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Forward

The whole is equal to the sum of its parts. That�s one way of looking
at The Coastal Society. The strength of TCS rests with its 300+
members � a diverse group of professionals representing academia,
government, the nonprofit arena and the private sector. TCS is small
enough to be effective, but large enough to have a voice that can be
heard above the confusion of issues. 

As TCS enters its 25th year, we can look back on our history and
celebrate our success at addressing emerging marine and coastal
issues. We have been successful at bringing new information to the
table and providing a forum for discussion and debate. TCS was
forged in the mid-1970's by a handful of people from across the
country working with newly established programs in coastal, fisheries
and ocean management. More than 25 years later we recognize and
celebrate the accomplishments of many of these people and look
ahead to many more years of success in addressing emerging issues.

The 25th Anniversary comes at an interesting time for our nation � a
time when, 30 years after the Stratton Commission, the country has
two Commissions focused on the management and policies that shape
our coasts. The Commissions must hear from all sectors in order to
fully understand the state of our coasts and make sound policy
recommendations for its future.

Our 18th International Conference carries on the TCS tradition and
will make valuable contributions to the Commissions� work. The
conference explores interrelationships among the physical, ecological,
cultural and political currents that converge at the coast.  This
exploration comes in the midst of changes sweeping the Gulf region,
the nation and the world.  The conference theme, Converging
Currents, is divided into sub-themes based on three tiers of
geographic resolution:

• Coastal Watersheds and Estuaries � Exploring the
Vital Lind Between Land and Water

• Ecosystem Perspective at the Regional Scale � The
Gulf of Mexico Case Study

• Nation Treasures and the International Commons �
Ocean Resources in the 21st Century. 

Our morning plenary sessions and papers focus on these sub-themes.
Panelists challenge participants to simultaneously think locally,
nationally and internationally as they consider solutions to emerging
coastal and ocean issues.



Afternoon concurrent sessions and papers fine-tune the focus within
each geographic tier following four tracks

• Physical characteristics that define ecological and
human interactions

• Ecological relationships, environmental health and the
need for sustainability

• Cultural and economic influences on resource
stewardship

• Political and legal tools and their influence on
resource stewardship.

The papers in this volume bring new information to the table and
provide a stimulus for discussion and debate.  Many ideas come from
folks with 25 or more years of history with coastal and marine issues.
And many other ideas come from a new generation of bright,
energetic students and professionals. It is an awesome combination
and provides hope for the future of coastal and ocean management.
The whole is indeed equal to the sum of its parts.

Our proceedings this year are offered in digital format on CD. We
hope that you continue to find this format beneficial.

Walter Clark, TCS President
Kristen Fletcher, TCS 18 Program Chair & Proceedings Editor



SPECIAL NOTE ON THESE PROCEEDINGS

The Table of Contents is organized according to the program in place
at the time the Proceedings were sent to the printer. Conference
attendees are encouraged to check the Final Program, distributed at
registration, and the Conference Bulletin Board for changes to the
schedule listed in the Proceedings.

This volume includes those papers that were available at the time of
printing. There are no papers on the Plenary Sessions or Luncheon
Addresses. The Coastal Society hopes to publish summary reports on
several of those presentations not included here in the TCS BULLETIN
during the coming year.

The Editors have attempted to list the papers in this Proceedings in
the order in which they were scheduled to be presented at the
conference. Papers in the Poster Session, that are not also included in
the technical sessions, are listed alphabetically by first author.

Please Note: To allow you to track the TCS 18 themes, we have noted
the theme area for each session listed in the Table of Contents. The
notations are:

PHYSICAL:  Physical characteristics that define
ecological and human interactions

ECOLOGICAL: Ecological relationships,
environmental health, and the need for sustainability

CULTURAL: Cultural and economic influences on
resource stewardship

POLITICAL/LEGAL: Political and legal tools and
their influence on resource stewardship
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SOUTHEAST TEXAS ISOLATED WETLANDS AND THEIR ROLE IN 
MAINTAINING ESTUARINE WATER QUALITY 

 
Andrew V. Sipocz, Texas Parks and Wildlife 

 
 

The Supreme Court invalidated the EPA’s Migratory Bird Rule in early 2001.  
The EPA had used this rule to broaden federal Clean Water Act (CWA) 
oversight to virtually all wetlands based on their use by migratory birds.  The 
Court stated that CWA jurisdiction required an additional nexus to federal 
interests such as a wetland’s ability to positively affect the biological, chemical 
and physical integrity of interstate waters.  These include all tidal waters and 
their tributaries (SWANCC 2001).  The Court did not dispute the ability of 
wetlands to positively affect the quality of this Nation’s waters, but rather 
wanted proof of this ability.  The disputed wetland brought before the Court had 
neither a surface nor subsurface connection to other waters and therefore could 
not appreciably affect the water quality of nearby interstate waters.  Shortly after 
the Supreme Court published their decision the US Army Corps of Engineers 
(USACE) and Environmental Protection Agency (EPA) stated the importance of 
avoiding “artificial lines” and instead using knowledge of hydrologic cycles, 
aquatic biology and the causes of water pollution (Guzy and Anderson 2001) to 
scientifically document CWA jurisdiction. 
 
The Galveston District of the U.S. Army Corps of Engineers implements CWA 
regulation on the Texas coast.  They determined that many freshwater wetlands 
lying outside of the 100-year floodplain of rivers and streams were isolated from 
interstate (tidal) waters and no longer protected under the CWA.  This 
determination assumes that these wetlands are not part of the surface hydrologic 
system, and instead are runoff sinks without significant outflows and therefore 
do not affect the quality of interstate waters (Galveston District 2001).  This 
stripped CWA reviews from most flatwoods, farmed wetlands, prairie potholes 
and sloughs (Moulton and Jacob 2000).  There are approximately 3.3 million 
acres of freshwater wetland on the Texas coastal plain.  They are the most 
rapidly decreasing coastal wetland type in Texas and are being lost most rapidly 
from the Galveston Bay and nearby estuarine watersheds (Moulton et al. 1997).  
This study evaluated the potential for freshwater isolated wetlands to positively 
affect water quality by documenting their role in the surface hydrology of 
southeast Texas estuarine watersheds. 
 

Study Area 
 
The study area boundaries reflect a region whose hydrology is controlled by a 
uniform climate and similar geologic history (Barnes 1992).  It encompassed 90 
miles of coastline from Houston to Sargent and included watersheds of the 
Cedar Lakes and western Galveston Bay estuaries.  Three specific study sites 
were chosen based on the following criteria: 
1. the sites contained a relatively undisturbed mosaic of isolated wetland and 

upland typical of that geologic formation, 



2. they occurred over the range of the study area’s geologic history, and 
3. they occurred on pubic lands that were accessible and where detailed 

information on topography, soils and wetland boundaries was known or 
could be easily derived. 

The sites chosen include the west half of the Nannie M. Stringfellow Wildlife 
Management Area (1,575 acres), the east half of the Armand Bayou Nature 
Center (822 acres), and the northeastern portion of the Addicks Reservoir (1,255 
acres).  Site boundaries included the area’s highest elevation down to the nearest 
interstate water or tributary. 
 
The Nannie M. Stringfellow Wildlife Management Area study site (NMWMA), 
near the town of Sweeney, slopes from an elevation of 20 degrees along a 
watershed divide down to the tidal waters of Cedar Lakes Creek.  The creek is 
the main stream of the Cedar Lakes estuary.  The site occurred on clayey 
sediments deposited by the Colorado River since the last glacial episode 
(Holocene) but is no longer flooded by the River and is not within its watershed. 
  
The Armand Bayou Nature Center study site (ABNC) straddled a watershed 
divide and included lands sloping down from 25’ eastward into Taylor Lake and 
westward into Armand Bayou.  The two watershed units were studied 
separately.  Both waterways are tertiary tidal embayments of the Galveston Bay 
estuary.  The site occurred on a clayey coastal terrace known as the Beaumont 
Formation.  The Brazos River deposited this terrace during the Pleistocene. 
 
The Addicks Reservoir (Addicks) site included the upper watershed of Turkey 
Creek and slopes from 112 to 95 feet in elevation.  The site was within the upper 
end of large diked area that temporarily detains runoff during extreme rainfall 
events.  The wetlands within this site could be considered jurisdictional due to 
their location within the 100-year flood plain created by the dikes, but were no 
different physically and biologically than those on surrounding lands outside of 
the Reservoir.  Vegetation and wetland hydrology are not significantly affected 
by the rare and short-lived inundation events within the diked area. Turkey 
Creek is a tributary to Buffalo Bayou which is a tributary to the Galveston Bay 
estuary.  The Addicks site occurred on the Lissie Formation, a coastal terrace 
deposited by the Brazos River during the Pleistocene prior to the Beaumont. 
 

Methods 
 
A model developed for a coastal plain stream with soil, vegetation and slopes 
similar to those of the study sites was used to estimate average annual runoff 
(HDR 1998).  Runoff volumes were estimated by multiplying the average 
annual percent runoff from the modeled watershed by the average annual 
precipitation for each study site.  The result expressed in feet was then 
multiplied by the acreage of hydrologic group D soils found within the pertinent 
watershed to arrive at a volume with acre-feet as its units.  Group D soils are 
those most capable of generating runoff.  Runoff volume estimates were 
comparable with those of other studies (Newell et al. 1992). 
 



Watersheds were delineated at each site using current and historic USGS 7.5-
minute quadrangle topographic maps.  These were field checked with color 
infrared 1-meter pixel digital orthoquads (DOQs) as well as direct observation 
of flow during runoff events.  The DOQs illustrated even slight elevation 
differences that resulted from differences in soil moisture and vegetation (TOP 
1995).  Drainage patterns were determined using topographic maps, DOQs, on-
site observation during runoff events, drift lines, and culvert placement. 
 
Wetland boundaries were delineated using DOQ’s with field checks.  The 
delineation for the NMWMA site was previously approved by the USACE, 
while delineations at the other sites were purposefully conservative and also 
used approved delineations as checks.  Wetland delineations and drainageways 
were overlain the DOQs to derive watershed sizes for isolated wetlands and thus 
the average annual runoff that passed through the isolated wetlands.  
Observations during runoff events verified that estimates were reasonable. 
 

Results 
 
The study sites are underlain with vertic clays or soils containing clay layers that 
seasonally perched precipitation above or near their surface due to their 
extremely slow infiltration rates when wetted.  This preponderance of poorly 
drained soils resulted in 24% of annual precipitation leaving the sites as runoff.  
Isolated wetlands were numerous with the greatest percentage found on the 
geologically youngest sites.  Furthermore, isolated wetlands occurred within 
drainage ways and collected runoff from surrounding uplands.  They emptied 
into the next down slope wetland, stair stepping runoff to the bottom of the 
watersheds.  Most upland runoff was channeled through isolated wetlands.  
These chains of wetlands merged towards the bottom of the watershed to 
produce a few outfall points into interstate waters (tidal or tidal tributaries).  
High precipitation rates led to large average annual outfall volumes (Table 1). 
 
Study Site 
(acres) 

Isolated 
Wetland (IW) 
(acres) 

IW 
Watershed 
(acres) 

Average Annual 
Volume of IW 
Outfall (acre-feet) 

Percent 
Study Site 
Runoff 
Through IW 

NMWMA 
1,575 

914 1,371 1,432 87 

ABNC/Taylor 
414 

105 381 387 92 

ABNC/Arman
d 408 

77 222 226 57 

Addicks Res. 
1,255 

163 873 791 70 

 
Table 1.  Amount and watershed size of isolated wetlands and their capacity to 
influence study site runoff. 



Discussion 
 
Isolated wetlands often originated as ancient river channel scars reworked by 
aeolian erosion (i.e. wind deflation) into circular ponds (Aronow 1999).  This 
explained their local topographic position slightly below surrounding uplands 
and fed by a watershed 4 to 5 times their size.  A large amount of isolated 
wetland also resulted from the vertic action of clay soils.  These “gilgai” 
wetlands had smaller upland watersheds, but were more numerous and usually 
received runoff from upslope wetlands.  The ABNC/Taylor and NMWMA 
contained large isolated wetlands formed on backswamp deposits.  These 
backswamp wetlands occurred at the bottom of the sites and received almost all 
study site runoff before outfalling directly into tidal waters. 
 
Surface runoff was conveyed between isolated wetlands by broad shallow 
drainages locally known as interbasin flats or sloughs.  These were usually 
identifiable on the DOQs but were not shown on USGS topographic maps other 
than as disconnected marshy areas.  The backswamp wetlands emptied via v-
shaped gullies apparently too small or short to be illustrated on USGS 
topographic maps.  The inability of USGS topographic maps to depict the 
hydrologic connections between freshwater wetlands and tidal waters or their 
tributaries may have influenced the USACE determination that study site 
wetlands were isolated. 
 
The entire watershed of the Cedar Lakes, Christmas Bay, Chocolate Bay, West 
Bay, Moses Bay, Dickinson Bay, and Clear Lake embayments are located within 
the coastal plain study area.  The vast majority of these watersheds are 
undeveloped or farmed.  Aerial photographs show a repetition of the isolated 
wetland drainage system on other undeveloped lands, largely used as pasturage.  
Farmed lands in this region show a similar pattern though wetlands are partially 
filled and their outlets have been enlarged to speed drainage. 
 
