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Introduction 

 
The Town of Hilton Head Island is located on a large barrier island on the 
southern coast of South Carolina, in Beaufort County. The island is nearly 
bisected by an 8 mile long tidal river, Broad Creek, which experiences tide 
ranges up to 10�. Most of the shoreline is tidal marsh consisting of smooth 
cordgrass and black needlerush, with intertidal oyster beds in many areas. There 
are three public and two private marinas in Broad Creek, plus over 300 private 
docks. The impacts of recreational use can be seen along the shorelines today. 
 
Incorporated in 1983 as a response to rapid and at times undesirable 
development, the town has focused the majority of its planning efforts on 
growth management and development standards. While natural resources has 
been an important element of the town�s planning and development approval 
processes since the mid-1980�s, certain aspects have been inadequately 
addressed, including water quality and the impact of development on the island's 
tidal creeks. The 1999 update of the town�s Comprehensive Plan recognized that 
Broad Creek is the most significant and vulnerable natural resource on the 
island, and recommended that a management plan be created for the creek to 
protect it from further degradation. 
 
The Broad Creek Management Plan addresses issues affecting the creek, 
including stormwater management, wastewater management, water quality 
monitoring and enforcement, recreation and boating management, wildlife, the 
scenic beauty and land use. The town chose to take a comprehensive look at the 
creek since all activities in and on it, along its shores, and in its watershed are 
inter-related. Land uses affect the quality and quantity of stormwater runoff, 
which in turn impacts the water quality of Broad Creek, which impacts the 
wildlife habitat for both aquatic and terrestrial species, which impacts fisheries 
and therefore fishermen. Recreational use of waterways can be diminished when 
the water quality is poor. The scenic beauty is compromised when development 
does not preserve large trees and buffers along the shoreline.  
 

Methodology 
 
The first task was to gather data on the various aspects being studied. Two 12 
month long surveys were done, one to identify the wildlife usage of the creek 
and one to survey the recreational usage of the creek. A multi-year water quality 



monitoring program was begun and continues today. All docks on Broad Creek 
were mapped. A pilot study was done to map the oyster resources in one small 
area of the creek. Land uses were identified and mapped, and information on the 
visual impact of land uses on the shoreline was collected. The locations of septic 
systems were mapped and overlain on a map of soils as rated for septic system 
absorption fields.  
 
Once the data was collected, it was analyzed and an attempt was made to 
determine if the existing conditions were causing problems to the creek or its 
ecosystem. Research was done to determine if results of other studies in similar 
areas would help in our understanding of the conditions we found or in how to 
deal with them.  
 

Results 
 
The watershed of Broad Creek, which constitutes 54% of the uplands of Hilton 
Head Island, is developed primarily with relatively low impact uses � single 
family residential, parks and open space, and golf courses top the list of existing 
uses. Approximately 12% of the land remains undeveloped, but recent 
projections show that there could be a 25% increase in the amount of 
development in the watershed, calculated in square feet and number of 
residential units. This future development will contribute to the amount of 
impervious surface, and therefore increase the amount of non-point source 
pollution entering the drainage systems and the creek.  
 
With the flat topography and very low elevations of this coastal island, non-
point source pollution is a significant threat, especially during major storm 
events such as winter storms or hurricanes, which produce copious amounts of 
rainfall. In addition, the development along the shoreline of the creek is 
primarily single family residential, and while the impact of this use should 
normally have a smaller impact on the water quality, in recent years it has had a 
very large impact on the visual quality of the creek as larger homes are built, 
buffers are removed, and non-native landscaping is planted in select locations. 
This also increases the amount of pollutants entering the creek, although no 
information on the degree of this impact is available. 
 
The plan concluded that the town needs to manage land uses in regard to their 
impact on water quality and visual beauty. The development regulations which 
impact non-point source pollution, including stormwater system design, amount 
of impervious surface permitted, densities, open space, and buffer regulations 
need to be re-examined and amended to reach this goal. Likewise, the buffer and 
tree preservation regulations need to be amended to ensure that single family 
development does not adversely impact the creek or people�s enjoyment of it.  
 
Water quality monitoring was done for several basic indicators, including fecal 
coliform, phosphates, and nitrogen. Samples were taken bi-weekly at six 



stormwater discharge sites along the creek. Fecal coliform, which is used as a 
standard for determining the harvesting status of shellfish beds in South 
Carolina, was too high to meet that state standard at any of the sites. From two 
distance sampling tests performed, it was determined that pollutant levels 
decreased with increasing distance from the stormwater discharge point, but not 
enough to meet state standards at either 1,700� in the headwaters or 7,500� in a 
tidal creek near the mouth of Broad Creek. The level of pollution entering the 
creek from non-point source pollution is, therefore, too high to ignore.  
 
Another aspect of water quality examined in this study was the potential of 
pollutants from human waste entering the creek. A significant amount of the 
development within the creek�s corridor is dependent on septic systems for 
sewage disposal. There are literally no soils on the island which are well suited 
for disposal of sewage by traditional septic tanks and leach fields, and most of 
the soils in the corridor of Broad Creek are very poorly suited for them. Many of 
the septic systems within the corridor are older and in some areas there are as 
many as 5.8 septic systems per acre. Compounding this is the fact that many 
people do not know how to care for their septic systems, and routinely do things 
that are harmful to their systems � using a garbage disposal, parking vehicles on 
the leach field, dumping harmful chemicals down the drain, etc.  
 
The result is a high potential for septic system failure, and with the high water 
table present on this coastal island and the number of ditches designed to carry 
stormwater off the land quickly, the potential for human waste entering Broad 
Creek is relatively high. While the town continues to wrestle with getting the 
public sewer systems expanded to cover this area, additional efforts must be 
made to reduce the potential for human waste from failed septic systems getting 
into the creek. 
 
With the goal of improving the water quality in Broad Creek, the town needs to 
have better enforcement of existing buffer regulations, amend the buffer 
regulations to permit view windows without compromising the filtration and 
absorption effects of the buffer, purchase select vacant parcels, amend the 
stormwater regulations to require water quality elements in system design, 
continue work to expand the sewer system to unserved areas, work with the state 
agency responsible for permitting septic systems to identify areas which need to 
be closely monitored and to identify maximum densities, and continue to 
monitor water quality in the creek. 
 
The wildlife survey conducted for this study was the first of its kind on Broad 
Creek, and was done primarily to establish a baseline by which future surveys 
can be compared. Anecdotal evidence indicates that bird populations have 
declined over the past several decades, but no data is available to verify that. 
During the year long survey, 72 different species were seen, with nearly 4,400 
separate sightings. To encourage continued wildlife use, habitat must be 
protected and water quality must not be allowed to deteriorate further. 



Preservation of the upland margins is as important as protection of the salt 
marshes and oyster beds to the wildlife using the creek. This is part of the reason 
buffers along the shoreline are of such importance � if they are all cut down, that 
wildlife habitat will be gone, and so too will the species that use them.  
 
As part of this plan, a pilot study was done to map the oyster resources in a 
small area of the creek. This was done as an attempt to determine the level of 
change in the oyster resource since the state mapped it in 1981. Despite the 
unsophisticated manner in which the 1981 mapping was done, it was found that 
the oyster resource in the pilot study area decreased by a significant amount 
(from some 10,000 to 12,000 bushels of live oysters in 1981 to only 1,600 
bushels in 2001). From local knowledge of the creek, it is known that there has 
been a significant decrease in the oyster beds in some areas, but other areas may 
have experienced little change in the 20 years since the state mapping took 
place.  
 
The plan concluded that the town needs to work to protect the remaining 
wildlife habitat and restore degraded systems. To accomplish these goals, the 
town needs to amend the buffer regulations to better protect the retention of 
wildlife habitat, encourage the use of native plants in landscaping projects on 
single family as well as other parcels, require the preservation of specimen trees 
on all parcels (including single family, which are currently not governed by the 
town�s tree protection regulations), acquire vacant parcels which could be 
important for wildlife habitat, encourage shoreline property owners to maintain 
a wildlife corridor along the shore (i.e. � don�t install fences all the way to the 
bank of the creek), and work to protect and restore oyster beds in Broad Creek.  
 
The main conclusions that can be drawn from the recreational surveys (boating, 
docks, and other access points) are that public access to Broad Creek is 
inadequate, and while there are over 1,000 slips at over 500 docks on the creek, 
the boating traffic is not so great as to require additional regulation at this time. 
The majority of the creek was designated a �no-wake� zone in 1998, which, 
although there is no hard data to prove it, has likely had a significant impact on 
the amount of boating traffic existing today. The creek is used more like a road 
to get out to the sound and the ocean than as a destination for boaters, with the 
exception of kayakers, most of which stay in the headwaters. There are a 
significant number of kayakers using the creek, most of whom are tourists 
participating in �eco-tours�.  
  
The most important goal for recreation is to increase public access to the creek, 
since at present there is only one public landing. The town can improve access 
by developing existing town properties and buying new ones for passive parks, 
where people can sit and enjoy the views, and constructing new public access 
points. Other things that can be done include working with the state to review 
the dock regulations to see if there is a way to either limit the number of private 
docks being built or to regulate their appearance (which is having a profound 



impact on the visual beauty of the creek), encouraging all boaters to participate 
in boater safety classes, and working with enforcement agencies to improve 
enforcement of the no-wake zones and general boating regulations.  
 
An informed public is critical to any effort to protect or improve the Broad 
Creek ecosystem. Public education on all the issues discussed is vital to the 
success of implementing the recommendations made in the Broad Creek 
Management Plan. Increasing public access to the creek with active and passive 
parks will help improve awareness by getting people closer to the creek.  
 
The town has published seven brochures on subjects ranging from septic 
systems to protecting wildlife to obeying no-wake zones. Additional brochures 
will address pollution issues as well as provide additional recreational 
information. In addition to the brochures, the town plans to design and install 
interpretative signage on issues such as how human activities impact the creek, 
information on the creek�s ecosystem and wildlife, and information pertinent to 
boaters and oyster harvesters.  
 
With the prevalence of computers in today�s society, the town plans to use the 
Internet to disseminate information, and also to create a self-running CD-ROM 
with a slide show about the study. The town also plans to develop and hold 
seminars to educate waterfront property owners about the importance of 
maintaining riparian buffers and to educate builders and developers about 
innovative stormwater management techniques that can help improve water 
quality. 
 
This study has resulted in many recommendations for things the town and the 
general public can do to help improve and protect the Broad Creek ecosystem. 
By examining the land use, recreation, and wildlife along with stormwater 
management and water quality concerns, the town has developed a set of 
recommendations which are more realistic than if only water quality issues had 
been addressed. As this paper briefly illustrated, many recommendations apply 
to more than one issue and as stated at the outset, everything is inter-related. In 
developing recommendations for managing the creek and it�s resources, this 
inter-relatedness simply cannot be ignored.  
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Project Overview 
 
The need for sound, science-based management of natural resources grows with 
deepening recognition of the magnitude of adverse impacts on natural ecosystems.  
An increasing awareness of threats to oceans and coasts is causing many federal, 
state, and local governments to reassess coastal and ocean management strategies.  
In order to make effective natural resource decisions, a fundamental baseline of 
information about the resources and surrounding environment is invaluable, but 
often difficult to assess.  The Catalogue of Oregon Marine and Coastal Information 
(COMCI) provides a new tool for policy makers, marine resource managers and 
citizens that facilitates access to the disparate types and sources of information 
relevant to area-based marine and coastal management in Oregon.  COMCI will be 
a searchable, user-friendly database available on the World Wide Web.   
 
 
Project Description 
 
COMCI is a meta-database, or data about data. Meta-data provide a detailed 
description of the data, rather than the data themselves. Each record in COMCI 
represents one datum. A datum (or record), according to COMCI�s broad definition, 
can point to and describe a wide variety of sources including a data set, a map, a 
book, a journal article, a website, or any other source that contains information 
relevant to Oregon�s marine environment.  Data sources referenced in COMCI 
range from those that provide background information about oceanography and 
ecology to those that include specific details about particular regions of the Oregon 
coast, such as habitat maps and local-scale economic statistics. Over 550 records 
are organized into six subjects: coastal zone management, marine fisheries, marine 
species, marine habitats, nearshore and open-ocean uses, and oceanography. Each 
of these subjects contains records organized by the themes listed in Table1.  
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Table 1. Groups and themes in COMCI.   
 
