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Coastal banks/bluffs, coastal beaches, dunes, barrier beaches, salt marshes, and 
land subject to coastal storm flowage comprise a complex, interdependent 
system. These landforms are valuable environmental, aesthetic, and recreational 
resources that are subject to change by natural processes, as well as effects of 
human activities. In the past, waves, tides, relative sea level, sediment 
characteristics, sediment sources and sinks, and landform type controlled the 
configuration and function of our coasts.  Now human actions are a significant 
factor, on par with natural forces in many places, in controlling the shape and 
function of our shores and coastal landforms. In fact, in many places human 
activities are now the dominant short-term controlling factor. Oftentimes, an 
action that alters one landform will in some way affect the function of other 
landforms within a particular system.  
 
In their natural dynamic state, coastal landform systems are self-sustaining 
through the processes of sediment erosion and deposition.  For example, a 
coastal bank/bluff erodes by wave action and provides sediment to beaches and 
dunes.  These resources are regulated by government agencies to ensure 
protection of the beneficial functions of these landforms. Yet, in spite of these 
protections, coastal landforms are vulnerable to human alterations that 
oftentimes result in less stable landforms and lessening the value of these 
resources for future generations. It is a paradox that stability of beaches -- and 
other coastal landforms -- becomes the goal once humans attach specific values 
to them (Nordstrom, 2000).  
 
For example, seawall or revetment construction is oftentimes proposed to 
stabilize an eroding coastal bank. However, armoring an eroding coastal bank 
eliminates source material for beaches and dunes and along an eroding shore, 
may eliminate the fronting beach and alter adjacent property. To counteract the 
negative effects of certain human activities, some communities apply 
compromise solutions and impose mitigation or conditions on permits. 
 
Are human activities on coastal landforms affecting the natural sustainability of 
coastal landform systems? Are human activities on individual coastal landforms 
adding to or detracting from their beneficial functions on a short- and/or long-
term basis?  While much anecdotal information exists, there are few 
investigations on a small-scale, lot-by-lot basis to address these questions. 
 
The Woods Hole Oceanographic Institution Sea Grant Program, Cape Cod 
Cooperative Extension, the Cape Cod Commission, and all 15 Cape Cod 



communities participated in an analysis of all locally permitted activities on 
coastal landforms on Cape Cod in 1999 in an attempt to answer these questions. 
The purpose of the study was to determine whether collectively we are 
sustaining the beneficial functions of our coastal landforms resulting from 
decisions of local resource management and regulatory agencies; to identify 
regulations and standards that guide these decisions; to analyze permit 
conditions; and, to identify future research needs (O’Connell, 2000). The most 
consistent set of regulations that apply to activities proposed on coastal 
landforms landward of mean high water are the state Wetlands Protection 
Regulations. These regulations are applied by local conservation commissions. 
The state Department of Environmental Protection (DEP) will intervene only 
when the local permit has been appealed. Thus, in this study we analyzed all 
permits issued by the conservation commissions in each  Cape Cod town during 
1999. Three hundred and eighteen permits, which included 47 different specific 
types of activities for activities on coastal landforms, were analyzed.  
 
In order to adequately assess whether permit decisions potentially added to or 
detracted from the beneficial functions of coastal landforms, we must first know 
how coastal landforms evolve naturally and what  their critical characteristics 
and beneficial functions during this natural evolution are.  These are briefly 
described below. 
 

Critical Characteristics and Beneficial Functions of Coastal Landforms 
 

All coastal landforms have critical characteristics and beneficial functions. 
When these critical characteristics are maintained and the landforms are allowed 
to function naturally, the coastal landform system is sustained. Coastal 
landforms must be allowed to erode, migrate, and change form and volume in 
order to maintain their critical characteristics and provide their beneficial 
functions. Absent mobility, the beneficial functions of these landforms can not 
be sustained. “Mobility is the key to ensuring the value of coastal environments 
for ecological and most human use values…” (Nordstrom, 2000).  
 
For example, coastal banks/bluffs erode primarily through wave action, and in 
doing so, provide source sediment to maintain beaches, dunes, and barrier 
beaches within that system. Without this eroded and transported material, 
beaches, dunes, and barrier beaches that depend on sediment input to function 
would be adversely affected. Thus, the critical characteristic of a coastal bank is 
to erode and supply sediment to other coastal landforms. Coastal banks provide 
the beneficial functions of storm damage prevention and flood control to 
landward resources and structures. 
 
Coastal beaches dissipate storm wave energy due to their gradual slope and 
permeable nature. In doing so, they change form and volume. They erode 
supplying sediment to maintain other downdrift coastal landforms, such as other 
beaches and dunes. Thus, the critical characteristics of a beach are its ability to 



change form and volume, and erode thus supplying sand to downdrift landforms. 
Beaches provide the beneficial functions of storm damage prevention and flood 
control to landward resources and structures, as well as recreational and 
aesthetic benefits. 
 
Dunes contain a reservoir of sand that erode and feed fronting beaches and near-
shore areas during storm wave activity, thus assisting in maintaining the 
function of the beach. Thus, the critical characteristics of a dune are its ability to 
change form and volume, to migrate in response to wind and wave conditions, 
and its ability to erode and provide sediment to other landforms. Dunes provide 
the beneficial functions of storm damage prevention and flood control, as well 
as wildlife habitat and aesthetic benefits. Dune vegetation facilitates sediment 
deposition and thus dune growth enhancing its beneficial functions. 
 
Barrier beaches consist of beaches and dunes, so their critical characteristics are 
those that were described above for beaches and dunes. In addition, barrier 
beaches migrate landward in response to storms, inlet formation, overwash, and 
relative sea level rise. In doing so, they provide storm damage prevention and 
flood control to landward resources and structures, and also contribute to the 
formation and continued existence of bays, estuaries, salt marshes and tidal flats. 
Thus, the critical characteristic of a barrier beach is its ability to migrate 
landward. 
 
Salt marshes, in addition to providing detritus and organic matter for many 
marine organisms, provide flood storage capacity and dissipate storm wave 
energy, thereby protecting landward resources and structures. These beneficial 
functions depend primarily on the peat substrate - which is resistant to erosion - 
and its vegetative cover. So, the critical characteristics of salt marshes are the 
peat substrate and vegetative cover, and its beneficial functions are storm 
damage prevention and flood control. 
 
Land subject to coastal storm flowage (100-year coastal floodplain) dissipates 
wave energy due to its gradual slope, sediment and soil characteristics, and 
vegetative cover. Other coastal resources, such as dunes and salt marshes, 
migrate over land subject to coastal storm flowage primarily in response to 
relative sea level rise. Thus, its critical characteristic is its ability to allow other 
coastal resources to migrate landward and maintain their beneficial functions.  
 
 

Study Questionnaire  
 

Based on the above description of a coastal landform’s critical characteristics 
and beneficial functions, a questionnaire was developed to provide the data 
necessary to estimate the gains and losses of coastal landform sustainability 
from local permit decisions. The questions were as follows:  
 



Coastal Bank: 
Will the activity permit (positive score) or impede (negative score) the erosion 
of the coastal bank by wave action? 
 
Coastal Dune: 
Will the activity enhance (positive score) or impede (negative score) the 
vegetative cover? 
Will the activity increase (positive score) or decrease (negative score) the 
volume of the dune? 
Will this activity permit (positive score) or impede (negative score) the 
exchange of sediment between the dune & beach? 
 
Coastal Beach 
Will this activity enhance (positive score) or impede (negative score) the 
alongshore or cross-shore transport of sediment by wave action? 
Will this activity increase (positive score) or decrease (negative score) the 
volume of beach sediment? 
 
Barrier Beach 
(also included coastal dune & beach questions) 
Will this activity enhance (positive score) or impede (negative score) the 
deposition of sediment having the effect of increasing or decreasing the 
height/elevation of the barrier beach? 
Will this activity impede (negative score) the landward migration of the barrier 
beach? 
 
Salt marsh 
Will this activity enhance (positive score) or impede (negative score) the growth 
of salt marsh vegetation? 
Will this activity disturb (negative score) the peat layer of the salt marsh? 
Will this activity enhance (positive score) or impede (negative score) the tidal 
flow into the marsh? 
 
Land Subject to Coastal Storm Flowage 
Will this activity enhance (positive score) or impede (negative score) the natural 
migration of a coastal beach, coastal dune or salt marsh onto land subject to 
coastal storm flowage? 
 
The answers to each question were either positive or negative, depending on 
whether the activity enhanced or impeded the landform function. A sample of 
the types of activities permitted includes: 
* New coastal armoring of a sediment source without compensatory 
nourishment; 
* Reconstruct armoring of a sediment source without compensatory 
nourishment; 
* New armoring with compensatory nourishment; 



* New armoring without compensatory nourishment; 
* New house on solid foundation; 
* New house on pile foundation; 
* Elevation of an existing house. 
 
A ranking scheme was also developed to evaluate the degree of impact from an 
activity on a coastal landform. The ranking scheme ranged from 0.5 (very 
minor) to 3.0 (major). The ranking level considered existing site conditions. In 
application the level of impact was somewhat subjective. For example, if 
armoring occurred on a coastal bank that was a major sediment source it could 
have received up to a -3.0; if armoring occurred on a minor sediment source 
bank it could have received a -0.5.  
 
To assist in consistency and minimize subjectivity, numerous discussions among 
participants and the WHOI coastal processes specialist, along with site visits 
took place throughout the study. The conservation commission agent for each 
town then completed a questionnaire for each of the 318 permitted activities. 
Positive or negative signs and ranking were assigned to each project. All 
rankings were then summed for each coastal landform for all permitted 
activities. 
 
The results of the analysis are presented on Table 1. Positive ratings suggest the 
coastal landform and the system in which it resides are being sustained; i.e., the 
beneficial functions of the coastal landform are being protected by the decision. 
Conversely, negative ratings suggest that the sustainability of the landform is not 
being adequately protected; i.e., the beneficial functions of the landform are not 
being protected. 
 
Although positive ratings exist within the data set presented in Table 1, 
cumulative negative ratings were summed for all coastal landforms.  
 
 

 



 
TABLE 1. Grand Totals – Cape Cod Coastal Landform System Sustainability Project 
 

 
Cape Cod COASTAL LANDFORM SYSTEM SUSTAINABILITY PROJECT: GRAND TOTALS 

(all Orders of Conditions Analyzed in 1999)  
Positive (+): sustaining landform function            Negative (-): not sustaining landform function  

 
TOWN # of 

OOCs 
rev'd 
1999 

Bank Beach Dune Barrier 
Beach 

Salt 
marsh 

Coastal 
Flood 
plain 

 

Barnstable 82 -3.5 -4.5 -26.0 -17.5 -17.5 -15.5  

Bourne 21 NI NI (no proj) -  3.0 +2.5 +/- = 0  

Brewster 10  -1.5 +10.5 (no proj) (no proj) (no proj)  
Chatham 5 -1.0 +/- = 0      

Dennis 7 -1.0 +1.0 -2.5 (no proj) (no proj) (no proj)  

Eastham 17 -1.5 +2.0 -0.5 (no proj) -4.0 -1.5  

Falmouth 16 -2.0 -2.0 -3.5 -2.5 +1.5 -1.5  
Harwich 22 -3.0 +6.0 -2.0 No proj -2.0 -1.5  
Mashpee 13  (no proj) +4.5 (no proj) (no proj) NI (1 proj)  

Orleans 46 -1.0 -2.0 NI (1 proj) (No proj) NI   (1 proj) -2.0  
P-Town 6  +3.0 -2.5     
Sandwich 18  -3.0 -9.5 -7.5 +1.5 -2.0  
Truro 16 -4.5 -3.5 -16.5 -14.5 -1.5 -0.5  

Wellfleet 27 -7.5 -12.0 +4.5 No proj -2.5 -2.5  
Yarmouth 12 -0.5 +5.5 +7.0 +4.0 -3.0 NI  
GRAND 
TOTALS 

# proj 
  318 

bank 
-25.5 

beach 
-11.0 

dune 
-36.5 

barrier 
-41.0 

marsh 
-25.0 

LSCSF 
-27.0 

 



Discussion 
 

While the study suggests that our collective regulatory decisions are not 
sustaining the beneficial functions of our coastal landforms, it is important to 
acknowledge associated criteria in a decision regarding human interactions with 
a natural system. Successful compromise solutions have been developed 
considering environmental, societal, economic, and takings issues. Many 
activities that result in minor adverse impacts are routinely allowed. For 
example, requiring structures in dunes to be elevated on open-piles; elevating 
walkways down coastal banks, in dunes, and over salt marshes; and, filling and 
maintaining groin cells to entrapment capacity. Furthermore, the alternative of 
not allowing certain activities could result in more detrimental impacts. For 
example, the alternative of not allowing an elevated walkway over a dune could 
result in pedestrian paths that destroy more vegetation causing blow-outs and 
perhaps an overwash.  Has the coastal landform been previously altered to a 
point that it is now a synthesis of natural and human-altered functions is perhaps 
another consideration.  Perhaps the optimum question is, ‘have we arrived at the 
optimal balance of compromises that allow us to maximize the beneficial 
functions of coastal landforms while allowing reasonable use and enjoyment of 
coastal property?’ 
 