Ground water input into these estuaries is relatively small as evidenced by the 
lack of base flow in tributary streams between rainfall events.  Most stream flow 
is derived from rainfall runoff.  Ample runoff pollution sources exist within 
these estuarine watersheds.  Aerial deposition of pollution is estimated to 
contribute approximately 15% of the total Galveston Bay nitrogen load while 
cattle waste and improper septic tank installation are ubiquitous in the region 
(GBNEP 1994).  Freshwater wetlands within the study area are abundant and 
well positioned within the hydrologic pathway to provide substantial attenuation 
of runoff pollution destined for these estuaries.  Though not shown as such on 
maps, freshwater wetlands are the upper tributaries of the region’s estuaries and 
are not truly isolated from them. 
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HYDROLOGIC AND BIOGEOCHEMICAL IMPLICATIONS FOR 
ECOLOGICAL INDICATORS 

 
By Dan Giffin  

 
 
Introduction 
 
The estuaries of the North Carolina coast are a valuable resource for fisheries 
and recreation. However, they have become increasingly stressed in the last 
several decades. As of 1994, 18 of the 26 commercially important coastal North 
Carolina fish species were showing signs of stress from water quality 
degradation or overfishing (NC CFC, 1994). Degradation of the water quality 
and habitat of these important resources has been linked to fish kills, closed 
shellfish harvest areas, harmful algal blooms, and some unsafe swimming areas. 
 
Studies suggest that human population growth, especially in coastal areas, is the 
cause of most of these problems (Maiolo and Tschetter, 1981). Human 
population growth impacts the health of the estuarine environment via pollution 
from nonpoint sources (e.g. agricultural and stormwater runoff) and pollution 
from point sources (e.g. water treatment plants and chemical spills), and habitat 
loss or alteration (e.g. deforestation, loss of wetlands, dredging and trawling). 
Available evidence implicates pollution in the form of nutrient enrichment as the 
primary cause for much of the estuarine degradation observed in North Carolina 
(DEM, 1980). An effort to address this particular problem was made by the 
North Carolina General Assembly when they enacted recent legislation to 
reduce nitrogen loading in the Neuse River by 30 percent (N.C. House Bill 
1402). In addition, several programs (e.g. ambient monitoring system and 
biological assessment programs) have been enacted by the North Carolina 
Division of Water Quality (DWQ) to better manage water quality in basin-wide 
areas. However, nitrogen loading is not the only cause of estuarine water quality 
degradation. It is important to note that other potentially important agents of 
water quality degradation such as pathogens, heavy metals, carcinogenic organic 
chemicals, and destruction of habitat may exert impacts on water quality equal 
to that of nutrient enrichment. However these other agents have not received the 
attention and scrutiny of nutrient loading (NCDENR, 2000). 
 
Several programs have been established to monitor ongoing water quality of our 
estuaries and to assess the progress of any protective measures that have been 
enacted. For example, USEPA and NOAA have jointly initiated an 
Environmental Monitoring and Assessment Program (EMAP) that includes 
North Carolina estuaries. These programs are typically reactive, responding to 
perceived causes or �hot topics�, and focus on a single problem area. In 
addition, many of these efforts are not coordinated between other parties. These 
programs therefore lack an appropriate temporal and spatial perspective and do 



not consider the entire physical (geologic, hydrologic), chemical and biological 
components of these complex estuarine systems in their studies. 
 
In addition, many of the assessment parameters used in these programs, such as 
the index of biotic integrity (IBI) and the invertebrate community index (ICI) 
(Karr et al, 1986), were developed for freshwater streams and lakes and have 
problems when adapted to saline estuarine environments since they were 
developed for wadeable waterbodies and freshwater biota. Developing sampling 
equipment that will not be destructive of habitat and developing a list of 
indicator biota for saline systems has proved more difficult in estuarine 
environments (USEPA, 1999). Accordingly, the NCDWQ acknowledges that 
their estuarine monitoring program is still in the process of being defined and 
has been working in conjunction with N.C. Division of Marine Fisheries (DMF) 
to develop better indicators.  
 
The purpose of this study is to, (1) evaluate the current parameters and 
indicators used to determine ecological health in North Carolina estuarine 
systems using a hydrologic, biogeochemical approach and, (2) propose a more 
coordinated and integrated method(s) of assessing changes that impact the 
overall health of the estuarine environment. Proposed changes to the water 
quality parameters currently measured would take into consideration the limited 
resources available for monitoring programs and therefore try to determine a 
fast, reliable, economical set of indicators.  
 
Background 

Biological and Chemical Interactions 
Physical forcing agents strongly influence the biological and chemical dynamics 
of these estuarine systems. Mixing and stratification affect DO concentrations, 
temperature, nutrient distribution, salinity, suspended sediment concentrations, 
and related sorbed materials. The mixing zone of the turbidity maximum is 
especially important because of the high oxygen demand of resuspended 
sediments (Nelson et al, 1994). This mixing zone is also an area of high 
nutrients and is often the zone of maximum chlorophyll a, and is frequented by 
herbivores such as menhaden (Friedland et al, 1996). This is also an area where 
OM resulting from algal blooms leads to a drawdown of DO by microbial 
heterotrophs. Removal of dissolved metals (Fe, etc.), phosphorus and humic 
material also occurs in this area due to cation exchange, flocculation, and 
because of its� nature as a transition zone from fresh to saltwater.  
 
All of these processes consequently affect light limitation of primary and 
secondary productivity, which is why there is a preponderance of nuisance algal 
blooms in these areas. River discharge, and subsequently residence time, along 
with temperature have strong correlations with algal biomass because of their 
impacts on nutrient flux. Reductions in river discharge, especially during 
summer months, lead to increases in water residence time increases in the 



estuary, and allows a buildup of nutrients. These elevated nutrients in turn foster 
algal growth. 
 
Temperature also affects migration and reproduction of biota, estuarine 
circulation and mixing, and the equilibrium of gases, especially those of volatile 
organic compounds. DO concentration is inversely proportional to temperature 
(Mann, 2000). As a result, DO declines with seasonal warming of the water, 
which may act to compound the stress of aquatic organisms during the summer 
when metabolic demands are highest. 
Other impacts not normally taken into consideration, but with possibly large 
contributions to an estuary, are the low DO concentrations and additional 
nutrient fluxes of groundwater flow into the estuaries (Valiela et al, 1990). 
  
Water Quality Indicators 
 
It can readily be seen from the brief review presented here that many physical, 
chemical and biological forces are at work in the estuarine environment. In order 
to properly evaluate the effects that occur from pollution and nutrient 
enrichment in an estuary, it is necessary to develop a comprehensive parameter 
list for monitoring. Without adequate knowledge in any one of these forcing 
areas, it is impossible to properly evaluate the mechanisms controlling the health 
of our estuaries. 
 

Physical and Chemical Parameters 
A list of representative physical and chemical indicators to be monitored for in 
the estuarine environment should include the following at a minimum: 
 

• Physical- temperature, salinity and/or conductivity, total suspended 
solids (TSS), water clarity, pH, river discharge and residence time 

 
• Chemical- dissolved oxygen, nutrients such as nitrogen and 

phosphorus, chlorophyll a, dissolved organic matter (DOM), heavy 
metals, total organic carbon (TOC) or chemical oxygen demand (COD) 
and biological oxygen demand (BOD), fecal coliform 

 
Most of the parameters presented here are direct measurements of the biologic 
and chemical interactions previously explained with the exception of TOC, 
COD, BOD and fecal coliform. TOC measurements are useful as indicators of 
the organic content of a water sample. Increased TOC will coincide with 
increased oxygen deprivation. Both BOD and COD can be used as proxies for 
TOC, however TOC provides a more direct measurement of organic content. 
The measurement of BOD levels can also be quite useful for indicating the 
presence of organic waste. BOD levels of 6 ppm and above indicate an 
organically polluted water body. Fecal coliform is included here as an indicator 
of water quality to determine suitability for aquatic and human health.  
 



Biological Indicators 
The development of biological criteria for water quality monitoring was the 
result of an attempt to measure habitat health and stress on an ecosystem scale. 
Under Sections 303 and 304 of the Clean Water Act, USEPA directed States to 
adopt biological criteria in their water quality standards during the 1991 to 1993 
timeframe (USEPA, 1999). This was a move away from the individual stressor 
method of monitoring to a more comprehensive approach for ecologic 
assessment, which encompasses an effort to address diffuse source degradation 
of biologic integrity. However, for many years prior to this, ambient biological 
assessments had been used to evaluate natural resources (Davis, 1995). Many 
indices, such as the Shannon-Wiener diversity index and the Index of Well 
Being (Iwb) (Gammon, 1976), were developed before the introduction of the IBI 
by James R. Karr in 1981. The IBI is now probably the most widely used biotic 
index in combination with the ICI since both the IBI and ICI have been 
demonstrated to be very successful in the freshwater applications for which they 
were developed. Many other indices have subsequently been proposed in 
attempts to improve on problem areas of the IBI and for other environments, 
such as estuaries, where the IBI has not been readily applicable. 
 
Several relatively new benthic indexes have been developed for use in estuarine 
environments that appear to have overcome the problems of applying freshwater 
indices to saline habitats. These are the benthic trophic state index (BTSI) 
(Rizzo et al, 1996), the benthic index of biotic integrity (B-IBI) (Weisberg et al, 
1997), and the concept of exergy (Jorgensen et al, 1995). 
 
The BTSI was developed for Virginia and North Carolina waters based on 
recent research in the Gulf of Mexico where a benthic index was designed that 
denoted macroalgal communities as degraded or undegraded based on a set of 
environmental metrics (Engle, 1994).  The Gulf of Mexico benthic index is 
composed of three elements: the Shannon-Wiener diversity index, the proportion 
of total benthic abundance as tubificid oligochaetes, and the proportion of total 
benthic abundance as bivalve molluscs. The use of this specific oligochaete 
family has been shown to be a good indicator of the relationship of high 
organics and resultant low DO. In these conditions, tubificids are nonexistent or 
represented by only one or two taxa (Brinkhurst and Simmons, 1968). The use 
of polychaetes and oligochaetes as indicators has also been applied in tidal 
creeks in South Carolina where it was found that polychaetes were dominant in 
high salinity areas and oligochaetes were dominant in low salinity areas 
(Holland et al, 1997). The major limitation of this benthic index is that it cannot 
be used to identify the cause of stress to the benthos.  
 
Following along these lines, the BTSI looked at differences between 
heterotrophic habitats that require complex organics (C, N, P) for metabolism 
and photoautotrophic systems that only require CO2 or carbonates and inorganic 
N. The BTSI is based on simple metabolic functions by determining the ratio of 
gross production to respiration (P/R). Respiration increases relative to 



production and production also tends to decrease when stress is encountered in a 
biotic system (Odum, 1985). A ratio of 1.0 shows a balance between 
photoautotrophic and heterotrophic systems, whereas a value <l.0 indicates 
heterotrophy, and a value >l.0 shows autotrophy. BTSI scores were compared 
based on salinity, sedimentary composition, and depth to determine how these 
parameters effected habitat environment. Results of the BTSI indicator 
comparisons in these various environments indicated that mesohaline sandy and 
shallow sandy-mud sediments were very photoautotrophic whereas the deeper 
sandy mud and intertidal muds were heterotrophic. In oligohaline environments 
results were variable. For this reason, and the fact that the BTSI has large 
variability (up to l.0) due to seasonality, it should be used with care. 
 
The B-IBI was designed for use in the Chesapeake Bay as a multimetric 
approach to address the benthic monitoring of a physically and biochemically 
complex and diverse estuarine system (Dauer et al, 2000). It was originally 
tested using 17 candidate metrics to measure species diversity and productivity, 
species composition and distribution, and trophic composition. Taxa were 
chosen based on their sensitivity and ability to indicate pollution stress 
(Weisberg et al, 1997). Responses between impacted and minimally affected 
references sites were used to compare the effectiveness of the metrics. Several 
precautions are applicable to the use of this index, such as its use in stratified 
waters and in tidal freshwater environments. Samples need to be partitioned by 
depth in order to evaluate stratification effects. The freshwater data set was 
small and not subsequently validated and would require further study prior to 
use in this environment, however use of a freshwater IBI could easily be 
substituted. Overall, the B-IBI was found to very effective in highlighting 
hypoxic conditions and poor biotic conditions, but cannot distinguish natural 
versus anthropogenic input. The B-IBI was subsequently used as one part of a 
three response indicator system that looked at the B-IBI as the biological 
response component, and exposure variables and watershed variables as the 
remaining two components (Dauer, 2000). Once again, salinity and sediment 
type were the main factors in defining habitats. The B-IBI was narrowed down 
to 11 metrics from the original 17 to define the same biotic conditions 
previously described. Exposure variables were identified as: bottom water DO 
concentrations of sediment contaminants (heavy metals, PAH�s, PCB�s, DDT) 
total N, P, and chl a in the water column. Watershed variables selected were: 
land use patterns, population density, point and non-point sources of N and P. 
Correlation analysis was performed to test for the relationships of possibly 
degraded sites versus unimpacted reference sites and for conditions between 
these two endpoints. This analysis was quite effective for linking causative 
pollution factors to partially impacted and fully impacted sites.  
 
The concepts of exergy and specific exergy are derived from thermodynamics 
and were adapted to show shifts in species composition and trophic structure. 
Exergy is used to represent the biogeochemical energy of a system (Jorgensen et 
al, 1995). It is estimated on the thermodynamic energy of genes in a system and, 



if the biomass of this system remains constant in time, any variation of exergy is 
a function of structural complexity of the biomass and can be termed specific 
exergy. A recent study along an estuarine entrophication gradient showed that 
exergy and specific exergy could be useful indicators as replacements for 
species richness and biodiversity (Shannon-Wiener�s Index) metrics (Marques et 
al, 1997). It should be noted that the exergy concept uses genetic mapping and 
this data is still rare in published form. 
 
Microbial metabolism has been looked at as a possible indicator since the entire 
health of an estuary may rely on microbial health. Recent studies on a National 
Estuarine Research Reserve (NERR) site in Maryland have been working on 
bacterial growth efficiency (BGE) which is the efficiency with which bacteria 
convert dissolved organic matter to biomass. Drs. del Giorgio and Newell of the 
Horn Point Laboratory, Center for Environmental Studies, University of 
Maryland are investigating the usefulness of this type of indicator, however their 
studies have only looked at microbe activity in the saltmarsh and the findings 
are too preliminary to consider BGE use in a comprehensive indicator program. 
 
