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Introduction 
 

From a manager’s perspective, oftentimes the publicly-held concerns related to 
small docks are not really related to the environment.  They may be aesthetic in 
nature, related to a sense of over-development of the shore, or simply a reaction 
to change.  While the visual impact of docks is an individual assessment, 
techniques have evolved that appear to provide reproducible or predictive 
assessments of the visual impact values of an area and how those might change 
with development.  Visual Impacts Assessments (VIAs) considering 1) 
landscape compatibility, 2) scale contrast, and 3) spatial dominance have been 
developed by Richard Smardon of SUNY Albany (1986, 1988).  VIAs present 
respondents with images showing how the visual landscape would be affected 
by proposed change.  With computer technology, these projected images are 
realistic and easy to make.  VIAs indicate that, when shown two images of a 
shoreline, the vast majority of people select the same image as being 
aesthetically preferable, and results from these assessments are reliable and 
repeatable.  Aesthetic or visual impacts have been used as a basis for denying 
permit applications in Maine and New York.  This paper introduces the theory 
of visual impact assessment, including definition of impacts, components of a 
visual assessment, how to decide when a visual assessment is necessary, 
protocols for evaluating visual impacts, and suggests some management 
techniques for their implementation.  Examples are provided of how VIAs have 
been used to ensure that proposed shoreline construction will not unreasonably 
interfere with existing scenic and aesthetic uses.  Avoidance, mitigation and 
offset measures to eliminate or reduce adverse impacts to existing scenic and 
aesthetic uses are discussed.  
 

Visual Impact Assessments 
 

According to Smardon (2003), Visual Impact Analyses grow from comparisons 
between existing settings and proposed changes.  Typically this is done through 
comparisons between paired graphic representations of the existing landscape 
and a landscape including the proposed development.  Members of the public 
are thereby provided a mechanism to evaluate how much change a landscape 
can absorb and still be acceptable.  Assessments in coastal areas indicate that the 
public: 
 

1. Accepts development in an undeveloped coastal landscape, 
2. Likes coastal development that is generic or historical (i.e., “fits with 

the context”), 



3. Likes open/distance water views, 
4. Does not like “tourist-like” development 

 
There are clear differences in opinion between residents/visitors and young/old, 
with residents and older viewers more conservative and visitors and young 
viewers more accepting of change and development. 
 
Smardon (2003) finds that, in general, preferences regarding the acceptability of 
coastal structures: 
 

• Are more accepting of development when the landscape already 
includes some development and resistant where the landscape is 
undeveloped 

• Are more accepting of structures when they are perceived as marine or 
water related 

• Are more accepting if structures are perceived as enhancing water 
access 

• Are very accepting if structures are historic or heritage related 
 
As noted above, techniques for assessing visual impacts involve comparisons of 
photographs or drawings of the existing landscape and of a “built-out” 
landscape.  The build-out may be presented through drawings as done by 
landscape architects or through “enhanced” photographs with proposed elements 
added.  The latter may be done by various computer programs such as Adobe 
Photoshop©.  Following are examples of an undeveloped shoreline and one 
shown as fully built out with residential docks. 
 

 
Figure 1.  Existing view of shoreline (photos courtesy of Massachusetts Coastal 
Zone Management Office). 
 
Comparison of such views allow planners, regulators, and interested citizens to 
predict visual impacts.  Smardon (2003) suggests that multiple perspectives (six 
or seven) are most effective in establishing a replicable assessment. 
 



 
Figure 2.  Computer enhanced view of shoreline showing potential build out of 
residential docks. 
 

 
Management Options 

 
Various management options are available for implementation of the results of 
Visual Impact Analyses.  At the local level, zoning can be an effective tool.  
Most zoning ordinances, designed to protect the public interests of health, 
welfare, and safety, already include scenic or aesthetic components—often as 
part of “community character”.  These can therefore be adapted to visual 
requirements for small docks in a relatively straightforward manner.  Where the 
legal constructs exist for local or regional coastal management plans, these can 
be utilized to manage dock construction.  A local coastal plan—including 
aesthetic reviews—accepted by the state coastal program, was used to deny a 
project in New York (Stutchin v. Town of Huntington and Village of Lloyd 
Harbor, 1999). 
 
Maine’s Natural Resources Protection Act (Title 38 §§ 480-A through Z), 
Standard 1, specifically requires an applicant to demonstrate that a proposed 
activity will not unreasonably interfere with existing scenic and aesthetic uses.  
Chapter 315: specifies State regulatory concerns; defines visual impacts; 
establishes a procedure for evaluating visual impacts; establishes when a visual 
assessment may be necessary; explains the components of a visual assessment; 
and describes avoidance, mitigation and offset measures that may eliminate or 
reduce adverse impacts to existing scenic and aesthetic uses.  This review is 
utilized on a case-by-case basis on both private lands and adjacent public waters.  
In Maine’s regulatory process, visual impacts are determined by considering: 
 

• Landscape compatibility of the proposed structure 
• Scale contrast 
• Spatial dominance. 

 
As part of the Maine regulatory review, a Standard Operating Procedure (SOP) 
for visual assessments was developed.  This provides consistency between 
decisions and a method to document the decision-making process.   
 



In the Maine instance, visual impacts are not assessed solely on how they affect 
abutters but have a strong input on impacts from public viewpoints (Gates 
2003).  In a cumulative impact assessment for Blakely Harbor, WA, visual 
impacts were assessed from a series of specific public vantage points around the 
harbor (Best, 2002). 
 
In most areas, tidal waters are held in public trust by a state agency.  The upper 
level of public ownership may vary from state to state, but in almost every 
instance, lands below the mean low water line are public.  In these areas, states 
have greater latitude in management options.  Where actions on private property 
are held to the “public health, welfare and safety” provisions of the police 
powers provided to government, on public lands the underlying legal construct 
is based on ownership—thereby allowing for a significantly wider set of 
standards.  State agencies may therefore, establish standards to protect a wide 
range of interests including visual, aesthetic, or quality of life. 
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Introduction 
 

In Japan, many rivers have been blocked by artificial constructions, such as 
erosion-control dams, or the forest has been cut upstream, altering the input 
pattern of organic material, such as leaves and branches, at the coast. For 
example, this has affected coastal organisms as oysters in Akkeshi Bay, and ayu 
fish downstream from the Shirakami Mountains decreased when forests were 
cut. 
 
Despite the recognized relationship between upstream forest and coastal or 
downstream organisms, there is little information on the utilization of tree leaves 
by marine species in coastal 
areas, except in the case of 
mangrove forests. 
 
This study examined the 
utilization of leaves by a 
coastal macroinvertebrate 
shrimp (Anisogammarus 
pugettensis, Amphipoda) in 
a leaf decomposition 
experiment. Then, we 
estimated its growth rate in 
a feeding experiment. This 
shrimp is a primary 
consumer and plays an important role as a food for flatfish caught in the coastal 
fishery. Therefore, any effect of food on the shrimp would ultimately affect the 
fish. 
 

Methods 
 

Experimental animal 
We studied a seawater shrimp 
(A. pugettensis) in 
decomposition and laboratory 
feeding experiments. This 
species is cold-resistant and 
occurs in coastal areas around 
the Pacific. It grows to 15 mm 

 
Accumulation of leaves and seaweed on
the shore. 
 

 
Anisogammarus pugettensis 

1 cm 



and inhabits piles of leaves derived from upstream forests. It is thought to 
reproduce in May and October. Its growth rate decreases from December to 
May/June and it grows rapidly after that. 
 
Decomposition experiment 
We used leaves from a 
forest floor for the 
decomposition 
experiment and 
compared the 
decomposition rate 
with that of kelp 
(Laminaria religiosa 
Miyabe). We used oak 
(Quercus crispula) 
leaves as a 
representative 
terrestrial tree species 
because oak leaves 
decompose slowly in 
streams and we 
observed many oak 
leaves washed up on 
the shore. Leaves 
were collected from 
the ground in autumn, dried at 50ºC for 48 hours, and kept until needed. Some 
of the leaves were soaked for 2 weeks in stream water to accelerate bacterial 
colonization.   
 
Kelp, senescent oak leaves, and soaked senescent oak leaves were weighed and 
packed in 20×20-cm nylon bags with 10-mm openings. Twenty bags of each 
item were made, attached to a wire net at random, and positioned about 2 m 
above the sea bottom. We collected five bags of each item on sampling days at 2 
and 4 weeks. When sampling, we collected each bag very carefully in a vinyl 
bag. The collected bags were immediately returned to the laboratory and opened 
in a container. The leaves were washed gently with flowing water, the fine 
detritus removed, and the shrimp sorted. The shrimp were counted and weighed 
after they had been dried. The remaining kelp or leaves were dried and weighed. 
 

Laboratory experiment 
 

We collected shrimp from the sea that were newly recruited in May, 2002 and 
immediately transported them to the laboratory for use in the experiment. Their 
initial wet weight was 3.80 ± 0.13 mg (mean ± SE). 

 
The breeding experiment lasted 28 days, from July 29 to August 28, 2002. We 

 
Set up of the litterbags at the study site near the shore. 



set up three treatments: ‘seaweed’, ‘terrestrial leaves’ and ‘seaweed and 
terrestrial leaves’. We used kelp and sea lettuce (Ulva pertusa Kjellman) for the 
‘seaweed’ treatment and senescent oak leaves for the ‘terrestrial leaves’ 
treatment. For the ‘seaweed and terrestrial leaves’ treatment, we used all three. 
Each item was cut into 18-mm discs with a cork borer and supplied to shrimp. 
We did not dry the seaweed or leaves before use. The oak leaves were 
conditioned in seawater for two weeks before the experiment, as shredders that 
inhabit streams prefer conditioned leaves.  
 
Breeding cups (6.5 cm diameter, 4 cm high) were filled with 120 ml of seawater 
poured through a 250-µm mesh net and individually weighed shrimp were 
released. The water was refreshed once a week. When exchanging the water, we 
moved the cup, which stirred up the feces and fine materials, and quickly poured 
out the old water, while watching for the shrimp in the outflow. Then, new 
seawater was supplied. 
Ten replicates were 
made for each treatment 
and control cups were 
made with no shrimp. 
The shrimp were kept in 
an incubator at 20 ºC. 
Day length was natural. 
After 28 days, the wet 
weight of the shrimp was 
determined and then the 
shrimp were dried at 
50ºC for 48 h and re-
weighed to obtain the 
dry weight. The seaweed 
and leaves used for the 
field and laboratory 
experiments were ground and the CN ratio analyzed with a CN analyzer. 
 

Result and Discussion 
 

The decomposition rates 
of the items differed 
significantly (ANCOVA 
F2,24=1977.15, P<0.001). 
The decomposition of 
kelp was fastest, followed 
by senescent oak leaves 
conditioned in stream 
water, and unconditioned 
senescent oak leaves 
(Tukey P<0.05) (Fig. 1). 
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Fig. 1. Decomposition rates of kelp and oak 
leaves in the sea. 
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Fig. 2 Dry weight of Anisogammarus after the 28-
day feeding experiment. Seaweed: kelp and sea
lettuce, Sw+Os: seaweed and oak leaves. 



The density of the shrimp colonizing kelp and leaves differed significantly. It 
was highest for conditioned senescent oak leaves, followed by senescent oak 
leaves, and was 
lowest for kelp 
due to its fast 
decomposition 
rate and low 
remaining mass.  
 
In the feeding 
experiment, the 
dry weight of 
shrimp after the 
experiment 
differed 
significantly 
among the 
treatments (one-
way ANOVA 
F2,19=5.42, P<0.05) (Fig. 2). The individuals utilizing both seaweed and oak 
leaves were larger than those utilizing oak leaves alone (vs. seaweed alone was 
not significant; P=0.051), while there was no significant difference between 
‘seaweed’ and ‘seaweed and leaves’ (Tukey P<0.05). When the shrimp utilized 
senescent oak leaves only, their growth rates were negative. Although there was 
no significant difference in the survival rates for each treatment, the rate was 
highest when seaweed and terrestrial leaves were supplied together. 
 
The CN ratio suggested that seaweed is a better food resource than the leaves 
(Fig. 3). Owing to the relatively low nitrogen content of senescent oak leaves, 
shrimp could not grow as rapidly as on seaweed or seaweed and leaves together. 
More study is needed to clarify why shrimp grow fastest when they feed on 
seaweed and leaves together (although the rate did not differ significantly from 
that on seaweed alone). 