Conclusion 
 

Many decisions relating to coastal landforms on a small-scale, lot-by-lot basis 
are made using best 
professional judgment without the predictive capability of knowing what the 
impact may be. There are few investigations relative to this scale. The 
recognition that humans have become intrinsic agents in the evolution of coastal 
landscapes is significant in that it places the problem of restoring the value of 
these landscapes squarely on human actions requiring management approaches 
that work with rather than against natural processes (Nordstrom, 2000). Broad-
scale education and guidelines on the role of mobility of coastal landforms in 
achieving optimum beneficial functions of coastal landforms is an on-going 
challenge. Increased emphasis on monitoring the results of human alterations to 
individual coastal landforms, before and after the alteration, on a small scale is 
needed. This information would be invaluable in assisting local resources 
managers in their daily decisions, and for preserving coastal systems for future 
generations.  
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Abstract 
 
Chesapeake Bay, the Nation’s largest estuary, has been adversely impacted by 
excess nutrients. Excess nutrients have caused low dissolved oxygen levels 
leading to loss of fisheries and other living resources. The Chesapeake Bay 
Program (CBP) is leading an effort to reduce nutrient sources and loads in the 
Bay watershed to meet dissolved oxygen criteria in the Bay by 2010. The U.S. 
Geological Survey (USGS), in cooperation with several agencies, has monitored 
the concentration of nutrients entering the Bay since the late 1980’s. The data 
are used to assess trends in load and concentrations of nutrients in rivers 
entering the Bay and understand the factors affecting those trends. The trend 
analysis revealed a large variation in the annual nitrogen and phosphorus loads 
to the Bay due to changes in yearly stream flow but slow reductions of the 
nutrient concentrations. The primary factors affecting the trends in concentration 
were stream flow, changes in nutrient sources, and influence of watershed 
characteristics (including in-stream biogeochemical transformations and the 
influence of ground water). All these factors influence the lag time between 
implementing nutrient-reduction practices in the watershed and water quality 
improvements in the Bay. The CBP is using these results to help refine, and 
assess the effectiveness of, management strategies to reduce nutrients in the Bay 
watershed. 
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South Carolina’s predominantly intertidal shellfish resource, and, in particular, 
subtidal oyster beds, have diminished over the years primarily due to salinity 
regime changes and wetland drainage.  Shellfish are still abundant along the 
coastline, but comparisons between recent and historical surveys and fishery 
dependent data reveal that the resource may be heavily harvested in certain 
areas.  It is important to ensure that shellfish are being adequately protected 
through proper management.  The eastern oyster, Crassosstrea virginica, in 
South Carolina is unique in that nearly all beds are intertidal.  Due to continual 
spawning and successive attachment of new generations, oysters grow in 
clustered reefs.  Heavily harvested areas and environmental perturbations are the 
greatest threat to oysters in South Carolina, but could be mitigated through 
proper management and replanting strategies to propagate this renewable 
resource.    
 
Two agencies share responsibility for management of the state shellfish 
resources.  The South Carolina Department of Heath and Environmental Control 
(SCDHEC) through the Bureau of Water’s Shellfish Sanitation Program is 
concerned with the public health aspects of shellfish harvesting, marketing and 
consumption.  The SCDHEC classifies harvest waters based upon regularly 
collected water samples from each approved harvest area.  The South Carolina 
Department of Natural Resources (SCDNR) is concerned with the natural 
resource aspects of shellfish, including husbandry, and regulates commercial 
and recreational harvesters.   
 
State grounds have been leased for commercial harvest since 1906 when 
legislation was passed to protect the shellfish resource from non-resident 
harvesters.  In 1986, state laws governing shellfish resource management were 
changed to make available state bottoms for both recreational and independent 
commercial harvesters (i.e. commercial harvesters without leases or culture 
permits).  Where leaseholders failed to meet planting quotas or were handed 
over to the state, lease areas were designated in whole or reduced in size as State 
Shellfish Grounds (SSGs).  SSGs are managed by the DNR through rotational 
openings and closings.  Former leases were termed Culture Permits (CPs) and 
SCDNR was given the ability to revoke permits if legal requirements were not 
met.  In addition to an annual rental fee, permit holders must cultivate their land 
through shell planting or alternative cultivation methods.  A third type of 
shellfish area is Public Shellfish Grounds (PSGs).  PSGs are opened to only 
recreational harvesters during the shellfish season (May 15-Sept. 15) and the 
DNR routinely replants these areas as funds allow.   



 
Harvest levels have remained relatively stable over the past ten years and in 
2001 South Carolina produced more oysters than North Carolina, Georgia and 
the east coast of Florida combined. However, a disproportionate portion of the 
landings is taken from the SSGs (common property areas) suggesting continued 
long-term sustainability of these grounds may need more active management.  
Each SSG is field assessed and evaluated annually to determine current standing 
stock before a decision to open the SSG is made.  Presently all state grounds are 
open during only half of the nine month season and some are closed for the 
entire season due to the previous season’s heavy harvesting.  More active 
management, and possibly shell replanting, may be necessary to keep SSGs in 
sustained harvestable condition. 
  

Data Analysis 
 
Water quality can have a great impact on the shellfish industry since beds are 
classified according to water quality testing.  Approved areas are state waters 
where shellfish can be harvested for direct marketing or human consumption.  
Conditionally Approved areas, usually closed by rainfall events, meet the 
Approved area criteria under specific environmental conditions and time 
periods.  Restricted areas are state waters from which no shellfish harvesting for 
direct marketing is allowed, however, shellfish may be harvested with a special 
permit and relayed to Approved areas or certified facilities for depuration, or 
self-cleaning.  Prohibited areas are administratively closed and no harvesting of 
shellfish for any purpose related to human consumption is allowed.     
Approximately 70% of the shellfish growing areas are Approved, 20% 
Restricted, 10% Prohibited and a very small percent Conditionally Approved.  
The percentage of Approved areas relative to total acreage shows little change 
throughout recent years.  Approved and Restricted area percentages are mainly 
affected by meteorological conditions.  During rainy years there is an increase in 
Restricted Areas, while during drought years there is an increase in Approved 
Areas.  Conditionally Approved and Prohibited Area changes are usually related 
to administrative management concerns.  Overall, there seems to be relatively 
stable water quality throughout the state, with changes in one area being 
compensated for by changes in the opposite direction in other areas. 
 
The number of harvesters in the industry can also have an obvious effect on 
landings, as well as the quality of the resource.  There are no notable trends in 
the number of harvesters, however, there are occasional fluctuations.  The health 
of the economy has an effect on the number of harvesters present in the industry.  
Years with a weak economy tend to have a higher number of harvesters, while 
strong economy years have a lower number.  These changes are more evident in 
the number of independent commercial harvesters, since CPs are held by 
commercial fishermen with more permanent commitments to the shellfish 
industry.   
 



Figure 1 shows the total oyster landings in metric tons from 1950-2002.  Unlike 
many other states, declining shellfish harvest seen in past years in South 
Carolina is due more to a decrease in labor and closure of canneries, rather than 
overharvesting.  As a result of the reduced labor, landings decreased 
dramatically.  Since 1989 the harvest level has been more stable.  Figure 2 
shows oyster landings from the CPs and SSGs separately.  The CPs show a 
decrease in harvest from 1991-1996 and a subsequent increase since 1998.  
SSGs have a much less dramatic change, but the change is continuously 
negative.  The rather significant drop in SSG landings during the 2001-02 
season may be an abnormality or it may be the beginning of a more dramatic 
decrease in harvest.     
 
Overall, both the CPs and SSGs seem to be sustaining the harvest levels placed 
upon them.  Each season, approximately 30% of the oysters are harvested from 
SSGs and around 70% from CPs.  Recently, SSG oyster harvest is declining, 
indicating a stress on the resources or less harvesting.  These beds are rarely 
replanted or cultivated, and this stress may be a result of the difficulty in 
meeting the demand with only passive management.  It may be necessary to 
either reduce harvesting pressure or initiate more replanting effort to keep 
shellfish production on these beds at its present level.  Harvest control could 
come in the form of limiting the number of harvesters or limiting the daily catch.  
Unlike recreational harvesters, commercial harvesters do not have a daily or 
weekly limit,.  Rather than controlling the number of harvesters, it may be less 
problematic to impose a commercial limit on SSGs.  Increased oyster landings 
on culture permits have made up for decreased landings from state beds in 
recent years.   
 
Additionally, continual maintenance planting of CPs is required and this may be 
a major factor in keeping them viable.  Increased shell replanting efforts on 
SSGs could keep harvest at levels acceptable to the commercial and recreational 
demand.  Planting can be done by the state, or independent commercial 
harvesters working the SSGs could be required to replant the areas they harvest.  
Since there are numerous independent commercial harvesters working each 
SSG, planting requirements of each would be more manageable.  Alternative 
methods can be used to try starting new beds in SSG areas devoid of oysters, 
and this work could be used as a variance for independent commercial 
harvesters needing to plant that area.  State government planting could be 
considered to be the recreational harvester’s contribution since this program is 
paid for by state recreational license funds.  With increased planting by both 
state and independent commercial harvesters, public beds could not only sustain 
their present level harvest, but increase their levels in the future.   
 
The Atlantic and Gulf states of Maryland, Virginia, North Carolina, Georgia, 
Florida, Alabama, Mississippi, Louisiana, and Texas were contacted and their 
laws and regulations regarding shellfish were compared with South Carolina.  
Alabama has not leased state bottoms since the 1980’s, but does allow 



waterfront property owners to file for harvest and cultivation rights.  All other 
states contacted have lease programs for shellfish beds, although at this time 
Texas has a moratorium on new lease areas.  Most aspects of the leasing 
programs are similar, although fees differ.  Florida, Louisiana, South Carolina, 
and Virginia dedicate 20-30% of their total bottom acreage to shellfish lease 
acreage.  Texas sets aside approximately 11% and Alabama, Maryland, 
Mississippi and North Carolina designate less than 5% of their shellfish beds 
exclusively to lease areas.  Georgia on the other hand has over 60% of their beds 
dedicated to leases.  These differences likely are due to the state’s history and 
attitude towards the benefits of lease areas for the shellfish industry in their 
state. 
 

Conclusion 
 
South Carolina’s policies meet most shellfish management goals and needs.  
There are a few areas, however, that could be improved to better protect the 
resource.  Recent law changes have increased the number of common property 
areas available for harvest, but did not provide funding to maintain these areas.  
The replanting efforts required on CPs seem to be sustaining the harvest levels 
placed upon them and propagating the beds.  SSGs, however, are rarely, if ever 
replanted, and more active cultivation/replentishment management seems 
necessary.   
 
The SCDNR’s oyster shell recycling program is an important component of 
shellfish management and a number of Gulf and Atlantic states are looking into 
patterning a state program after South Carolina.  It is necessary to increase the 
funds put into this program to allow more efficiency during planting and 
increase quantities planted.  SSGs should be replanted as is presently done in 
PSGs.  It may also be helpful to plant SSGs with alternative methods, since 
these are less equipment intensive and can more easily be done by contracting 
commercial shellfishermen.  It would also allow for more planting to be done 
since the availability of shell cultch will be less of an issue.   
 
By comparing the fees charged by other states for lease areas it seems that South 
Carolina is undercharging for the use of CPs.  While South Carolina determines 
the acreage of the resource, all other states determine acreage by the total 
surface area of the leased area.  Since most of the oyster harvest in South 
Carolina is of intertidal oysters, the DNR determines acreage by assessing the 
area capable of producing oysters or measuring the actual resource present, since 
determination by the total area permitted would be unfair and extremely costly 
to permit holders.  However, South Carolina is charging less per product acre 
than other states are charging by surface area acreage.  It seems feasible to 
increase the fee per acre, and these increased fees would greatly enhance funds 
for shellfish management, which could allow more money for replanting and 
cultivation.   
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MARINE AND COASTAL PROTECTED AREAS IN THE U.S. GULF OF 
MAINE REGION 

 
Susan Farady and Cheri Recchia, The Ocean Conservancy 

 
 

Abstract 
 
The Ocean Conservancy mapped and evaluated the marine and coastal protected 
areas in the U.S. Gulf of Maine region (results published in a 2001 full-color 
report and companion poster). Over 300 sites in the U.S. portion of the Gulf, its 
coastal drainage area, and Georges Bank were analyzed. The full-color report 
and poster illustrate the results and recommend several actions. 
 
The protected areas were analyzed in three ways to indirectly evaluate how 
effectively the sites conserve marine species, habitats and ecological processes. 
First, protected areas with marine components were evaluated against the 
Protected Area Management Categories developed by the IUCN - The World 
Conservation Union. Second, the areas were assessed for measures implemented 
within to limit or prohibit specific activities (such as alteration of shorelines and 
coastal habitats, non-renewable resource development and disturbance of 
benthic habitats). Finally, sites were rated for their value in long-term 
conservation of marine biodiversity using a scoring system based on 
permanence of designation, size, and type, level and seasonality of protections 
provided.  
 
 All three analyses demonstrated that existing marine and coastal protected areas 
provide some important protections for endangered species and reduce the 
impacts of human activities on species and habitats. However, very few sites are 
designed or managed to provide comprehensive, lasting protection to the full 
range of marine species and habitats. The strongest protections are concentrated 
in small, scattered coastal sites, and the vast majority of Gulf of Maine waters 
lack protected areas of any kind. 
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Social Science in Marine Protected Areas 
 

Marine protected areas (MPAs) can be a valuable tool in conserving the marine 
environment.  However, in establishing an MPA, marine refuge, or reserve, 
managers need to consider how MPAs may impact the people who use them, 
and how users will have an impact on MPAs. 
 
Historically, most research on MPAs has focused on natural science; however, 
recent studies have shown that social factors, rather than biological or physical 
factors, determine the success of an MPA.  Therefore, applied social science 
research is a key component in the successful planning, development, 
management, and monitoring of an MPA. 
 

Background of Project 
 

In 2000, the National Marine Protected Area Center's Training and Technical 
Assistance Institute conducted a needs assessment of MPA managers.  One 
finding that came out of this assessment was that managers need knowledge, 
access to research, and training on a variety of social science variables as they 
relate to MPAs.  The “Social Science Tools and Methods for MPA 
Management” Web site was created to help address this need.  
 

Objectives 
 

The Web site is designed to provide an overview of the social sciences to help 
familiarize MPA managers and staff members with social science concepts, 
methods, and tools as they apply to MPAs.  The information on the Web site is 
meant to serve as a guide for coastal and marine resource management 
professionals when they are determining what projects to undertake, planning 
social science projects, and reviewing social science research. 
 

