and the effects of pollutant body
burdens on the health and physiology of invertebrate
species. Dr. Powell received his B.S. in zoology from
the University of Washington, and his M.S. and
Ph.D. in oceanography from the University of North
Carolina.

Dr. Elizabeth Wilson-Ormond is a post-doctoral
Research Assistant in the Department of
Oceanography of Texas A&M University. Her
research interests in benthic ecology include small-
scale processes affecting productivity, disease and
parasitism, and the sub-lethal effects of pollutants in
invertebrate species. Dr. Wilson-Ormond received
her B.S. in biology from Westminster College (PA),
and her M.S. and Ph.D. in oceanography from Texas
A&M University.

Mr. Matthew S. Ellis is a Research Assistant in the
Department of Oceanography of Texas A&M
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The detoxification work element was designed to the
meet the primary objective of the GOOMEX project,
namely, to assess the sublethal effects of potential
chronic exposure of marine organisms to organic
contaminants derived from offshore oil/gas
exploration and development activities.

Polynuclear aromatic hydrocarbon (PAHs) mixtures
are a major class of organic contaminant in the
marine environment. PAHs released as the result of
drilling activities are considered to be a likely
contaminant in the Gulf of Mexico. PAHs are
typically derived from spills of crude oil and refined
petroleum, runoff, and combustion sources (Boucart
et al. 1961; Hites et al. 1977; Suess 1970; and
Huggett et al. 1987). PAHs are susceptible to
biodegradation and their presence in water, sediment,
and organisms is usually due to relatively recent
petroleum spills and/or chronic exposure from non-
point sources. Numerous studies have demonstrated
that organic contaminants, such as PAHSs, are
probable etiologic agents (Tanabe 1989; Tanabe et al.
1989; Kannan et al. 1989; and Tillitt et al. 1992).
Historically, hydrocarbon contaminant studies
measured ambient concentrations in water, sediments,
and tissues using highly sensitive analytical methods
to quantify these chemicals. However, these mixtures
are invariably complex, and it is difficult to identify
and quantitate all components. Even if the
concentrations of all components of these mixtures
are obtained, the extrapolation of this data in terms of
potential adverse effects is difficult. Thus, the use of
biomarkers and bioassays for evaluating
environmental contamination are potentially powerful
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alternatives to historical analytical (chemical)
approaches.

The biomarkers utilized in this study include
P450IA-dependent  catalytic enzyme activities
[ethoxyresorufin O-deethylase (EROD) and aryl
hydrocarbon hydroxylase (AHH)], P450IA mRNA
levels, in vitro cell bioassay responses (rat hepatoma
H4IIE), and the production of biliary PAH
metabolites. This report presents data from all four
cruises conducted as part of the GOOMEX project at
three platforms (MAI-686, MU-AS8S, and HI-A389).

Both fish and invertebrates were collected by
trawling. All specimens were maintained alive until
dissection. After dissection, fish livers were
immediately frozen in liquid nitrogen until analysis.
Invertebrate tissues were frozen at -20°C until
extraction. Bile was frozen at -20°C until analysis.

Microsomes were prepared from fish livers by
homogenization followed by differential
centrifugation. EROD and AHH activities were
determined fluorometrically from hepatic microsomal

preparations. Total RNA was isolated from hepatic
samples by subcellular fractionation and extraction.
P450IA mRNA was determined by Northern Blot
analysis using a ¢cDNA probe for rainbow trout
P4501A. Naphthalene, phenanthrene, and
benzo[a]pyrene (BaP) equivalent metabolites were
measured in bile by high performance liquid
chromatography (HPLC) and fluorescence detection.

Invertebrate tissues were extracted with methylene
chloride and purified by column chromatography and
HPLC. The methylene chloride extracts were
transferred into DMSO. Subsequently, rat hepatoma
H4IIE cells were treated with aliquots of tissue
extracts, and the induction of EROD activity was
measured and used to determine 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) toxic
equivalents (TEQs; Safe 1990).

Study results are based on those species of fish
captured at both the near and far stations. Table 3A.1
lists the 14 species collected at both near and far
stations for at least one platform.

Table 3A.1. Species of fish collected at both near and far stations for at least one platform.

Scientific Name Common Name

Scientific Name Common Name

—

Ancyclopsetta dilecta 3-eyed founder

Centropristis rock sea bass

philadelphica
Cyclopsetta chittendeni mexican flounder

Ogcocephalus bat fish
declivirostris

Pontinus longispinis scorpion fish

Syacium gunteri shoal flounder

Trichopsetta ventralis sash flounder

Cynoscion arenarius

Paralichthys lethostigma

Caulolatilus intermedius tile fish

sand sea trout

Lagodon rhomboides pin fish

southern flounder

Pristipomoides wenchman
aquilonaris

Synodus foetens lizard fish

Urophycis spp. hake

Five hundred and ninety fish were analyzed for the
detoxification element of the GOOMEX project. Of
these, biliary PAH metabolite concentrations were
determined on 376 samples and EROD and AHH
activities were determined for 543 and 268 fish
livers, respectively. Additionally, approximately 150

P450IA mRNA analyses were completed on hepatic
samples. Eighty-one AHH assays were conducted on
invertebrate  digestive tissues from Cruise 1.
Although in vitro assay were conducted using
samples collected on Cruise 1, the data was not used
for final analyses because of analytical problems



associated with small sample size. For subsequent
cruises in vitro assays were conducted using extracts
of 99 invertebrates to assess potential contaminant
exposure.

The levels of biliary BaP equivalent metabolites were
typically low and no significant differences in
near/far station comparisons were observed. The
presence of BaP metabolites indicates exposure to
pyrogenic PAH and the low levels of BaP
metabolites observed in this study are consistent with
analytical data in which pyrogenic PAH levels were
typically below method detection limits. The
presence of naphthalene and phenanthrene equivalent
metabolites in bile indicates exposure to low
molecular weight PAHs. Although naphthalene and
phenanthrene metabolites were detected no consistent
significant near/far station comparisons were
observed. However, species differences were
observed in biliary PAH metabolite concentrations
which indicates intrinsic species variations. However,
nearly 40% of the biliary metabolite data were
excluded from data analyses because chromatograms
from these samples indicated that the data was
compromised. Bile collected from fish captured at
HI-A389 and MU-A85 were particularly prone to
degradation presumably due to the length of trawl
recovery and water depth related stresses.
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AHH activity was only measured in fish hepatic
samples collected on cruises I and II; whereas,
EROD activity was measured in all hepatic fish
samples. AHH activity was not measured in fish
collected on subsequent cruises because generally a
good correlation between the two assays had been
established and the EROD assay was found to be
more sensitive. However, a few species of fish (i.e.,
Lagodon rhomboides and Synodus foetens) did not
exhibit a coordinated induction of bith AHH and
EROD activities which suggests that these species
may express an altered CYPIA protein compared to
most other fish species. No significant cruise,
platform, or near/far station differences in EROD and
AHH activities were observed for any species of fish.
However, significant species differences were
detected. The highest mean EROD activity was
measured in pin fish (145 pmol/min/mg). Elevated
EROD activities were also measured in tile fish (51
pmol/min/mg), bat fish (28 pmol/min/mg), and shoal
flounder (26 pmol/min/mg).

Extracts of invertebrate tissues collected on Cruises
2, 3, and 4 (Table 3A.2) were analyzed using an in
vitro cell bioassay (i.e., rat hepatoma H4IIE cells) to
determine their CYPIAI induction potency as
measured by EROD activity and to derive TEQs.

Table 3A.2. Invertebrate species collected on Cruises 2, 3, and 4.

Scientific name

Common name

Trachypenaeus similis
Squilla empusa
Penaeus aztecus

Callinectes similis

Amusium papyraceum

Solencera atlantidis

Portunus spinicarpus

shrimp
mantis shrimp
brown shrimp
crab
scallop
shrimp

crab

The bioassay-derived TEQ values for brown shrimp
captured at MAI-686 near were significantly higher
than the TEQ values for brown shrimp collected at
MAI-686 far. No other significant near/far station
differences were noted; however, species differences

were observed. The TEQs for scallops (1.36 ng/g)
were significantly higher than those for any other
species (<0.37 ng/g). This is consistent with the
expected higher levels of contaminant
bioaccumulation in bivalves.
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In summary, the biomarker data showed few
significant differences innear/far station comparisons
and indicate that fish and invertebrates are only
minimally exposed to PAHs, which is consistent with
the chemical data.
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GOOMEX POREWATER TOXICITY
TESTING

Dr. R. Scott Carr
Mr. Duane C. Chapman
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As part of the multidisciplinary GOOMEX program
to assess the impacts associated with offshore oil and
gas exploration and production activities, a series of
toxicity tests with sediment pore water was
conducted. During the first cruise, five platforms
were sampled using a radial array design with 25
stations per platform arranged on five radii. Three of
the original five platforms were sampled during the
second cruise using the same sampling design. A
total of 200 stations, therefore, were sampled
concurrently for sediment chemistry and toxicity
during the first two cruises.The samples were kept
refrigerated until they were delivered to the
laboratory, and the pore water was extracted
immediately using a pneumatic extraction device.
The toxicity of the sediment pore waters was
determined using two different tests with the sea
urchin Arbacia punctulata; the fertilization test and
the embryological development test. Both tests were
performed on samples from the first cruise. Only the
embryological development test was performed on
samples from the second cruise, as this proved to be
the more sensitive of the two assays for these
samples.Significant toxicity was observed at four of
the five platforms sampled during the first cruise. No
toxicity was observed at Mustang Island-A85 and the
six most toxic stations were observed at High Island-
A389. Significant toxicity was observed at 14
stations overall with the sea urchin embryological
development assay but at only three stations with the
sea urchin fertilization test. The stations showing
reduced fertilization also exhibited impaired
development in the embryological development
assay. All but three of the toxic stations were within
150 meters of a platform. Significant toxicity was
observed in the vicinity of two of the three platforms
in the second cruise. Three of the five stations closest
to the platform were observed to be toxic at
Matagorda Island-686. Three stations near the
platform exhibited significant toxicity at High Island-
A389 and corresponded with four of the six stations
observed to be toxic from the first cruise. Significant
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toxicity was observed at eight stations overall with
the sea urchin embryological development assay for
the 75 samples from the second cruise. All of the
toxic stations (except one station at Mustang Island-
A85) were within ~75 meters of a platform. Highly
significant statistical associations have been observed
between porewater toxicity and the bulk sediment
concentrations of several metals (e.g., zinc, lead,
mercury and silver) at the High Island site.
MacDonald (1993) determined a "probable effects
level" (PEL) for zinc in whole sediments to be 300
mg/Kg. All of the toxic High Island stations were
near or exceeded this concentration. The PELs for
lead (160 mg/Kg), cadmium (7.5 mg/Kg), mercury (1
mg/Kg), and silver (2.5 mg/Kg) were also exceeded
at some stations. However, since the PEL of zinc is
far exceeded at all of the sites where the PEL of
other elements are exceeded, it is possible that the
toxicity of the High Island sediments is largely
controlled by zinc alone or in combination with other
metals.In order to assess the relative sensitivity of the
sea urchin assays as compared with meiobenthic
organisms, the response of two meiobenthic
invertebrates to selected pore waters from High
Island A-389 was also evaluated. One species,
Dinophilus gyrociliatus, a small polychaete, has been
previously used in toxicity testing. The techniques
for culture and testing with this organism are well
established. The other species, Longipedia
americana, a benthic harpacticoid copepod, has
notbeen cultured previously or used in toxicity
testing. There was excellent agreement among the
results of three tests (i.e., copepod vs. polychaete vs.
sea urchin development). All stations which were
toxic in the meiobenthic animal tests were also toxic
in the sea urchin embryological development test.The
sea urchin embryological development test appears to
be similar in sensitivity, or slightly more sensitive,
than the two meiobenthic tests and is considerably
more reliable, cost efficient, and simpler to conduct.
There was a high degree of agreement between the
two meiobenthic tests and the sea urchin
embryological development test. For these reasons
we would recommend that the urchin assay be used
as a surrogate for assessment of the potential impacts
of contaminated pore water on meiobenthic
invertebrates from the Gulf of Mexico.
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HISTOPATHOLOGY OF DEMERSAL
FISHES AT GOOMEX STUDY SITES

Dr. John W. Fournie
Mr. Lee A. Courtney

U.S. Environmental Protection Agency
Gulf Breeze, Florida

While gross fish pathology is a potential response
indicator of environmental status that is easy and
economical to measure, it will not allow the
identification of important contaminant-associated
pathological abnormalities. Histopathological
examination of select tissues is widely recognized as
a reliable method for assessing the adverse effects of
exposure to anthropogenic contaminants in marine
fishes. For example, certain pathological conditions
in the liver of wild fishes morphologically resemble
lesions induced in fishes by experimental exposure to
a variety of toxicants, including carcinogens.
Furthermore, some of these lesions have also been
shown to be positively associated with exposure to
xenobiotic chemical contaminants in field studies.