Each record includes detailed information about the data source.  Fields included in 
COMCI are the data title, data summary (technical and non-technical when 
appropriate), a citation, data location, a hot-linked URL (if the data are accessible 
on-line), information about why the data were collected, geographic scope of the 
data, when the data were last updated, comments on the accessibility of the data, 
frequency of data sampling and data updates, a description of how the data were 
collected and processed, detailed information if the datum references a map, a 
description of the data fields, primary content or results of the data, how the data are 
relevant to other data in COMCI, how the data could be relevant to ocean and 
coastal management decisions,  information about whom to contact regarding the 
data, and keywords for searching purposes. 
 
The majority of the fields listed above are standard meta-data fields; additional 
notable fields make COMCI unique.  Coastal and ocean managers often require data 
that are �user-friendly,� in addition to the standard meta-data that may be more 
difficult to interpret.  COMCI strives to make the data relevant, understandable, and 
usable for ocean and coastal managers.  COMCI accomplishes this through a 
number of unique fields.  Standard meta-data information typically includes a field 
providing a summary of the data. Often, this data summary can be technical and 
difficult to interpret without an in-depth scientific background.  In instances when 
the information described is technical, a complimentary field providing a non-
technical description is included.  Additionally, a description of how the data are or 



  

can be relevant to area-based management in Oregon�s marine environment is a 
unique and useful feature.  This description assists users in recognizing potential 
applications.  When appropriate, COMCI also provides descriptions of how the data 
could be useful to inform ocean and coastal management decisions.  
 
COMCI will be available on the World Wide Web for use by the public, resource 
managers, scientists, and interested citizens.  Records and data may be searched by 
keyword, group, theme, or citation. When a user searches by one of these search 
functions, a list of data titles will be presented. Clicking on one of these data titles 
will then provide the user with the all the information that is provided in the record.  
 
A special survey conducted by Oregon Sea Grant has found that COMCI is 
expected to be a valuable tool for Oregon ocean and coastal managers to assist them 
in scientifically sound integrated coastal and ocean management. For example, this 
project may contribute to the ongoing deliberations of Oregon�s Ocean Policy 
Advisory Council (OPAC), which is currently scoping marine protected areas and 
marine reserves as a management tool in Oregon�s waters. As OPAC begins to 
make decisions about area-based management, it will be critical that they identify 
and locate credible information to inform their plans.  COMCI is intended to 
provide a place for Oregon�s marine stewards to identify and locate the necessary 
information.  
 
History and Status 
 
COMCI was initiated as part of a graduate course on the science and management 
of coastal and ocean resources at Oregon State University taught by Jane 
Lubchenco (Zoology) and Jim Good (Marine Resource Management).  Recognizing 
the need and usefulness of such a database, Heather Leslie, the course Teaching 
Assistant, suggested and designed the database.  Twenty-four graduate students 
from five different departments at OSU and the University of Oregon School of 
Law gathered and entered information into the database.   
 
After the class was completed Renee Davis-Born, Anne Guerry, Laura Opsommer, 
and Brooke Simler systematically filled data gaps, and verified and standardized 
entries.  The Northwest Alliance for Computational Science and Engineering 
(NACSE), an Oregon State University technology support group, has been assisting 
with the technological design aspects.  Currently, COMCI is in a Microsoft Access 
database and will be uploaded in Oracle or Sybase.  
 
The Future of COMCI 
 
COMCI is anticipated for release in summer of 2002.  Products will include an on-
line, searchable meta-database of both geospatial and non-spatial information and 
an information sourcebook that provides additional documentation.  Methods of 
updating and maintaining the data are currently being evaluated.  COMCI is 



  

coordinating with other complimentary efforts about Oregon�s ocean and coast to 
ensure that the collection of tools is as effective and usable as possible. The goal is 
to provide means to make all information about Oregon�s ocean and coast available 
in a comprehensive and useful manner.  
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Introduction 
 

The environmental impacts of recreational boating are well studied and widely 
documented.  Scientific literature abounds with studies regarding the physical 
damage and disturbance caused by traditional vessels such as outboard 
motorboats and sailboats, as well as studies linking various adverse impacts to 
boating-related activities such as fishing and water skiing.  Resource managers 
and municipal officials use these studies to develop comprehensive boating 
management policies that effectively balance recreational water uses with 
natural resource protection.  However, in recent years, the increasing popularity 
and use of personal watercraft (PWC) have complicated such policy 
development.  These controversial vessels, which are often distinguished by 
their unique design and operational characteristics, have generated widespread 
concern among both resource managers and the public.   
 
Few studies specifically examine the consequences of PWC use, but these 
vessels are frequently associated with management issues such as multiple-use 
conflicts, noise complaints, safety concerns and natural resource degradation.  
Efforts to alleviate these problems are complicated by debates regarding 
scientific uncertainty, public perception, individual biases and the feasibility of 
different management strategies.  More often than not, these debates hamper the 
collaborative and consensus-building processes that are necessary to develop 
successful management initiatives.  Therefore, the overarching goal of this 
project is to inform these debates and improve management efforts by providing 
updated information about PWC and how they affect coastal and marine 
resources. 
 
To facilitate this goal, the Massachusetts Office of Coastal Zone Management 
(CZM) is compiling a �PWC Management Guide� that will serve as a 
comprehensive handbook for the municipal officials, resource managers and 
private citizens involved in PWC management.  This manual will present a 
thorough review of existing scientific literature, provide tips for analyzing and 
prioritizing PWC impacts and examine an array of PWC management strategies.  
It will also provide a framework for evaluating local PWC management efforts 
and discuss some general policy considerations pertaining to PWC management.  
The contents of this manual will be applicable throughout the coastal waters of 
the United States. 
   



Impacts of Recreational Boating and PWC Use 
 

Recreational boating raises a number of issues for coastal resource managers 
and the public, including noise complaints, safety concerns and ecological 
impacts such as water pollution, wildlife disturbance and submerged aquatic 
vegetation (SAV) damage.  Although general information regarding these issues 
is available, relatively little is known about PWC-specific impacts or how they 
compare to those of more traditional vessels.  This lack of information impairs 
the development of scientifically-sound resource policy and undermines the 
effectiveness of PWC management initiatives.   
 
To rectify this, the first section of the PWC Management Guide reviews the 
scientific literature that exists regarding PWC impacts.  It discusses PWC use in 
the general context of recreational boating and, where appropriate, distinguishes 
between impacts that are unique to PWC and those that are relevant to other 
types of recreational vessels (motorized and non-motorized).  This section also 
addresses the data gaps, scientific uncertainties and widespread misinformation 
that managers must contend with.      
 

Underlying PWC Management Considerations 
 
The first section of the PWC Management Guide also delineates several 
important points that should be considered as management alternatives are 
selected and strategies are developed.  For example: 
 
! Despite significant gaps in PWC-specific research, a wealth of peer-

reviewed scientific literature exists regarding the environmental 
impacts of recreational boating.  This material facilitates well-informed 
management initiatives by identifying assumptions and clarifying 
perceptions regarding PWC operation and design.  It also enables 
managers to correctly differentiate between PWC and other vessels.   

 
! Much of the information available on PWC design and use is outdated 

and does not accurately depict the current nature of PWC issues.  Many 
reports disregard the technological advances that have made PWC 
safer, more fuel-efficient and less polluting, while others overlook the 
fact that boating education initiatives have had a positive impact on 
PWC operation and safety.  To ensure that PWC issues are addressed in 
the proper context, current data and information must be incorporated 
into the assessment process.    

 
! Many of the adverse environmental impacts attributed to PWC also 

apply to other recreational vessels and activities.  Therefore, to 
effectively protect natural resources and public safety, PWC impacts 
should be assessed and managed in a manner that considers the impacts 
of other recreational and aquatic uses.   



! Although certain generalizations can be made about PWC design and 
use, the factors contributing to PWC-related impacts vary widely.  
These factors include several physical characteristics such as water 
depth, wildlife presence and habitat type, as well as operational 
characteristics such as PWC usage levels, operator experience and 
degree of boating education and training.  Therefore, site-specific data 
and information are necessary to verify and prioritize the impacts that 
are occurring in a given area and to select effective management 
alternatives.            

 
Potential PWC Management Strategies 

 
Although recreational boating issues and impacts are linked to a variety of 
vessel types, the past few years have seen an increase in public concern 
regarding PWC.  These vessels, with their high-speed maneuverability and high-
pitched whine, have drawn significant attention from local officials and resource 
managers and are often at the forefront of boating management initiatives.   
 
Fortunately, several management strategies can be used to reduce the adverse 
ecological and/or social impacts of recreational boating and PWC use.  These 
strategies range from rather low-key voluntary measures to strict regulatory 
actions and include an array of intermediate approaches including engine 
restrictions, zoning, licensing, noise abatement, and mandatory education.  
These approaches can be modified to address the specific issues or concerns of a 
given community and they can be used either independently or in combination. 
 
The second section of the PWC Management Guide provides a detailed 
overview of these strategies and, where possible, provides case studies to 
illustrate the feasibility and effectiveness of their use in various situations.  
  

Overarching PWC Policy Considerations 
 
The last section of the PWC Management Guide outlines several general policy 
considerations that should be used to guide community-based management 
initiatives.  They are discussed specifically in the context of PWC issues and 
range from the solicitation of input from a variety of stakeholders, to the use of 
site-specific data and information, to the evaluation of a range of management 
alternatives.  Overall, these policy considerations provide a solid framework in 
which to assess and manage PWC impacts.  
 

Supplemental Materials 
 
In addition to the PWC Management Guide, Massachusetts CZM is also creating 
an assortment of supplemental tools that will provide research and technical 
assistance to current and future PWC management efforts.  These tools are 
designed to enhance research, assessment and public outreach processes and 



include: a database of existing scientific literature, a catalogue of local and state 
PWC regulations, a directory of PWC stakeholders, templates for PWC opinion 
and use surveys, a PWC slideshow, a list of �responsible-use� guidelines for 
PWC operators and various informational fact sheets and brochures pertaining to 
different PWC-related issues.   
 

Project Benefits 
 

Constituents using the information and processes outlined in the PWC 
Management Guide may benefit in several ways.  For example, municipalities 
using the methodology described will be able to address a wide range of PWC 
issues in a holistic manner that is appropriate in both scale and context.  More 
specifically, they will be able to accurately assess the PWC impacts occurring in 
a given area and then evaluate which management approach, or combination of 
approaches, is most effective for minimizing these impacts.   
 
On a larger scale, the Guide will provide local and state officials with a 
framework for evaluating various PWC management efforts and will increase 
the consistency of these efforts throughout a given area of the coastal zone.  
Finally, the PWC Management Guide could serve to inform future efforts to 
develop statewide PWC management plans or to develop overall recreational 
boating and/or navigation policies.   
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Introduction 

 
With an ever-increasing requirement for information on coastal sediments, new 
technologies are evolving to remotely sense the sea floor in shallow marine 
environments. Air and satellite platforms cover broader areas effectively but are 
dependent on water conditions conducive to light penetration. Acoustic 
classification of the sea floor from sea surface platforms and towed or autonomous 
underwater vehicles continues to be the most accurate method for non-destructive 
characterization of sea floor substrate. 
 
As geoscientific information is an integral part of a complete coastal management 
plan, the R&D community has been actively pursuing advances in acoustic 
technology to extend operational limits into the shallow coastal zone, which is 
defined as less than 1 m of water. The purpose of this paper is to describe the results 
of development efforts in the application of raw echo sounder data processing to the 
characterization of substrate in very shallow water. The development culminated in 
the deployment of the system in support of route survey activities in West Galveston 
Bay, Texas. 
 

Using Acoustics to Describe the substrate component of Habitat 
 
Acoustic seabed classification is the organization of the sea floor and shallow 
subsurface sediment into seabed types or classes based on characteristics of an 
acoustic response (Collins and McConnaughey, 1998). 
 
The amplitude and shape of an acoustic signal reflected from the sea floor are 
determined mainly by the sea floor roughness, the density difference between 
water and the sediment, and acoustic reverberation within the substrate. Remote 
sediment classification requires an acoustic data acquisition system and a suite of 
algorithms that analyze the data and define the seabed acoustic class. In simplest 
form the data describes acoustic diversity, which is directly related to substrate 
diversity. Non-acoustic data, from direct sampling or observation, can be used to 
label the acoustic classes according to the combination of physical or biological 
of the target seabed. 



  

Dedicated seabed classification systems consist of integrated hardware and 
software. The data processing relies on the extraction of characteristic features 
from the seabed echo. Classification implies some kind of ordination technique 
to group echoes with similar features. The two best-known systems are QTC 
VIEW (Quester Tangent Corp.) and RoxAnn (Stenmar Micro Systems Ltd. of 
Aberdeen, Scotland). These systems take fundamentally different approaches. 
 