 
Conclusion 

 
The experiments demonstrated the influence of river water conditioning on the 
leaf decomposition rate. The importance of the input of tree leaves in addition to 
seaweed in shrimp growth was also shown, because the shrimp grew fastest 
when they utilized both resources. It is possible that leaves of terrestrial origin 
accelerate coastal fish growth and increase the biomass of fish by affecting the 
coastal shrimp Anisogammarus pugettensis. 
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Fig. 3 CN ratio of seaweed and oak leaves. Oak leaves 
were soaked in seawater for 4 weeks. 
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Perspectives 
 
A diminishing crisscross of untamed sandy beaches, mangrove wetlands, 
coconut plantations and quiet villages nestled within (Plate 1).  This is the 
Southwest Wetland System.  Located between 617200mE to 638000mE and 
1110000mN and 1123300mN, it is the most southerly wetland system and 
human community on the island of Trinidad.  The system consists of three 
interconnected wetlands locally known as “The Fibre Factory”, “San Jose 
Swamp” and “Hicacos”, interspersed between coconut plantations and the 
villages of Icacos, Fullerton and Bonasse, and another isolated wetland known 
as Los Blanquizales.  The entire system occupies approximately 125km2 of land 
extending from Icacos to Chatham. 
 

 
 

 
 
 
Plate 1: The Southwest Wetland 
System consisting of (a) Basin 
Mangrove Wetland, (b) Coconut 
Plantations, (c) Villages and (d) 
Sandy Beaches 
 

The resources in the system are held in common by various stakeholders without 
any structure or strategies for capturing and harmonizing their goals and 
objectives.  These stakeholders are community residents, hunters from 
throughout Trinidad, local and foreign tourists, owners of coconut plantations 
and government agencies. 
 
The system is managed as ‘open access’, which permits anyone to access and 
exploit the various resources.  As currently exists, different components of each 
wetland system are managed by different stakeholders under their own 
objectives and strategies.  Such management is often conflicting and not in the 
best interest of the system.  Other stakeholders such as government agencies and 
the Tourism and Industrial Development Company of Trinidad and Tobago 
(TIDCO) do not perceive local residents as managers. 

a

d

b

c



 
Therefore management decisions are made without taking local views and needs 
into account to the detriment of residents, management plans and the natural 
health of the system. 
 
Locally, the management regime also appears to operate in an ad hoc manner 
where historically residents from the various communities come together only in 
times of crisis to solve a particular problem.  However, resolution of community 
issues is generally individualised. 
 

Introduction to Cedhram 
 
The Cedros Harmony Community (CEDHRAM) emerged out of residents’ 
efforts to come to grips with social decay, precipitated by a cancerous drug 
culture that had taken over the community.  Recognising that social decay was 
closely tied in with the decline of economic fortunes in the agricultural and 
fishing sectors of the community, as well as by punitive, political neglect, the 
group was intent on sensitizing governmental agencies about the problems in the 
area, as well as to generate economic activities through community micro 
enterprises. 
 
The group initially started out with the vision of strengthening community ties 
by hosting social recreational activities such as sports days and celebrations in 
commemoration of local religious festivals.  However, the quality of life in these 
communities continued to degenerate through social ills including: 
 

• Exploitation and appropriation of the area’s abundant natural resources, 
especially, petroleum resources, without allocation of benefits gained, 
being returned to the communities 

• Degradation of marine fishery stocks from the unsustainable Deep Sea 
Trawling Industry, which has devastated the sea beds over the years, 
seriously jeopardizing the livelihood of the artesian fisherman; and the 
coconut industry, which has lost considerable market share, national, 
political and institutional support to the omnivorous international soya 
bean industry 

• Unemployment and underemployment resultant from consistent reduced 
economic viability of the area’s key income earning industries – marine 
fisheries and coconut plantation farming 

• Drug trafficking and the negative effects associated with it, including 
drug use and escalating crime 

• Long-term State and institutional neglect, particularly underdevelopment 
of communication infrastructure (roads, telephone) 

• Long-term unsustainable use of the area’s wetland resources, including 
over-hunting, over-fishing, indiscriminate lumbering, oil spills and 
alterations to its hydrology, mainly due to insufficient understanding of 
the wetlands’ ecology and its innate multiple values, including aesthetic 



value, as provider of protection, food, recreational, medicinal and 
scientific services and as a natural heritage of the area 

 
The core symptom of these problems were ongoing breakdown in the social 
cohesion of communities in their fight to appropriate whatever resources 
available to sustain their existence, disempowering of community groups and 
individuals, and unsustainable depletion of the area’s natural resources. 
 
In recognition of these issues, CEDHRAM extended its portfolio to include 
programmes for skills development, such as computer literacy training and 
development of cottage industries.  This, however, was insufficient and a more 
focussed approach was needed to effectively address the problems.  Having 
direct experience with the problems, being residents of the area and intimately 
knowing the wetlands, beaches and resources contained within, CEDHRAM 
extended their analysis of the problem to include an assessment of the 
communities’ strengths, weaknesses, opportunities and threats for development.  
The outcome was a plan to embark upon a transformation of the Southwest 
Peninsula into an eco-tourism park. 
 
Their vision was to rehabilitate the Southwest Peninsula’s natural and human 
communities through (CEDHRAM 2000): 
 

• “Building the moral and social fabric in the Cedros community and the 
self esteem of the community at large 

• Directing government’s policy so as to open up employment opportunities 
for people in the area 

• Rehabilitating, enhancing and developing the Los Blanquizales and Icacos 
Wetlands” 

 
BUILDING THE CASE FOR COMMUNITY PARTICIPATION 
 
Participation generally involves the movement of the decision-making process 
from a single body towards the group.  It means “…a readiness of [all 
stakeholders] to accept certain responsibilities and activities…that the value of 
each [stakeholder’s] contribution is seen, appreciated and used … [and there is] 
honest inclusion of stakeholder representatives as ‘partners’ in decision-making” 
(Srinivas 1994, pp. 1). 
 
Community participation in the management of resource systems has been 
proven to (World Bank 1996): 
 

• Increase effectiveness in achievement of the project objectives 
• Increase the efficiency with which the objects are achieved; 

implementation, monitoring, policing and enforcement of management 
initiatives are significantly reduced 

• Increase capacity building for community groups 



• Empower participants and beneficiaries 
 
CEDHRAM believes that realization of the eco-tourism project goals and 
objectives are dependent on active and meaningful community participation.  
The group is seeking to achieve equitable and inclusive joint venturing between 
the community and appropriate government agencies, at both the developmental 
and operational levels of the project.  They are of the view that through active 
community inclusion in the development of the project that: 
 

• “…the community will grow and develop in such a manner as to create 
greater social cohesion…” 

• “…a reservoir of skills related to the project needs would emerge during 
the course of time to make the community’s handling of the project more 
manageable” 

• “…through eco-tourism tours and other income generating activities 
related to the project, the project would eventually become self-
sustaining; the benefits of which would redound to the community’s well-
being” 

• “…through ecologically friendly engineering and well tested scientific 
measures at environmental conservation and restoration, the wetlands will 
eventually abound with a richer and more varied plant and animal stock 
and that the total aesthetic value of the wetlands would be multiplied […], 
thereby making it a must-destination, […] for eco-tourists[…and] tourists 
in general 

 
If used, community participation can enable a multitude of benefits for 
individuals, the communities, the wetland systems, government, local and 
international development agencies and the people of Trinidad and Tobago.  
These would include awareness development among residents on the Southwest 
Peninsula, curtailment of unsustainable resource use practices, development of 
an information database for the areas’ resources for use by local and foreign 
stakeholders, achievement of sustainable livelihood for the communities and 
perhaps most importantly, greater likelihood of successful implementation of 
management initiatives for the well-being of the entire Southwest Wetland 
System. 
 
Recommendations to Facilitate Participatory Management of the Southwest 

Wetland System 
 
The main obstacles to effective management of the Southwest Wetland System 
lies with the interrelations among stakeholder groups and external stakeholders’ 
dominantly negative perceptions of the system, its people and value of its 
natural resources (CEDHRAM 2003).  An attempt to resolve the ecological, 
social, economic and technical problems plaguing the Southwest Peninsula 
would most effectively work through active inclusion of resident locals, who at 
present are the ‘situational knowers’ of the system. 



 
For community participation to positively contribute to the transformation of the 
Southwest Peninsula, the bureaucracy has to reorient its activities toward a 
participatory approach.  This would entail redevelopment of resource 
management goals and objectives at the level of individual and community 
rather than with government, sectoral interests, or the altruistic agendas of aid 
groups; also the restructuring of communication and organizational systems 
from top-down to bottom-up and network systems. 
 
Government and other external stakeholder personnel must view community 
persons as collaborators rather than passive beneficiaries.  This would require a 
revision of performance evaluation systems and standards to provide incentives 
for achieving community objectives. 
 
Ultimately, a harmonious, ongoing working relationship between a proven and 
capable community, government agencies, and private sector stakeholders, in 
which the community is allowed to grow and empower itself and the people at 
large, is a the directional thrust most likely to develop long-term sustainability at 
all levels of the development process.  This, of course, would involve 
empowering the community with decision-making authority and accountability 
for the project and program activities. 
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Understanding How Shipwreck Sites Affect  
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Developing Long-Term Monitoring  
Schemes for Submerged Cultural Resources 

 
 
The presence of submerged cultural resources and subsequent underwater 
archaeology are rarely examined in regard to their effects on tropical coralline 
environments. Likewise, natural resource managers rarely identify shipwreck 
sites as significant to their monitoring and assessment of multi-use areas. 
Underwater archaeology is an increasingly frequent activity occurring in 
history-rich tropical regions throughout the world. As the nature of archaeology 
is a destructive science, it implies extensive manipulation of reef ecosystems and 
environments. In order to lead to more sound planning and management 
practices for policy makers and resource managers, it is important for resource 
managers to examine the way that the process of wrecking, in addition to the 
methods of survey and excavation by underwater archaeologists, affect the 
coralline environment. In many cases, after hundreds of years on the seafloor, 
the shipwreck itself has become a critical habitat, and its disturbance may have 
implications on the environment that surrounds it. For these reasons, it is 
important for cultural resource managers to collaborate with natural resource 
managers.  

 
Shipwrecks also present the unique dilemma of being non-renewable resources 
that have integrated themselves into the environment, often as habitat. Their 
disturbance, removal and natural degradation may have implications on a wider 
scale for the immediate environment, and there are many questions that 
submerged cultural resource managers must ask before proceeding with standard 
underwater archaeological methods. In addition, shipwreck sites often become 
the subject of visitation by tourists, who inevitably impact the environment 
around the shipwreck. For all of these reasons, baseline data and mapping 
techniques for cultural resource managers should integrate the natural 
environment that the shipwreck rests in. Likewise, natural resource managers 
should integrate information about shipwreck location, material, cargo and 
accessibility to divers who might visit the site in order to create more 
comprehensive resource assessments. By examining shipwreck sites as habitats, 
managers of these sites will be able to more effectively protect resources in 
areas of multiple use. By integrating mapping techniques and strategies of 
cultural and natural resources managers will fill an important gap in the 



development of long-term monitoring strategies for shipwrecks and other 
submerged cultural resources. 

 
Hundreds of shipwrecks have been lost in the Caribbean, though few remain in 
the kind of condition that lends to investigation and heritage tourism underwater. 
The H.M.S. Santa Monica, lying in 25 feet (9 m) of water about 200 yards (65 
m) off the East End of the island of St. John in the United States Virgin Islands 
is an example of a shipwreck that contains historical and cultural significance, in 
addition to playing a role as a part of the diverse coralline ecosystem of the 
island of St. John.  Its accessibility to the public adds to the importance of 
proper management in order to provide proper public access in a sustainable 
way. For these reasons, the H.M.S. Santa Monica has been chosen as the subject 
of this study to examine the biocomplexity at a shipwreck site. 

  
Ideal management of submerged sites reflects cooperative efforts. Since 
submerged sites are linked to the natural environment that they have become a 
part of, it is important for cultural resource managers to understand the impacts 
of their work on the environment as well as the impact of the wrecking and 
degradation process upon the ecosystem surrounding the wreck site. For the 
H.M.S. Santa Monica, the ecosystem surrounding the site is a fragile coral reef. 
The importance of understanding this environment is critical to managing the 
site. 

 
The overall objective of this study is to assess shipwreck sites as part of the 
natural environment in order to develop feasible methods of interdisciplinary 
management and long-term monitoring of submerged cultural resource sites. 
This research will assess differences in habitat biocomplexity at a shipwreck site 
and that of surrounding areas.  