Status of North Carolina Estuarine Monitoring 
 
North Carolina has developed a basinwide approach to assessing water quality. 
This approach has worked well for fresh water systems, however it is still in a 
state of flux when it comes to determining how estuarine water quality is to be 
monitored. The Environmental Services Branch (ESB) of DWQ monitors 
biological, chemical and physical parameters in estuaries using a variety of 
methods. Biological sampling is currently measured using the Estuarine Biotic 
Index (EBI). This is simply a measure of taxa abundance of all 
macroinvertebrates collected and gives a semi-qualitative general indication of 
species present (NCDEHNR, 1997). This is a substantial reduction in the 
amount of metrics used for determining the ecological health of freshwater 
systems. Freshwater systems are measured with the North Carolina Index of 
Biotic Integrity (NCIBI), among other indices, which is comprised of 12 
metrics. The EBI also has a couple of cross-checks, which are salinity and/or 
equipment dependant that attempt to measure total taxa richness and diversity. 
However, research is ongoing to try to develop a more substantive estuarine 
biological index. 
 
Chemical and physical data are collected through the Ambient Monitoring 
System (AMS) at stations located throughout the states estuaries.  

 
As previously mentioned, several other programs such as the EPA and NOAA 
EMAP assessment monitoring and the Neuse River ModMon research project, 
collect estuarine water quality and sediment data (Hackney, 1998), however the 
indicators they use will not be discussed in this paper for the following reasons: 
 -The EMAP program (NOAA, 1998) collects data only sporadically, 1994 and 
1997 being the last two episodes, and even then from only a sparse number of 



stations within the state (e.g. only one station in the Neuse in 1997). With data 
this sparse on both temporal and spatial scales, it is impossible to analyze for 
seasonal trends or look at causative factors with any perspective. However, the 
findings of the EMAP program for both water quality and sediment 
contamination should be used as a guide for looking at the current indicator list 
and determining if we should be monitoring for contaminants that are not 
covered by the current list. 
 
 -In the case of ModMon, it is only looking at basically one problem, nutrient 
sensitivity, in one estuary. This is helpful data for looking at similar problems in 
other state estuaries, however it is not looking at other problems such as organic 
and sediment pollution, heavy metal contamination, and lost habitat or habitat 
degradation. The recent introduction of the new FerryMon project appears to 
expand data collection into the Pamlico on a more extensive basis thus 
expanding spatial coverage substantially. 
 
Recommendations 
 
The chemical and physical data collected through the North Carolina AMS 
program comprises a fairly complete list of parameters. The only additions 
recommended are: DOM and TOC (or COD/BOD). The DOM data would prove 
useful in analyzing the processes involved with nuisance algal blooms. TOC, as 
previously stated, can be used as an economical warning indicator of organic 
contamination and thus, if warranted, can be followed up with more extensive 
compound specific organics sampling. COD and BOD are presented only as 
proxies for TOC.  
 
Of all the currently used biotic indicators and developing ideas, the B-IBI as 
used by Dauer in combination with the exposure and watershed variables 
appears to be the most comprehensive and best overall bioindicator of stress 
conditions within an estuarine system. With only minor adjustments for 
indigenous pollution-sensitive and pollution-indicative taxa, care in the use of 
the B-IBI in stratified waters, and the use of a freshwater IBI in non-saline 
portions of the estuary, the B-IBI seems to be a proper method for monitoring 
the physically and biochemically diverse estuaries of North Carolina.  
 
Even with the advent of these biotic indices as tools for monitoring water quality 
in estuarine environments, it is still necessary to maintain a monitoring program 
that includes physical, chemical and basic biological (chl A, DOM, etc.) 
indicators. The reason for this is that changes in biota occur as a result of the 
interplay in these other basic physical and chemical constituents. Changes and 
synergies in these physical and chemical constituents can lead to preemptive 
actions taken before habitat changes are even effected. That is, biotic changes 
are the end result of changes, a lagging indicator of sorts, in the chemical and 
physical forcing factors of each respective estuary.   
 



This study did not address seasonality or spatial variability or attempt to analyze 
N.C. DWQ sampling results to see it adequately addresses these two issues. This 
would be a recommendation for further study however.  
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Abstract 
 
In issues related to environmental management, indicators can be viewed as 
solutions to the communication breakdown between science, management, and 
the public. Many frameworks have been created for the development of 
environmental indicators, most focusing on their ecological characteristics. It is 
also important to address the needs and limitations of the management 
community in order to successfully implement indicators as management tools. 
An online survey and personal interviews of coastal practitioners were 
conducted to examine the suitability and performance of environmental 
indicators as tools in the management of estuaries along the Washington and 
Oregon coasts (U.S.A.). Specifically, the current uses of indicators and factors 
limiting indicator use were explored, as well as familiarity of practitioners with 
indicators as management tools. Results show that indicators are not being used 
to their full potential in local estuarine management. Indicator use and factors 
limiting use vary between levels of government (Local, State, Federal) and by 
job function. Finally, there is a high uncertainty concerning the application of 
indicators in the case study areas. These results demonstrate that while 
indicators can be beneficial management tools, they must be tailored to the 
specific needs and limitations of intended users in order to be useful.  
 
Introduction 
 
When making decisions concerning the management and use of natural 
resources, individuals rely on their knowledge and understanding of ecosystems. 
Informed decisions require an understanding of the complexities of their 
surrounding environment. Accordingly, it is not surprising to observe an 
increased demand for environmental information. In response to this demand, 
better tools are needed to predict, measure, and communicate ecosystem 
conditions.  
 
Indicators are used as tools for: research and monitoring; communicating to the 
public; communicating within and between institutions; political levers; 
performance measures; translating science to managers and to the public; and as 
aids in making management decisions (Dahl, 2000; Hammond, et al., 1995; 
Pajak, 2000; and Vandermeulen, 1998). Many different frameworks have been 
proposed for the development of environmental indicators (e.g. Cairns, Jr., et al., 
1993; Hammond et al., 1995; Karr, 1997; Dahl, 2000; and Muller et al., 2000). 



However, one criticism of environmental indicators is their poor applicability to 
the local natural and social/institutional environment.  
 
The Pacific Northwest Coastal Estuarine Regional Study (PNCERS) is 
addressing the issue of local applicability of research and management in its 
examination of selected estuaries in the Pacific Northwest United States. A 
survey and personal interviews were conducted to determine the perceptions of 
coastal practitioners towards the use of environmental indicators as management 
tools. Specifically, the uses, limitations, and utility of indicators were explored 
in selected estuaries of Washington and Oregon.  
 
Methods 
 
An online web survey was conducted in June and July of 2001. The format and 
implementation of the survey followed the Tailored Design Method (Dillman, 
2000). Survey participants consisted of coastal practitioners knowledgeable with 
or responsible for at least one of the five case study estuaries (Grays Harbor, 
Willapa Bay, Tillamook Bay, Yaquina Bay, and Coos Bay), found in 
Washington and Oregon, U.S.A. The survey participants are considered an elite 
sample following Burgess� definition (1988:114). Of the 242 coastal 
practitioners who were approached with the survey, 153 of the practitioners 
responded resulting in a response rate of 63%.  
 
Elite interviews (Burgess, 1988:114) were conducted in the summer and winter 
of 2001/2002 with 27 practitioners, using a structured format (Fontana and Frey, 
1994). The practitioners were selected based on their knowledge and familiarity 
with the management of one or more of the case study estuaries.  
 
The data from the survey and interviews were analyzed separately, however the 
results helped to explain and to clarify trends found in both methods. The 
analyses were first conducted with respect to general trends across all responses. 
The respondents were then subdivided into groups characterized by their job 
function (Administration, including Program Management, Research, Planning 
and Community Development, Environmental or Natural Resource 
Management, and Public Education and Outreach) and their institution of 
employment (Federal, State, or Local government employee). 
 
Results and Discussion 
 
i. Utility 
• Survey: Are indicators needed in your area of work? (open question) 
• Interviews: Are environmental indicators a worthwhile tool? (open question)  
Survey results were surprising in the number of people that skipped the question 
addressing this issue. Of the 144 respondents, 53% selected �yes� indicators are 
needed and 40% skipped the question. Interviews, perhaps due to the style of 
questioning in person, produced slightly different responses. When asked if 



environmental indicators are a worthwhile tool there was again a strong positive 
response (59%) and quite a few who were unsure (22%). In this case only 11% 
of the interviewees did not provide an answer. Overall, there is a strong positive 
response toward the need for indicators, however this is almost matched in 
strength by an underlying uncertainty.  
 
ii. Use 
• Survey: Are indicators (ecological, physical, or social) being used in the area 
that you manage and/or research? (Yes; No; Not Sure) 
• Survey: If indicators were used in the area you manage and/or research, how 
would you classify their primary purpose? (Monitoring; Research; 
Communicating with other Managers and Researchers; Communicating with the 
Public; Measures of Management Success; Tools for Management Decisions; 
None of the Above) 
• Interviews: How are indicators used in your job? (open question) 
Survey respondents were asked if indicators are used in their area of work. Of 
the 152 respondents, 63% said yes while 39% were not sure. The survey and 
interviews both asked how indicators were being used, producing the following 
top 3 results (Table 1).  

Survey Interviews 
24% Decision Tools 19% Help monitoring and 

measuring 
22% Monitoring 14% Focus attention 
19% No Answer 11% Helps decision making 

Table 1. Top responses from the survey and interviews when asked what the 
primary uses of environmental indicators are in their area of work. 
 
�Monitoring� and �aids to decision making� ranked highly as primary uses for 
indicators in both the survey and interviews. The interviewees also listed �focus 
attention� as a primary use. Interestingly, 19% of the survey respondents 
skipped this question even though there was a �none of the above� choice listed 
(only 6% selected this option). 
 
Differences across groups also appear in the primary uses of indicators, when 
sorted by both job function and institution of employment. When compared to 
other job functions, a significant number of researchers listed �research� as their 
primary indicator use (χ2=7.955, p<0.01) while Educators and Outreach workers 
selected measures of success (χ2=6.822, p<0.01). Conversely, some groups were 
significantly underrepresented in certain primary use categories, such as Federal 
employees (compare to State and Local government employees) for monitoring 
(χ2=5.240, p<0.05), Administrators for monitoring (χ2=4.330, p<0.05), and State 
employees for measures of success (χ2=4.378, p<0.05). 
 
iii. Barriers and Disadvantages to Use 
• Survey: What is the primary factor that limits the use of indicators in the area 
you manage and/or research? (Unfamiliarity with Indicators; Lack of Resources; 



Not Required/Suggested in Mandate; Not Useful; Have been Tried and Found 
Unsuccessful; No Initiative for their Development and Use; No Perceived Need 
at this Time; Lack of Data/Indicators for Area) 
• Interview: What are the disadvantages to using indicators? (open question) 
When asked what the primary limiting factor to indicator use is, 45% of survey 
respondents chose �lack of resources�. This response was followed in popularity 
by those who skipped the question (22%) and the �lack of data� selection (19%). 
Unfamiliarity with indicators was next in rank with 10% of the responses.  
 
Uncertainty concerning the reliability and validity of environmental indicators 
was a prominent concern amongst the interviewees. Their top concerns were 
choosing the wrong indicator (15%), the requirement of a good understanding of 
the ecosystem (10%), and that people can focus on indicators too much (9%). 
Other issues surrounding the uncertainty were: dangers of misuse and 
misinterpretation; unreliability; the need for good data and ecosystem 
understanding to produce valid indicators; not knowing how to properly apply 
indicators; and how they can be relied upon too heavily. It appears practitioners 
are wary of incorporating indicators into their profession due in part to 
unfamiliarity with the uses and limitations of the tool. Further analysis of the 
survey question, that explored the primary limiting factor to indicator use, 
showed an uneven distribution of this unfamiliarity. When sorted by job 
function, a significant number of Planners and Developers, versus all other jobs, 
chose �unfamiliarity with indicators� as the primary limiting factor (χ2=0.210, 
p=0.01). When sorted by organization of employment (Federal, State, or Local 
government employee), a significant portion of Local government employees 
chose the same �unfamiliarity� response (χ2=16.379, p<<0.01). It appears 
unfamiliarity with indicators is an important factor when approaching certain 
user groups, while others are more comfortable with the tool (e.g. 
Environmental and Natural Resource Managers). 
 
Conclusion 
 
As Hammond et al. (1995) point out, ��indicators can only play a useful role 
where communication is welcome, where decision-making is responsive to 
information about new�issues or the effectiveness of current policies.� We 
would also add that indicators can only be successful management tools if the 
intended users are familiar with the idea and find them useful and applicable in 
their occupations. This study shows that environmental indicators are not being 
used to their full potential in Pacific Northwest estuaries, due to lack of 
resources and other barriers including uncertainty with respect to the application 
of indicators. Academic institutions can play a role in providing the resources 
for indicator development as well as communicating the research to the relevant 
practitioners. It is important to note, however, that the intended user group(s) 
should be assessed for their individual requirements, as well as their limitations, 
in order to develop environmental indicators applicable to their management 
needs.  
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Introduction  
 
Reliant Energy constructed a 138KV-transmission line to supply additional 
electrical capacity to Galveston Island, Texas. The transmission line extended 
from the Reliant Energy HL&P Webster Generating Station on the mainland to 
the Stewart Substation on Galveston Island, Texas (Figure 1). The route was 
based on an initial routing study and Environmental Assessment (EA) that 
included a submarine crossing between West Galveston Bay at Virginia Point to 
8-Mile Road (Burns and McDonall 1999).  
 
A bay bottom characterization survey of the submarine route was required to 
comply with the U.S. Army Corps of Engineers (Section 10/404 Construction 
Activity Permit) and Texas Natural Resources Conservation Commission 
(Section 401, Water Quality Certification). Specifically, a survey was conducted 
to identify oyster reefs (Crassostrea virginica) along the route in order to 
minimize impacts during construction. 
 