Web Site Structure 
 

The site consists of three major sections—a theme-based section, a social 
science tools section, and a case studies section—all of which can be accessed 
from anywhere within the Web site.  
 



The theme-based section features six theme areas identified by the National 
MPA Center’s Social Science Research Strategy: use patterns; submerged 
cultural resources; attitudes, perceptions and beliefs; governments, institutions, 
and processes; communities; and economics.  Upon accessing any of these 
themes, the user is provided with a series of questions, with the goal of directing 
the user to selected social science tools that may help them become more 
familiar with concepts and applications of each tool as they might relate to their 
particular MPA management needs.   
 
The social science tools section consists of about 20 tools commonly used by 
social scientists and coastal managers.  The tools have broad uses, enabling them 
to be applied to facets of MPA management.  Each individual tool is described, 
including its application to MPAs, the expertise needed to apply the tool, and its 
advantages and limitations. Also included are additional resources, as well as 
links to examples, in the form of case studies, where the tool has been used 
successfully in an MPA.    
 
The case studies section includes a collection of real-life examples that illustrate 
the use of social science in MPAs around the world.  These case studies provide 
the user with the history of the particular MPA and the specific aspect of 
management that was addressed by social science methods.  The case studies 
also describe how particular social science tools (provided in the tools section) 
were used to address the management issue. Links to additional resources and 
contact information are available for each case study. 
 
All of the sections of the Web site function together to provide MPA 
management professionals with a resource that can help them when determining 
what projects to undertake or in planning social science projects.  The Web site 
can also help provide managers with a basic understanding of social science and 
its role in MPA management. 
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Background 
 
Nonpoint source (NPS) pollution is one of the top ecological threats to San 
Francisco Bay. Unlike pollution from distinct identifiable point sources, 
nonpoint source pollutants can include, among others, metals carried by storm 
water runoff from streets and parking lots, sediments from erosion caused during 
construction, and petroleum hydrocarbons and heavy metals from fuel and oil 
spills and maintenance activities at marinas. The California State Water 
Resources Control Board (State Board) has designated the Bay as an impaired 
water body because it exceeds certain water quality standards for metals and 
other contaminants.1  

 
Nationwide studies have found that marina and boating operations can 
contribute pollutants such as heavy metals from boat hull paints and petroleum 
hydrocarbons from fueling, oil spills, and fuel combustion from outboard 
motors; and others.2,3,4,5,6,7,8,9,10,11 Although the U.S. Environmental Protection 
Agency (U.S. EPA) and the State Board consider NPS from marinas and 
recreational boating a primary concern for California,12,13 no marina monitoring 
programs are in place in San Francisco Bay to determine whether, and to what 
extent, marina-related pollution is a problem. The San Francisco Bay 
Conservation and Development Commission (BCDC), a State agency charged 
with the protection and enhancement of the Bay, in conjunction with Moss 
Landing Marine Laboratories (MLML) is beginning to fill this gap with the Pilot 
San Francisco Bay Marina Water Quality Study (Pilot Study).  

 
This Pilot Study was developed in collaboration with the San Francisco Bay 
Marinas and Recreational Boating Nonpoint Source Task Force, a stakeholder 
advisory group comprised of representatives from marina and boating 
organizations, individual harbormasters and boaters, environmental 
organizations, and representatives from local, state, and federal government 
agencies. Technical aspects of the study were developed in conjunction with a 
Technical Advisory Committee (TAC) comprised of scientists and marina 
representatives. The study was made possible by a grant from the National 
Oceanic and Atmospheric Administration (NOAA). 

 
Study Objectives 

 
1. Establish baseline information, through literature review, data compilation 

and field sampling, on the condition of selected marinas in San Francisco 
Bay regarding selected pollutants, to provide a better understanding of 
existing water and sediment quality conditions at marinas in San Francisco 
Bay. 



2. Use field sampling, laboratory analysis, and literature review to gain a 
better understanding of possible sources of pollution in marinas in San 
Francisco Bay. 

3. Use field sampling, laboratory analysis, and literature review to guide 
BCDC and other relevant state agencies as to whether additional controls 
and/or programs are warranted to control marina and recreational boating-
related pollution. 
 

Methodology 
 
Due to funding constraints, the Pilot Study involved only four marinas, selected 
to represent different points on a scale based on size, marina facilities, and 
services (4 being largest with many facilities and 1 being smallest with very few 
facilities). Other selection criteria included the relative isolation of the marinas 
from other sources of pollution, such as urban runoff and historical industrial 
pollution.  

 
Map 1 – Pilot Study Sites-San Francisco Bay 

 

 
 

 
A directed point sampling design was utilized to address BCDC's need to survey 
targeted areas of use within each marina. Station locations (latitude & longitude) 
were predetermined by agreement with the MLML and BCDC staff, as well as 
the TAC. The intent of the survey was to give a broad assessment of chemical 
conditions throughout the four San Francisco Bay marinas by providing multiple 
chemical analyses from water column and sediment samples. Forty-two stations 
were sampled from the following areas on August 26-27, 2003: Ballena Isle 
Marina (10 stations), Berkeley Marina (11 stations), Corinthian Marina (8 

    •  Paradise Cove 



stations) Loch Lomond Marina (11 stations) and Paradise Cove Reference (2 
stations). All sampling locations (latitude & longitude) were recorded using a 
Garmin Global Positioning System, and subsequently verified for GIS analysis.  
Sampling protocols in the field followed the accepted procedures of BPTCP,14 
EMAP15 and SWAMP16 and imposed trace clean methods to avoid cross-
contamination; methods to avoid contamination by the sampling activities, crew, 
and vessel; collection of representative samples of the target surficial sediments; 
careful temperature control, homogenization and subsampling; and chain of 
custody procedures. Water column profiles were conducted at each station to 
provide discrete measures of dissolved oxygen, salinity, temperature, pH, and 
turbidity at three depths, using a Hydrolab DataSonde 4a. The primary method 
of sediment collection was by use of a 0.1m² Young-modified Van Veen grab 
aboard a sampling vessel.  Modifications include a non-contaminating Tefzel® 
coating which covered the grab's sample box and jaws. After the filled grab 
sampler was secured on the boat gunnel, the sediment sample was inspected 
carefully for meeting acceptability criteria. Trace metal (As, Cd, Cr, Cu, Pb, 
Zn), trace organic (Polycyclic Aromatic Hydrocarbons [PAHs]), sediment grain 
size, and total organic carbon analyses were performed on composite sediment 
samples from all stations according to procedures identified in U.S. EPA 1998,17 
Sloan et al 1993,18 Folk 1974,19 and MARPCPN I 199220 respectively. Benthic 
infaunal samples (n=12) were opportunistically collected at a subset of sampling 
locations.  These infaunal samples were archived for possible sorting and 
taxonomic identification at a later date.  
 

Preliminary Results 
 

The figures below present a summary of trace metals compared to their 
respective “Effects Range Low” (ERL) and  “Effects Range Medium” (ERM)21,22 
sediment quality guideline values at the 42 stations where chemical analysis was 
performed. None of the trace metals measured was found to exceed ERM 
guidelines. Arsenic, copper, chromium, and zinc were the trace metals most 
often found to exceed ERL values and may be considered the major chemicals 
or chemical groups of concern in the San Francisco Bay marinas. It should be 
noted however that probability is low that an observable biological effect would 
be associated with chemical concentrations in this range. 
 
Laboratory results for PAHs, TOC, and grain size, and analysis of water column 
profiles are forthcoming.   
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Introduction 
 
Estuary classification is necessary if we are to gauge the impacts of 
development, population growth and pollution in the coastal zone 
worldwide (Saenger 1995). Assessing the ecological health of environments 
require comparisons of biota between unimpacted and impacted 
environments. To be valid, comparisons must be made between physically 
comparable environments in the same region. Various schemes have been 
developed to aid the recognition of different estuary types, simplify their 
description and make possible the transfer of knowledge between estuaries 
with similar characteristics. For example, Pritchard (1967) used estuary 
morphology to classify estuaries. Heath (1976) and Hakanson et al. (1986) 
used residence times, while Alexander & Monaco (1994) used tidal range 
and fresh water inflow. The aims of the following case studies were to 
develop objective classification schemes of physical characteristics that are 
biologically important. 

 
Methods 

 
Two separate classifications were conducted. General Linear Modelling 
(GLM) techniques were used to relate the physical properties of estuaries 
(independent variables) with biological measures (dependent variables). In 
Australia the proportions of the estuary covered by mangroves and salt 
marsh were the biological measures used, while in New Zealand the size 
and diversity of wader populations were used. The Australian Estuarine 
Database (Digby et al., 1999) and New Zealand Estuarine Database 
(National Institute of Water and Atmosphere, New Zealand) were used as 
sources of information about the estuaries. 
 
Preliminary analysis 
Preliminary analysis was necessary to reduce the number of independent 
variables in the model. It was not possible to perform GLM with all the 
independent variables (physical attributes). Correlations between each 
physical attribute and the dependant variables (biological measures) were 
calculated. A few of the variables that had the highest correlation 
coefficients were selected to use in GLM as independent variables. 
 

General Linear Modelling 
The aim was to produce a model equation with the least number of terms 
that explained a large proportion of the variation in the biological measures.  
 



 

 

The following sequence was used in both classifications: 
1. A model with all main effects, 2- and 3-way interactions was generated. 
2. Non-significant 3-way interactions were removed one at a time and the 

model re-calculated until there were no non-significant 3-way 
interactions in the model. 

3. Non-significant 2-way interactions were removed (as above).  
4. Models of different complexity were evaluated with regard to how 

much of the variation in abundance and diversity they explained. A 
simple model that explained a large proportion of the variation in the 
biological measures was the ideal model. 

 
Continuous terms were categorised to simplify the model and make it 
possible to classify estuaries. Estuaries were allocated to groups based on 
the value of the factor that was found to be significant in the model. For 
example, tide range was divided into three groups (low - < 4 m, medium – 4 
to 8 m, and large - > 8 m). The procedure described (1 – 4, above) was used 
with categorised variables. The estuaries were classified on the basis of the 
simplest model that explained the largest proportion of variation in the 
biological measures.  

 
 

Australian Estuary Classification 
 

Australia is the most arid populated continent in the world and, in terms of 
river discharge, has no world-class rivers. Low, erratic rainfall patterns over 
much of the country combined with small coastal catchments and high 
evaporation rates mean that annual discharges from Australian rivers are the 
lowest and most variable in the world (McMahon 1982). 
 
The objective of the Australian Estuary Classification was to develop a 
classification based on physical characteristics that had biological 
importance. The classification of 623 estuaries was to be used by coastal 
zone managers throughout Australia to compare estuaries within a class. 
 
Dependent variables: Mangrove and salt marsh proportions 
 
Independent variables evaluated and used in GLM (bold): catchment area, 
fluvial flow, open water area, intertidal %, annual rainfall, runoff 
coefficient, tidal range, climatic zones (the climatic zones integrate factors 
such as temperature, rainfall, evaporation and the patterns of seasonality and 
variability in these parameters (Stern et al., 2000).), estuary morphology.  
 



 

 

Fig. 1 Distribution of estuaries in each of the eleven accepted classes using only the 
first level classifiers (climatic zones; Tropical, Tropical Savannah, Subtropical, Hot 
Dry and Temperate, and tide range; Low < 4 m, Medium ≥4 m and < 8 m, and High: 
≥ 8 m). 
 
In the final classification (Fig. 1) estuaries were placed into five groups 
based on climate. These classes were further divided into 15 groups based 
on tidal range. This classification accounted for 38.3% and 35.9% of the 
variation in mangrove and salt marsh proportions, respectively. All estuaries 
with a mid or high tidal-range were further divided on the basis of intertidal 
% to make 23 classes. This model explained 44.5% and 42.1% of the 
variation in mangrove and salt marsh proportions, respectively.  
 
 

New Zealand Classification 
 

New Zealand estuaries support over 160,000 waders of local breeding 
species and a similar number of migrants from the northern hemisphere 
(Sagar et al. 1999). Waders worldwide are being put under pressure from 
recreational use of estuaries (Davidson & Rothwell 1993), hunting, habitat 
loss, drainage for agriculture, pollution and fishing (Scott & Poole 1989). 
The objective of this study was to map the distribution of estuaries that have 
the potential to support large diverse wader populations. 
 
Number of estuaries classified: 94 North Island estuaries 
 
Dependent variables: Maximum abundance on any day and the maximum 
number of species recorded at an estuary were calculated from national 
wader data Sagar et al. (1999). 
 



 

 

Independent variables evaluated and used in GLM (bold): estuary area, 
rainfall, fetch, catchment runoff, intertidal %, fresh volume, intertidal 
area, fluvial flow, spring tide, frosts, summer temp, tidal prism, mean, min 
and max temperature, catchment area, and largest stream order. 
 

 
Fig. 2 Distribution of estuaries and their predicted value in maintaining 
large and diverse wader populations. 

 
Estuary area, catchment runoff (CRO) and the interaction of these terms 
accounted for 62.7% and 43.9% of the variation in wader abundance and 
diversity, respectively. Predictions showed that the seven largest estuaries 
of the North Island were of high value in conserving New Zealand’s wader 
population (Fig 2). The model predicted that another 22 smaller estuaries 
with low runoff had the potential to support large and diverse wader 
populations. The model predicted that Great Barrier Island, where counts 
were not made, could support approximately 10,000 waders representing 
eight or nine species.  