 
Much sampling to detect differences between impacted sites and similar 
undisturbed sites is flawed by a lack of appropriate replications.  Traditional 
BACI (Before-After-Control-Effect) designs have only a single control location; 
conclusions obtained from such designs might be somewhat illogical 
(Underwood 1994).  Therefore an asymmetrical sampling design that includes 
several control sites is a more powerful tool to detect the effect of a given 
disturbance in the system.   
 
The Santa Monica wreck is located in 12 m of water and in a roughly 
rectangular 15 x 6 m area.  The wreck site will be treated as the impact site, and 
will be compared to six control sites.  Each site will be of the same dimensions 
as the Santa Monica.  Starting at the impact site three control sites will be 
established every 300 m to the west and another 3 to the east.  Since different 
habitat communities can result from differences in depth, all sites will be 
established along the same depth strata as the wreck area. At each of the sites ten 
replicate 10m long transects will be randomly located and habitat diversity will 
be assessed by using the point intercept technique sampling at intervals of 25 



cm.  The substrata located directly below every sampling point will be recorded 
to the lower taxonomical level wherever possible.  Additionally, each 
substratum will be assigned to one of the 15 habitat categories proposed in the 
CARICOMP methods manual (CARICOMP 2000).  Topographical complexity 
will be evaluated by using the chain method.  In short, a brass chain of known 
length will be draped over, under and around all natural features of the bottom, 
rugosity will then be calculated as the ratio of length of the chain to linear 
distance.  
 
Variation in the habitat composition among all sites might be due to factors that 
the present study is not measuring.  Therefore an idea of how much variation is 
observed among control sites, and how is this variation compared to the 
impacted site is needed.  Non-metric multidimensional scaling (MDS) plots will 
be used to graphically assess differences in the habitat communities at control 
and impacted sites.  A resulting scatter plot in which the impact and control sites 
are not clearly segregated will be an indication that there is as much variability 
among control sites as there is among control and impacted sites, suggesting that 
that the habitat composition in an impacted site is as variable as that in non 
impacted sites. Additionally, differences in habitat biocomplexity between 
impact and control sites will be assessed by conducting multivariate analysis of 
variance between the percent cover of all species recorded. 
 
The challenge facing managers of submerged cultural resources is how to 
protect the integrity of a shipwreck site, culturally and environmentally, while at 
the same time providing the opportunity for the public to experience these sites 
in situ. The dilemma is not necessarily how to prevent change to the resource, 
but instead, attempting to figure out how much change to the resource should be 
permitted before actions are needed to control it. Though thousands of 
shipwrecks and submerged sites exist off our coastlines, few sites have been 
managed according to established framework methods utilized by agencies such 
as the National Park Service and the United States Forest Service who employ 
examples of Limits of Acceptable Change (LAC), Visitor Impact Management 
(VIM) and Visitor Experience Resource Protection (VERP). Too often, without 
management models that address the unique nature of submerged cultural sites, 
their management is neglected and the sites are misinterpreted. Thus, we are 
constantly losing vital pieces of our history and heritage.  
 
Due to the relatively new field of submerged cultural resource management, 
managers often struggle to make comparisons between natural and cultural 
resource management strategies and objectives, and find their resource alienated 
within multi-use parks. Instead, submerged cultural resources can, and should, 
be viewed as a comparable resource to other protected resources within parks 
and sanctuaries. Shipwrecks have the ability to be managed much like natural 
resources due to their environmental and social significance. By examining the 
habitat biocomplexity at the H.M.S. Santa Monica site, this study will aim to 



develop monitoring schemes for shipwreck sites that rest in fragile ecosystems 
that take into account their significance as a natural, as well as cultural resource. 

 
As a site with historic, natural, and cultural resource significance, the H.M.S. 
Santa Monica wreck site holds tremendous potential for the island of St. John, 
and the Caribbean as a region. Developing its potential through proper 
management would not only benefit locals and visitors to the island of St. John 
with an increased understanding and appreciation for its heritage, but it would 
also benefit managers looking for a model of effective submerged cultural 
resource management. This study is the first step in developing a long-term 
monitoring strategy for a submerged cultural site. 
 
 

References 
 
CARICOMP (2001) CARICOMP methods manual levels I & II: manual of 

methods for mapping and monitoring of physical and biological 
parameters in the coastal zone of the Caribbean. CARICOMP Data 
Management Center, Center for Marine Sciences, University of the 
West Indies, Mona, Kingston, Jamaica. And Florida Institute of 
Oceanography, University of South Florida, St. Petersburg Florida 
USA. 93 pp 

Graefe, A.R., F.R. Kuss and J.J. Vaske. Visitor Impact Management: The 
Planning Framework. Washington, D.C.: National Parks and 
Conservation Association, 1990. 

Graham, R. “Visitor Management and Canada’s National Parks.” In: Towards 
Serving Visitors and Managing Our Resources, ed. R. Graham and R. 
Lawrence (Waterloo, Onatario/Tourism, Research and Education 
Center, 1989) 

Stankey, G.H., D.N. Cole, R.C. Lucas, M.E. Peterson and S.S. Frissel. “The 
Limits of Acceptable Change (LAC) System for Wilderness Planning,” 
U.S. Forest Service, General Technical Report INT-176, Ogden, Utah: 
USDA Forest Service Intermountain Research Station, 1985. 

Underwood AJ (1994) On beyond BACI: sampling designs that might reliably 
detect environmental disturbances. Ecological applications 4(1) 3-15 

 
 
Kelly Gleason 
PhD Candidate, Coastal Resources Management Program 
East Carolina University 
207 Ragsdale Building 
Greenville, NC 27858-4353 
Phone: (252)367-1509 
Fax: (252)328-0381 
Email: kag1122@mail.ecu.edu 
 



THE U.S. APPROACH TO PREVENTION OF AQUATIC SPECIES 
INVASIONS:  ARE BALLAST WATER POLICIES WORKING? 

 
Elizabeth Stephenson, University of Maine 

 
 

Introduction 
 

Aquatic nuisance species are non-native organisms that threaten the diversity 
and abundance of native species in infested waters, as well as the commercial 
activities that depend on those waters.1  Ballast water is considered to be one of 
the primary vectors of invasions by aquatic nuisance species and therefore has 
been the subject of various federal regulations and guidelines.2  By examining 
compliance rates, this paper will evaluate whether these regulations and 
guidelines are effective at significantly reducing the potential for aquatic 
invasions from ballast water.  Part I of this paper will discuss the issue of how 
ballast water facilitates invasions.  Part II will discuss the laws that regulate 
aquatic nuisance species in ballast water.  Part III will review information on 
rates of compliance with regulations and discuss some of the factors that impact 
those compliance rates.  Part IV will discuss two approaches to increasing rates 
of compliance with ballast water regulations. 
 

Ballast Water as a Vector for Aquatic Nuisance Species Invasions. 
 
Ballast water is carried in tanks on vessels to add stability when the ship is not 
completely full of cargo.  Along with the ballast water, organisms are picked up 
at one port and discharged at another, perhaps halfway across the world, making 
ballast water an effective vector for transporting organisms to new habitats.3  
There are often millions of organisms in ballast water tanks; tens of thousands of 
ships discharge ballast water into the U.S. each year.4  Further, the invaded 
habitats often lack the predators that control the populations of foreign species in 
their native habitat.  Thus, one can see how the discharge of ballast water can 
lead to invasions of aquatic nuisance species in U.S. waters. 
 

Federal Laws that Regulate the Discharge of Ballast Water. 
 
In the 1980’s Eurasian zebra mussels invaded the Great Lakes via ballast water 
and caused significant economic and ecological harm.  In reaction to this 
invasion, Congress passed the Nonindigenous Aquatic Nuisance Prevention and 
Control Act of 1990 (NANPCA).   Pursuant to this act, any ship planning to 
discharge ballast water into the Great Lakes that has been operating outside the 
U.S. Exclusive Economic Zone (EEZ) is required to conduct ballast water 
exchange or sanitization (killing the organisms in the ballast water) before 
entering the EEZ.5  The premise of this regulation is that species from coastal 
areas will not survive in the open sea, and vice versa.  Owner/operators who do 



not comply with these regulations may be subject to fines as well as to 
revocation of their U.S. Coast Guard clearance to travel to the Great Lakes.6 
  
In 1996, Congress passed the National Invasive Species Act (NISA) which 
reauthorized NANPCA and addressed the issue of ships traveling to U.S. waters 
other than the Great Lakes7.  Pursuant to NISA, the Secretary of Transportation 
published voluntary guidelines concerning ballast water exchange and instituted 
mandatory ballast water reporting requirements.  Thus, ships traveling to U.S. 
waters from outside the EEZ are requested to exchange their ballast water prior 
to entering the EEZ or utilize an approved sanitation method.8  Although ships 
are not required to exchange their ballast water, owner/operators are required by 
NISA to report the quantity of treated and untreated ballast water they intend to 
discharge into the port.9  Despite the fact that reporting is mandatory, there are 
no penalties for failure to comply with this requirement pursuant to NISA. 
 

Measuring Compliance Rates – The National Ballast Information 
Clearinghouse Report. 

 
 The Smithsonian Environmental Research Center conducted a two year survey 
to measure compliance rates with ballast water treatment guidelines and 
reporting regulations in U.S. waters outside of the Great Lakes.    According to 
this document, the national rate of compliance with the mandatory ballast water 
reporting requirement was 30.4% during the study period between July 1, 1999 
and June 30, 2001.10  The report notes that of those that submitted reports, only 
51.2% of vessels that discharged ballast water into U.S. ports utilized some form 
of ballast water treatment as recommended by NANPCA and NISA.11  Thus, 
during the study period, a reported 11.1 million metric tons of untreated ballast 
water from foreign ports was discharged into U.S. waters.12  Given the low 
reporting rate (30.4%) the actual amount of ballast water discharged is likely 
several times higher than this figure.  Additionally, the report notes that only 
small increases in compliance rates were noted over the study period.  At “the 
present rate of improvement for reporting,” the study suggests, “full compliance 
with reporting will not occur for decades.”13   
  
When comparing the East and West Coasts, the study found that compliance 
rates were markedly higher in western states.  California, Oregon and 
Washington exhibited a rate of compliance with the reporting requirements of 
66.5%.14  This figure is more than twice the national reporting average (30.4%) 
and the compliance rate for the East Coast (29.0%).15  Data from specific ports 
also illustrate the differences in compliance.  In San Francisco, 85.8% of ballast 
water (by volume) had undergone exchange outside of the EEZ16.  By contrast, 
in Portland, Maine only 10% of the ballast water had undergone any exchange 
prior to discharge at the port.17   
 
The study notes that the higher compliance rates in the West are likely due to the 
fact that states on the West Coast have promulgated strict regulations concerning 



ballast water.18  In 2000, California passed regulations which require ships to 
either treat their ballast water with an approved method, retain their ballast water 
or discharge it outside the EEZ prior to entering a California port.19  Unlike the 
federal laws, the California law mandates that owner/operators who are found to 
be out of compliance with these regulations be subject to penalties of up to 
$5000 per violation.20  Following California’s lead, Washington and Oregon 
passed similar ballast water measures that included sanctions for 
noncompliance21.   
 
East Coast states have not implemented such strict regulations.  Consequently, 
shippers in these states are subject only to federal regulations that carry no 
penalties for noncompliance.  According to the report, the weak enforceability 
of these national regulations leads to low compliance rates and ultimately, poor 
aquatic nuisance species protection for U.S. waters.22 
 

Current Approaches for Increasing Compliance Rates 
 

One approach to improving national compliance rates with ballast water 
regulations is proposed legislation that would strengthen the enforceability of 
the current laws.  The National Aquatic Invasive Species Act of 2003 would 
reauthorize NISA and NANPCA and would amend those laws by allowing the 
U.S. Coast Guard to punish owner/operators who do not comply with the ballast 
water treatment and reporting requirements.23  Thus, if implemented, NAISA 
would likely increase the level of national compliance with ballast water 
regulations and decrease the potential for aquatic nuisance species invasions. 
 
Another approach to increasing compliance would be to make ballast water 
discharges subject to the requirements of the Clean Water Act (CWA).  
Currently ballast water discharges do not require a National Pollution Discharge 
Elimination System (NPDES Program) permit under the CWA, unlike other 
point sources of pollution.24  The EPA designated an exemption from permitting 
requirements for any “discharges from ships that are incidental to the normal 
operation of the vessel,” including ballast water discharges.25  Many scientists 
and conservationists feel that EPA regulation of ballast water discharges could 
help increase compliance rates with federal ballast water regulations.   
 