Throughout the project, efforts were made to minimize environmental impacts. 
The initial routing study and EA contained a detailed analysis of 51 different 
West Bay to Galveston Bay routes (from an original 130 routes) resulting in the 
selection of the submarine crossing. A primary consideration during the route 
selection process was minimizing natural resource impacts of wetlands, wildlife 
and submerged habitats. The environmental study of the submarine portion 
described in this paper provided additional, detailed natural resource 
information, which was employed to adjust final route alignment, minimize 
resource impacts and ultimately avoid mitigation. 
 
Methods: Data Collection 
 
Data collection included 1) compilation of ancillary data sets including digital and 
hard copy maps, 2) acoustic and biological field surveys, and 3) acquisition of 
custom aerial photography. A Geographic Information System (GIS) was used for 
data management and identification of survey locations. Ancillary data sets from the 
Texas General Land Office (GLO), Texas Parks and Wildlife Department (TPWD), 



  

Texas Natural Resource Information System (TNRCC), the U.S. Fish and Wildlife 
Service (USFWS), and the National Wetland Inventory (NWI) were used for 
developing initial base maps. After review of existing data, a survey corridor 1000' 
wide by 2 1/2 miles long bounding the submarine route was delineated. The 
corridor represented the bounds for potential adjustments of the final transmission 
alignment. Figure 1 shows the survey area.  
 
Field surveys for assessing bottom types were conducted within the corridor along 
6 parallel open water transects (2 1/4 miles in length) and 11 shallow nearshore 
transects (approximately 300' in length). Open water transects were placed at 
approximately 150� intervals and nearshore transects at 100� intervals. Nearshore 
transects were positioned on the North and South end of the corridor. A 
Differential Global Positioning System (DGPS) was used for transect navigation. 
 
Oyster habitat was mapped using remote sensing (acoustic and spectral) and 
traditional sampling techniques. The remote sensing component employed a 
QTC VIEW acoustic seabed classification system� and photointerpretation of 
color aerial photography for emergent/shallow habitats (< 3� � 0�). Traditional 
sampling methodologies (pole and auger samples) were conducted in shallow 
nearshore areas as well as �spot sampling� for conformation of acoustic 
classification results 
 
Incorporation of the QTC VIEW for bay bottom classification represented a 
technological advancement over previous echo sounder studies (Powell, date 
unknown). The acoustic classification system was composed of Furuno FCV292 
echo Sounder, Trimble Pro XRS DGPS and lap top computer. The system was 
connected to a prototype QTC VIEW system especially designed for bottom 
characterization in less than 1 m of water. The bay bottom classification system 
recorded bay bottom habitat types and depths along open water transects at 1-sec 
intervals. The VHFBTC acoustic data were classified and assigned bay bottom 
type designations through in situ field verification using a hand auger. 
 
Nearshore bottom types too shallow for operation of the QTC VIEW were 
sampled along 11 nearshore transects. Each transects was walked from shoreline 
to 3� of water depth. As each change of bottom type was encountered, location 
data and bottom type data were recorded. Navigation along transects was 
conducted using Trimble Pro XRS DGPS. 
 
An aerial photo mission was flown on 12/22/99 using color photography to 
augment existing Color Infer Red (CIR) images for delineation of 
emergent/shallow water reefs. In order to maximize the identification and 
location of submerged reefs (through increased water penetration), photos were 
captured at low tide (during one of the lowest tidal cycles of the year) and after a 
northern front "blew out" the bay and settled the bay waters. Water clarity 
ranged from 2'- 4' in West Galveston Bay at the time of the photo mission.  



  

Methods: Bay Bottom Map and Map Verification 
 
Acoustic data defined shallow nearshore habitats beneath the keel of the vessel. 
A GIS krieging function was used to extrapolate between lines by converting 
point samples to polygons (ESRI 2001). Emergent and shallow water reef data 
were delineated from the color aerial photography and merged with the 
combined transect data (acoustic and nearshore). A composite bay bottom map 
representing distinct bay bottom habitat types was produced. 
 
The composite bay bottom map was then verified with in situ samples collected 
with hand auger and GPS. Using GIS, the in situ sample data were overlayed on 
the composite bay bottom map, and final adjustments to the composite bay 
bottom map were made. Upon in situ verification of acoustic signatures, the bay 
bottom map was refined into six bay bottom types, 1) Hard oyster reefs, 2) 
Mixed shell and mud (shell hash), 3) Unconsolidated mud, 4) Clay, 5) Channel 
(or deep water) and 7) Unconsolidated mud/clay.  
 
 The bay bottom map was used to position the final alignment within the corridor 
(Figures 2 and 3). The final alignment was drawn from 8-mile road on Galveston 
Island to the IH45 causeway and positioned no closer than within 100� of the 
corridor boundary. The alignment was further adjusted to avoid areas mapped as 
hard oyster reefs and mixed shell and mud.  
 
After bay bottom map development and final alignment, a biological survey was 
conducted. The biological survey served two purposes, 1) final assessment of the 
bay bottom map in relation to actual oyster composition (i.e. areas classed as 
hash could also have live oysters), and 2) assess the quality of oyster habitat (i.e. 
percentage of live and juveniles) for potential mitigation due to construction.  
 
An oyster dredge was used to sample oysters at 33 locations in representative 
bay bottom types along the final alignment (Figure 4). For the purpose of 
analyzing the biological survey data, the bay bottom types were generalized into 
three basic habitat classes: unconsolidated mud/silt/clay, hash (broken shell, clay 
and/or mud mixture), and reef (whole and broken shell only, which may or may 
not have had live oysters attached). A total of 33 oyster dredge samples were 
obtained from 13 hash sites, 8 reefs, and 12 unconsolidated mud/silt/clay sites.  
 
Results  
 
Figure 2 shows the results of combing the acoustic, nearshore, and photo-
interpreted shallow water/emergent habitat to create the final bay bottom 
classification and corridor bathymetry. The final alignment is shown in yellow.  



  

Analyses of the biological survey results and the bay bottom map found the 
following.  
 
1). Sample sites mapped as shell hash were typically absent of live oysters (8% 
had live oysters) and characterized by presence of whole dead oyster shell, 
broken shell, and to some extent, rocks and sticky mud or clay. 
 
2) Samples collected from areas mapped as hard oyster reefs all had dead shell 
present and five (62%) had substantial numbers of live oysters. Two sample sites 
(25%) were mapped as reef but were more characteristic of hash based on the 
dredge survey. 
 
3) Areas mapped as unconsolidated mud/silt/clay sites were characterized by the 
dredge survey as essentially capturing nothing. Only three samples in this 
category resulted in any material being brought aboard.  
 
4) A test of independence for evaluating the homogeneity of length frequencies 
among the samples containing live oysters showed three significantly different 
groups (P<.05), indicating spatial variation of juvenile to adults. However, there 
was no obvious association between the distribution of dead shell size and live 
oysters among the samples. 
 
Conclusion  
 
Characterization of the bay bottom using the QTC VIEW resulted in increased 
bottom type detail (class discrimination and positional accuracy) over previous 
survey estimates of the area (Powell et al., 1997). Confidence of the bay bottom 
map produced primary through remotely sensed data was validated by the oyster 
dredge sample results. Potential errors within the bottom type classification map 
were primary a function of classifying hash habitat as reef resulting in an 
overestimation of oyster reef within the corridor.  
 
The biological survey provided additional qualitative information (productivity 
and potential recruitment) concerning oyster resources, which was used in 
conjunction with aerial estimates. Spatial variation concerning oyster habitat 
quality underscores the need to assess not only the aerial extent of oyster habitat 
but also site-specific biological characteristics for accurate impact assessments.  
 
Repositioning of the final alignment within the corridor avoided several visible 
reefs as well as submerged habitat mapped primarily through acoustic survey. 
The final route alignment based on bay bottom maps and biological surveys 
minimized construction impacts and ultimately avoided mitigation.  
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USING DREDGE MATERIAL FOR ENVIRONMENTAL PROJECTS 
 

Dick Gorini, BUG Chairman 
 
 
The Port of Houston, with the U.S. Army Corps of Engineers, is deepening and 
widening the Houston-Galveston Navigation Channel and extending the 
Channel another 3.4 miles into the Gulf of Mexico.  Almost all the material 
dredged from the Channel will be used to create beneficial use sites. 
 
To develop a plan determining the best ways to utilize dredge material, the 
Beneficial Uses Group (BUG) was formed.  The group, established in 1990, was 
charged with the development of an environmentally responsible utilization plan 
for materials dredged during the Ship Channel expansion.  The BUG conducted 
extensive research to determine the environmental, economic and engineering 
impacts of possible uses for the materials and determined how dredge materials 
could be used as a resource.  Based on its research, the BUG developed a plan to 
use the soils as building materials.  The plan includes: 
 

• Construction of 4,250 acres of salt marsh to partially restore lost 
wetlands acreage  

• Construction of a six-acre bird-nesting island 
• Construction of an underwater berm to enhance habitation for fish 

species 
• Partial restoration of Goat Island in Buffalo Bayou 

 
The BUG plan also calls for the partial restoration of Redfish Island in 
Galveston Bay and the creation of several boaters cuts in the bay. 
 
Before the group began their huge undertaking, they had to answer questions 
such as:  How do we contain millions of cubic yards of material?  How do we 
know how much material to place in each site so that once it settles, the material 
will be at inter-tidal level (0.6� to 1.4� mean low tide level)?  Would marsh 
vegetation grow?  Would the tidal creeks and ponds, essential to the success of a 
marsh, form? And most importantly, would the �critters� use it?  To answer 
these questions, the BUG, Port and the Corps decided a Demonstration Marsh 
should be constructed. 
 
Construction of a 220-acre marsh began in 1993.  The marsh was completed in 
1995. Since then, the BUG has gained significant data that is now being applied 
to the construction of other project marshes.   
 
When construction began, the group was faced with a number of unplanned 
features.  Plans had to be altered to use these features to their advantage.  For 
example, a large lens of coarse sand was encountered during levee construction.  
Although the material built the levee slower than the hard clay, it produced two 



large sand beaches.  Wave action along the levee�s face was slowly moving the 
sand towards the project�s north end and has thus left the area fairly invulnerable 
to erosion.  Since low energy environments are likely to be encountered 
elsewhere during construction of future beneficial use sites, it was decided an 
inexpensive and environmentally �soft� method of erosion protection would be 
used.  Smooth cordgrass was transplanted along 670 meters of the levee�s 
shoreline and resulted in 609 meters of vigorously growing marsh.  A variety of 
hard erosion control methods were employed south of the sand beaches. 
 
Second, a large number of least terns, black skimmers, and willets immediately 
began nesting on the sand beaches as they were created.  The BUG had 
originally planned to completely cover the sides and top of the Demonstration 
Marsh levee with a quick growing grass to prevent rill erosion.  Vegetation, 
however, discourages the nesting, so it was decided to let actively used portions 
of the levee (sand beaches) vegetate unassisted. 
 
Two ponds remained after the initial fill dewatering and shrinkage.  It became 
evident that the ponds were due to the nature of the sediment and its deposition 
pattern during the marsh filling phase.  The ponds were incorporated into 
subsequent plans for ditching and were designed into the future layout of tidal 
creeks and ponds.  Ratios were developed to determine the amount of creek: 
marsh and pond: marsh during the studies of the natural marsh systems.  The use 
of ratios, rather than a fixed layout of marsh and open water, gives the engineers 
the flexibility to develop a functioning marsh system based upon actual fill 
deposition patterns. 
 
The BUG uses the Demonstration Marsh as their �living laboratory.�  By 
regularly monitoring and documenting the growth and changes within the 
marsh, they have learned a number of valuable lessons which helps them as they 
work to build new marshes in Galveston Bay.  Lessons learned include: 
 
• Creating inter-tidal marsh is as much art and intuition as science and 

engineering. A committed, interagency working (hands-on) partnership is 
essential for plan development, successful design and construction, and 
continued monitoring, management and maintenance of what is achieved. 

• Public utilization issues arise early, as do public information needs. 
• Quality control of reference marsh surveys is critical. 
• Thorough geotechnical investigation and understanding of the proposed 

marsh site, as well as the dredged material is imperative.   
• Plant establishment for seed production is more critical than plant spacing. 
• Establishing a network of ponds and creeks is imperative to creating 

functional habitat. 
• Thorough circulation and flushing of the marsh is essential. 
• A detailed monitoring program is needed to measure the functionality of the 

marsh over time and identify maintenance needs. 
 



Throughout the remainder of this 50-year project, the Demonstration Marsh will 
continue to provide significant data that will continue to provide answers and 
solutions to the BUG and other project marshes created from dredge materials. 
 
Currently the group has begun construction of two additional marsh sites, one 
near the Bolivar Peninsula and the other adjacent to Atkinson Island.  A third 
marsh site in Mid Bay will be constructed this year.   
 
Bolivar Marsh:  Levees have been placed, shaped and shoreline protection has 
been positioned for three cells, creating approximately 750 acres of marsh 
adjacent to the north side of the Bolivar Peninsula.  Two cells have been filled 
with dredge material from the expansion of the Channel.  The third cell is 
partially filled and will be completed over the next 20 years using maintenance 
dredge material. 
 
Engineers and biologists are now waiting for the dredge material in the two 
filled cells to settle and consolidate.  They expect the material to reach to inter-
tidal level (0.6� to 1.4� mean low tide level) within the next 18�24 months. 
When that has been accomplished, vegetation, Spartina Alterniflora, will be 
planted.  As the group waits, they look for the development of creeks and ponds 
that will mirror those found in the natural marshes of Galveston Bay and are 
essential for the marine life that will use the marsh.  If necessary, machinery will 
help create the creeks and ponds by digging them where needed.   
 