Macrophage aggregates (MAs), particularly those in
the spleen, also appear to be a good histopathological
indicator of contaminant exposure. MAs are focal
accumulations of macrophages found in the spleen,
liver and kidney of fishes and they contain the
pigments hemosiderin, ceroid/lipofuscin, and melanin
(Wolke 1992). Occurrence of MAs may vary
depending on the size, nutritional status, or health of
a particular fish species (Agius 1980; Wolke et al.
1985). In addition, the number and size of MAs
increase with age in some species (Brown and
George 1985; Blazer et al. 1987). Suggested
functions for these aggregates include the
centralization of foreign material and cellular debris
for destruction, detoxification or reuse.

Changes in splenic MA parameters (e.g., number,
size) in relation to environmental contamination have
been noted by several investigators (Kranz and Peters
1984; Wolke et al. 1985, Spazier et al. 1992). Hence,
it has been suggested that these structures may be
sensitive but non-specific indicators of stress.
Preliminary studies from the Environmental
Monitoring and Assessment Program in the Gulf of
Mexico demonstrated an increase in splenic MA
number and percent of tissue replaced in most

species from contaminated sites. Some species were
good indicators of elevated tissue contaminants while
others were good indicators of sediment
contaminants (Blazer ef al. 1993).

Samples of liver and spleen were taken from all
specimens and processed for histopathological
analysis. Tissue samples were processed for routine
paraffin histology. Sections were cut at 6 um, stained
with Harris’ hematoxylin and eosin and examined
microscopically by experienced fish pathologists.

Splenic MA analysis was performed on tissue
sections of spleen prepared for histological
evaluation as described above. Data are generated
using a true color (HSI imaging) Particle Analysis
package (Microcomp® Image Analysis System with
Sony 3CCD color video camera input). (Mention of
commercial tradenames does not imply endorsement
by the U.S. Environmental Protection Agency.) The
system is calibrated and data collected at 10x
magnification. Three fields of view (screens) are
randomly selected and analyzed from each spleen
sample. Analysis is performed on images generated
by computer produced masks of the MAs in each
screen with the number of MAs per screen and the
area in um? of each MA recorded and stored. A size
discriminator is used to eliminate objects < 50 um?
(~size of 3 aggregated macrophages). Total screen
area counted is also determined for calculation of
percent area occupied by MAs.

Histopathological evaluations were performed on
liver and spleen samples taken from 543 fish
specimens examined from GOOMEX Phase 1
collections. This reflected 189, 126, 122 and 106
fishes from cruise 1, 2, 3 and 4, respectively. Species
collected for histopathological examination were
Syacium gunteri (site MAI-686 all cruises),
Trichopsetta ventralis (site HI-A389 cruises 2-4 and
site MU-A8S all cruises) and Pontinus longispinis
(site HI-A389 cruise 1).

No contaminant related liver lesions (e.g., hydropic
vacuolation, hepatic megalocytosis, hepatocellular
neoplasms) were observed in any of the tissues
examined. However, a number of other pathological
findings were noted (Table 3A.3). Parasitic infections
were the most common abnormalities, with
microsporidians being the most prevalent. Two other
prevalent lesions included inflammatory foci and



granulomatous inflammation. These lesions were
usually associated with parasitic infections (e.g.,
nematodes) and were not related to the study sites.

Splenic MA analysis was performed on 416 flatfishes
collected from sites MAI-686, HI-A389 and MU-A85
during Phase 1 sampling. The number of MAs per
mm?® and percent area occupied by MAs for each
site/station and cruise are summarized in
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points: (1) fish from site MAI-686 had a statistically
greater number of MAs per mm? during all cruises
except the third cruise, (2) MAs from fish at site
MAI-686 were generally smaller than those from the
other two sites (3) when analyzed by near/far station
grouping, no significant difference was noted among
samples, and (4) the MA size and percent area
occupied by MAs at site HI-A389 were significantly

greater than the MAs at either site MAI-686 or MU-

Figure 3A.1. Analysis of the data indicates four main A8S.
Table 3A.3. Pathological abnormalities in liver and spleen.
% Prevalence for Cruise
Site Station Species Lesion 1 2 3 4
MAI-686 N Syacium gunteri Granulomas 5.0 0.0 0.0 0.0
Inflammatory foci 35.0 0.0 0.0 0.0
Microsporidians 35.0 64.7 21.1 40.0
Nematodes 5.0 17.6 10.5 6.7
Sporozoan (?) 10.0 0.0 53 6.7
F Syacium gunteri Granulomas 0.0 0.0 10.5 0.0
Inflammatory foci 15.0 0.0 10.5 0.0
Microsporidians 0.0 542 52.6 25.0
Nematodes 0.0 42 53 10.0
Sporozoan (?) 0.0 12.5 10.5 10.0
HI-A389 N Trichopsetta ventralis Granulomas — 15.0 25.0 10.0
Inflammatory foci — 10.0 15.0 40.0
Microsporidians — 10.0 0.0 0.0
Nematodes — 0.0 5.0 5.0
Sporozoan (?) — 0.0 10.0 0.0
F Trichopsetta ventralis Granulomas — 5.0 27.3 10.0
Inflammatory foci — 5.0 18.2 0.0
Microsporidians — 250 13.6 0.0
Nematodes — 15.0 9.1 50
MU-A85 N Trichopsetta ventralis Granulomas 30.0 31.8 30.0 10.0
Inflammatory foci 0.0 13.6 5.0 20.0
Microsporidians 20.0 2173 60.0 0.0
Nematodes 25.0 5.5 10.0 0.0
Sporozoan (?) 10.5 10.0 20.0 0.0
F Trichopsetta ventralis Granulomas 31.6 21.7 348 38.1
Inflammatory foci 47.4 34.8 26.1 19.0
Microsporidians 10.5 26.1 26.1 19.0
Nematodes 53 8.7 43 0.0
Sporozoan (?) 0.0 43 13.0 0.0

N = near station; F = far station



206

Percent Area Occupied by MacrophaE Aggregates
P 16
L]
L4
L]
n 12
Number of Macrophage Aggregates ¢
o :
X 1= -
s , o
s 21T :
u
‘> L] b M ;
L] i 5 Ll 4 |
D ' 2 | 0 M
u 3 7
a 150 | | BT | ¢ f . “
r % 7 &
*oH (B || : . {
m |
m skl ~ ol
o 4
MAGEBN MNGBBF HABBN HABBF MUASBSN MUASSF
Site/Station
Figure 3A.1. Splenic macrophage aggregate analysis.

Histopathological evaluation of tissues sampled from
GOOMEX study site fishes revealed no lesions
attributable to contaminant exposure. Parasitic
infections, predominantly —microsporidians and
nematodes, were commonly found in fishes at all
sites/stations. All pathological findings from these
fishes (i.e., granulomas and inflammatory foci) were
associated with parasitic infections.

The reason fish from MAI-686 had a greater number
of MAs per mm? during three of the four cruises and
that MAs in those fish were generally smaller was
probably due to species differences. Syacium gunteri
was the only species collected at site MAI-686,
whereas T. ventralis was the only species collected at
the other 2 sites. Since no other data on MAs from S.
gunteri are available for comparison, no difference
between near and far sites at site MAI-686 was seen,
and no apparent correlations were noted with
contaminant data and the MA parameters at site
MAI-686, little can be said regarding these findings.
The lack of near/far differences may be related to the
relative proximity of these sites. The far site is only
3,000 meters from the platform (near site), while this
may be sufficient separation when looking at
sediment contaminants, it may be likely that the fish
sampled range over an area greater than the site

separation and are actually members of the same
population.

Point four above should be viewed as two separate
observations, a statistical difference in MA size and
percent area occupied by MAs between sites HI-
A389 and MAI-686 and between sites HI-A389 and
MU-A85. Examination of the data then indicates that
the HI-A389 and MAI-686 site differences reflect the
cross-species comparison discussed earlier and
therefore cannot be compared. The differences
between the samplings at sites HI-A389 and MU-
A85 however, are statistically significant site
differences within a single species (7. ventralis).
These differences were also consistent in
observations from three cruises (no comparisons were
possible between these two sites during cruise 1
because no flatfish were collected from HI-A389).
The observations did not correlate with organics or
metals sediment contaminant data and therefore, did
not indicate any obvious contaminant effects relative
to the GOOMEX study sites and are presently
unexplained.



REFERENCES

Agius, C. 1980. Phylogenetic development of
melano-macrophage centers in fish. J. Zool,
London 191:111-132.

Blazer, V.S, R.E. Wolke, J. Brown and C.A. Powell.
1987. Piscine macrophage aggregate parameters
as health monitors: Effect of age, sex, relative
weight, season and site quality in largemouth
bass (Micropterus salmoides). Aquat. Toxicol.
10:199-215.

Blazer, V.S, D.E. Facey, J.W. Fournie, L.A.
Courtney and J.K. Summers. 1993. Macrophage
aggregates as indicators of environmental stress.
pp. 169-185. In 1.S. Stolen and T.C. Fletcher.
Modulators of Fish Immune Responses: Volume
1, Models for Environmental Toxicology,
Biomarkers, Immunostimulators. Fair Haven,
NJ: SOS Publications.

Brown, C.L. and C.T. George. 1985. Age-dependent
accumulation of macrophage aggregates in the
yellow perch Perca flavescens (Mitchell). J. Fish
Dis. 8:135-138.

Kranz, H. and G. Peters. 1984. Melano-macrophage
centers in liver and spleen of ruffle
(Gymnocephalus cernua) from the Elbe estuary.
Helgol. Meeresunters. 37:415-424,

Spazier, E., V. Storch and T. Braunbeck. 1992.
Cytopathology of spleen in eel Anguilla anguilla
exposed to a chemical spill in the Rhine River.
Dis. Aquat. Org. 14:1-22,

Wolke, R.E. 1992. Piscine macrophage aggregates: A
review. Ann. Rev. Fish Dis. 2:91-108.

Wolke, R.E., R.A. Murchelano, C.D. Dickstein and
C.J. George. 1985. Preliminary evaluation of the
use of macrophage aggregates (MA) as fish
health monitors. Bull. Environ. Contam. Toxicol.
35:222-227.

207

Dr. John W. Fournie has worked at the U.S.
Environmental Protection Agency’s Environmental
Research Laboratory for eight years and is presently
a fish pathologist in the Pathobiology Branch. His
research interests include parasitic and neoplastic
diseases of fishes and the development of fish
histopathological biomarkers of contaminant
exposure. Dr. Fournie received his B.A. and M.S. in
biology from St. Louis University and his Ph.D. in
biology from the University of Mississippi and the
Gulf Coast Research Laboratory.

Mr. Lee A. Courtney has worked at the U.S.
Environmental Protection Agency’s Environmental
Research Laboratory for 21 years and is presently a
fish pathologist/electron  microscopist in the
Pathobiology Branch. His research interests include
non-neoplastic and neoplastic diseases of aquatic
organisms and the development of histopathological
and immunohistochemical biomarkers ofcontaminant
exposure in aquatic organisms. Mr. Courtney
received his B.S. in science interdisciplinary from the
University of West Florida.

MEIOFAUNA GENETIC VARIABILITY

Mr. Greg Street
Marine Science Institute
The University of Texas at Austin

One possible sublethal response to contaminant
exposure is a loss of population genetic variability.
Such a loss might occur if certain phenotypes were
selected against during the onset of the
contamination. If some phenotypes were selected
against, there would be a tendency for the entire
population to shift towards a more adaptive
phenotype under the new selection regime imposed
by the contaminants. This situation is described as a
"bottleneck” where selection creates a narrow space
through which only certain genotypes may pass
(Barton and Charlesworth 1984). In order to assess
whether such a bottleneck occurred at the stations in
the program, the population genetic variability in
harpacticoid copepods was compared "near" a
platform (at ring two, approximately 30-50 m from
the platform) to populations of the same species "far"
from a platform (at ring five, >3 km from the
platform). The hypothesis that there are stronger
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selective pressures at near field stations than at far
field stations due to the identified contamination
gradients around each platform. If these pressures
exist, they should cause near-field populations to
show a loss of genetic variability relative to far-field
populations, which are under less rigorous stress.