Specifically, NPDES permits, unlike exemptions, allow the EPA to have some 
control over the nature, level and location of the discharge.26  Significantly, the 
permitting process would force the EPA to establish much needed “quantitative 
ballast water treatment performance standards.”27  Setting performance 
standards would likely facilitate the investment in ballast water treatment 
technology by shippers.28  Additionally, setting standards would mean that ship 
owner/operators who violated ballast water discharge requirements could be 
fined for exceeding the pollution levels in their NPDES permits.  As noted in the 
National Ballast Information Clearinghouse report, the use of sanctions appears 
to markedly increase compliance with regulations.29  Finally, regulation under 



the Clean Water Act would also allow individuals and interest groups to file 
citizen suits, an action that can also increase levels of compliance with 
regulations.30    
 
 

Conclusion – Are Ballast Water Policies Working? 
  
Federal ballast water policies are working, in part, to stem the tide of aquatic 
invaders.  However, the potential for further invasions remains high, given the 
low compliance rates with current regulations.  Improving compliance rates 
requires stricter regulation of ballast water discharge, either via NAISA, through 
EPA NPDES permits or an alternative approach.  Until strict regulations are 
effectively implemented, U.S. waters will remain underprotected from the threat 
posed by aquatic invaders. 
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Introduction 
 
The protection of near shore habitats is essential to preserving the health of 
Pacific Northwest marine ecosystems.  The near shore environment provides a 
number of critical ecosystem services.  Sandy beaches, rocky shores, and 
eelgrass beds not only make significant contributions through primary 
production and nutrient cycling, but also by providing critical habitat for a 
variety of marine life.  Seabirds, shellfish, and juvenile and adult fishes may all 
utilize these resources for feeding, spawning, or resting during at least part of 
their life-history. 
  
Included among the fauna that depend on these habitats are the Pacific 
salmonids.  Notable in the Pacific Northwest because of their commercial and 
cultural importance - as well as their protected status - salmon species spend a 
portion of their juvenile life stage in the near shore environment (Miller et al. 
1977).  After migrating out from freshwater streams, chinook, chum, pink, and 
coho salmon are all known to reside in sand, gravel, and mud/ eelgrass habitats 
throughout Puget Sound and the Northwest Straits (Miller et al. 1977).  These 
habitats are apparently indispensable to early life-stage salmon because of the 
sanctuary they provide from potential predators, as well as the availability of 
food sources such as amphipods and isopods.  Additionally, tidal lagoons and 
pocket estuaries have been identified as important habitats for outmigrating fry 
entering the Sound (Beamer et al. 2003).  Many young individuals arriving from 
freshwater appear to utilize these areas as a refuge from larger predatory fish, 
before moving on to near shore and offshore habitats within the Sound (Beamer 
et al. 2003). 
    
The nearshore environment of the Puget Sound basin also functions as spawning 
habitat for forage fish - a major category of prey for salmon.  Pacific herring 
(Clupea pallasii), Pacific sand lance (Ammodytes hexampterus), and surf smelt 
(Hypomesus pretiosus) all utilize shoreline habitats for their reproductive 
activities.  Pacific herring lay their eggs on nearshore vegetation such as eelgrass 
in subtidal and intertidal habitats, while sand lance and surf smelt deposit their 
eggs in the intertidal zone of sand and gravel beaches (Penttila 2000).  Until 
recently, relatively little was known concerning the specifics of sand lance and 
surf smelt reproductive behavior in the Pacific Northwest.  However, thanks to 
advances in sampling techniques and a unique partnership between the 
Washington Department of Fish and Wildlife, the Northwest Straits 
Commission, and local non-governmental organizations, hundreds of additional 
spawning sites have been documented over the past decade.  It is currently 



estimated that upwards of 20% of the shoreline in the Puget Sound basin may 
support the spawning of one or more forage fish species (Penttila 2004). 
 
The reproductive success of forage fish is particularly relevant, given their 
importance to predators in Washington’s Puget Sound basin.  Pacific herring, 
sand lance, and surf smelt all function as major food sources within the region’s 
food web.  Endangered chinook salmon, for example, utilize herring and sand 
lance as their dominant prey items (Simenstad et al. 1979).  Rockfish, cod, and 
other salmon species consume significant quantities of forage fish as well.  A 
synthesis of research completed in northern Puget Sound and the Strait of Juan 
de Fuca indicates that these fish depend heavily on the energy inputs of herring, 
sand lance, and surf smelt, particularly as adults when consumption of 
crustaceans is de-emphasized (Simenstad et al. 1979, West 1997).  
  
Seabirds also rely on forage fish as a major food source.  Research has indicated 
that 19 species of marine or estuarine-associated birds in the region utilize small 
fish as their principal prey resource (Simenstad 1979).  Forage fish are a 
particularly important food item for alcid seabirds (family Alcidae) in the region.  
The rhinoceros auklet, tufted puffin, common murre, and the marbled murrelet 
all feed substantially on herring, sand lance, surf smelt (Simenstad 1979).  
Meanwhile, non-alcid species such as the Western grebe and common tern 
depend on forage fish as a primary food source (Simenstad 1979). 
 
Finally, forage fish are a major prey item for marine mammals in the region.  
Observational data and stomach content studies suggest that Harbor seals, sea 
lions, harbor porpoises, and Dall’s porpoises depend on these food items for a 
significant component of their diet (Bargmann 1998, Simenstad et al. 1979).  
Forage fish are also important to the survival of resident orca populations.  
Because salmon and other prey that orcas feed on are themselves dependent on 
forage fish, these resources indirectly help support the feeding activities of local 
pods found in Washington’s Inland Sea (Simenstad et al. 1979). 
 

Human Impacts to the Nearshore 
 
Unfortunately, near shore habitats in the Pacific Northwest are increasingly 
threatened by the cumulative impacts of shoreline modification and coastal 
development.  In Puget Sound, for instance, approximately one-third of the 
shoreline has already been modified through construction of artificial structures 
such as seawalls or bulkheads (Wash. Dept. Natural Resources 2003).  While 
such engineering may temporarily decrease the impact of waves on upland 
property, it also prevents the erosion of banks and bluffs which provide sand and 
gravel inputs for the intertidal ecosystem (Williams et al. 2001).  This sediment 
represents the raw material which, over long temporal scales, serves to replenish 
beach habitats.  Meanwhile, continuing wave action and littoral drift can cause 
loss of sediments seaward of the structure and result in localized beach loss.  In 



a worst case scenario, armoring of the shoreline can render the ecological 
functions of the intertidal zone nonexistent (Williams et al. 2001). 
      
Other structures built along the shoreline can be damaging to near shore 
habitats, as well.  Docks and piers which extend seaward from shore, cause 
shading and negatively impact subtidal eelgrass beds (Nightingale et al. 2001).  
Because eelgrass is dependent on light for photosynthesis, these structures tend 
to reduce the density of these important primary producers.  This can not only 
threaten the viability of herring spawning sites, but also be detrimental to the 
survival of numerous other species that reside in these habitats (Bargmann 
1998). 
 
Such cumulative degradation to the near shore environment threatens the 
sustainability of living marine resources in the Puget Sound basin.  As discussed 
above, a diverse assemblage of species is directly or indirectly dependent on the 
ecological services that these habitats provide.  Accordingly, impacts to the 
ecosystem resulting from shoreline development function as externality costs 
imposed on all parties that derive utility from a healthy Puget Sound.  
Furthermore, the restoration of habitats that have been degraded may not be 
feasible.  Despite the increase in knowledge related to forage fish reproduction, 
there is currently no known method to suitably replace or mitigate for degraded 
spawning habitats (Bargmann 1988).  Therefore, conservation of the near shore 
environment is critical to ensuring the long-term sustainability of the Pacific 
Northwest’s marine resources.    
     

A Unique Partnership 
   
In response to growing concerns over near shore habitat degradation, the 
Surfrider Foundation, the Northwest Straits Commission, and the Tulalip Tribes 
initiated the Northwest Salmon Beaches Project in 2003.  The pilot project seeks 
to identify priority habitats in San Juan and Island Counties, Washington that 
should be targeted for spatial protection.  This focus on habitat protection 
represents an ‘ecosystem-based’ approach to managing living marine resources 
in Washington State.  Clearly, single-species management is not sufficient to 
adequately protect salmon stocks and other commercially important populations.  
Accordingly, the project aims to transcend the traditional fisheries management 
paradigm, and incorporate broader considerations related to ecosystem health. 
   
The project also provides an opportunity for the Tulalip Tribes to assert their 
role as co-managers of the living marine resources in Washington State.  The 
Tulalip Tribes – along with 19 other tribal nations in Washington - have treaty-
reserved rights to take fish in their usual and accustomed (U & A) fishing 
grounds.  This management authority was reserved by the Tribes in a series of 
treaties in the 1800s, and was affirmed by a 1974 court decision by U.S. District 
Judge George Boldt (United States v. Washington, 384 F. Supp. 312, 344; W.D. 
Wash. 1974). 



 
The reserved right of Treaty Tribes to fish in these areas is rendered meaningless 
unless fish populations remain sufficiently abundant.  Critical to protecting these 
populations in U&A fishing grounds, is appropriate protection of near shore 
habitats.  Therefore, the Tribes are entitled to a significant role in ensuring the 
protection of the near shore environment.  This legal right has, in fact, been 
affirmed - both directly and implicitly - in court decisions relating to the United 
States v. Washington litigation (Goodman 2000).  Accordingly, the Northwest 
Salmon Beaches Project provides a means for the Tulalip Tribes to actively 
participate in the sustainable management of their fishery resources.  
 

Identification of Priority Habitats 
 
To identify priority habitats in the near shore of San Juan and Island Counties 
that should be targeted for protection, the Tulalip Tribes, the Northwest Straits 
Commission, and the Surfrider Foundation have convened a steering committee 
made up of scientists and key stakeholders.  Thus far, the work of the steering 
committee has included a legal review of existing federal, tribal, state, and local 
laws, as well as a compilation of relevant data sets for the region.  The data sets 
assembled include information on juvenile salmon habitat, spawning locations 
for forage fish, near shore habitat type, and cultural, recreational, and 
educational resources.  Where possible, these data sets have been incorporated 
as layers into a customized GIS product.  Additionally, GIS software has been 
used to complete a spatial analysis of habitats that: 1) have been documented to 
be used by juvenile salmon; 2) have been documented to support forage fish 
spawning; 3) have the types of habitat correlated with 1) and 2).  
  
With the work of Phase One of the pilot project completed, research priorities 
for Phase Two have been identified.  Specifically, studies are being designed to 
verify the ecological importance of habitats already targeted as priority locations 
for receiving spatial protection.  Studies will also be undertaken to address gaps 
in existing data sets related to juvenile salmon use of near shore habitats in the 
region.  Finally, research will focus on identifying areas where other critical 
habitats, species, or cultural, recreational, and educational resources overlap 
with these ‘salmon corridors’.  The steering committee will also work to provide 
education and outreach to relevant managers and stakeholders in the region. 
   
Based on the completion of Phase Two of the project, formal recommendations 
will be developed for a network of near shore protected areas in San Juan and 
Island Counties, WA.  These will be presented to the Tulalip Tribal Council for 
ratification through their rule making processes, and the Northwest Indian 
Fisheries Commission to be adopted as policy.  Parallel to these processes, the 
steering committee will hold public meetings in both counties to develop 
community-based support for the project’s recommendations.  Finally, the 
proposed network of near shore protected areas will be presented to the 
Washington Fish and Wildlife Commission to be recognized as state policy. 
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COASTAL ECOSYSTEM PROGRAMS 

 
Jennifer McCann, Pam Rubinoff and Stephen Olsen, 
University of Rhode Island Coastal Resources Center 

 
 

Abstract 
 
This special session (1 hour & 30 minutes) has two goals:  
 
1) Examine the evolution of successful initiatives at regional scales that have 
operated continuously for at least two decades.  
 
2) Challenge the audience to work with the panelist to apply lessons learned 
from this examination to two other less effective regional coastal ecosystem 
programs, including measuring outcomes. 
 
Stephen Olsen will present an analysis of three regional coastal ecosystem 
programs:  Wadden Sea (Europe), Great Barrier Reef (Australia), and the 
Chesapeake Bay (United States of America)). He will discuss the factors that 
appear to be most critical to sustaining these programs over the decades. 
Emphasis will be placed on the application and evolution of adaptive 
management; 2) institutional arrangements and governance processes; and the 
measurable environmental and societal outcomes that can be attributed to the 
efforts of each program, including how they were measured. 
 
