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Executive Summary

These conditions involve biological, oceanographic, political, commercial, dip-
lomatic, technological, marketing, academic, economic, and personal relations
factors, many of which I do not understand. I’ve come to the conclusion that
nobody else understands all these factors and the interrelations either. There-
fore, at every opportunity I seek to thrust together people who have specialized
knowledge of one or more of these factors, to the end that they, jointly can
produce decisions and conclusions bearing on this objective that are more sound
and practical than those produced by any one individual.

—Wilbert McLeod Chapman, 1949!

Coastal regions provide the country with valuable natural resources, recre-
ational areas, and prime property for commercial, industrial, and residential de-
velopment. Over half of the nation’s population lives in coastal counties compris-
ing less than one-fifth of the total land area; and growth in these communities is
projected to continue at a rapid pace. Nearly 14,000 new housing units are built in
coastal counties every week (NOAA, 1998). Coastal counties account for at least
30% of the gross national product for the United States (Culliton et al., 1990),
with the cumulative impact from commercial fisheries alone accounting for over
$50 billion (U.S. Department of Commerce, 1992). Population pressures have led
to the drainage of wetlands and loss of habitat, increased the levels and transport

lwilbert McLeod Chapman, California’s top fishery officer in 1949, in reference to the initiation
of the California Cooperative Oceanic Fisheries Investigations, a regional fisheries research initia-
tive (Scheiber, 1990).
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2 BRIDGING BOUNDARIES THROUGH REGIONAL MARINE RESEARCH

of nutrients and toxic chemicals into the marine environment, increased shoreline
erosion, facilitated the introduction of destructive non-native species, and de-
pleted natural resources. Policymakers are challenged with the competing de-
mands for economic development, mitigation of natural hazards, protection of
public health and safety, environmental protection, habitat restoration, and the
sustainable use of fisheries and other living resources. The declining health of
marine and estuarine ecosystems and the subsequent loss of their economic ben-
efits due to human alterations of the coastal environment has made meeting these
challenges more urgent. The protection and restoration of these ecosystems will
require research to support ecosystem-based management and sustained monitor-
ing of environmental indices to evaluate the impacts of human activities and
understand natural variability.

One obstacle to satisfying this need for research and monitoring is that the
boundaries of ecosystems do not conform to political divisions at the local, state,
or national level. In contrast, regional features of ecosystems, such as coastal
ocean currents, estuarine habitats, and drainage basins, do affect management
decisions at a local level. Hence, what at first appears to be a local problem
frequently cannot be resolved without the benefit of a regional perspective. For
example, the mitigation of the effects of oxygen depletion in bottom waters on
the Louisiana shelf may require the development of a nutrient management strat-
egy for the entire Mississippi River watershed. Resolution of these types of
problems requires regional approaches to provide coordination across jurisdic-
tional boundaries to address the larger scale scientific concerns of interest to
government agencies, academia, public interests, and industry.

Recognition of the regional nature of marine and coastal ecosystem pro-
cesses has increased the focus on the need for regionally organized research
programs. The mismatches between the functional size and complexity of marine
ecosystems and the fragmented authority for coastal research and resource man-
agement among state and federal agencies have resulted in largely uncoordinated,
sector-by-sector management (e.g., fisheries vs. coastal zone management), mul-
tiple levels of governance, and geographically and topically constrained research.
An additional impediment has been the tradition in scientific research that re-
wards narrowly focused and discipline-driven research, an approach that is in-
compatible with the scale and interdisciplinary nature of coastal environmental
issues. Because most coastal states have jurisdiction over ocean areas smaller
than the regional scales of the environmental issues they must address, regional
marine research programs are needed to bridge the gap between state and federal
activities and to support the development of ecosystem-based approaches to man-
aging coastal resources.

Historically, most regional-scale programs have been instituted in response
to specific environmental or resource issues. For example, the California Coop-
erative Fisheries Investigation (CalCOFI) program was initiated in 1949 in re-
sponse to the collapse of the sardine fishery. As appreciation of the interdiscipli-
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EXECUTIVE SUMMARY 3

nary and multidimensional character of environmental issues has increased, there
have been attempts to address regional needs more directly. One of these, the
Regional Marine Research Program (RMRP), was established by Congress in
1990 to provide a mechanism to fund coastal marine research based on region-
ally-defined priorities. The RMRP legislation established a system of nine re-
gional marine research boards around the United States. Each board was respon-
sible for planning marine research to address issues of water quality and
ecosystem health on a regional scale. Although all nine regions received funding
for planning activities and development of a research plan, only the Gulf of
Maine RMRP received funding for program implementation. The completion of
the Gulf of Maine program, in 1997, presents an opportunity to evaluate whether
the process for planning and managing the Gulf of Maine research was adequate,
whether the research fulfilled the goals of the program, and whether this experi-
ence should serve as a model for similar regional programs elsewhere.

The sponsors of this report included the National Sea Grant Program, the
Gulf of Maine RMRP, and the Coastal Ocean Program (COP) of the National
Oceanic and Atmospheric Administration (NOAA). Ronald Baird, director of the
NOAA National Sea Grant College Program, requested that the Ocean Studies
Board of the National Research Council undertake a study of the RMRP, with a
specific review of the Gulf of Maine program. At the request of the COP, the
scope of the study was increased to include other models for regional marine
research, including regional programs developed by the COP. The committee
assembled by the National Research Council was specifically tasked to:

1. assess the need for regional marine research,

2. review processes by which regional marine research needs can be de-
fined, and

3. discuss existing programs for regional marine research in the United
States.

The study committee was asked to identify short- and long-term approaches
that might be taken by NOAA (alone or in cooperation with other agencies) to
conduct regional marine research. The Gulf of Maine RMRP and one or more
similar programs at NOAA, EPA, and NSF were identified as case studies in the
examination of the three issues described above.

EVALUATION OF REGIONAL MARINE RESEARCH PROGRAMS

The committee examined several models for regional marine research and
evaluated their performance to identify effective components of past or existing
programs that should be integrated into future regional programs. The scope of
this study was insufficient to examine all regional marine programs; but at the
request of the sponsors, the committee used two NOAA programs as case studies:

Copyright © National Academy of Sciences. All rights reserved.
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4 BRIDGING BOUNDARIES THROUGH REGIONAL MARINE RESEARCH

* the Gulf of Maine RMRP (GOM-RMRP), established in 1990 and termi-
nated in 1997, and

* the Nutrient Enhanced Coastal Ocean Productivity (NECOP) program in
the Northern Gulf of Mexico Program, established in 1989 and terminated in
1996.

The GOM-RMRP and NECOP programs provide contrasts in the identifica-
tion, planning, and funding of regional research. The GOM-RMRP is an example
of a nationally mandated, regionally organized, and regionally implemented re-
search program run through the state Sea Grant offices, whereas NECOP is an
example of a regionally implemented program organized at the national level
through the COP of NOAA.

Gulf of Maine Regional Marine Research Program

The RMRP legislation emphasized the involvement of scientists and resource
managers in setting research priorities and in coordinating regional monitoring and
research. In the Gulf of Maine, researchers and managers formed associations that
expedited the efforts of the regional marine research (RMR) board in developing the
research plan. Research priorities were identified through a series of workshops held
under the auspices of the Regional Association for Research on the Gulf of Maine
(RARGOM), a regional association of researchers, and the Gulf of Maine Council, a
regional association of coastal zone managers.

The Gulf of Maine research plan was funded directly through federal legisla-
tion and implemented through the Sea Grant College Program. The plan identi-
fied contaminant transport and causes of noxious algal blooms as the top research
priorities. Although significant progress was made toward developing circulation
models for the Gulf of Maine and understanding the processes that result in algal
blooms, the lack of funding for the last half of the 10-year program decreased the
scope of the research and limited the opportunities for synthesis and analysis.
The history of the GOM-RMRP highlights the need for a long-term commit-
ment to regional marine research planning and implementation by federal
and state agencies.

Nutrient Enhanced Coastal Ocean Productivity Program

The COP of NOAA conducted NECOP as an initiative under the theme of
Coastal Ecosystem Health. The goal of NECOP was to “improve the environ-
mental quality of coastal waters by predicting the harmful effects of nutrient
over-enrichment” (NOAA, 1991). The program was originally envisioned to ex-
amine nutrient-enhanced productivity in several coastal regions, but funding was
only available for the first site selected, the northern Gulf of Mexico (NRC,

Copyright © National Academy of Sciences. All rights reserved.
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1994a). NECOP played a major role in bringing the problem of bottom water
hypoxia on the Mississippi shelf to the attention of resource managers and the
public. However, the program suffered from several initial design problems.
These included the failure to address regional processes adequately, such as the
effects of winds and coastal currents on the river plume, and the poor coordina-
tion of the program with the Louisiana-Texas Shelf Physical Oceanography Pro-
gram (LaTex), a study of circulation in the northern Gulf of Mexico that was
sponsored by the U.S. Minerals Management Service (MMS; NRC, 1994b).
These problems illustrate the need for regional cooperation and coordina-
tion in planning research activities and demonstrate the value of thorough
scientific planning and review.

The committee discussed several other programs with a regional focus that
provided useful comparisons with the two case studies described above. One of
these, the Long Term Management Strategy (LTMS) for San Francisco Bay, was
organized to address the problem of dredged material disposal. The program
created a new administrative structure to ensure the involvement of numerous
government agencies and interested parties. Because no such structure existed
prior to the initiation of this effort, substantial time and financial investments
were needed to develop a consensus plan that resolved conflicts over this com-
mercially vital, but environmentally threatening activity. The history of the
LTMS demonstrates the value of having regional associations in place to
facilitate resolution of controversial and complex environmental problems.

In Chesapeake Bay, the Land Margin Ecosystem Research (LMER) program
demonstrated the benefits of sustained environmental monitoring. Before the LMER
was initiated, a monitoring program had been established by the multiagency,
multi-state Chesapeake Bay Program (CBP). The LMER program, sponsored by
the National Science Foundation (NSF), had goals similar to NECOP, in that it
addressed the role of ecosystems in modulating the fluxes of materials between
terrestrial and oceanic systems. However, the LMER benefited from the monitoring
program of the CBP. This monitoring program provided the larger-scale obser-
vational framework needed to discern the influence of human activities from
interannual environmental variability.

KEY ELEMENTS OF REGIONAL MARINE RESEARCH

This report describes the key elements of an effective program for regional
marine research based on the committee’s review of several regional programs.
These elements form the foundation for designing a coherent and comprehensive
strategy of research and monitoring that addresses environmental issues at the
local, state, and regional levels, with oversight and coordination at the national
level.

Copyright © National Academy of Sciences. All rights reserved.
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6 BRIDGING BOUNDARIES THROUGH REGIONAL MARINE RESEARCH

Addressing Societal Needs

Regional marine research requires integrated programs of research and sus-
tained observations to provide results that are responsive to the needs of both
scientists and managers. Regional research should improve predictive capability
through generalizations obtained by comparative analysis of coastal ecosystems.
It should also enable timely assessment and mitigation of local problems that
reflect change or variability occurring over long periods of time and large geo-
graphic areas. These goals may be accomplished through:

1. Community Involvement. Scientists, resource managers, policymakers, and
other stakeholders should be engaged in setting research priorities, planning,
implementation, program evaluation, dissemination of research results, and pub-
lic education. Effective means for ensuring the exchange of information among
scientists, managers, and the public should be established.

2. Data Collection and Management. Procedures need to be established for
quality assurance, timely dissemination, and archiving of data. Observing systems
should be linked to hypothesis-driven research to improve monitoring and to de-
velop a predictive understanding of environmental phenomena. Potential products
might include: circulation models to help predict the dispersion of pollutants or the
transport of fish larvae; ecosystem models to help assess the impacts of nutrient
run-off and predict episodes of anoxia; and establishment of environmental
baselines to allow early detection of a disturbance, such as a toxic algal bloom or
the collapse of a fish or marine mammal population. Information gathered from
these studies should be communicated through workshops with researchers, man-
agers, policymakers, and other interested members of the community, websites
containing accessible databases, and peer-reviewed journal publications.

3. Effective Use of Expertise. It is important to ensure that policymakers and
managers are informed of the current state of knowledge, the limits of the re-
search, and the risks and uncertainties of management actions. Regional pro-
grams should enhance resource managers’ capacity to assess ecosystem health
using scientifically-sound research and monitoring strategies. Sustained research
and monitoring will provide the context and organizational structure for a rapid
and coordinated response to unanticipated events and will support adaptive man-
agement strategies through assessment of the effectiveness of environmental poli-
cies and development of alternative approaches.

Developing Programs for Regional Research

Regional marine research initiatives are most successful when they combine
bottom-up and top-down approaches to program development and implementa-

Copyright © National Academy of Sciences. All rights reserved.
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tion.2 Bottom-up identification of research needs ensures relevance and gathers
the support of the user communities, while top-down coordination ensures the
sharing of information and technologies among different regions and facilitates
the establishment of common standards for data collection and management.
Three elements for enabling regional marine research were identified:

1. Develop public and political awareness of the need for regional scale
programs. Regional programs fill a niche between state and federal programs and
their success depends on the long-term commitment and cooperation of agencies
at both levels of government. Consequently, proponents of regional marine re-
search need to articulate the benefits of regional approaches and develop sus-
tained public and political support. Regional research typically requires substan-
tial effort to coordinate programs and funds to support long-term projects across
large areas. Therefore, advocates should explain the need for a regional approach
to understand and manage challenges such as fisheries declines, habitat degrada-
tion, shoreline erosion, and water pollution.

2. Coordinate efforts between government agencies at the local, state, and
federal level. Regional research addresses the intersecting needs of state and
federal agencies, but there is no governance structure that facilitates bottom-up
planning and top-down coordination of research at this scale. NOAA and the
other federal agencies that support research in coastal and marine areas currently
do not have the programmatic commitment to perform this role. Hence, a mecha-
nism is needed for coordination of research between the various state and federal
agencies to ensure that their various scientific priorities and management mis-
sions are melded into a cooperative, integrated program. To be effective, the
administration of this effort will require leadership to ensure the quality of the
research and the productive coordination of regional and national programs.

3. Develop a strategy for assuring support that is predictable and commen-
surate with the scale of the program. Funding must be sustained and predictable
for the potential benefits of a regional-scale research program to be realized.
However, responsibility for research and monitoring in coastal ecosystems is
divided among multiple agencies and levels of government making it difficult to
support integrated regional-scale programs. The committee identified three alter-
native mechanisms to help overcome this barrier:

* Dedicated funding coordinated through a lead agency responsible for
leadership, budgeting, and allocation of funds. Oversight would be provided by

2 “Bottom up” refers to the broad spectrum of users in the target region and “top-down” refers to
the program offices in the relevant federal agencies.
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an interagency committee and, possibly, a federal advisory committee to provide
advice from non-federal user groups. The RMRP, where NOAA was the lead
federal agency, provides one possible model for this approach.

* Multiagency funding committed through an interagency Memorandum of
Agreement (MOA) and coordinated by an interagency committee. In this model,
funds would be allocated by the individual agency based on programmatic rel-
evance.

» Establishment of a pool of funds provided by participating agencies to be
distributed by an interagency program. The interagency office would operate
through a host agency under guidelines and procedures for allocation of funds
determined by a steering committee.

Implementation of these last two funding options requires an interagency
program. A partnership of federal government agencies has recently been estab-
lished, the National Ocean Partnership Program (NOPP), which provides one
potential model for this type of interagency program. NOPP is a new program
whose role is to integrate national efforts and coordinate national investments in
ocean research and education. Although it has potential, NOPP is too recent an
initiative to know whether the multiple agencies will succeed in coordinating
their efforts and developing sufficient resources to address the organizational
needs of regional marine research programs.

Implementation of any of the funding mechanisms described above will
require coordination through one agency at the national level. The federal agency
with the broadest mandate for marine environmental research is NOAA; hence
NOAA should provide the leadership necessary to develop regional marine re-
search efforts of the type recommended in this report. Although many NOAA
programs currently have a coastal component, no one office is an obvious choice
for implementing a plan for regional research. Therefore, the committee recom-
mends that senior management at NOAA designate an office to assume this
responsibility. Leadership through one office is needed to meet the challenges in
planning and implementing regional programs and to provide direction, coordi-
nation, and oversight of regional marine research.

Finally, programs for regional marine research should ensure that research
support is allocated based upon peer review by impartial and unconflicted ex-
perts; and that the process is open to public scrutiny. Also, research should be
supported through federal-state partnerships, requiring matching funds from states
within the region of concern. Regional marine research programs must be de-
signed to serve the multiple needs of science education, basic research, and the
application of scientific information to the solution of environmental manage-
ment challenges in our coastal ecosystems.
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Region, n. A part of the earth’s surface (land or sea) of considerable and usually
indefinite extent.

—Random House Dictionary of the English Language (unabridged)

... A region is the next larger-scale system with influence on our own local
field of study.

—Scott W. Nixon, 1996

The combined effects of global climate change and human alterations of the
environment are expected to be especially pronounced in the coastal zone where
human population density is increasing most rapidly. Detecting, assessing, pre-
dicting, and mitigating these effects require interdisciplinary and multidimen-
sional approaches to environmental research and management. This type of re-
search and management is also needed for understanding and dealing with natural
processes that affect coastal communities, such as storm surges; beach migration;
and fluctuations in the salinity and oxygenation of estuarine waters. However,
programs that have been established to enable environmental research and apply
new scientific knowledge are too often uncoordinated at all levels of government,
sometimes even within agencies (Carnegie Commission on Science, Technology,
and Government, 1992). Consequently, the potential for unnecessary duplication
exists; programs are too limited in scope; gaps and a lack of synthesis between
studies occur; and funding levels are insufficient to achieve the goals of the
respective programs (NRC, 1990a; Malone and Nemazie, 1996). The mismatch

9
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between the problems in coastal ecosystems and the government bureaucracies
concerned with environmental research and stewardship of natural resources is
exacerbated by the overlapping missions of local, state, and federal agencies and
the complexity of this transition region where the land meets the sea (Carnegie
Commission on Science, Technology, and Government, 1992). These realities
confound the already difficult tasks of defining priorities for environmental re-
search and stewardship, and developing public and political support for these
priorities.

Regionally-organized programs of research and management, which are not
compromised by artificial political or disciplinary boundaries, show promise in
helping to address this problem. Recently, there have been a number of attempts
to establish such programs as a means of meeting societal needs more effectively.
The National Sea Grant and the Coastal Ocean Program (COP) offices in the
National Oceanic and Atmospheric Association (NOAA) asked the Ocean Stud-
ies Board (OSB) of the National Research Council (NRC) to assemble a commit-
tee to review regional marine research programs in general, and two programs in
particular: (1) the Gulf of Maine Regional Marine Research Program (GOM-
RMRP), established in 1990 and terminated in 1997, and (2) the Nutrient En-
hanced Coastal Ocean Productivity (NECOP) program in the Northern Gulf of
Mexico, established in 1989 and terminated in 1996. The committee was charged
to assess the need for regional marine research, review processes by which re-
gional marine research needs can be defined, and discuss existing programs for
regional marine research in the United States. The GOM-RMRP and other simi-
lar programs at NOAA (specifically NECOP), EPA, and NSF were identified as
case studies for the examination of these issues. The committee was also asked to
identify short- and long-term approaches that might be taken by NOAA (alone or
in cooperation with other agencies) to conduct regional marine research.

In addition to the two case studies, GOM-RMRP and NECOP, many other
marine research programs with a regional scope have been launched in recent
years. This study was initiated to focus on these two NOAA programs, but other
regional programs that have addressed similar issues relating to water quality and
ecosystem health are briefly examined to provide a broader context. The com-
mittee’s review includes less detailed examinations of: (1) National Estuary Pro-
gram (NEP), (2) the Coastal Ocean Processes program (CoOP), (3) the National
Sea Grant Program, (4) the Pacific Northwest Coastal Ecosystems Regional Study
(PNCERS), (5) the Land-Margin Ecosystem Research (LMER) Program, (6)
Long-Term Management Strategy (LTMS) for San Francisco Bay, and (7) the
Global Ocean Ecosystem Dynamics (GLOBEC) program.