Five species of harpacticoid copepods were chosen
for this study. Harpacticoids are ideal organisms for
a genetic study. They are ubiquitous in marine
systems, and therefore easy to sample. They have
short generation times, which suggests a rapid
response to changing conditions (Hicks and Coull
1983). They also have low dispersal capabilities due
in part to small size, the characteristic of brooding
their eggs, and possessing larvae with direct benthic
development (Hicks and Coull 1983). Furthermore,
harpacticoid abundance, diversity, life history and
toxicology are all being studied for Phase I of the
GOOMEX project. The five species chosen were
selected because they were abundant at all platforms
and because they were easy to identify. The latter
prevents confounding population effects with
differences between cryptic species. The species
included Normanella sp.15, Enhydrosoma
pericoense, Cletodes sp.17, Robertsonia sp.1 and
Tachidiella sp. 86. Of these, only E. pericoense has
been previously described, and therefore assigned a
species name.

The basic procedure involved extracting the DNA
from individual copepods, amplifying the 16S rRNA
region of the mitochondrial (mtDNA) by the
polymerase chain reaction (PCR; Bucklin et al
1992), comparing restriction fragment length
polymorphisms (RFLPs), and calculating an index for
haplotype diversity. Mitochondrial DNA was used
because it evolves at a rapid rate, has been well
characterized by decades of research on population
genetics, and is directly maternally inherited, thereby
prohibiting any confounding effects of recombination
events (Avise et al. 1987). PCR was necessary in
order to generate enough DNA from single copepods
for analysis using RFLPs. Four restriction enzymes
were used for the RFLPs, Rsa I, Hae III, Msp I, and
Taq 1. After the restriction fragments were run on
electrophoresis gels, an index of genetic variability
was calculated from each station:

h=1-2xi2

where h = haplotype diversity, x; = the frequency of
the ith haplotype, and i = the number of haplotypes
(Avise 1994). A  haplotype is a particular
configuration of restriction fragments.

A MANOVA was performed on 4 for each species,
using distance (near vs. far), platform (HI-A389,
MAI-686 and MU-A85), and cruise (two vs. three) as
covariates. There were no differences between any
platforms or cruises. However, three of the species
had mean 4 values which were significantly less near
a platform than they were far (p = 0.0001 for
Normanella, p = 0.025 for Enhydrosoma, and p =
0.014 for Cletodes). While the other two species
(Robertsonia and Tachidiella) showed the same
general trends, they were not significantly different
from near to far. This is thought to be a function of
the sample size, which was greater than 300
individuals for the three species which showed
significance, and less than 300 for the two species
which were not significant (n = 206 and 103 for
Robertsonia and Tachidiella, respectively). The fact
that there were no differences in 4 values at the far
station for any species or platform suggests that it is
the platforms themselves which are having an effect
and not merely local geographic variation

This supposition was supported by using a logistic,
linear regression to attempt to explain variance in
genetic variability based on platform effects. In
nearly all cases, a population was dominated by a
single, nearly ubiquitous haplotype, and a series of
unique haplotypes. Therefore, the dependent side of
the logistic model took the form of number of
individuals not conforming to the dominant
haplotype, divided by the total number of individuals
measured equal to the three. This value was set equal
to the results of a principal components analysis
performed on all the physical and chemical variables
measured for the GOOMEX program. The first three
principal components account for 57.8% of
variability in the data set.

PC1 accounted for a significant amount of variation,
and therefore was included in the model for
Normanella (p = 0.006), while PC2 was significant
in the regression models for both Cletodes (p =
0.009) and Enhydrosoma (p = 0.0002). There was no
linear relationship between any factors and the
species Robertsonia and Tachidiella since sample
size was lower than the 300 individuals per species



needed to see near vs. far differences. One possible
explanation why genetic variability in Cletodes and
Enhydrosoma showed a linear relationship to PC2,
has to do with the lifestyles of these two species.
Both are members of the family Cletotidae, and are
long and vermicular in shape. These are burrowing,
infaunal harpacticoids that would be expected to be
sensitive to such factors as grain size (Hicks and
Coull 1983). Grain size has a heavy loading value for
PC2. Normanella is a larger, epifaunal harpacticoid,
that might be expected to show less of a response to
sediment characteristics.

In conclusion, comparison of population haplotype
diversity suggests that offshore oil and gas
production can cause a sublethal response in
populations of harpacticoid copepods. In at least
some species, there is linear relationship between
variability and concentrations of potentially toxic
contaminants (heavily loaded for PC1). For this
reason, measuring population genetic variability does
seem to be a useful management tool. However, it is
unlikely that significant results will be found unless
a sample size of at least 300 individuals is used per
treatment.

Estimating genetic variability has several advantages
over more traditional means of sampling populations,
such as comparisons of estimates of abundance,
diversity and life history characteristics. Measuring
genetic variability does not require as much skill in
taxonomy, so long as target species can successfully
be delineated. Furthermore, because comparing
RFLPs is a measure of genotypic variation, it is
superior to measurements of phenotypic variation,
which can be confounded with a number of other
factors. Finally, because molecular biological
techniques are currently being refined, improved and
automated, the technology will become increasingly
rapid, less expensive, and user-friendly.
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One component of the Gulf of Mexico Offshore
Operations Monitoring Experiment (GOOMEX)
project involves the assessment of macroinvertebrate
reproduction. Very little is known about the
reproductive effort of most continental shelf
invertebrates. Accordingly, whether reproductive
effort is affected in these species by oil and gas field
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development is also largely unknown. We have
utilized several different methods to assess
differences in the reproductive effort of invertebrate
species living near by and far from oil and gas
producing rigs. Differences in male-to-female ratios,
percent gravid females (in crabs), and stage of
reproductive  development determined visually,
histologically and by immunological probe were used
as indicators of possible sublethal effects of exposure
to chemical contaminants or other oil and gas field-
associated factors on reproductive effort. The
relationship between health (as described by the
prevalence and intensity of parasitism and
pathologies) and reproductive stage was also
examined.

Animals were collected by trawling from locations
close to (near-field) and far from (far-field) the
platforms, to assess the effect of oil and gas field
development on macroinvertebrate reproduction.
Animals used were the shrimp Trachypenaeus
similis, Penaeus aztecus, and Solonocera atlantidis,
the crabs Callinectes similis, Portunus gibbesii, and
Portunus spinicarpus, the starfish Astropecten
duplicatus, and Astropecten cingulatus, the
stomatopods Squilla empusa, Squilla chydaea, and
Squilla edentata, and the scallop Amusium
papyraceum. After collection, individuals of target
species were measured. Reproductive development
for most species was evaluated by two methods;
visual inspection and histological analysis. In crabs,
an immunological probe was also used. Visual
inspection provides immediate results and a large n,
but stage identification is less precise and fewer
stages can be discriminated. Histological examination
provides more detail and a relationship with
parasitism and pathology, but quantification is still
difficult and only a few individuals can be assayed.
The immunological probe provides quantification and
a higher n and can also be used on samples
homogenized for chemical analyses, but
histopathology cannot be assessed. Hence, all three
approaches provide useful, and different, views of
reproductive status.

Immediately after collection, individuals were sexed,
and a visual determination of the reproductive stage
of females was made based on the development and
color of the ovary. Whole specimens were preserved
and returned to the laboratory for complete
histological analyses. Tissue sections were analyzed

for sex, stage of reproductive development, and
presence and intensity of parasites and pathologies.
The reproductive cycle of most of the species
involved in this study has not heretofore been
studied; therefore a semi-quantitative reproductive
scale was developed for each species based on the
appearance of the gonads and the quantity of gametes
present for both methods. The immunological probe
was developed using eggs obtained from egg masses.
A New Zealand white rabbit was selected as a host
animal for antibody production. Mancini’s radial
immunodiffusion method was used for the
quantification of egg or sperm protein (the more
sensitive ELISA assay is not normally needed). A
gonadal-somatic index was calculated as the ratio of
the total dry weight of gametic tissue to total
biomass. Comparison of gonadal weight in animals
ready to spawn, measured by the probe, to the weight
of egg masses in gravid females yielded equivalent
results, indicating that the probe satisfactorily
measured total egg concentration in gonadal tissue.

At both the near and far-field sites individuals
collected were overwhelmingly female, with
male:female ratios as high as 17:1 (Trachypenaeus
similis, MAI-686, far). That the majority of
individuals collected were female may result from the
fact that females are larger for many of the species
(particularly shrimp species) and may be retained
more easily by the net. Percent gravid females was
determined for each species of crab collected at both
the near and far-field stations. A gravid crab was a
female collected ‘in sponge’; that is, with a visible
egg sac. If differences existed in the percent gravid
females between the near and far-field station, more
gravid females were typically collected at the far-
field station; however, no significant trends were
observed.

Stage of reproductive development was determined
through visual inspection for all females of shrimp
and crab species. Reproductive development may be
delayed by exposure to contaminants and may be
related to the size (age) of the individual. Few
relationships between distance from the platform and
size or stage of reproductive development were
found. However, in three of the four significant
cases, females were more reproductively advanced in
the far-field. Three species of shrimp showed a
relationship between location and stage of
reproductive development. Solonocera atlantidis and



Parapenaeus similis at HI-A389 both had higher
stages of reproductive development at the far-field
station, where the larger females were collected.
Solonocera atlantidis also had a higher stage of
reproductive development at the near-field station
even though the larger individuals were collected at
the far-field station at MU-A85 and Trachypenaeus
similis had a higher stage reproductive development
at the far-field station at MAI-686 even though the
larger individuals were collected at the near-field
station. These results suggest that the largest
individuals are not always the farthest along in
reproductive development.

Stage of reproductive development was determined
through histological examination for both males and
females of target species. If differences in
reproductive development existed between the near
and far-field stations, those individuals collected
from the far-field station were typically farther along
in their reproductive development. This was true in
four of the five cases showing significant results.

No significant trends were observed when
reproductive status was quantified by weighing egg
masses or by immunological probe not explained by
size differences. Wherever size structure was
significantly altered, a significant effect in fecundity
could be expected by this result alone, however.
Preliminary results also indicate significant
differences in egg quality. Protein and percent water
analysis conducted on the egg sacs of gravid crabs
show differences related to the proximity to the
platform at MAI-686. Differences in egg quality may
indicate differences in egg viability at this site.
Results are not yet available for MU-A85 AND HI-
A389.

Evidence for an impact of proximity to the rig on
reproductive development is not as strong as trends
noted in population size structure. Environmental
stresses such as exposure to contaminants can affect
reproductive activity by delaying reproductive
development or by decreasing the quantity of
gametes produced. In some cases the far-field station
had a higher proportion of gravid female crabs than
the near-field. Histological analysis follows the trend
in gravid females, with more reproductively
advanced individuals found far from the platforms.
For these stations, it is possible that exposure to
contaminants has slowed reproductive development

211

in those organisms near the platform, so that the
population at the far-field station was more advanced.
Alternatively, near-field individuals may have
spawned earlier. Differences in egg quality are not as
ambiguous to interpret. Egg quality may be affected
by proximity to the platform. At MAI-686, crab eggs
had different proportions of water and protein at the
near and far-field stations. Therefore, differences in
both reproductive effort and quality of spawn
produced may be affected by the chemical or
physical characteristics at the platforms sites.