 
 



 

 

Discussion 
 

These studies demonstrate that it is possible to use GLM to develop a 
classification scheme, using easily attainable physical measures of an 
estuary that is of biological importance. In both cases a large number of 
variables that describe the physical properties of an estuary were available 
but only a few terms were required to account for a large proportion of 
variation and classify the estuaries. Morphology of the estuary, that had 
initially been considered important in both case studies, accounted for 
relatively little of the variation in the biological measures. 
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Introduction 
 
Stakeholder participation has important benefits for decision-making in terms of 
increasing the legitimacy of decisions in the eyes of stakeholders, as well as 
increasing compliance with decisions and rules established.  However, clear 
guidance does not exist on how to design a marine protected area (MPA) 
designation process that actively engages concerned stakeholders in meaningful 
and equitable dialogue and decision-making.  Most agencies dealing with MPAs 
are still in their infancy in learning to design and conduct effective participatory 
processes.  As MPA designation processes continue to evolve, it is critical to 
understand the implications of increased stakeholder involvement and, in 
particular, how the decision-making process can be improved.  The purpose of 
this study is not to prove that a certain level of, or approach to, stakeholder 
involvement will always lead to a successfully established and managed MPA.  
Rather, it is to outline those approaches which have been most helpful to 
incorporate stakeholder participation in the establishment process based on 
literature recommendations and real-life case studies of MPA processes. 
 
Although each MPA process must be tailored to local issues, stakeholders, and 
environmental conditions, case studies can demonstrate effective tools and 
techniques and allow a comparison across MPA efforts.  During the past few 
years, federal, state, and local agencies have undertaken a number of public 
planning processes in the U.S. to create new MPAs or to establish fully 
protected no-take zones within existing MPAs.  Lessons learned from these past 
initiatives are valuable for understanding the role of stakeholder participation 
and can provide insight into how such participation can be constructively 
incorporated into the process of establishing MPAs.   
 
There is no one, universally applicable process for stakeholder involvement.  
Decision-making in participatory processes, such as MPA designation processes, 
generally occurs along a continuum.  At one end of the continuum, stakeholders 
are not involved in decisions or activities.  At the other end of the continuum, 
initiatives are originated and fully controlled by the stakeholders.  Between these 
extremes are various models of shared control involving agencies and 
stakeholders that present different opportunities for and degrees of stakeholder 
participation.  As a result, as one moves along the continuum, there is a gradual 
shifting of responsibility and authority from management to stakeholders. 
 



Furthermore, measuring success of a process is complex since success can mean 
different things to different people involved (Peelle et al. 1996).  This 
uncertainty has provoked an interest in principles that may characterize good 
participation processes (Webler et al. 2001).  While in the U.S. these processes 
have expanded in scope in terms of the environmental issues being addressed 
and the degree to which stakeholders are involved, evaluations of participation 
processes have provided only limited understanding of what contributes to a 
successful process.  The complexity of environmental problems and the 
diversity of interests involved, in conjunction with dynamic societal variables, 
are some of the factors that make public participation processes and their 
evaluation difficult tasks.  
 
This study critically evaluated how to engage stakeholders constructively in 
MPA designation processes.  In order to evaluate characteristics that contribute 
to an effective process, this study developed five case studies of recent MPA 
designation processes and evaluated them based on a set of criteria suggested in 
the literature on effective stakeholder involvement. 
 

Methodology 
 
This study examined five MPA designation processes selected to show a range 
of geographic locations and varying amounts of involvement by different levels 
of government.  Public engagement in these different planning processes ranged 
from substantive involvement over several years, to more limited participation 
focused mainly on commenting on preliminary plans.  For all five case studies, 
the participation process led to the creation of a new MPA or established no-take 
zones within an existing MPA.  The following MPA establishment processes 
were developed as case studies: 
 
 Carl N. Schuster Horseshoe Crab Reserve (federal/multi-state; Delaware 

Bay) 
 Channel Islands Marine Reserves (federal/state; California) 
 Gulf of Mexico Grouper Closures (federal; Gulf of Mexico) 
 San Juan County Bottomfish Recovery Zones (local; Washington) 
 Tortugas Ecological Reserve (federal/state; Florida). 

 
For each case study, the MPA designation process was documented from 
nomination to designation in chronological order, and process-related elements 
such as stakeholders, advisory groups, and media/public outreach were fully 
developed and characterized.  Internal documents and public documents from 
libraries and Web sites were accessed as primary sources of information.  In 
addition, theoretical literature, press releases, and news articles were reviewed.  
Finally, attendance at MPA-related meetings and conferences provided 
supplementary information, in addition to the opportunity to interview 
stakeholders who were involved in one or more MPA designation processes.  
These various sources provided useful information on the establishment context, 



the chronology of events, and the types of stakeholder participation involved in 
each process. 
 
Brody (1998) suggests that “it is important to consider not only whether 
stakeholders are involved, but how, at what level, and under what conditions.”  
As an initial step in the analyses of the five case studies, each case study was 
positioned along the participatory decision-making continuum.  Documentation 
of each MPA designation process and characterization of the participatory 
approaches used provided the necessary descriptive details to place each 
participatory process along the continuum.  To use Brody’s terms, this process 
revealed how stakeholders were involved throughout the processes, both 
visually and descriptively. 
 
Of the literature that exists on public participation, few studies have evaluated 
case studies based on a set of criteria that were suggested specifically for 
effective stakeholder involvement.  Three studies were chosen as representative 
pieces in which the subject matter under evaluation ranged from public 
participation in general to MPA processes in particular.  The sets of criteria 
utilized in these studies provided the foundation for the development of criteria 
for use in this study, thereby creating an analytical framework for evaluating the 
selected case studies.  The following criteria were selected based on their 
consistent emphasis in the literature and their measurability with respect to the 
case studies evaluated in this study: 
 

 Broad representation of stakeholders 
 Early involvement of stakeholders  
 Participation over consultation  
 Education of general public 
 Incorporation of stakeholder values and preferences 
 Well-structured process 
 Transparency of decision making 
 On-site committee 
 Fostering trust. 

 
Next, each case study was evaluated for the presence or absence of these criteria 
within the analytical framework.  For each criterion present within a process, a 
rating was assigned (low, medium, or high) and a descriptive entry of supporting 
evidence for why it was coded as such was created.  The descriptive entry 
included specific details from each process as to how (and potentially why) that 
criterion was applied in that particular case.  In Brody’s terms, this account 
revealed at what level stakeholder participation was taking place as well as 
under what conditions. 

 



Discussion 
 
Although enhanced stakeholder participation increases the duration and cost of 
the designation process, it is vital to achieving conservation goals and, in 
particular, to ensuring effective long-term stewardship of a site.  However, these 
case studies demonstrate that establishing true participation is much more 
difficult in practice than theoretical conceptions assume.  Unlike a recipe, where 
specific ingredients lead to a specific result, different processes may contain 
many of the same process elements but lead to a variety of outcomes depending 
on how various contextual and capacity-based factors influenced the process.  
This variability leads to an interesting dynamic in which similar processes may 
result in different outcomes and different processes may result in similar 
outcomes.  In addition, processes may contain many of the same process 
elements (i.e., criteria) but at different levels.  While all of the cases documented 
contained all of the criteria listed in the analytical framework, each process was 
unique as to what level (low, medium, or high) these criteria were incorporated 
into the process (refer to Table 1).  Furthermore, in all cases the underlying 
authorities and legislation (or lack thereof) influenced not only the basic 
structure of the process (i.e., where each case was placed along the decision-
making continuum), but also how each of the criteria played out within the 
process itself. 
 

Table 1: Summary of Case Study Analyses (Analytical Framework) 

Criteria 
Horseshoe 

Crab 
Reserve 

 
Channel 
Islands 
Marine 

Reserves 
 

Gag 
Grouper 
Closures 

San Juan 
County 

Bottomfish 
Recovery 

Zones 

Tortugas 
Ecological 

Reserve 

 
Broad 

Representation of 
Stakeholders 

     

Early Involvement 
of Stakeholders 

     

Participation over 
Consultation 

     

Education of 
General Public 

     

Incorporating 
Stakeholder 
Values and 
Perceptions 

     

Well-Structured 
Process 

     

Transparency of 
Decision-Making 

     

Established an 
On-Site 

Committee 

     

 

 RANKINGS: HIGH   MEDIUM   LOW 



 
Variations in the level of, or approach to, stakeholder involvement do not 
necessarily gauge success or failure of that particular process.  In fact, this 
variation supports the finding that “participatory processes can be successful in a 
wide range of decision-making contexts” (Beierle and Konisky 1999).  The case 
studies demonstrate that a number of recipes may lead to an effective 
stakeholder participation process, and that while there are many important 
components to the process, not all components will be critical to all processes.  
This research suggests that while it is important that the initial design of an 
MPA designation process incorporate most, if not all, of the criteria used in this 
study, the relative value of each to the process will vary from case to case, and is 
likely to change throughout the process. 
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Introduction 
 
Since the 1980’s discovery of zebra mussels in the Great Lakes, the National 
Sea Grant Network has played a leading role in providing the public with 
information about aquatic invasive species (AIS).  As a result, when 
Pennsylvania Sea Grant was established in 1998, AIS education and outreach 
ranked high on its list of priority extension issues.  Headquartered at Penn State 
Erie, Behrend College, Pennsylvania Sea Grant’s AIS outreach efforts were 
initially focused on the Lake Erie watershed.   In 2001, a second office was 
established in the state’s “other” coastal zone, the Delaware Estuary.   Serving 
the area delineated by the Commonwealth’s Coastal Zone Management Program 
(CZMP)—including the metropolitan, suburban and rural areas surrounding 
Philadelphia—Sea Grant’s Delaware Estuary Office partners with constituents 
throughout Pennsylvania, New Jersey and Delaware to address a myriad of 
coastal resource issues.   
 
From 2001-2003, the Pennsylvania Coastal Zone Management Program and 
Pennsylvania Sea Grant sponsored a NOAA Coastal Management Fellow to 
develop state and regional AIS management initiatives.  The NOAA fellow was 
instrumental in establishing a Pennsylvania Invasive Species Council, 
incorporating AIS issues into natural resource policies and developing pilot 
outreach and monitoring programs.  One such program, the “Aquatic Invaders of 
the Delaware Estuary” (AIDE) Symposium, helped raise awareness and identify 
priorities for a coordinated, watershed-based approach to AIS management in 
the Delaware Estuary.  Building on the momentum of the AIDE Symposium, 
Pennsylvania Sea Grant’s Delaware Estuary Office is currently pursuing several 
AIS-related outreach, education, management, and prevention initiatives.   
 

Outreach 
 
In November 2003, Pennsylvania Sea Grant hired a Coastal Outreach Specialist 
to continue developing AIS programs for the Delaware Estuary.  Current and 
proposed programs address a variety of issues, such as pathways, ecological and 
economic impacts, and prevention mechanisms, and serve broad and diverse 
audiences, including anglers, aquarium hobbyists, recreational boaters, resource 
managers, students and teachers.  The results of two surveys are being used to 
enhance these outreach and education efforts.     
 



The first survey assessed the knowledge and understanding that recreational 
boaters have of AIS-related issues.  The 26-question survey was mailed to 800 
registered boaters and had a response rate of 47%.  The survey indicates that 
Pennsylvania boaters have low overall awareness about pathways for 
introduction of invasive species or their impacts.  For example, although 75% of 
boaters were informed about zebra mussels, few were familiar with Eurasian 
watermilfoil, purple loosestrife, flathead catfish, rusty crayfish or round gobies, 
which are also present in Pennsylvania watersheds.  Since AIS knowledge and 
the perceived importance of AIS prevention are closely correlated, the survey 
suggests that more targeted boater education is necessary to reinforce good 
practices.  Potential media sources for outreach and education campaigns 
include newspapers, magazines, fishing and boating pamphlets and television 
programs. 
 
The boater survey also provided insight into the risk that recreational boating 
poses as a pathway for AIS introduction and spread.  It was determined that, 
while the average Pennsylvania boater took four out-of-state trips in 2002, 
several respondents took as many 50 out-of-state trips per season.  These “super 
boaters” may pose a higher risk of transporting AIS, potentially transferring 
species outside adjacent waterways, through their travels to the Mid-Atlantic, 
Great Lakes, New England, Canada, Florida and even Montana! This risk is 
exacerbated by the fact that 56% of the respondents claim they do not take 
precautions to prevent AIS transport, primarily because they “don’t know what 
to do”.  However, even if they don’t realize it, subsequent survey questions 
suggested that many of these same boaters routinely performed actions 
recommended by the US Coast Guard to prevent the spread of AIS, including: 
draining water from boats and bilges, removing plant debris and allowing 
vessels to dry for 5 days between launchings.  Furthermore, 74% of respondents 
indicated that they would be very likely to take these and/or other precautions in 
the future.  All-in-all, the results of this survey support a greater need for AIS 
outreach programs directed towards Pennsylvania’s recreational boaters.   
 
The second survey, which targeted government, academic and non-profit 
professionals working mainly in Pennsylvania’s Delaware Estuary coastal zone, 
was used to determine the non-indigenous plant and animal species of greatest 
concern to aquatic resource managers.  The results of this survey were compiled 
into a list of the “Top Ten Least Wanted Species” in the Delaware Valley.  This 
list, in turn, was used to create “Aquatic Supertramps of the Delaware Valley”, a 
traveling, educational exhibit designed to raise public awareness of AIS issues.  
Featuring species such as Asian carp, flathead catfish, zebra mussels, Eurasian 
watermilfoil, purple loosestrife and Phragmites, “Aquatic Supertramps” 
provides valuable information about the ecological and economic impacts of 
introduced plants and animals that compromise the environmental integrity of 
the Delaware Estuary.  “Aquatic Supertramps” was a popular exhibit at both the 
first and second annual Southeastern Pennsylvania Coast Day celebrations, held 
at Philadelphia’s Fairmount Waterworks, and was recently featured at the 2004 



East Coast Commercial Fishermen’s and Aquaculture Trade Exposition in 
Ocean City, Maryland. 
 

Education 
 
In order to raise knowledge and awareness at the K-12 level, the Pennsylvania, 
Delaware and Maryland Sea Grant Programs have joined forces to host a series 
of AIS teacher training workshops.  With funding provided by the National Sea 
Grant Office, six workshops entitled, “Invasive Species: the Good, the Bad and 
the Prolific”, will be held throughout the region in 2004, offering certified 
teachers the opportunity to earn one professional development credit.  These 
workshops will illustrate new and exciting ways to promote inquiry-based 
science in the classroom, and demonstrate how invasive species issues can be 
used to integrate lessons on science, history, economics and geography.  
Participants will learn about AIS first-hand from practicing scientists, and they 
will gain exposure to nationally recognized curriculum materials, Internet 
information sources and hands-on activities.  They will also help develop 
strategies to infuse AIS topics into existing curriculum themes, thereby 
shortening the time that new scientific findings are incorporated into classroom 
settings. 
 