The committee, a multidisciplinary mix of environmental scientists and man-
agers, with expertise in oceanography, biology, engineering, and resource and
coastal zone management (Appendix A) prepared this report over a period of six
months. During this time, the committee made two site visits to meet with re-
searchers and managers involved in regional programs. The first meeting was
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held in New Orleans to examine NECOP and other Gulf of Mexico programs,
and the second was held in Boston to consider the GOM-RMRP and related
activities (Appendix B).

The report is organized to address the issues outlined in the charge to the
committee described above. This introductory chapter concludes with a descrip-
tion of the coastal environment and related issues of environmental stewardship
that are intended to provide a perspective for a regional approach to coastal
marine research. Chapter 2 explores the rationale for regional marine research
programs by defining the environmental problems and identifying the value of a
regional approach to these problems. Chapter 3 describes the various processes
used to define regional needs and to set priorities for regional-scale research
programs. Chapter 4 reviews existing and past regional marine research, includ-
ing detailed case studies of NECOP and the GOM-RMRP. Barriers and con-
straints on regional research programs are presented in Chapter 5. Finally, Chap-
ter 6 contains the committee’s conclusions and recommendations for approaches
that may be taken to address regional marine research needs.

THE NATURE OF ENVIRONMENTAL PROBLEMS
IN COASTAL ECOSYSTEMS

The coastal marine environment is a mosaic of complex interacting ecosys-
tems that include rocky intertidal shores, tidal wetlands, estuaries, bays and
sounds, and the open waters of the continental shelf. In addition to their heteroge-
neity, coastal ecosystems differ from terrestrial and oceanic systems in at least
four important respects (Chelton et al., 1982; Steele, 1985; Powell, 1989; NRC,
1994b; Cloern, 1996):

* They are typically constrained by irregular coastlines and a shallow, highly
variable bathymetry. Proximity to land and the interaction between benthic and
pelagic communities promotes cycling of nutrients and enhances the capacity of
coastal ecosystems to support living resources.

* They are subject to convergent inputs of materials and energy from terres-
trial, atmospheric, oceanic, and anthropogenic sources that vary over a broad
range of time-space scales. In addition to the combined inputs of natural pro-
cesses (e.g., solar radiation, tides, winds, atmospheric deposition, freshwater flows
from land, and ocean currents), a wide range of human activities also impact the
coastal ecosystem.

* Populations of organisms and processes in coastal ecosystems are more
variable on smaller space- and shorter-time scales than is typical of either the
open ocean or terrestrial ecosystems.

* Coastal areas support a disproportionate fraction of the human popula-
tion. It is projected that by the year 2025, 75% of the world’s population will live
within 120 miles of the coast (Hinrichsen, 1998). This population density reflects
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TABLE 1-1 Prominent Natural Perturbations and Anthropogenic Stresses and
Associated Indicators of Change in Coastal Aquatic Ecosystems

Perturbation or Stress

e Storms and other extreme weather: variations in wind and precipitation, freshwater
runoff and groundwater discharge, waves and storm surge.

e Climate change: long-term trends in temperature, sea level, and regional weather
patterns.

* Physical restructuring of the environment: e.g., land-use, alteration of freshwater flow
patterns, dredging, port construction.

* Nutrient mobilization and nutrient enrichment of coastal waters.

¢ Chemical contamination of soil, air, and water.

» Exploitation of living resources.

* Introductions of non-indigenous (exotic) species.

Indicators of Change

* Accumulations of algal biomass and harmful algal blooms.

* Oxygen depletion.

¢ Fish kills, mass mortalities of birds and mammals.

* Temperature increase and sea level rise.

» Saltwater intrusion into rivers and groundwater.

* Flooding and coastal erosion.

* Increased susceptibility to natural hazards, loss of property and human life, and higher
insurance rates.

* Habitat loss: e.g., losses of wetlands, sea grass beds, coral reefs.

* Diseases and accumulations of chemical contaminants in marine organisms.

* Growth of non-indigenous species.

¢ Loss of biodiversity.

* Decline and loss of living resources.

» Socioeconomic instability and public health hazards.

the rich natural resources, transportation hubs, jobs, and desirable living condi-
tions found in these areas.

Although many of the changes that are occurring in coastal ecosystems
(Table 1-1) appear to be directly or indirectly related to human activities, the rates
and magnitudes of such changes reflect the combined effects of natural perturba-
tions and anthropogenic stresses (NRC, 1994b). In its review of the status and
future of oceanography, the NRC concluded that two high priorities for the ocean
sciences are studying the roles of the ocean in climate change and the dynamics
of coastal ecosystems (NRC, 1992). More recently, the NRC identified improv-
ing the health and productivity of coastal oceans, sustaining ocean ecosystems for
future generations, and predicting climate variations over a human lifetime as the
three broad areas of research that “present great opportunities for advances in the
ocean sciences and will lead to concrete improvements for human life on this
planet” (NRC, 1998). In summary, both of these reports emphasize that:
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The challenges of sustaining living marine resources, protecting and restoring
ecosystem health, mitigating natural disasters, and safeguarding public health
require substantial advances in our basic understanding of how such perturba-
tions are expressed within and propagated among coastal ecosystems.

Substantial advances cannot be achieved in the absence of a regional per-
spective. The effects of natural perturbations and anthropogenic activities occur-
ring in local ecosystems must be considered in the context of larger-scale changes
in ocean circulation, climate, and land-use practices to develop a predictive un-
derstanding of the causes and consequences of environmental variability and
change.

The perturbations, stresses, and indicators of change listed in Table 1-1 are
occurring on local to regional scales in coastal waters worldwide. They are glo-
bally ubiquitous, indicating profound changes in the capacity of coastal ecosys-
tems to support living resources. They reduce the value of the coastal zone to the
national economy by reducing fishery yields, increasing living expenses, and
escalating susceptibility to natural hazards. In the absence of scientific under-
standing of coastal ecosystems and how they are affected by both anthropogenic
and natural forcings, it will become more difficult to solve or avoid environmen-
tal problems.

Without the ability to distinguish natural variation from human impacts, the
formulation and implementation of environmental policies becomes increasingly
controversial. Hence, the nation’s highest research priorities must include docu-
mentation and prediction of the effects of natural processes and human activities
on coastal ecosystems.

RESOURCE AND ENVIRONMENTAL MANAGEMENT
IN THE COASTAL ZONE

As human populations and activities increase in the coastal zone, the com-
bined effects of global climate change and human alterations of the environment
are expected to be especially pronounced in coastal areas, in part as a conse-
quence of the convergent effects of inputs from land, sea, air, and people dis-
cussed above. It is here that the problems of sustaining living resources, protect-
ing and restoring ecosystem health, mitigating natural disasters, and protecting
public health will become most pronounced over the next several decades.

In the 1970s, the enactment of federal environmental laws (e.g., Clean Water
Act and its amendments; the Marine Protection, Research, and Sanctuaries Act;
Fishery Conservation and Management Act; Coastal Zone Management Act; the
Endangered Species Act; and the Marine Mammal Protection Act) launched a
more national approach to the protection and restoration of living marine re-
sources and habitats. These legislative mandates typically employed a command-
and-control approach, with oversight and enforcement by federal agencies and

Copyright © National Academy of Sciences. All rights reserved.



Bridging Boundaries through Regional Marine Research
http://lwww.nap.edu/catalog/9772.html

14 BRIDGING BOUNDARIES THROUGH REGIONAL MARINE RESEARCH

implementation by state agencies. Reduction in point-source pollution, creation
of marine resource inventories, recognition of estuaries of national significance,
and development of coastal management plans represent some of the milestones
of these programs.

Despite the efforts and progress by federal, state, and local government
agencies, the degradation of coastal waters and resources continues. There are
indications that the incidences of harmful algal blooms, zones of hypoxia, con-
taminated shellfish, and population declines of fish species may be increasing
(Table 1-1), with significant consequences to public health, regional economies,
and the capacity of coastal ecosystems to support living resources and many
human activities. Polluted runoff, municipal and industrial pollution, contami-
nated sediments, and habitat fragmentation and degradation continue to pose
management challenges. Today, resource managers struggle to identify and ac-
quire the scientific information needed to improve the decisionmaking process in
order to protect and restore affected marine ecosystems. Currently, coastal and
ocean programs at all levels of government vary in their capacity to acquire,
synthesize, use, disseminate, and maintain technical and scientific information.

Resource management programs are now shifting from a command-and-
control approach to a community-based decisionmaking model that requires
greater public understanding of ecosystems and their processes (Kazancigil,
1998). In 1998, the federal government launched the Clean Water Action Plan
(CWAP; DOA et al., 1999) intended to comprehensively protect and restore
valuable water resources and aquatic habitats into the 21st century. The CWAP is
based on the watershed approach and is intended to respond to specific resource
management problems within individual watersheds (DOA et al., 1999). For
managers to make decisions based on this approach, a greater understanding of
coastal ecosystems will be required. An integrated, regionally relevant marine
research program may be one vehicle for providing the necessary framework of
creditable scientific and technical support for management. The regional ap-
proach not only provides a more effective means to observe, analyze, and predict
environmental change in local ecosystems, but also provides an opportunity for
community involvement, which is needed to build the support and capacity for a
sustained, successful program.
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Regional Marine Research, Why Do It?

The United States contains thousands of regions, from area codes to climate
zones, that have been defined for various purposes by many groups. For the
purposes of this report, region is defined as the next larger scale of organization
in time and space required to understand the local scale of interest (Powell, 1989;
Lee, 1993; Nixon, 1996). It must be emphasized that regional research is not
simply large-scale research, and that the argument for doing regional research
does not imply that smaller systems are so well understood that it is time to move
on to larger systems. As concisely expressed by Nixon (1996):

The concept of ‘region’ implies an awareness of, and an interest in, functional
linkages among systems . . . once we have quantified the influence of larger
scale processes and events, we will be in a better position to make useful pre-
dictions about the future state of our local ecosystem of primary concern.

Assessing and understanding the effects of natural perturbations and anthro-
pogenic stresses on coastal ecosystems requires a regional perspective that links
larger-scale changes in ocean circulation, climate, and land-use practices to local
changes in coastal marine ecosystems. Although some programs are regional, as
defined by the size of the area that is under investigation, a special feature of
many regional programs is the ability to fill the gap between local and global
scale studies. In this context, a major purpose of regional marine research is to
determine how events are propagated from one scale to another and then to
predict the consequences of these events.

15
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LINKING LOCAL AND GLOBAL SCALES

Multidisciplinary research on ecosystem processes (e.g., biogeochemical
fluxes, nutrient cycling, and trophic dynamics) is typically limited in duration and
spatial coverage. Although satellites have provided observations of oceanic vari-
ables (e.g., sea surface temperature, surface waves and currents, and ocean color)
at a global scale, the properties that can be measured are typically limited to the
ocean surface and the resolution is generally not sufficient for local studies in
near-shore regions. Rarely do we ask the question: what are the largest and
smallest scales that must be observed to capture most of the variance of the
properties of interest (Powell, 1989)? Regional marine research and monitoring
provide the means to bridge the gap between local process studies and global-
scale observations.

Large spatial scales tend to be associated with long time scales and greater
ecological complexity, and small scales tend to be associated with short time
scales and less ecological complexity (Malone and Botsford, 1998). Even when
events or processes must be studied at one spatial scale, their effects propagate to
influence outcomes of societal importance on smaller and larger scales. For ex-
ample, the process by which a larval fish finds its first meal occurs within a
volume encompassing cubic millimeters to centimeters, requiring the analysis of
small-scale distributions of larvae and potential food. Yet, such studies of the
interactions of small-scale physical and biological processes and their effects on
the feeding success of larval fish are important in understanding and predicting
the success or failure of a year-class of fish, the large-scale result of utmost
importance to society. Conversely, El Nifio is a basin to global-scale event.
Although monthly water temperatures measured at a single Pacific coastal station
may yield a good temporal record of local trends, understanding the El Nifio
phenomenon requires large-scale observations of water temperatures and ocean-
atmospheric interactions in the tropical Pacific Ocean. Small-scale, process-ori-
ented experiments and observations need to be embedded in, and integrated with,
large-scale monitoring. The value of many studies has been limited by the lack of
integration between small- and large-scale processes.

Although prediction is fundamental to understanding interactions and ex-
changes within and among coastal ecosystems, little progress has been made in
predicting change and variability across scales of time, space, or ecological com-
plexity (Nixon, 1996). Linking local events to global-scale environmental changes
will provide a powerful tool for resource managers, policymakers, and the public
in preparing for future management challenges. Examples include the prediction
and mitigation of natural hazards, and the contribution of longer time-scale cli-
mate variability such as the ocean-atmospheric event, El Nifio-Southern Oscilla-
tion (ENSO). The scientific and management communities have long recognized
the dominant forcings of coastal ecosystems and the general nature of coastal
ecosystem dynamics that define indicators of change (Table 1-1).
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However, a major barrier to the goals of predicting environmental changes
and assessing consequences of these changes is the scarcity of observations of
coastal ecosystems of sufficient duration, spatial extent, and resolution. Knowl-
edge, both theoretical and empirical, concerning the propagation of variability
across scales, through and between coastal ecosystems, is also lacking. Realisti-
cally, there are too many coastal ecosystems, too few resources, and too little
time to evaluate the causes and consequences of environmental change in each
system. Hence, prediction will be an important tool for extrapolating results, for
testing hypotheses, and for developing theories that can be applied to a broad
range of systems with sufficient certainty to be credible. Regional marine re-
search and the comparative analysis of selected ecosystems in a regional context
will be critical to the development of a predictive understanding of environmental
variability in the coastal zone.

RESEARCH IN THE CONTEXT OF SUSTAINED OBSERVATIONS

Hypothesis-driven, or question-oriented, studies designed to reveal the
mechanisms underlying environmental processes are especially valuable when
done in the context of sustained, long-term observations. Monitoring provides the
information needed to develop, test, and refine environmental models and there-
fore is an integral component of regional research programs. Comparative studies
are important in the development of useful empirical theories, but unless they
explicitly include the influences of larger-scale processes and events on the eco-
systems being compared, such comparisons will be of limited value.

It has become increasingly clear that interannual and interdecadal variability
in coastal ecosystems, associated with ocean basin or global atmosphere-land-
ocean interactions, is part of the natural, variable baseline for short-term field
studies and predictive models. Whether this variability is viewed as consisting of
events, cycles, regime shifts, or a long-term trend, it must be taken into account,
particularly if the effects of natural perturbations and anthropogenic stress are to
be resolved (for the purpose of mitigation, litigation, or costly remediation and
restoration). Similarly, the results of a regional program of finite length may be
used to make managerial decisions, policies, or regulations of greater lifetime.
The assurance with which this should be done depends not only on the quality
and completeness of the research in the program itself, but also on understanding
of the larger-scale climatic state within which the program was conducted.

The importance of research in the context of sustained observations (i.e.,
long-term monitoring) is illustrated by three examples, one concerning the re-
gional effects of large-scale meteorological events on Chesapeake Bay and two
concerning fisheries management on the west coast. The Chesapeake Bay case
illustrates the impacts of unpredictable events. The fisheries examples illustrate
the importance of the interplay between observations and the development of
theory. All three are cases of ongoing studies in which coupled biological-physi-
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cal models play an increasingly important role in supplementing incomplete ob-
servations.

Case 1—A major event occurred in June 1972 that had a delayed, but dra-
matic impact on nutrient research and management throughout the Chesapeake
Bay region (Malone et al., 1993). Tropical Storm Agnes dropped more than 5
inches of rain over the entire watershed in 2 days; 30% of the region received
over 12 inches of rain. The major rivers discharging in Chesapeake Bay crested
with record highs and extensive flooding. The resulting input of nutrients from
diffuse sources into the watershed caused multi-year increases in phytoplankton
productivity, a massive decline in submerged attached vegetation (e.g., Zostera
marina), and mass mortalities of oysters and soft shelled clams (Boynton et al.,
1982; Orth and Moore, 1983). The storm highlighted the system-wide suscepti-
bility of the Bay to nutrient enrichment from land-based sources (e.g., fertilizers
and animal wastes) and demonstrated that short-term, high-energy events can
have long-term consequences. These changes provided the motivation for the
establishment of the Chesapeake Bay Program (CBP), a sustained and integrated
program of monitoring and modeling, designed to answer questions concerning
the effects of human activities on water quality and living resources and to assess
the efficacy of management decisions intended to protect the environment and
sustain living resources.

Case 2—The coastal Pacific sardine fishery, in the late 1940s the world’s
second largest fishery in tonnage, collapsed in 1948-1950. Controversy between
state and federal fisheries agencies as to the role of overfishing in the collapse
was resolved in part, by establishing the California Cooperative Oceanic Fisher-
ies Investigations (CalCOFI), a monitoring program with a regional, ecosystem
(rather than singlespecies or local) perspective (Scheiber, 1990, 1995; NRC,
1990a). Prior to the collapse of the fishery, tagging studies had shown that the
range of the sardines extended from British Columbia to Baja California. This
made it clear that a regional initiative was needed because “the sardine respects
neither state lines nor national boundaries” (CalCOFI, 1950). In 1948, the Cali-
fornia Cooperative Sardine Research Program was established to study the bio-
logical, physical, and chemical oceanographic processes that affected the sardine
populations in the waters off California (NRC, 1990b). In 1953, the program was
renamed the California Cooperative Oceanic Fisheries Investigation and expanded
to include other pelagic marine fishes.

A particularly important discovery for the CalCOFI investigations were an-
oxic sediments containing fish scales that could be counted to determine the pre-
fishing levels of both the sardine and its putative competitor, the northern an-
chovy (Soutar and Isaacs, 1974; Baumgartner et al., 1992). This showed that
fishing probably exacerbated a natural decline and spatial contraction of the
sardine stock and that the decline was not simply a case of over-fishing an
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otherwise stable population (see Wolf, 1992, and Smith, 1995, concerning the
sardine’s recent recovery). In this instance, although variation in the populations’
sizes and coastal ranges are well established, causal connections with physical
forcing are still uncertain (Box 2-1).

Case 3—In the salmon case, the shift in the success of populations at differ-
ent degrees of latitude has been related, through correlation, to the North Pacific
or Aleutian Low oscillation (a “regime shift,” reflecting ocean-atmosphere warm-
ing and cooling) which was observed during the 1970s (Francis and Hare, 1994).
Several plausible theories as to mechanistic causes have been advanced (Polovina
et al., 1995; Brodeur et al., 1996; Gargett, 1997); and there is an indication that
the salmon’s first year of life in the ocean is a critical one. However, time-series
measurements of ecological parameters, other than those that can be derived from
the salmon themselves, are sparse. Several programs (e.g., West Coast Global
Ocean Ecosystems Dynamics [GLOBEC], Pacific Northwest Coastal Ecosystem
Study [PNCERS]) have been established in an attempt to address this deficiency.

STATE AND FEDERAL COLLABORATION IN RESPONSE TO
ENVIRONMENTAL CRISES AND EVENTS

The examples above illustrate the importance of research in the context of
sustained observations. The emphasis of this section is on the challenge of re-
sponding quickly to an event or crisis, both to mitigate impacts and to improve
predictive understanding. Examples of relevant observing systems include the
tsunami warning system, the Tropical Atmosphere-Ocean (TAO) array for detec-
tion and prediction of El Nifio events, and the current effort to design and imple-
ment the U.S. coastal component of the ocean observing system. Prediction of the
1997 El Nifio gave the CalCOFI program an opportunity to proactively document
the ecological impact of a climatic event; this case illustrates the value of a
working partnership between state and federal agencies (Box 2-1). Important and
underdeveloped tools include assimilation techniques and numerical models for
timely analysis and predictions of extreme events and their consequences. Cur-
rent programs to address this need are being funded by the National Ocean
Partnership Program, with the goal of integrating local and regional measurement
systems and numerical models through data assimilation schemes. The hope is to
develop generic datamodel systems that will be useful for a broad range of
applications.