Sampling frequency may be inadequate to
differentiate these two possibilities. The stress of
parasitism and diseases also affects reproductive
development in many species of invertebrates by
slowing reproduction or decreasing the quantity of
spawn produced. At MU-A8S, levels of parasitism
and disease were related to stage of reproductive
development. At this platform, the stage of
reproductive development was significantly higher in
the far-field station for starfish, scallops and all
shrimp species; and parasitism was higher in near-
field individuals. These results suggest that
reproductive development was higher in individuals
with less intensity of parasitism at this site. The
individuals at the far-field station were all
significantly larger suggesting that they were also
older than those collected at the near-field station, but
size did not explain either the trend in reproduction
or parasitism/pathology. MU-A85 has a chemical
contamination and TOC gradient such that
contaminants are higher and TOC lower near the
platform. Either gradient could affect reproductive
stage, but it is unlikely that lower TOC would impact
the intensity of parasitism/pathology. No such trend
was observed at MAI-686 where a TOC gradient
exists, but where a contaminant gradient was not
observed, lending support to the possible role of the
contamination gradient in explaining the trends at
MU-A8S. Insufficient data are available to test this
hypothesis at HI-A389 where a contaminant gradient
also exists.

Dr. Eric N. Powell is a Professor of Oceanography at
Texas A&M University where he has been a faculty
member for 16 years. He has published extensively
in the fields of oyster ecology and physiology,
benthic ecology, and paleoecology. His research
experience has included studies on reproductive
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effort and condition, and the effects of pollutant body
burdens on the health and physiology of invertebrate
species. Dr. Powell received his B.S. in zoology from
the University of Washington, and his M.S. and
Ph.D. in Oceanography from the University of North
Carolina.

Dr. Elizabeth Wilson-Ormond is a post-doctoral
Research Assistant in the Department of
Oceanography of Texas A&M University. Her
research interests in benthic ecology include small-
scale processes affecting productivity, disease and
parasitism, and the sub-lethal effects of pollutants in
invertebrate species. Dr. Wilson-Ormond received
her B.S. in Biology from Westminster College (PA),
and her M.S. and Ph.D. in oceanography from Texas
A&M University.

Mr. Matthew S. Ellis is a Research Assistant in the
Department of Oceanography of Texas A&M
University. His research interests include carbon and
sulfur cycling in marine sediments and the uptake
and fate of pollutants by benthic invertebrates. Mr.
Ellis received his B.S. in Biology from Benedictine
College (KS) and his M.S. in oceanography from
Texas A&M University.

Ms. Shue Li is a graduate Research Assistant in the
Department of Oceanography of Texas A&M
University. Her research interests include
experimental shellfish ecology, aquaculture and
invertebrate reproductive activities of invertebrates
on the continental shelf. She actively participated in
shellfish aquaculture in China. Ms. Li received her
B.S. in marine biology from Ocean University of
Qingdao, P.R. China, and her M.S. in oceanography
from the Institute of Oceanology Academia Sinica.

Mr. Yung-Kul Kim is a graduate Research Assistant
in the Department of Oceanography of Texas A&M
University. His research interests include the
relationship between disease, environmental
condition and contaminant body burden in marine
invertebrate species. Mr. Kim received his B.S. in
marine biology from the National Fisheries
University of Pusan, Korea.

ADVANCED TOXICOLOGICAL
TECHNIQUES APPLIED TO THE
GOOMEX STUDY

Ms. K. L. Willett'
Dr. S. J. McDonald?
Ms. K. Beatty?
Ms. J. Thomsen'
Dr. S. H. Safe'

Dr. M. C. Kennicutt II?

'Department of Veterinary Physiology
and Pharmacology
Texas A&M University

?Geochemical and Environmental Research Group
Texas A&M University

A toxicological assessment of demersal fish and
invertebrate exposure to contaminants associated
with offshore oil and gas production was pursued as
an objective of the GOOMEX project. Assays
developed to serve as biomarkers for detecting the
presence of polynuclear aromatic hydrocarbons
(PAHs) were measured at the GOOMEX study sites.
A multi-pronged approach to assessing exposure was
taken. High molecular PAH (four or more rings) can
act as aryl hydrocarbon (Ah) receptor agonists much
like2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and
related halogenated aromatic hydrocarbons (Safe,
1990). PAHs bind to the intracellular Ah receptor and
form a ligand-induced nuclear transcription factor
which binds to specific regions of the genomic DNA
thereby initiating transcription. Induction of the
CYPI1A gene is one of the most sensitive indicators
of exposure to PAHs and is characterized by
increased P4501A mRNA levels and P4501A
dependent catalytic enzyme activities. Biomarkers
related to the CYPIA induction response utilized in
the GOOMEX study include;: P4501A-dependent
enzyme activities [ethoxyresorufin-O-deethylase
(EROD) and aryl hydrocarbon hydroxylase (AHH)],
P4501A mRNA levels, and the nuclear Ah receptor
complex. Benzo[a]lpyrene and ethoxyresorufin are
used as substrates in the AHH and EROD enzyme
assays, respectively. They are generally accepted as
equivalent substrates for PA501A in most organisms,
A good correlation (r*=0.64) was observed in EROD
and AHH activities for most fish species sampled for
the GOOMEX project. However, pin fish, Lagodon
rhomboides, and lizard fish, Synodus foetens,



exhibited high EROD:AHH (5 and 17, respectively).
The lack of microsomal enzyme activities could be
due to the expression of CYPIA (P4501A) gene
products which exhibit different catalytic activities or
the induction of multiple forms of CYP1A. To
investigate these differences other parameters
associated with the induction response including
identification of the nuclear Ah receptor complex and
CYP1A mRNA levels were determined in these fish.

The Ah receptor is a soluble protein for which the
endogenous ligand and normal physiologic function
are unknown. The Ah receptor has been previously
identified in the cytosolic fraction of two fish
hepatoma cell lines (RTH-149 and PLHC-1). The
photoaffinity labeled Ah receptor was also identified
in the hepatic cytosol of seven species of teleost and
elasmobranch fish including scup, winter flounder,
killifish, rainbow and brown trout, and dogfish (Hahn
and Stegeman 1992). To date there is no reported
evidence for the nuclear Ah receptor necessary for
transcriptional activation in fish. In order to
characterize the receptor in pin fish and lizard fish,
ten individuals of each species were treated with 2.5
pg/kg [PHITCDD, a compound known to have the
high affinity for the Ah receptor. Ten fish were also
dosed with [’H]TCDD in the presence of a 100-fold
excess of unlabeled TCDD to determine the
specificity of ligand binding. After four hours, the
fish were sacrificed, their livers removed,
homogenized, and the nuclear extract was isolated.
Samples were layered onto sucrose density gradients
and centrifuged. Thirty fractions were collected from
each gradient and the radioactivity was determined
by liquid scintillation counting. ['*C] labeled bovine
serum albumin (4.4S) and catalase (11.3S) were used
as external standards. The Ah receptor profiles for
both pin fish and lizard fish showed a specifically
bound Ah receptor complex which sedimented at
5.4S. Similar Ah receptor profiles were found in
laboratory experiments using the killifish Fundulus
grandis. Although cartilaginous fish diverged
evolutionarily 450-550 million years ago (Carroll
1988), the sedimentation characteristics of the
nuclear Ah receptor in these fish were similar to the
mammalian Ah receptor from several different
species including humans.

Quantitation of P4501A mRNA levels was also
utilized to characterize Ah receptor-mediated
responses in fish. Total RNA was isolated from
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homogenized liver samples by subcellular
fractionation and extraction by a modification of the
method of Chomczynski and Sacchi (1987). P4501A
mRNA levels were determined by Northern Blot
analysis using a cDNA probe developed in rainbow
trout (courtesy of Dr. John Lech). CYP1A levels
were standardized relative to B-tubulin mRNA.
CYPIA mRNA were identified in GOOMEX fish
and the gel electrophoretic transcripts were similar
for the different species. No significant differences
were observed for species (i.e. lizard fish and hake)
that were sampled at near and far stations. Because
no significant near/far station differences were
observed, the CYP1A levels in fish are believed to be
constitutive or background responses. A dose
response induction of CYPIA mRNA was observed
in laboratory studies in which killifish were dosed
with increasing concentrations of BaP.

In contrast to data from teleost and elasmobranch
fish, no cytosolic or nuclear Ah receptor has been
identified in agnathan fish or marine invertebrates
(Hahn and Stegeman 1992). This is consistent with
the findings that there was low to non-detectable
AHH activities in invertebrates. In order to assess the
CYPIA induction potency of PAHs which may
accumulate in invertebrates, extracts of invertebrate
tissues were obtained and bioassayed in cultured rat
hepatoma H4IIE cells. This cell line is highly
P4501A responsive. Using this technique, PAH
induction equivalents (TEQs) can be derived in
relation to TCDD, a toxic reference standard.
Extracts from GOOMEX invertebrates yielded very
low TEQs. Significantly higher TEQs were
calculated for scallops compared to the other
GOOMEX invertebrates.

The results of these studies indicate that the exposure
of marine fish and invertebrate species to PAHs at
selected offshore oil and gas production platforms is
low. This was evidenced by the low TEQs observed
for invertebrate extracts in in vitro assay and the low
P4501A dependent activities in fish sampled at near
and far stations at each GOOMEX platform.
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Dr. S. H. Safe joined the faculty of Texas A&M
University in 1981 and is a Distinguished Professor
in the Department of Veterinary Physiology and
Pharmacology. His areas of research interest include
environmental and biochemical toxicology. Dr. Safe
received a B.S. and M.S. in Chemistry from Queens
College, Canada and his Ph.D. in Bioorganic
Chemistry from Oxford University, United Kingdom.

Dr. S. J. McDonald has worked at the Geochemical
and Environmental Research Group for 9 years. She
is an Assistant Research Scientist and is involved
with several research projects. Her areas of research
interest include biomarkers of organic xenobiotic
exposure in marine fauna. Dr. McDonald received
her B.S. and M.S. in Biology from Old Dominion
University and her Ph.D. in Oceanography from
Texas A&M University.

Ms. K. Willett is a second year graduate student in
the Toxicology Program at Texas A&M University.
Her area of research interest are environmental
toxicology. Ms. Willett received her B.A. in
Chemistry from the University of North Carolina.

Ms. K. Beatty is a Research Assistant at the
Geochemical and Environmental Research Group.
Ms. Beatty’s research interest include fisheries
biology and environmental toxicology. She received
her B.S. in Biology from Southwest Oklahoma State
University and her M.Ag. in Fisheries Sciences from
Texas A&M University.
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Toxicology Program at Texas A&M University. Ms.
Thomsen’s research interest include the interactions
of estrogen and TCDD in cancer cell lines. She
received her M.A. in Molecular Biology from the
University of Copenhagen, Denmark.
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interests in marine chemistry, environmental
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made scientific presentations world-wide.
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INTRODUCTION

Dr. James J. Kendall
U.S. Minerals Management Service
Gulf of Mexico OCS Region

Dr. Robert S. Carney
Director, Coastal Marine Institute
Louisiana State University

This is a continuation of Session 2C, CMI Progress
Reports, Part 1. As noted previously, the CMI, a
cooperative agreement between the MMS and the
State of Louisiana, was established to address the
parallel OCS information needs of both parties in a
timely, cost effective manner, while taking full
advantage of the academic talents in the immediate
OCS planning area.

Under the terms of this agreement, the MMS and the
State of Louisiana provide matching funds to conduct
environmental research of joint interest. The state,
through Louisiana State University (LSU), provides
matching funds of at lest one dollar for each dollar
provided by the MMS (up to $10 million over a five-
year period). All funds obligated are used to support
studies that fall within a general framework.

The CMI framework, which provides broad bound-
aries for guidance in the development of specific
research projects, was designed to include the follow-
ing: technologies for extracting and transporting non-
energy resources; environmental responses to chang-
ing energy extraction and transport technologies and
spills; analyses and synthesis of existing
data/information from previous studies; modeling of
environmental, social, and economic processes and
systems; new information about the structure/
function of affected systems via application of
descriptive and experimental means; and projects that
improve the application and distribution of
multisource information.

Projects proposed for support under the CMI are
reviewed by the CMI Technical Steering Committee,
on which MMS and LSU are equally represented.
The daily activities of the program are administered
from LSU’s Baton Rouge campus by the CMI
Director, Dr. Robert Carney. Dr. James J. Kendall,
Chief of the Environmental Studies Program for the
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MMS Gulf of Mexico Region, provides the MMS an
additional means of meeting its own information
needs, as well as those of one of its most important
regional customers.

The session includes topics ranging from the devel-
opment of bioremediation techniques for oil spill
cleanup to physical oceanography.