The RoxAnn classification system is based on the energy contained in the first and 
second echoes. The second echo refers to the bounce of the original sound pulse 
reflecting off the sea surface and then the seabed for the second time. The system 
uses two values derived by the analogue integration of the tail of the first echo and 
the full extent of the second echo. The two values, known as E1 and E2 constitute 
the feature set used for classification. The ordination technique is based on the pair 
of E values, by assigning domains to classes in a Cartesian plot. 
 
The QTC VIEW process is designed to take a data set representing a complex, 
highly variable target, the seabed, and reduce it to a minimum set of descriptors 
(echo features), while maintaining information to distinguish one seabed from 
another. The approach to seabed classification involves three steps: Echo 
digitization; description; and classification. 
 
Echo digitization is the sampling of a voltage varying with time as the acoustic 
energy of the returning echo is converted to electrical energy at the transducer. 
The data contains water column and seabed information. To minimize data 
volumes, a time window surrounding the seabed is retained and subjected to 
further signal pre-conditioning, before submittal to echo description algorithms. 
Echo Description occurs when digital signal processing algorithms are applied to 
the digitized echo. These algorithms extract different kinds of information from 
the data. Each algorithm generates a series of values or features. The features are 
concatenated to form one long string, or Full Feature Vector (FFV). FFV 
constitutes the echo description. Echo Classification uses a principal components 
analysis (PCA) to reduce each FFV to the first three principal components. A 
data set is submitted to the analysis and the most useful features to describe 
seabed variability are chosen. Results are given in terms of the most important 
principal components and are labelled Q1, Q2 and Q3. 
 
This approach to acoustic bottom classification depends on geological and 
biological diversity of the sea bottom being expressed in acoustic diversity of 
echoes. Exploiting this concept requires appropriate acoustic and data-
acquisition equipment, to capture any echo details that carry bottom information. 
Just as important are suitable techniques for extracting features from the echoes, 
for setting aside features due to equipment and procedures, and for classifying 
echoes using those features that are rich in bottom information. This 
phenomenological approach contrasts with other approaches based on physical 
models of bottom backscatter. The acoustic classification is deemed successful if 



  

samples from several areas within the same acoustic class are distinct from 
samples taken from areas identified as a different acoustic class. When this is so, 
the acoustic classifications are both useful and valuable, because acoustic survey 
can systematically cover large areas at a wide range of spatial resolutions. The 
user can confidently assign typical bottom characteristics of the point samples 
from any location in each acoustic class to the entire area within that class. 
 
The Challenges of Very Shallow Water 
 
Bottom classification in water less than about 5 m deep is often in support of 
ecological or habitat surveys. Even if the bottom in all or part of the survey area 
could be classified visually, which is not always possible or practical, acoustic 
bottom classification may well be preferred so that the entire survey is systematic 
and consistent over a large area. The opportunity to classify visually at low tide 
can perhaps assist the acoustic results by providing ground truth over large areas 
for comparison with the acoustic results. 
 
To classify accurately in water shallower than 5 m or so, four issues must be 
addressed (Preston et al. 2000):  1. The sampling rate must be fast enough to 
capture the details in very short echoes. Shallow-water echoes are always kept 
brief, because the first and second echoes must not collide (Fig. 1).  2. There is 
little time between the transmit pulse, the first echo, and secondary echoes. 
Classification requires that all but the desired signal be excluded from the data to 
be processed. 3. Data acquisition systems for echoes are usually designed to 
capture echoes from depths of several hundred metres, at least. The amplitudes 
of echoes from less than one metre can be six orders of magnitude larger, so the 
acquisition system needs a remarkable dynamic range. 4. Echoes from identical 
sediments at different depths are different, and so are features from those echoes.  
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Fig. 1: Echoes in very shallow water. 



  

Mapping Methodology 
 
Data processing involves three stages: quality assessment, catalogue generation 
and track line classification. Data quality assessment occurs continually 
throughout the survey. Raw echo traces are evaluated to ensure proper signal 
strength and low noise characteristics. At the completion of the survey all data 
are assessed for quality and poor quality data are filtered out before further 
processing. A water depth filter may also be applied where survey depths are 
outside of the system limits. 
 
Following data quality assessment, all echoes are evaluated to determine the 
range of acoustic classes identified in the data. That information is stored in a 
reference catalogue, which holds the classification scheme to be used on the 
survey data. Each data point is then classified according to the scheme in the 
reference catalogue. The information is stored in a comma-delimited ASCII file 
containing: Longitude (decimal degrees), Latitude (decimal degrees), Water 
depth (meters), Q-Values (no units), Confidence value (percentage), Class ID 
(integer), Class name (text), Time (hhmmss.ss).  
 
For purposes of data assessment the processed data are presented as colored 
points (each color representing a class) on a map (Fig. 2). The data are usually 
plotted as an overlay on a bathymetry map. 

94.90

29.2729.2729.2829.2829.2929.2929.30  
Figure 2 Example of a acoustic diversity map overlain on shaded bathymetry. 
 

Acoustic Classification Applied to Sensitive Habitat Mapping 
 
The underlying assumption is that the acoustics, when applied using the above 
approach, captures the acoustic diversity of the survey area. That means it describes 
bottom variability across the complete range of sediments. When substrate 
properties combine to form a component of habitat deemed to be sensitive (e.g. 
sand, pebble and shell hash sediments preferred by oysters) it is possible for that 
combination of substrate properties to have a distinctive acoustic signature. This 
was evident from the results of a survey completed in West Galveston Bay. 
 
In this instance oyster reef was considered sensitive habitat. Acoustic data was 
collected as a series of lines along a potential power corridor. A total of seven 
acoustic classes were established representing seven distinct acoustic signatures 
from the study area. By collecting multiple grab samples from each class the 



  

substrate could be used to validate the class. This resulted in a strong correlation 
between a bottom type that included a significant population of oysters (defined as 
sensitive for purposes of this work) and a distinct acoustic class. The occurrences of 
the oyster class were plotted and used as decision support for power cable location 
(Fig 3). 
 

 
Figure 3 Acoustic class superimposed on air photo.  
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Introduction 
 
Southeast Asia contains one quarter of the world's mapped reefs, including areas 
of exceptional biological diversity. Over 80 percent of the reefs in this region are 
at risk and over half are considered at high risk (Burke at al. 2002).  Many 
talented organizations are working to improve coral reef management with 
success on a case-by-case basis.  However, despite this progress, large-scale 
trends in coral reefs deterioration have continued. 
 
Many voices have articulated the need for a more strategic approach to coral 
reef management if interventions are to compete with the rate of reef 
degradation.  The International Coral Reef Action Network (ICRAN) has 
identified a goal of moving away from ad hoc implementation of marine 
protected areas and integrated coastal management to a more strategic approach.  
International organizations are working collaboratively and regionally to 
prioritize conservation initiatives along biogeographical criteria.  Hale et al. 
(2000) have suggested that the management framework itself should guide 
design of a strategic approach by aiming to create integrated and reinforcing 
systems of management from the local to international levels.  Hale argues that 
inconsistencies between levels prevent the sustained, large-scale management 
successes, which are needed to halt the current trend of coral reef degradation.   
 
This study considers both the current management context and the dominant 
threats to reefs in five Southeast Asian countries in order to prioritize 
management �gaps� that could then become the focal points for implementation 
in such a strategic, regional approach.  The countries studied include Indonesia, 
Malaysia, Philippines, Thailand, and Vietnam.  The assessment was initiated to 
support design and implementation of ICRAN in the region by the United 
Nations Environment Programme�s East Asian Seas Regional Coordinating 
Unit. 
 
Threats to Southeast Asia�s Coral Reefs 
 
While reefs in every country in this study face many of the same threats, this 
analysis demonstrates that the severity of each particular threat is not uniform 
across the region, but varies significantly from country to country (Figure 1).  
This fact is notable from a management perspective, as different threats require 
a different mix of management interventions.  Analyzing the threats particular to 



each country also allows future management activities to be correctly 
prioritized. 
 
Within the region, it appears that differences in economics and coastal 
population density roughly relate to the dominance of direct threats to coral 
reefs.  Indonesia, Philippines, and Vietnam, for example, with relatively high 
coastal populations with low per capita incomes, seem to suffer more from 
destructive and excessive fishing.  The same largely holds true for Eastern 
Malaysia.  In contrast, Thailand and Peninsular Malaysia, with higher incomes 
and less dense coastal populations, are predominately challenged by indirect 
threats resulting from development and sedimentation.  In Thailand, the 
prominence of indirect threats also represents a shift from several decades ago 
driven by explosive tourism growth and accompanying coastal development.   
 
Figure 1.  Severity of Threats to Coral Reefs in Southeast Asia. 
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Indonesia * *** *** * * ** ** ** 
Malaysia * ** * ** * *** *** ** 
Philippines * *** *** * * ** *** ** 
Thailand - ** ** *** * *** * ** 
Vietnam ** *** *** ** * ** ** * 
*** severe threat; ** important threat; * threat; - not an issue  
 
The State of Regional Coral Reef Management and Existing Gaps 
 
Hale et al. (2000) noted that despite a sharp increase in the number of activities 
prescribed for reef management over the last decade, coral reef condition has 
continued to decline dramatically.  They suggest that achieving sustained, large 
scale improvements in coral reef condition requires establishing �nested 
systems� of governance in which successes at one level are reinforced by the 
level above it.  As described in Figure 2, the countries in this analysis 
demonstrate varying degrees of capacity across all levels of governance.  This 
model suggests the need to develop capacity as follows: 

- Thailand and Malaysia (particularly Eastern Malaysia): local and 
provincial levels 

- Philippines: national and provincial levels 



- Vietnam and Indonesia: all levels, due to the early stage of 
conservation (Vietnam) or expansive reef area (Indonesia) 

 
Figure 2.  Development of Coral Reef Management at Different Government 
Levels in Southeast Asia.  Extent of shading represents extent of management 
implementation. 
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The following sections synthesize the current state of coral reef management of 
each country in this study, as well as describing actions needed to fill gaps in the 
�nested system.� 
 
Indonesia.  Indonesia�s exceptional reef resources pose formidable management 
challenges.   While the country�s recent commitment to decentralization offers 
important opportunities, realization of improved resource governance may 
remain elusive until local and community government capacity is strengthened.  
Fostering appropriate partnerships with NGOs, private industry, and other 
groups will be important tools for success during this transition.  Some recent 
initiatives have strengthened Indonesia�s national marine parks and created 
coastal management capacity at the local level.  Working to support and 
replicate these strategies appears to be one of the surest ways to manage reefs 
from the threats of destruction and overfishing, which are the major stressors to 
Indonesian reefs.   
 
Philippines.  The Philippines has led decentralized coastal management in the 
region creating important models, such as community-based marine sanctuaries 
and certification of integrated coastal management as a basic local government 
service.  Recognizing the potential of these models and supporting the 
strengthening of existing community sanctuaries, as well as expansion of the 
certification process would make significant contributions toward management 
of Philippine reefs.  Additionally, the Philippine�s extensive experience with 
reef management provides it with the first-hand experience needed to effectively 
develop a national coral reef management strategy, such as that adopted by 
Thailand in the early 1990s. 
 



Thailand.  Thailand faces substantial gaps in both the management of its 
overwhelming (and growing) tourism industry and the noticeable lack of any 
serious examples of local coral reef management.  The later shortcoming is 
significant since the country endorsed �management for local use� in its national 
strategy ten years ago and has recently reaffirmed its intention to support local 
management in both its re-adoption of that strategy and the 1997 constitution, 
which focuses on devolution.  The national strategy has been effective in 
promoting coral reef science and public education (implemented through the 
Department of Fisheries) and expanding the extent of coral reef area legally 
protected within national marine park boundaries.  There is a need to strengthen 
the effectiveness of Thailand�s national marine park system if this increased 
jurisdictional area is to provide the desired conservation benefits. 
 
Malaysia.  Malaysia�s eastern and western states must largely be considered 
separately.  Eastern Malaysian reefs extend into the triangle of exceptional 
marine biological diversity shared with Philippines and Indonesia.  These reefs 
also face threats similar to their neighbors, in terms of direct impacts from 
commercial and destructive fishing.  Thus, in Eastern Malaysia, it is appropriate 
to pilot strategies that have been successful in nearby Indonesia, such as 
community-based sanctuaries and involving communities as beneficiaries of 
national park conservation benefits.   
 