Responses to environmental crises are typically based on past experiences
with phenomena such El Nifio, tsunamis, oil spills, and harmful algal blooms.
Such events cover a range of magnitudes and frequencies. Other events are sur-
prises and often cause dramatic system-wide changes. A clear example is pro-
vided by the introduction of an Asian clam, Potamocorbula amurensis, to San
Francisco Bay (probably via ballast water). The clams’ subsequent establishment
and growth has radically altered phytoplankton biomass and the abundance of
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Box 2-1
California Cooperative Oceanic Fisheries
Investigations (CalCOFI) in 1998

Two major environmental changes, which led toward different designs of sam-
pling, provide a case history illustrating the importance of pre-emergency cooper-
ation between agencies. CalCOFI is a collaboration among the Scripps Institution
of Oceanography of the University of California, San Diego; the Southwest Fisher-
ies Science Center of the U.S. National Marine Fisheries Service (NMFS), the
National Oceanic and Atmospheric Administration (NOAA); and the California De-
partment of Fish and Game, and has emphasized careful, long-term (nearly 50
years) monitoring for the purpose of documenting environmental change. A com-
mittee with representation from the three agencies meets routinely to establish
policies.

Although the program had originally sampled monthly, from northern California
to mid-Baja California, in 1984 the sampling program was changed to quarterly
cruises, each with 67 stations spaced from San Diego to Port San Luis (San Luis
Obispo), and 700 km seaward. In 1997, NOAA scientists predicted a major Cali-
fornia El Nifo, which led to a plan, supported primarily by University of California
researchers, to:

a) Continue sampling far offshore so that the position and flow of the California
Current, and the extent of oligotrophic regions west of the Current, would be
monitored; and

b) Obtain additional resources to intensify temporal coverage so that the waxing
and waning of the EI Nifio could be described.

The fisheries agencies were more interested in the increase in the population
of the California sardine, whose decline 50 years earlier had led to the establish-
ment of CalCOFI. The increase was accompanied by the expansion of the spawn-
ing area north of the area sampled by CalCOFI. Hence, to obtain both fundamen-
tal understanding (in relation to environmental processes) and data on spawning
biomass (from sampled eggs and larvae), these agencies urged expansion of the
survey north and along the coast, even at the cost of abandoning the farthest
offshore sampling.

Within a few months, the University of California and NOAA each agreed to
provide the resources (about $300K each, from a base of $750K) to accomplish
the goals of all three agencies. Without the pre-existing collaboration in the man-
agement of CalCOFl, it is doubtful that this could have been accomplished in time.
However, such resolutions can be short lived. The mutually supportive responses
of the agencies to ecological changes in 1998 frayed badly in 1999, due to budget-
ary problems within NMFS. This imperiled the documentation of the return to “nor-
malcy” after El Nifio, which was even predicted to overshoot to “anti-El Nifio”, or
La Nifa, conditions by NOAA physical scientists.
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native zooplankton populations (Cloern, 1996). Such introductions of non-indig-
enous species can lead directly to the loss of living marine resources (including
commercial species of fish) and result in a decrease in species diversity. Invasive
species require a rapid response to study and mitigate the problem, underscoring
the importance of flexible and adaptive programs for research and monitoring.

PROBLEMS TRANSCEND GEOPOLITICAL BOUNDARIES,
AGENCIES, AND DISCIPLINES

A comparative study of the scientific basis of policy and management deci-
sions in four coastal seas (Baltic Sea, Chesapeake Bay, North Sea, Seto Inland
Sea) resulted in two important conclusions relevant to this analysis (Morris and
Bell, 1988). First, research activity independent of mission (operational) agencies
and the availability of objective scientific advice from the scientists who conduct
this research enhance the quality of management decisions. This occurs despite
the reality that economic, political, and social forces often overwhelm the techni-
cal links between scientific information and management decisions. Second,
sound and effective environmental and resource management depends on recog-
nizing and understanding “the system as a whole” in a regional context. When the
decisionmaking process does not consider the largest scale required to capture the
variance of factors relevant to the local scale of interest (natural and anthropo-
genic), it is likely that the unsustainable use of resources will persist until the full
scale of the problem is appreciated (Lee, 1993). For example, spatial scale mis-
matches occur when the consequences of change are far removed from the source
of change (e.g., mass mortalities of sea lions along the southern California coast
and El Nifo, depletion of oxygen in bottom water of the northern Gulf of Mexico
and fertilizer use in the watershed of the Mississippi River, declines in fish stocks
in a coastal ecosystem and upstream diversions of freshwater). Likewise, tempo-
ral-scale mismatches occur when long-term ramifications are not considered (e.g.,
the unsustainability of wild fish stocks in the long term when fishing pressure is
too high in the short term, the gradual loss of wetlands in river deltas due to dams,
channel formation, levees, and other diversions of freshwater) (Boesch, 1996).

The Gulf of Maine Council on the Marine Environment, a governmental orga-
nization established in 1989, serves as a successful example of an approach to
addressing problems transcending geopolitical boundaries. The five jurisdictions
bordering the Gulf of Maine (Massachusetts, New Hampshire, Maine, New
Brunswick, and Nova Scotia) organized themselves to serve the role of facilitator
and convenor on key gulfwide issues affecting each of the jurisdictions. The coun-
cil includes representatives of government jurisdictions, and the business sector.
One valuable example of a measure implemented by the council was the creation of
an action plan that is interwoven into each jurisdiction’s annual work plans. As a
result, there was a concerted effort to jointly support Gulfwatch, a gulfwide toxics
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monitoring program. The combined investments lead to greater long-term support,
understanding, and awareness of the issue within the Gulf of Maine.

A second example is the CBP. The CBP began with the first Chesapeake Bay
Agreement in 1983, in which the U.S. Environmental Protection Agency (EPA),
the National Oceanic and Atmospheric Administration (NOAA), the states of
Maryland, Pennsylvania, Virginia, and the District of Columbia agreed to work
together to protect and restore Chesapeake Bay and its resources. This led to the
initiation of the National Estuary Program (NEP). A second Chesapeake Bay
Agreement was signed in 1987, which expanded the scope of the 1983 Agree-
ment with 29 commitments for action in six areas: living resources, water quality,
population growth and development, public information, education, and public
access and governance. Perhaps the most important aspect of the Agreement was
the scientific consensus that provided the rationale and will to commit to a 40%
reduction of controllable sources of nitrogen- and phosphorus-loading by the
year 2000. This commitment was reaffirmed by the Chesapeake Bay Agreement’s
1992 Amendments that identified specific indicators to be used to measure the
effectiveness of the nutrient management strategy.

The success of the CBP lies, in part, with the interaction between monitoring
and research and with its effectiveness in promoting continued public support
(Malone et al., 1993). From the beginning, the CBP established linkages between
decisionmakers, management agencies, the scientific community, and the public
through a governance structure built around the Chesapeake Bay Executive Coun-
cil and its three advisory committees: the Citizens Advisory Committee, the
Science and Technology Committee, and the Implementation Committee. An
important result was the development of a process for producing data products
useful to scientists, managers, and policymakers through a three-tiered reporting
strategy that was endorsed by the National Research Council (NRC, 1990a):

* Level I, semi-annual data reports for technical audiences summarize the
status of data collection and tabulates data;

* Level II, bi-annual reports, also for technical audiences, provide some
analysis that describes relationships among variables and places data into an
ecological and regional perspective;

» Level Il reports, produced periodically for politicians, management agen-
cies, and the public, provide an overall assessment of the status of the Bay and of
potential management actions that might follow from scientific findings.

Recently, this three-tiered reporting strategy has been replaced with “state of the
bay” reports, through publications in the Bay Journal, and via the Internet site for
the Chesapeake Information Management System (CBP, 1999). The governance
structure of the CBP and the reporting strategies described above, resulted in the
most comprehensive and sustained observing system in the nation. Hennessey
(1994) reviewed the CBP and concluded that the evolution and refinement of its
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management objectives based on monitoring data, research results, and scientific
information represent a model for the effective application of adaptive environ-
mental management.

Coastal ecosystems generally encompass multiple jurisdictions and cultures.
This adds to the complexity of managing the already complex coastal environment
with its contrasting scales of variability and mix of terrestrial, freshwater, and
oceanic inputs. Hence, the challenges of coastal zone management are exception-
ally difficult and underscore the importance of implementing proactive, adaptive
approaches to environmental and resource management. In many cases, compre-
hensive regional research programs that are based on an extensive communication
network will be needed to effectively link political, social, cultural, commercial,
and environmental interests.

DATA MANAGEMENT

Integrated data management is of central importance to the success of re-
gional marine research. For the most part, data management has been handled by
each program individually to meet needs specific to that program. However, data
management should also enable constructive and timely interactions for monitor-
ing, research, modeling, and user groups. This goal requires more integrated
approaches that are designed to meet the needs of both user groups and data
providers and ensure that the legacy of regional marine research programs—the
data—is available for future generations of scientists and managers.

Coastal data and information systems are needed that use and enhance exist-
ing national and regional data center capabilities. Initial efforts should focus on
regional approaches to data management and synthesis that can be networked to
achieve national scale assessments, such as the development of accepted proto-
cols, intercalibration procedures, quality control, timely data dissemination and
analysis, and archives. Currently, the effort to develop a report card for environ-
mental health, “Designing a Report on the State of the Nation’s Ecosystems,”
includes provisions for assuring consistent, nationwide standards for data quality,
distribution, and linkages to the data sources (H. John Heinz Center for Science,
Economics, and the Environment, 1999). However, it is important that the data
products address regional needs and are provided in a format that is both acces-
sible and interpretable by the local, state, and regional management agencies.
Data management must be flexible in order to accommodate disparate data types
and scales of sampling, including emerging and new technologies; data must be
in a format that is suitable for a broad audience, including multi-user capabilities
and real-time data dissemination. The goal should be integrated data systems
designed to allow users to exploit multiple datasets and to ensure the flow of data
to national archives.

The National Oceanographic Data Center (NODC) has begun to work with
external data centers and is active in planning for the regional development of the
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U.S. Coastal Global Ocean Observing System (GOOS). This effort should be
coordinated with other regional efforts such as LabNet, a regionally organized
project of the National Association of Marine Laboratories (NAML). NAML is
in the process of designing and testing LabNet as a means of networking labora-
tories for more timely access to data and information and cost-effective monitor-
ing of coastal waters. The purpose of LabNet is to provide the infrastructure
required to exchange and integrate data collected at different locations, on differ-
ent time and space scales, and using different methodologies for a nearly seam-
less analysis and visualization of patterns.
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Processes By Which Regional Marine
Research Needs and Priorities Are Defined

It is instructive to consider how regional marine research needs have been
identified and research priorities set when formulating the plans for new research
programs. This review provides a framework for considering the strengths and
weaknesses of the planning approaches used and identifies common elements in
the planning of successful programs. Approaches to research planning can be
categorized as follows:

1. Community Plans—A process with substantial, direct input from stake-
holders, including broad participation from the regional scientific and manage-
ment communities;

2. Scientists’ Plans—A process that has broad national participation by the
scientific community but little direct involvement of managers and other stake-
holders outside the scientific community;

3. Agency Plans—Prioritization and planning by agencies with the advice of
a select group of scientists and, sometimes, managers;

4. Legislative Mandates—Research mandated by legislation, which may
bring into play any of the above.

Most research planning includes some combination of these categories, how-
ever, one of these planning approaches is usually characteristic of the process for
defining goals and setting priorities.

25
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COMMUNITY PLANS

This process typically incorporates inputs from some combination of re-
source managers, local and state regulatory agencies, government, non-govern-
ment organizations (NGOs), individuals or collectives of stakeholders not repre-
sented by the NGOs, science funding agencies, and scientists. Such a process
generally yields the broadest possible range of proposals, discussion, and infor-
mation. In addition to the identified product of a research plan, the communica-
tion and mutual education that can occur among these groups can have many
benefits. For example, scientists can learn the specific needs and concerns of the
other groups, and groups outside the scientific community can learn the capabili-
ties and limitations of environmental research. Even if many of these concerns
cannot be addressed immediately by research, the discussions can help to estab-
lish longer-range goals. Stakeholders and managers can learn that certain types of
research, while not offering immediate solutions to their problems, lay an essen-
tial foundation for addressing their concerns. A disadvantage is that it can be
expensive, in both time and money, to obtain direct input from all concerned
individuals and groups. Further, it is sometimes a daunting task to assemble a
coherent research plan from the disparate views presented from many different
perspectives. However, once a process for obtaining, assimilating, and using
community input is established, most of these difficulties are greatly reduced.
Two examples of programs planned with different types of broad community
participation will be discussed: the Regional Marine Research Program (RMRP)
and the National Estuary Program (NEP).

Despite the challenges of community-based planning, these two examples
illustrate the value of this approach. The design and implementation of future
regional marine research programs can benefit from the experiences, and perhaps
specific organizations and procedures, employed by the RMRP and NEP.

Regional Marine Research Programs

The 1990 amendment to the Marine Protection, Research and Sanctuaries Act
created the Regional Marine Research Program (Public Law 101-593) in the form
of nine geographic areas with specified boundaries: Gulf of Maine, Mid-Atlantic,
South Atlantic and Caribbean, Gulf of Mexico, Southwest, Pacific Northwest,
Alaska, and the Insular Pacific (Figure 3-1). The legislative mandate was to:

1. set priorities for regional marine and coastal research in support of efforts
to safeguard the water quality and ecosystem health of each region; and

2. carry out such research through grants and improved coordination.

The Act prescribed that a Regional Marine Research (RMR) Board, consisting of
11 members and chaired by a Sea Grant Program Director, be established for
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each region to develop a 4-year research plan that included: (1) a summary of
environmental status and trends, (2) an inventory and description of research
related to water quality and ecosystem health, (3) a statement of research needs
and priorities and their justification, (4) a plan for incorporating existing marine,
coastal, and estuarine research and management activities into a coordinated
regional program, and (5) a description of research objectives and timetables for
their achievement through the funding of projects submitted as grant applications
to the Administrator of the National Oceanic and Atmospheric Administration
(NOAA). Although the authorizing legislation implied that funds would be avail-
able to implement the research plans in each region, only the Gulf of Maine plan
was actually funded in the congressional appropriation.

Although all nine regions followed these general instructions, their planning
processes differed significantly. The following examples are given to illustrate
these differences.

1. The Gulf of Maine RMR Board enlisted the help of an existing regional
scientific association (the Regional Association for Research on the Gulf of Maine
[RARGOM]) to develop its research plan. The Association for Research on the
Gulf of Maine (ARGO-Maine), the precursor to RARGOM, had worked with
Senator George Mitchell’s staff to draft the RMRP legislation, which was passed
in 1990. After review and revision by the RMR Board, the plan drafted by
RARGOM became the Gulf of Maine Research Plan (Robert Wall, in letter to
committee dated August 16, 1999). Three earlier workshops and conferences
were important in identifying the research needs of the Gulf of Maine (GOM-
RMRP, 1992). The first, “The Gulf of Maine, Sustaining Our Common Heritage”
(December 1991), was an international conference (United States and Canada)
that concentrated on issues of interest to resource managers and environmental
policymakers. The second activity was a scientific workshop on the Gulf of
Maine at Woods Hole (January 1991) that summarized the status of research in
the Gulf of Maine and identified priorities for future research. The third effort
was the “Marine Research and Activity Plan” developed by the Maine Marine
Research Board in 1991. This Gulf of Maine Research Plan was the only RMRP
funded under the authorizing legislation and hence was the only research plan to
be implemented. This program will be discussed in greater detail in Chapter 4.

2. In the Southwest region, the Sea Grant Deputy Director took a strong role
in organizing the process. Three invitation-only workshops, including U.S. and
Mexican participants from academic institutions, government agencies, and user
groups, were focused on natural variability, cumulative impacts and thresholds in
biological systems, habitat protection and management, and restoration of coastal
marine habitats. Participants in these workshops drafted research needs and pri-
orities that were submitted for outside review and synthesized into the final
research plan.
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3. The Insular Pacific Region had a very inclusive planning process. A team
to develop the plan was formed by the University of Hawaii Sea Grant Program.
The team and the RMR Board compiled a list of agencies and organizations
interested in marine research in the region. Private consulting firms, public inter-
est groups, and other private organizations were invited to participate. Input was
collected through questionnaires and interviews. Research plans, annual reports,
and other documents from these organizations and agencies were reviewed. A
draft plan was then compiled by the development team and revised in response to
the Board’s review. Workshops were held in Hawaii, Guam, and American Sa-
moa to allow marine scientists to review and comment on the draft plan. The final
draft of the plan was sent out for review and comment to all the contributing
organizations and agencies and to public interest and marine resource user groups.

The planning processes of the other regions fell somewhere within this spec-
trum, ranging from broad community participation to being largely the work of a
small group of scientists and managers.

National Estuary Program

The NEP was established in 1987 by amendments to the Clean Water Act,
with the mission to identify, restore, and protect nationally significant estuaries of
the United States. Unlike traditional regulatory approaches to environmental pro-
tection, the NEP targets a broad range of issues and engages local communities
and interest groups in the resource management process. The program focuses on
maintaining the integrity of the entire ecosystem. NEP activities for designated
estuaries are funded jointly by the state and the federal government through the
U.S. Environmental Protection Agency (EPA).

The NEP is designed to encourage local communities to take responsibility
for managing their own estuaries. Each estuary program (twenty-eight estuary
programs are currently in existence, see Box 3-1) is made up of representatives
from federal, state and local government agencies responsible for managing the
estuary’s resources, as well as members of the community—citizens, business
leaders, educators, and researchers. These stakeholders work together to identify
problems in the estuary, develop specific actions to address those problems, and
create and implement a resource management plan to restore and protect the
estuary with support from federal, state, and local authorities. Although the NEP
is concerned mainly with developing plans for management and monitoring,
research is often needed to achieve the goals of these plans, because there is
insufficient knowledge to support decisionmaking.

The EPA administers the NEP, but committees of local government officials,
private citizens, and representatives from other federal agencies, academic insti-
tutions, industry, and estuary user-groups carry out program decisions and activi-
ties. Estuaries are selected for inclusion in the NEP through a nomination pro-
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Box 3-1
Estuaries in the National Estuary Program

Albemarle-Pamlico Sounds, North
Carolina

Barataria-Terrebonne Estuarine
Complex, Louisiana

Barnegat Bay, New Jersey

Buzzards Bay, Massachusetts

Casco Bay, Maine

Charlotte Harbor, Florida

(Lower) Columbia River Estuary,
Oregon and Washington

Corpus Christi Bay, Texas

Delaware Estuary, Delaware, New
Jersey, and Pennsylvania

Delaware Inland Bays, Delaware

Galveston Bay, Texas

Indian River Lagoon, Florida

Long Island Sound, New York and
Connecticut

Massachusetts Bays,
Massachu-setts

Mobile Bay, Alabama

Morro Bay, California

Narragansett Bay, Rhode Island

New Hampshire Estuaries,
New Hampshire

New York-New Jersey Harbor
(Harbor Estuary Program),
New York and New Jersey

Peconic Bay, New York

Puget Sound, Washington

San Francisco Estuary, California

San Juan Bay, Puerto Rico

Santa Monica Bay, California

Sarasota Bay, Florida

Tampa Bay, Florida

Tillamook Bay, Oregon

Maryland Coastal Bays, Maryland

cess. Nominations must be submitted to the EPA by the Governor(s) of the
state(s) where the estuary is located during specific nomination periods.