Dr. James J. Kendall is the Chief of the
Environmental Studies Section, MMS, Gulf of
Mexico Regional Office. His research interests
include the effects of contaminants on the physiology
of corals, the behavior of reef animals, and
procedures for aquatic toxicity testing. Dr. Kendall
has conducted research and monitoring programs in
the Gulf of Mexico, Galveston Bay, the Florida Keys,
and the Gulf of Eilat, Red Sea. He received his B.S.
in biology from Old Dominion University and his
Ph.D. in oceanography from Texas A&M University.

Dr. Robert Carney, an associate professor in LSU’s
Department of Oceanography and Coastal Studies,
has served as director of LSU’s Coastal Ecology
Institute since 1986 and has been director of the
LSU-MMS CMI program since its inception. He
received his M.S. from Texas A&M University and
his Ph.D. from Oregon State University. Prior to
LSU, Dr. Carney was employed at Moss Landing
Marine Labs, the National Science Foundation, and
the Smithsonian Institution.
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Bioremediation, the act of adding materials to con-
taminated environments to cause an acceleration of
natural biodegradation processes, is a promising
means by which oil released into salts marshes can
be removed with little impact to the habitat. How-
ever, neither the ecological effect nor the efficacy of
introducing oil-degrading bacteria or fertilizers into
the salt marsh has been determined. The objectives of
the first year of our multi-disciplinary study are (1) to
determine the ecological effects of the microbial and
fertilizer products on wetland plant, infaunal and
microbial communities and (2) to determine whether
these bioremediation agents enhance oil biodegra-
dation in intact salt marsh mesocosms. The experi-
ment designed to meet the first objective has been
completed; the experiment examining the second
question is nearing completion.

Sods of marsh soil and vegetation approximately 30
cm in diameter and 25 cm deep were collected from
a salt marsh in south Louisiana and used in a green-
house mesocosm study. Half of the mesocosms
received a dose of oil typical of an offshore spill that
has moved ashore. Five oiled and five unoiled
mesocosms were sprayed with a commercial bacterial
inoculum; another set of five each received the
manufacturer’s recommended dose of slow-release
fertilizer designed to stimulate natural oil biodegra-
dation; a third set of each was left without treatment
to serve as controls.

The effect of various treatments on the plants was
monitored during the course of the three-month
experiment using three variables: leaf elongation,
photosynthesis, and aboveground biomass. Soil
response was determined by measuring respiration,
Eh, pH, salinity, micronutrient and macronutrients.
The effect of the biromediation treatments on meio-
fauna was monitored by enumeration of nematodes,
copepods, copepod nauplii and oligochaetes at day 0,
1 week, 2 weeks, 4 weeks and 12 weeks. General
microbial biomass and several key microbial compo-
nents, including yeast, filamentous fungi, chitin-
utilizing bacteria, actinomycetes, chitin-degrading
bacteria, and petroleum-utilizing microbes, were also
tracked by sampling at day 3, 2 weeks, 4 weeks and
12 weeks.

Results from plant and soil response monitoring
indicate that fertilization significantly increased plant
growth and soil respiration, that oil had no significant
effect on plant growth and significantly increased soil

respiration, and that microbial inoculum had no
significant effect on either plant growth or soil
respiration. Examination of three of the five meio-
fauna sample replicates indicates that there is no
evidence of depressed fauna due to application of
either bioremediation product. Nematodes positively
responded to both bioremediation products and oil.
Among the various microbial populations there is no
statistically significant difference among treatments
for either day 3 or week 4, indicating that microbial
communities are not adversely affected by any of the
bioremediation products.

The greenhouse experiment designed to meet the
second objective, the determination of whether
bioremediation products enhance oil biodegradation
in salt marshes, is ongoing. The mesocosms are being
sampled for (1) petroleum hydrocarbon chemistry to
identify and quantify the degree of oil biodegrada-
tion, (2) oil morphology, which will be related to oil
chemistry, as an inexpensive means of evaluating oil
biodegradation, (3) soil microbial response to deter-
mine the effect of the bioremediation products on the
microbial communities that are performing the oil
biodegradation, (4) soil chemistry to determine the
effect of the bioremediation products on those factors
that limit the growth of microbe and plants, and (5)
plant response to evaluate the combined effect of the
oil and products on plant vigor and growth.

Dr. Irving Mendelssohn is a professor of
oceanography and coastal ccology at LSU conducting
research through the Wetland Biogeochemisty
Institute. Educated at Wilkes College, VIMS, and
North Carolina State University, he came to LSU in
1979. His primary research interests are: the
influence of environmental constraints on plant
distribution and productivity and ecophysiological
adaptation. His research experience includes natural
perturbations as well as those associated with oil
spills in marsh habitats.

A native of Belgium, Dr. Karolien Debusschere
received her undergraduate training at
Rijksuniversiteit in Ghent and her doctoral training at
LSU in geography with a minor in agronomy. As a
research associate with the Louisiana Geological
Survey and the LSU Center for Coastal Energy and
Environmental Resources, she has participated in oil
spill and coastal morphology research.



Charles Henry has been a research associate in the
Institute for Environmental Sciences at LSU since
1985 specializing in analytical chemistry. He is a
graduate student at LSU, having received a B.S. in
environmental science. He is highly experienced in
oil spill studies ranging from the Persian Gulf to the
Exxon Valdez and the Mega Borg.

Dr. Edward Overton is director of the Institute for
Environmental Sciences at LSU. Educated at Spring
Hill College and the University of Alabama, he came
to LSU in 1984. His area of expertise is trace organic
analyses using high resolution separation techniques.
He is principal architect and chief chemist for
NOAA’s Hazardous Materials Response Branch
Chemical Hazard Assesment Team. His research
activities include oil spill related work around the
world.

Dr. Ralph J. Portier is professor in the Institute for
Environmental Sciences at LSU and director of the
Aquatic/Industrial Toxicology Lab. Educated at
Nichols State and LSU, he joined the faculty in 1983.
His parimary area of expertise is microbial
physiology of ectreme marine environments and the
application of this information to bioremediation.

Dr. Nancy Rabalais is an associate professor at the
Louisiana Universities Marine Consortium,
LUMCON. Educated at Texas A&l and the
University of Texas, she began participation in the
founding of LUMCON in 1983. Her professional
expertise includes continental shelf ecosystems and
the effects of oil and gas operations. She has
extensive experience along the Gulf Coast and in
China.

Dr. Maud Walsh is a research scientist in the Institute
for Environmental Sciences at LSU. Educated at
Bryn Mar and LSU, she began environmental
research in 1989. She works in the laboratory of
Dr. Ralph Portier on a wide variety of microbial and
bioremediation topics.
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COASTAL MARINE
ENVIRONMENTAL MODELING

Dr. Masamichi Inoue
Coastal Studies Institute
Louisiana State University

Dr. William J. Wiseman, Jr.
Department of Oceanography & Coastal Sciences
Louisiana State University

INTRODUCTION

This program builds on the results of a recent study
of physical processes responsible for land-loss in
coastal Louisiana. The first year of the present study
has dealt extensively with exercising and learning
from a two-dimensional depth-integrated model
initially developed during this previous study.

METHODS

The two-dimensional depth-integrated hydrodynamic
model was developed and applied to study circulation
in the Terrebonne/Timbalier and the Four League
Bay systems (Figure 3C.1). The fully-nonlinear
model equations include horizontal eddy viscosity
and the bottom friction represented by a Manning’s
coefficient. At land boundaries, no normal flow and
no-slip boundary conditions are applied. At open
boundaries, the sea-level height is specified. The
wind forcing is assumed to be spatially uniform over
the model domain. The model equations are discre-
tized on the staggered mesh grid C of Arakawa
(Mesinger and Arakawa 1976). The numerical
scheme adopted here is Grammeltvedt C scheme
(Grammeltvedt 1969) which conserves mass and total
energy. Leapfrog scheme is used for time integration
with Euler scheme inserted at regular time step to
eliminate the computational mode due to the central
time differencing. The frictional terms are lagged in
time for numerical stability. The model bottom
bathymetry was taken from the Nautical Charts
(Scale 1:80,000), and the coastal boundaries were
approximated on the model grid as closely as possi-
ble (see Figures 3C.2 and 3C.3). The model grid
spacing between like variables is taken to be 463 m,
and the time step used is 10 s. The horizontal eddy
viscosity used is 10 m*/s. The Terrebonne/Timbalier
Bay Model includes both Terrebonne Bay and
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Figure 3C.1. Location map of the study sites.

Timbalier Bay (see Figure 3C.3). In addition, the
southern boundary of the model domain is taken
outside the bay in order to permit less restrictive
model simulation of flow field near the entrances to
the bay. The Four League Bay model includes not
only Four League Bay but also a portion of
Atchafalaya Bay and a portion of the open Gulf to
the south (see Figure 3C.3).

RESULTS

Since our main objective is to simulate circulation in
bays and the coastal ocean as realistically as possible,
an extensive model calibration is carried out using
the field data recently collected (Wiseman and Inoue
1993). The model is forced by the observed wind and
the sea-level height. Wind stresses acting on the sea
surface were estimated from wind measurements
made at Isles Dernieres for the Terrebonne/Timbalier
Bay Model and from those made in Four League Bay
for the Four League Bay Model (Hsu personal
communication). An empirical relationship derived

for Four League Bay (Hsu personal communication
1992) is used to convert from wind speed to wind
stress. Sea-level heights along the open boundaries
are estimated from the observations. For the
Terrebonne/Timbalier Bay Model, the bottom pres-
sure records collected at the main entrance to the bay
are used to specify sea-level height along the
southern open boundary. For the Four League Bay
Model, the sea-level height measurements collected
by the U. S. Army Corps of Engineers at Amerada-
Hess platform located just outside the northwest open
boundary of the model domain are used to specify
sea-level height along the northwest open boundary.
The lack of sea-level height measurements near the
southwest open boundary presented a major problem
in defining proper open boundary conditions along
this open boundary. After a series of model cali-
bration runs, it was decided to use the same sea-level
height at the Amerada-Hess platform to specify
boundary conditions along the southwest open
boundary without any changes in amplitude and
phase.
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Figure 3C.2. Top: Model geometry of the Terrebonne/Timbalier Bay Model. The southern boundary is open.
Bottom: Model bathymetry of the Terrebonne/Timbalier Bay Model.
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Top: Model geometry of the Four League Bay Model. The northwestern and southwestern
boundaries are open. Bottom: Model bathymetry of the Four League Bay Model.
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vector shown is 82 cm/s. B: Simulated currents within Four League Bay at 16 hr on 08/05/92.

Maximum current vector shown is 52 cm/s. Numbered dots indicate mooring locations.



A series of calibration experiments was carried out to
identify realistic bottom friction parameters.
Manning’s values of 0.07 for the Terrebonne/
Timbalier Bay Model and of 0.10 for the Four
League Bay Model were found to produce currents in
close agreement with the those observed. These
values are two or three times larger than those typical
of other estuaries. This may result from the
shallowness of the bays giving rise to enhanced
bottom friction due to the combined effect of currents
and the surface wave field, which is not accounted
for in the model formulation. Large bottom friction
identified for Four League Bay could be due to the
high concentrations of suspended sediments observed
inside the bay that could reach as high as 1600 mg/I]
(Day, personal communication). Mean correlation
coefficients between observed and simulated currents
computed for east-west and north-south components
at each of the five mooring sites in Terrebonne/
Timbalier range from 0.70 to 0.95. An example is
shown in Figure 3C.4. The higher correlations found
in the Terrebonne/Timbalier Bay Model highlight the
well-posedness of this bay system, i. e., outside
influence coming from the Gulf of Mexico is well
accounted for by the specification of sea-level height
along the open boundary that was actually measured
at the nearby main entrance. In contrast, correlations
between the observed and simulated currents in the
Four League Bay Model are not as good. This is
mainly due to the artificial specification of the open
boundary conditions used along the southwest open
boundary. Various previous measurements of sea-
level height in this region suggest that sea-level
heights south of the Four League Bay are different
from those coming from the north (Rouse personal
communication 1994). Despite this deficiency in the
model setup, various model simulation runs using the
Four League Bay Model produced reasonable
currents in comparison to the observations. Only
exception is in and near the Oyster Bayou that is
strongly affected by the sea-level signal coming from
the south (Rouse, personal communication, 1994).
Currents in and near Oyster Bayou are significantly
underestimated in the model.