Pam Rubinoff will then present the Gulf of California (Mexico) case study and 
Jennifer McCann will present the Narragansett Bay (Rhode 
Island/Massachusetts/Connecticut) case study, both comparing and contrasting 
the approaches and techniques presented by Stephen Olsen. 
 
The final 30 minutes of this session will be dedicated to a facilitated discussion 
between the panelists and the audience. Based on Stephen Olsen’s presentation 
as well as their own experiences, the audience will advise panelists on how to 
implement both the Gulf of California and the Narragansett Bay programs so 
that these regional efforts can increase their effectiveness. 
 
 
 



CAPE COD'S COASTLINE: GOING, GOING, GONE? 
 

Paul C. Ticco, Waquoit Bay NERR 
 
 

Abstract 
 
Coastal erosion, both temporary and permanent, is a natural geological process 
on most coastlines. Wind, waves, storm surges, overwash, and sea level rise all 
contribute to the loss of land. However, coastal erosion may also be caused by a 
myriad of human activities such as agricultural practices, urbanization, and the 
construction of seawalls and jetties. Moreover, the socio-economic effects of 
coastal erosion can be extensive including such problems as structural collapse, 
saltwater intrusion, a reduction in land and property values, septic and sewer 
system disruption, and the loss of valuable natural resources. Although the 
reasons for and the impacts of coastal erosion are numerous they are often very 
difficult to quantify. 
 
As a case study, the erosion of Cape Cod's shoreline is reflective—the natural 
loss of coastline augmented by land use practices and public policies that 
exacerbate the problem. This presentation will discuss the ongoing efforts to 
quantify both the physical loss of land, and the social and economic tolls that 
coastal erosion places upon the residents and visitors to Cape Cod, and offer 
coastal management solutions to combat the negative effects of shoreline loss. 
 



 
PERFORMANCE CRITERIA TO MEASURE ECOSYSTEM-BASED 

MANAGEMENT IN THE NATIONAL ESTUARINE RESEARCH 
RESERVE SYSTEM 

 
Michael P. De Luca, Rutgers University 

 
 

Background— System-wide Monitoring Program 
 
The NERR System is a network of estuarine protected areas established to 
address scientific and technical aspects of coastal management through an 
integrated, interdisciplinary, and coordinated approach (Kennish, 2003).  
Scientific research and monitoring programs, including the development of 
environmental characterizations and fundamental baseline information, provide 
the foundation for a science-based strategy to improve coastal management. 
   
The primary research objective for the NERRS is to “determine the causes and 
effects of natural and anthropogenically-induced change in the ecology of 
estuarine and estuarine-like ecosystems.”  Three programs support work towards 
this objective.  First, a Graduate Research Fellows (GRFs) program leverages 
academic thesis work on problems in applied estuarine science and coastal 
management.  Second, the NERRS operate in close partnership with the 
NOAA/UNH Cooperative Institute for Coastal and Estuarine Environmental 
Technology (CICEET) which provides grant funds for innovative research and 
development projects that improve our ability to reverse the negative impacts of 
coastal contamination and degradation.  Finally, each NERR site provides core 
support for a research coordinator and other staff members who have particular 
expertise in the estuarine sciences and established links with academic 
investigators and state and federal resource agencies. 
 
The NERRS also operates a System-wide Monitoring Program (SWMP) as a 
nationally-coordinated and standardized program designed to “track and predict 
short-term variability and long-term change in the integrity and biodiversity of 
representative estuarine ecosystems and coastal watersheds for the purpose of 
contributing to effective coastal management.”  The SWMP is a federally-
supported, comprehensive, and multidisciplinary program that has been 
implemented in three phases beginning in 1994: 
  
• Phase 1. Ambient Abiotic Parameters (including estuarine water quality, 

temperature, salinity, tidal range, turbidity, suspended nutrient loads, local 
meteorology); 

• Phase 2. Target Species, Habitats and Biotic Diversity (including water 
column chlorophyll, salt marshes, and submerged aquatic vegetation); and 



• Phase 3. Watershed and Land-Use Characterizations (including historical 
habitat changes, analysis of spatial patterns, and changes in consumptive 
and non-consumptive uses). 

 
Data management, quality control, and information delivery services are 
provided by the SWMP Centralized Data Management Office (CDMO) operated 
by the University of South Carolina.  In addition, each NERR also maintains a 
site-based monitoring program to track the status and trends in other ambient 
parameters (e.g. stream runoff, groundwater, contaminants), living estuarine 
resources (including threatened and endangered species, fish, shellfish, 
shorebirds, waterfowl, invasive species, habitat recovery), and visitor impacts 
that are relevant to local management concerns and scientific needs. 
 

Coastal Training Program 
 
Results of NERRS research and monitoring programs are used to support 
science-based management efforts through a Coastal Training Program (CTP).  
This program is designed to provide current scientific information and training 
to coastal decision-makers. Target audiences include municipal and county 
officials, regulatory agency staff, and recreational and commercial resource 
users, among others. Issues identified by these audiences include natural 
hazards, coastal erosion, and protection and restoration of coastal ecosystems. A 
variety of training methods, tailored according to audience preferences, are used 
by the reserves to address priority issues. Training events foster information 
exchange and skill building and often showcase successfully implemented 
applications of new scientific information and technologies. 
 

Performance Measures 
 
Criteria to measure results of science-based management efforts in the National 
Estuarine Research Reserve System (NERRS) are being developed.  Such 
criteria must enable coastal decision-makers to determine whether management 
efforts provide adequate protection for key land and water areas, and whether 
training programs support informed decisions at local scales.  This requires 
metrics that extend beyond simple parameters such as acres of wetlands 
preserved, numbers of permits issued or denied, or training in “best management 
practices.”  For example, the Coastal Training Program established by the 
NERRS aims to empower coastal managers with science-based information and 
technology to inform local environmental management.  Merely counting the 
number of individuals that received training does not indicate whether the 
training has led to implementation of new management strategies.  Criteria that 
measure revision of local master plans may be a more useful measure of 
program success.    
   
Experience of reserve staff with evaluation of educational programs is expected 
to assist development of useful performance criteria for tracking change in 



habitat and water quality.  Of particular interest are the concept strands that 
reserve staff are using to measure effectiveness of science-based teacher 
enrichment programs.  This approach, along with other emerging performance 
criteria will be presented for discussion.  Coordination of performance-based 
monitoring programs among the NERRS and the National Estuary Program also 
will be discussed. 
 

Next Steps 
 
A Performance Measure Workgroup has been formed by the NERRS to identify 
significant stresses and pressures placed on estuarine systems, and conditions or 
indicators that can be used to measure ecosystem change especially in response 
to management activities.  The Workgroup has begun to develop priority 
pressures to be addressed through the NERRS strategic planning process, and 
selection of metrics to analyze trends.  Ultimately, response measures will be 
developed to evaluate effectiveness of the NERRS with respect to strategic goals 
in the context of pressures placed on reserves and the condition of estuarine 
resources.  Final review of these measures will be conducted at the NERRS 
annual meeting scheduled for October 2004. 
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COASTWATCHING BY COMPUTER 
 

Pat Harcourt, Waquoit Bay Research Reserve 
 
 

Abstract 
 
Coastal systems form the dynamic interface between land and sea. Because of 
the number of factors interacting at the coast, conditions are extremely variable. 
Winds, tides, temperatures, and currents are just a few of the parameters 
affecting everything from erosion rates to plankton density. Development at the 
coast and in coastal watersheds brings nutrient loading, shoreline armoring, 
interruptions to sediment transport, and many other impacts. Monitoring the 
status of conditions in coastal waters is of great interest to both citizens and 
managers. 
 
With the development of the internet and improved instrumentation, coastal 
managers and concerned citizens now have access to specific and detailed 
information about conditions at many coastal sites. This session will include an 
introduction to some uses of coastal data for citizens, educators, and managers, a 
sampling of web sites where coastal data are collected and archived, and 
instructions for downloading and formatting data for your own use. 
 



EVALUATING MANAGEMENT EFFECTIVENESS: NOAA’S 
NATIONAL CORAL REEF ECOSYSTEM MONITORING PROGRAM 

 
Ruth Kelty, NOAA Centers for Coastal Ocean Science 

 
 

Abstract 
 
Coral reefs ecosystems are under threat from multiple stresses that are 
overwhelming their natural resilience - 27% of the world’s coral reefs have been 
effectively lost due to human activities and climate impacts; an additional 32% 
are seriously threatened (Wilkinson 2000). In response, Congress appropriated 
$71M between FY2001 and 2003 to support mapping, monitoring, restoration, 
research, management, and education for coral reef conservation. Responsible 
policymakers need to take an unbiased look at what we’ve achieved in return for 
this investment in coral reef ecosystems. Has our money been well spent? Has it 
been spent on the right things? Is there something more we should be doing?  
 
NOAA’s National Coral Reef Ecosystem Monitoring Program (Monitoring 
Program) is a tool for evaluating coral reef ecosystem management efforts and 
identifying the changing needs of coral reef ecosystems and their users. The goal 
of the Monitoring Program is to build a scientific basis, create state and territory 
capacity to monitor the status and trends in the condition and function of U.S. 
coral reef ecosystems, and to use the state of the reef to evaluate the 
effectiveness of management. The Monitoring Program cumulates in the 
production of biennial State of the Reefs reports. In this presentation, I articulate 
the Monitoring Program goals and objectives, identify questions central to 
evaluating the state of coral reef ecosystems, and define critical program 
functions and corresponding performance criteria and measures. Applied 
examples for biological and socioeconomic monitoring are offered. 
 



MAINSTREAMING POPULATION AND GENDER INTO ICM: THE 
CRC WILD INITIATIVE 

 
Elin Torell, URI Coastal Resources Center 

Lesley Squillante, URI Coastal Resources Center 
 
 

Introduction 
 
For over three decades, the Coastal Resources Center (CRC) has worked with 
partners to develop strategies for effective management of coastal 
environments—formulating and refining policies and actions to promote a better 
balance between coasts and the people who inhabit them. Core to this work has 
been the underlying principles of empowerment, equity, and sustainable 
development. Yet, CRC recognizes that the challenge of achieving sustainable 
coastal resource use, conserving biodiversity, and enhancing the quality of life 
of coastal people is made much more difficult by the reality of rapidly 
expanding coastal populations and the lack of equity for certain segments of the 
population, especially women. Although integrated coastal management (ICM), 
gender, and population organizations share a common interest in sustainable and 
equitable development of coastal areas, each group views the coast through a 
different lens: 
 
• For ICM practitioners, coasts are threatened eco-systems where 

participatory planning, policies, and institutions will lead to sustainable 
economic development and the protection of unique biological resources. 
For example, human activities threaten 60 percent of the world’s coral reefs. 

• For gender specialists, coasts are settings of inequality in which men, 
women, and their children have different levels of access to productive 
resources, resource decisionmaking, and leadership opportunities. For 
example, women comprise two-thirds of the world’s illiterates—
contributing to their exclusion from decision-making at many levels. 

• For population specialists, coasts are sites with high birth rates, increasing 
numbers of economic and ecological migrants, rapid urbanization, and 
globalization and tenuous food security. For example, by 2025, 75 percent 
of the world population will live within 150 km of the coast. 

 
Although the global community has recognized the importance of environment, 
gender, and population linkages in the action agendas for Rio, Cairo, and 
Beijing, CRC observed that there has not been enough collaborative or 
synergistic work among ICM, gender, and population organizations. If ICM is to 
make its full contribution to equitable sustainable development, then coastal 
managers must team with others to find ways to better integrate gender equity 
and population concerns into their plans, programs, and policies. This can only 
be done through asking and analyzing difficult questions, such as: 



• Who is moving to the coast, what are the driving forces behind migration, 
what do the newcomers need, and how does one mitigate the impacts they 
have on the coastal environment?  

• How can women gain a meaningful voice in planning and decisionmaking 
for their coastal community, including, but not limited to, decisions on how 
resources are used, who benefits from those uses, and alternative ways of 
doing what has always been done? 

 
There are a number of factors that have kept ICM practitioners from considering 
the issues of gender equity and population in their programs. Turning the tide 
requires investments within three areas that constitute the core of CRC’s 
Women in Leadership Development (WILD) initiative: 
 
• Acquire “how to do it” knowledge and/or access to the right tools. The 

common tools and techniques that ICM practitioners use to progress 
through the ICM planning cycle, especially at the site level, rarely deal 
explicitly either with population trends or gender issues. The challenge is to 
adapt or combine elements of ICM tools with aspects of gender and 
population tools to take a more integrated and holistic approach to what is 
being done. 