Once selected, each NEP site creates decisionmaking committees made up of
relevant stakeholders, including members of the scientific community, to identify
and prioritize the problems in the estuary. Most NEP sites choose a management
framework that includes a Management Committee to oversee routine operation
of the program; a Policy Committee, made up of high-level representatives from
federal, state, and local government agencies; a Technical Advisory Committee
(TAC) to guide scientific decisions; and a Citizens Advisory Committee to repre-
sent the interests of estuary user-groups and the public. Together, the committees
develop a Comprehensive Conservation and Management Plan (CCMP) for pro-
tecting the estuary and its resources. The objective of each NEP site is to create
and implement a CCMP that addresses the environmental problems facing the
estuary and recommends short- and long- term management measures to address
these problems. Although federal funding for CCMP development is substantial
in some cases, in general, much less federal funding has been available for
implementation. A critique of the NEP has been that “ it does not provide funds or
processes for implementation or accountability” (NRC, 1997).

The Santa Monica Bay Restoration Project (SMBRP) in California serves as
an example of how one NEP site determined their regional research needs. Two
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stakeholders, the Bay Watershed Council (BWC) and the TAC were primarily
responsible for identifying and prioritizing research needs. The BWC is the govern-
ing body of the SMBRP and is composed of representatives of elected officials,
government agencies, dischargers, environmental groups, and the general public.
The TAC is composed of technical staff from government agencies, environmental
groups, and scientists from local universities and research institutes. SMBRP used
a consensus building process to identify four major areas of concern:

1. How safe is it to swim in the Bay?

2. How safe is it to eat Bay seafood?

3. Are fisheries and other living resources in the Bay adequately protected?
4. Is the health of the Bay’s ecosystem adequately protected?

Actions to address these issues are summarized in the Bay Restoration Plan
published in 1994 (SMBRP, 1994, 1995). As the functions of the SMBRP shifted
from development of the action plan to implementation, the focus also shifted,
from problem characterization and evaluation of action (technical solution) alter-
natives, to status and trend analysis and evaluation of action effectiveness.

In both the RMRP and the NEP, the community planning approach was
employed successfully, despite the difficulties inherent in developing a consen-
sus from a broad spectrum of stakeholders. In the case of the NEP, stakeholders
identify the problems and develop a consensus on the management actions that
need to be taken. This is essential to the voluntary implementation of these plans
and helps develop community support. Similarly, the RMRP process brings to-
gether researchers, managers, and agency representatives to identify and priori-
tize the research needs in the area. This not only helps match the needs of man-
agement with the expertise of the scientists, but also improves communication
among the research and management communities throughout the region. The
incorporation of community-based planning methods is an important feature in
the development of regional marine research programs. Because different regions
and issues may require different approaches, future programs could benefit from
examining the specific organizations and procedures employed by the RMRP and
NEP for including participation by stakeholders to determine how different ap-
proaches can be applied to meet the specific issues that arise in different regions.

SCIENTISTS’ PLANS

Research proposals to the National Science Foundation (NSF) are selected
for funding based on merit as assessed by peer review. Although NSF Ocean
Sciences core programs do not target a specific place or region, some programs
are developed that have a specific geographic focus and designated funding.
Planning for these programs may be initiated by NSF or by groups of scientists.
In either case, this is followed by special sessions at national scientific meetings
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and workshops to engage the scientific community in a discussion to assess the
importance of the issue to be addressed and to define goals. Frequently, selected
groups of scientists, such as the Ocean Studies Board (OSB), are asked to com-
ment. When a broad research need is identified and incorporated into NSF’s long-
range plans, funding for more extensive research design activities can be ob-
tained via a proposal process that includes peer review. Normally, an individual
or small group of scientists takes a leading role in requesting funding to support
planning workshops. These workshops lead to reports, which the NSF program
managers can then use to promote these programs both within NSF and exter-
nally. If sound plans with wide community support, consistent with NSF’s broader
goals, emerge from the workshop process, they have a good chance of being
funded through focus programs. The funds are distributed by NSF’s normal com-
petitive proposal review process, except that the specific goals and priorities of the
focus programs are added to the simple merit criterion for proposal success.

The extensive discussion of these research plans within the research commu-
nity has the advantage that virtually every scientific nuance of a problem is
considered during the process. When the process works well, it promotes scien-
tific consensus building, as the issues are thoroughly aired and the strongest
arguments prevail. The disadvantages are that the process is time-consuming and
arduous. Sometimes, meaningful consensus on research priorities does not emerge
and reports are so broad and inclusive as to be almost useless in allocating limited
resources. In other instances, workshop discussions and report writing are domi-
nated by smaller groups with strongly held views, so that the product is not
representative of the majority. The latter problem is alleviated if the reports are
subjected to substantive peer review. Finally, consistent with NSF’s basic science
mission, direct input from managers and stakeholders is rarely sought. This re-
sults in programs that help fulfill the need for a fundamental understanding of
coastal processes; however, these programs do not necessarily provide immediate
solutions to contemporary coastal ocean problems. Three examples of programs
designed by broad-based groups of scientists are the Land-Margin Ecosystem
Research (LMER), Coastal Ocean Processes (CoOP), and the Global Ocean Eco-
system Dynamics (GLOBEC).

Land-Margin Ecosystem Research

The NSF, as part of its Global Geosciences Program initiated LMER in
1988. The broad goals of LMER are to characterize changes in inputs of materials
and energy from land, air, and ocean to estuarine and coastal marine ecosystems
and to assess the effects of these inputs on populations and processes in an
ecosystem context. Projects funded by this program incorporate four key ele-
ments:
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1. Multidisciplinary teams collaborating on a common problem;

2. Comparative approaches to assess the commonality of processes;

3. Experimental studies that integrate across a range of scales in time and
space;

4. Development of models as heuristic, diagnostic, or predictive tools.

As with most NSF programs, goals were established by involving the scien-
tific community in a series of workshops. Using the results of these workshops,
an advisory committee was formed to inform NSF on research needs and formu-
late a plan for implementation. The American Society of Limnology and Ocean-
ography, the Estuarine Research Federation, and the Southern Association of
Marine Laboratories endorsed the call for research. A steering committee of
scientists from the community at large was formed to oversee the program, and a
coordinating office was established. The scientific community was invited to
form teams and prepare proposals for five-year projects, and ultimately six such
projects were funded based on the results of peer and panel review. Of the
original six LMER sites, three are currently funded. The active ones are Chesa-
peake Bay, Maryland; Columbia River, Washington; and Georgia Rivers, Geor-
gia. The former sites are Waquoit Bay, Massachusetts; Tomales Bay, California,
and Plum Island Sound, Massachusetts. LMER will end with the expiration of the
current funding for the remaining three sites.

Coastal Ocean Processes

This is an interdisciplinary research program, which seeks to achieve a new
level of quantitative understanding of the cross-margin transport of biologically,
chemically, and geologically important materials. CoOP grew out of an earlier
research planning exercise, Coastal Physical Oceanography (CoPO), which con-
ducted several planning meetings during the late 1980s and identified key physi-
cal processes and important questions relative to cross-margin transport. CoOP
was initiated when it was recognized that the cross-margin transport of materials
could not be understood without knowledge of a wide-range of processes, includ-
ing biological formation and decomposition of particles, particle sinking and
resuspension, and many others. NSF and the Office of Naval Research (ONR)
provided funding for CoOP planning activities and an interdisciplinary steering
committee, consisting of biological, chemical, geological, and physical oceanog-
raphers and meteorologists interested in the coastal ocean, was selected. The
steering committee held a community workshop (Brink et al., 1990) and prepared
a science prospectus (Brink et al., 1992). In this latter document, they built upon
an idea first proposed by CoPO planners, that coastal ocean processes could be
best understood by studying regions where cross-margin transport is dominated
by one physical forcing mechanism, such as wind or tides. By synthesizing data

Copyright © National Academy of Sciences. All rights reserved.



Bridging Boundaries through Regional Marine Research
http://lwww.nap.edu/catalog/9772.html

34 BRIDGING BOUNDARIES THROUGH REGIONAL MARINE RESEARCH

and models from several such regions, more complex coastal areas could be
understood. In 1994, CoOP began a series of scientific community workshops
based upon idealized coastal regions described in the science prospectus. The
first such workshop dealt with research questions and priorities for cross-margin
transport on wind-driven shelves. The workshop was open to anyone who wished
to attend. From the input of the working groups and external reviewers of a draft
document, the workshop organizing committee prepared a science plan, which
was later the basis for an announcement of opportunity (AO). Since the wind-
driven shelf workshop, similar workshops dealing with the Great Lakes and with
buoyancy processes on shelves have been held. From the beginning, CoOP plan-
ning has been conducted and directed by the scientific community. Although soci-
etal needs are considered and used as an important justification for coastal ocean
research, CoOP does not seek direct input from stakeholders, local or state agen-
cies, NGOs, or other concerned parties, but rather relies on documents prepared by
other groups (such as the National Academies) to identify relevant needs.

Global Ocean Ecosystem Dynamics

GLOBEC began with an interest in the causes of fluctuations in abundance
of pelagic marine organisms, including fluctuations due to the possible impact of
global change (the effect on the environment of increasing atmospheric concen-
trations of greenhouse gases), as discussed at a meeting sponsored by NSF,
NOAA, and ONR in 1988. The long-term goal of the program is to understand
how physical processes influence marine ecosystem dynamics in order to predict
the response of the ecosystem and the stability of its food web to climate change.
U.S. GLOBEC has research efforts in Georges Bank/Northwest Atlantic Region,
and the Northeast Pacific, with components in the California Current and the
Coast Gulf of Alaska, and it is contributing to the international GLOBEC pro-
gram in the Southern Ocean. The international GLOBEC is a core program of the
International Geosphere Biosphere Program (IGBP).

Research priorities for U.S. GLOBEC are reached by a consensus vote of the
Scientific Steering Committee (SSC). The SSC, initially established in 1989, is
an elected body drawn from the scientific community to represent a disciplinary,
regional, and institutional balance. Nominations for new members each year are
solicited from the oceanographic and fisheries communities and a slate of candi-
dates is selected by the Executive Committee and voted on by the full committee.
This process is designed to ensure that a broad range of scientific expertise and
viewpoints are represented on the SSC and that research priorities reflect a con-
sensus position on the key questions to be addressed.

Selection of study regions for U.S. GLOBEC is based on the following
scientific criteria: (1) the ability to establish linkages with climate-scale factors;
(2) the choice of general system types and potential for comparative analysis with
the same system types in other regions; (3) the availability of an historical series

Copyright © National Academy of Sciences. All rights reserved.



Bridging Boundaries through Regional Marine Research
http://lwww.nap.edu/catalog/9772.html

PROCESSES FOR DEFINING RESEARCH NEEDS AND PRIORITIES 35

of biological, physical, and chemical observations on the system to permit retro-
spective analyses and development of hypotheses; (4) the potential for collabora-
tive and complementary work with other groups of investigators; and (5) the
identification of ecologically and economically important target species in the
region. Like CoOP, this program addresses issues of relevance to the governance
of local, state, and regional resources, specifically fisheries, but relies on the
scientific community to provide the guidance for the research program.

Although it is too soon to evaluate the success of these ongoing scientist
planned programs, some preliminary assessments can be made. LMER has ad-
vanced the understanding of nutrient cycling and trophic dynamics in estuarine
systems and quantified their roles in modulating the transport of nutrients and
carbon from land to the open ocean. CoOP has contributed to a better understand-
ing of cross-shelf transports of major nutrients, carbon, and sediments, and has
implemented plans to enhance sustained near-shore observations through the
integrated use of shipboard measurements, towed sensor arrays, and moored
instrumentation. GLOBEC has advanced the understanding of how physical pro-
cesses influence juvenile cod and haddock populations on Georges Bank and has
played an important role in the development and application of ecosystem models
that incorporate realistic trophic dynamics (NRC, 1999). Except for a few of the
LMER sites, the achievements of these programs have gone largely unnoticed by
the public at large, and applications of their results to problems of environmental
protection, resource management, and environmental prediction so far have been
limited.

AGENCY PLANS

In contrast to the basic science mission of the NSF and the U.S. National
Aeronautics and Space Administration (NASA), other agencies have regulatory
or management missions and support research programs that are more applied.
These agencies typically use a planning process in which agency program man-
agers take the lead in setting and prioritizing research goals. Usually, substantial
input from scientists, resource managers, or other groups is included. However,
this input tends to be advisory, rather than directive, and circumscribed to some
extent. For example, an agency might select a small group of scientists to serve
on an advisory panel and receive a narrower range of viewpoints than would be
represented in a planning workshop. An agency might also limit the range of
input it receives by asking specific questions of its advisors, as opposed to giving
them an open-ended charge to design a research program. A variation of this
approach is for an agency to ask a study organization such as the National Re-
search Council (NRC) or the JASON Program (a unit of the Mitre Corporation
used by the U.S. Department of Defense [DOD] and the U.S. Department of
Energy [DOE] to assess needs) to conduct a study and make recommendations
that would lead to a research plan. The obvious disadvantage of the agency
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approach is that if input from the scientific and management communities is
limited, vital information, key questions, and valuable research avenues can be
missed. The agency process tends to be more susceptible to political manipula-
tion than community or scientists’ plans. On the other hand, this approach can
have clear advantages. It often is less time-consuming and less expensive than
seeking broader input to the decisionmaking process; and it allows agencies to
maintain focus on their specific mission. In addition, thoughtful collaboration
among agency personnel, scientists, and resource managers can often yield a
sound research plan.

The two programs described below illustrate difficulties that can arise with
inadequate interagency coordination. Agency research planning does not neces-
sarily preclude effective coordination among research programs. In practice,
broader planning activities are more time-consuming and less amenable to
completion on strict schedules; hence, they can be more difficult to coordinate. In
addition, unless there are strong incentives, agencies may not make effective
collaboration a priority.

Three examples of agency planning will be discussed: NOAA-National Sea
Grant College Program; the NOAA Coastal Ocean Program (COP); and the
Louisiana-Texas Shelf Physical Oceanography Program (LaTex), a research pro-
gram planned and executed by the U.S. Minerals Management Service (MMS) in
the Gulf of Mexico.

National Sea Grant College Program

The National Sea Grant College Program is located within the Office of
Oceanic and Atmospheric Research (OAR), NOAA’s primary research arm (Fig-
ure 3-2a and b). Sea Grant is unusual among federal agencies in that its manage-
ment structure includes both state and local elements. Created through the Na-
tional Sea Grant College and Program Act of 1966 (as amended in 1976 and
1987), Sea Grant has established a unique network of ocean research and out-
reach partnerships between federal, state, and local governments, academic insti-
tutions, and the private sector. The Sea Grant Program provides funding to insti-
tutions in 29 states for improving the understanding of ocean resources and
developing strategies for sustainable ocean resource development, management,
and conservation. Research priorities are set through a combination of objectives
established at the national level and the needs at the state level. Lately, National
Sea Grant evaluation teams are placing greater emphasis on the need for pro-
grams to be responsive to state concerns. Under this recently adopted policy, a
local Sea Grant College is required to be responsive to the needs of the state’s
coastal region as a whole and to support research among all qualified investiga-
tors in that state using strict peer-review and open-competition procedures. The
local Sea Grant entity must be able to set strategic priorities that encompass
university, state, and federal objectives, as opposed to the more narrow focus of

Copyright © National Academy of Sciences. All rights reserved.



Bridging Boundaries through Regional Marine Research
http://lwww.nap.edu/catalog/9772.html

PROCESSES FOR DEFINING RESEARCH NEEDS AND PRIORITIES 37

an academic department or school. Many coastal states have benefited from the
Sea Grant Program through research in fisheries, oceanography, mariculture,
marine biotechnology, marine engineering, water quality, recreation, and ocean
policy and management.

The fact that each coastal state has its own Sea Grant Program can cause
difficulties in planning and funding regional marine research through Sea Grant.
Typically, states are reluctant to contribute funds for research that crosses state
boundaries. Also, individual Sea Grant Programs have fairly modest financial
resources. Although Sea Grant awards are generally too small to support interdis-
ciplinary oceanographic research over large geographic areas, some programs
have filled an important role through consistent funding of projects that require a
long-term commitment.

Sea Grant’s mission includes an effort to provide effective communication
between university-based research programs and the users, policymakers, educa-
tors, and public who can benefit from the information generated by these pro-
grams. Through Sea Grant’s Outreach and Extension services, the results of
scientific research are communicated to those that apply them; in turn, the prob-
lems and needs of these groups are communicated back to Sea Grant researchers.
Thus, Sea Grant plays an important role in identifying problems, finding potential
solutions, and providing education for a wide range of people.

Coastal Ocean Program

In 1999, NOAA’s COP became part of the Center for Sponsored Coastal
Ocean Research, within the National Centers for Coastal Ocean Science adminis-
tered by the National Ocean Service, one of NOAA'’s five line offices (Figure 3-
2b). However, COP was established in 1989 as a cross-line office program (Fig-
ure 3-2a), with the objective of coordinating activities within a subject area
common to the other NOAA line offices (NRC, 1994a). The COP was formed to
provide information for decisionmakers to enable the nation to realize the full
potential of its coastal resources, while protecting them for the future. The more
specific goal was to distinguish between natural variability and the impact of
human activities on fisheries, environmental quality, and coastal hazards to im-
prove our ability to predict future impacts. The operational goals were to pro-
mote cooperation among NOAA line offices in coastal ocean research and to
enable more effective collaboration among NOAA and academic scientists. To
accomplish this role, the COP administration and budget were initially indepen-
dent of the five NOAA line offices. In 1990, the NRC was asked to assemble a
panel on the NOAA COP. This panel was formed to provide recommendations to
strengthen the coastal ocean activities at NOAA, with specific reference to COP,
and was composed principally of academic scientists who were not directly affili-
ated with NOAA. The panel was tasked to:
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* Provide broad scientific programmatic guidelines on coastal ocean pollu-
tion and degradation, living marine resources, and the protection of life and
property in coastal areas;

* Assist in identifying the science and information needs of coastal
decisionmakers;

* Suggest ways for NOAA to develop an efficient and cost effective pro-
gram to complement coastal programs in other agencies; and

* Evaluate ongoing NOAA activities, plans, and institutional arrangements
relevant to the goals and objectives of COP (NRC, 1994a).

In addition, COP implemented a management and review structure, which
consisted of a Program Management Committee (PMC) and a TAC. The PMC
consisted of a representative from NOAA National Marine Fisheries Service
(NMES), OAR, COP, and academia. In consultation with the director of COP, the
committee was given responsibility for review, analysis, long-range planning,
priority-setting, oversight, and implementation. TACs, which consist of NOAA
and academic scientists, were formed to provide advice and guidance to the PMC
on concepts, proposal, and research plans. In both planning and implementation
more emphasis was placed on soliciting the advice of academic scientists than on
consulting with coastal managers and decisionmakers. Also, it should be noted
that the OSB review of COP (NRC, 1994a) emphasizes the impact of congres-
sional earmarks on COP funding decisions. Over time, COP has spent an increas-
ing portion of its resources on congressionally-mandated projects. This under-
mines the normal planning and peer-review process and risks funding poorer
quality science and science that does not address problems of the highest regional
or national priority.

The Nutrient Enhanced Coastal Ocean Productivity (NECOP) program was
funded by COP and will be used as one of two in-depth case studies for Chapter
4. In addition, COP funds other regional programs around the United States,
including Southeast Bering Sea Carrying Capacity, South Atlantic Bight Recruit-
ment Experiment, South Florida Ecosystem Restoration Prediction and Modeling,
and Pacific Northwest Coastal Ecosystem Regional Study (PNCERS; see Chapter
4 for description of PNCERS), among others. COP has participated in some of the
activities of the CoOP and GLOBEC programs described above and the inter-
agency program, Ecology and Oceanography of Harmful Algal Blooms (EcoHAB).
In most cases, COP has sought and received substantial external contributions to
the planning processes from scientists and, in some current programs, from re-
source managers. However, a considerable amount of program dollars are spent on
research that is mission oriented. This can result in neglect of research on funda-
mental processes essential to understanding the regional system.