Atkinson Marsh:  Construction of the levees that will surround the marsh at 
Atkinson Island began in March 2001.  To date, the levees are complete creating 
four marsh cells.  One cell will be filled this spring with material from the 
expansion of the Mid Bay section of the Houston Ship Channel.  The remaining 
three cells will be filled with Ship Channel maintenance dredging over the next 
20 years.  Until the cells are filled, they will serve as open-water lagoon habitat. 
 
A planting and circulation plan is currently under discussion with the BUG.  A 
planting contract for the cell to be filled during the expansion of the Mid Bay 
section of the HGNC is scheduled to start in November 2003.  However, this 
may change depending upon when the material reaches inter-tidal level. 
 
Mid Bay:  This spring construction of levees for new marshes begins in Mid-
Bay.  The site will eventually provide approximately 1,100 acres of habitat.  
After creating 100 acres of upland and marsh habitat by the end of initial 
construction in November 2003, the site will be developed in phases thereafter, 
as maintenance dredge material becomes available.  Within 20 years, the site 
will provide roughly 600 acres of upland and marsh habitat.  By 2050, all 1,100 
acres of habitat will be in place. 
 



Additional aspects of the BUG plan include: 
 
Evia Island:  Part of the Lower Bay Contract, Evia Island was completed in the 
summer of 2000.  By January 2001, hundreds of birds had already flocked to the 
island. 
 
The BUG decided to include the creation of a six-acre bird nesting and habitat 
island as part of their plan because in recent years, there has been a decrease in 
the number of waterfowl in the area.  This has been attributed to various factors 
including boating and land erosion.  The group recognized the dredging of the 
Ship Channel as a great opportunity to replenish the population of birds nesting 
in the Bay. 
 
The spring of 2001 was the first nesting season on the island.  The BUG knew 
that birds would eventually nest on the island, but were astounded by the actual 
numbers for the first season.  Nesting pairs on the island included an estimated 
750 royal terns, 12 gull-billed terns, 950 sandwich terns, 50 least terns, 10 
forester terns and 450 black skimmers.  The federally listed endangered Brown 
Pelican has also been using the island for resting and loafing.  
 
In future years we hope to see as many as 2,500 nesting pairs per year of six to 
ten species on the island. 
 
The Houston Audubon Society will likely oversee the planting of vegetation on 
the island.  The planting of a variety of native vegetation, ranging from grass to 
shrubs to trees, will attract an even larger variety of birds and discourage 
erosion. 
 
Mid Bayou � Goat Island:  Work on the Mid Bayou section of the Channel 
(from Alexander Island to just above the Lynchburg Ferry) has yet to start; 
however, once it does, later this year, Goat Island will be partially restored.  The 
island, once located near the San Jacinto Monument in Buffalo Bayou, subsided 
and eroded in recent years.     
 
 The Joint Venture has designed a construction plan for the island based on the 
available geotechnical information and additional probings performed by the JV. 
 
Initially, the group had proposed a �one-island� design concept, however, field 
investigations prompted the JV to refine the design to a two-island concept with 
a connecting breakwater. 
 
The design of the island is still being finalized, however, it is expected to 
provide 200 acres of upland habitat. 
 
Across the Channel from Goat Island, the Port and Corps will construct a levee 
and provide shore protection along San Jacinto State Park.  This will allow for 



the recovery of about 40-acres of land.  Texas Parks and Wildlife Department 
will fill and re-establish the area as part of their effort to restore eroded and 
subsided portions the park.  
 
Redfish Island:  The once popular boater anchorage in Galveston Bay 
submerged in recent years due to erosion and subsidence.  At community 
meetings, the BUG, the Port of Houston Authority and the Corps of Engineers 
heard repeatedly that people wanted the island to be restored, so partial 
restoration of the island was incorporated into the BUG plan. 
 
Limestone rock and shell will be used to rebuild four acres of the island plus a 
boater�s hook.  It will function as bird habitat (with a rookery on one end) and 
will maintain calm water for a safe boater anchorage.  
 
Construction is scheduled to begin in the spring of 2002 and will take 
approximately six months to complete. 
 
The Beneficial Uses Group is using an unusual resource, dredge material, and 
creating a better bay for Galveston. 
 
 
Dick Gorini 
J. Simmons Group 
7129 N. Loop East 
Houston, TX 77028 
Ph: (713) 675-5100 
Fax: (713) 675-5144 
Email: jsimmons@pdq.net  
 



NEWLY BUILT COLONIAL WATERBIRD NESTING ISLANDS IN 
GALVESTON BAY 
 
Phil Glass, Biologist, U.S. Fish and Wildlife Service, Clear Lake, Texas Field 
Office   
 
 
Since the earliest Texas explorers, coastal Texas in general and Galveston Bay in 
particular have been noted as harboring huge numbers of a variety of waterbird 
species.  Huge Agallery@ forests along the bayous and patches of brush and 
undisturbed beach provided virtually unlimited nesting habitat for the 23 species 
of pelicans, herons, egrets, gulls, terns, spoonbills, and skimmers known to have 
nested on Galveston Bay since European settlement.   
 
Beginning in the late 1850=s and accelerating during the early 1920=s, dredging 
for navigation channels provided nesting habitat in the form of numerous small, 
isolated Aspoil@ islands.  This manmade habitat probably helped offset the 
encroachment of oil fields, agriculture, highways, housing, and petrochemical 
development.  However, as dredging increased, water clarity and quality 
suffered, large marsh areas were lost or fragmented, and seagrass beds were 
reduced. 
 
Most waterbird species nesting in Galveston Bay appear to be relatively stable or 
slightly declining since 1973, when the Texas Colonial Waterbird Survey 
(TCWS) began.  Since 1973, an estimated 39,000 to 72,000 nesting pairs of 22 
species nested on at least 87 colony sites (28 or 32% at least partially manmade) 
in the bay system.   In 2001, 53,000 of 60,000 nesting pairs censused used 
manmade islands.   
   
The Beneficial Uses Group (BUG) is a coalition of government agencies formed 
in 1990 to identify environmentally responsible ways to utilize material dredged 
during the enlargement of the Houston-Galveston Navigation Channel.  Research 
by the BUG, based on 25 years of survey data furnished by the TCWS, showed a 
possible decline in some colonial waterbird species and a loss of several 
important nesting sites to erosion and development.  This information prompted 
the group to consider the creation of an island built specifically for waterbird 
nesting and roosting habitat.   
 
A critical question posed during the BUG=s research was Ais there a biological 
need for additional nesting islands in the Bay?@   Key assumptions made were 
that stiff clay building material may not be available in the future and that a new 
island would be managed and protected from human disturbance, predation, 
erosion, and harmful vegetation.  Dredged material from navigation projects has 
been placed with the idea of benefiting nesting waterbirds at least since the early 
1960=s.  However, efforts have been based on the need to dispose of the 



maximum amount of dredged material as near as possible to the construction 
site.  Several nesting island projects were originally declared Asuccesses@ but 
have either not maintained nesting populations or have not increased populations 
of target species on a long-term basis.     
 
The BUG plan includes Evia Island, built entirely of new-work material and 
designed to accommodate a variety of waterbird species, including brown 
pelicans, terns, egrets, roseate spoonbills, and black skimmers.  Additionally, the 
group=s plan includes the construction of 4,250 acres of inter-tidal salt marsh to 
partially restore lost wetland acreage in Galveston Bay, building an underwater 
berm to provide fishery habitat and restoring a previously existing island, Goat 
Island, in Buffalo Bayou B all utilizing materials dredged from the Ship Channel. 
 The group also recommended restoration of Redfish Island in Galveston Bay.   
 
Evia Island is a six-acre, hexagonal island located 1.2 mi. north of Bolivar 
Peninsula and 3.5 mi. east of the Houston Ship Channel.  It has a peak elevation 
of 10 feet above MHT, a 200-ft. sandy beach and a sheltered lagoon protected by 
rocks, as is the entire island shoreline.  The Houston Audubon Society is under 
contract to assist in monitoring and management and recently planted native 
south Texas woody species on a .5 ac. plot.       
 
Construction of Evia Island was completed in the fall of 2000.  By January 2001 
hundreds of birds, mostly laughing gulls and Forster=s terns, were using the new 
island for loafing and roosting.  In May 2001, counts of breeding pairs on the 
island were: 50 least tern, 10 Forster=s tern, 402 Sandwich tern, 268 royal tern, 
and 315 black skimmer.  At the end of summer 2001, following a destructive 
tropical storm which inundated most lower nesting islands in the bay, counts of 
adults (and almost-fledged young) were: 1685 brown pelican (20% young), 900 
(300) Sandwich tern, 750 (250) royal tern, and 400 (175) black skimmer.  The 
BUG expects the number of birds using the island to continue to grow each 
nesting season as the habitat diversifies. 
 
Performance standards have been laid out in the project=s monitoring and 
maintenance plan.  Standards are that at least 6 species of waterbird; 
representing at least two of the three nesting guilds (bare ground, low brush, high 
brush/ tree) and at least 3 percent of the Galveston Bay nesting population 
(based on a five-year average) actively nest at Evia and other created marsh 
containment levees each year.  The site(s) will be monitored yearly during the 
TCWC, and counts compared to Galveston Bay TCWC totals.   Should this 
standard not be met, management measures must be undertaken prior to the 
following nesting season.  Remedial actions can include replanting desirable 
vegetation, controlling unwanted vegetation, replacing sand substrate to create 
optimum habitat for under-represented guilds, controlling predators and fire ants, 
controlling human disturbance, and providing nesting material. 
 



To date, Evia Island is successful as an additional major nesting site for 
Galveston Bay=s waterbirds.  The commitments from the BUG, the resource 
agencies, the Houston Audubon Society, the Port of Houston, and the Corps of 
Engineers make us optimistic that monitoring and maintenance activities will 
continue.  Ongoing yearly censuses of Texas= coastal waterbirds will allow us to 
assess whether Galveston Bay=s newly built bird colony sites really have the 
effect of increasing desirable waterbird populations over the long term.   
 
Phil Glass 
U.S. Fish and Wildlife Service 
17629 El Camino Real, Suite 211 
Houston, TX 77508 
Ph: (281) 286-8282 
Fax: (281) 488-5882 
Email: phil_glass@fws.gov 
 



PLANTING OF LARGE SCALE MARSH PROJECTS 
 

Eddie Seidensticker, biologist, Natural Resources Conservation Service 
 
 
As the Houston-Galveston Navigation Channel is expanded, the Beneficial Uses 
Group (BUG), the Port of Houston Authority and the U.S. Army Corps of 
Engineers have made a commitment to utilize the material dredged in an 
environmentally responsible way.  Their plan includes using the dredged soils as 
building materials in several projects, including construction of 4,250 acres of 
salt marsh to partially restore lost wetlands acreage. 
 
Planting these new marsh sites created a challenge.  Among the questions that 
had to be answered was: What is the most efficient way to plant the vast acres of 
new wetlands? 
 
The planting plan developed by the BUG incorporates design criteria for 
creating marshes.  Making sure these created marshes function similarly to 
natural marshes in Galveston Bay is extremely important.  The size and scope of 
these created marshes presents particular challenges to this restoration effort.   
 
The plan devised by the BUG uses physical features measured by the National 
Marine Fisheries Service (NMFS) in reference marshes � natural marshes in 
Galveston Bay in close proximity to the new marsh sites.  This information 
gathered from the reference marshes helped the BUG, engineers and biologists 
determine the best ways to construct new marsh sites.  
 
Construction of the new marsh sites occurs in several stages.  In the first stage, 
the containment levees are placed.  Once this is done, erosion protection is put 
around the levees.  Each site is constructed in a series of cells.  When all the 
levee material has settled, the cells are then filled with material.  The material in 
the cells must consolidate and settle which takes approximately two years.  After 
the material has settled, vegetation is planted. 
 
While devising a planting plan, the BUG looked at: 
 

1. Recommended plant types and sources of materials for intertidal and 
supratidal areas; 

2. Specifications for plant materials, transportation, handling, storage and 
harvesting;  

3. Recommended planting methods for intertidal and supratidal areas 
4. Requirements for existing condition determination (soil testing, 

topographic surveys, other);  
5. Determination of proposed hydrologic modifications; 
6. Delineation of area suitable for intertidal and supratidal species 

establishment;  



7. Determination of plot size and type for each of the areas delineated;  
8. Recommended planting dates; and 
9. Monitoring requirements for planting and post-planting efforts 

(coordinated with the BUG Monitoring & Management Plan). 
 
Before constructing 4,250 acres of salt marsh, the Port and the Corps, with 
recommendations from the BUG, built a 220-acre Demonstration Marsh.  
Beginning in 1993, the marsh, known as a �living laboratory� was built as a 
source from which engineers and scientist could learn the best and most efficient 
ways to build marshland, vital to the Bay.  It was at the Demonstration Marsh, 
completed in 1995, that members of the BUG experimented with the most 
effective methods of planting wetlands. 
 
The objectives for the planting at the Demonstration Marsh included: 

1. Assessing the effectiveness of different nursery techniques in 
producing marsh plants 

2. Assessing the relative effectiveness of marsh planting by varying 
plant densities (i.e. survival rates and rates of plant colonization 
over specified time periods) 

3. Comparing the success of the demonstration marsh planting in 
relation to the parameters derived from the reference marshes for 
plant coverage and density 

4. Developing base-line data on the major cost elements of marsh 
planting that provides closer identification of actual costs for 
evaluation of completing proposals for future marsh construction 
associated with the Beneficial Uses Plan 

 
The planting was completed by twenty AmeriCoprs members under the 
supervision of NRCS employees. 
 