Using the observed sea-level height and wind, the
model was used to simulate circulation in those bays.
Examples of current field simulated are presented in
Figure 3C.5. It is evident that in those both bays,
stronger currents are always found in deeper parts of
the bay system. Due to the general shallowness of
those bays, relatively small tidal range in Louisiana
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forces strong tidal currents in those bays. Significant
currents could develop in narrow entrances to those
bays. In terms of relative dominance of each pass
into Terrebonne/Timbalier, Wine Island Pass-Cat
Island Pass dominates, accounting for nearly 60% of
the total inflow into the bay, while the remaining
inflow is equally split between Whisky Pass and
Little Pass Timbalier, each accounting for 20% of the
total. For Four League Bay, the northern entrance
connecting the Four League Bay to the Atchafalaya
Bay appears to dominate over Oyster Bayou. How-
ever, the role of the northern entrance is probably
overestimated in the model due to the artificial
specification of the southwestern open boundary
condition.

In contrast to Terrebonne/Timbalier, that is open to
the Gulf of Mexico only to the south, circulation in
Four League Bay is primarily along the orientation of
the bay due to the configuration of Four League Bay,
which is connected to the Gulf of Mexico at both
northern and southern ends. Significant throughflow
circulation could develop through Four League Bay
due to occasional passages of cold fronts, associated
with strong wind stresses in the direction of the
orientation of the bay.

A significant progress has been made in visualizing
and analyzing the model output. We have been using
Data Viz, a computer animation/visualization soft-
ware, on our Silicon Graphics Indigo workstation to
animate the sea-level height field generated by the
model. This animation/visualization software was
developed in collaboration with Mr. Lingsong Bi.
The most unique feature of Data Viz is its 3-D
display capability with a light source in 3-D space,
allowing detailed texture of the 3-D surfaces to be
visible. This added capability allows us to examine
not only the general gross features of the model
output but also its details.

Our future efforts will include applications of a three-
dimensional model, the Princeton model, to the
Terrebonne/Timbalier and the Four League Bay
systems. Testing of the Princeton model code has
been initiated using simplified model configurations.
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PURPOSE

The purpose of this project is to build a data base for
analyzing the socioeconomic impact of OCS develop-
ment for the period 1930-1990 in the five coastal
states of Alabama, Mississippi, Louisiana, Texas, and
Florida (1970-1990 only). Although offshore drilling
in the Gulf of Mexico has a history exceeding fifty
years, the socioeconomic impact of that activity has
not been examined systematically. The present
project has the following objectives: (1) to identify
counties/parishes that have been directly impacted by
offshore activities, and to examine changes in this
impact over the period 1930-1990; (2) to build a data
base for indicators of socioeconomic impact of
offshore activities, focusing on the following broad
areas: demographic, economic, public services, and
fiscal; and (3) to analyze the effects of offshore
activities on these socioeconomic factors separately
for directly impacted and non-impacted counties/
parishes.

We give special attention to the spatial linkages of
counties/parishes by identifying the labor-market
boundaries of the coastal counties/parishes in the five
states. The coastal counties/parishes have many ties
with communities further inland through extensive
commuting flows. These flows are patterned by the
work schedule in the OCS, which often requires
alternating periods of seven days on/off the job. This
schedule permits longer commutes than would be the
case with daily commuting patterns. Changes in OCS
activity thus have repercussions beyond the coastal
parishes.



DIRECT ECONOMIC IMPACT OF OCS
ACTIVITY ON COASTAL COUNTIES

Offshore activities have affected many coastal
counties/parishes during the past 60 years. However,
the extensive coast of the Gulf of Mexico, the differ-
ential infrastructure of coastal parishes, and the
differences in human capital and industrial special-
ization make it unlikely that all coastal counties/
parishes are equally impacted by offshore activities.
Centaur (1986) conducted a survey in the 1980s
among the largest producers in the Gulf of Mexico to
measure the direct economic impact of offshore
activities on counties/parishes which showed substan-
tial variation among counties/parishes. While the
methodology used in that study is not applicable to
the historical baseline study, there are several alterna-
tive ways to assess direct economic impacts. For
reasons of comparability over time, we will analyze
industry-occupation matrices for each county/parish,
making use of the most detailed industry and occupa-
tion categories (about 400 industries and 450 occupa-
tions) supplied by the U.S. Bureau of the Census.
These matrices, which require special tabulations, are
available for the period 1980-1990. We will analyze
these industry-occupation matrices to develop a
classification of counties by degree of direct
economic impact from OCS activity.

THE SOCIOECONOMIC IMPACT OF OCS
ACTIVITY ON COASTAL COUNTIES

Once the database has been created and those
counties/parishes identified that have been directly
impacted by offshore activities, the project will
analyze the socioeconomic impact by offshore
activities in coastal areas by comparing directly
impacted and non-impacted counties/parishes. The
socioeconomic impact of OCS activity will be
conceptualized in terms of four broad areas:
demographic, economic, public services, and fiscal.

1. Demographic: Economic development has a
number of demographic consequences, and we
expect them to occur in response to OCS activity
as well. The demographic consequences affect
population growth as well as population struc-
ture. Regions that experience economic growth
typically experience above-average population
growth resulting from net in-migration. Age
selectivity is a universal characteristic of migra-
tion; migrants tend to be concentrated in the age
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group 15-34 years of age. Migration can also
affect the sex ratio of the population. In the case
of OCS activities, it is likely that net in-migra-
tion into the Gulf Coast region is dominated by
males, which would increase the sex ratio. While
the linkage between development and
race/ethnicity is not clear, we will include infor-
mation about the racial/ethnic composition in the
database.

Economic: Economic development tends to
increase the demand for labor, although this
demand can vary substantially, depending on the
capital-output ratio of the industries providing
the economic stimuli. Although OCS activity is
very capital intensive, we nevertheless expect it
to create a demand for labor that should be
reflected in above-average rates of growth in
civilian employment and nonfarm payroll. The
increased labor demand should also raise the per-
capita income in areas affected by OCS activity.

Public Services: Economic development usually
creates a demand for labor and net in-migration,
resulting in population growth. Growing areas
often face the need to provide for additional
police and fire protection, utilities services,
education, and health services. Where population
growth coincides with an increase in the tax
base, such services can usually be offered with
few problems. Where economic growth does not
lead to increased income and a larger tax base,
however, the provision of these services can
strain the fiscal capacity of many municipalities
and counties.

Fiscal: Development and population growth
directly affect the structure of revenues and
expenditures, as noted above in the context of
public services. It is thus essential for any base-
line study to include information on munici-
pal/county revenues and expenditures by fiscal
category. It is likely that there is a time lag
between the infrastructure needs of an area and
its ability to provide resources for these needs,
since a growing area often requires services
before the tax base has developed to meet them.
The more important question, however, is the
magnitude of this time lag, i.e., the length of
time during which the gap between service needs
and fiscal capacity exists.
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The project will assemble a database for the period
1930-90 that contains county/parish-specific and
labor-market-area-specific  information about the
indicators (defined below) of direct economic impact
and of the four broad areas of socioeconomic impact
(Table 3C.1). That database will permit us to identify
those counties/parishes and labor markets areas that
are directly impacted in economic terms by OCS

activity. The impact/non-impact distinction will then
be used to assess the socioeconomic impact of OCS
activity on the levels of counties/parishes and labor
market areas. The results of our analyses will not
change the content of the database, since other
researchers might want to focus on issues not
addressed by our anticipated analyses. Moreover, the
content of the database has to remain unchanged in

Table 3C.1. Data sources for socioeconomic baseline study for the Gulf of Mexico, Phase I (as of November

1994).
FISCAL GOVT EMPLOYMENT CIVIL EMPLOYMENT DEMOGRAPHY
Items Revenue by source Heailth, public welfare, Industry, occupation Age, sex, race,
Expenditures by purpose police, fire, etc. Income, establishments (including migration,
farming) marital status,
education
1930 Financial statistics 1932 NA Census (M) Census (0003)
Tax commission
Annual report
1940 1942 CG (M) NA Census (M) or Census (0003)
Industry (7) < --CCDB (7736)
Occupation (12) < --Census (0003)
1950 1957 CG (M) 1957 CG (M) Census (M) or Census (0003)
Industry (9) < --CCDB-52 (0003)
or CCDB (7736)
Occupation (12) < --Census (0003)
1960 1962, 67 CG (0017) 1962, 67 CG (0017) Census (M) or Census (0003)
CCDB-62, 67 (0003) CCDB-62,67
or CCDB 7736 (0003) or CCDB
(7736)
1970 1972, 77 CG (8117, 1972, 77 CG (8117, 8118) | Census (M) or Census (9694)
8118) Industry (11), Occupation (13)
< --Census (9694)
1980 1982 CG (8395, 8394) 1982 CG (8395, 8394) Census (M) or Census (9693)
1988 CG (6069, 9484) 1988 CG (6069, 9484) Industry (11), Occupation (13)
< --Census (9693)
1990 NA NA Census (M) or Census (6054)
Industry (17), Occupation (13)
< --Census (6054)
Note: NA: Not available as of November 1994
(M): Need to key-in manually
CG: Census of Government
CCDB: City and County Data Base

(xXxX):

ICPSR Data Tape number




order to give other researchers the opportunity to
replicate our analyses.
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ARE COASTAL FAUNA
CHRONICALLY EXPOSED TO
PETROLEUM HYDROCARBONS
AND HYPOXIA BETTER ADAPTED
TO THESE FACTORS?

Dr. William B. Stickle, Jr.
Dr. Tapash Das
Zoology and Physiology
Louisiana State University

INTRODUCTION

Marine and estuarine fish are sensitive to short term
exposure to the water soluble fraction of crude oil,
but their tolerance does not change much after 12-24
h because of the presence of an inducible cytochrome
P-450 enzyme system for metabolizing aromatic
hydrocarbons. In contrast to this pattern, inverte-
brates tolerate high concentrations (ppm range) in 96
hour bioassays, however, their tolerance declines
during a 28-day exposure period (Stickle ef al. 1987;
Wang and Stickle 1987).

Water column concentrations of 20-1,000 ppb aro-
matic hydrocarbons have been monitored in the
Barataria Bay to the Louisiana Offshore Qil Platform
(LOOP) transect. Oil spills and discharge from
produced water also impact fauna of the continental
shelf and coastal embayments along the Louisiana
coastline. Animals from this area may be adapted to
chronic exposure to aromatic hydrocarbons. We
know that the 21-day LC,, of a population of the blue
crab Callinectes sapidus collected from a locale near
Ocean Springs, Mississippi was 3,927 ppb aromatic
hydrocarbons in the WSF of South Louisiana crude
oil (Wang and Stickle 1987, 1988). This concentra-
tion is considerably higher than found for the pink
shrimp, Pandalus borealis from southeastern Alaska
(Stickle et al. 1987) with a 28-day LC;, of 28 ppb
aromatic hydrocarbons.

Several sublethal stress indices have been shown to
be sensitive indicators of physiological stress in
marine fauna exposed to the Water-soluble fraction
(WSF) of petroleum hydrocarbons including the
determination of induction of a form of the cyto-
chrome P-450 enzyme system, scope for growth
(energy budget) and RNA:DNA ratios. Induction of
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several families of cytochrome P-450 enzymes have
been documented in fish, but their functional signifi-
cance in enhancing physiological fitness of the fish
has not been demonstrated. Induction, as determined
by enhanced cytochrome P-450 activity and esti-
mated from induction of 7-ethoxyresorufin O-deethy-
lation (EROD) activity, is a useful biomarker of
environmental contamination. Parallel experiments
on the activity of this system in killifish exposed to
petroleum hydrocarbons and those from a pristine
habitat will allow us better to assess the relationship
of this detoxification/toxication system to tolerance
and sublethal responses.

The most sensitive biomarkers used with various
species of invertebrates are the determination of
scope for growth (an energy budget) and the determi-
nation of the RNA:DNA ratio. Scope for growth has
been shown to decline in a concentration related
manner with the WSF of petroleum hydrocarbons in
the molluscs Mytilus edulis (Widdows et al. 1982;
Stickle et al. 1985) and Thais lima (Stickle et al.
1984) as well as in the crustaceans Pandalus borealis
(Stickle et al. 1987) and juvenile Callinectes sapidus
(Wang and Stickle, 1987). The primary component of
the scope for growth to decline in a concentration
related manner with WSF of petroleum hydrocarbon
exposure in all of these studies was their feeding rate.
Actual growth was correlated with scope for growth
in the blue crab as was the protein:DNA and
RNA:DNA ratio (Wang and Stickle 1988).