Management 
 
Pennsylvania Sea Grant’s Delaware Estuary Office is currently promoting 
science-based AIS management at several levels.  Within the Commonwealth, 
Sea Grant is actively supporting the development and implementation of a 
statewide AIS Management Plan.  Specifically, Sea Grant is providing policy 
guidance, technical assistance and logistical support to the Pennsylvania 
Department of Agriculture, the agency charged with administering the state’s 
Invasive Species Council.  According to Section 1204 of the Non-indigenous 
Aquatic Nuisance Prevention and Control Act of 1990 (NANPCA), once the 
Federal Aquatic Nuisance Species (ANS) Task Force approves this plan, the 
Commonwealth will be eligible to receive federal funding to augment state and 
local projects that minimize the risk of AIS introduction and transport.  
 
Pennsylvania Sea Grant is also striving to increase regional AIS management 
efforts.  Building on the success of the “Aquatic Invaders of the Delaware 
Estuary Symposium”, Sea Grant is convening a regional AIS committee to 
enhance communication and collaboration among interested parties in 
Pennsylvania, Delaware and New Jersey.  Sea Grant will also provide technical 
support to the EPA’s Delaware Estuary Program and its non-profit affiliate, the 
Partnership for the Delaware Estuary, as they develop habitat restoration and 
invasive species management strategies for the area.  Finally, the Delaware 
Estuary Office will help foster regional coordination by assisting the 
Chesapeake Bay Program with the creation of a Mid-Atlantic Regional Panel on 
ANS.  By participating in this panel, as well as the Great Lakes and Northeast 



panels, Pennsylvania Sea Grant will draw on an extensive network of resources 
and expertise to address AIS issues in the Delaware Estuary. 
 

Prevention 
 
In addition to preventing AIS introduction and transport through outreach and 
management initiatives, Pennsylvania Sea Grant is also training industry 
representatives and resource managers in Hazard Analysis and Critical Control 
Point (HACCP, pronounced “has-sip”) protocols.  The HACCP system began as 
an assessment and planning tool that minimized risk during food production and 
distribution processes.  The Pillsbury Corporation developed HACCP in the 
1960’s as a means of preventing food contamination and, in 1995, the Food and 
Drug Administration (FDA) modified the system by applying HACCP-based 
regulations to the seafood industry.  In 2001, under the direction of the 
Minnesota and Wisconsin Sea Grant Programs, the Great Lakes Sea Grant 
Network further adapted the HACCP system to address invasive species-related 
risks within the aquaculture and baitfish industries (Gunderson and Kinnunen 
2001).   
 
Recognizing that these industries are potential vectors for spreading AIS to 
uninfested waters, the Great Lakes’ AIS-HACCP approach focuses on 
preventing the introduction and proliferation of invasive species while 
maintaining viable aquaculture and baitfish industries.  By directing attention to 
industry segments that are most likely to pose a risk of spreading invasive plant, 
fish and invertebrate species, the AIS-HACCP system enables regulators to 
analyze various aquaculture and baitfish operations and to evaluate how 
potential hazards are being monitored and controlled.  Moreover, it brings 
together management agencies and industry representatives to establish a formal 
plan to prevent the introduction and spread of AIS (Gunderson and Kinnunen 
2001).   
 
In 2003, Pennsylvania Sea Grant hosted two training workshops that instructed 
aquaculture and baitfish industry representatives in the theory and use of 
HACCP planning principles.  Two in-state workshops, as well as an additional 
out-of-state workshop, are planned for 2004.  Furthermore, the Great Lakes Sea 
Grant Network is currently expanding its AIS-HACCP framework to apply to 
natural resource management processes.  Once the new training curriculum is 
complete, Pennsylvania Sea Grant plans to conduct HACCP workshops for state 
and local resource managers such as aquatic biologists and hatchery operators. 
 

Summary 
 
Given its proximity to both the Great Lakes and the Chesapeake Bay, the 
Delaware Estuary is often overshadowed during discussions on AIS.  However, 
a preliminary assessment confirms that at least 70 non-indigenous species are 
present in the region, and some scientists suspect that the actual number of 



Delaware Estuary invaders is closer to 160 (Fofonoff and Ruiz 2003).  
Accordingly, Pennsylvania Sea Grant has increased its effort to address AIS-
related issues in the Delaware Estuary region.  Working concurrently at local, 
state and regional levels, Sea Grant staff is pursuing a multi-pronged approach 
that includes outreach, education, management and prevention programs.  
Separately, these programs will enhance Sea Grant’s ability to effectively target 
audiences and tailor information.  Collectively, these programs and their 
partners will facilitate improved communication and collaboration among 
constituents throughout the Delaware Valley, and provide leadership and 
guidance on various AIS projects throughout the Commonwealth of 
Pennsylvania.  Finally, they will increase the capacity of Sea Grant’s Delaware 
Estuary Office by expanding its partnership potential and augmenting its ability 
to proactively address AIS concerns in the region. 
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Introduction 
 

One hundred years ago our nation faced crisis as it witnessed the near 
elimination of the once thunderous, plains bison herds, the devastation of 
wading birds by plume hunters, and severe reductions in wildlife populations, 
like the passenger pigeon, once so abundant they seemed inexhaustible. The 
nation responded. In 1900, Congress passed the Lacey Act as the first Federal 
law protecting game, prohibiting the interstate shipment of illegally taken 
wildlife and importation of species. Later, in 1903, President Teddy Roosevelt 
created the first “inviolate” refuge for wildlife at Pelican Island, Florida. 
 
One hundred years later there are 544 National Wildlife Refuges, conserving 
over 95 million acres, in every state and territory. More than 160 of these 
Refuges include significant marine and estuarine habitats and some that extend 
12 miles out to sea.  Marine and coastal refuges protect rocky shorelines, tide 
pools, coastal wetlands, sandy beaches, estuaries, marshes, coral reefs, 
mangrove forests, ice caps, and open water. 
 
Refuges have been created by means of both executive and legislative 
authorities as safe havens for species of particular concern.  Migratory birds, 
waterfowl, and endangered species were frequently mentioned in authorizing 
documents.  The establishment of each National Wildlife Refuge, however, 
reinforced a critical realization for conservationthe understanding that wild 
things need wild places to survive.  Through the Great Depression, two World 
Wars, and the new millennium, as ecologists developed the concept of 
ecosystem management, refuge managers maintained, restored, and managed 
lands and waters within their boundaries to conserve and restore wildlife.  
However, there was little formal national guidance provided to the Fish & 
Wildlife Service, as administrators of the System, for managing the distinct 
refuge units as a cohesive network over the years.   
 

National Wildlife Refuge System Administration Act 
 

The 1997 National Wildlife Refuge System Improvement Act amended the 
National Wildlife Refuge System Administration Act of 1966 (16 U.S.C. 668dd-
668ee) and for the first time, gave the loose confederacy of refuges throughout 
the nation one mission and an ‘organic’ Act to guide the units into a System for 
national ecosystem conservation. Many of the provisions of the Act are directly 
relevant for examining efficacy in coastal governance. In it, Congress outlined 
some important new concepts for the management of lands and waters within 



the Refuge System. The conservation mandate of the System was broadened to 
include all fish, wildlife, and plants, and their habitats (where fish and wildlife 
are defined as “any wild member of the animal kingdom”). The Refuge System 
was charged not just with managing populations but protecting the “biological 
integrity, diversity and environmental health” of refuges. Planning for refuge 
and System design must now support the conservation of the ecosystems of the 
United States. And finally, the importance of recreational use is recognized, but 
only when compatible with the individual refuge purpose and the System 
missionepitomizing the “precautionary approach.” Also importantly, a 
specific class of recreation (wildlife-dependent recreation) is given statutory 
priority, but again, only when compatible with the wildlife conservation 
purposes and mission. These concepts, and the new approaches to conservation 
they are spawning within the Refuge System, provide valuable insights and 
lessons to the nascent practice of marine protected area design and management. 
Applications of these principles to marine and coastal components of the System 
are particularly relevant.  
 

Case Studies 
 

Three national wildlife refuges are considered here in the context of their coastal 
and marine resource governance. Terrestrial environs and management 
responsibilities are not explored for the purpose of this analysis. Each refuge is 
unique in its establishing authority, purpose, and management; yet each is 
guided by the System’s national mission, organic legislation and policy, and 
regulatory and fiscal structure. The refuges’ current marine activities are 
discussed in relation to select provisions of the NWRSAA. 
 
Alaska Maritime National Wildlife Refuge (AMNWR) 
 
Establishment Date 1892, 1909, 1912, 1913, 1932, 1958, and 1980 
Establishment Authorities Executive Order, Public Land Order, and Alaska 

National Interest Lands Conservation Act  
Percentage of refuge that is marine Marine water area is 14% (673,000 acres) 

 
The Alaska Maritime National Wildlife Refuge is a far flung assemblage of 
lands and waters established to conserve the marine wildlife of much of coastal 
Alaska. The entire refuge (nearly 5 million acres) is part of the marine 
ecosystem and is comprised of more than 2,500 islets, islands, coastal 
headlands, and near-shore marine waters. The region was recognized early on as 
important for conservation of international marine resources (fur seals, sea otter) 
when the Afognak Forest and Fish Culture Reservation was established by 
Executive Order in 1898. Following numerous expansions in the early twentieth 
century, the current Refuge was established by legislative action in 1980, 
grouping 12 coastal Refuges. Many areas with special designations influence the 
use and management of the refuge, including congressionally designated 
Wilderness, research natural areas, an International Biosphere Reserve, and 
critical habitat for the endangered Steller sea lion. Managing uses throughout 
this vast refuge is a challenge and includes regulation of access by cruise ships, 



subsistence by native Alaskans, and traditional wildlife-dependent recreational 
activities, like hunting, fishing, and photography. Biological programs focus on 
conserving sea birds, marine mammals, island endemics, and their habitats. 
 
Maintaining the biological integrity, diversity, and environmental health of 
AMNWR has long been a management focus. Wildlife monitoring programs 
include demographics of selected species of marine birds representing the 
different portions of the marine food web (e.g., planktivores, piscivores). The 
program identifies population trends reflecting changes in Alaska’s marine 
ecosystems and tests hypotheses about ecosystem processes and various 
management actions to conserve the biological integrity of refuge resources 
(e.g., commercial fishery management, invasive species control). Supplemental 
to AMNWR’s monitoring program are efforts to promote a program of national 
and international scientific research on marine resources of the refuge. The 
refuge collaborates on 10-20 research projects on the refuge annually through 
staff expertise, use and operation of our remote field stations, and M/V Tiglax as 
a platform for both conveyance and research applications. 
 
The full marine jurisdiction of the Refuge is yet unsettled.  Since many of these 
units were established prior to statehood (1959) and the Submerged Lands Act 
(1953), when Alaska was administered as a territory; the establishing orders 
were brief and subject to varied interpretation. Most early units were established 
with a brief narrative and supporting map. The Executive Order language 
includes assigning the responsibility for administering the fisheries, seals, sea 
otter, cetaceans, and other aquatic species within the reservation area to a federal 
department. The question has always persisted as to the intent of the language 
and map, and this is a continued source of controversy between federal, state, 
native Alaskan, and commercial interests and is an issue that must be faced 
 
J.N. “Ding” Darling National Wildlife Refuge (JNDDNWR) 
 
Establishment Date December 1, 1945 as the Sanibel Wildlife 

Refuge, in 1967 dedicated to Jay 
Norwood Darling. 

Establishment Authorities Florida law, Presidential Proclamation  
Percentage of refuge that is marine Marine water area is 66% (4,200 acres) 

 
The J.N. “Ding” Darling National Wildlife Refuge is located on the subtropical 
barrier island of Sanibel in the Gulf of Mexico. The entire refuge (over 6,400 
acres) is a marine ecosystem and is comprised of mangrove forests, hardwood 
hammocks, beach, and near-shore marine waters. It is world famous for its 
spectacular wading bird populations that feed, rest, and nest in the refuge, and 
the endangered West Indian manatee.  
 
Initially leased from the State of Florida and private landowners, and managed 
as the Refuge; the largest tracts of JNDDNWR—including submerged lands and 
mangrove forests—were transferred in 1970 into Federal ownership. In 1976, 
2,825 acres of these waters and mangrove forests were designated by Congress 



as Wilderness in which management has partially restricted boating access. In 
1993 all of the waters of the Refuge and Sanibel island were declared as ‘slow 
speed’ zones for public safety and protection of natural resources; and in 1995 
another 950 acres of marine habitat were included under Refuge management 
through a 50 year Management Agreement with the State of Florida. 
JNDDNWR is closed to commercial fishing, except for one local fisher whose 
activities are grandfathered. Protection zones are demarcated with regulatory 
signage and published in informational brochures. Refuge regulations are 
enforced cooperatively with Refuge, City of Sanibel, and Florida Fish and 
Wildlife officers. 
 
Management of JNDDNWR in recent years has focused actions on 
understanding and sustaining a healthy structure and function of the estuarine 
ecosystem. The anthropogenic effects of one of the fastest developing counties 
in the country and the largest environmental ‘restoration’ project in the world 
(the Everglades) are directly impacting the health of the estuary that feeds the 
refuge. As one of the most heavily visited refuges in the nation, the JNDDNWR 
is challenged to ensure that extensive wildlife-dependent recreational use 
remains compatible with wildlife conservation. In a unique partnership with a 
local non-governmental organization, a private marine laboratory has been 
established on the refuge to investigate the status and trends and promote the 
health of the habitat and fauna within the marine nursery areas in and around the 
barrier islands. Information garnered from these and other studies assist in the 
refuge’s actions for maintaining the biological diversity, integrity, and 
environmental health of the resource, as well as assessing management decisions 
for compatible wildlife-dependent recreational use. Within the next few years 
the refuge will undertake the development of its Comprehensive Conservation 
Plan to strategically guide management activities over a 15 year time frame. The 
sustained biological integrity of the marine ecosystem will be a primary 
consideration in this planning process, as will providing for continued 
compatible, wildlife-dependent recreation. 
 