• Integrate gender and population into the jobs of all individuals working 
within ICM projects. While each ICM practitioner does not need to be a 
gender equity or population expert, they do need to have an understanding 
of how these two topics impact the coastal management work they carry 
out. This includes having a role in helping ensure these issues are woven 
into or mainstreamed into the program work. 

• Develop a repertoire of tangible examples of experience, tools, and findings 
on how ICM projects have addressed population and gender issues. Until 
there is substantial experience and sharing of that experience, actions to 
mainstream gender and population in ICM programs and replication of 
successful processes to do so will remain sporadic and inefficient at best. 

 
The WILD initiative 

 
The WILD initiative began in 2001, when CRC was awarded a small grant from 
the David and Lucile Packard Foundation’s Population and Environment 
Program. This grant, together with funds from the United States Agency for 
International Development (USAID) and the U. N. Intergovernmental Oceanic 
Commission (IOC), and in-kind technical support from the World Conservation 
Union (IUCN) helped CRC organize a number of activities, including:  
 
1. The Mainstreaming Gender, Population and Leadership into Coastal 

Management Programs Workshop (July 12-13, 2001) brought together a 
diverse group of academics, scientists, field practitioners, advocates, and 
donors with a common interest in the challenges of and solutions for better 



mainstreaming gender and population considerations into coastal programs 
and vice versa.  

2. A Special Session on Integrating Gender into Mainstream Coastal Programs 
at the International Coastal Zone 2001 Conference (July 17, 2001). 

3. Contributions to agenda-setting for the Oceans and Coasts segment of the 
World Summit on Sustainable Development (WSSD) (December 3-7, 
2001)—through presentations, publications, and participation in multiple 
preparatory events.  

4. Publication of the winter 2001 InterCoast newsletter #41, entitled “Gender, 
Population, and the Environment: Finding Common Ground for Coastal 
Managers.”  

5. Publication of an adapted version of the paper presented at the WSSD 
preparatory conference (“Cross Currents: Navigating Gender and 
Population Linkages for Integrated Coastal Management”) in Tropical 
Coasts (2002) newsletter and in the Journal of Marine Policy (2003). 

 
The experience gained through the first phase of WILD activities inspired CRC 
to embark on a larger follow-on project to mainstream population and gender 
issues in ICM. This second phase, WILD II, again primarily funded by the 
Packard Foundation and USAID, began in December 2002. CRC invited 
representatives from eight ICM initiatives (Mexico, Indonesia, Fiji, Tanzania, 
Kenya, and the Philippines) to take part in a learning network to test various 
tools to mainstream gender and population. This included working with partner 
organizations, such as the Population Reference Bureau (PRB) and the World 
Conservation Union (IUCN), to provide training and technical assistance to the 
field sites. WILD II has two overarching objectives: 
 
• Population and gender equity issues are routinely being considered at all 

stages—i.e., at the design, implementation, and evaluation stages—of 
participating coastal and marine conservation programs. 

• Knowledge, tools, experience, and lessons learned on how to integrate 
gender equity and population change considerations into the design and 
implementation of coastal and marine conservation programs is being 
broadly disseminated among an active network of coastal practitioners; 
gender, population, and environment specialists; major nongovernmental 
organizations; and selected members of the donor community. 

 
The first major undertaking of this second phase of the initiative was a learning 
workshop, held at the University of Rhode Island’s Alton Jones Campus in 
February 2003. Attended by 25 participants from eight field sites and partner 
organizations, the workshop provided training and assisted the field teams to 
prepare action plans for mainstreaming population and gender in their projects. 
This workshop also marked the beginning of the ICM-population-gender 
learning network. The network, which currently consists of the Alton Jones 
workshop participants, allows the team members to have a continuous dialogue 
through an e-mail listserve. The listserve is complemented by an interactive 



website that will eventually expand to allow participation and communication 
with other external audiences interested in learning how to better link gender 
and population and ICM or who can offer experience and learning from their 
own initiatives. The hope is to expand the participation and means of 
communicating as the initiative matures.  
 
Following the Alton Jones workshop, field teams began implementing their 
action plans, applying new and adapted approaches and tools for mainstreaming 
gender and population in ICM. Each field site has two assigned mentors from 
CRC and partner organizations. These mentors assist the team in verifying and 
adapting their assumptions, action plans, and tools. Mentors or others with 
gender, population, and coastal management expertise provide short-term, on-
the-ground technical assistance to the teams. Team members also help each 
other through listserve dialogue and cross-team visits. Progress to date in the 
field sites include: 
 
In Indonesia, field participants, through the Sustainable Coastal Resources and 
Environmental Center (SCREEN), and technical assistants from the Population 
Reference Bureau, have implemented a training program on Participatory 
Coastal Demographic Appraisal in North Sulawesi. The objective of this 
training was to build capacity of SCREEN and partners in Minahasa to conduct 
participatory coastal demographic appraisals as part of community-based coastal 
management planning processes.  
 
In the Philippines, the WILD team was invited to and participated in a PRB 
and Save the Children led workshop on population, health, and environment 
linkages. To quote, one of the two Philippines WILD team members who 
attended: 
 
“The challenge for population, health, environment advocates like me is to 
create a mindset in the communities where we work – a mindset that 
acknowledges the inter-relatedness and inter-dependency of these populations, 
health and the environment and sees the bigger picture rather than the success of 
individual strategies and activities.” (Rey G. Bendijo) 
 
In Mexico, field participants are working with the Population Reference Bureau 
to develop and implement a demographics-mainstreaming workshop. They have 
also worked with CRC technical assistants to implement their action plans. 
 
In Tanzania, the field participants and local and international resource experts 
facilitated gender and population mainstreaming workshops at the national and 
district levels. The workshop goal was to promote inclusion of gender and 
population elements into existing ICM work plans. A member of the Kenyan 
WILD team was also invited to participate in the workshop.  
 



Field interventions have included limited testing and adaptation of tools. For 
example, in the recent Indonesia participatory coastal demographic appraisal 
workshop and field practicum PRB and SCREEN used a traditional coastal tool 
– village mapping – but linked it to the use of the DemProj software and to an 
adapted tool developed by PRB’s John Williams. In the Tanzania workshop, 
technical assistants prepared a workbook/manual that integrated gender and 
population elements for the first time.  The expectation is the adapted tools, 
workbooks, and other resources that are outputs from these workshops can then 
be replicated in similar workshops conducted by other WILD teams. In the 
remaining ten months of this grant there will be a greater emphasis on sharing 
and testing of tools and lessons learned.  
 
One important aspect of the WILD initiative is its focus on disseminating and 
communicating results and lessons learned both internally and externally. In 
addition to the listserve, interactive website and site visits, teams are also 
preparing case studies which will be presented, discussed, and revised during a 
second learning workshop in mid-2004 and compiled into a case study series 
that will be widely shared and used in training. Lessons learned are also 
disseminated through conferences and publications. 
 
The WILD initiative has provided an opportunity for CRC to work with an 
expanded and inter-connected network of field sites towards a common goal—
documenting and sharing experience as we all work to make the principles of 
stewardship and sound coastal governance an operational reality. At the CRC 
home office in Rhode Island, CRC is tracking the overall progress of the WILD 
initiative through a set of project-wide indicators. CRC is using methods such as 
the outcome mapping technique developed by International Development 
Research Centre to track its own and its partners’ successes and failures as 
together they attempt to change behavior. The very different contexts of the field 
sites that are participating in the WILD initiative helps CRC and its partners 
better understand the adaptations that are necessary when applying governance 
principles, including gender and demographic aspects, to diverse local 
conditions. 
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MEASURING THE IMPACT OF COASTAL MANAGEMENT:  HOW 
DO WE MAKE INDICATORS WORK? 

 
Elizabeth Mills, NOAA Office of Ocean and Coastal Resource Management 

 
 

Abstract 
 

Government agencies at the international, national, regional, state, and local 
scales use indicators to assess the performance of governance processes for 
coastal management.  Yet, given the complexity of governance processes, 
crafting performance measures that effectively track the outcomes of their 
efforts is very difficult.   
 
As part of an on-going effort by the National Oceanic and Atmospheric 
Administration (NOAA) to assess the effectiveness of the Coastal Zone 
Management Act (CZMA), the National Coastal Management Performance 
Measurement System serves as one example of a national-level system of 
coastal management indicators.  The primary goal of this system is for NOAA to 
work with the states to track indicators of effectiveness of coastal management 
programs and estuarine research reserves.  Because the CZMA provided the 
states with the flexibility to tailor programs to their unique resources and issues, 
it has been difficult to quantitatively demonstrate the national impact of these 
programs.  Thus, NOAA has sought to quantify program performance at the 
national scale through the National Coastal Management Performance 
Measurement System.  The system consists of a suite of performance indicators 
to track how well the states are achieving CZMA objectives and contextual 
indicators to track environmental and socioeconomic factors that influence 
program actions.  Currently in its pilot phase, the National Coastal Management 
Performance Measurement System is based on long-term monitoring, 
observations, and data collection so that trends in coastal resource use and 
management impacts can be better understood.  
 
While coastal management programs and estuarine research reserves participate 
in the National Coastal Management Performance Measurement System, many 
also track other indicators related to program-specific goals for planning, 
management, and budgetary purposes at the state level.  Some programs also 
participate in efforts to track environmental indicators at the regional scale.  A 
panel working on indicators at these various levels will provide insight into how 
indicator efforts are used and coordinated among the coastal management 
community to provide information for improved management and government 
decision-making.   
 
A representative from NOAA will provide an overview of the international, 
national, and regional efforts to develop indicators for coastal management.  A 
representative from NOAA’s Office of Ocean and Coastal Resource 



Management will discuss the indicators of the new National Coastal 
Management Performance Measurement System and how they are being used to 
improve planning for and reporting on the federal-state coastal management 
partnership established under the Coastal Zone Management Act. 
Representatives from state coastal management programs and estuarine research 
reserves will discuss how they use indicators and how their indicator 
information informs state, regional, and national indicator efforts.  This panel 
will provide insight into how indicators are developed, benefits and challenges 
to using indicators, varying uses of indicators at different scales, and the 
complementary nature of a range of indicator efforts related to coastal 
management governance.   
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FISH GROWTH MODELING: GROWTH OF THE EUROPEAN 
ANCHOVY IN THE TAGUS ESTUARY, PORTUGAL 

 
Rita Susana O. Monteiro, Modeling of the Marine Environment 

 
 

Abstract 
 
An effective management of the fisheries resources requires an understanding 
and the ability to predict fluctuations in abundance and biomass production. In 
this work a growth model is developed for individual fish and correspondent fish 
population in a coastal ecosystem, using the European anchovy (Engraulis 
encrasicolus) in the Tagus estuary (Lisbon, Portugal). The model involves two 
distinct sub-models: the individual growth model (IGM) and the population 
growth model (PGM). Individual fish biomass varies in each life stage as a 
function of its metabolic characteristics, food availability in the environment, 
and water temperature. The PGM is simulated in four different scenarios. From 
the comparison of the scenarios’ results it is concluded that: (1) when a 
population is less fit (due to environmental stress), its growth is exponential as 
in an ideal situation, but with a wicker growth; (2) the application of fishing law 
restrictions that save juveniles and young-of-the-year adults (<19cm) builds a 
fish population that tends to stabilization. The evolution of the population 
growth model to include movement rules according to the environmental 
preferences of the fish is crucial to get closer to the real world. To manage the 
fishing activity in a more sustainable way, it is recommended gathering and the 
processing of field data that permits the development of a more close to the 
reality model that includes each site characteristics and their influence on the 
evolution of the fish populations. 
 



 

GREENWICH BAY SPECIAL AREA MANAGEMENT PLAN: 
APPLYING TECHNICAL TOOLS FOR GOVERNANCE 

 
Glenn Ricci and Megan Higgins 

 
 
The Rhode Island Coastal Resources Management Council (CRMC) is 
coordinating with towns, government agencies, and community organizations to 
prepare the Greenwich Bay Special Area Management Plan (SAMP). This 
SAMP poses unique governance challenges in that it focuses on a highly urban 
coastal area at a watershed scale. The SAMP process has employed two 
examples of technical tools to fit the needs of influential stakeholders – the 
Technical Committee and the Citizens Advisory Committee. 
 