OBIJECTIVES

One of our objectives is to test the hypothesis that
populations of the Gulf killifish, Fundulus grandis,
and the blue crabs, Callinectes sapidus and C. similis,
from the oil-exposed coastal Louisiana have become
more tolerant and better adapted to chronic petroleum
hydrocarbon pollution than populations of this
species from more pristine locations.

A second objective is to determine possible interac-
tions between prior exposure in the Gulf killifish, and
the blue crabs to the WSF of South Louisiana crude
oil with simultaneous exposure to hypoxic water.
How does the Gulf killifish and blue crab tolerance
of the WSF of South Louisiana crude oil vary as a
function of the level of hypoxia to which they are
exposed? Induced cytochrome P-450 enzymes will
require oxygen as a substrate in the metabolism of

aromatic hydrocarbons and previous studies have
indicated that the metabolic rate of fish exposed to
WSF of crude oil (Thomas and Rice 1979) exhibit
elevated metabolic rates at 30% of the 4 day LCy,
and 63% of the 21 day LC,, respectively. Since
killifish cannot tolerate depressed metabolic rates for
long when exposed to hypoxia there should be
competition for oxygen by the cytochrome P-450
system enzymes and the electron transport system
which will result in reduced tolerance of petroleum
hydrocarbons when also exposed to hypoxic sea-
water.

PROGRESS TO DATE

Progress to date with experiments performed and
measurements done is shown in Table 3C.2.

Hypoxia Exposure System and Bioassay

Tolerance to hypoxia has been measured so far for
the blue crabs, Callinectes sapidus and C. similis, and
the killifish, Fundulus grandis, collected from the
produced water site near Pass Fourchon. The hypoxia
exposure system consisted of four sets of 12 flow-
through aquaria. Two aquaria were assigned for each
experimental oxygen tension for each species. Each
experimental aquarium (38 liter) consisted of an
undergravel filter overlaid with oyster chips. Water
was pumped from a large filtration unit into each
aquarium by a peristaltic pump at a rate sufficient to
provide two exchanges per day. Target oxygen
tensions of 115, 90, 50, 25 and 0 torr (74%, 58%,
32%, 16% and 0% of air saturation and 5.47, 4.17,
231, 1.16, and 0 ppm dissolved oxygen) were
created and maintained by mixing bottled nitrogen
and oxygen with Matheson gas mixers (model
7402T) along with 0.03% carbon dioxide to maintain
the pH at approximately 7.8. Experimental conditions
(temperature, salinity, PO,, pH, ammonia) were
checked daily. Ammonium concentration never
exceeded 25uM. LC,, values were calculated for
each day using the Spearman-Karber technique
(Hamilton et al. 1977). Figure 3C.6 shows the LC,,
for all three species plus the southern oyster drill
from the produced water site.

Concentration of DNA, RNA and RNA:DNA ratio
was measured for each species exposed to constant
levels of hypoxia. DNA analysis was performed
according to the procedure developed by Munro and
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Table 3C.2. Experiments performed and measurements done.

Experiments Performed

Measurements Done

28 days hypoxic exposure on Callinects
sapidus,C. similis, Stramonita haemastoma and
Fundulus grandis

28 days starvation on C. sapidus, C. similis

28 days exposure to the water soluble fraction of

South Louisiana crude oil on C.similis from Port
Fourchon (polluted site) and C. sapidus from
Florida (pristine site)

—_ L N —

BN - W

Survival

Feeding rate
Growth
RNA:DNA ratio

Feeding rate for 3 days after 7, 14, 21 and
28 days of starvation

Metabolic rate after starvation and subse-
quent feeding

RNA:DNA ratio

Survival
Feeding rate
Growth
RNA:DNA ratio

Fleck (1966). RNA content of the pellet was deter-
mined using the modified Schmidt-Thannhauser
procedure recommended by Munro and Fleck (1966).

We did not observe any significant changes in the
concentration of DNA and RNA or in the RNA:DNA
ratio in the muscle tissue after 28 days of exposure to
constant hypoxia in the killifish. A slight increase in
the RNA synthesis activity was observed in the fish
exposed to the higher levels of hypoxic water.
Significant increase in the RNA and DNA concentra-
tion has been noticed in the liver tissue of killifish at
the more severe levels of hypoxia after 28 days of
exposure (Table 3C.3).

Starvation caused a higher RNA synthesis in killifish
after 7 days, which declined to the control level after
14 days. All the fish died after 14 days of starvation.
Analyses of DNA and RNA concentration due to
starvation in crabs and oyster drills are yet to be
performed. The liver tissue of killifish showed a
considerably higher concentration of DNA after 14
days of starvation. The concentration of RNA did not
change significantly after starvation.

Measurement of Oxygen Consumption
Oxygen consumption rates of the two species of

crabs and the oyster drills were measured using the
flow-through system described by Stickle er al.

(1985). Water was pumped via a submersible pump
from the appropriate dosing compartment through a
manifold, with excess water returned to a separate
reservoir via a return tube. Ten side ports from the
manifold were connected to separate flow-through
respiration chambers (250 ml) so that a blank
(control) chamber was placed at each end. Water was
pumped from the reservoir into the distribution
manifold at a low flow rate (~20ml/min). Two hours
were allowed between loading crabs and the initia-
tion of the respiration determinations to allow for
crab adaptation to the chambers. Oxygen consump-
tion in each chamber was calculated using the fol-
lowing equation:

ul O,. hr'! = % oxygen used by the crab *
flow rate (1. hr'') * 1000 * oxygen content in
water at that partial pressure.

Oil Exposure System

A flow-through oil extraction apparatus (developed
by National Marine Fisheries Services, Auke Bay,
Alaska) is being used to expose all the species to the
water soluble fraction of South Louisiana crude oil.
The apparatus (Figure 3C.7) consists of a oil genera-
tor made from a pvc pipe section (4" inside diameter,
3’ length) which is filled with pea gravel. The pea
gravel was sprayed with a mixture of equal volume
of heated South Louisiana crude oil (Eugene Island
Block) and pentane at different proportions to gener-
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ate a series of exposure concentrations. The oil was
heated previously at 85°C for 48h to remove the low
molecular weight fractions. After spraying the pea
gravel with equal volumes of oil and pentane mixture
it was air dried for 4-5 days. A reservoir located
above the oil generator feeds water through gravity
via an inlet located at the bottom of the oil generator.
The flow of water through the line can be controlled
by a needle valve. Water percolates through the
gravel and exits at the top through an outlet which
supplies the water into an aquarium.

In order to determine various concentrations used to
measure the tolerance of all three species we used
two different oil concentrations to spray the gravel.
Water was flowed through the four generators at two
different flow rates for 20 days. Water samples were
extracted with methylene chloride for water soluble
fraction of crude oil on day 4, 10 and 20 and were
analyzed for the aromatic fractions of hydrocarbon by
using High Performance Liquid Chromatography.
Individual aliphatic and aromatic components are
being analyzed at present. We have monitored the
tolerance of two species of crabs from Port Fourchon,
Louisiana (polluted site) and Turkey Point, Florida
(pristine site) to the water soluble fraction of oil. In
another experiment two species of crabs (Callinectes
sapidus and C. similis) were exposed to five different
concentrations of oil at a constant hypoxia (115 torr
oxygen or 74% oxygen saturation). All the crabs died
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within the first three days of the experiment at the
four higher oil dosage. About half of the crabs died
in the lowest oil concentration after three days. From
this experiment we can conclude that water soluble
fraction of oil and hypoxia in combination can be
fatal to the above two species of crabs. We are in the
process of planning an experiment at hypoxic expo-
sures representing 67% and 33% of the difference
between normoxia and the 28 day LC, for hypoxia
at various concentrations of the water soluble frac-
tions of South Louisiana crude oil.

PROBLEMS ENCOUNTERED

At the beginning of June there was an occurrence of
asbestos release in the basement of the Life Sciences
Building, at LSU, where all of our hypoxic and oil
exposure facilities are located. Since then the base-
ment was sealed off for almost three and a half
months for asbestos cleanup and subsequent renova-
tion of the air handling system. Therefore, we could
not perform any of the experiments planned for those
three and a half months.
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INTRODUCTION

The large number and extensive nature of offshore
structures in the northern Gulf of Mexico has un-
doubtedly influenced the marine environment and its
inhabitants. Past research has emphasized environ-
mental impacts of petroleum production, focusing on
the effects of discharges such as produced waters,
drilling fluids, and spills (Boesch and Rabalais 1987).
The ecological significance of habitat modification
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provided by the petroleum platforms is, however,
unknown, and much is left to speculation.

The placement of these structures has significantly
increased the available hard substrate within the area
(Reggio and Kasprzak 1991). Researchers have
estimated that natural reefs constitute only 1.6% or
2,571 km? (737 to 6,385 km?, 95% CL) of the total
substrate, which is dominated by clay, silt and sand,
from Pensacola, Florida, to Pass Cavallo, Texas
(Parker et al. 1983). Hard substrate provided by
petroleum structures is estimated to be 5,000 km?,
increasing available reef habitat by 78% to 195% in
the northern Gulf of Mexico (Gallaway et al. 1981).

Fish populations are thought to be limited by recruit-
ment, competition, available energy and habitat, and
predation (Menge and Sutherland 1987, Doherty and
Williams 1988, Bohnsak 1989, Bohnsak ef al. 1991).
The additional habitat provided by petroleum plat-
forms can potentially influence all of these processes.
Information on population dynamics acquired from
the measurement of fish assemblages associated with
offshore structures may help to determine whether
these structures aggregate prey or predators, or
provide critical habitat for reproduction and/or
survival of fragile life history stages.

Petroleum platforms are an important component of
recreational and commercial fisheries along the Gulf
Coast and have long been recognized as defacto
artificial reefs by fishermen. Petroleum platforms are
the destination of over 70% of all recreational fishing
trips in the Exclusive Economic Zone off coastal
Louisiana (Reggio 1987), and it is estimated that
30% of the recreational fish caught off Louisiana and
Texas coasts, approximately 15 million fish, are
caught near petroleum platforms each year (Avanti
1991). Although these resources are important to
fishermen, there is little information upon which
fisheries scientists can base management decisions.
This paucity of available information is primarily due
to the difficulty of sampling these habitats with
traditional fisheries sampling methods.

METHODS

Between 1990 and 1992 we conducted research in
cooperation with Mobil USA Inc. to demonstrate the
utility of the relatively new fisheries sampling tech-
nique, dual-beam hydroacoustics, in conjunction

with standard visual reef fish assessment techniques.
The purpose of this research was to document the
abundance, size distribution, and species composition
of fishes associated with a petroleum platform in the
northern Gulf of Mexico. Monthly dual-beam hydro-
acoustic and visual surveys were conducted from
September 1990 to June 1992 at petroleum platform
West Cameron 352 (WC 352), located approximately
80 km south of Cameron, Louisiana in a water depth
of 22 m (Stanley 1994).

RESULTS AND DISCUSSION

The coupling of two fisheries independent tech-
niques, dual-beam hydroacoustics and visual point
count surveys, provided the best description of the
fish population associated with a petroleum platform
to date. Fish size ranged from 2.5 cm to 1.1 m in
length and did not change significantly (P>0.01) with
depth or time of day, however, significant differences
were detected (P<0.01) between platform sides and
months (Figure 3C.8). Detected fish were smaller
during spring and summer, increased in size through
late summer and fall, and reached a maximum in the
winter. This pattern suggests recruitment of smaller
fish to the platform in the spring and summer, and
either growth of fishes remaining around the platform
or immigration of larger fish to the platform through
the fall and winter. Fish were consistently larger on
the south side of the platform and smallest on the
north and east sides.