Peninsular Malaysia has had recognized successes in the establishment of its 
national park system and the trust fund that provides it with sustained funding.  
While some of these marine parks could be strengthened, there are excellent 
management models among them to serve as examples.  The next challenge for 
Peninsular Malaysia is to manage the land-based impacts that threaten coral reef 
condition.  The jurisdictional split between states, which have total authority 
over all land-based activities, and the federal government, which is largely 
responsible for marine resources, provides challenges to the type of 
comprehensive coastal management required.  Implementing a nationally 
integrated coastal management program is an ambitious undertaking, but 
perhaps the next logical step for Malaysia�s mature coral reef management 
regime.  Indonesia�s work on a draft Coastal Zone Management Act, itself 
modeled after the U.S. experience, could provide an interesting starting point. 
 
Vietnam.  Vietnam faces serious, direct threats to its coral reefs, including blast 
and poison fishing, extraction for cement production and the curio trade, boat 
and anchor damage from tourist operators, and overfishing.  At least one Global 
Environment Fund project is already spinning up to address establishment of a 
national marine protected area system in Vietnam.  Complimenting these efforts 
with a project that addresses the impediments to coral reef management from the 
existing sector-based approach, would be of great benefit.  Conflicting 
government policies promoting environmental protection, fisheries 
development, and tourism need to be addressed through a management model, 
such as integrated planning at the provincial level.  Such a model might include 



facilitation of a community-based marine sanctuary and simple efforts to better 
manage boat and anchor damage.  Both are needed in the Vietnam�s south 
central region, near Ninh Thuan and Nha Trang, home to the country�s most 
diverse reef resources. 
 
Conclusions  
 
There is at least a ten-year history of coral reef management in Southeast Asia 
that provides a foundation for ongoing management and provides opportunities 
to replicate and reinforce current successes.  Drawing from this body of 
knowledge, ICRAN should operate in these spaces of opportunity, piloting 
projects that reinforce existing gains or fill an identified gap in the �nested 
system.�  In most cases this does not mean creating additional scientific or 
regulatory frameworks, but concentrating instead on implementation and 
enforcement of existing regulations and initiatives. 
 
In addition, as devolution of power is relatively new to the region (with the 
exception of the Philippines), there is a need to create and support the 
institutions that support local and community management, such as extension 
services (both legal and technical), local enforcement strategies, certification 
programs, and competencies in local level budgeting and accounting. 
 
Finally, this study shows that successful reef management programs in the 
region nearly always result from a strong partnership between government and 
universities, non-governmental organizations (domestic and international), or 
the dive tourism industry.  Future reef management projects in this region 
should identify potential partnerships and take advantage of them whenever 
possible to maximize the chances of success. 
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Introduction 
 
Due to observed declines in spawning populations of horseshoe crabs, Limulus 
polyphemus, throughout their range (Maine to the Yucatan Peninsula), 
conservation measures for this marine invertebrate have increased. Horseshoe 
crabs are characterized as ecological generalists and are bottom-dwelling 
arthropods that inhabit both estuaries and continental shelves. Sexually maturity 
is not achieved for males and females until 9 and 11 years respectively, making 
horseshoe crab populations more susceptible to overexploitation (Shuster 1982). 
They spawn multiple times per year, with adult females laying an estimated 
88,000 eggs annually, and exhibit high fecundity, high egg and larval mortality, 
and low adult mortality (Shuster 1982; Botton and Loveland 1989).  
 
Horseshoe crabs are an important component of the food web as predators of 
bivalves, annelids, gastropods and plant material (Botton and Ropes 1989; 
Botton 1984a; Shuster 1950). Adult horseshoe crabs are prey for sharks and the 
federally listed threatened Atlantic loggerhead sea turtle, while horseshoe crab 
eggs and trilobite larvae are prey for other invertebrates, finfish and shorebirds 
(Shuster 1982; Lutcavage and Musik 1985). In Delaware Bay, horseshoe crab 
eggs are also an important energy source for migrating shorebirds (Castro and 
Meyers 1993). The relationship between horseshoe crab eggs and shorebirds in 
other regions, such as Cape Cod, Massachusetts, is not known. 
 
Within Cape Cod National Seashore, there exist two major threats to the 
horseshoe crab populations: harvesting as bait for the commercial American eel 
(Anguilla rostrata) and conch or whelk (Busycon spp.) fisheries and exploitation 
by the biomedical industry for the production of Limulus ameobocyte lysate 
(LAL) (James-Pirri et. al 2001). Biomedical companies extract blood from live 
horseshoe crabs for the production LAL. LAL is used for the detection of 
endotoxins pathogenic to humans in all injectable drugs and implantable medical 
devices. All bled horseshoe crabs collected for LAL production must be released 
within 72 hrs of capture as mandated by the United States Food and Drug 
Administration (ASMFC 1998). Previous studies on the effects of bleeding on 
horseshoe crab estimates mortality from 8 % to 15 % (Rudloe 1983; Wenner and 
Thompson 2000; Walls and Berkson 2000). The influence of bleeding on 
movement patterns and long-term survival are not known. This project attempts 



 

to determine if female horseshoe crabs that have been bled differ in their 
movement patterns compared to control (unbled) horseshoe crabs.  
 

Methods 
 
Twenty female horseshoe crabs were collected from Pleasant Bay and Nauset 
Marsh estuaries of Cape Cod National Seashore in July of 2001. They were 
treated in pairs, with one horseshoe crab from each of the ten pairs randomly 
chosen and bled. The control horseshoe crabs were kept out of the water for the 
same amount of time as the bled horseshoe crabs. For the bleeding process, a 
wooden stand, similar in design to those utilized by the biomedical companies, 
was used to hold the horseshoe crabs and expose the articular membrane. The 
articular membrane was swabbed with 70% isopropyl alcohol and a sterile, 
disposable, pyrogen-free 14-gauge 2-inch hypodermic needle was inserted into 
the membrane to drain the blood from the horseshoe crab. The needle was 
removed once the blood flow from the horseshoe crab slowed to an intermittent 
drip. An average of 90mL of blood was removed from each of the ten female 
horseshoe crabs.  
 
Sonic transmitters (Sonotronics, http://www.sonotronics.com) 64mm in length, 
16mm in diameter and weighing 8 grams, were attached to each of the twenty 
horseshoe crabs. The transmitter was fastened to the to the top prosoma using 
marine epoxy and a three-point harness. The harness was created by drilling 
three small holes in the prosoma (one in the front and two holes on each side of 
the prosoma), tying monofilament to the ends of the transmitter, and tying the 
loose ends of the monofilament through the holes in the prosoma. All horseshoe 
crabs were released in pairs at the same spot in Nauset Marsh within a half hour 
of the start of the bleeding process and attachment of transmitters. Each sonic 
transmitter emitted a unique signal that is detectable up to 1000 meters, thus 
tracking multiple animals was possible. Horseshoe crabs were tracked using a 
hydrophone for 26 days in July and August of 2001.  
 
Nauset Marsh is a small system (600 hectares) and therefore locating signals 
was possible using a hydrophone from the platform of a kayak. A handheld 
geographic positioning system (GPS) unit was used to record the UTM 
coordinates of where the tagged horseshoe crabs were found within Nauset 
Marsh. Locations where no signal was detected were also recorded. Coordinates 
were then entered into a geographic information system (GIS) software program 
and behavioral patterns such as distance traveled, speed and activity level 
between the bled and control horseshoe crabs were calculated for the two 
treatment groups.  
 
To determine differences between the bled and control group for movement 
patterns, two-sample T-Tests were performed on the average distance traveled, 
maximum days tracked and maximum distance traveled. The average distance 
traveled analysis evaluated horseshoe crabs with sequential �hits� or data points, 



 

which included both 24-hour periods and single days with multiple hits. The 
time between each hit was calculated and the total time was summed. The 
distance between each hit was also calculated and summed. The total summed 
distance traveled was divided by the total summed time to produce a rate of 
movement for each horseshoe crab. For the maximum days tracked analysis, 
maximum days were defined as the number of days between the first day a 
horseshoe crab was found and the last day, even if there were days in between 
where the horseshoe crab was not found. Maximum distance traveled was 
calculated as the maximum distance a horseshoe crab moved from the place of 
release to the furthest point from the place of release. GIS was used to calculate 
straight-line distance between these two points through water.  
 
A Chi-Square analysis was performed to determine if there was a difference in 
the total number of �hits� for the two treatment groups. Hits were defined as 
data points taken on each animal that are three hours or greater apart. 
Additionally, Biotas®, a statistical and GIS based software program from 
Ecological Software Solutions (http://www.ecostats.com), was used to 
determine if there was a pattern to the movement and distribution of the bled and 
control groups. 
 

Results and Discussion 
 
Of the twenty animals captured and tagged for this study, seventeen were 
located after release, nine control and eight bled horseshoe crabs. The two bled 
and one control horseshoe crabs not located within the study period could have 
relocated to either another estuary or deeper water or died with their bodies 
stranded out of the water where the sonic signal can not be detected. Two bled 
horseshoe crabs were found dead within Nauset Marsh 28 days and 68 days post 
bleeding. There was no mortality among the control group. This 20% mortality 
observed within the bled group is higher than the 8% to 15% mortality estimated 
in studies by Rudloe (1983), Wenner and Thompson (2001) and Walls and 
Berkson (2000). The higher percentage of mortality observed in this study is 
most likely due to the small sample size, ten individuals, of the bled group. 
Whereas, Rudloe�s (1983) mortality estimates were based on 10,259 bled and 
control tagged horseshoe crabs and 1415 recaptures.  
 
To determine differences between the bled and control group for movement 
patterns, 2-sample T-Tests were performed on the average distance traveled, 
maximum days tracked and maximum distance traveled. There was no 
significant difference in average distance traveled (T-Test, p = 0.355), mean 
number of maximum days observed (T-Test, p = 0.144) or mean maximum 
distance traveled (T-Test, p = 0.365) between the bled and control female 
horseshoe crabs.  
 
A Chi-Square test was performed to determine if there was a difference in the 
total number of hits collected for the two treatment groups. There was no 



 

difference in the total number of hits between the control and treatment group (p 
= 0.647) and thus bleeding made no significant difference in the number of data 
points collected on the two groups. From these four analyses, it appears that 
bleeding has no significant effect on the movement patterns of female horseshoe 
crabs. However, it does seem evident that the bleeding procedure did contribute 
to a greater mortality among those horseshoe crabs that were bled versus the 
control.  
 
Biotas® was used to review the data with the Morans I test and the Movements 
analysis. The Morans I test is used to determine if the horseshoe crabs exhibited 
spatial autocorrelation within Nauset Marsh. Both treatment groups showed a 
non-random distribution pattern (bled horseshoe crabs: p = 0.002; control 
horseshoe crabs: p = 0.001). Therefore, it appears that the horseshoe crabs from 
both treatment groups frequented in similar areas of the marsh, particularly the 
northern portion, possibly due to the distribution of food resources. However, 
there could be some experimental bias with this result due to the entire area of 
the marsh not being covered each day of data collection and areas where 
experimental horseshoe crabs were found in previous days being surveyed more 
frequently. 
 
The Movements analysis determines whether the movement of horseshoe crabs 
among locations was in a random direction and if these movements have a 
directional component within short time intervals. The bled group exhibited a 
random direction of movement (Z-statistic = 0.43). Additionally, this group did 
not exhibit a directional component within short time intervals (Z-statistic = 
2.61). Conversely, the control group did show evidence of directional movement 
patterns (Z-statistic = 2.71). However this group also exhibited a non-direction 
component for short interval movement (Z-statistic =2.09). Therefore, it appears 
that the bled horseshoe crabs did not exhibit the same type of movement as the 
control, having a more overall random movement pattern than the control group, 
suggesting that the bled horseshoe crabs experienced more disorientation.  
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Abstract 
 
The high degree of natural and social complexity associated with estuarine 
ecosystems makes fostering the coexistence of various stakeholder interests in 
Pacific Northwest estuaries cumbersome. In recent years collaboration among 
stakeholders has been advocated as a preferred means to accomplish effective 
management regimes. In this study we document the range of interests and 
institutions involved in specific aspects of environmental management in five 
Pacific Northwest estuaries. We find that a variety of institutional arrangements 
have evolved in estuary management for reasons tied to history and local 
context. We assess the level of success that stakeholders ascribe to their 
arrangements and examine common themes that emerge between institutional 
arrangements in each of the studied estuaries. Additionally, we evaluate the 
performance of arrangements based upon criteria used in the literature on 
collaborative management and institutional analysis. 
 