Louisiana-Texas Shelf Physical Oceanography Program

The primary goal of LaTex was to study the physical oceanography of the
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northern Gulf of Mexico. The study was commissioned by MMS in support of
one of its missions, to assess potential environmental impacts of offshore oil and
gas exploration and production. MMS perceived a need for specific information
on currents in the coastal Gulf, so agency personnel designed the research in
detail, to the extent of specifying locations and depths of current meter deploy-
ments. Despite the initial consideration of broader regional research needs in the
context of possible cooperation with NECOP, in the end LaTex did not join in
any collaborative effort, largely because the goals of NECOP did not fall within
the specific mission set by MMS for LaTex.

LEGISLATIVE MANDATES

An increasing number of mandates for regional marine research stem from
federal legislation. Sometimes, research is the focus of the legislation, as in the
case of the RMRP. With this type of mandate, funding is usually provided to
support the research, although it may not be sufficient to meet the requirements of
the enabling legislation. Often, as was the case with RMRP, mechanisms for
planning the research are specified. Other legislative mandates may prescribe
either broad or quite specific research objectives. Such mandates typically are not
based on a systematic effort among stakeholders, decisionmakers, and scientists
to plan needed and effective research in the coastal zone. Rather, they tend to
result from the efforts of focused interest groups, ranging from researchers seek-
ing unconventional sources of research funding, to industries with specific re-
source issues, to conservationists seeking to protect a particular species or habi-
tat. In other instances, although research is not the subject of the legislation,
carrying out the legislative mandate may require extensive research.

An example of this latter situation is the 1976 Magnuson-Stevens Fishery
Conservation and Management Act, as amended by the Sustainable Fisheries Act
of 1996 (P.L. 104-267). This law established a new requirement to describe and
identify essential fish habitat (EFH) within each regional fishery management
plan. EFH is defined within the act as “those waters and substrate necessary to
fish for spawning, breeding, feeding, or growth to maturity.” Only species man-
aged under a federal fishery management plan are to be considered. The designa-
tion of EFH uses a four-tiered approach:

* Level I includes presence/absence distribution data;

* Level 2 examines habitat-related density data;

* Level 3 analyzes growth, reproduction, or survival rate data within habi-
tats; and

* Level 4 includes an analysis of production rate data available for each
habitat for each species.
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The goals outlined in the Sustainable Fisheries Act are ambitious and require
a considerable amount of research to understand the relationship between indi-
vidual fish species and the habitat necessary to support their life stages. Also,
detailed information from monitoring, coupled with modeling, is needed to as-
sess the relative impact of proposed activities and to inform those involved in the
subsequent consultative decisionmaking process.

The Endangered Species Act contains implicit mandates for research. For
example, in 1997, the Steller sea lion was declared an endangered species in the
western part of its range in the northern North Pacific; after earlier being listed as
a threatened species in 1990. NMFS is bound by Section 7a(2) of the Endangered
Species Act:

Each Federal agency shall ensure that any action authorized, funded, or carried
out by that agency is not likely to jeopardize the continued existence of any
endangered or threatened species or result in the destruction or adverse modifi-
cation of habitat of such species.

In a series of biological opinions issued or reviewed since 1991, NMFS identified
pollock fishing as plausibly having adverse impact. Therefore, NMFS instituted
restrictions on the fishery that included Steller sea lion buffer zones (no-trawl
zones) near sea lion rookeries. In April 1998, an independent panel requested by
the North Pacific Management Council reviewed the scientific justification for
the NMFS opinions. The panel included the following statement in its report:

It is the conclusion of the panel that, on the basis of the available scientific and
commercial data, the possibility of competition between Steller sea lions and
the pollock fisheries cannot be excluded. However, the panel emphasizes that
this does not mean that the magnitude or effect of the competition has been
determined. Quantification and causation have not been established.

On July 10, 1999, a federal judge ruled in a lawsuit brought by several
environmental groups that current pollock fishing regulations issued by NMFS
do not protect the Steller sea lion and, hence, violate the Endangered Species Act.
The judge’s decision emphasized that NMFS had not provided a quantitative
rationale for the specific restrictions instituted; that is, they had not demonstrated
that the restrictions were likely to be effective. In particular, the sea lions’ num-
bers continued to decrease even after the fishery restrictions were in place. The
1998 independent panel review made it clear that the scientific information needed
to justify the NMFS management measures was lacking. Therefore, the court
decision, if upheld, will require substantial additional research on the causes of
the Steller sea lion population decline and the effects of any remedial measures
taken.

A regional marine research program that uses an ecosystem-based strategy
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should provide the necessary framework to support the decisionmaking processes
outlined in the Sustainable Fisheries Act, the Endangered Species Act, and simi-
lar mandates. Ideally, clearly defined regional research priorities would help
balance the arguments of special interest groups who promote particular research
programs. Better coordination among NOAA programs responsible for coastal
ocean research (COP and National Sea Grant), fisheries (NMFS), and endangered
marine species (NMFS) would facilitate planning and implementation of re-
search programs needed to support management decisions.
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Regional Marine Research Programs

In this chapter, several regional marine research programs (RMRPs) are
discussed in detail. The objective of this analysis is to identify aspects of the
planning, implementation, and administration of these programs that either con-
tributed to their success or proved an impediment. Success is considered not only
in terms of scientific accomplishments, but also in terms of benefits to managers,
agencies, and other consumers of scientific information.

NUTRIENT ENHANCED COASTAL OCEAN PRODUCTIVITY
(NECOP) CASE STUDY

Goals

The NECOP program was initiated in 1989 as part of the Coastal Ecosystem
Health theme of the newly established Coastal Ocean Program (COP) of the
National Oceanic and Atmospheric Administration (NOAA). The major themes
of COP are:

* fisheries management in an ecosystem context,
* ecosystem health, and
* coastal hazards (the coastal forecast system).

The long-term goal of NECOP was to “improve the environmental quality of
coastal waters by predicting the harmful effects of nutrient over-enrichment”

(NOAA, 1991). Immediate goals were to determine quantitatively the degree to
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which coastal primary productivity has been enhanced in areas receiving inputs
of nutrients from terrestrial sources, determine the impact of enhanced produc-
tion on water quality, and determine the fate of fixed carbon in coastal areas and
its impact on living marine resources and the global carbon cycle. The northern
Gulf of Mexico directly affected by the discharge of the Mississippi-Atchafalaya
river system was the only region selected for this program, although originally,
several studies of coastal ecosystems impacted by riverine inputs of nutrients
were anticipated. This region was selected based on four criteria: a clear anthro-
pogenic signal in the distribution of nutrients, elevated phytoplankton biomass,
demonstrable impact on water quality due to enhanced productivity, and the
presence of regional living resources of significant value.

It is interesting to compare the goals of NECOP with those established
through the RMRP process that gave rise to the Gulf of Mexico Regional Marine
Research (RMR) Plan. Through a series of workshops, the RMR Board for the
Gulf of Mexico region identified 12 research priorities: freshwater and sediment
inputs, saltwater intrusion, nutrient enrichment and cycling, toxic materials,
trophic dynamics, population stability of marine organisms, nuisance and exotic
species, habitat use and modification, physical modifications including dredging-
dumping and alterations of freshwater flow, coastal erosion and sediment bud-
gets, catastrophic events, and global change. The RMR Board identified the
following research priorities:

* Develop a comprehensive ecosystem model of the Gulf of Mexico to
guide the development of smaller scale predictive models, define information
gaps, and track progress toward filling these gaps;

* Study physical, chemical, and ecological processes in the inshore zone
(<25 m);

* Study the offshore zone (> 25m) and the Loop Current as it influences the
linkage between inshore and offshore processes.

The concept of a region as the next largest scale that must be studied to under-
stand the local problem of interest and the importance of coastal circulation is
clearly incorporated in these priorities. NECOP addressed research questions
related to inputs of freshwater, nutrients and sediments, nutrient cycling, and
trophic dynamics, and was primarily concerned with the inshore environment.
Thus, the goals of NECOP were within the broader scope of the RMRP for the
Gulf of Mexico.

Duration, Funding, and Principal Investigators

From 1989 to 1996, 49 scientists, 19 federal and 30 non-federal, from 14
institutions participated in an interdisciplinary study of the continental shelf of
the northern Gulf of Mexico at a total funding of $9.5M (85% research, 14%
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management, and 1% outreach). A final synthesis of results was completed in
1999 (Wiseman, 1999).

Program Management

NECOP was conceived at a National Oceanic and Atmospheric Administra-
tion (NOAA) workshop in Fiscal Year (FY) 1988 and initiated in 1989 by a
NOAA Coastal Ocean Productivity/Nutrient Enhanced Workshop in Baton
Rouge, Louisiana. Field studies began during summer 1990 and were completed
in 1993. In consultation with the Director of COP, the Program Management
Committee (PMC; established in 1989) developed and issued calls for proposals
in FY 1989 for FY 1990-91 and in FY 1992 for FY 1992-93. The PMC was also
responsible for proposal review and funding decisions.

The first call for proposals targeted five areas for funding: retrospective
analyses received $375,000 for work on sediment cores, a Coastal Zone Color
Scanner (CZCS) database, and synthesis of historical data; monitoring of dis-
solved oxygen received $175,000; synoptic measurements and process studies
received $650,000 for studies focusing on productivity, development of hypoxia,
and carbon transport; modeling was allocated $150,000 to develop mass balances
for the inner shelf; and impacts on biota received $125,000. Fifteen proposals
were funded. Information is not available on the number of proposals submitted
during this first year. Funding was initiated in May 1990.

The second call for proposals targeted the following areas for funding: assess
the importance of nitrogen, phosphorus, and silicon in limiting phytoplankton
productivity and biomass; determine seasonal variation in the rates of new and
regenerated productivity; enhance the modeling effort by determining fluxes and
physical linkages among various study regions; enhance research on hypoxia by
expanding studies on the effects of low oxygen on living resources; and assess
the impact of hypoxia on socioeconomic conditions in the northern Gulf of
Mexico. Of the 26 proposals submitted, 17 were funded. Funding was initiated in
March 1992. The final three years (FY 1994-1996) of the project (Appendix D —
NECOP spreadsheet) were funded at a reduced level of support for renewals and
synthesis.

It is noteworthy that the 1994 Ocean Studies Board (OSB) review of COP
(NRC, 1994a) found that the solicitation and review procedures were not uniform
in terms of the treatment of proposals from NOAA and academic scientists. The
panel recommended that procedures for solicitation and review of proposals be
“standardized.”

Data Management and Dissemination

In FY 1990, a data management center was established at NOAA, the Atlan-
tic Oceanographic and Meteorological Laboratory (AOML). A workshop on data
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management was conducted in FY 1993 (the last year of field studies) to discuss
data synthesis and data products. Synthesis and the development and calibration
of a water quality model continued through 1996. Data submission to the NECOP
data manager was completed in FY 1996 and all data were forwarded to the
National Oceanographic Data Center (NODC).

External Reviews

The project was subjected to an external review in October 1991. The review
committee concluded that:

* The problem of coastal nutrient enrichment is important and requires a
focused, multidisciplinary study, such as NECOP;

* The rationale for defining the limits of the study area and selecting the
current mix of funded projects was not clear;

* The sampling program is unlikely to provide the data needed to determine
characteristic scales of variability in river discharge and plume dynamics;

* The project does not appear to be well coordinated.

Several recommendations were made as follows:

* Elect 3-5 principal investigators to serve on the Technical Advisory Com-
mittee (TAC) to effect better coordination between research needs, recommenda-
tions of the TAC, and decisions of the PMC;

* Enhance the effort to determine the history of hypoxia based on analysis
of the sediment record;

* Make a serious effort to quantify the sources of nutrients (natural, fertil-
izer, sewage, etc.);

» Effect greater collaboration and coordination between the observational
and modeling efforts; and

* Develop a more effective strategy for observing the system on time and
space scales that are relevant to the goals of the program and for coordinating
surveys with more intense and detailed process studies.

In response, NOAA reconstituted the TAC with representation by principal in-
vestigators, agreed to devote additional resources to retrospective analysis of the
sediment record, and worked to develop more effective collaboration among field
and monitoring efforts. Quantification of sources was not seen as a NECOP
responsibility, and the U.S. Environmental Protection Agency (EPA) was ex-
pected to provide access to pertinent data. The availability and cost of ship time
was a concern and a plan to address sampling issues was not articulated.
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Extent to which the Goals were Achieved

Significant progress was made in understanding the relationships among
nutrient loading, phytoplankton production, and the development of bottom wa-
ter hypoxia. The project excelled in raising the level of public awareness of the
problem. NECOP also provided a more complete historical perspective of the
volume and areal extent of hypoxia in the region and showed that anthropogenic
nutrient inputs and climate are important parameters of the spatial and temporal
magnitude of hypoxia. However, based on the most recent synthesis, the original
program goals were not achieved. It is obvious, from the nutrient fields alone,
that increases in nutrient loading have resulted in an increase in phytoplankton
production. However, the magnitude by which productivity has been enhanced,
the quantitative impacts of the higher production, and the fate of phytoplankton
production are still a matter of speculation. The program suffered in two impor-
tant ways:

1. Excessive focus on the immediate mixing plume off Southwest Pass and
inadequate attention to the shelf dynamics downcurrent and off the Atchafalaya,
where hypoxia is produced and maintained, and

2. A sampling program that was inadequate for documenting important scales
of variability and the physical and ecological dynamics of the coastal plume.

Among other things, variations in larger scale coastal circulation are likely to
have a substantial impact on plume dynamics and the relationships between
nutrient inputs, phytoplankton production, and oxygen depletion.

Relationships and Collaboration with other Programs

When the project was originally conceived, the field program was to be
coordinated with the Louisiana-Texas Shelf Physical Oceanography Program
(LaTex), a six-year project to determine the dynamics of circulation, transport,
and cross-shelf mixing over the Texas-Louisiana shelf (sponsored by the U.S.
Minerals Management Service [MMS]). Unfortunately, NECOP and LaTex were
not well coordinated and, to date, the results of LaTex have been of limited value
in defining the physical oceanographic setting and regional framework required
for understanding plume dynamics and the fate of enhanced primary production.

Legacies, Impacts, and Public Awareness

NECOP was influential in bringing the problem of the seasonal occurrence
of hypoxic bottom water in the northern Gulf of Mexico to the attention of
decisionmakers and the public. Broader awareness of the issue has generated
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support for research and monitoring to address the causes of coastal eutrophica-
tion. Since the completion of NECOP in 1996, NOAA has continued to support
the monitoring of dissolved oxygen during summer (Figure 4-1). This has sus-
tained a monitoring effort that began in 1985 and was continued as part of
NECOP. The occurrence of hypoxic bottom water during the summer is among
the most pressing water quality issues in U.S. coastal waters. The first Gulf of
Mexico Hypoxia Management Conference was convened by Natural Resources
Hypoxia Work Group (CENR) in December 1995 to discuss the problem, and the
Mississippi River-Gulf of Mexico Watershed Nutrient Task Force was formed in
1997 to discuss mitigation strategies. The Task Force initiated two parallel ef-
forts: (1) an ecosystem-watershed management effort to identify actions that are
acceptable to all concerned parties and can be taken immediately to reduce excess
nutrient loads (CENR, 1998) and (2) an assessment of the causes and conse-
quences of Gulf hypoxia to provide the scientific basis for the development of
nutrient management strategies. Six technical reports are publicly available and a
draft-integrated assessment has been released for public comment by NOAA
(National Ocean Service, 1999).

GULF OF MAINE REGIONAL MARINE RESEARCH PROGRAM
(GOM-RMRP) CASE STUDY

Goals

The broad goals of the RMRP and COP are very similar, in that they both
emphasize the health of coastal ecosystems. However, the organizational struc-
ture of the RMRP was somewhat different. COP identified a specific region to
study the environmental problem of nutrient enrichment and hypoxia and empha-
sized the collaboration between NOAA and academic scientists. In contrast, the
emphasis of the RMRP was on the regional coordination of research and monitor-
ing projects and the promotion of more effective collaborations between scien-
tists and managers.

The goals of the GOM-RMRP were stated within the Gulf of Maine Re-
search Plan (GOM-RMRP, 1992). The 10-year program goal was to “work to-
ward development of a suite of models that collectively simulate how the Gulf of
Maine ecosystem and its interacting components function naturally and under
stress.” Achievement of these ambitious goals was still below the horizon when
the program terminated after 5 years. The broad societal concerns to be addressed
by the GOM-RMRP were that contamination of the Gulf of Maine degrades
living marine resources or alters ecosystem structure and that physical changes to
habitats in the Gulf of Maine alter ecosystem structure and functioning. The
scientific questions identified as being appropriate for study under the GOM-
RMRP included:
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1. What are the sources, pathways, fates, and effects of contaminants on
living marine resources in the Gulf of Maine?

2. What are the causes and effects of noxious and/or excessive phytoplank-
ton concentrations?

3. What is the relative importance of natural and human-induced changes to
the physical environment on ecosystem structure and function?

4. How susceptible are various parts of the Gulf to dissolved oxygen deple-
tion?

It was recognized that the limited resources available would not permit all of
these questions to be addressed immediately.

Questions 1 and 2 were given the highest priority for initial funding based on
consideration of the kinds of information needed to address these issues and the
feasibility and importance of acquiring and using this information to achieve
predictive capability for the Gulf of Maine system. The highest priority informa-
tion needs were contaminant transport and cycling for Question 1 and causes of
noxious algal blooms for Question 2.

Duration, Funding, and Principal Investigators

From 1993 to 1998, 49 investigators from 17 institutions participated in the
GOM-RMRP. Total funding was just over $7 million (82% research, 17% man-
agement, and 1% outreach). Because of their geographic proximity to the Gulf of
Maine, all of these institutions (and many of the individual investigators) had a
substantial record of previous research in the region and most were members of
Regional Association for Research on the Gulf of Maine (RARGOM). While
NECOP focused on the effects of nutrient enrichment on the production and fate
of phytoplankton biomass, the GOM-RMRP exhibited more diversity as a conse-
quence of the process by which proposals were selected for funding. As far as can
be inferred from the titles of the proposals, 19% of the research funding went to
projects explicitly concerned with harmful algal blooms (HABs), 22% to con-
taminant-related studies, 26% to physical oceanography, and 22% to studies of
primary productivity and chemical oceanography not specifically related to HABs
or contaminants. Data management received 5% of the funding, an ecosystem
model received 3%, and the remaining 4% of funds went to other research areas
(Appendix D — GOM-RMRP spreadsheet). The GOM-RMRP funding pattern
indicates that better understanding of such fundamentals as circulation and links
between physical processes and primary productivity were deemed essential to
addressing questions related to HABs and contaminants. The investments in data
management and integrative modeling were quite modest, probably reflecting the
short duration of the program.
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Program Management

Unlike some of the other regions constituted by the RMRP legislation, the
Gulf of Maine had a long tradition of collaborative research activities among
regional institutions, and joint research planning activities had occurred from at
least the mid-1980s. The broad scientific questions presented in the GOM-RMR
Plan (GOM-RMRP, 1992) were identified based on input from a broad cross
section of the scientific community, resource managers, agencies concerned with
environmental conservation, environmental policymakers, and others (see Chap-
ter 3). RARGOM, an association of marine research institutions and federal,
state, and provincial agencies from the United States and Canada, was founded in
1991 to coordinate, facilitate, and stimulate research on the Gulf of Maine. At
about the same time, a tri-state task group was formed to assist the Governors of
Maine, New Hampshire, and Massachusetts in the formation of an RMR Board
for the Gulf of Maine. The task group recommended involvement of the scientific
community in developing the regional plan, so prior to the appointment of the
RMR Board, its Chairman (Dr. Robert Wall) asked RARGOM to assist in draft-
ing the RMR plan.