Palmyra Atoll National Wildlife Refuge (PANWR) 
 
Establishment Date January, 2001 
Establishment Authorities Dept. of the Interior Secretarial Order  
Percentage of refuge that is marine  Marine water area is 99% (515,000 acres) 

 
Palmyra Atoll is located near the equator and is approximately 920 miles south 
of Honolulu, HI.  The entire refuge, which extends to the 12-nautical mile 
boundary of the U.S. Territorial Sea around the atoll, represents a complete, 
intact marine ecosystem that is comprised of 52 low lying, heavily vegetated 
islets (598 acres) coastal beaches, tidal flats, lagoon, pristine coral reefs and 
deep marine habitat. The marine waters include 28,125 acres of the coral reef 
habitat that is the cornerstone of an atoll ecosystem. Palmyra is one of the 
newest “marine refuges” and represents a bold extension of the Refuge System 
into marine protected area management.   
 



In the near future, management will embark on the development of a 
Comprehensive Conservation Plan that will describe possible refuge 
management programs at PANWR including staffing, facilities, wildlife and 
habitat conservation, applied scientific research, compatible public use, law 
enforcement, interagency coordination, partnerships and environmental 
education.  The U.S. Fish & Wildlife Service is entering into a unique 
partnership with the Nature Conservancy and several marine resource-related 
institutions of higher learning with the goal of establishing the Palmyra 
Research Consortium. This Consortium will use Palmyra Atoll as an outdoor 
field laboratory to increase the knowledge about coral reef ecosystems and 
integrate scientific findings into strategies to conserve the natural diversity and 
abundance of coral reef habitats at PANWR. 
 

Conclusion 
 

President Theodore Roosevelt established tiny Pelican Island as the nation’s first 
“inviolate” wildlife refuge, launching a new chapter in American conservation. 
In the 100 years since, we have learned much about managing land and water in 
conserving fish, wildlife and plants. The nation is now involved in a debate on 
the establishment of “systems” of marine protected areas, incorporating many of 
the elements and concepts of traditional public land stewardship, including 
boundaries; ecosystems; preservation; management; wilderness; and use.  What 
we hear too little of is dialogue about how this nation’s extensive terrestrial 
experience and existing refuge infrastructure can add value to this debate.  The 
world’s oceans are in crisis, much as our terrestrial resources were 100 years 
ago. The designation and management of protected areas and the conservation of 
ocean ecosystems will be an important aspect in addressing that crisis, much as 
protected areas have been a lynchpin in terrestrial conservation. This paper 
briefly illustrates how some units of the National Wildlife Refuge System are 
extending their terrestrial experience into the marine environment, along with 
the responsibility to conserve fish, wildlife, and plants, and their habitats; to 
protect ecosystems and biological integrity; and to facilitate compatible wildlife-
dependent uses. This is done as a requirement of law and as a necessity of 
functional ecosystem management as sound environmental stewardship. The 
authors demonstrate that the Refuge System can bring unique perspective and 
rich experience to the necessary debate on marine reserve design, designation 
and management. 
 
Susan White 
Deputy Refuge Manager, J.N. “Ding” Darling National Wildlife Refuge 
U.S. Fish & Service 
1 Wildlife Dr. 
Sanibel, FL  33957 
Office phone:  239-472-1100 x 225 
Fax:  239-472-4061 
Email:  susan_white@fws.gov 
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Abstract 
 
In July 2002, ENSR, in conjunction with Spectrum Mapping LLC, and Barry 
Vittor and Associates, conducted a Submerged Aquatic Vegetation (SAV) Aerial 
Hyperspectral Imaging and Groundtruthing Survey within Manahawkin Bay, 
Ocean County, New Jersey (3.75 sq. mi) to determine precise location of areas 
defined as Habitat-Areas of Particular-Concern (HAPC) for summer flounder 
(Paralycthes dentatus). Presence and absence of SAV beds, precise location and 
extent of identified SAV beds, and percent coverage of identified SAV per meter 
of each survey site within and adjacent to a proposed submerged cable project 
were recorded with an AISA airborne hyperspectral imaging sensor. Additional 
groundtruthing data collected at each survey site included: substrate type; 
vegetation composition; relative health of SAV; blade lengths (when applicable); 
random stem counts; presence of hard clam (Mercenaria mercenaria); and water 
quality. A hydrographic survey and Braun-Blanquet survey were conducted in 
August and September 2002 to determine accuracy of hyperspectral data. 
Conventional ground survey methodologies used in Florida, Chesapeake Bay, and 
New Jersey were combined and modified to increase survey accuracy, increase 
field efficiency, and provide sufficient data for hyperspectral analysis/verification. 
 

Introduction 
 

The Mid Atlantic Fisheries Management Council (MAFMC) designated 
submerged aquatic vegetation (SAV) and macroalgae beds in nursery habitats as 
HAPC for juvenile and larval-stage summer flounder (MAFMC 1998a). The 
Essential Fish Habitat (EFH) Amendment specifically designates summer flounder 
HAPC as all native species of macroalgae, seagrasses, and freshwater and tidal 
macrophytes in any size bed, as well as loose aggregations, within adult and 
juvenile summer flounder EFH. The EFH Amendment notes the importance of the 
ecological function of these habitat types in providing summer flounder shelter 
from predators and prey. Designated as EFH for summer flounder, the Barnegat 
Bay-Little Egg estuary consists of three interconnected bays stretching the 
majority of the New Jersey coastline and contains over 75% of New Jersey’s 
seagrasses (Lathrop et. al., 1999). Manahawkin Bay, located in Ocean County, 
New Jersey, is one of the three shallow microtidal bays that comprise the Barnegat 
Bay-Little Egg Harbor estuarine system (Kennish, M.J., 2001). Distribution of 
SAV within Manahawkin Bay is patchy, indicative of a high-energy environment 



 

  

influenced by both natural and anthropogenic factors (Fonseca et al., 1998). In 
contrast, mapping conducted by the New Jersey Department of Environmental 
Protection (NJDEP) Bureau of Shell Fisheries in 1986 and 1987 indicated that 
Manahawkin Bay’s substrate was predominantly SAV. More recent mapping of 
SAV within Manahawkin Bay reveals a spatial distribution similar to that of areas 
located in northern Barnegat Bay where the majority of SAV is restricted to 
subtidal flats at depths less than 1m (McLain et al, 2001; Bologna et al, 2000; 
Lathrop et al, 1999; McLain and McHale, 1997). Mapping associated with the 
above surveys display differences in SAV distribution that may be attributed to 
differences in mapping methods or data interpretation. 
 

Study Site 
The study site was approximately 3.75 square miles (Figure 1). Separated from the 
Atlantic Ocean by Long Beach Island, seawater enters the system through both 
Barnegat Inlet to the north and Little Egg Inlet to the south (NOAA, 1997) with 
freshwater inflow provided by coastal creeks. The eastern shoreline of 
Manahawkin Bay consists of bulkheads, marinas, docks and other shoreline 
infrastructure indicative of a developed, residential barrier island community, 
whereas the western shoreline is open and undeveloped salt marsh. On average, 
the Bay is between 2 to 3km wide and 0.5 to 3m deep at MLLW and supports 
monospecific beds of eelgrass (Zostera marina) and mixed beds of both eelgrass 
and widgeon grass (Ruppia maritima). The Intracoastal Waterway (ICW) is the 
primary channel utilized by vessels traversing the Bay and has a maintained depth 
of approximately 1.8m (6 feet) within the project area. 
 

Figure 1: Project Site 

 



 

  

Materials and Methods 
 
Identified recent SAV mapping surveys conducted within the Barnegat Bay-Little 
Egg estuary system (Kennish, M.J., 2001; McLain et al, 2001;Lathrop et. al., 
1999; and McLain and McHale, 1997), in conjunction with other relevant SAV 
surveys performed in Chesapeake Bay and south Florida (Orth et. al., 2001; 
Fourqurean et. al., 2000), contributed to protocol development and the 
comparative analysis of survey results. ENSR SAV survey methodology was 
adopted and modified from NMFS recommended protocol outlined in Seagrass 
Survey Guidelines for New Jersey (Lockwood, 1991), NOAA protocol specified in 
Guidance for Benthic Habitat Mapping: An Aerial Photographic Approach (U.S. 
NOAA, CSC 2001), and survey methodology used in the Virginia Institute of 
Marine Sciences (VIMS) 2000 Distribution of Submerged Aquatic Vegetation in 
the Chesapeake Bay and Coastal Bays (Orth et. al., 2001). 
 
The aerial hyperspectral survey was performed by Spectrum Mapping LLC. 
(Spectrum) on July 5, 2002, using an AISA airborne hyperspectral imaging sensor 
consisting of the following basic components: compact hyperspectral sensor head, 
miniature GPS/INS sensor, data acquisition unit, and CaliGeo post-processing 
software. The hyperspectral sensor was mounted in a standard photogrammetrical 
camera port located within the fuselage of a twin engine, Piper Navajo aircraft. 
Data collection and hyperspectral imagery were performed from an altitude of 
approximately 3,300 feet (AGL) yielding imagery at 1 meter pixel resolution. Ten 
(10) overlapping flight lines, covering approximately 3.75 square miles (9.7 
square km) of estuarine habitat within Manahawkin Bay, were flown in an 
east/west direction. The selection of flight lines was predetermined by Spectrum 
and ENSR and included those areas within or adjacent to the proposed project area 
with water depths less than three (3) meters at mean low water and areas 
previously mapped or identified as SAV habitat (McLain et. al., 2001; Bologna et. 
al., 2000; Lathrop et. al., 1999; McLain and McHale, 1997). Eighteen (18) control 
points were obtained from various fixed land features prior to flight with the use of 
a handheld Trimble GPS unit. In addition to the eighteen control points, the 
Barnegat Light USCG station was contacted to determine exact position of two 
fixed Intracoastal Waterway (ICW) markers located within Manahawkin Bay. All 
points were utilized in the final mapping process to provide data accuracy and 
precise SAV location. 
 
On July 23, 2002, an SAV groundtruthing survey was conducted at 20 
predetermined locations within Manahawkin Bay to verify hyperspectral results 
(Figure 2). Individual survey stations were accessed via a shallow draft, 14-foot 
aluminum jonboat outfitted with a 25 hp, hand till outboard. Latitudinal and 
longitudinal coordinates used to locate and identify each station were converted 
into Universal Transverse Mercator (UTM) 18, Nad 83, and uploaded to a 
handheld Trimble GPS unit prior to survey commencement. Upon station arrival, a 
weighted buoy was deployed above the site coordinates to mark station location 
and ensure position accuracy. Ground confirmation of SAV presence/absence, 



 

  

relative abundance and distribution, percent coverage per quadrat, blade length 
(when applicable), random stem counts, and vegetative color of SAV beds were 
determined through the use of snorkel and quadrat sampling. Percent coverage of 
individual species per meter within each survey station was determined by visually 
comparing each quadrat in relation to the crown density scale developed for 
estimating crown cover of forest trees from aerial photography (Orth et. al., 2001; 
Paine, 1981). Random stem counts consisted of counting the “live stems” within 
three grids of each quadrat and recording general characteristics of vegetative 
health. Water quality parameters were measured with a Hydrolab Surveyor 4 
Multipurpose Water Quality data logger and sonde at each survey site. USGS real-
time water level data was downloaded from USGS tide gage 01409146 located 
within East Thorofare, Manahawkin Bay near Ship Bottom, New Jersey for July 
23, 2002. The gage provided real time water level data every 6 minutes throughout 
the duration of the survey. Water level relative to Mean Sea Level (MSL) at each 
station was calculated by taking the depth of water from substrate and adding or 
subtracting the tide data based on the proximity of the tide cycle and time of 
sampling. Detailed results can be obtained by contacting Capt. Al Modjeski, 
ENSR Corporation, at 20 New England Avenue, Piscataway, New Jersey or via e-
mail at amodjeski@ensr.com. 
 

Results 
 

The total calculated area of all identified SAV and subsequent HAPC for summer 
flounder within the flight coverage area was calculated to be 109,083 square 
meters (26.955 acres). Results and station locations are graphically given in Figure 
2. Collected aerial data consisted of 16 spectral channels with an average 
bandwidth of 5 nanometers (nm) ranging from 450 nm to 840 nm. Spatial 
resolution was 1 meter in the cross track measurement. The flight lines were 
mosaiced together to create a single image. This mosaic was then classified to 
identify the terrestrial portions of the area to be removed from further analysis. 
Once subset from the imagery, the sub-aquatic regions of the imagery were 
visually assessed to identify areas of variance and possible SAV and/or bottom 
substrate differences. These locations were identified in the imagery and a first-
order polynomial algorithm was used to improve the positional accuracy to +/- 2 
meters. Collected aerial data, in conjunction with ground survey data, was 
carefully analyzed, interpreted, and mapped by Spectrum Mapping LLC to 
accurately give location of SAV beds within the study site. The final image 
created was a geo-referenced file navigated with an airborne Inertial Navigation 
System (INS) corrected with satellite airborne differential GPS (DGPS). The 
image was also radiometrically calibrated to allow for other spectral data source 
comparisons, and mosaiced into a single balanced image (Figure 2). SAV location 
of varying densities is depicted in red, estuarine areas void of SAV are in black, 
vegetated landmasses are in green, and populated regions are in gray. Results also 
confirmed a distribution depth limit of 1.31 meters at MSL. 
 