Introduction 
 
In recent years collaboration, the pooling of appreciations and/or tangible 
resources by two or more stakeholders (including regulatory authorities) to solve 
a set of problems that neither can solve individually (Wondolleck and Yaffee 
2000) has been advocated, over conflict and legal challenge, as a preferred 
means to accomplish effective management regimes. According to Eng (1994, p. 
87) involving stakeholders in identifying issues, analyzing problems and finding 
solutions may lead to greater support and commitment for management 
decisions and may prevent costly litigation often resulting from non-
collaborative processes. Additionally, the interpersonal and interorganizational 
linkages formed through collaboration have been touted as a means to achieve 
better-informed management decisions (Wondolleck and Yaffee 2000, p. 23). 
Further, the ecosystem management paradigm nurtures the expansion of 
coordinated management efforts by stakeholders. Although proponents of 
ecosystem-based management claim that the use of collaborative decision-
making, public participation, and incorporation of scientific findings into 
decision-making appears to enhance program success, it is important to 
recognize that these factors may also create numerous institutional and 
administrative challenges (Imperial 1999, p. 450). Pacific Northwest estuaries 
exhibit various forms of institutional arrangements and factors that lead to their 
success or failure as perceived by stakeholders. Thus, as researchers within the 
Pacific Northwest Coastal Ecosystems Regional Study (PNCERS), we decided 



to examine the institutional arrangements responsible for managing the five 
PNCERS study estuaries (Grays Harbor, Willapa, Tillamook, Yaquina and Coos 
Bays). 
 
According to Ostrom (1995), because biological processes occur at multiple 
scales, institutional arrangements must also be organized at multiple scales and 
effectively linked together. Biological processes within estuaries are particularly 
complex due to their role as the link between terrestrial, aquatic and marine 
ecosystems. Overlaid upon that natural complexity is a social system with multi-
layered political, jurisdictional and property boundaries and their associated 
array of stakeholders. The manners in which these stakeholder groups may be 
linked together allows for great diversity in the structure of institutional 
arrangements. For example, stakeholders involved in the management of Pacific 
Northwest estuaries utilize institutional arrangements ranging from collaboration 
between certain stakeholders on an issue-by-issue basis as required by state and 
federal legislation, to innovative, formal, collaborative arrangements involving 
virtually all interested and affected stakeholders. 
 
We chose to focus our investigation upon institutional arrangements aimed at 
managing dredging and water quality issues, which are common to the PNCERS 
study area.  This study is based upon five general questions about institutional 
arrangements in dredging and water quality management: 1) which stakeholders 
are involved; 2) what role(s) is (are) played by each stakeholder group; 3) how 
do stakeholders interact (e.g. collaborate, consult, reach consensus, conflict, 
litigate, etc.); 4) how do participating stakeholders define and rate the success of 
the management process they are involved in; and 5) why did the institutional 
arrangements found in each estuary evolve in their present form? Additionally, 
our research addresses the following working hypotheses: a) investing the 
resources to develop a formal, comprehensive management plan within a 
centralized institutional arrangement yields a more successful management 
system than that possible without a comprehensive plan or in a polycentric 
arrangement and b) following high profile, broadly salient events, the success of 
institutional arrangements improves as it relates to the action situation of those 
events, as well as to unrelated action situations. 
 
This research has been conducted within three phases. At the time of this report 
we remain in the preliminary stages of data analysis for the second phase and 
have one phase of data collection remaining. In the remaining sections we 
describe our methodology along with preliminary results and discussion. 
 

 Methods 
 
Since the overarching goal of this research is to understand the details of 
stakeholders� complex relationships in the context of their experiences with 
dredging and water quality management institutions, we determined that a 
qualitative research approach was appropriate (Strauss and Corbin 1998; Rubin 



and Rubin 1995). As we are studying contemporary examples of institutional 
arrangements which we cannot manipulate, to understand how estuarine 
resource stakeholders interact and why they participate in institutional 
arrangements, we employed the case study method of qualitative research using 
documents and qualitative interviews as our primary sources of data (see Yin 
1994). 
 
During the initial research phase, we utilized an exploratory, multiple case study 
design. The underlying question for this phase of the study was, �Why do some 
stakeholders collaborate in natural resource management issues, while others do 
not?� MacWilliams conducted a literature review of planning documents and 
publications on the case study estuaries to learn which issues are of common 
concern to multiple stakeholders, and whether or not multiple stakeholders 
participate in the management of those issues. From this information, we 
developed an interview guide to elucidate why stakeholders collaborate, what 
issues they address in their collaborative efforts and whether they feel these 
collaborations are successful. Next, MacWilliams conducted ten exploratory, 
elite, semi-structured interviews using an interview guide approach (see Patton 
1990, and Rubin and Rubin 1995) in Olympia, Willapa Bay and Grays Harbor, 
Washington between March 19 and 21, 2001. Interviewees were selected based 
on information obtained from document data as well as through established 
contacts. They included representatives of federal and state resource 
management agencies, the aquaculture industry, commercial fishermen and the 
community of Grays Harbor. 
 
During the second research phase, we employed a causal, explanatory theory 
based, multiple-embedded case study design. Based upon the results of the 
exploratory case study, we developed research questions designed to clarify: 
how stakeholders participating in institutional arrangements aimed at managing 
dredging and water quality issues interact, what roles they play, how they define 
and rate the success of dredging and water quality management processes, and 
why they think those processes fail or prevail. MacWilliams conducted eighteen, 
directed, elite, topical/evaluation, semi-structured interviews using a 
standardized open-ended interview approach. Interviews were conducted 
between August 9 and 17, 2001, in Tillamook, Yaquina and Coos Bays, Oregon. 
Interviewees, including representatives of federal, state, and local government 
agencies; the aquaculture and dairy industries; non-governmental organizations; 
and private citizens, were identified through document data sources, the Internet, 
and local contacts. 
 
The third phase of research will be a directed, multiple-embedded case study 
utilizing document data in concert with data from directed, elite, 
topical/evaluation, semi-structured interviews using a standardized open-ended 
approach. MacWilliams will conduct interviews in February and March, 2002. 
 



Atlas.ti © qualitative data analysis software will be used to code interview data 
(see Rubin and Rubin 1995, pp. 226-256 for a description of coding). Coded 
interview data will be analyzed using criteria from the institutional analysis and 
development framework (IAD), as well as from the literature on collaborative 
management. The IAD framework describes how rules, physical and material 
conditions, and community or cultural attributes affect institutional structure, 
process and outcomes (Ostrom 1999, p. 25). Finally, we will compare attributes 
of the case study institutional arrangements with the seven design principles 
Ostrom (1990) found to describe long-enduring common-pool resource 
institutions, in addition to the attributes found by Wondolleck and Yaffee (2000) 
to be displayed by successful collaborative management institutions. 
 

Results and Discussion 
 

Although we have not completed our data analysis, it is possible to note some 
preliminary concepts emerging from the data. Stakeholders who have lived in a 
community for a long duration tend to be involved in arrangements that are 
more collaborative. Stakeholders prefer to have established central leaders for 
individual agencies and working groups while they prefer the establishment of 
collective goals across groups rather than individual stakeholder group goals.  
 
We are currently developing a combined list of long-term and short-term design 
principles that describe successful institutional arrangements based upon the 
institutional analysis and collaboration literature. We will then determine 
whether it is feasible to apply those principles as criteria for success to 
institutional arrangements in our case study estuaries. Further results will be 
discussed at The Coastal Society 2002 conference in Galveston, Texas. 
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MEASURING THE SUCCESS OF IMPLEMENTATION IN THE 
NATIONAL ESTUARY PROGRAM 

 
Bridgette Stoffey, Oregon State University 

 
The National Estuary Program (NEP) was established in 1987 with the intent of 
identifying, restoring, and protecting estuarine ecosystems by way of local 
planning and implementation activities. The implementation phase has proven to 
be the most difficult step because it involves coordinating on the ground 
activities that are to provide measurable improvements. To accomplish this, 
estuary programs have employed a myriad of implementation structures. The 
structures which are chosen may be based upon the political, economic, or social 
climate of the area. Once an implementation structure is in place, it is important 
for the estuary to include protocols that define and monitor the successes and 
failures of their actions. If success cannot be defined or determined, then 
adaptive management techniques may be limited. This paper synthesizes 
information regarding implementation structure and its potential affects on 
success by examining the following six NEPs: Narragansett Bay, Delaware 
Inland Bays, San Francisco Bay, Puget Sound Water Quality Authority, 
Tillamook County Performance Partnership, and Lower Columbia River. 
 
The strategy outlined in the CCMP governs the implementation phase. It 
addresses implementation structure, funding opportunities, stakeholder 
involvement, and monitoring activities. Each of these components is important 
in determining the success of environmental restoration and protection. 
Choosing the implementation structure that best suits the local need is critical 
because all subsequent decisions are based upon, and within, this framework. 
Exploiting funding opportunities, maintaining working relations with 
stakeholders, and conducting monitoring activities are key components of a 
successful adaptive management program. 
 
Narragansett Bay Estuary Program (NBEP) was one of the first four estuaries 
included in the NEP in 1987. In 1993 their CCMP was completed and the 
program was placed within the Rhode Island Department of Environmental 
Management. Their subsequent implementation activities, at times, have shown 
a lack of reliance on the CCMP due to its broad implementation goals. These 
broad goals have contributed to a project-based approach for implementation 
instead of creating a long-term vision for the estuary. Since their vision has been 
dominated by short range projects and goals, the success of the program relies 
on federal policy initiatives, available grant funds, and concerted efforts in 
improving existing federal, state and local programs (Imperial et al. 2000). To 
create long-term vision, the NBEP has used the Biennial Review and 
Narragansett Bay Summit as means of evaluating their actions and reshaping the 
program�s goals. 
 



    

 
 

The San Francisco Estuary Project (SFEP) became a NEP in 1988 and by 1993 
completed its CCMP. The institutional structure for implementation as stated in 
the CCMP has placed the SFEP staff within the San Francisco Bay Regional 
Water Quality Control Board while establishing two non-profit organizations to 
assist with the implementation efforts of public outreach, education, research, 
and monitoring. Besides fundraising through these two nonprofits, the SFEP has 
created partnerships in the community to support their activities. The partnership 
of federal and state agencies (CALFED) has proven especially beneficial with 
achieving their goals. CALFED is primarily responsible for implementation 
activities occurring in the Delta and watersheds while the SFEP concentrates on 
the Bay itself (Brockbank, pers.comm., SFEP Program Manager, May 2001). 
 
The SFEP has attacked their implementation activities from a number of sides. 
They hold a �State of the Estuary Conference� conference which serves two 
purposes. First, a �Bay-Delta Environmental Report Card� also known as the 
SFEP CCMP Workbook highlights the top ten environmental challenges facing 
the Bay. The implementation activities for the following two years are then 
directed towards the goals relating back to the ten issues. Secondly, the 
workshop addresses the past ten topics and drafts the Environmental Report 
Card to comment on the changing environmental pressures (SFEP 1999). By re-
examining the implementation priorities every two years the SFEP is assured in 
keeping up with changing environmental times. 
 
The Delaware Inland Bays was accepted into the NEP in 1988. In order for 
successful implementation of the CCMP the Inland Bays Watershed 
Enhancement Act was passed by the state legislation in 1994. This established 
the Center for Inland Bays (CIB). The CIB was established as a 501(c)(3) non-
profit organization in response to the hostility between the Delaware Department 
of Natural Resources and the agriculture industry. The non-profit status suits the 
area because of its impartiality to issues, the residents in the Delaware Inland 
Bays wanted voluntary rather than regulator measures to lead the program, and 
education was their top priority (Richards, pers.comm., CIB Executive Director, 
May 2001). 
 
The non-profit status of the CIB has allowed implementation of projects ranging 
from controlling point and non-point sources, strengthening land use policies, 
and acquiring land with the help of The Nature Conservancy. To monitor these 
activities the CIB Board holds an annual State of the Bay conference. This 
conference brings together members from all areas of government to discuss the 
current state and progress of the Bays. From this meeting a State of the Bay 
report is published to share with the public the projects that the CIB has 
completed and inform them of their direction in the upcoming year (Imperial 
2000). 
 
Puget Sound was accepted into the NEP in 1988. The Puget Sound Water 
Quality Action Team (PSWQAT) is located within the Governor�s Office and is 



    

 
 

comprised of numerous local and state representatives. PSWQAT is driven by a 
two-year implementation strategy that requires the PSWQAT to identify and 
prioritize local and state actions necessary to address water quality problems. 
The goal of this Work Plan is to obtain measurable improvements in Puget 
Sound while continuing to implement the Puget Sound Water Quality 
Management Plan. This action ensures that state, local, and tribal governments, 
industry, and environmental views are expressed in a receptive forum. The 
Action Team prioritizes the issues and directs additional work and resources to 
the specific issue. Each issue has a list of �actions� needed to implement 
programs in the Puget Sound Management Plan. The CCMP is updated by the 
Action Team as needed to reflect current key issues (PSWQAT 2001).  
 