In December 1991, after the passage of the RMRP legislation, a Gulf of
Maine Scientific Workshop was held in Woods Hole, Massachusetts. The work-
shop proceedings summarized current knowledge of the Gulf of Maine, identified
major gaps in understanding, and made recommendations for future research
activities. The Woods Hole workshop was a valuable tool for identifying research
needs and informing institutional leaders about the RMRP. Also, it stimulated the
formation of a regional association of marine research institutions, RARGOM,
from the previously state-only Association for Research on the Gulf of Maine
(ARGO-Maine). The RMR Board, which included representatives from univer-
sities, state, and federal agencies, developed the RMR Plan based on the draft
prepared by RARGOM and other regional planning activities. The RMR Plan
was submitted to NOAA and EPA for approval in June 1992, and the RMR Board
immediately issued an Announcement of Research Opportunity (ARO) based on
the Plan.

The development of the Plan was guided by the following questions:

1. What are the priority marine issues at the scale of the Gulf of Maine, from
a societal perspective, that science can address with a predictive capability?

2. What are the scientific questions that are posed by these issues, and what
specific information needs are thus implied?

Within the context of the broad scientific questions listed under Goals, priorities
were set by the RMRP based upon the answers to these questions:

Copyright © National Academy of Sciences. All rights reserved.



Bridging Boundaries through Regional Marine Research
http://lwww.nap.edu/catalog/9772.html

REGIONAL MARINE RESEARCH PROGRAMS 53

1. How much of this information is either already available, presently being
generated in other programs, and fits the purview of this specific legislation?

2. What are the most important of these information needs in order to bring
about usable predictive capability over a decadal time span?

3. Which of these issues need to be addressed earlier versus later in this
decadal time span?

Based on these criteria, the RMR Plan included a table of research priorities
related to the four major scientific questions. The highest priority issues were
listed in the ARO; and reviewers were instructed to consider the table of priorities
when evaluating the proposals. The reviewers also considered the normal criteria
of scientific quality of the proposed research, qualifications of personnel, and
suitability of facilities. In addition, linkages to ongoing work and to existing and
projected databases contributed to a favorable evaluation. Interdisciplinary re-
search approaches and multidisciplinary modeling efforts were identified as de-
serving support; however, the latter ultimately received very little funding. In all,
four AROs were issued; all were similar, although later ones included informa-
tion on projects that had already been funded.

Following mail review, submitted proposals were further evaluated by a
review panel convened by the RMR Board. Based upon their recommendations,
the Board selected proposals for funding. From 1993-96, Dr. David Townsend
was chosen by the RMR Board to serve as Executive Director of the GOM-
RMRP. He was responsible for overseeing the proposal solicitation and review
process, disbursement of funds, and other Program oversight. After the RMRP
authorizing legislation expired in 1996, Dr. Townsend continued unofficially as
Director for one year. However, since 1997, which also saw the retirement of
Board Chairman Dr. Robert Wall, there has been no administrative office for the
GOM-RMRP.

Data Management and Dissemination

A small proportion (5%) of the total research funding of the RMRP was
specifically allocated to data management. In addition, a fraction of the effort of
the program scientists was also directed toward these activities. The main, unified
presentation of the data and accomplishments of the GOM-RMRP is contained in
a web site (USGS, 1999), entitled Research Environmental Data and Information
Management System (REDIMS) for the Gulf of Maine. Although the original
RMRP funding for this site has ended, it is still maintained by U.S. Geological
Survey (USGS), Woods Hole. In addition to project descriptions, data, and, for a
few projects, final reports from the RMRP, there are links to many sources of
data, models, and other information. The RMRP data archived so far consists
mainly of descriptive physical oceanography. The database is “distributed,” that
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is, individual investigators maintain their own data sites linked to REDIMS. This
raises some concern for the future survival of this dataset as a coherent entity.

The main avenues for dissemination of the RMRP results appear to be the
website (Anderson et al., 1998) and traditional avenues of scientific publication
(Appendix E). The website is geared to a professional audience, but could be
useful to the scientific staff of local, state, or federal government agencies. There
was little information available on public outreach.

External Reviews

There were no comprehensive, formal external reviews of the GOM-RMRP.

Extent to which the Goals were Achieved

Since funding for many of the major components continued into 1998, it is
somewhat premature to evaluate the scientific impact of the GOM-RMRP. Al-
though the website compilation of research results and publications is probably
not completely current, it provides an initial basis for assessing the GOM-RMRP
accomplishments. GOM-RMRP grant recipients identified 88 publications that
were supported by the funds from the program (Appendix E). Of the 28 projects
funded, 10 now have associated data links on the website. However, there has
been no final synthesis of the results.

There has not been much tangible progress toward the 10-year goal stated in
the RMR Plan, “to work toward development of a suite of models that collec-
tively simulate how the Gulf of Maine ecosystem and its interacting components
function naturally and under stress.” With funding provided for only 5 of the 10
years of the program, completion of the goals cannot be expected.

The RMRP convened, organized, and sponsored a number of workshops and
symposia intended to foster interactions among research groups and synthesis of
research findings. These included principal investigator (PI) meetings in the Fall
1994 and 1995 and workshops on physical circulation modeling (1993) and eco-
system modeling (1995), but they occurred before most of the data were gathered
and before PIs had thoroughly analyzed their own data. Because funding for the
RMRP ended early, opportunities for taking the next step toward synthesis and
interdisciplinary modeling were limited.

The GOM-RMRP has resulted in clear progress toward a better understand-
ing of Gulf of Maine circulation and the role of wind forcing (Brown, 1998).
Better understanding of the circulation will also certainly contribute to future
understanding of contaminant transport, although that linkage has not yet been
made. So far, interdisciplinary synergism is best illustrated by the work on the
dinoflagellate Alexandrium (Anderson, 1997), where the inflow of freshwater,
winds, and the resultant coastal circulation have been found to strongly influence
the spatial and temporal distribution of this toxic species (Figure 4-2). Hence,
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FIGURE 4-2 Salinity and dinoflagellate (Alexandrium) distributions during the
first cruise (Leg II) of 1994 (May 2-4). These observations indicate a correlation
between the inflow of freshwater (decreasing salinity shown by darker shading) and
blooms of this toxic dinoflagellate (increasing density of dinoflagellates shown by
darker shading). From: D.M. Anderson, unpublished data.

substantial progress has been made on the question: what are the causes of nox-
ious phytoplankton concentrations? Another accomplishment of the RMRP has
been to lay a foundation for further studies of harmful algae, such as those
sponsored by The Ecology and Oceanography of Harmful Algal Blooms
(EcoHAB) Program.

In conclusion, the GOM-RMRP had, and continues to have, many of the key
elements necessary to address the guiding questions concerning contaminant
transport and occurrences of phytoplankton. These include a clear definition of
programmatic goals that all proposals were required to address; the decision to
selectively fund a small number of projects (rather than underfund many projects),
and the emphasis on interdisciplinary research (physical, biological, and chemi-
cal oceanography) that provides the fundamental context for interpretation of
contaminant and phytoplankton data. Problems arose from the lack of a long-
term, continuing state and federal commitment for the RMRP. This resulted in
the unexpected, early termination of funding after 5 years of what was originally

Copyright © National Academy of Sciences. All rights reserved.



Bridging Boundaries through Regional Marine Research
http://lwww.nap.edu/catalog/9772.html

56 BRIDGING BOUNDARIES THROUGH REGIONAL MARINE RESEARCH

designed to be 10-year project. As a consequence, there was a lack of ‘sunset’
management funds needed to bring the program to an organized conclusion.
Although many of the PIs continue to interact on other collaborative research
projects and at planning exercises for future Gulf of Maine research, there is no
impetus or funding to work on syntheses of RMRP data. Only minor funding
(some from the harmful algal bloom proposals, some from a stand-alone project)
was ever provided for interdisciplinary modeling. Judging from the somewhat
limited participation in efforts to attain an RMRP “final product,” in terms of
providing data, final reports, or publication citations to the website, this program
is rapidly falling off participants’ priority list. Although PIs are making good
progress toward publishing the results of the individual projects in peer-reviewed
journals (at least 77 publications to date), it is likely that future accomplishments
will be limited to individual and small group publications, with little of the
interdisciplinary synthesis envisioned by the original plan.

Relationships To and Collaborations With Other Programs

The original authorizing legislation for the RMRP called for an assessment
of how the GOM-RMRP would incorporate existing research and management
programs. Two specific programs, the National Estuarine Research Reserve
(NERR) and the National Estuaries Programs (NEP) were cited in the act as
potential linkage programs. However, the GOM-RMR Plan indicates that the
research needs of each program were (1) site-specific rather than regional in
scope and (2) driven by individual mission-oriented goals. While the assessment
may be accurate to some degree, the GOM-RMR planning process did not at-
tempt to identify regional opportunities for collaboration with these legislatively
mandated programs. At a minimum, the GOM-RMRP should have included spe-
cific research needs that are regional in scope and pertinent to both NERR and
NEP, such as assessment of coastal habitat loss and water quality.

The GOM-RMRP planning process did take steps to gather insight from
multiple-user groups before and during assembly of the plan. Workshops and
conferences were held to understand, in the broadest sense, the work needed to
sustain the integrity of the Gulf of Maine ecosystem. Beginning with the 1989
“Sustaining Our Common Heritage” conference, state and local leaders, non-
governmental organization (NGO) representatives, and the research community
worked to establish a list of research priorities and identify opportunities for
collaboration among resource agencies within the region. Subsequent scientific
workshops were held to continue to gather more detailed research needs and
develop a framework for the final RMR plan. Subsequent collaboration efforts
narrowed to those parties directly involved in the research plan and activities.
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Legacies, Impact, and Public Awareness

The impact of the GOM-RMRP is difficult to assess from scientific and
policy perspectives because of the lack of external reviews. In presentations to
this committee, individuals did indicate that research detailing Gulf of Maine
circulation patterns and processes initiating and sustaining HABs provided valu-
able insights. The data and information also served as a basis for understanding
the linkages between Massachusetts Bay and the Gulf of Maine, particularly as
studies were under way for the proposed Massachusetts Water Resources Author-
ity wastewater outfall. Also, the current effort to design and implement the Gulf
of Maine Observing System (RARGOM Report 98-1) is an important legacy that
may form one of the building blocks of the U.S. integrated ocean observing
system currently under consideration by Congress.

It is no surprise that little is known of the GOM-RMRP publicly. Less than
1% of the budget was devoted specifically to outreach activities. As a result of the
early efforts to reach out to many user groups during development of the plan,
coastal managers and advocates are aware of the GOM-RMRP process, plan, and
specific studies. Yet, they would not necessarily recall specific findings of the
studies and actions that might have been taken as a result of these findings. The
only avenue for individuals to gain access to information from the GOM-RMRP
is through the website that inventories the studies supported and provides access
to a distributed data base (REDIMS). Since no RMRP or NOAA funds are allo-
cated to the maintenance of this site, it survives through the grace of the host
agency (USGS, Woods Hole).

OTHER SELECTED REGIONAL MARINE RESEARCH PROJECTS

Following are brief descriptions of several other regional programs, for com-
parison to those already discussed above. The intent is to highlight unique char-
acteristics of these programs that were not represented in the earlier examples. In
particular, each of these had different approaches and a varying commitment to
involving a broader community in the research planning process and disseminat-
ing research findings. All achieved substantial interagency cooperation but dif-
fered in their emphasis on local, state, and federal participation.

Long-Term Management Strategy for San Francisco Bay

Dredging of approximately four million cubic yards of San Francisco Bay
sediments annually is necessary to maintain shipping channels, terminal facili-
ties, and some recreational activities. This dredging is subject to state permits
issued by the Bay Conservation and Development Commission and the San Fran-
cisco Bay Regional Water Quality Control Board (SFBRWQCB) and federal
permits from the Army Corps of Engineers and other federal agencies. All federal
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permits issued for projects that affect the Bay must also be found to be consistent
with the San Francisco Bay Conservation Development Commission’s (BCDC)
management program and the Seaport Plan that is developed by BCDC and the
Metropolitan Transit Commission. The dilemma facing Bay ports, maritime ship-
ping, and environmental protection interests was how best to balance the needs of
maritime commerce with the protection and management of the Bay’s significant
aquatic and wildlife resources.

The competing needs of industry, ports, fishermen, and the environment
caused a debate over where and how to dispose of dredged material, which halted
certain harbor deepening projects. In response to these concerns, representatives
from the U.S. Army Corps of Engineers (USACE), EPA, State Water Resources
Control Board, SFBRWQCB, BCDC, the U.S. Navy, and approximately 40 other
concerned public agencies embarked on a Long-Term Management Strategy
(LTMS) to establish solutions to these issues. The program is highly visible by
design and it functions with substantial regional input from dredgers, industry,
environmental groups, and concerned members of the public. It was used to form
a regional strategy for managing dredging within San Francisco Bay for the next
50 years.

The study plan for the program was adopted in 1991 and technical studies
were completed by 1996. The budget was estimated to be $16 million. The
technical studies were evaluated by a Technical Panel composed of five technical
reviewers not associated with the LTMS program. This review was adequate, but
the efforts were limited by budget constraints (Steve Goldbeck, San Francisco
Bay Conservation and Development Commission, via telephone conversation
and electronic mail in April 1999). Despite these limitations, the studies have
provided a technical basis for designating the ocean disposal site, evaluating
upland disposal options, helping to determine the best locations for limited in-bay
disposal, and providing information for the policy environmental impact state-
ment (EIS)/programmatic impact report (EIR).

One of the weaknesses of the program was the lack of a coherent data
management strategy. Each agency and study established the parameters of their
particular study, but consistency between the efforts was not always achieved. A
central repository was not established and much of the information generated is
now not easily available to third parties (although some of the results are now
summarized in the EIS/R, which is available on the Internet; USACE et al.,
1998).

The structure agreed to by the participating agencies at the beginning of the
program has been surprisingly effective. Most of the problems and delays that
were encountered can be attributed to the ad hoc beginnings of the effort, staffing
shortages, data management concerns, the controversial nature of the subject
matter, and the ambitious goals established for the program. The LTMS was
developed through a series of long and sometimes difficult strategy sessions that
ultimately succeeded, but were time consuming and expensive. The reward for

Copyright © National Academy of Sciences. All rights reserved.



Bridging Boundaries through Regional Marine Research
http://lwww.nap.edu/catalog/9772.html

REGIONAL MARINE RESEARCH PROGRAMS 59

this effort was the development of a strategy for dredging, environmental protec-
tion, and resource enhancement that is intended to provide guidance for the next
50 years. Future programs of this type would benefit from a research coordination
structure, developed at the beginning that incorporates the necessary data man-
agement, technical review panels, and other organizational elements.

Chesapeake Bay Land Margin Ecosystem Research (LMER)

LMER was initiated by the National Science Foundation (NSF) in 1990 to
address scientific and societal questions concerning the causes and consequences
of changes in the structure and function of estuarine and coastal marine ecosys-
tems. The overarching goals of this program are to assess: (1) the roles of these
ecosystems in modulating the fluxes of materials between terrestrial and oceanic
systems and (2) the influences of climate, land-use practices, and oceanic processes
on trophic dynamics and biogeochemical cycles in ecosystems at the land-sea
interface. Achievement of these goals requires an understanding of interactions
among terrestrial, estuarine, and marine ecosystems. They require regional ap-
proaches that transcend political, disciplinary, and ecological boundaries. Projects
were competitively funded through the NSF peer and panel review process.

The Chesapeake Bay LMER began in 1990 and ends in September 2000. The
central hypothesis is that high primary production and fish production (relative to
other coastal and estuarine systems), scaled in terms of annual nitrogen input, are
consequences of the pulsed nature of nutrient inputs, the long residence time of
nutrients in the system, benthic-pelagic coupling, and physical processes that
enhance trophic transfer efficiencies. From 1990-1994, the project focused on
responses to point-source and diffuse nutrient inputs to the estuary, in terms of
nutrient cycling, the production and fate of phytoplankton biomass, water quality,
and the development of a nutrient budget that identified major pathways of nitro-
gen and phosphorus input and export and major sinks within the system. In 1995,
the emphasis shifted to the effects of physical processes on scales of meters on
the coupling between primary and secondary production. Results from this re-
search have:

* Elucidated relationships between nutrient enrichment, phytoplankton pro-
duction, and oxygen depletion;

* Enabled the development of a coupled hydrodynamic-water quality model
that generates realistic simulations of ecosystem dynamics, and is used to evalu-
ate how nutrient control strategies will affect water quality (and will be used to
calculate total maximum daily loads [TMDLs]);

* Provided the scientific basis for continued support of the nutrient manage-
ment strategy for Chesapeake Bay;

* Revealed important linkages between convergence zones (including the
turbidity maximum), the concentrations of phytoplankton and particulate organic
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matter, and grazing patterns of zooplankton and fish larvae that have important
implications for fisheries management and dredging practices in Chesapeake
Bay.

The success of this project can be attributed to a great extent to the Chesa-
peake Bay observing system implemented in 1984 as part of the EPA Chesapeake
Bay Program (see “Problems Transcend Geopolitical Boundaries, Agencies, and
Disciplines,” in Chapter 2). The Chesapeake Bay LMER was conceived and
conducted in the context of a sustained, regional-scale observing system, a Bay-
wide, EPA-NOAA-State collaboration that provides data on the distributions of
temperature, salinity, nutrients, oxygen, sediments, toxic chemicals, plankton,
macrobenthic organisms, finfish and shellfish, submerged attached vegetation,
and tidal marshes throughout the Bay and its tributaries. These data are based on
measurements of environmental and ecological properties and processes at 165
stations at monthly and bimonthly intervals. The constructive interaction be-
tween monitoring and research has led to rapid progress in the understanding and
prediction of environmental variability. The existence of the observing system
and the wealth of data it provides set the stage for a multi-institutional research
effort that is unparalleled for an estuarine system. In FY 1998, this amounted to
169 programs in research, education, and outreach totaling $8.3 million in extra-
mural funding, for studies of living resources, water quality, ecosystems, smart
growth and development, as well as public education and environmental gover-
nance. It is noteworthy that ecosystem research accounted for nearly 40% of FY
1998 expenditures and that federal agencies accounted for about 60% of extramu-
ral funding (principally EPA, NSF, NOAA, and U.S. National Aeronautics and
Space Administration [NASA]).

Pacific Northwest Coastal Ecosystem Regional Study (PNCERS)

PNCERS is a program entirely funded by NOAA’s COP. The planning was
a joint effort of the Oregon Coastal Management Program, the Washington Sea
Grant Program, and the National Marine Fisheries Service, who are represented
on the Program Management Team (PMT). In part, PNCERS emerged as a result
of the planning activities undertaken as part of the Pacific Northwest Regional
Marine Research Program. Oregon Sea Grant also cooperates. PNCERS per-
ceives itself as “a five-year, multi-investigator, interdisciplinary approach to iden-
tifying the physical and human-mediating factors affecting the estuarine and near
shore ecosystems . . .” (Parrish and Breslow, 1999). Its focus is five estuaries in
Oregon and Washington State. The history and subsequent development of
PNCERS are best viewed as a two-step process. In 1995, the COP provided $2.5
million to “greater” PNCERS. The initial grant was to determine the boundary
conditions in which research programs would operate:
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* How far into watersheds should the research programs penetrate?

* What are the limits to “coastal” research?

* What are the geopolitical limits (i.e., whether to include California and
British Columbia or restrict the program to Oregon and Washington)?