Plant Material Preparation: 
 
Smooth cordgrass (Spartina alterniflora), which tolerates a wide range of 
salinities, soil types and water levels, was selected as the plant species best 
suited for creating or restoring coastal wetlands in the Galveston Bay system.  In 
the past, the majority of marsh creation projects relied on harvesting smooth 
cordgrass from native stands.  However, this process limits created marshes to 
areas with convenient access to native strands of the plant and restricts the size 
of created marshes.  It may also risk the health and viability of the native stands 
being harvested.  
 
The seed source for this project was a variety of Spartina Alterniflora that 
originated in Vermillion Bay, Louisiana.  This variety was determined to be a 
hardier and more vigorous strain than that found in the Galveston Bay system.  
The Vermillion variety also exhibits signs of being resistant to the Rhizoctonia 
fungus that has damaged smooth cordgrass in the Galveston Bay system. 



Prior to the construction of the Demonstration Marsh, springs from the 
Vermillion variety were obtained from Louisiana and were planted in a pond at 
the Natural Resources Conservation Service�s (NRCS) laboratory in the summer 
of 1993.  By the fall of 1994, the original 125 sprigs had fully covered the 
quarter-acre pond and produced a healthy crop of seed culms. 
 
The seeds from the Spartina Alterniflora were harvested as near to maturity as 
possible.   Seeds were considered mature and ready for harvest when the 
caryopses, or fruit, were no longer doughy, but firm; this usually occurs in late 
November or early December.  Seeds must be harvested shortly after maturity, 
before that shatter or spread with the assistance of weather events. 
 
The seeds were manually harvested by cutting the seed heads off the culms with 
scissors during the last week of November and the first week of December 1994.  
After harvesting, the seed heads were stored in brown paper bags for two to 
three weeks in a room-temperature and ambient-humidity environment.  This 
stage allowed the seed to mature, which made threshing easier.  Threshing was 
performed by hand by stripping each seed head of its individual seeds. 
 
Freshly threshed seeds were immersed in artificial seawater at 22 parts per 
thousand, placed in sealed plastic containers and stored in a refrigerator at 2-3 
degrees Celsius for a minimum of six weeks for germination. The artificial 
seawater solution was changed weekly to prevent unwanted fungal growth.  The 
minimum storage time was six weeks and the maximum time we stored seed 
with successful germination was sixteen weeks. 
 
Approximately 50 pounds of seed were threshed.  Based on informal greenhouse 
estimates, the untreated seed had a germination of 5% while treated seed had a 
germination rate of 75%. 
 
Treated seeds were removed from the seawater solution and spread on flats of 
premixed potting soil at the laboratory greenhouse.  Beginning in early February 
the seed preparation was staggered weekly to ensure a ready supply of 
transplants.  The seedlings were considered ready for transplanting when they 
reached to two-leaf stage with a height of three or more inches.  Germination 
time ranged from 10 to 20 days.  The flats were placed in plastic-lined wooden 
boxes filled with fresh water to increase the humidity inside the greenhouse.  
The seedlings were also kept moist by daily misting with water.  The first signs 
of germination were observed in mid-February and continued through the last 
week of April. 
 
After reaching the two-leaf stage, the seedlings were transplanted to peat pots 
and one-gallon plastic containers.  Two half-acre ponds were used for 
cultivation.  The soil mixture used in the peat pots and one-gallon containers 
was one-third sharp sand, one-third screened compost and one-third topsoil.  



Micromix� was also added, which contains essential elements such as iron, 
boron, magnesium and copper. 
 
Ten thousand one-gallon pots were filled with the soil mixture and two or three 
seedlings were placed into the pots by hand as the seedlings reached the two-leaf 
stage.  An Agriform � fertilizer tablet was added to each pot.  The pots were 
then placed in ponds and the water flow adjusted to maintain a depth of 10cm. 
 
Ten-thousand 4-inch peat pots were filled with the soil mixture and fertilized 
with a solution of Miracle-Gro�.  Two or three seedlings were placed in each 
pot, placed in flats containing sixteen pots each and then place in ponds.  The 
water flow was adjusted to maintain a depth of 10cm. 
 
As of June 1995, an average of 15 stems were in each one-gallon plastic pot 
reaching a maximum height of four feet.  The peat pots contained an average of 
six stems per pot with a maximum height of one foot in the same time period. 
 
The peat pots, the plastic pots and the sprigs were placed in plastic bushel 
buckets with enough water to cover the roots, preventing root desiccation and 
transplant stress, and taken to the Demonstration Marsh. 
 
The Demonstration Marsh was divided into one-acre plots for comparison of 
various planting methods.  The plots varied from a plant spacing of 3-foot to 48-
foot centers, including plots without planting for measurement of natural 
colonization and establishment.  One-gallon pots, four-inch peat pods and single 
sprigs were transplanted on three randomly selected plots each in order to 
evaluate the three different plant materials. 
 
Conclusions and Recommendations 
 
After assessing different cultivation methods and transplanting techniques, 
evaluation is in favor of a combination of broadcasting treated seed and planting 
one-gallon container grown Spartina Alterniflora.  The perimeter of the planting 
cells should be planted with one-gallon containers of plants on 24-foot centers.  
The perimeters of the planting cells will require the least amount of mobilization 
and therefore, are the easiest to plant.  The one-gallon container plants 
demonstrated the highest quality of growth and suffered the least amount of 
transplant shock. 
 
If planting is planned for early spring, single sprigs could be planted in one-
gallon containers in November or December of the previous year.  This would 
ensure a ready supply of one-gallon plants for planting in early spring.  The one-
gallon containers cultivated from seed are not ready to transplant to a site until 
late spring.  May, June and July are the optimum planting months, both for the 
plants and for the mobilization of equipment and personnel. 
 



The interior of the planting cells should then be sown with treated seed no 
earlier than March and no later than May.  The treatment areas that were seeded 
demonstrated healthy plants growth in spite of predation of the seeds by birds 
and the drying out and cracking of the substrate.  The treated seed has a much 
higher germination rate, but in case of natural catastrophes such as flooding or 
drought, the container grown plants will ensure a seed source and a head start, 
which will reproduce asexually. 
 
The BUG regularly monitors the vegetation at the Demonstration Marsh.  They 
conduct regular site visits with the local resource agency personnel to observe 
the occurrence of undesirable species once per year.  There the BUG determines 
other ecologically important habitats, species presence and extent of coverage.  
It is from the planting lessons learned at the Demonstration Marsh that the 
Beneficial Uses Group have learned the most effective ways to plant man-made 
marshes. 
 
Eddie Seidensticker 
NRCS 
7705 West Bay Road 
Baytown, TX 77520 
Ph: (281) 383-4285 
Fx: (281) 474-2812 
Email: eseidensticker@tx.nrcs.usda.gov 
 
 



 

COULD THE SAN JUAN ISLANDS NATIONAL WILDLIFE REFUGE 
SERVE TO PROTECT MARINE AREAS? BUILDING ON EXISTING 

INSTITUTIONS TO CREATE MARINE PROTECTED AREAS 
 

Cristen Don 
School of Marine Affairs, University of Washington 

 
 
Introduction 
 
The San Juan Islands National Wildlife Refuge (San Juan NWR) consists of 84 
islands, rocks, and reefs within Georgia Basin and Puget Sound in Washington 
State. Establishment of the Refuge began in 1914, by the U.S. Fish and Wildlife 
Service (USFWS), for the primary purpose of providing protection to migratory 
birds. Vessels are advised to stay 200 yards offshore from all but two of the Refuge 
sites (Murray 1998). If adhered to, inherent protection is supplied to the intertidal 
and subtidal resources within these marine buffer zones and could arguably 
constitute a de facto network of marine protected areas (MPAs) in the region. 
 
Marine areas currently set aside from public use or adjacent to upland protected 
areas may provide a foundation for establishment of MPAs. Building on such a 
foundation could prove to be a politically feasible and cost effective means of 
establishing an MPA network within the region. Greater protection may be provided 
to these marine areas and the resources by creating partnerships among existing 
agencies and institutions as well as by finding creative means in which to utilize 
legal authorities to meet management goals. 
 
This paper will explore why and how the San Juan NWR could be used to establish 
an MPA and how comparable circumstances in other regions may provide an 
avenue for protection through similar methods. 
 
Considerations in Establishing an MPA 
 
Establishment of a site that has already been set aside from public use or is adjacent 
to an upland protected area, as an MPA, may not always be appropriate. In trying to 
determine whether a site is suitable for development as an MPA the following 
should be considered: (1) Is protection of the resources warranted? If providing 
additional protection to marine resources cannot be justified perhaps time and 
energy would be better spent somewhere else. (2) Are other management strategies 
better suited to address the resource issues in the region? MPAs can be an effective 
management tool but are not the right tool for every marine resource issue. Issues 
may be better solved through other management strategies. (3) Is there a 
management strategy that may have greater political or social acceptability that can 
achieve the same level of protection? Why make it any harder than it needs to be? 
(4) Is the timing right to initiate a strategy for establishing an MPA network? 



  

Windows of opportunity can help ensure success of an initiative. If the political 
climate is not right this may not be a favorable time to implement such a strategy. 
 
The San Juan NWR is arguably suitable for designation as an MPA network for 
several reasons. First, over the past several decades Georgia Basin and Puget Sound 
have faced sharp declines in living marine resources such as bottomfish populations, 
marine bird populations, and some populations of marine mammals (West 1997). 
Concomitant with these declines has increased recreation, tourism, and 
urbanization, which inevitably has created greater demand for some marine 
resources and increased degradation of marine habitats. Protection of the resources 
is certainly warranted. 
 
Second, an ecosystem based management approach would appear to best address 
the regional resource issues. Provided that MPA management is geared towards 
ecosystems and not single species, an MPA network could serve as a suitable 
management tool. 
 
Third, MPAs have gained acceptability as a management tool in the region over the 
last several years. The early 1990s witnessed a failed attempt to establish a National 
Marine Sanctuary (NMS) in the region. Failure of the initiative was largely due to 
unwillingness of the general public to place itself in a position where they could be 
asked to give up marine areas from public use. Also, with the incoming of the 
federal government came a perception that citizen�s rights were being infringed 
upon. Although the federal government was not able to establish an MPA in the 
area, the declining state of the resources was recognized by citizens and inevitably 
led to a �bottom up� approach to resource protection. Since the time of the failed 
sanctuary initiative, San Juan County has established 8 voluntary MPAs geared 
towards recovery of bottomfish populations. This seems to indicate that MPAs have 
gained at least some social and political acceptability in the region. 
 
Because USFWS has been a presence in the area since 1914, this initiative 
shouldn�t carry the same perceived threat of the federal government, as did the 
failed NMS initiative. Furthermore, because marine areas surrounding San Juan 
NWR sites are already, at least theoretically, exempt from public use this MPA 
initiative would not ask the public to set aside new areas from public use. 
  
Fourth, the timing is right. San Juan County Board of County Commissioners and 
Marine Resource Committee have begun to explore current and potential 
effectiveness and/or utility of MPAs for protection and recovery of local marine 
resources. This suggests that the political climate is right for initiating establishment 
of an MPA. Coincidently, the San Juan NWR is scheduled to undergo a 
comprehensive conservation plan (CCP) beginning within the next year. There is 
great opportunity here for USFWS to incorporate marine areas into their 
conservation plan, thereby establishing a de facto network of MPAs. 
 



  

Creating Partnerships to Provide Protection 
 
In order to build an effective MPA network from existing sites better management 
of the marine areas is needed. How then can the greatest protection be provided to 
the resources? The current System in the U.S. is ill suited for implementing 
ecosystem based management on land and in the water. Environmental and resource 
problems are often broken up into artificially small pieces resulting in fragmented 
management authority between agencies at both the federal and state levels, there is 
often poor working/communication between the different agencies, and policies 
which affect management are typically driven by legislation which is too slow to 
change with the times (Fiorino 1995). In light of these circumstances, formation of 
partnerships between agencies will often be needed to provide adequate 
management to MPAs and networks. 
 
The existing management authority for a site may have little or no authority over 
marine areas or the marine resources. In these cases MPA management will depend 
heavily upon the creation of partnerships with other agencies and institutions that 
can provide the authority or resources necessary to provide protection. 
 
MPA network planning would benefit from a review of the existing management�s 
authority over marine areas. This would help identify where marine protection is 
currently provided and where gaps exist. Once gaps have been identified, other 
institutions and legal authorities that could foster management, monitoring, 
enforcement, and education/outreach to marine areas can be reviewed. Looking at 
the federal, state, and local level as well as in the private sector can help identify 
existing and potential institutional arrangements and legal authorities from which to 
draw upon. From here existing management can pursue institutional partnerships 
that are likely to provide the greatest support in protection of the marine areas. 
  
The management authority for San Juan NWR is held by USFWS. Currently 
USFWS authority extends over lands designated as refuge and/or wilderness areas 
out to the mean high tide line (USFWS 1978). Any organism found above the mean 
high tide line, even if submerged under water, is protected. Management for 
protection also extends to species that are dependent upon habitat of refuge sites. 
Therefore protection is granted to sea lions and harbor seals, which use many of the 
refuge areas as haulout sites. No other protection is afforded to marine areas or 
marine resources surrounding the San Juan NWR under current USFWS authority. 
 
There is no public access or boat landing at refuge sites except at two islands. A 200 
yard �no entry� area surrounds each refuge site to provide a marine buffer for 
protecting seabirds, shorebirds, marine mammals, and endangered species on land. 
The buffer area is voluntary since USFWS jurisdiction does not extend into the 
water. Marine waters surrounding refuge sites are currently under the authority of 
the Washington Department of Fish and Wildlife (WDFW) while the aquatic 
bedlands are managed by the Washington Department of Natural Resources (DNR). 



  

At present, neither WDFW nor DNR has implemented provisions for providing 
protection to marine areas surrounding any of the refuge sites. 
 