A number of programs are implemented to monitor the health of Puget Sound 
and subsequently the actions of the PSWQAT. The Puget Sound Ambient 
Monitoring Program was established in 1991 to track trends in water quality, 
habitat, and biological resources. Besides tracking trends, the PSWQAT reports 
on the �vital signs� of Puget Sound by publishing a booklet entitled �Status and 
Trends of Key Indicators of Puget Sound�s Health�. The Action Team regularly 
monitors 17 biological indicators to keep the public, as well as the Action Team, 
aware of the water quality trends in Puget Sound. Beginning with the 2000 
Management Plan, an evaluation element was included for each of the 21 
programs. These evaluations specify performance measures and target levels 
(McKay, PSWQAT Chair, May 2001). 
 
Tillamook Bay was accepted into the NEP in 1993. The Tillamook Bay National 
Estuary Program (TBNEP) experienced several organizational and institutional 
problems while the CCMP was being created, thus leading to a seven year 
CCMP planning phase. Due to the events of the past, the estuary program 
decided to establish the Tillamook County Performance Partnership (TCPP) in 
July 1998 to undertake implementation activities. This collaborative 
organization has a 2-tiered administration structure. The TCPP personnel are 
former TBNEP staff who are now Tillamook County employees while the TCPP 
itself is administered by the previous TBNEP Executive Board. The County 
plays a large role in the TCPP by acting as the hiring entity and grants manager 
which helps to streamline both processes (Sowers, pers comm., Implementation 
Coordinator, May 2001). 
 
Since the TCPP is relatively new, implementation activities have only occurred 
for a little less than two years. They have established an annual Workplan that 
does allow for progress to be quantitatively measured. The Workplan outlines 
projects to be accomplished and the funding sources for them. With subsequent 
publications the public can see how many and what types of projects are being 
completed in order to begin to assess the success of the TCPP.  
 
The Lower Columbia River Estuary Program (LCREP) was accepted into the 
NEP in 1995. Since the management scheme for the Lower Columbia River 



    

 
 

involves both Washington and Oregon, it was important for all stakeholders to 
be represented within the Management Conference. This allowed LCREP to 
produce a CCMP through consensus in a relatively short period of time, four 
years (Sutherland, pers. comm., Science & Technical Expert, May 2001). The 
CCMP listed seven priority issues that would guide their implementation 
activities to achieve specified goals (LCREP 2001). LCREP intends to evaluate 
the actions which address these issues every two years on the basis of progress 
and effectiveness. 
 
Funding for implementation activities is limited because LCREP is housed 
within the state Department of Environmental Quality which has hindered their 
fundraising capabilities. In order to gain more funding, the LCREP reorganized 
itself into a partnership that is now the Columbia River Foundation, a non-profit 
organization. This will allow them to access money from private citizens and 
groups to benefit their education and research programs.  
 
By examining the different implementation strategies and outcomes, one can 
begin to entertain a discussion about the success of the National Estuary 
Program. In order to answer a question such as �Is a program successful?� 
success must be defined. The NEP has not defined success and this has trickled 
down to local programs. A number of the Directors and/or staff of individual 
estuary programs had a difficult time addressing these questions themselves. 
Each program can be considered successful since they are still in operation and 
continuing to implement projects in one form or another. However, trying to 
define this question may help to streamline activities and increase efficiency for 
the NEP. Calculating success could be thought of as a mathematical equation 
containing a number of variables including organizational structure, funding, 
project expenditures, estuarine health indicators, and the qualitative relationship 
between the estuary program and the stakeholders.  
 
In defining success, estuary programs are one step closer to implementing 
adaptive management. Adaptive management is a four step process which 
begins with the formulation of a sound and comprehensive plan that is to be the 
foundation for all further actions. Secondly, implementing activities outlined in 
the plan will help to achieve the goals and objectives of the program. Third, 
monitoring and tracking of activities and environmental quality is necessary to 
record the accomplishments and progress of the program. Finally, evaluative 
measures are needed to suit the changing spatial and temporal needs of the 
estuary. Each of these four steps is critical to the process; otherwise, little 
progress will be made. It is the fundamental principle of adaptable management 
that must be kept in mind for the highest level of success to be achieved. 
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GENERAL PRINCIPLES OF FEDERALISM AFTER LOCKE 
  George A. Weller, Attorney Advisor  
  U.S. Coast Guard Office of Maritime and International Law 
 

 This paper discusses general principles of federalism in light of the 
Supreme Court�s decision in United States v. Locke, 529 U.S. 89 (2000).  It 
examines how that decision should be applied to determine whether particular 
state laws, regulations or procedures are preempted by federal law.  Since the 
decision was handed down, the most common areas of inquiry concern vessel 
pollution regulations, and response planning requirements, including reports of 
discharge or substantial threat of discharge.i   
 
 The position of the United States before the Supreme Court in Locke 
was that the Coast Guard�s comprehensive regulations concerning on-board 
operations, equipment, construction, design, manning, certification, etc. 
preempted the field from state regulation.   The position had to reconcile the 
prior Supreme Court cases of Ray v. Atlantic Richfield Co., 435 U.S. 151 (1978), 
with Huron Portland Cement Co. v. City of Detroit, 362 U.S. 440 (1960), and 
Kelly, v. Washington, ex rel. Foss Co., 302 U.S. 1 (1937).   Essentially, the 
position boiled down to looking at whether the state regulated how the tank 
vessel was designed, constructed, equipped, manned or regulated its on-board 
operations.  If so, it was �field preempted�.  If the state regulation dealt with a 
matter traditionally regulated by the states, it could be justified by peculiar local 
conditions, and did not conflict with a federal regulation, then it would not be 
preempted, unless Congress intended for the Coast Guard to be the sole source 
of regulation on the subject. ii  
 

Categories of regulations that are field preempted, includes 
reporting of marine casualties, but not reports of discharge or 
substantial threats of discharge of oil. 

 
In Locke, the Supreme Court held the States may not regulate vessels or 

their operation in categories reserved for regulation to the Coast Guard, 
including design, construction, alteration, repair, maintenance, operation, 
equipping, personnel certification and manning, among others.  Included in the 
categories reserved to the Coast Guard are regulations requiring the reporting of 
marine casualties.  The Supreme Court recognized that marine casualties 
resulting in significant harm to the marine environment would be included in the 
preempted category.  However, the Court also discussed Section 1018 of OPA 
90 at length.  Section 1018(a) states, in part, that �nothing in the Act shall affect, 
or be construed or interpreted as preempting the authority of any State or any 
political subdivision thereof from imposing any additional liability or 
requirements with respect to � (A) the discharge of oil or other pollution by oil 
within such State or (B) any removal activities in connection with such a 
discharge.�  Section 1018(c) allows for �additional [state] liability or additional 
requirements� relating to �the discharge or substantial threat of a discharge of 



oil.�  While the Court held that Section 1018 did not affect the preemptive 
impact of the categories described above, State requirements regarding reporting 
to it of the actual discharge, or the substantial threat of a discharge of oil, so that 
it could undertake its proper role in respect of removal, liability and 
compensation were unaffected by the decision.  Thus, reporting of discharges or 
of the substantial threat of a discharge of oil is within the ambit of State 
regulation contemplated by Section 1018 of OPA, because without such reports, 
State removal, liability and penalty actions could not commence.  Therefore, 
while State regulation requiring reports of marine casualties that ultimately 
cause discharges of oil are preempted, State regulations requiring reports of the 
discharge itself, or the substantial threat of such a discharge, are not preempted. 

 
Vessel Response Plans 

 
Federal vessel response plan requirements derive from section 

4202(a)(6) of the Oil Pollution Act of 1990 (OPA), which amended subsection 
(j) of section 311 of the Federal Water Pollution Control Act (FWPCA), 33 
U.S.C. §1321(j).  As amended, that subsection reads: 

(5) Tank Vessel and Facility Response Plans.  (A) The 
President shall issue regulations which require an owner or 
operator of a tank vessel . . . to prepare and submit to the 
President a plan for responding, to the maximum extend 
practicable, to a worst case discharge, and to a substantial 
threat of such a discharge, of oil or a hazardous substance. 
 

Subsection (c) of that same section 4202 is entitled �State Law Not Preempted� 
and amends §311(o)(2) of the FWPCA which, as amended, reads as follows: 

Nothing in this section shall be construed as preempting any 
State or political subdivision thereof from imposing any 
requirement or liability with respect to the discharge of oil or 
hazardous substance into any waters within such State, or 
with respect to any removal activities related to such 
discharge.  (Bolded words denote the amendment made by 
OPA). 
 
Unlike the �savings� clause found in Title I of OPA, that applies to 

every section contained within that title, the �savings� clause contained in Title 
IV of OPA applies only to those provisions contained within §4202.  For that 
reason, it is easy to see that Congress specifically intended to preserve the state�s 
role to regulate �with respect to any removal activities related to a discharge� in 
their waters.  This role is in addition to their advisory role in the national 
planning and response system created under OPA.  Therefore, the states may 
enact and enforce their own vessel response plan requirements, even if the 
federal government has also enacted a response plan requirement.  However, 
that does not mean that the power of the states to regulate in this area is 
unfettered.iii 



As stated in the �Federalism� section of the preamble to the 1996 Oil or 
Hazardous Material Pollution Prevention Regulations for Vessels, 61 F.R. 1080 
(January 12, 1996): 

United States courts have long recognized the rights of States 
to make both U.S. flag and foreign flag vessels conform to 
�reasonable, nondiscriminatory conservation and 
environmental protection measures . . . imposed by a State.�  
Ray v. Atlantic Richfield, 435 U.S. 151, 164 (1973).  
 

*          *          * 
 

Therefore, a State standard setting more stringent planning 
requirements for tank vessel owners and operators in 
regulating State�s waters is encouraged under the FWPCA and 
is valid as long as the State requirement does not preclude 
compliance with the Federal requirements.  Similarly, if a 
State chose to establish performance requirements for 
response to an oil spill, the Federal vessel response plan rules 
would not preclude that option.  The Federal vessel response 
plan rules preempt State rules only to the extent that State 
rules may make it impossible to comply with Federal 
requirements.  Florida Lime and Avocado Growers v. Paul, 
373 U.S. 132 (1963). 
  

Federalism implications under E.O. 13132 
 

A rule has implications for federalism under Executive Order 13132 if 
the rule has a substantial direct effect on State or local governments and would 
either preempt State law or impose a substantial direct cost of compliance on 
them.   That Executive Order also directs that: 

[t]he national government should be deferential to the States 
when taking action that affects the policymaking discretion of 
the States and should act only with the greatest caution where 
State or local governments have identified uncertainties 
regarding the constitutional or statutory authority  
of the national government. 
   
  *                    *                        * 
Agencies shall construe, in regulations and otherwise, a 
Federal Statute to preempt State law only where the statute 
contains an express preemption provision or there is some 
other clear evidence that the Congress intended preemption of 
State law, or there the exercise of State authority conflicts with 
the exercise of Federal authority under the Federal statute.   

 



Accordingly, preemption decisions are taken only after careful 
consideration of the bias against preemption contained in E.O. 13132, and in 
compliance therewith.     
 
      
                                                           
i It is hoped that by providing an analysis in these subject areas, the reader will 
gain insight into how the decision might be applied in other areas, such ballast 
water regulation, and safety and environmental regulation on non-tank USCG 
certificated and non-certificated vessels.  The views expressed herein are those 
of the author and do not necessarily represent the views of the U.S. government, 
or its agencies or departments, including the U.S. Coast Guard. 
ii The Sate regulation would conflict with a federal regulation if compliance with 
the State regulation would make it impossible for the vessel to comply with the 
federal regulation or would frustrate the purpose of the federal regulatory 
regime.  
iii If the State response plan regulation has the effect of regulating vessel design, 
construction equipment, manning, maintenance, repair or operation requirements 
on vessels subject to Coast Guard regulations on those subjects, it would be 
preempted under U.S. v. Locke.  For example, a State response plan requirement 
might validly require response equipment to be �available� to the vessel on 
shore, but if it required the same equipment to be �available� on the vessel, it 
would be preempted.   
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Abstract 
 
Over the past decade, geographic information systems (GIS) have played an 
integral role in resource management decision making, particularly with regard 
to coastal ecosystems.  However, technical constraints prevent many within the 
community from utilizing these tools.  The Massachusetts Office of Coastal 
Zone Management (CZM), in partnership with EVS Consultants, sought to 
remove some of these barriers with the creation of the Massachusetts Ocean 
Resource Information System (MORIS).  This is an ongoing project that 
provides access to a broad range of spatial data and information through a 
simplified front-end interface.  With limited training, both resource managers 
and aquaculturists can benefit from the ability of GIS to support coastal 
management and site selection processes.  MORIS can be applied to a number of 
coastal management issues; however, initial phases focused on aquaculture site 
selection due to the inherent complexity of such an analysis.  This type of 
complex spatial designation involves a variety of federal, state, and municipal 
authorities and requires the analysis of a broad range of data.  CZM identified 
key data sets for inclusion in MORIS, based on input from the local aquaculture 
community, and worked with EVS to compile these data into an actual 
ArcView®-based application.  CZM then teamed with the National Oceanic and 
Atmospheric Administration�s Coastal Services Center to create state and 
federal �georegulations.�  These data layers display the locations of regulatory 
and jurisdictional boundaries relevant to aquaculture and provide a hyperlink to 
legislative summaries, contact information, forms, and fees.  
 