To better target research funds, a workshop held during August 1996 further
developed the conceptual model and presented a science plan. In late 1996, the
PMT further refined the program goal and objectives based on the workshop. The
new program goal is “to improve the understanding of natural variability and
anthropogenic stressors on coastal ecosystems that support Pacific salmon, and to
translate that understanding into improved management of resources and activi-
ties that affect coastal ecosystems.” The program was further focused as follows:
(1) because long-term coastal research programs existed in both California (e.g.,
California Cooperative Oceanic Fisheries Investigations [CalCOFI]) and British
Columbia (La Perouse Bank), PNCERS research funding was limited to Oregon
and Washington; (2) the near shore domain was set by the inner limits of NSF’s
Global Ocean Ecosystems Dynamics (GLOBEC) program, with the intent that
the dual research efforts would prove complementary; (3) the research program
had to include the social sciences, be multidisciplinary, and address the socioeco-
nomic state of the local human communities.

The PMT then wrote a request for proposals, which outlined these boundary
conditions and general goals. Eight pre-proposals were received, and two of these
were selected for a “winner take all” competition with full proposals. The single
successful proposal, as specified, was a team effort judged on the merits of its
focus and integration. This strategy is in contrast to the approach of funding
individual investigators based on scientific merit, with integration achieved as a
byproduct of the program. Future reviews of the PNCERS program should in-
clude evaluation of the team investigator approach to funding. The initial re-
search grant was for a five-year period and totaled approximately $5.0-5.2 mil-
lion, with $4.6 million designated for research.

COP now funds two interrelated administrative entities. One, the Oregon
Department of Environmental Quality, has hired a full-time program administra-
tor. It also funds outreach programs to resource managers and, in that sense, will
disseminate PNCERS research products. This includes annual workshops where
input from coastal resource managers is solicited and participation by PNCERS
researchers is required. The second, at the University of Washington, has a one-
quarter time person in charge of research administration who coordinates the
research program through the University of Washington. The research monies are
dispersed to the PIs at both Oregon and Washington universities and the Battelle
Marine Science Laboratory.

PNCERS currently funds 12 PIs. Pacific salmon were an obvious central
theme, involving both coastal ecosystems and human communities. The inte-
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grated research effort proposes to identify and explore factors influencing local
ecosystem health and sustainability. One goal is to define the nature of both
natural and anthropogenic factors, and then design tools for addressing and medi-
ating these factors. A unique feature of the original design is a “carrot and stick”
approach to continued funding. In this approach, an increasing fraction of the
remaining monies is reserved (approximately $600,000 unallocated for years four
and five) to give the program the flexibility to fund research on identified data
gaps and integration. Thus, in the annual research evaluations, participation in the
integrated program is a major criterion for renewal without which even excellent
science might not receive further funding from PNCERS.

Collaboration with other on-going programs was viewed as highly desirable,
even necessary. Physical oceanographers involved in PNCERS have sought liai-
sons with GLOBEC. Investigators focused on Oregon and Washington estuaries
have collaborated with the relevant state agencies and researchers on plankton,
fishes, and seabirds in the near shore domain have developed ties with both state
and federal (NOAA National Marine Fisheries Service [NMFS], U.S. Fish and
Wildlife Service [FWS]) agencies.
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Barriers To and Constraints On Regional
Marine Research

Much of the difficulty in designing and implementing regional marine re-
search in coastal environments is related to fragmentation and poor coordination
at all levels of government (Weisberg et al., 1999). Nowhere do the jurisdictions
of so many state and federal agencies overlap as in the coastal zone. At least eight
federal agencies (U.S. Department of Commerce, U.S. Navy, U.S. Department of
Interior, U.S. Department of Transportation, U.S. Department of Energy, the
National Science Foundation [NSF], the U.S. National Aeronautics and Space
Administration [NASA], and the U.S. Environmental Protection Agency [EPA])
have responsibilities for collecting ocean data and supporting environmental re-
search; and these all have budgets and programs that are reviewed by different
Congressional committees and subcommittees. Similar problems exist at the state
level, where the problem is compounded by the reality that meaningful regional
boundaries usually do not conform to state boundaries. Responsibilities for com-
pliance monitoring, environmental protection, habitat restoration, fisheries man-
agement, and land-use management typically reside in different agencies or line
offices with little programmatic coordination and collaboration to make the most
effective use their combined resources. This ad hoc approach to environmental
science and management has led to the implementation of a bewildering array of
research and monitoring efforts by state and federal agencies (Malone and
Nemazie, 1996). Consequently, individual programs are often underfunded and
limited in scope; measurement programs and data management activities often
duplicate each other; and monitoring and research are not sufficiently coordi-
nated to effect comprehensive programs that meet societal needs in a timely
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fashion. These problems can lead to the perception by stakeholders that regional
issues are not of sufficient importance to command the attention and funding of
government agencies and thus exacerbates the problem.

A related barrier involves the interface between state and federal agencies. In
the absence of a national framework for coordination, coastal states find it diffi-
cult to engage federal agencies in the development of regional approaches that
can be sustained. States are forced to approach individual offices or programs on
a case-by-case basis. This requires knowledge of the function of each office or
program, how budget priorities are established, how it processes incoming re-
quests, and who the key contacts are. Opportunities for collaboration are further
inhibited by competition among federal offices and agencies. Such fragmentation
and lack of coordination at the federal level makes the challenge of developing
regional programs formidable.

Another constraint relates to the geopolitical boundaries faced by state agen-
cies. Regional research is often difficult to fund at the state level because the region
encompassed by the problem of interest crosses state lines. The resulting fragmen-
tation of research effort and resources is wasteful and, when funds are scarce, can
prevent the mounting of the type of integrated regional effort that many believe is
essential to meet the demand for new knowledge and information.

In addition to barriers caused by intra- and interagency disputes and lack of
coordination, there are constraints related to federal legislation and policies. The
Migratory Bird Act (MBA; 1918), the National Environmental Policy Act (NEPA;
1969), the Marine Mammal Protection Act (MMPA; 1972), the Endangered Spe-
cies Act (ESA; 1973), and the Magnuson-Stevens Act (MSA; 1976) as amended
by the Sustainable Fisheries Act (SFA; 1996), identify the responsibility for
federal and state agencies to maintain and improve the quality of the nation’s
ecosystems. However, they also challenge managers with the task of balancing
competing social values and rendering decisions based on little or no scientific
knowledge. Further, legislation is often couched in loosely defined terms
(Limburg et al., 1986), with little agreement on definitions of environmental
health, ecosystem stability, or biodiversity. As shown below, these can lead to
conflicting goals with “winners” and “losers,” complicating both management
efforts and research planning in support of these efforts.

Human interference with the cascade of trophic influences from sea otters
through sea urchins to benthic algae (Estes and Palmisano, 1974; Estes and
Duggins, 1995) provides a textbook example of ecological principles (Levin,
1988). Management challenges arise at every trophic level. Sea otters compete
with human harvesters for sea urchins and abalone but are themselves in steep
population decline, perhaps due to killer whale predation (Estes et al., 1998).
However, the white abalone are nearing extinction, which invokes the ESA.
Hence protection for one species, sea otters, will threaten the survival of another
species, the abalone, and contribute to the loss of the valuable sea urchin and
abalone fisheries. In Alaskan waters, changes in the walleye pollock and northern
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sea lion populations may also be involved. This makes the situation almost intrac-
table, with most major species protected by the MMPA or ESA. As Levin (1988)
noted, the web of ecological interactions, where sea otters play a central role,
provides a classic example “in which multiple uses of the ecosystem are at odds
and in which the diverse interests of different segments of society must be ac-
commodated equitably.”

Another example is afforded by interactions involving the bald eagle and the
peregrine falcon, both of which have been de-listed from ESA protection, having
recovered from steep declines in population abundance caused by
dichlorodiphenyltrichloroethane (DDT)-induced egg shell thinning and subse-
quent nesting failures. Both species are “apex” predators and now enjoy protec-
tion under the MBA, with their recovery often highlighted as conservation suc-
cess stories. However, the consequences of this success to their prey species are
rarely considered. Paine et al. (1990) identified peregrine predation as the likely
cause of the decline of two seabird populations. Parrish et al. (personal communi-
cation) suggest eagle presence and to a lesser degree predation, as the likely cause
for the decline in Washington State common murre populations.

The management dilemma is whether or not successful restoration of apex
predators, benefitting from and protected by federal laws, is compatible with the
maintenance of sustainable prey populations. It is unlikely that bald eagles will
ever be culled like wolves, and peregrine management has gone little beyond
trapping the offending bird and releasing it elsewhere. In another instance, man-
agement actions to protect another predator, the California sea lion, contributed
to the decline of the native steelhead salmon.

The implications of federal legislation for both the nature and implementa-
tion of research, and any subsequent management initiatives derived from re-
gional marine research programs, are uncertain. Effective management will prob-
ably remain difficult, if not impossible, as long as certain species are “off limits.”
In such circumstances, the imposing body of legislation, while achieving some
desired goals, also creates substantial challenges, which can act as a constraint to
regional marine research programs.

In this period of limited resources and more powerful technology, it is in-
cumbent on researchers and managers to work together to share resources, re-
search platforms, data, personnel, and expertise. There are greater opportunities
for these exchanges, within a regional research framework. Individual agency or
institutional research programs often impose limits on specific research endeav-
ors. Limits can be posed by contracting and personnel protocols or other logistic
elements that are often not designed with research objectives as a goal. The
collective skills and talents within a regional research framework can help com-
pensate for these obstacles. A regional framework can help address the issues that
arise from fragmented approaches including: (1) the cost in time and money
required to integrate data from disparate sources (different databases, data col-
lected on different time and space scales, different methods, etc.); (2) the lack of
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data of sufficient resolution, duration, and spatial extent to detect patterns of
variability; (3) the lack of a data management infrastructure to disseminate and
archive data of known quality; and (4) the lack of analytical capabilities to as-
similate large volumes of data, to visualize the current status of ecosystems, and
to predict change. Federal and state agencies can and should work to improve
regional coordination of research, monitoring, and data management in support
of environmental science and management, public education, and private sector
applications.

On a practical level, the framework of a regional research program can
enhance coordinated multiagency and institution responses to both short- and
long-term environmental crises (e.g., oil spill, harmful algal bloom). Well-orga-
nized and knowledgeable regional research teams can take advantage of environ-
mental crises or forecasted climatic events to examine the ecosystems response
during and following a perturbation.
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Conclusions and Recommendations

CONCLUSIONS

Regional Marine Research Supports Effective Environmental Policies

Coastal and marine regions include some of the nation’s most complex and
valuable environments. The intersection of terrestrial and oceanic influences
makes these areas particularly vulnerable to the impacts of human activities and
changing climate. High nutrient runoff from agricultural lands, toxic contamina-
tion, drainage of wetlands, disposal of dredge material, global climate change,
rising sea level, and severe coastal storms (e.g., hurricanes) all present environ-
mental challenges for preserving natural resources, protecting human health and
safety, and maintaining the esthetic and economic value of coastal areas; chal-
lenges that will become more pronounced over the next several decades. The
formulation and implementation of sound environmental policies to meet these
challenges requires programs that integrate research and monitoring to develop
the ability to predict the consequences of human actions on these valuable but
vulnerable coastal ecosystems.

Detecting, assessing, predicting, and mitigating the effects of natural pertur-
bations and human-induced stresses on coastal ecosystems sometimes requires a
broader, regional perspective to evaluate local changes in marine ecosystems that
may be influenced by larger scale changes in climate, ocean circulation, fishing
activities, and land-use practices!. The need for regional marine research is rooted

10ne example is the impact of nutrient over-enrichment on coastal water quality, which is the
subject of an ongoing NRC study. The tentative title of this report is Nutrient Over-Enrichment in
Coastal Waters: Strategies for Managers and Scientists. The report is expected to be released in late-
January 2000.
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in the need to address issues based on the geographic scale of the system, rather
than on political boundaries. Scientifically-based management of the environ-
ment and living resources depends on the ability to understand the system as a
whole; often this may be accomplished through regional-scale research and moni-
toring. Regional approaches also promote coordination of the efforts of local,
state, and federal programs; enable the timely analysis of data; and supply the
information needs of resource managers and policymakers. Regional programs
can provide resource managers and policymakers with better information to re-
spond to stresses in coastal aquatic ecosystems, for example, tracing the fates of
nutrients and chemical contaminants, identifying the causes of fish kills or mass
mortalities of birds and marine mammals, or predicting the impacts of habitat
loss, alterations of freshwater flows, or dredging (see also Table 1-1).

Despite these advantages, there is a dearth of regional programs with ap-
proaches to research and monitoring that are integrated and sustained sufficiently
to develop an understanding of processes and changes that occur on the time-
scale of decades. The primary barriers to the development of such programs have
been fragmentation of effort and poor coordination among and within govern-
ment agencies, lack of public awareness and support, and the unpredictable na-
ture of funding. These factors have decreased the cost effectiveness of existing
programs and reduced their ability to serve a broad spectrum of user needs in a
timely fashion. By formulating and implementing plans for regional marine re-
search and monitoring that are nationally coordinated and locally relevant, a
wider array of users will be served more effectively.

Processes for Defining Regional Research Needs

Responsibility for identifying research needs, setting priorities, and defining
goals typically falls to some combination of scientists, educators, legislators,
representatives of industries, conservation groups, and the state and federal agen-
cies involved in environmental research and management. Chapter 3 of this re-
port describes three approaches to developing regional research plans that em-
phasize the involvement of one or more of these groups:

Community Plans

Community-based planning is the most inclusive approach, relying on bot-
tom-up? stakeholder involvement in all stages of the planning process from defin-
ing information needs, to setting goals and priorities, to assessing the effective-

2 In this report, “bottom up” refers to the broad spectrum of users in the target region and “top-
down” refers to the program offices in the relevant federal agencies.
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ness of the program. Benefits of this approach include improved communication
and mutual education among the groups of stakeholders, development of commu-
nity support, and better coordination among local, state, and federal agencies.
However, such a process tends to be more time consuming, and plans for research
and monitoring may lack focus because of the disparate views of the community.
Elements of this style of planning have been used in the Regional Marine Re-
search Program (RMRP) run by the National Oceanic and Atmospheric
Administration’s (NOAA) Sea Grant Program, and in the National Estuary Pro-
gram, run by the U.S. Environmental Protection Agency (EPA).

Scientists’ Plans

Planning within the scientific community is a less inclusive, bottom-up ap-
proach that primarily involves funding agencies and scientists. The agencies
specify the topics of interest, provide guidelines, and manage the competition for
funds, while the scientists define the goals and develop the research plans. This
process excels in developing cutting-edge research programs through a competi-
tive process dependent primarily on peer review, but represents the interests of
scientists and agencies and is not necessarily responsive to the priorities of other
stakeholders. Most of these programs are organized through the National Science
Foundation (NSF); a few are discussed in this report, including Land Margin
Ecosystems Research (LMER), Coastal Ocean Processes (CoOP), and Global
Ocean Ecosystems Dynamics (GLOBEC).

Agency Plans

Agency planning, a top-down approach, emphasizes the responsibilities of
program managers for defining research topics, setting priorities, and establish-
ing goals for research programs. Frequently, these programs involve researchers
from within the agencies as well as academic researchers. The process may
involve substantial input from scientists, resource managers, or elected officials,
and frequently includes some level of peer review. Although this approach allows
mission agencies such as NOAA and EPA to maintain focus on their responsibili-
ties as defined by Congress, it is also more susceptible to political manipulation
in the budget process. Such manipulation can derail the efforts of federal agencies
to coordinate more efficient and less redundant regional research programs. In this
report, the Coastal Ocean Program (COP) of NOAA and the Louisiana-Texas Shelf
Physical Oceanography (LaTex) program of the U.S. Minerals Management Ser-
vice (MMS) serve as examples of Agency Plans. The NOAA Sea Grant program is
a hybrid of agency and community-based planning with research objectives set at
the national level and research needs determined at the state level.

Each of these approaches has components that should be incorporated into
the design and implementation of new regional marine research programs. The
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goal is to develop a balanced process that incorporates elements from both top-
down and bottom-up approaches. Community-based planning helps develop pro-
grams that effectively address issues that are locally relevant, and helps promote
continued public and political support for sustained funding. Agency planning is
needed to maintain the linkage between research and the application of new knowl-
edge to address societal needs and to enable national coordination for timely data
analysis and information exchange. Science-based planning is required to incorpo-
rate the most recent scientific knowledge, methods, and technology.

In addition to these three types of planning activities, legislative mandates
are recognized as another process that defines regional marine research needs.
There are at least two categories of legislatively-mandated research. The first
involves legislation that explicitly establishes a research program with defined
goals and guidelines for funding. The RMRP is an example of a program estab-
lished by law. In the second category, research is not the target of the law, but is
implicit because research is required to achieve the legislative mandate. Ex-
amples include the Sustainable Fisheries Act and the Endangered Species Act.
These examples also illustrate the problem of “unintended consequences,” and
the importance of understanding costs and benefits in terms of the effects of
legislation on both the research agenda and the ability to control environmental
impacts and manage living resources. Regional marine research that embraces an
ecosystem-based strategy should provide the knowledge required to support the
decisionmaking processes required by environmental legislation.

RECOMMENDATIONS

Enabling Regional Marine Research

The review of regional marine research programs and the barriers to their
implementation revealed essential elements and actions that will be required for
the successful development of a regional approach to marine research and moni-
toring in coastal ecosystems. A program for regional marine research should
incorporate the following elements:

* Involve all stakeholders in the planning and implementation of regional
programs through workshops, advisory councils, and boards;

* Build a program that is more than the sum of its parts through more
effective use of existing resources and research projects, and facilitate multiple
uses of data to serve the needs of a variety of users;

* Facilitate ongoing interactions among monitoring programs (to reveal
spatial and temporal patterns of change), hypothesis-driven research (to deter-
mine underlying causes of change), and modeling (to predict change and the
consequences of change);
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* Provide the flexibility to define the boundaries of the program to match
the geography of the issue to be addressed;

* Develop an integrated data management system that uses common proto-
cols and formats, provides quality assurance, enables timely dissemination and
analysis of data, allows rapid access to integrated data from disparate sources,
and provides long-term data archiving;

* Develop procedures to react to unanticipated events with a coordinated
and rapid response;

» Establish a communications network that effectively links political, so-
cial, economic, and environmental interests in the design, implementation, and
evolution of the program for more effective science education, public outreach,
economic development, and management of ecosystems and living resources;

* Facilitate adaptive management strategies by assessing the efficacy of
environmental policies and testing alternative approaches.

* Ensure sustained public and political support for stable funding through
outreach activities that increase awareness of current research activities, describe
changes in the health of coastal ecosystems, and explain how the results of
research and monitoring are used to support environmental decisionmaking.

This last element, building public and political support, is essential to the
success of regional research programs. The proponents of regional marine re-
search must clearly articulate the ecological, economic, and social benefits of a
regional approach to overcome the general lack of awareness of the potential
benefits of research among decisionmakers and the public. In many cases, envi-
ronmental research does not require a regional approach. Smaller, less compre-
hensive projects that produce quick results and have time scales consistent with
annual budget processes are easier to fund, provide less financial exposure, and
require less effort to promote and organize. In short, proponents of regional
marine research need to clearly and concisely explain why an issue cannot be
addressed from a local perspective, but requires a regional approach, to justify
spending substantial and continuing funds for these programs.

Governance Structures to Support Regional Marine Research

Integration of the diversity of interests, missions, and priorities of all the
stakeholders (local, state, and federal governments, the scientific community,
industry, conservation groups, and others) presents formidable challenges. Also,
regional marine research must serve many needs, including those of science
education, basic research, and the application of scientific information for the
purposes of society. At present, there is no governance structure that contains all
of the elements of a regional program as recommended above. Regional pro-
grams require a governance structure that enables both bottom-up programmatic
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development through regional organizations of stakeholders and top-down coor-
dination by federal agencies and national organizations.

Bottom-up regional organizations of stakeholders provide integration of ef-
forts at the local, state, and regional level and should be involved in the establish-
ment of research priorities, research planning and implementation, program evalu-
ation, and product development. Through the participation of stakeholders, this
approach also may contribute to efforts to develop support for regional programs,
establish programs for public education on environmental issues, and provide
avenues of communication for distribution of research products.