Opportunity for partnership between USFWS and DNR may exist in that DNR 
holds the authority to lease all aquatic lands surrounding refuge sites to USFWS 
with a provision to protect all lands leased. This would essentially grant USFWS 
management of the aquatic lands, including all subtidal and intertidal aquatic plants 
and the aquatic animals affixed to or embedded in the aquatic bedlands. This 
partnership would relieve DNR of management duties and associated costs as well 
as further MPA efforts that have recently been begun by DNR. This demonstrates 
how partnerships can help share costs and meet dual agency goals. 
 
Another potential partnership may exist with WDFW, which manages all non-tribal 
commercial and recreational fishing within Washington�s state waters. WDFW has 
the authority to designate marine areas surrounding refuge sites as �conservation 
areas� which, through fishing regulations, would prohibit harvest or taking of any 
organism. This would afford the greatest protection to the local living marine 
resources at refuge sites. In recent years WDFW has begun to designate MPAs 
throughout Puget Sound to help protect and restore groundfish as well as other 
marine organisms and their habitat (Palsson 2001). If marine areas surrounding San 
Juan NWR sites support populations of groundfish or other organisms of interest to 
WDFW and were closed to harvest, they would in effect aid WDFW recovery 
efforts. 
 
Seven treaty tribes have reserved rights to harvest in their usual and accustomed 
(referred to as U&A) fishing grounds in the San Juan Archipelago. Treaty tribes 
would inevitably play an important role in the establishment of the San Juan NWR 
as an MPA network for two reasons. One, tribes fishing in their U&A are not 
subject to WDFW regulations and two, the tribes are co-managers with WDFW of 
the marine resources in the state of Washington. There is potential for collaboration 
between tribes and USFWS on enforcement and monitoring efforts as well as data 
collection at and around refuge sites. 
 
Soliciting the presence of the National Marine Fisheries Service (NMFS) into the 
region to monitor and enforce the Marine Mammal Protection Act (MMPA) could 
aid marine protection efforts. The USFWS and NMFS could also develop a 
memorandum of understanding that would allow the USFWS to enforce the MMPA 
in the region. Similarly, presence of the U.S. Coast Guard in the area could provide 
monitoring and enforcement of fishing regulations and the MMPA. 
 
Current education and outreach efforts for the San Juan NWR are provided by The 
Whale Museum, a local non-profit organization, as well as USFWS. Continued 
partnership would best be encouraged while future efforts could include 
collaboration on monitoring and data collection. The San Juan County Board of 
County Commissioners and the Marine Resource Committee could play a role by 



  

providing support and endorsement for the inclusion of marine areas into the San 
Juan NWR and by helping to promote awareness of the refuge. 
 
Conclusion 
 
This paper has explored how marine areas currently set aside from public use or 
adjacent to upland protected areas, such as the San Juan NWR, may be able to 
provide a politically feasible and cost effective means for establishing MPAs. The 
general consensus for establishing effective MPAs is that the establishment process 
must include both social and scientific inputs (Gubbay 1995, NRC 2001). The 
scope of this paper is limited having only explored some of the social and 
institutional aspects of MPA establishment. In coupling scientific processes with the 
methods outlined in this paper it is feasible that effective MPA networks may be 
established by building upon existing institutions and legal authorities. 
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Marine Protected Areas in South Florida 
Marine protected areas (MPAs) encompass heterogeneous, marine and coastal 
ecosystems that are regulated by a variety of tenure systems.  MPAs assist in 
reducing user conflicts, provide alternatives to traditional fishery management, 
serve as vital habitats and nursery grounds, and attract visitors (Agardy, 1997; 
Salm, Clark & Siirila, 2000). 
 
South Florida's wide diversity of coastal ecosystems range from mangrove 
forests, seagrass meadows, and nearshore and offshore coral reefs.  A suite of 
federal and state agencies manages these marine and coastal habitats as 
protected areas with widely differing goals.  These MPAs include three national 
parks, several national wildlife refuges, and the Florida Keys National Marine 
Sanctuary.  Other federal, state and locally managed MPAs also exist in the 
region.  Our research analyzes policy issues concerning the management of 
these MPAs.  Using collaborative research methodologies we have developed 10 
case studies focussed on current management conflicts.  
 
Although spatially and topically diverse, the case studies share common themes.  
The case studies on commercial fishing in the Dry Tortugas Ecological Reserve, 
sponging in South Florida MPAs, and commercial fishing in Biscayne National 
Park concern fishery management.  Marine zoning in the Dry Tortugas National 
Park and the mitigation of potential ecotourism impacts in the Florida Keys 
NWR consider the impacts of increased visitation.  The case studies concerning 
the future of Stiltsville in Biscayne National Park, the proposed development of 
Homestead Commercial Airport, crocodile management, the 8.5 Square Mile 
Area, and landfills in South Florida relate to incompatible uses/user conflicts in 
MPAs.  Many of the habitats and problems are common to the South Florida 
MPAs.  However, their management styles differ according to their institutional 
and legal mandate.  The South Florida MPA system demonstrates a high degree 
of institutional fragmentation and the absence of coordinated policies. 
 
Fishery Management 
The Dry Tortugas region is located 70 miles west of Key West and includes 
seagrasses, coral reefs, and hardbottom communities (NOAA, 2000).  The 
National Park Service has managed part of the region since its designation as a 
national monument in 1935 and then as a national park in 1992.  Much of the 
rest of the region falls under the jurisdiction of the Florida Keys National 
Marine Sanctuary.  The FKNMS first attempted to implement a no-fishing 
reserve in the Dry Tortugas in 1995, but strong opposition of a number of 
stakeholder groups resulted in postponement of the initiative.  In 1998, the 
FKNMS commenced a process known as Tortugas 2000.  Under this process, 



the FKNMS identified a broad region in its western boundary, which it labeled 
the DTER Study Area and would consider as the site for a marine reserve.  The 
FKNMS deliberately avoided designating boundaries and, instead, relied on 
stakeholder input to obtain regional attributes and to identify areas of interest 
and conflict.  The commercial fishing industry was the group most directly 
affected by the location and size of the reserve.  Due to the FKNMS� inclusive 
process, commercial fishers participated in and influenced the final designation 
of the DTER.  Commercial fishing and other stakeholder group representatives 
voted unanimously in favor of the DTER in early 2000.  Implementation of the 
largest no-take, marine zone in the US began by mid-2001. 
 
Sponging is a traditional activity that fishers have practiced for a century in the 
Florida Keys.  Primarily associated with low-income fishers, spongers use hooks 
to remove the animals from the substrate.  Due to regulations and environmental 
conditions, sponging usually occurs in very shallow water and only during quiet 
conditions.  Regulations have increasingly restricted sponging activities in South 
Florida.  In 1986, Everglades National Park banned all commercial fishing from 
its Florida Bay region.  In 1991, Biscayne National Park prohibited sponging in 
its waters.  Most recently, certain user groups have voiced their concerns over 
commercial sponging in the Florida Keys National Marine Sanctuary, arguing 
that sponging is inconsistent with the Sanctuary�s objective of resource 
protection and is unsustainable.  This led to a series of workshops in which 
advocates and opponents voiced their opinions.  At the end of 2001, the state 
fishery authority, the Fish and Wildlife Conservation Commission, decided to 
strengthen the sponging regulations and implement a limited-entry system 
(FWCC, 2001).   
 
According to its organic law, Biscayne National Park defers to the State of 
Florida in fishery management.  Florida permits commercial fishing within BNP 
boundaries.  Commercial fishing constitutes an important economic activity, and 
commercial fishers harvest a variety of fish and invertebrate stocks from within 
park boundaries, including spiny lobster, shrimp, and reef fish (Ault et al., 
1997).  However, as fish stocks have declined in the past decade, park officials 
have begun to examine the issue of overfishing through the development of a 
new fisheries management plan. 
 
Impacts of Increased Visitation/Carrying Capacity 
Congress designated Dry Tortugas as a national monument in 1935 and later 
elevated it to a national park in 1992.  Although the Park Service has excluded 
commercial fishing for over 15 years, it still allows recreational angling within 
park boundaries.  Visitation to the park has increased greatly during the last two 
decades; 18,000 persons visited the park in the mid-1980s, while 84,000 visited 
in 1999.  The increased visitation has affected the integrity of the fort and 
cultural resources, the park�s natural resources, and the ability of the park 
personnel to effectively protect and monitor the park.  Therefore, the National 
Park Service (NPS) conducted a series of meetings in 1998 to receive input on a 



Visitor Use and Commercial Services Plan.  Following the meetings, the NPS 
decided that it needed to revise its 1983 General Management Plan.  The plan 
addresses the issue of visitation carrying capacity and creates a marine zoning 
plan that defines areas as cultural, historical, research, and protection zones.  
The plan effectively limits the number of commercial users, and it offers 
additional resource protection by creating a no-take zone (Research Natural 
Area) that encompasses almost half of the park (NPS, 2002). 
 
Ecotourism is a burgeoning activity in the ecologically sensitive areas in the 
Florida Keys.  The Lower Florida Keys contain three NWR that serve as 
sanctuaries for local and migratory bird populations, threatened marine species, 
and the endangered Key Deer.  As the local and tourist populations of the 
Florida Keys expand, the pressure on the local resources increases.  Ecotourism 
ranks among the most popular activities in the Lower Florida Keys.  Although 
the activities greatly benefit the local community, NWR managers are concerned 
that increased commercial use may adversely impact refuge resources. Managers 
have proposed limiting commercial use in the NWR, thereby maintaining a 
balance between the objectives of protecting wildlife and  allowing compatible 
recreational opportunities. 
 
Incompatible uses/user conflicts 
Stiltsville is a set of seven remaining structures close to the northern boundary 
of Biscayne National Park.  Congress expanded the northern boundary of the 
park in 1980 to include the sandbar on which the Stiltsville buildings sit 
(Lauredo, 1998).  Stiltsville included 24 structures in 1965, but hurricanes later 
destroyed all but seven structures.  The final leases expired in July 1999, but the 
Park Service and lessees of the submerged lands signed standstill agreements to 
extend leases.  Recently, the Park Service created a citizens� advisory board to 
consider alternative public uses, while structure owners have consistently 
lobbied to retain control of the structures (BNP, 2000).  Resolution of this 
conflict may involve some type of public-private joint management of the 
structures. 
 
In 1992, Hurricane Andrew destroyed 50 percent of Homestead Airforce Base.  
Two years later, President Clinton realigned the base as a reserve station.  Since 
its realignment, the base has been the focus of a conflict between agencies and 
user groups who propose to develop the land for different purposes.  Miami-
Dade County and the Federal Aviation Administration (FAA) favored the 
development of a regional airport, but the National Park Service and 
environmental groups opposed that plan over concerns of potential impacts of an 
airport on the adjacent national parks.  Another alternative was a mixed-use 
development.  The Air Force released a plan in 1994 that called for the 
development of a commercial airport.  However, following objections by 
environmental groups, the Air Force and FAA revised the statement as a 
supplemental environmental impact statement released in 2000 (USAF/FAA, 
2000).  Under the revised plan, the US Air Force abandoned its original 



preferred alternative, instead selecting mixed-use development for the former 
base.  Airport developers and the county threatened legal action, despite the 
unified position of federal agencies in opposition to a commercial airport.   
 
In the US, the endangered American crocodile is limited to a narrow range in 
South Florida (Mazzotti, 1999).  The Endangered Species Act mandates 
management responsibility to the US Fish and Wildlife Service.  Although the 
population size has increased under a comprehensive recovery plan and 
currently enjoys protection in coastal areas such as the Everglades National 
Park, Crocodile Lake National Wildlife Refuge, and the Turkey Point Nuclear 
Power Plant, water management and sprawl present potential problems for the 
future of the crocodile.  Cooperative management of the crocodile by the three 
entities has produced positive results. 
 
The 8.5 Square Mile Area (SMA), located in western Miami-Dade County 
adjacent to Everglades National Park, exemplifies the social challenges that 
have emerged as obstacles to the proposed technical solutions offered as part of 
the Everglades Restoration effort.  The neighborhood contains over 1,900 
properties, including over 500 residences.  Several years ago, the South Florida 
Water Management District targeted the 8.5 SMA for full buyout to implement 
hydrological restoration in the eastern Everglades and infuse more water into 
Everglades National Park and Florida Bay.  Lobbying efforts of the largely 
Cuban residents and the County Commission's lack of support for a full buyout 
caused a major policy shift by the governing board of the District.  The case of 
the 8.5 SMA illustrates interagency conflict and cooperation, as well as 
superposition of authorities in the Everglades restoration.  Pitting property rights 
against ecological restoration, the 8.5 SMA is a study of environmental conflict 
resolution, shifting alliances, the ethnicity factor in environmental management, 
and social elements which technical planners often tend to ignore. 
 
Biscayne National Park (BNP) is one of the largest marine parks in the National 
Park System.  Despite its protected status, BNP faces increasing pressures of 
urban sprawl with its associated impacts.  One such pressure is the impact of the 
South Dade Landfill on the park's water quality.  Critics of the landfill argue that 
the leachate from the landfill is deteriorating water quality in adjacent park 
waters, negatively affecting marine life and commercial species.  Landfill 
officials argue otherwise, claiming that they effectively contain the landfill 
wastes and mitigate other impacts.  The landfill is a clear example of the 
difficulty that off-site impacts present for MPA management. 
 
Conclusions 
Although South Florida MPAs protect a diversity of resources, they face 
emerging issues that will affect the future resource quality.  From a broad 
perspective, fragmentation characterizes management of South Florida MPAs.  
Uncoordinated management by many agencies with diverse goals and strategies 
results in confusion, wasted resources, and diminished resource protection.  