Introduction 
 
Over the past decade, geographic information system (GIS) technology has 
played an integral role in resource management decision making, particularly 
with regard to coastal ecosystems.  More recently, the coastal management 
community in the U.S. has begun to explore its potential to identify optimal 
locations to site aquaculture facilities, both in terms of environmental sensitivity 
and overall productivity.  In order to make such a determination, however, users 
must combine and examine a broad range of data and systematically consider 
each issue.  These issues tend to be quite diverse, as state management plans 
focus on disease control, conflicting land uses, and the environmental risks 
associated with aquaculture development, such as critical habitat loss, invasive 
species introductions, and water quality.  An assessment that involves so many 



factors has the potential to become quite complex; therefore, the overall benefit 
of applying GIS to aquaculture siting is to provide a useful structure in which to 
organize, manage, and analyze such multi-level analyses. 

Addressing Regulatory Constraints 
Aquaculture facilities operate within a complex regulatory structure designed to 
protect the surrounding ecosystem, ensure the production of a safe, 
uncontaminated food source, and ensure that such practices do not outcompete 
or adversely affect local species.  Although most coastal states are supportive of 
the aquaculture industry, it is not their intent to promote aquaculture at the 
expense of the natural fishery.  Permitting agencies are faced with the challenge 
of balancing the many competing or conflicting uses in an area to achieve the 
efficient allocation of available resources.  Because aquaculture represents the 
use of a public resource (i.e., navigable water and submerged lands), it is subject 
to a variety of laws and regulations governing the manner and conditions under 
which the resource is used.  Such a complex spatial designation involves a 
variety of federal, state, and municipal authorities and requires the analysis of a 
broad range of data.   

GIS aids the user in the review of a number of data sets for a predetermination 
of potentially restricted areas.  Aquaculturists and coastal managers alike can 
benefit from this more efficient, two-tiered approach to siting analyses.  With so 
many conditions and constraints governing where a facility is allowed to 
operate, the ability to predefine where not to site a facility is actually one of the 
most beneficial uses of a GIS.  A user can eliminate these areas from 
consideration, thus narrowing the field of potential options to include only those 
with a higher probability of success.  With the initial evaluation completed, a 
detailed, more comprehensive analysis of the remaining choices can reveal the 
preferred locations.   

The Massachusetts Ocean Resource Information System (MORIS) 
The Massachusetts Office of Coastal Zone Management (CZM) recognized that 
GIS had many potential applications for aquaculture siting; however, there was 
concern that technical constraints would prevent many within the coastal 
management community from applying these types of tools.  As a result, CZM 
decided to create a simplified interface that could provide access to a broad 
range of spatial data and encourage the utilization of key GIS functionality.  
During the initial stages of the project, MORIS developers compiled a 
comprehensive inventory of several hundred coastal resource-related data sets 
for Massachusetts into a Microsoft® Access® database.  The database option was 
selected based on its capacity to organize, manage, and provide access to 
detailed information that was included to describe each data layer.  This 
�metadata� was organized in such a manner that a user can extract specific 
references to descriptive text, scale, spatial extent, and contacts.  In having 
preliminary access to this information, the user is able to determine quickly 
whether the data will be appropriate to support a particular analysis.  



Although the data inventory was meant to be as comprehensive and inclusive as 
possible, initial product development was more narrowly focused on the 
information and tools required to screen for potential aquaculture sites.  
Massachusetts CZM met with representatives from the aquaculture industry to 
determine which of the compiled data layers would be most effective to meet 
this goal.  Utilizing the information collected at this meeting, CZM was able to 
prioritize those layers that were necessary for inclusion in MORIS Phase I.  

EVS Consultants then developed an ArcView®-based application to simplify 
access to MORIS data.  Users are able to sort and scan the available data layers, 
access detailed information about each, and click to select those that may assist a 
particular decision-making process (Figure 1).  Once the data are selected, the 
tool dynamically adds these data to the existing MORIS map display within the 
GIS.  The user may then interact with and manipulate the data in order to 
conduct more comprehensive spatial analyses within ArcView.  Currently, the 
MORIS data and application are distributed on CD-ROM; however, future 
phases of the project will explore the feasibility of delivering this functionality 
over the Internet.    

   
Figure 1.  The MORIS interface allows the user to access and gather more 
detailed information about all of the data contained within the CD-ROM. 

Integration of Georegulatory Data Layers 
The MORIS CD-ROM includes a broad range of data layers to address a 
number of potential suitability analyses; however, it is the integration of these 



resource- based data layers with spatially referenced jurisdictional information 
that makes MORIS unique.  �Georegulations,� or geographically referenced 
regulatory data layers, are spatial representations of the area in which federal 
and state laws apply.  These georegulations allow users to view the spatial extent 
of federal regulations and maritime boundaries, along with available natural 
resources data for the area.   

Massachusetts CZM proposed the creation of such georegulations as a means to 
facilitate the aquaculture permitting process and lessen the degree of mystery 
surrounding it.  State coastal managers were supportive and eager to explore 
alternative, potentially more effective methods in which to distribute 
information, agency contacts, and permit applications.  As part of the MORIS 
project, the National Oceanic and Atmospheric Administration�s Coastal 
Services Center created several federal and state georegulatory data layers to 
support aquaculture activities in Massachusetts.  In addition, a tool was added to 
allow the user full access to the compiled regulatory information.  Using this 
MORIS georegulations tool, the user is able to click within a particular area of 
the map to return a hyperlinked list of laws that apply to the selected location.   

Each law that is accessed with this georegulatory tool has an accompanying 
hyperlinked page that includes a legal summary, as well as additional 
information related to the necessary forms, fees, and contact information 
pertaining to aquaculture permitting.  Once the user selects a hyperlink from the 
generated list, a default Internet browser is generated that displays the links 
associated Web page (Figure 2).  An additional link is provided within each 
summary page to the full text of the legislation if the user requires more detailed 
information than what is provided.  This additional functionality and 
information was incorporated to make the tool more interactive, as opposed to 
displaying only the jurisdictional regions of applicability.   

 
Figure 2.  The �georegulations� tool allows the user to determine which laws 
apply at a selected location and provides access to more detailed information.  



Summary 
The integration of GIS into the review process allows one to conduct a more 
comprehensive and expedient evaluation of aquaculture siting criteria than 
through manual means alone.  These types of analyses can integrate a wide 
range of data, highlighting potential areas of conflict.  Also, the incorporation of 
legal and jurisdictional information allows one to identify both the potential 
regulatory constraints and the required permits or fees.  Because this regulatory 
information is often spread among so many different agencies, it is difficult in 
the absence of these tools to determine not only how to obtain information and 
permit applications, but also which agency maintains jurisdiction over a 
particular area or activity. 

This unique synthesis of legal and natural resource data results in increased 
efficiency throughout the permitting process, both for the manager and the 
aquaculturist.  Because both parties will have access to the same types of data 
and analyses, proposed locations should have a much higher potential for 
approval.  Locations that are incompatible with or unsuitable for aquaculture can 
be more easily identified through the use of GIS and, thus, excluded from 
further consideration.  In this way, aquaculturists will be prevented from filing 
lengthy permit applications for areas known to be incompatible with a particular 
activity.     
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What is Florida BlueWays? 
 
Florida BlueWays is a program that has emerged from a partnership between the 
Florida Fish and Wildlife Conservation Committee�s Florida Marine Research 
Institute (FMRI) and the Florida Coastal Management Program. The thrust of 
BlueWays is to provide coastal managers with a means to make the best decisions 
possible about both the human and natural environments. The mechanism through 
which BlueWays will achieve this is by providing more complete information with a 
new generation of decision-making tools. 
 
Specifically, the BlueWays program is centered around three spatial 
characterizations of the marine environment: ecological, human-use and 
management. These characterizations will feed into the BlueWays GIS which is at 
the heart of the program. Combined with information assembled by the BlueWays 
team, the functionality inherent in the GIS will be the basis for a new level of 
environmental analysis and resource management. 
 
While much work is being done on all three characterizations, the purpose of this 
paper is to discuss continuing work on the management effort. The BlueWays 
definition of management, conceptual issues that have risen during the work and 
considerations for similar work in the field will be addressed. 
 
What Do We Mean by Management? 
 
While what we mean by ecological and human-use was relatively easy to determine, our 
definition of management was more difficult to develop. Ecological and human-use are 
the physical/biological/chemical resources and man�s use of these resources, respectively. 
Because a goal of Florida BlueWays is to provide all relevant information in one place at 
one time, our use of the word management is broader and more inclusive than typical. 
Management is any non-use activity that can significantly affect the natural environment 
or its use. For example, a county-wide education program can significantly affect how 
people use the resource and is considered management, as is government, academic and 
even corporate research or restoration efforts. 
 
With this definition in mind, a hierarchical framework of management activities was 
developed to provide a basis for further work (Figure 1). Coastal and marine 
management was organized into 14 management types and these were further split into 



  

43 management areas. This framework not only helps us to decide what management 
agencies or programs need to be incorporated but also helps us organize and query 
information once it is collected and incorporated into BlueWays tools. 

 
How Do We Characterize Management - What is Important and How do We 
Organize It? 
 
After defining management for the purposes of Florida BlueWays, the next steps 
were to develop a way that management programs could be logically organized to 
compose a characterization and to decide what information about each program 
should be included to provide a clear and informative picture of its management 
activities. Unlike information found in the ecological and human-use 
characterizations, management information is primarily non-spatial. To deal with 
this, BlueWays will employ separate but linked applications so that both spatial and 
aspatial information can be accessed and manipulated simultaneously. Providing 
both capabilities will allow the greatest flexibility and will also ensure that the 
diverse, aspatial pool of information about each management program is easily 
accessible and useful to managers. 
 
Once the data storage and accessibility issues were addressed, many questions about 
what information to collect had to be answered including: what types of information 
do we collect? At what scale do we want to collect it? Do we try to get all 
management activities or some reasonable subset?  



  

What Types of Information are Relevant to Coastal Managers? 
 
A wide range of management information has been collected for each management 
program identified. This information was gathered primarily through an interview 
process augmented by both web research and publication review. The range of 
aspatial information brought into BlueWays can be seen in Figure 2. 
 
Once we identified all the fields we thought would be necessary for our aspatial 
management database, decisions had to be made concerning what programs to 
include in the characterization and at what stage of development they should be 
brought in. The eventual goal of Florida BlueWays is to incorporate all 
management activities that affect the coastal environment. Given the current time 
and staffing constraints, however, two limitations were put in place to make data 
collection more workable. One, we only included programs that operate with a 
county-wide scope or greater. Two, we focused on government programs, especially 
ones with some sort of legislative mandate or permitting responsibility. While we 
realize that these conditions exclude much valuable information, we are considering 
ways that entities that have been excluded at this stage of development can be 
included later. Such considerations include either a web facilitated interview 
process or a web application that would allow management programs to develop 
their own information for inclusion in BlueWays. The first possibility would allow 
our team to talk with and obtain complex information from managers through the 
use of phone interviews augmented by a web-based presentation (reducing travel 
and increasing the number of interviews possible). The second would transfer the 

 



  

responsibility for inclusion to those who feel they should be a part of BlueWays, 
allowing them to become a part and or update their information when they choose. 
 
How and When Will We Integrate This Information with the Human-Use and 
Management Characterizations?  
 
There are two major ways that the management information will be integrated with 
data stored in the ecological and human-use characterizations. The most obvious 
and most powerful will be through spatial overlay. One of the primary reasons for 
developing spatial characterizations is that once these disparate information types 
all have spatial characteristics, they can be accessed simultaneously using basic GIS 
functionality. For Florida BlueWays this will likely be accomplished using ESRI's 
ArcIMS Internet Map Server (IMS) which will enable managers to access 
BlueWays information and perform many analyses with their web browsers. More 
detailed analysis will be possible but this will require downloading BlueWays data 
as well as a higher level of GIS skill and infrastructure. 
 