The Technical Committee, consisting of members of government agencies, 
universities, and municipalities, provided data and expertise within specific 
areas related to the Greenwich Bay SAMP.  The Technical Committee presented 
the data using technical tools, such as Geographic Information Systems (GIS) 
maps, a website devoted entirely to the SAMP process, and a listserve, to 
identify pollution sources, assess water quality, recommend habitat restoration 
projects, and designate public access sites, among others.  The information 
generated by using these tools laid the foundation of the science-based policies 
proffered by the technical staff in order to attain the goals of the SAMP.       
 
The CAC, another integral part of the development of the SAMP, provided 
guidance and advice to the Technical Committee on the content of the SAMP by 
reviewing and editing draft chapters.  The CAC also promoted public awareness 
and understanding of the SAMP.  In order to assess the effectiveness of the 
CAC, a survey was given to the CAC members during the initial planning stage 
of the SAMP process.  To do so, the public’s perceptions of the planning and 
participation process, along with their knowledge and skills, were quantitatively 
measured.  The results of the survey served as a baseline of the citizens’ 
perception of the SAMP process, as well as the adaptability of the process 
throughout the completion of the SAMP.    
 

Governance Tools of the Technical Committee 
 
A geographic information system inventory of identified resources within the 
Greenwich Bay watershed allowed members of the Technical Committee to 
present best management practices as they pertained to such SAMP chapters as 
water quality, recreational use, habitat, cultural assets and public access.  A 
presentation by the Technical Committee on recreational use of Greenwich Bay 
by using GIS maps, for example, allowed members of both the Technical and 
Citizens’ Committees to visualize best management practices that need to be put 
in place. 



 

Quantitatively Measuring Perceptions of Fairness: Citizens’ Advisory 
Committee 

 
CRMC dedicated a significant amount of time and resources to establish the 
CAC for the purpose of developing trust and providing a fair planning process. 
If successful coastal governance is based on shared decision-making between 
the government and the public, then there needs to be a tool to measure the 
effectiveness of public engagement. To assess whether this was an effective 
investment, CRMC designed a questionnaire that was easy to administer, 
accurately measured perceptions of fairness, and provided quantitative results to 
allow comparisons over time. 
 
Although most natural resource agencies have incorporated public participation 
programs into their decision-making processes, the evaluations of such programs 
are often based on vague and subjective analyses of fairness, equity, and justice 
(Syme et al. 1999, Bellamy et al. 1999). Participation programs cannot be 
effectively evaluated in regards to fair or equitable processes if the determinants 
of such terms are unclear. For SAMP purposes, counting the number of people 
attending meetings or the number of submissions received would be an 
inaccurate indicator of a fair process.  
 
Therefore, the questionnaire was designed based on studies from the social 
justice field of research. These studies provided accurate indicators for fairness 
and trust as well as an opportunity to conduct applied research in the SAMP 
process for determining how and when people make judgements of fairness and 
trust. Using social justice theories as an integrating framework, perceptions of 
trust and fairness can be constructively measured at an early stage of a public 
participation process and applied into the ongoing planning process in order to 
make improvements. 
 

Methodology 
 
The goal of the Greenwich Bay survey was to test a method for coastal 
managers to quantitatively evaluate the public’s perceptions on a planning 
process and use the results to adapt their activities. This study used past 
procedural justice research of stakeholders’ evaluations of an environmental 
public participation process by Lauber and Knuth’s (1999) as a guide in 
identifying the possible criteria people use to make fairness judgments. Scales 
and items used in previous research were modified where appropriate in order to 
address issues specifically associated with the Greenwich Bay SAMP. 
 
Nine criteria of fairness were assigned to four major constructs. These constructs 
and criteria include those to measure perceptions of: 
 
Receptivity 

• the government is neutral during the process (Neutrality);  



 

• the government is honest during the process (Honesty); 
 
Adequate Voice  

• all stakeholders have an equal opportunity to participate (Opportunity);  
• all important viewpoints are adequately represented (Representation);  
• all stakeholders have the opportunity to voice their opinions (Voice); 

 
Influence 

• stakeholders have influence in the planning proposals (Influence);  
 
Accountability 

• stakeholders receive quality feedback from the agencies (Feedback);  
• the government is basing proposals on accurate data (Accuracy); and  
• information was easily attained, understandable and timely (Access).  

 
Eight additional criteria, related to judgments of the quality of the process, were 
also used in this study. Although these criteria are only indirectly related to 
fairness, they can have an important influence on procedural justice judgments. 
They included the coastal managers’ knowledge; citizens’ advisory group 
knowledge; citizens’ trust of the coastal managers; citizens’ past experiences 
with coastal managers (history); frustration with the process; and expectations 
for public involvement, time element, and overall fair process. Finally, CAC 
members were asked for their preferences on how CRMC could improve the 
current process. 
 
The questionnaire targeted members of the CAC who represented prominent 
community groups in the planning area. A total of 15 questionnaires were 
distributed and 14 were returned (93% response rate).  The mean value of all 
items in each scale were calculated to produce a value for that scale, which 
indicated the stakeholders’ perception or judgment of that construct. Using these 
means, four broader composite constructs were created to measure stakeholders’ 
perceptions of fairness. 
 

Results and Applications 
 
Results from the study were presented in a scorecard framework. Scores were 
broken down for each interest group that responded. The four fairness constructs 
were easily compared with participants’ overall perception of the process. 
Values between these four constructs differed and therefore provided specific 
guidance in how the process should change. Levels of trust and historical 
experience with the coastal managers were higher than expected. Eighty-five 
percent of respondents thought the formation of a citizens’ advisory committee 
was beneficial for actively engaging the public. Finally, respondents provided 
guidance into the type of public involvement they preferred for completing the 
planning process. 
 



 

The scorecard provided managers with a quick summary of how various interest 
groups perceived multiple variables that constituted the public participation 
process. Changes were made based on the results, such as giving citizens more 
time to speak at meetings and reinforcing how their input was influencing the 
plan. CRMC also found the scorecard useful for communicating their progress 
to State legislators. While the results confirmed many of the qualitative 
statements of which the managers were aware, obtaining actual numbers related 
to perceptions allow the managers to track trends over this planning process and 
into future activities. 
 

Conclusion 
 
Successful governance is a reflection of both the appropriateness of technical 
tools and how the information generated by using those tools is applied and 
perceived.  In the case of the Greenwich Bay Special Area Management Plan, 
there were several tools used to improve the governance values of 
accountability, transparency, and overall fairness.  Equally important to 
developing information using the tools is assessing how the information is being 
communicated and interpreted.     
 
In order for a coastal manager to be truly responsive to the public and adapt the 
policy-making process, a tool similar to the one used for the Citizens Advisory 
Committee to evaluate perceptions must be used.  Providing results 
quantitatively also assists the coastal manager in understanding long-term 
trends.   
 
The technical tools applied by the SAMP were well received by the public 
because the coastal managers maintained a high level of trust of the involved 
citizens; therefore, the data is more likely to be incorporated into the decision-
making process. 
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Introduction 
 

In August 2003, dissolved oxygen dropped to near-zero in Greenwich Bay, a 
large cove on the west shore of Narragansett Bay, R.I.  The anoxic event killed 
millions of small menhaden and juvenile soft-shelled clams, galvanizing public 
and political awareness of nutrient pollution in Narragansett Bay.  Moreover, the 
fish kill highlighted the need to better manage Narragansett Bay’s ecosystem in 
a context of intense and ongoing human activity throughout its watershed.   
 
The effort to improve Narragansett Bay’s management reflects evolving 
approaches toward estuarine environmental policy over the last several decades.  
In the 1960’s and 1970’s, Rhode Island was a national leader in the first wave of 
coastal environmental protection.  In 1965, the state was the second in the nation 
(after Massachusetts) to protect coastal wetlands with the Intertidal Salt Marshes 
Act (R.I.G.L. § 11-46-1 et seq.).  In 1971, Rhode Island became one of the first 
states to enact a coastal zone planning statute, the Coastal Resources 
Management Act (R.I.G.L. § 46-23-1 et seq.).  Also in 1971, the Rhode Island 
Freshwater Wetlands Act (R.I.G.L. § 2-1-18 et seq.) was enacted, establishing 
the statutory protection for inland wetlands that remains today. 
 
In recent years, as it has become apparent that regulatory approaches alone are 
insufficient to protect coastal ecosystems, coastal managers and policymakers 
around the country have increasingly turned to “ecosystem management,” which 
seeks collaborative, watershed-based solutions to environmental problems.  This 
paper will briefly analyze existing structures of coastal governance and water-
quality management in Rhode Island, and explore new, ecosystem-based 
approaches toward improving the state’s ability to manage and restore the 
natural resources of Narragansett Bay. 
 

Physiographic & Socioeconomic Setting 
 
Narragansett Bay is an estuary on the U.S. East Coast, with an area of 
approximately 328 km2 and an average depth of roughly 8.3 m (Pilson 1985).  
The Bay is distinguished by several large islands in its lower reaches, which 
divide the estuary into three large north-south oriented channels: the West 
Passage, East Passage, and Sakonnet River.  The south end of the Bay is open to 
the Atlantic Ocean, with salinities on the order of 30 parts per thousand and tidal 
ranges of approximately 1 m typical of the lower Bay (NOAA 2004).  The 
northern end of the Bay is, conversely, dominated by freshwater inputs from 



Figure 1: Narragansett Bay 

several large river systems, notably the Pawtuxet, Blackstone and Taunton 
Rivers (Pilson 1985).  In addition, there are several poorly-flushed sub-
embayments associated with the estuary, notably Greenwich Bay to the west and 
Mount Hope Bay to the northeast. 
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As a result of its physical complexity, Narragansett Bay is ecologically diverse, 
with a variety of coastal habitats.  Extensive salt marshes are interspersed with 
beaches and rocky shores.  Sea grass beds are scattered about the lower Bay, 
though they were undoubtedly more widespread at one time (Kopp et al. 1997).  
Small tidal ponds provide habitat for waterfowl and shellfish, while large river 
systems support seasonal runs of anadromous fish. 
 
The watershed of Narragansett Bay supports a good deal of cultural and 
socioeconomic complexity as well.  The Bay’s watershed is approximately 4300 
km2 in area, of which roughly 60% lies in Massachusetts and the remainder in 
Rhode Island (NBEP 2001).  It is home to roughly 2 million residents in 100 
cities and towns.  The first textile mill in America, Slater Mill, was built in 1790 
on the shore of the Blackstone River, and for nearly two hundred years 
thereafter the area was a worldwide center of manufacturing, particularly with 
respect to textiles and metals-based industries, attracting immigrants from much 
of Europe as well as French Canada.  Today, much of the late 19th century/early 
20th century industrial base is gone, but the land surrounding the northern 
reaches of the Bay, in Rhode Island and Massachusetts, remains heavily 
urbanized.  New waves of immigrants, primarily from Southeast Asia and Latin 
America, are moving into the urban centers.  The land surrounding the southern 
portions of Narragansett Bay and the outlying areas of the watershed were, until 
recently, largely rural, but today these areas are rapidly suburbanizing. 
 

Existing Governance Structure 
 

The majority of Narragansett Bay lies within Rhode Island, with the exception 
of a small portion of Mount Hope Bay.  However, more than half of the Bay’s 
watershed lies in Massachusetts, and two of the Bay’s three largest river systems 
(the Blackstone and Taunton Rivers) originate in Massachusetts.  The Bay is the 
nearest salt water for many for many Massachusetts residents, including those 
from Fall River, Taunton and the Attleboros, and so a large proportion of the 
Bay’s recreational users are from Massachusetts.  It is clear, therefore, that the 
involvement of both Rhode Island and Massachusetts is necessary in managing 
Narragansett Bay’s ecosystem.  Until recently, however, there has been little 
interstate cooperation in environmental management.  As will be seen below, 
this situation is beginning to improve; however, unlike the Chesapeake Bay, 
there is not at present an interstate compact or agreement establishing shared 
responsibility for management of Narragansett Bay. 
 
Even within Rhode Island, Bay governance is somewhat fragmented (R.I. 
Senate 2004).  As in most states, fisheries, water quality, and inland wetlands 
are managed by an executive-branch agency, the R.I. Department of 
Environmental Management.  The state’s coastal zone management agency is, 
conversely, a legislative council with regulatory authority, the R.I. Coastal 
Resources Management Council.  The council is responsible for coastal 
planning and permitting, including aquaculture and coastal wetlands.  In recent 



years the two agencies have made great strides toward improving cooperation 
and eliminating programmatic duplication.  Nevertheless there remain 
inconsistencies between the two programs—for example, between water quality 
and coastal use classifications on Narragansett Bay (R.I. Senate 2004). 
 