 



 

  

Figure 2: Survey Result and Identified HAPC 

 
 

Discussion 
 
SAV distribution and location determined by the ENSR survey confirmed findings 
and trends shown in annual studies conducted in the Barnegat Bay-Little-Egg 
Harbor estuarine system in 2001, 2000, 1999, and 1995-1996 (McLain et. al., 
2001; Bologna et. al., 2000; Lathrop et. al., 1999, McLain et. al., 1997). Previous 
survey results, when analyzed in successive order, show a steady decline in SAV 
and HAPC distribution within the Barnegat Bay-Little Egg estuary system and 
show similar decline of SAV within Manahawkin Bay. Yet, past survey 
methodologies and different mapping techniques make it difficult to determine 
decline in SAV abundance and HAPC availability versus bed movement in 
Manahawkin Bay. A decline in nursery habitat or HAPC for summer flounder 
could affect the recruitment of future local summer flounder stocks. Reasons for 
the continued decline and/or bed movement of SAV habitat can be linked to 
myriad physical and chemical variables associated with the dynamics of a shallow 
water estuary and related anthropogenic stresses to development but declines are 
not quantified. Spatial distribution of SAV and HAPC for summer flounder is 
dependent on physical setting and the rate at which portions of seabed alternate 
between vegetated and unvegetated can vary from weeks to years (Fonseca et. al., 
1998). Population growth along the barrier islands involves encroachment of 
habitat, over-utilization of habitat, dredging or deepening of habitat, and habitat 
modification which can potentially lead to changes in seabed morphology. Other 
possible factors associated with decline or movement of SAV within the project 
area and the inability of SAV to utilize potential habitat include increased 
recreational boating, bed scarring of vegetated areas from propellers and jet skis, 
increased turbidity, wasting disease, algal blooms, and variable water quality. 



 

  

 
Based on results, there was approximately 26.955 acres of HAPC for summer 
flounder within the Manahawkin Bay survey site in 2002. Even though the survey 
was conducted during a period of normal seasonal dieback, the utilization of aerial 
hyperspectral imaging in conjunction with groundtruthing allowed for similar or 
more accurate determination of SAV/HAPC location and acreage than 
conventional aerial and boat-based methodology conducted in times of visual 
SAV abundance. Previously mentioned studies did not record or identify rooted 
SAV along the western shoreline of the Bay, whereas hyperspectral imaging (1m 
resolution) did identify patchy beds within protected areas along the northwestern 
shoreline. It is possible that these beds did not exist during past surveys or could 
have been missed based on transect location. Because hyperspectral data does not 
require photo-interpretation but relies on scientific groundtruthing and identified 
hyperspectral signatures applied to larger tracts of habitat, results are both 
qualitative and quantitative and can be used in future monitoring studies to 
determine yearly habitat variation. Quantitative monitoring is necessary to 
determine the changes in available, ecologically important habitat (HAPC) and 
perhaps determine direct and indirect influences to those changes. 
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Abstract 
 
NOAA's National Marine Sanctuary Program (NMSP) is in the process of 
developing a more consistent and integrated application of an ecosystem-based 
conceptual framework, design process, and reporting strategy to evaluate the 
status and trends of natural resources and the activities that affect them in 
National Marine Sanctuaries. The design and implementation processes consist 
of three increasingly specific phases: (1) objectives to metrics; (2) metrics to 
monitoring; and (3) monitoring to management. Phase one involves translating 
site-specific management objectives into supporting data collection metrics. It 
also includes an analysis of how a set of broad, system-wide themes on water 
quality, habitat quality, and living resource quality intersect site-specific 
priorities. Phase two involves translating the proposed metrics into data 
collection options and protocols that can detect change, and identifying how 
these options can be implemented. Phase three is actual implementation of data 
collection, analysis of results, and assessment of management options. The 
systematic application of this model across the NMSP is described and several 
case studies presented. The results of this process are expected to include a more 
rigorous and consistently applied set of data collection activities and assessment 
reports to measure and report on the natural resources and associated activities 
in National Marine Sanctuaries. 
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Abstract 
 

Estuaries support a variety of human uses ranging from fisheries to marine 
transportation to receiving waters for chemical and thermal wastes, to areas for 
recreational activities.  The degree to which estuaries are meeting the spectrum 
of desired human uses is a measure of system health.  NOAA’s National Centers 
for Coastal Ocean Science, in coordination with federal and state partners are 
developing an approach to assess the health of estuaries based on their ability to 
meet societal goals.  Galveston Bay, Texas was chosen as the first case study.  
Results of the assessment indicate that with the exception of fish contamination 
in a small area and restrictions on oyster harvest over wider areas, Galveston 
Bay is meeting the expectations placed on it by society.   
 

Approach 
 

Traditionally, coastal condition has been described in terms of the effects human 
activities have on the environment.  However, understanding how well societal 
goals are being realized is also a measure of system health. The extents to which 
desired uses are being met are indicators of overall environmental health.  The 
National Centers for Coastal Ocean Science of the National Oceanic and 
Atmospheric Administration is developing this approach to evaluate the health 
of estuarine systems in the U.S. The questions asked include: what are society’s 
desired uses for a system, how well are those uses being met, and are there 
relationships between the impaired uses and standard environmental indicators?  
If so, how might environmental improvements affect a particular use? Assessing 
estuarine health in this manner can help researchers interpret existing data in 
terms of an estuary’s ability to meet society’s desired uses and direct future data 
collection.   
 
Galveston Bay was chosen for our initial assessment for two reasons. First, it 
supports a wide array of human uses or societal goals.  Second, a great deal of 
information has been generated and made readily available for the Galveston 
Bay system.   In this first case study, we emphasized commercial and 
recreational fisheries.  If fishery production was either static or improving, we 
assumed the fishery was meeting expectations.  If fishery production was 
decreasing over time, then possible causes for the decline were assessed.    
 
 

Human Uses of Galveston Bay 



 
Galveston Bay, like many estuaries in the U.S., is expected to meet a range of 
human uses.  According to the Galveston Bay Plan: The Comprehensive 
Conservation and Management Plan for the Galveston Bay Ecosystem (GBNEP, 
1994a), desired uses for the Bay include: marine transportation; receiving waters 
for chemical, municipal, and thermal wastes; recreational activities; habitat for 
wildlife; sites for oil and gas production; a place to live; a general indicator of 
the health of the environment; and commercial and recreational fishing.   
 
Manufacturing is the major economic engine in the Galveston Bay area, 
generating approximately $95 billion annually (U.S. Census Bureau, 1997).  
Major production categories include petrochemicals, inorganic chemicals, 
plastics and rubber products, fabricated metal manufacturing, machinery, and 
computer and electronic products. The region’s economy has expanded fairly 
continuously over the past 50 years, indicating an upward trend in the 
production of goods and services, a trend that will likely continue.  As partner to 
manufacturing and as the shipping port for Midwest agricultural produce, 
marine transportation accounts for approximately $16 billion and 200 million 
tons of cargo annually, making it the largest port in the U.S. in foreign tonnage, 
and second largest in total tonnage (Port of Houston, 2003). Work is underway 
to maintain and improve this use by dredging both the Houston and Galveston 
Bay ship channels to accommodate today’s larger ships. 
 
Recreational uses are very important in Galveston Bay.  Major activities include 
duck hunting, swimming, nature viewing, pleasure boating, fishing, camping, 
picnicking, and sightseeing (GBNEP, 1994b).  Currently, public shoreline 
access is limited to parks and boat ramps. As the population of the region 
increases, the need for improved access to the Bay will likely become a greater 
priority.   
 
Appreciation of wildlife and its habitat is also an important societal use for 
Galveston Bay. Over the years, the Bay has lost significant amounts of wetlands 
and seagrasses. More than 33,000 acres of vegetated wetlands, or approximately 
19% of the total, have been lost since the 1950s (GBNEP, 1994b).  This has 
been attributed to subsidence, conversion of wetlands to agricultural land, 
dredge and fill activities, and isolation projects.   
 
Seagrasses have decreased from approximately 2,500 acres in the 1950s to 700 
acres in 1987, roughly a 70% loss. The reasons for the loss of seagrasses are not 
fully understood but may be related to human activities including development, 
wastewater discharges, chemical spills, and dredging activities.  Although there 
has been a significant loss of seagrasses, no studies have been able to document 
a causal relationship between species abundance and habitat loss in Galveston 
Bay (GBNEP, 1994b). Although the loss of wetlands and seagrass habitat could 
affect the abundance of fish and shellfish that use these areas as a nursery, many 



of these same species can survive and grow over open bay bottom (GBEP, 
2002).   
 

Fisheries in Galveston Bay 
 

The status of fisheries in Galveston Bay was assessed using commercial and 
recreational landings data generously provided by the Texas Parks and Wildlife 
Department (TPWD). Where appropriate, fishery-independent trawl data, also 
collected by TPWD, was used to supplement landings. In the late 1980s, public 
pressure led to a ban on the use of gill nets in all saltwater habitats, because 
valued non-target fish and mammals were also being caught in the nets 
(Robinson, 2003). Twenty-year records of commercial landings of some 
commercial finfish species show overall decreases that are likely a result of that 
ban. Therefore, only data since 1990 were used to examine connections between 
landings and coastal condition.  
 
Averaging nearly 7 million pounds between 1994 and 1998, the shrimp fishery 
is the largest commercial fishery in Galveston Bay, followed by the fisheries for 
oysters, blue crabs, and a variety of finfish species (GBEP, 2002). White and 
brown shrimp are the major species harvested in Galveston Bay. Pink shrimp, a 
minor component of the overall harvest, are usually counted under “browns”.  
Figure 1 shows there was an overall increase in the commercial shrimp harvest 
between 1990 and 2001.  
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Figure 1.  Commercial shrimp landings in Galveston Bay, 1990 - 2001.  Source: 
Texas Parks and Wildlife Department.   
 
The commercial landings of oysters increased between 1990 and 2001, to 
roughly 4.5 million pounds. Some of the most heavily fished reefs have not 
varied much in size since the 1850s, and there is even evidence of accretion on 



some reefs (GBEP, 2002). This resiliency is interesting not only because of 
fishery pressure on the resource, but also because of other stressors, such as 
disease and predation. Oyster harvesting is restricted in significant portions 
(43%) of Galveston Bay and prohibited in small areas (1.5%), due to bacterial 
contamination of some growing waters. The size of restricted areas decreased 
through the 1990s, opening more beds to all harvesters. This, in part, may 
account for the increase in landings over the same period.   
 
The commercial harvest of blue crabs between 1990 and 2001 averaged 1.7 
million pounds per year. An analysis of the data did not indicate any significant 
trends in landings. An analysis of fishery-independent trawl data (Figure 2) by 
TPWD, however, did reveal a significant negative trend in the number of adult 
crabs caught between 1982 and 2000 (GBEP, 2002). Recruitment, however, 
does not appear to be a problem, as fishery-independent nearshore bag seine 
capture rates of juvenile blue crabs have been fairly constant over the last 20 
years. Although there is some evidence of contaminant stress in blue crabs 
inhabiting portions of the Houston Ship Channel, fishing pressure may be a 
more likely explanation for the decline in the fishery-independent catch per unit 
effort (CPUE). To stem possible overharvest, TPWD imposed limits on the 
commercial catch in 1997.   
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Figure 2.  CPUE effort for blue crabs in Galveston Bay, 1982-2000.  Source: 
Texas Parks and Wildlife Department.   
 
The recreational harvest of fish is also important in Galveston Bay. Of the top 
five species of fish harvested recreationally, only the southern flounder showed 
a negative trend in landings between 1990 and 2000, according to a TPWD 
survey. Fishery-independent bag seines of southern flounder by TPWD, 
however, have shown a nearly stable, slightly increasing trend in CPUE.   
 



There would be little point to commercial fishing if the product could not be 
safely consumed. The Texas Department of Health has declared an advisory area 
of 50 square miles in the northwest portion of the Bay from the City of Houston 
to about where the channel opens to the wider portion of the Bay. This 
represents about 8% of Galveston Bay. The chemicals causing these restrictions 
are chlorinated pesticides, PCBs, and dioxins.   
 
In conclusion, the commercial and recreational fisheries in Galveston Bay 
appear to be meeting societal goals. Shrimp, oyster, and most finfish harvests 
are either being maintained or are increasing. Blue crab harvest may be 
declining, not because of environmental degradation, but rather from 
overharvest. There are restrictions on harvest due to fish contamination in a 
small area, and on oyster harvesting over wider areas, but the restrictions don’t 
appear to be substantially impacting the supply of these resources. The approach 
outlined here will evolve as more experience is gained and expertise assembled 
to conduct these types of assessments. Providing the necessary science to 
managers to enhance and balance human uses of estuaries begins with 
determining how society currently chooses to use these areas, followed by 
estimating the social, economic, and environmental costs and benefits of 
optimizing one or more of these uses.  
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THE USE OF GRASS SHRIMP, PALAEMONETES SPECIES, AS A 
SENTINEL OF ANTHROPOGENIC IMPACTS ON COASTAL 

SYSTEMS 
 

Peter B. Key, National Ocean Service, Edward F. Wirth, National Ocean Service 
 
 

Abstract 
 
Coastal systems in the U.S. are ecologically important aquatic environments. 
These ecosystems, which include estuaries, coastal wetlands, coral reefs, and 
mangrove forests, provide spawning grounds, nurseries, shelter and food for 
many species. Coastal areas also serve as sinks for pollutants transported via 
point and non-point source runoff and atmospheric deposition. Management of 
pollutant risks to predict ecological effects involves attempts to determine 
whether coastal areas are threatened or damaged from elevated concentrations of 
anthropogenic chemicals. Traditionally, this has focused on simple 
measurements of chemical concentrations without considering the ecology of 
the components of the coastal system or the interactions between the system and 
the compounds of interest. Work is now becoming focused on ecologically 
relevant measures of loss and depletion. Grass shrimp, a common inhabitant of 
East and Gulf Coast estuaries, have been proposed as one of these measures. 
Grass shrimp have been used as a model organism in ecological monitoring 
studies, in situ and laboratory toxicity tests, and development of biomarkers of 
exposure. Given the amount of data available for grass shrimp, this species has 
the potential to serve as an important indicator for sub-organismal to community 
level effects. This poster will briefly review the role of grass shrimp in scientific 
studies related to human impact on coastal systems. More importantly, it will 
show the need to integrate these quantitative tests so that environmental 
managers can use this crustacean as a model species to make informed decisions 
of coastal system assessment. 
 