Fish density around the platform was highly variable
with space and time. Fish density varied significantly
(P<0.01) with side of the platform as highest densi-
ties were found on the north and east sides. Fish
density also varied with depth; fish densities were
significantly higher (P<0.01) from 2 to 12 m than
from 16 to 20 m (Figure 3C.9). Perhaps the most
interesting results were the large and significant
changes (P<0.01) in fish density from month to
month. Monthly densities varied by up to a factor of
5 and did not appear to follow any pattern (Figure
3C.10). No change in fish density was detected over
24 hour periods. Fish density decreased significantly
(P<0.01) with distance from the platform. We calcu-
lated that the near—field effect of WC 352 on fishes
was 16 m from the platform. Fish densities were
greater from 2 to 16 m than from 16 to 72 m away
from the platform (Figure 3C.11).
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The total abundance of fish at WC 352 was estimated
based on the volume occupied by platform, the
near—field area of influence of the platform, and
densities of the associated fishes. Total abundance
estimates followed the pattern of density estimates
with high variation from month to month. Total
abundance estimates varied from 1988 £ 413 (+ 95%
CL) for January 1991 to a high of 28138 + 5532 in
February of 1992. The average number of fish around
WC 352 by month was approximately 12470 + 3251.

A total of 19 species were observed during visual
point count surveys with SCUBA divers or the ROV,
of these, seven species made up 97% of the fish
observed. The seven most common species were
Atlantic spadefish (Chaetodipterus faber), blue
runner (Caranx crysos), bluefish (Pomatomus
saltatrix), gray triggerfish (Balistes capriscus),
greater amberjack (Seriola dumerili), red snapper
(Lutjanus campechanus), and sheepshead
(Archosargus probatocephalus). The abundance of
individual species changed with time, as some
species (e.g. red snapper and blue fish) were most
abundant in the fall and winter while others (e.g. blue
runner) were more abundant during warmer months.
Economically important species such as red snapper,
greater amberjack and gray triggerfish constituted an
average of 21.2%, 2.4% and 0.2% of the fishes
around the platform. Averaged numerically there
were 2,644 + 689 red snapper, 299 = 78 greater
amberjack, and 25 + 7 gray triggerfish around WC
352 at any one time.

Based on this first study, we concluded that fishes
associated with the petroleum platform were highly
transient. While the fish may be dependent on the
structure for habitat, they exhibit migration to other
areas. The higher abundance of fishes detected at WC
352 than described during other studies was probably
due to our usage of dual-beam hydroacoustics that
did not influence fish behavior, was not limited by
visibility, and measured the entire area of influence
of the reef.

The obvious next step in determining the effect of
platforms on fish populations was to expand our
research efforts to gain insight into the fish commu-
nities around other platforms. We are using the
technology developed at WC 352 to study the fish
population around a platform in the Grand Isle lease
area (water depth 65 m) and a platform in the Green

241

Canyon lease area (water depth 225 m). This research
effort is being sponsored by the Coastal Marine
Institute with MMS funding and Mobil USA Inc. Our
objectives over the next several years are to:

1. measure the abundance, size distribution and
species composition of fishes at these sites;

2. determine the effect of temporal, physical and
environmental variables on abundance and size
distribution of fishes at the platforms;

3. define the near—field area of influence of each
platform.

Research began in July 1994, and preliminary results
will be available during 1995. Results from this and
future research will enable researchers and managers
better to understand how artificial reefs function in
the northern Gulf of Mexico and evaluate their
effectiveness as potential management tools. Since
the fisheries resources associated with petroleum
platforms are not currently included in management
plans, and given the current emphasis on reef fish
management, information collected from this work
may provide estimates of abundance and species
composition of fishes near petroleum platforms and
ultimately improve management of the resource.
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The overall objective of this work is to characterize
the biochemical reponsiveness of sea anemones for
use in environmental monitoring programs. To this
end we have examined specific known stress-related
parameters that can provide environmental managers,
researchers and regulatory agencies with: (1) sub-
lethal, early warning detection signals of environ-
mental stress; (2) a means of demonstrating, assign-
ing and delineating zones of ecological impact from
point- and nonpoint-source pollution; and (3) quanti-
fiable biomarkers of integrative stress load and
ecological health through characterization of bio-
chemical responses with high potential for assessing
the limits of natural and inadvertant stress.

A biomarker is a change in a biological response that
can be related to an exposure to, or toxic effect of, an
environmental chemical or chemicals (McCarthy and
Shugart 1990). Detection and evaluation of biological
changes caused by exposures to various chemicals
are of the utmost importance with respect to the
significance of contaminant exposure. In this regard,
certain biological changes can indicate exposure to



specific chemicals or adverse effects of exposures. A
biological response can range from molecular (bio-
chemical) reponses, through behavioral responses, to
changes in species composition affecting populations
and ecosystems (Table 3C.4).

Thus biomarker research at the biochemical, organ-
ism, population or communitiy levels is equally
valid. The use of biomarkers to assess the impact of
contaminants or natural perturbations, e.g. anoxia
associated with an increase in chemical or biological
oxygen demand, that are potentially hazardous to
biological organisms is under intensive investigation
throughout the world.

Biomarkers have potential for a number of applica-
tions that could benefit regulatory agencies. The use
of biomarkers might be envisaged on several levels:
(1) establishing cause associated with an observed
malady in organisms, populations or communities;
(2) documenting exposure to organisms including the
range and zones of delineation of that exposure; (3)
documenting the effects (reversible or irreversible)
caused by contamination to organisms, populations or
communities.

The basis of biomarker research may have its roots in
the biochemistry, physiology, behavior, systematics
and population dynamics of organisms. These inte-
grated relationships are illustrated in Table 3C.4 in
the context of the limits of understanding that bio-
marker research can provide. Thus, for any given set
of response parameters under any level of organiza-
tion (biochemical, organismic, population or com-
munity), there is an inverse heirarchy of the sensiti-
vity of the response and the ecological relevance of
the response. Thus, information on the ecological
relevance of a response may be at the sacrifice of
sensitivity and vise versa.

There are two major advantages of using biochemical
level changes as biomarkers of environmental con-
tamination 1) they are generally the first responses to
contamination that can be detected and quantified,
and 2) biochemical changes can reflect both exposure
and effect, i.e. a change in the biochemistry of an
organism upon exposure to a chemical is an effect. In
this presentation we examine the responsiveness of
two classes of proteins to organic and metal expo-
sures. The first class of proteins are those of the
cytochrome P450-dependent microsomal mono-
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oxygenases, a complex membrane-associated, multi-
enzyme family that is of critical importance in both
the detoxification and activation of xenobiotic chemi-
cals. A classical feature of cytochromes P450 in
many organisms is their induction by xenobiotic
chemicals. Induction of P450 by chemicals involves
de novo synthesis of mRNA and its translation to
P450 protein. This ability to be induced by chemicals
has prompted great interest in the characterization of
cytochromes P450 as potential biomarkers for envi-
ronmental pollutants (Stegeman ef al. 1992). The
other class is the stress proteins or heat shock pro-
teins, which are also induced by various chemical
agents and as well by other stress factors such as heat
or oxidative stress. There is growing evidence that
these proteins protect other proteins and nucleic acids
from environmental damage. Their usefulness as
biomarkers, therefore, are as determinants of the
degree to which the organism is trying to protetct
itself from environmental stress (Sanders 1990).

The present summary is of preliminary studies of the
cytochrome P450 and heat shock protein response in
certain species of sea anemones to the model poly-
cyclic aromatic hydrocarbon, 3-methylcholanthrene
and to Cd. All biomarkers of exposure and effect
ultimately have to meet two important criteria. First,
the response must be of sufficient sensitivity to be
detectable and quantifiable at environmentally
relevant exposure levels. Second, the biomarker
response must be sustained over time. Before such
criteria are met in field studies it is necessary first to
identify whether certain chemicals can indeed elicit
a biochemical response. To that end, initial studies
used acute exposures to concentrations of toxicant
that may be higher than in specific environmental
situations but are well below that which causes
noticeable stress at the organismic level.

Sea anenomes have several advantages as sentinels
for pollution exposure; they actually inhabit oil
platforms, are stationary (sessile), are ubiquitous and
perhaps most importantly, can be easily cloned in the
laboratory to generate genetically homogeneous
populations thus, eliminating genetic variability in
biomonitoring responses. Furthermore, because
anenomes have evolved to only the tissue level of
development, biochemical responses in this organism
reflect that of only a few cell types. By analogy, the
response would be similar to an organism with one
basic organ type. Thus, the whole organism is used
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Table 3C.4. Integrated relationships of biomarkers and levels of biological organization.

Biochemical Organismic Population Community

MFO behavior energy flow abundance
Response hsp growth interspecific diversity
Parameter interactions

SOD reproduction abundance

DNA survivorship
Response
Time hrs hrs/days weeks/mos/yrs mos/yrs

for biochemical assays rather than having to dissect
specific organs and characterize each within several
species. Sea anenomes in particular, through their
action of pumping water throughout their bodies, are
continually replenishing the body burdon and thus,
continually bioaccumulating pollutants.

Western blot (immunochemical) analysis of micro-
somal fractions on Aiptasia pallida, Anthapleura
elegantissima and Bunodosoma cavernata has been
studied to characterize the presence of specific
antigenic proteins in microsomes of these anemone
species. Anti-trout P450 LMC2 (CYP 2K1), a P450
isozyme involved in steroid and fatty acid metabo-
lism, recognizes a very intense band in sea anemone
microsomes (10 pg per well), at approximately 39
KDa in two of the species, i.e. Anthapleura elegan-
tissima and Bunodusoma cavernata. Aiptasia palluda
, contains a protein that is strongly recognized by
anti-LMC2 at about 67 KDa with a fainter band also
seen at about 50 KDa. Further, an antibody to ano-
ther trout P450 involved in sex steroid metabolism,
LMCS, does NOT recognize a 39 nor a 67 KDa
protein in these anemones. However, a 31 KDa band
is recognized by anti-LMC5, although it is much
fainter, even with a load of 33 ug per well, then we
see with 10 ug per well with anti-LMC2. Anti-LMC2
also recognized a doublet in rat liver microsomes in
the 50 KDa range, i.e. the expected range for cyto-
chrome P450. These data suggest very unique pro-
teins in sea anemones with epitope regions similar to
those of higher vertebrates, e.g., fish and mammals.

Future studies will focus on the responsiveness of
these proteins to xenobiotic challenge.

Analyses of cytosolic fractions were conducted to
assess the presence of possible stress or heat shock
proteins in these organisms. Results of these studies
will help to focus on target proteins as potential
biomarkers of environmental contamination. Expo-
sure of anemones to the model polynuclear aromatic
hydrocarbon, 3-methycholanthrene (3MC) and
cadmium caused an increase in a protein band of
approximately 70KDa which was recognized in
anemone cytosolic fractions by a monoclonal
anti-Heat Shock Protein 70 IgG (Figure 3C.12).

As far as we know, this is the first demonstration of
induction by a polycyclic aromatic hydrocarbon and
cadmium in the sea anemone. A protein of about
90KDa that cross-reacted with a monoclonal anti-
heat shock protein 90 IgM was also present in
anemone cytosol (data not shown), although this pro-
tein did not appear to be induced by exposure to
either 3MC or cadmium. A striking result was the in-
duction of an immunoreactive protein band of about
90 KDa by exposure to 25 and 250 pg/liter of CdCl,
that was recognized by a monoclonal antibody raised
against scup CYP 1A1. Cadmium also induced a pro-
tein of about 96 KDa that was recognized by a trout
polyclonal antibody to CYP 3Al. This isoform is
steroid-inducible in mammals. Further studies will
explore effects of metal exposure on these proteins.
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Figure 3C.12.  Western blot of 4. elegantissima cytosol probed with anti-HSP-70 IgG: Induction by 3MC.

Finally, we have measured and characterized the
presence of a ferricytochrome c reductase activity in
the microsomal fraction of the sea anemone Antha-
pleura xanthogramica (Figure 3C.13). This protein is
a rate-limiting component of the microsomal mixed
function oxygenase system and to date the only MFO
component shown to be induced by environmental

organic pollutants in marine invertebrates
(Livingstone 1988).

In conclusion, sea anemone species show significant
potential as sentinel organisms with respect to
biological endpoints. Although biochemical
responses are the most rapid to obtain and the most
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Figure 3C.13

NAD(P)H-cytochrome c¢ reductase activity of 4. xanthogramica microsomes.
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sensitive, it is recognized that they are of limited
ecological relevance. Thus, a suite of biomarkers
would promote the most comprehensive evaluation of
the impact of environmental upsets, whether natural
or inadvertant. This is important if regulatory
agencies are to be able to assess the impact of
ecological perturbations on the higher levels of
ecosystem development such as the population or
community level. Conversely, ecosystem diversity
has highly ecological relevance but suffers
disadvantages in the time-frame to collect
information and in the sensitivity of the resp