Additionally, the integration of management with human-use will be enhanced in 
the aspatial database through the use of a human-use framework developed by the 
BlueWays team. This framework lists and hierarchically organizes 75 uses (use 
activities) of the coastal zone. These activities are grouped into 30 general human 
uses which are further grouped into 8 human-use categories (see Figure 3 for an 
example). By determining, for each management program, whether or not it affects 
the coastal users associated with each use activity we have assembled a very 
effective way to integrate human-use and management. For every use activity, use 
or use category, BlueWays users can query to see which management programs 
affect it, where they affect it and what mechanisms are employed to do so. 
 



  

Next Steps for the Florida BlueWays Management Characterization. 
 
While data collection continues, the next step for the management characterization 
is to develop a stand-alone management analysis tool. There are a number of 
reasons to move towards this partial product before integrating management with 
the rest of Florida BlueWays. One, there is an obvious potential for analyses of 
management with or without the other information types. These may include 
examining duplication of effort or identifying places where the potential for 
partnership has been overlooked. A stand alone tool will also allow resource users, 
through the human-use framework data, to begin to see what management programs 
are important to them. Two, the management characterization is now the most 
developed of the three and integration with ecological and human-use would mean 
waiting for them to catch up. Three, the BlueWays team is constantly looking for 
ways to build recognition and support for the program within the management 
community as well as with the resource users and the public in general. By 
providing them with a usable tool, we hope to reinforce BlueWays concepts that 
have been presented to them and to generate support, as well as, a level of 
anticipation for future BlueWays developments. 
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Abstract 
 
For much of its 30 years, the Texas Sea Grant College Program has played the 
role of the proverbial Cinderella, always working in the background and never 
being invited to the ball. Recently, the Texas Legislature provided opportunities 
for the Sea Grant Program not only to come into the spotlight, but also, to 
become a key player in the state�s coastal management program. This paper 
addresses how the political process reinvigorated the Texas Sea Grant Program 
and how it intends to ensure that the �glass slipper� will fit. 
 

Introduction 
 

When the essence of Texas is captured in thought, visions of cowboys, cattle, 
the Alamo, oil and a solitary breed of humanity proud of its heritage and 
protective of its individuality are much more likely than beaches, ports and 
shrimp. Such engrained perceptions contribute to the challenge of addressing 
coastal and marine issues in the state. Often little thought is given by either the 
casual observer or the national policy maker that Texas has a 367 mile coastline 
bordering the Gulf of Mexico with a total shoreline including islands and bays 
of approximately 3,300 miles. In addition, the coastal area is the most 
biologically rich and ecologically diverse region of the state. This area includes 
barrier islands and peninsulas with sandy beaches, shallow bays and lagoons 
bordered by marshes and tidal flats, uplands ranging from humid forested areas 
in the northeast to fertile coastal prairies along the central portion and semi-arid 
brush country at the southwestern extreme. Unique to the nation is that the 
jurisdiction of the state along the entire coast extends a distance of three leagues 
or nine nautical miles (10.3 statutes miles) offshore. The standard jurisdiction 
allowed by the federal government is three nautical miles with the Florida west 
coast also having a three-league boundary. Of the estimated state population of 
20 million, approximately 25 percent live within the 18 county coastal region. In 
the next ten years, this population is estimated to increase over 13 percent to a 
resident population above 5.8 million. 
 
Texas leads the nation in marine commerce, with 12 deep-draft ports, 15 
shallow�draft ports, extensive barge facilities and 426 miles of the Gulf 
Intracoastal Waterway. The upper Texas coastal region includes an estimated 
250 chemical plants, 30 refineries and 74 gas processing plants. These facilities 
supply nearly two-thirds of the nation�s petrochemical needs and 20 percent of 
the United States� oil refining capacity. In addition, Texas is a major seafood-



producing state generally ranking in the top five of all states based on the value 
of the catch. Through enlightened management of marine fishery resources, the 
state also boasts a thriving recreational fishing industry contributing to the 
economic vitality within coastal communities and inspiring the estimated $11.4 
billion coastal tourist trade making this area the state�s second most popular 
destination. 
 
Finally a substantial agricultural industry is developed within the coastal region 
producing impressive quantities of cattle, rice, cotton, citrus, sorghum and 
winter vegetables. Joining with these traditional agricultural enterprises is the 
largest acreage of shrimp and red drum aquaculture ponds in the nation. 
 
While these numbers are impressive, the diversity and expanse of Texas has had 
a clear impact on coastal and marine issues. With some metropolitan areas of 
Texas closer to the Pacific Coast than to the Gulf of Mexico, gaining universal 
interest in coastal issues by state leadership is a monumental task. Curiously the 
conditions on which the Republic of Texas joined the Union (or was it the other 
way around) allowed for its subdivision into separate states. At times in its 
history, recommendations have been made to establish five separate states from 
the landmass of Texas. As recently as the early 1990�s a state legislator actually 
proposed legislation to subdivide the state in order to draw more attention to 
regional issues. While undoubtedly a �tongue-in-cheek� action, the proposal did 
highlight the diversity of the issues in a state with the landmass and the variety 
of ecosystems present in Texas. 
 

Evolution of the Texas Sea Grant College Program 
 

In 1963 at a meeting of the American Fisheries Society, Professor Athelstans 
Spilhaus suggested utilizing the research, extension and education format of 
Land Grant Universities to focus on marine and coastal resources. Reflecting the 
inspiration for this initiative, the new program was named Sea Grant. Dr. 
Spilhaus� vision was realized in the Sea Grant College and Program Act signed 
by President Lyndon Johnson (a legendary Texan) in 1966. 
 
Leadership of Texas A&M University, long recognized as a premier Land Grant 
institution, recognized the opportunities provided by the Sea Grant initiative and 
immediately sought to engage this new program. In 1971, Texas A&M joined 
three other universities to become the nation�s first Sea Grant Program Colleges. 
Under this designation, the University could be reasonably assured of stable 
funding that allowed for an infrastructure that would support the three basic 
tenets of Sea Grant, namely, applied research, extension and education.  
 
Since the Texas A&M University System included the Texas Agricultural 
Extension Service, (now Texas Cooperative Extension) it seemed reasonable for 
the fledgling Sea Grant Program to link with the infrastructure of the Agriculture 
Extension Service to form the Texas Marine Advisory Service as an outreach 



component. This was done and a group of county extension marine agents and 
extension marine specialists was developed. Initially poised to capture the spirit 
of Sea Grant, the focus of the Marine Advisory Service rested heavily on food 
production activities associated with the state�s commercial fisheries and 
seafood technology, much as production agriculture was the main pillar of the 
Agriculture Extension Service. Research sponsored by Sea Grant historically 
supported commercial fisheries along with coastal engineering and energy 
resource recovery. 
 
As any viable institution, the Texas Sea Grant Program evolved as the 
identification and complexity of coastal and marine issues diversified. From the 
Marine Advisory Service perspective this means having agents and specialists 
that are better equipped to relate to environmental quality, youth oriented 
education, natural resource management, economics and marine policy. While 
initiatives for commercial fisheries and seafood technology remain a key 
element in the mix of services provided by the Sea Grant Extension Program, 
the opportunity to utilize the network created among research, extension and 
education has been recognized as a significant asset to marine and coastal issue 
resolution and the decision makers positioned to act on these matters.  
 

The Challenge of Coastal Management in Texas 
 

During the decade of the 1970s and 1980s the attention of many coastal states 
was being drawn to coastal issues. At the federal level, the National Oceanic and 
Atmospheric Administration was organized in 1970 and placed in the 
Department of Commerce to provide a focus for coastal and marine resource 
initiatives. New federal legislation such as the Coastal Zone Management Act of 
1972 provided incentives for states to develop plans for their coastal areas. The 
Texas General Land Office captured the coastal zone management mantle based 
on its statutes and constitutional responsibility to manage the submerged lands 
of the state as well as sand dunes and the Gulf beach. The complexity of the 
process for plan development and submission to the federal government for 
approval was in no small measure exacerbated by the fact that both the 
Commissioner of the General Land Office, who was to develop the management 
plan, and the Governor, who would submit the plan, were each statewide elected 
officials not necessarily linked by either political party or governing philosophy. 
 
Much of the tension in development of the state�s coastal plan was vested in the 
complex issues of private property rights and expansion of regulatory burdens. 
Such terminology as �zone� and �management� became lightening rods 
contributing to negative power surges in the plan development process. Through 
extensive use of consultants, advisory panels and public hearings a state plan 
was developed and presented to the Governor for review and submission to the 
federal government. Ironically, plan development and Governor approval were 
often entangled with the change of state leadership. Under this sequence, the 
administration that developed the plan was replaced prior to plan approval. The 



subsequent evaluation, review and modification delayed the approval of the 
Texas plan until 1997.  
 
In sorting through the concerns presented in the state�s quest for a coastal 
management regime, it seemed one of the touchstones was an effort to not create 
another bureaucracy within the state. With the delay in submitting a plan, the 
state had the opportunity to review the approaches taken by other states in their 
coastal management programs and compare the implications and effectiveness 
of each. Through this process, the state considered the coastal area 
responsibilities of currently established state agencies and recognized that very 
few relevant activities were not already under some degree of state regulatory 
process. It was therefore felt that injecting an additional governmental 
bureaucracy or super agency into the mix would create overlapping jurisdictions 
and would result in inefficient use of any funds available to implement the plan.  
 
Considering the comprehensive nature of the current state governmental 
structure, state leadership opted for formalizing a venue for the agencies with 
jurisdiction over coastal issues to meet, review and promote actions to 
adequately manage the coastal area. In addition to the seven state agencies 
identified with a coastal role, four public members representing specific sectors 
of the coastal population including business, agriculture, local governments and 
the general public were to be appointed by the Governor. The entity created by 
this confederation is known as the Coastal Coordination Council. The staff of 
the Texas General Land Office was designated as staff of the Council and the 
Commissioner of the GLO was designated as the Council�s chairman.  
 

Linking Sea Grant with the State�s Coastal Management Program 
 

During the interim period between the 1999 and the 2001 session of the Texas 
Legislature an evaluation was undertaken on the Coastal Coordination Council 
in accordance with the state�s sunset review process. Coincident to this action by 
the Sunset Advisory Commission, the Senate Natural Resources Committee was 
complying with a Lieutenant Governor�s charge to study the opportunities and 
challenges facing the Texas coastal region. 
 
While input was made to the review of the Coastal Coordination Council, a 
significant understanding of Sea Grant�s potential to contribute more to the 
state�s coastal program was realized in the Natural Resources Committee Study. 
Specifically, a finding of this study was presented as follows: 

� By focusing on the Texas Sea Grant College Program, 
integrate the assets of the state�s higher education resources 
into the planning, coordination and research efforts on coastal 
challenges and opportunities.� 
 

This finding was useful to the 77th Texas Legislature in 2001 as it reviewed the 
Coastal Coordination Council and renewed its organic legislation. In those 



deliberations it was recognized that the Texas Sea Grant College Program could 
provide a significant contribution to the success of the state�s coastal 
management program. The process of adding the Sea Grant Program to the 
Council was impacted by the requirement to maintain an odd number of voting 
members to minimize deadlock. In order to allow for Sea Grant�s participation 
without requiring the addition of two members, the Director of the Texas Sea 
Grant College Program was added to the council as a non-voting member. While 
not initially considered as an option, this outcome provides for some protection 
to Sea Grant in not being called up on to �take sides� in deliberations where it 
does not have a specific jurisdiction or responsibility. 
 
The Act making this change was effective September 1, 2001, so the scope of 
effort and input to be contributed by Sea Grant is still being developed. Much of 
the activities to date have been in the Council�s Executive Committee where the 
Sea Grant Extension Program Leader serves as a member. In this realm, 
evidence is accumulating that this was a constructive modification to the state�s 
coastal management program. 
 
As experience on the Council is achieved, there will surely be significant 
opportunities to develop a closer linkage between the state�s higher education 
resources and it coastal management program. 
 

Summary and Conclusion 
 

The decision makers of Texas both in the Legislative and Executive Branches of 
government have enhanced the state�s Coastal Management Program by 
placement of the Texas Sea Grant College Program Director as a permanent 
member of its oversight body, the Coastal Coordination Council. In taking this 
action, the state�s leaders have joined the resources of the higher education 
system with those provided by natural resource regulatory agencies and 
gubernatorial appointments. The action remains a relatively recent event, so full 
impact has yet to be realized; however, opportunities to developed targeted 
applied research, outreach and education initiatives in support of coastal 
management will surely be forthcoming. 
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