THE PERCEPTION OF A BEACH IN A MODERN TOURIST: IS THE 
SANDY BEACH A PLACE OF CONFLICT BETWEEN TOURISM AND 

BIODIVERSITY? 
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Abstract 
 

Since the 1950s, as people were gaining access to more free time, coastal areas 
have become increasingly desirable as holiday destinations.  Beach tourism has 
grown at an enormous rate and is becoming a mass phenomenon. Next to their 
ecological importance as bio-filters, sandy beaches in Europe tend to be of great 
economic value through tourism. Modern tourists are largely peaceful, but 
tourism itself creates much damage to the environment. A current and common 
effect of tourist influence on European seas is the diffusion of plastic debris on 
the coasts, either abandoned by beach users or deposited by the sea during 
storms. 
 
There are some four to eight million tourists resting each year on Polish beaches. 
What is the purpose of their visit? What things do they most dislike there? What 
is their perfect coastal landscape of the sea? What is their image of the beach 
life? Questionnaire surveys, carried out during summer 2003, aimed at 
ascertaining what public opinion was/is regarding beach perception, were useful 
to answer the questions. At each site, people filled out the questionnaires asking 
their opinion of the beach, scenery, animals and aesthetics. 
 
In the modern, democratic society, the public, stakeholders, not the experts are 
having the final word. It creates, however, problems with public opinion: there 
is seldom direct experience, and there is not common perception of the values. 
Do we value in a similar way? For many, the plastic net cover on a cliff and the 
coastal motorway is more attractive than an underdeveloped shore. 
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STUDIES 
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Abstract 
 
Although it is well documented that microbial contamination of coastal waters 
poses a significant risk to human health through recreational exposure and 
consumption of shellfish, the source of the contamination plays a dominant role 
in dictating the level of actual risk. The ratio of four subgroups of F-specific 
RNA coliphages in the family Leviviridae has been used to distinguish human 
from non-human sources of contamination. Due to low concentrations of these 
phages in water samples, enrichments are employed for their detection. A 
critical assumption of this method is that the in situ ratio of the subgroups is 
maintained during the enrichment. To test this, triplicate enrichment 
experiments were conducted using equal titres of all four colipage subgroups 
and E. coli FAMP as the host. At the end of the 24-hour enrichment, subgroup I 
(MS2) had highest titres while subgroup II (GA) had the lowest titres (ANOVA, 
Bonferroni adjustment, P<0.05). To address the reasons for these differences, 
one-step burst size experiments were conducted. Assuming 100% infection 
efficiency (1:10 phage host ratio), there were significant differences (P<0.05) in 
burst sizes between and within the groups. Burst sizes for representative 
coliphages from subgroups I, II, III and IV averaged 507 (MS2), 75 (GA) 233, 
(Q-ß) and 181 (F1) respectively. This differential in replication results in biasing 
enrichment experiments towards subgroups associated with animal waste. Due 
to significant differences in replication characteristics, the enrichment technique 
cannot be recommended for F-specific RNA coliphage assay for microbial 
source tracking. 
 
 



COASTAL COMMUNITY OUTREACH:
A PRESCRIPTION FOR COMMUNITY CONNECTIVITY

Michael Crane, NOAA, National Coastal Data Development Center

Abstract

The collection of individuals, organizations, governmental agencies, companies
and institutions that comprise the coastal community can be encouraged to have
a connected identity.  Items of common interest and information of common
need can be identified in a dynamic outreach approach called the Accelerated
Coastal Community Environmental Science Service (ACCESS) methodology. 
Building a bond among a wide spectrum of community interests can be an
effective collaborative tool for addressing coastal issues.  Preserving coastal
values can be a collaborative activity in place of an adversarial activity. 
Examining the structure and resources to address coastal issues is one of the first
elements in the ACCESS methodology.  Seeking team identity is the next step in
the method.  Delivering new functions is the metric for evaluating the success of
the method.  

Background

The ensemble of community interests include all sectors of business
organizations, governmental agencies, civic groups, and academic institutions. 
Each sector works in proximity of all other sectors.  Many times collecting these
independent sectors into functional alliances develops more productivity, both
directly and indirectly.  Information exchange and shared learning experiences
provide the methodology for nurturing new relationships that over time become
functional partnerships.  Efficiency is improved because resources are more
streamlined within each component and more resources are aligned with the
success of any partnership.  The operational elements of implementing this
methodology are the core of this poster.

Operational Elements

Identifying the members of each sector is the first action item and the one that
continues throughout the process.  Defining the companies, agencies,
organizations and civic interests requires cooperation by members of the coastal
community.  Trust and open information exchange nourishes the alliance
building.  When each component understands the operational characteristics of
the ensemble members, then the next stage is set for identifying future
partnerships.  Only when a component member feels comfortable in sharing
information and resources is the partnership successful.  

Workshops and individual meetings have proven effective at this stage in the
process.  The design of the workshop allows each participant to self-identify the



issues and approaches as known by the participant.  Defining the key need and
defining the participant’s operational structure are primary parts of the workshop
format.  Using this non-confrontational approach, the workshop lets people
relate to information as presented.  Education is an essential factor for building
alliances so each participant may capture a better understanding of the profile of
each sector and each member.  

Each sector has one or more needs, and each sector has capabilities to address
those needs.  Sharing those capabilities requires trust that each participant will
receive on the same scale as the capabilities offered to the partnership.  Testing
the relationship requires adequate time for each member, each participant, or
each organization to feel comfortable.  

Successes

Carnival Cruise Lines is one of the first companies to embrace the concept fully. 
Carnival hires graduate students so that coastal data sets can be published.  This
arrangement has been in place since calendar year 2001.  

In calendar year 2004, the community event called Coastal Mississippi is
another example of the process of generating partnerships and functional
alliances.  Over one hundred agencies, companies, civic organizations and
individuals have contributed to this community sponsored, community funded
activity related to hurricane awareness.  

Summary

Community Service can be accelerated and can be a shared process.  New
approaches have proven effective and are available to other sections of the coast. 

Michael Crane, NOAA NCDDC
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GUIDING NEW DEVELOPMENT AT THE WATER’S EDGE: 
SITE PLANNING AND DESIGN PRINCIPLES 

 
Farhad Atash, University of Rhode Island 

 
 

Introduction 
 

Major changes have occurred on many waterfronts as local governments and 
private developers have rediscovered them as potentially valuable recreational, 
aesthetic and economic resources. Some of these changes have been the 
outcome of a very careful planning process while others have been characterized 
by inadequate planning and poor design. This latter situation could have been 
avoided if communities had appropriate site planning and design principles for 
the development of their urban waterfronts. This paper reviews such major 
design principles and then makes recommendations on their preparation and 
administration. The principles are divided into two groups: site planning and 
urban design. 
 

Site Planning Principles 
 

The site planning principles are divided into three areas: preserving public views 
to waterfronts, providing public access to the waterfront, and promoting 
appropriate mix of water-dependent and water-enhanced land uses. A number of 
principles may be considered for preserving public views to waterfronts: 1) 
preserving view corridors from the first road inland from the waterfront; 2) 
creating a pattern of buildings and open spaces that directs views toward the 
waterbuildings should be sited perpendicular to the water’s edge, and visually 
impenetrable walls should be avoided; 3) proposing a relatively low building 
height at the waterfront to provide maximum views of the water, allowing 
building height to increase with distance from the water; and 4) changing the 
grade at the water’s edge so it steps down to the water. 
 
It is also important to provide continuous public access to and along the water.  
The minimum recommended width for a public access-way is 20 feet, and it 
should terminate at the water’s edge, preferably at a waterfront walkway.  The 
minimum recommended width for a walkway is 35 feet, and it may be divided 
into three zones: water’s edge (10 feet), circulation (15 feet), and passive (10 
feet).  The first and the third zones may accommodate site furniture (i.e. benches 
and lighting) and landscaping, while the second zone should primarily be used 
for circulation. 
 
Two other guidelines may be considered for enhancing public access.  First, one 
may propose a pattern of buildings and public open spaces that direct pedestrian 
movement towards the water.  Second, one may provide parks and public plazas 
for stopping points along the walkway with places to park bicycles, to sit, and to 



eat, at or overlooking the water’s edge. Major design factors to be considered 
are: size of public space, orientation to the sun, protection against winds, visual 
aesthetics, and provision of adequate seating facilities. 
 
As for land use, it is important to encourage a diversity of uses and activities 
along the waterfront, creating a greater vitality and emphasizing a “24-hour” 
environment. The urban waterfronts should be used primarily for water-
dependent uses such as commercial fishing, boat building and repair, cargo 
shipping terminals, ferry and passenger terminals, and marinas. Water-enhanced 
uses such as housing, retail, or office development may also be considered, as 
they gain economic advantage from a waterfront location. These uses can be 
located elsewhere.  Overall, it is important to have a compatible mix of activities 
that reflect the special characteristics of a waterfront site and respond adequately 
to community needs. By combining water-dependent uses with water-enhanced 
uses, the community can maximize the opportunities, minimize the conflicts, 
and help gain public support for its waterfront plan.   
 
Four other specific land use guidelines should also be considered. First, a mix of 
public improvements and private development for residents and visitors of all 
income levels should be proposed.  Second, a large percentage of land area for 
public use in a variety of indoor and outdoor areas should be provided.  Third, 
ground-floor levels of buildings should be considered for active uses such as 
retail stores and restaurants that serve residents, workers, and tourists during the 
day and evening.  Lastly, retail and other active uses should be located along all 
pedestrian ways and public spaces. 
 

Urban Design Principles 
 

New construction and rehabilitation efforts must preserve and reinforce the 
traditional building form and massing of the waterfront. Recommended 
guidelines result from studies that establish a contextual framework within 
which new physical forms can be generated in harmony with existing forms.  
The major design elements to be considered in the analysis of building form and 
massing are scale, height, bulk, style of architecture, and building grouping and 
orientation. In terms of these elements, new structures should relate to the 
setting, style and traditional character of the existing buildings in the area.  
These design elements should also respond to local climatic factors.  First, 
buildings that exacerbate strong winds should be avoided through design control 
of building height, density, massing, location, and orientation. Second, buildings 
near the waterfront should be of a height and massing that does not block sea 
breezes that disperse air pollution. Third, new construction should make use of 
indoor space and covered walkways and arcades along the ground floors of 
buildings to encourage year-round use of the area. These walkways can be glass-
enclosed in winter and opened in summer. 
 



Pedestrian street furniture and landscaping principles should be used to address 
the design of site furniture and plant materials.  The location, arrangement and 
design of the former should be planned to maximize use and complement the 
design, form, scale, color, and texture of building facades in the waterfront area.  
Adequate street furniture or pedestrian amenities are critical for meeting the 
needs of public.  
 
The design principles for plant materials should relate to location, arrangement, 
and type of planting in terms of form, texture, height, and color.  These 
principles should be prepared within the context of four objectives: 1) allowing 
sunlight to open public spaces and major pedestrian areas and providing shade 
and protection against wind, rain, and noise; 2) screening private development 
and providing privacy; 3) defining streets, walkways, and public open spaces; 
and 4) framing views and vistas or forming focal points in the waterfront area. 
 
The signage in a waterfront area must be both well designed to blend with the 
development in terms of type, size, height, materials, and color; and it must be 
distinctive, well lighted and informative for land-based and/or water-bound 
visitors and residents. 
 
Design principles for parking should address at least three issues. First, the 
availability of adequate parking for visitors and residents should be examined.  
Second, careful attention should be given to the location of parking areas. These 
should be accessible but not be located on the water’s edge. Third, proper 
landscaping is required in order to minimize the negative visual impacts of 
surface parking areas.   
 

Preparation and Administration of Design Principles 
 

The effectiveness of urban waterfront design principles depends on how well 
they are prepared and administered.  A number of issues must be considered.  
First, design principles should be an integral part of a community’s overall 
development controls. Since zoning is the principal tool available to the 
community to promote the establishment of certain types of uses and to direct 
these activities to specific area, the community’s waterfront plan should be 
centered on new zoning recommendations such as the creation of a new 
waterfront district or zone. The community should also establish simple, clear 
and specific goals and objectives for its waterfront design principles through 
public involvement in every stage of their preparation. 
 
The principles should be prepared for a clearly defined waterfront district or 
zone. Major and minor design issues and elements that ought to be considered 
by designers and developers should be covered clearly in the guidelines. To 
make the principles more comprehensible, it is suggested that they be illustrated.  
The basis for special exceptions or exemptions should also be spelled out clearly 
in the guidelines. 



 
The design principles should provide a flexible framework for development that 
encourages both aesthetic diversity and stability, avoiding rigid controls that can 
discourage creativity and individuality. Also, a detailed set of standards might 
be easier to sell but could easily crumble with changing uses.  A framework that 
provides structure and allows for change is likely to be long-lived.  To the 
greatest extent possible, the design principles should remain consistent over 
time. Minor changes or adjustments are suggested, but major shifts in design 
directions should be avoided. Finally, the legal implication of design guidelines 
should be fully assessed before the local government adopts them. 
 
In administering waterfront design principles, it is recommended that they be 
mandatory rather than advisory. Their administration requires the existence of a 
design review process that should not be complicated and lengthy. A design 
review committee should include a mix of qualified designers and non-
designers. An appeals process should be established to guarantee procedural 
fairness. Finally, if the communities are to be effectively administering their 
waterfront design principles, there is need for sources of financial assistance. 
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