Top-down coordination of federal and state agencies is necessary to develop
national environmental policies, to promote cross-fertilization of information and
technology development, and to enable efficiencies in the design and implemen-
tation of regional programs. National leadership will be needed to manage the
data resources developed through regional programs, to ensure long-term
archiving of data, and to establish national standards for measurements, metadata,
and dissemination.

Robert Wall, former Chairman of the Gulf of Maine Regional Marine Re-
search Board (GOM-RMRP), in a letter to this committee, described some of the
problems faced by the RMRP that will need to be overcome in future programs
for regional marine research:

There were also some limitations in the RMRP that should be recognized and
dealt with in developing any successor program. One was the lack of a long-
term, continuing state and national commitment. Both the scientific and re-
source management arguments for such a commitment are persuasive now and
becoming more so as time passes. A second and more fundamental limitation
derived from the RMRP’s origins as a congressional initiative. Then Senator
Mitchell held several hearings on the need for regional marine research and
purposefully made the RMRP a national initiative. However, it suffered from
the lack of a supportive home agency, turf battles within the Senate and NOAA,
and the zero-sum budgeting mentality prevailing (understandably) at that time.
I also believe its unusual and multi-faceted partnership character made it unat-
tractive for any entity to seriously push for it.

The lack of a stable funding mechanism prevented implementation of the
RMRP nationally, and limited the accomplishments of the GOM-RMRP by fund-
ing this program for only 5 of the 10 years planned. The success of a regional
approach will depend on programs that are comprehensive in design and enjoy
continuity of support beyond the annual funding cycles of state and federal gov-
ernments. All decisions should be open to public scrutiny, and funding should be
allocated based on peer review by experts who do not stand to benefit directly
from the allocation of funds. Funding must be performance-based, sustained, and
predictable to reap the optimal benefits from a regional effort. At the same time,
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the program must enable individual agencies and institutions to fulfill their re-
spective missions. One, or some combination, of the following funding mecha-
nisms could be adapted to support regional programs:

* Funding provided by a single “lead agency” with a commitment from the
Office of Management and Budget (OMB) and Congress that funds are for an
interagency, nationally-coordinated network of regional programs. A single
agency would be responsible for leadership, budget planning, and the allocation
of funds. Implementation would involve an interagency committee, perhaps to-
gether with a federal advisory committee to include non-federal user groups.
NOAA'’s RMRP provides a possible model for such an approach.

e Multiagency funding committed via an interagency Memorandum of
Agreement (MOA) and coordinated by an interagency committee with agency-
specific funding of projects.

* Funding decisions made by an interagency program office with funds
provided by participating agencies. Policies and procedures for the operation of
the office and allocations of funds would be established by a steering committee.
The office would be operated under the auspices of a host agency.

The last two of these funding options require coordination through an inter-
agency program. The National Oceanographic Partnership Program (NOPP) is
one example of an interagency group that could serve as a vehicle for implement-
ing a coordinated, comprehensive program of regional marine research and moni-
toring. The National Oceanographic Partnership Act (P.L. 104-201) established
NOPP to “advance economic development, assure national security, protect the
quality of life, and strengthen science and education through improved knowl-
edge of the oceans.” To achieve these goals, NOPP was established as a partner-
ship of government agencies (U.S. Navy, NSF, U.S. Department of Energy, U.S.
National Aeronautics and Space Administration, NOAA, EPA, U.S. Geological
Survey, MMS, U.S. Coast Guard, OMB, and the Office of Science and Technol-
ogy Policy), that is guided by the Ocean Research Advisory Panel of non-govern-
ment experts. The role of NOPP is to integrate national efforts and coordinate
national investments in ocean research and education. If NOPP were to imple-
ment regional marine research, a formal interagency MOA would need to be
signed by participating agencies to define roles and responsibilities and to ensure
balanced and sustained funding. Additionally, regional programs will require
funding partnerships with coastal states in the target regions.

While NOPP is a promising mechanism for interagency coordination of
regional marine research initiatives, it is still a new program and hence lacks a
record of successful agency cooperation. Also, it is uncertain that NOPP, with its
very broad mandate, will have sufficient resources to address the specific organi-
zational needs of regional marine research programs. These programs will re-
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quire a regional governance structure similar to the management framework es-
tablished for the Chesapeake Bay Program or the GOM-RMRP.

In all three of the funding models described, leadership at the national level
will be required to ensure the quality of the research and coordination of regional
and national programs. NOAA has run a variety of regional programs and has
extensive experience with, and responsibility for, addressing coastal issues. How-
ever, the diffusion of effort throughout several NOAA offices creates challenges
both for establishing stable funding for regional initiatives and for developing
cooperative programs with other federal and state agencies as envisioned in this
report.

Previous NOAA programs have not fulfilled the goals for regional research
as envisioned by this committee. Research supported by the National Sea Grant
College Program tends to be limited in geographic scope, and Sea Grant has
institutional barriers that hinder or preclude research efforts that span state or
international borders. Although the RMRP planning process was regional in
scope, in most cases it was also constrained by political boundaries. Valuable
information and perspectives can be found in the RMRP plans, hence, it is disap-
pointing that there was so little follow-through on the extensive RMRP planning
efforts, and research effort in the case of the GOM-RMRP. It is important that
regional marine research programs be structured, planned, and imple-
mented for the long-term.

The COP has planned and implemented several regional-scale, interdiscipli-
nary research programs, such as Nutrient Enhanced Coastal Ocean Productivity
(NECOP), South Atlantic Bight Recruitment Experiment, and Southeast Bering
Sea Carrying Capacity. All of these programs have produced valuable research
findings. However, these programs are limited in time (usually to five years), and
sometimes lack context due to insufficient emphasis on sustained observations.
Research planning has been less inclusive of stakeholders for the COP than for
the RMRP or the National Estuary Program sites. There have been problems in
integrating research planning, implementation, and resources with those of other
agencies working within the target regions. Also, there is no mechanism to ensure
that research efforts are distributed among the different regions of the country,
and COP has not implemented a balanced national program. A national pro-
gram for regional research should integrate the efforts of the various agen-
cies at local, state, and federal levels through cooperative planning and
should make a programmatic commitment to distribute funds to meet the
research needs of each coastal region.

Recommendations for NOAA

Regional marine research presents special challenges in its planning and
implementation, but it is essential for resolving urgent and serious problems of
the coastal ocean. Many federal and state agencies, universities, and private
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groups contribute to coastal research, but none have NOAA’s broad mandate for
marine environmental research. Therefore, the committee concludes that it is
NOAA’s responsibility to provide leadership in developing regional marine re-
search programs. Because neither NOAA nor any other group has the resources
to do the entire task, part of NOAA’s leadership responsibility is to promote
interagency cooperation and coordination at the federal level and to muster the
assets of the many interested organizations at local and state levels to achieve the
most effective regional research programs.

No one program within NOAA is the obvious choice to spearhead this effort.
NOAA has devoted substantial resources to coastal ocean research and manage-
ment, and has achieved some success in addressing coastal ocean problems from
a regional perspective, such as the GOM-RMRP and NECOP initiatives de-
scribed in this report. However, it is unlikely that NOAA can implement the
recommendations in this report unless senior NOAA management designates
responsibility for regional marine research to a single office within NOAA. Al-
though several NOAA programs have important resources to contribute, a single
office should be given the responsibility, as well as sufficient authority, to pro-
vide direction, overall coordination, and oversight to create regional initiatives
that best serve local, state, and national interests.

In summary, the governance of a regional marine research program depends
on: (1) coordination and collaboration among agencies at state and federal levels
to provide the capacity to plan and support regional research; (2) integration of
effort at the federal level to ensure national credibility and timely exchange of
information and technology among regions; (3) planning that involves stakehold-
ers at the local, state, and regional level to develop programs that address regional
needs; and (4) mechanisms to enable federal and multi-state collaboration in the
allocation of funds for regional research.
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Dr. Gregory DuCote, Coastal Resources Program Manager

State of Louisiana Department of Natural Resources

Coastal Management Division

P.O. Box 44487

Baton Rouge, LA 70804-4487

Topic: Impact of Regional Programs on Coastal Zone Management

Dr. David Johnson

National Oceanic and Atmospheric Administration
1315 East-West Hwy.

Room 9608, Bldg. 3

Silver Spring, MD 20910

Topic: Coastal Ocean Programs (NECOP and others)

Dr. Alexis Lugo-Fernandez

Gulf of Mexico OCS Region (MS 5433)

1201 Elmwood Park Blvd.

New Orleans, LA 70123-2394

Topic: Louisiana-Texas Shelf Physical Oceanography Program (LaTex)

Dr. Donald Scavia, Director, National Centers for Coastal Ocean Science
National Oceanic and Atmospheric Administration

1305 East-West Highway

Rm. 13508, Bldg. SSNC4

Silver Spring, MD 20910-3281

Topic: Sponsor Presentation
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Additional Meeting Participant

Dr. Gene Meier

U.S. Environmental Protection Agency
Region 4 Gulf of Mexico Program Office
Building 1103, Room 202

Stennis Space Center, MS 39529-6000

MEETING 2

Park Plaza Hotel
64 Arlington Street
Boston, Massachusetts
June 4-5, 1999

Dr. Donald Anderson

Woods Hole Oceanographic Institution

Biology Department

266 Woods Hole Road, MS 32

Wood Hole, MA 02543-1049

Topic: “Funding for Harmful Algal Bloom (HAB) Science in the Gulf of Maine:
RMRP Versus other Options.”

Dr. Wendell Brown

University of New Hampshire

Ocean Process Analysis Laboratory/EOS

142 Morse Hall, 21 Emerson Road

Durham, NH 03824-3525

Topic: “RMRP: Prototype for a Science-based National Coastal Ocean Observ-
ing System.”

Mr. Paul Howard, Chairman

New England Regional Fishery Management Council

5 Broadway, Route 1 South

Suite 3

Saugus, MA 01906

Topic: Research Needs of the New England Fishery Management Council

Dr. Matt Liebman

U.S. Environmental Protection Agency

1 Congress Street, Suite 1100

Boston, MA 02114-2023

Topic: The EPA’s Participation in Regional Programs
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Dr. Judy Pederson

Massachusetts Institute of Technology

MIT Sea Grant College Program

292 Main Street, C38-300

Cambridge, MA 02139

Topic: Accomplishments of the Gulf of Maine Regional Marine Research
Program

Mr. Peter Shelley

Conservation Law Foundation

120 Tilson Avenue

Rockland, ME 04841

Topic: The Need for Regional Research to Support Conservation

Dr. David Townsend

University of Maine

School of Marine Sciences

5741 Libby Hall

Orono, ME 04469-5741

Topic: History of the Regional Marine Research Program

Dr. Gordon Wallace

University of Massachusetts

Boston Harbor Campus, 100 Morrisey Blvd.

Environmental, Coastal, and Ocean Sciences Program

Boston, MA 02125

Topic: Regional Association for Research on the Gulf of Maine (RARGOM)

Ms. Dolores Wesson, Assistant Director

University of California, San Diego

California Sea Grant College, Bldg. T16

8602 La Jolla Shores Drive

La Jolla, CA 92037

Topic: The Southwest Regional Marine Research Program

Additional Meeting Participant

Dr. Lewis Incze

Bigelow Laboratory for Ocean Sciences
P.O. Box 475

McKown Pt. Rd.

West Boothbay Harbor, ME 04575
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Gulf of Maine Regional Marine Research
Program (GOM-RMRP) and Nutrient
Enhanced Coastal Ocean Productivity

(NECOP) Program Funding Spreadsheets
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APPENDIX C
Gulf of Maine RMRP
RFPlI RFP2 RFP3 RFP4  Total
# of Awards 8 5 5 10 28
# of Investigators 24 9 10 27 70
GOM-RMRP RFPs
1 2 3 4
Year Jun-92  Feb-93  Sept-93*  Jan-94 Spring 94**  Oct-94
# of Proposals 20 15 1 18 2 18
submitted
# of Proposals 8 4 1 5 1 9
funded
Success Rate (%) 40 27 100 28 50 50

* Special call for physical oceanography
** Special call for data and information management

Copyright © National Academy of Sciences. All rights reserved.
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APPENDIX C
NECOP Program
Renewal/
RFP1 RFP2  Synthesis Total

# of Awards 17 9 7 33
# of Investigators 44 22 15 81

NECOP RFPs

1 2

Year 1990-91 1992-93

# of Proposals submitted na 26

# of Proposals funded 15 17

Success Rate (%) 65

na = not available

Copyright © National Academy of Sciences. All rights reserved.
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Acronyms and Abbreviations

AOML
ARGO-Maine
ARO

BCDC

CalCOFI
CBP
CoOP
cor
CoPO
CRETM
CWAP
czcs

DDT
DOA
DOD
DOE
DOI

EcoHAB
EIR
EIS

Atlantic Oceanographic and Meteorological Laboratory
Association for Research on the Gulf of Maine
Announcement of Research Opportunity

Bay Conservation Development Commission

California Cooperative Oceanic Fisheries Investigations
Chesapeake Bay Program

Coastal Ocean Processes

Coastal Ocean Program

Coastal Physical Oceanography

Columbia River Estuarine Turbidity Maximum

Clean Water Action Plan

Coastal Zone Color Scanner

Dichlorodiphenyltrichloroethane
U.S. Department of Agriculture
U.S. Department of Defense
U.S. Department of Energy

U.S. Department of the Interior

Ecology and Oceanography of Harmful Algal Blooms
Environmental Impact Report
Environmental Impact Statement
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EMAP
ENSO
EPA
ESA

FWS
FY

GLOBEC
GOM-RMRP
GOOS

HAB

LaTex
LMER
LTER
LTMS

MBA
MMPA
MMS
MOA
MRPA
MSA

NAML
NAS
NASA
NECOP
NEP
NEPA
NERRS
NGO
NMEFS
NMS
NOAA
NODC
NOPP
NOS
NRC
NSF

Environmental Monitoring and Assessment Program
El Nifio/Southern Oscillation

U.S. Environmental Protection Agency

Endangered Species Act

U.S. Fish and Wildlife Service
Fiscal Year

Global Ocean Ecosystems Dynamics
Gulf of Maine Regional Marine Research Program
Global Ocean Observing System

Harmful Algal Bloom

Louisiana-Texas Shelf Physical Oceanography Program
Land Margin Ecosystems Research

U.S. Long Term Ecological Research Network
Long-Term Management Strategy

Migratory Bird Act

Marine Mammal Protection Act
DOI Minerals Management Service
Memorandum of Agreement
Marine Resources Protection Act
Magnuson-Stevens Act

National Association of Marine Laboratories
National Academy of Sciences

U.S. National Aeronautics and Space Administration
Nutrient Enhanced Coastal Ocean Productivity
National Estuary Programs

National Environmental Policy Act

National Estuarine Research Reserve System
Non-Government Organization

NOAA National Marine Fisheries Service
National Marine Sanctuary

National Oceanic and Atmospheric Administration
National Oceanographic Data Center

National Ocean Partnership Program

National Ocean Service

National Research Council

National Science Foundation

Copyright © National Academy of Sciences. All rights reserved.
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OAR
OMB
ONR
OSB

PI

PMC
PMT
PNCERS
POC
PoCO

RARGOM
REDIMS

RFP
RMR
RMRP

SFBRWQCB
SFA
SMBRP
SRMRP
SsC

TAC
TMDLs

USACE
USFWS
USGS

WHOI

Bridging Boundaries through Regional Marine Research
http://lwww.nap.edu/catalog/9772.html

APPENDIX D

Office of Oceanic and Atmospheric Research
Office of Management and Budget

U.S. Office of Naval Research

Ocean Studies Board

Principal Investigator

Program Management Committee

Program Management Team

Pacific Northwest Coastal Ecosystem Study
particulate organic carbon

Panel on the NOAA Coastal Ocean Program

Regional Association for Research on the Gulf of Maine
Research Environmental Data and Information Management
System

Request for Proposals

Regional Marine Research

Regional Marine Research Program

San Francisco Bay Regional Water Quality Control Board
Sustainable Fisheries Act

Santa Monica Bay Restoration Project

Southwest Regional Marine Research Program

Scientific Steering Committee

Technical Advisory Committee
Total Maximum Daily Loads

U.S. Army Corps of Engineers
U.S. Fish and Wildlife Service
U.S. Geological Survey

Woods Hole Oceanographic Institution
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Gulf of Maine RMRP and
NECOP Publications

GULF OF MAINE REGIONAL MARINE RESEARCH
PROGRAM(GOM-RMRP)

Anderson, D. M. 1997. Bloom dynamics of toxic Alexandrium species in the northeastern U.S.
Limnology and Oceanography 42, no. 5 1I: 1009-22.

. 1999. Physiology and bloom dynamics of toxic Alexandrium species, with emphasis on life
cycle transitions. The Physiological Ecology of Harmful Algal Blooms ed., Heidelberg, Ger-
many: Springer-Verlag. D. M. Anderson, A. D. Cembella, and G. M. Hallegraeff, eds.

Balch, W. M., D. T. Drapeau, T. L. Cucci, R. D. Vaillancourt, K. A. Kilpatrick, and J. J. Fritz. 1999.
Optical backscattering by calcifying algae: Separating the contribution by particulate inorganic
and organic carbon fractions. J. Geophys. Res. 104:1571-1588.

Barnhardt, W. A., D. F. Belknap, and J. T. Kelley. 1997. Sequence stratigraphy of submerged river-
mouth deposits in the northwestern Gulf of Maine: responses to relative sea-level changes.
Society of America Bulletin 109: 612-30.

Barnhardt, W. A., J. T. Kelley, D. F. Belknap, S. M. Dickson, and A. R. Kelley. 1996. Surficial
geology of the inner continental shelf of the northwestern Gulf of Maine: Piscataqua River to
Biddeford Pool. Maine Geological Survey Geologic Map, no. 1:100,000: 96-6.

. 1996. Surficial geology of the inner continental shelf of the northwestern Gulf of Maine:

Ogunquit to the Kennebec River. Maine Geological Survey Geologic Map, no. 1:100,000:

96-7.

. 1996. Surficial geology of the inner continental shelf of the northwestern Gulf of Maine:

Cape Elizabeth to Pemaquid Point. Maine Geological Survey Geologic Map, no. 1:100,000:

96-8.

. 1996. Surficial geology of the inner continental shelf of the northwestern Gulf of Maine:

Boothbay Harbor to North Haven. Maine Geological Survey Geologic Map, no. 1:100,000:

96-9.

. 1996. Surficial geology of the inner continental shelf of the northwestern Gulf of Maine:

Rockland to Bar Harbor. Maine Geological Survey Geologic Map, no. 1:100,000: 96-10.
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. 1996. Surficial geology of the inner continental shelf of the northwestern Gulf of Maine: Mt.

Desert Island to Jonesport. Maine Geological Survey Geologic Map, no. 1:100,000: 96-11.

. 1996. Surficial geology of the inner continental shelf of the northwestern Gulf of Maine:
Petit Manan Point to West Quoddy Head. Maine Geological Survey Geologic Map, no.
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Barnhardt, W. A., J. T. Kelley, S. M. Dickson, and D. F. Belknap. 1998. Mapping the Gulf of Maine
with side-scan sonar: A new bottom-type classification for complex seafloors. Journal of
Coastal Research 14: 646-59.

Bricelj, V. Monica, and Sandra E. Shumway. 1998. Paralytic Shellfish Toxins in Bivalve Molluscs:
Occurrence, Transfer Kinetics and Biotransformation. Reviews in Fisheries Science 6, no. 4:
315-83.

Brown, Wendell S. 1998. Chapter 15: Boundary Flux Measurements in the Coastal Ocean. The Sea
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. 1998. Wind-forced pressure response of the Gulf of Maine. Journal of Geophysical Re-
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Thorium-234. Thesis, Graduate School of Oceanography, University of Rhode Island.
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