Collaborative Approaches:  The Narragansett Bay Estuary Program 
 
The Narragansett Bay Estuary Program (NBEP) was initially established by 
Congress in 1985 as a pilot watershed management program.  In 1987, with the 
creation of the National Estuary Program under the U.S. Clean Water Act, the 
NBEP became one of 28 National Estuary Programs around the country.  Since 
completion of its Comprehensive Conservation and Management Plan for 
Narragansett Bay in 1991, the NBEP has worked to protect and restore the Bay 
by promoting collaboration and by ensuring that the best available scientific 
information is incorporated into resource management decisions. 
 
Some of NBEP’s recent accomplishments: 
 

• Developed the first comprehensive inventory of the Bay’s coastal 
habitats; 

• Developed a scientific process to analyze/prioritize coastal habitat 
restoration sites; 

• Established Rhode Island’s first interagency approach to coastal habitat 
restoration planning and implementation; 

• Sponsored the first Rapid Assessment Survey for invasive species in 
Narragansett Bay; 

• Developed a white paper for the R.I. General Assembly on 
recommendations for ballast water management; 

• Established and coordinated the first collaborative Bay-wide surveys of 
dissolved oxygen; 

• Established and continues to publish the Narragansett Bay Journal, a 
quarterly publication covering all aspects of the Bay and its watershed;  

• Organized the Narragansett Bay Summit 2000, an interdisciplinary 
conference which resulted in the establishment of an interstate Bay 
stakeholders’ group, the Partnership for Narragansett Bay; and 

• With Massachusetts, established the first interstate grant program for 
watershed actions to improve the environment of Narragansett Bay. 

 
Following the August 20, 2003 fish kill on Greenwich Bay, R.I., Governor 
Donald Carcieri convened the Governor’s Narragansett Bay and Watershed 
Commission, an interstate stakeholders’ commission to seek collaborative 
solutions to Narragansett Bay’s environmental problems.  The commission 
replaced the Partnership for Narragansett Bay and has adopted many of the 
partnership’s actions and approaches.  The commission first met in January 
2004.  Also in early 2004, the two chambers of Rhode Island’s General 
Assembly each convened hearings and produced reports recommending similar, 



collaborative approaches toward improving planning and management of 
Narragansett Bay.  At the time of this writing, the outcome of these several 
initiatives is uncertain; nevertheless, it seems likely that the three approaches 
will converge into a single, interstate mechanism with both executive and 
legislative-branch involvement.  Already it is clear, however, that each of these 
initiatives is built, at least partially, on the foundation laid by the NBEP’s 
collaborative efforts over the past decade.  The NBEP is involved in each of 
these efforts, and will certainly contribute to the solution that emerges. 
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Abstract 
 

Providing for residential growth, fostering economic development, and 
protecting natural resources of coastal lands requires a balance between the built 
and nonbuilt environments.  A variety of factors come into play, including land 
values, the abundance of natural resources, real estate market trends, local 
ordinances, and community character.  Tools that allow communities to analyze 
and visualize how such factors may play out are needed to help foster discussion 
and informed local decision making for managing coastal development. 
 
The "Alternatives for Coastal Development" Web site is one such tool, 
illustrating three hypothetical designs for a single development site in coastal 
Georgia.  This collaborative project is designed to serve as an educational tool 
that the NOAA Coastal Services Center’s state-level partners can share with 
local constituencies.  Included are conventional, new urbanist, and conservation 
development scenarios for the project site and a comparative analysis of selected 
components of each scenario produced with geographic information system 
(GIS)-based planning and visualization software.  
 
In the project Web site, GIS maps and a triad of environmental, economic, and 
social indicators measure differences among the alternatives presented.  The 
indicators allow users to consider the overall benefits and costs of selected 
components of the three site designs, while the maps and three-dimensional 
representations help users visualize the impacts of various design components.   
 

Introduction 
 

Coastal management programs are charged with balancing coastal economic 
growth and the conservation of natural resources for the benefit of all residents.  
Coastal population growth creates management issues that include dramatic 
increases in the number of new residential subdivisions.  While local 
governments exert, or have the potential to exert, enormous influence on local 
and regional development patterns, many are unequipped to deal with the 
current development pressures.  Through this project, state-level organizations 
such as the Georgia Coastal Management Program and Georgia Conservancy 



will provide local officials and citizens with needed tools for understanding and 
encouraging low-impact development practices in their communities.   
 
Working collaboratively, and with input from a variety of experts, the National 
Oceanic and Atmospheric Administration’s Coastal Services Center, the 
Georgia Coastal Management Program (CMP), and the Georgia Conservancy 
developed three hypothetical development alternatives for a residential area in 
coastal Georgia.  Economic, environmental, and social indicators were 
calculated and compared for each scenario in an effort to capture many of the 
costs and benefits associated with various development design components.  The 
complete project is available on-line (www.csc.noaa.gov/alternatives) and aims 
to provide specific examples of how alternative development options can impact 
environmental, economic, and social factors.  The Web site also includes project 
maps and 3-D graphics to help users visualize how alternative design 
components might look. 
 

Background 
 

In Coastal Georgia, local governments are tied to development through zoning, 
planning processes, and other regulatory hooks designed to help local officials 
guide growth within their jurisdictions.  As coastal counties experience 
continued population growth, many local officials are seeking resources to assist 
with low-impact growth planning.   
 
During the last five years, the Georgia CMP has documented a 100 percent 
increase in permits issued for community dock facilities, which are often 
associated with waterfront or marshfront residential developments.  Such 
developments usually involve large tracts of land that have been under single 
private ownership or commercial timber harvest.  Many smaller parcels of land 
are also important because they are adjacent to or potentially impact sensitive 
natural resources like salt marshes.  Because the program’s jurisdiction in these 
developments is primarily limited to structures built on or adjacent to the marsh, 
i.e., boardwalks, docks, bridges and bulkheads, or to structures built next to 
dynamic dune fields, permitting programs have limited means for influencing 
the final impact of a coastal development.  Therefore, the coastal program is 
promoting low-impact design and construction alternatives to help balance the 
need for residential housing with the need for resource conservation.  
 

Project Methodology 
 

The team worked to define the project conceptually and to select appropriate 
software to carry out the scenario comparisons.  Early on, an audience analysis 
helped the group to better define end products and to ensure that project outputs 
would meet the needs of coastal resource managers and others working to 
address coastal growth issues.   
 



A workshop setting was used to develop three hypothetical scenarios based on 
real development trends across the country as well as geographic base data for 
the coastal Georgia site.  At the workshop, team members and additional invited 
experts broke into three groups, and each group drafted an initial conceptual 
design for one scenario.  Each of the scenarios highlights design components 
typical of either conventional, conservation, or new urbanist development 
trends, although none of the project designs represent actual development at the 
site.  Each group developed a list of key features of its design and highlighted 
smart growth components.  As the initial designs were refined, these features 
were used by the team to select a final suite of indicators and to ensure that 
quantitative and qualitative comparison between the scenarios would be 
meaningful.  Post-workshop refinements were made based on review across 
teams and from knowledgeable outside reviewers.  Once complete, the site 
designs were converted into digital format for use in ArcView® GIS software. 
 
The final indicators were chosen for their relevance to all three scenarios, their 
ability to highlight differences among the designs, and the availability and level 
of detail of required inputs.  The team recognizes that there are many other 
important features that were outside of the scope or feasibility of this project.  
The selected indicators were calculated from direct measurement of features in 
the GIS files of each design using ArcView software and the CommunityViz® 
software extension.  For indicator calculations requiring cost information, costs 
appropriate for coastal Georgia were incorporated as inputs.  The indicator 
estimating pollutant runoff from each design was measured using GIS shapefiles 
in the SGWater module of the U.S. EPA's Smart Growth Index software.  An 
indicator methodology section on the Web site allows users to view inputs, 
assumptions, and calculations for each measure. 
 
The team also developed spatially referenced, photorealistic 3-D scenes and 
animations from selected portions of each scenario using Visual Nature Studio® 
3-D visualization software.  GIS shapefiles from each alternative scenario were 
used to place roads, lots, and ecosystems within the landscape.  The 3-D scenes 
supplement the scenario indicators and site maps by further illustrating 
differences in the character and feel of the three development alternatives, such 
as layout of the streets, land use, vegetation, relative density, and housing mix.  
 

Measured Results 
 

Eleven indicators were grouped into a triad of categories: environmental, social, 
and economic.  Some of the indicators are appropriate in more than one of the 
three categories, as shown in Table 1 below. 
 
Environmental indicators were used to help measure the impacts to natural 
conditions estimated to result from each scenario.  The open space indicator 
helps illustrate the differences among the scenarios’ impacts.  For example, 
approximately 71 percent of the conservation scenario was preserved as open 



space.  Comparatively, the conventional design preserved only 15 percent of the 
site for open space, and the new urbanist design preserved approximately 67 
percent of the site.  For the purposes of a more thorough indicator analysis, the 
project team also considered subcategories of the open space indicator to 
account for lands that that are left in their natural state versus lands that are 
maintained or mowed. 
 

Table 1. Project Indicators 
Environmental Economic Social 

Open Space Cost of Infrastructure 
(Roads, Sewer and 
Water Lines) 

Open Space 

Path, Trails, and 
Sidewalks  

Cost of Paths, Trails, 
and Sidewalks 

Paths, Trails, and 
Sidewalks  

Docks  Cost of Land Clearing Dock  
Vegetated Buffers Potential Net Revenue Walkability 
Water Consumption   
Impervious Surface   
Pollutant Runoff   

 
Economic indicators were used to estimate variations in costs attributable to 
design differences in the three scenarios.  Among the economic indicators are 
the costs to develop roads, sewers, and water.  The conventional scenario 
resulted in the highest cost ($8,910,653) because of the wide road network 
comprised of many cul-de-sacs.  The conservation scenario, which focused on a 
compact design and open space preservation, resulted in the lowest costs 
($6,750,070) due to the reduced total length of those services.  The new urbanist 
scenario, which focused on high-density compact design, resulted in costs in the 
middle of the range ($8,808,855).  While the new urbanist scenario’s gridded 
road system and inclusion of alleys caused the price of the roads alone to be 
higher than the conventional design, the compact new urbanist design adjusts the 
water and sewer needs so that the total infrastructure costs are less than the 
conventional design. 
 
The social indicators measured aspects of the development designs that can 
enhance or detract from community life.  The option of walking, rather than 
driving to work, errands, or recreation areas, benefits residents by providing 
alternative modes for children or the elderly who may not have access to 
vehicles.  The walkability indicator in this project was defined as a distance of a 
quarter mile from residential parcels to open space and commercial parcels.  
Because the project study area is small, all three scenarios identified 100 percent 
of the study site as walkable to open space.  Thirty percent of the conventional 
design is walkable between residential and commercial parcels, while the new 
urbanist and conservation results were 84 and 23 percent. 



Conclusions 
 

When striving to find the delicate balance among residential growth, economic 
development, and natural resources, a variety of factors come into play, 
including land values, the abundance of natural resources, real estate market 
trends, demographics, local ordinances, and community character.  Coastal 
communities need information and tools to help them analyze, visualize, and 
make decisions about growth and development.  The “Alternatives for Coastal 
Development” project provides these through hypothetical designs; 
environmental, economic, and social indicators; and visualizations. 
 
The Georgia CMP will use this project as a tool that it can offer to local officials 
through one-on-one contact and presentations at council and commission 
meetings.  Interactive presentations of the Web site will help link officials with 
on-line resources and examples of communities that are successfully coping 
with overwhelming growth pressures.  The CPM also provides educational 
opportunities to public audiences via its 30-foot mobile classroom called the 
Coastal Ark.  Mobile presentation of the Web site and project results at local 
programs, workshops, and public festivals and events will offer a critical venue 
for building public support for low-impact design and development principles. 
 
The Georgia Conservancy will utilize the project in its Blueprints for Successful 
Communities program, which provides technical assistance to help communities 
chart their future in ways that preserve community character and protect valued 
resources.  Georgia Conservancy staff members will use the project tools and 
educational materials as they conduct community visioning and design 
workshops that include a cross-section of community leaders, professional 
planners, architects, engineers, and others, and that result in a strategic planning 
guide for the community. 
 
The NOAA Coastal Services Center maintains the project on its Web site as a 
resource for the larger coastal resource management community.  While the 
project site is specific to Georgia, the issues, results, and accompanying 
information are not.  Coastal managers across the nation may use the site to help 
promote dialog among coastal managers, planners, local government officials, 
developers, and citizens, and to help diverse stakeholders visualize what type of 
future development they would prefer to see in their area. 
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