Resource use in excess of the carrying capacity is also a major problem.  If, as 
described in case studies concerning fishery management, fisheries continue to 
deplete the resource base, the MPAs will lose both an aesthetic component, as 
well as an ecosystem function.  Other case studies demonstrate the importance 
of limiting visitation to protect the very resources that attract visitors.  Finally, 
case studies highlighting conflicts and incompatible uses illustrate the 
importance of socioeconomic factors that can influence the protection of MPA 
resources.  If authorities control human activities and development to co-exist 
with adjacent MPAs and employ adaptive management to buffer emerging 
pressures, then the MPAs may provide effective resource management options. 
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CURRENT POLICY TRENDS IN THE PLANNING AND 
MANAGEMENT OF MARINE PROTECTED AREAS 

 
John B. Davis, MPA News 

 
 
Introduction 
 
Marine protected areas (MPAs) are playing a growing role in marine and coastal 
resource management. In the past quarter-century, marine resource managers 
have created thousands of MPAs around the world, viewing them as an 
important tool for protecting ecosystems and species from overexploitation.  
 
This paper will provide a snapshot of some current global and national trends in 
MPA-related policymaking and practice, namely in the areas of goal-setting, 
siting of MPAs, and the use of MPA science. Much of the information on these 
trends has been gathered from interviews with expert practitioners, conducted 
by the author in reporting for MPA News.  

 
Goal-setting 
 
The international dialogue on MPAs often rests on the balance between 
consumption and conservation. In designating MPAs over the past two decades, 
marine resource managers’ most common goal has been to protect habitat and 
biodiversity. However, more recently, policymakers have increasingly designed 
MPAs to serve as a fisheries enhancement tool — designating MPAs, at least in 
part, to provide recruitment to fished areas, either through larval export across 
the MPA boundary or the outward migration of adults from the MPA. This trend 
is due in large part to planners’ efforts to achieve the “buy-in” of fishing 
communities on MPA-creation efforts.  
 
In 2000, the Bahamas announced a plan to set aside 20% of its marine 
environment as no-take areas, with the intent that these set-asides would 
“protect both fish and fishermen.” (MPA News 2000b) Such protection would 
occur, said planners, through ensuring the continual and long-term 
replenishment of the country’s living marine resources through these MPAs.  
 
Similarly, participants in the ongoing process to create a network of no-take 
marine reserves in the Channel Islands National Marine Sanctuary have aimed 
not only to protect representative and unique habitats, but also to achieve 
sustainable fisheries in the area and minimize short-term socioeconomic losses 
to resource users. (Channel Islands Marine Reserves Working Group 2000) 
 
As socioeconomic considerations can determine the success or failure of MPAs 
(Kelleher 2000), the incorporation of economic concerns in MPA goal-setting is 



a good idea. In addition, scientific research has offered some evidence that the 
pursuit of both goals, protecting fish and fishermen, works in models and in 
some field studies. (NCEAS 2001; NRC 2001) 
 
Nonetheless, the ability of any MPA to protect fish and/or fishermen is 
dependent on a wide array of ecological, managerial, and social factors. Plus, 
evidence of effectiveness, particularly evidence of recruitment effect on 
surrounding fisheries, can take more than a decade to become clear. (Rodwell 
2000) This time delay adds to the challenge of sustaining community support 
for an MPA. If planners of an MPA promise bigger or equivalent catches and 
these promises don’t pan out, the fishermen will be less willing to go along the 
next time an MPA is proposed. 
 
An associated trend is that of the increased involvement of local stakeholders in 
goal-setting processes for MPAs. This increase has been particularly evident in 
North America, where federal MPA programs in both the US and Canada have 
spent significant time and energy on managing consensus-based community 
processes. The Tortugas 2000 reserve-planning process in the Florida Keys 
involved extensive public involvement (MPA News 1999), as has the ongoing 
Channel Islands reserve-planning process. Both processes involved stakeholder 
planning committees based on consensus. In British Columbia, the process to 
create the Race Rocks MPA has also been consensus-based. (MPA News 2000c) 
 
This represents a switch for both the US National Marine Sanctuary Program 
and the Canadian Department of Fisheries and Oceans, which have traditionally 
acted in more of a top-down manner. Much of the switch has likely come from a 
realization that enforcement of MPAs is easier where there is community 
support for an MPA. (Salm and Clark 2000) The theory: if a community 
participates by consensus on the creation of an MPA, community members will 
more likely comply with the rules of that site. 
 
Siting of MPAs 
 
One of the more significant trends in siting MPAs, particularly in Australia and 
the US, is the establishment of “representative” systems of MPAs – networks of 
MPAs that feature representative samples of underwater ecosystems and 
habitats. Plans for such systems are underway at federal, state, and even local 
levels in these nations. 
 
Australia’s national ocean policy calls for the establishment of a representative 
MPA system, and the federal government is in the process of designating 
several new marine protected areas to fulfill this goal. (MPA News 1999, 2000) 
The Australian state governments of Victoria, Tasmania, and New South Wales 
have announced their intent to establish representative MPA networks as well 
(MPA News 2001a, MPA News 2001b). In the US, Executive Order 13158 of 



former President Clinton, ordered the creation of a “scientifically based, 
comprehensive national system representing diverse US marine ecosystems” 
(emphasis added) and alluded to the need “to preserve representative habitats in 
different geographic areas of the marine environment.” (Federal Register 2000) 
County-level governments in the Puget Sound region of Washington State are 
engaged in identifying candidate sites for a representative regional network of 
no-take marine reserves. (Smukler 2001) 
 
Notably, some large, existing MPAs are creating their own representative 
systems of marine reserves within their boundaries, including the Great Barrier 
Reef Marine Park in Australia (MPA News 2002) and the Channel Islands 
National Marine Sanctuary, as noted earlier. 
 
How far down the spatial hierarchy should planners go? Some suggest that the 
approach should depend on the region or country applying it: the biogeographic 
system used in developing a representative MPA system need not be universally 
applicable but must suit the region or country’s existing scientific heritage and 
information base (Kelleher et al. 1995). In the Bahamas, where the national 
government has called for the creation of a representative system of MPAs, 
scientists responsible for proposing the network have incorporated their 
understanding of the archipelago’s critical ecosystems. One planner there said, 
“For the Bahamas, ‘representative’ in the most fundamental sense means to me: 
coral reefs, mangroves, seagrass beds, algal plains, and marine blue holes.” 
(MPA News 2000b).  
 
The words “representative” and “distinctive” can sometimes cause confusion. If 
given a choice between preserving a truly representative area of abalone habitat, 
similar to other abalone habitat, or an area of distinctive (i.e., exceptional) 
abalone habitat, should a planner choose the representative habitat or the 
distinctive one? Notably, where a number of similar areas are encountered, the 
most distinctive area, as usually measured through comparisons of biophysical 
attributes, is generally advanced as the candidate MPA (Zacharias 2000). The 
phrase “representative system of MPAs” can therefore be somewhat misleading. 
 
Practice of MPA science 
 
In the past two years, several academic papers, reports, and consensus 
statements have cited “compelling” evidence for the use of no-take marine 
reserves as a central tool in fisheries management. A committee of the US 
National Research Council has argued in favor of the expanded use of marine 
reserves for protecting and rebuilding depleted fish stocks (NRC 2001). A 
separate group of 160 marine-science academics voiced a similar opinion 
(NCEAS 2001). 
 



There are still gaps in the knowledge. As noted earlier, not all marine reserves 
have resulted in gains to fish abundance outside their boundaries; the reason for 
this failure is not always clear. What’s more, the study of MPA socioeconomics 
is still in its infancy. The great majority of MPA-related scientific research, to 
this point, has been on the natural science side: studying fish abundance, 
diversity, optimal area size, larval distribution, and other non-human factors. 
There has been limited research done on the social and economic impacts of 
marine reserves on fishermen and other stakeholders. 
 
Socioeconomic study is just beginning to play a role in some MPA-planning 
exercises. As one example, the Channel Islands reserve-planning process 
established a Socioeconomic Advisory Panel to analyze the effect of various 
reserve scenarios on catches by the local fishing community. And in Australia, 
federal and state-level policymakers have drafted plans to provide fishermen 
with financial compensation for lost revenues directly related to the designation 
of MPAs. (MPA News 2001a; MPA News 2001b) 
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Introduction 
 
Ocean and coastal governance has largely developed around single-sector 
management or single-purpose laws concerning a limited range of objectives, 
stakeholders, natural resources and human activities.  This fragmented approach, 
while at times more politically expedient, is often flawed: first, in unanticipated 
side effects and interactions among the resulting volume of regulations; and 
second, in a lack of consideration of ecosystem-level processes and patterns.  
Some are now suggesting a shift toward area-based governance, wherein 
multiple objectives are sought simultaneously, by multiple stakeholders, and 
within strategically chosen spatial boundaries. 
 
U.S. state and territory coastal management programs, created under the federal 
Coastal Zone Management Act of 1972 (CZMA; 16 U.S.C. 1456 et seq.), offer a 
number of examples of area-based governance in the coastal zone.  The CZMA 
requires participating coastal programs to identify �areas of particular concern� 
(APCs), to �establish guidelines on priorities of uses in particular areas,� to 
�designate specific areas�for the purpose of preserving or restoring them� 
(APRs), and to designate �areas that contain one or more coastal resources of 
national significance� (Section 306).  The Act also promotes the use of special 
area management planning �for increased specificity in protecting significant 
natural resources, reasonable coastal-dependent economic growth, improved 
protection of life and property in hazardous areas�and improved predictability 
in governmental decisionmaking� (Section 303; 309).  These CZMA mandates, 
taken together with the differing environmental parameters, priorities and 
organizational frameworks of state coastal programs, have resulted in a diverse 
array of area-based management plans and policies. 
 
Until now, research into area-based coastal management has been limited 
because necessary data has been inaccessible outside a coastal program, stored 
in differing formats, and lacking in consistent descriptors for comparisons and 
analyses across state boundaries.  To remedy this situation, it was first necessary 
to distinguish between two distinct categories of area-based techniques. The first 
involves Special Planning Areas (SPAs), which may be defined as single, 
specially delineated sub-areas of the coastal zone for which unique, strategic 
planning and/or management occurs (e.g. Special Area Management Plans).  
The second (and newly defined) category consists of special policies that apply 
wherever a certain type of area is encountered in the coastal zone (e.g. beaches, 
floodplains, wetlands), which we here term Generic Policy Areas (GPAs).  A 



unique mix of SPAs and GPAs exists within each coastal program; with 
differing goals, priorities, policies, classifications and acronyms assigned to 
similar coastal areas.  The introduction of the SPA and GPA categories helps to 
better organize, study, and integrate area-based management techniques used 
within coastal programs nationwide. 
 
The present two-part study, supported by the National Oceanic and Atmospheric 
Administration�s (NOAA) Office of Ocean and Coastal Resource Management, 
explores the types of areas and associated policies chosen for special planning 
and management within U.S. coastal programs.  Generic Policy Areas have been 
documented for all approved coastal programs, and the unique backgrounds, 
ecosystems, socioeconomics, and policies of individual Special Planning Areas 
are now being recorded for the development of a comprehensive inventory.  By 
assembling SPA and GPA data in a single location, coastal programs may 
identify new programs not yet known at the state or national level, gaps in 
regional environmental management may be identified, and comparable state 
programs may learn of and from one another.  The combined inventories should 
provide an important research tool for understanding areal governance 
approaches in the coastal zone, as this paper�s presentation of preliminary GPA 
findings will help demonstrate.  
 

Methods 
 
A national, web-based database is currently being developed under the title of 
Special Planning Areas Coastal Information System (SPACIS).  The SPACIS 
database will link GPA and SPA inventories associated with NOAA-approved 
coastal management programs, and will also establish links with outside state 
and federal area-based management initiatives in the U.S. coastal zone.  Parallel 
formats were adopted for SPA and GPA data collection.  For each Special 
Planning Area (see criteria list, Table 1), a survey will be undertaken to 
document basic background, legal, ecological, socioeconomic, geographical, and 
administrative parameters.  Similarly, each GPA database entry includes the 
area�s description, designation criteria, use priorities, a summary of associated 
policies, corresponding state legislation and citations, and a list of specific sites 
when available; data is also collected concerning dates of origin, amendments, 
CZMA-related classifications.  The combined database offers users an 
opportunity to browse the complete SPA and GPA inventories, link directly to 
state statutes related to each coastal area, and 'query' the data in order to research 
specific provisions or policy trends among coastal programs. 
 
A draft GPA inventory was recently completed following a thorough review of 
state and territory coastal management plans, other coastal program documents, 
and program amendment records.  Each database entry must still be reviewed 
and approved by state officials in cooperation with NOAA.  However, a number 
of preliminary results can now be discussed in order to demonstrate the potential 
benefits gained through this effort. 



Generic Policy Areas (GPAs) Special Planning Areas (SPAs) 

Existing/identifiable/�mappable� areas 
(does not include facilities/structures) 

Single, unique, and mapped areas 

Generic program policies apply 
Unique, site-specific, ongoing and 

strategic management plan or program 
related to CZMA goals/objectives 

Current state enabling legislation Current state enabling legislation 

Expectation of permanence Expectation of permanence 
 
Table 1.  Criteria used for area inclusions in either GPA or SPA inventories. 
 
 

Preliminary Results and Discussion 
 
A preliminary listing of designated Generic Policy Areas is provided in Table 2.  
Seventy area �types� have been documented; of which, 19 were found within ten 
or more state or territory coastal management programs (in some cases, two or 
more designated areas within a program were assigned the same area type).  
Each coastal program designated an average of 14 GPAs.  Area types were 
usually based on specific environmental features or underlying socioeconomic 
settings; however, some utilized management-defined or existing political 
boundaries to pursue multiple objectives (e.g. State-owned Management Areas, 
Special Management Zones, Special Hazard Areas).  Finally, while Fish and 
Wildlife Habitats were often afforded protection through GPA designations, less 
emphasis was placed on generic Fishery Management Areas. 
 
Wetlands, Cultural/Historic Areas, Special Natural Areas, and State-owned 
Management Areas (including state parks and wildlife management areas) were 
among those most commonly designated as �Areas of Particular Concern� or 
�Areas for Preservation and Restoration� in compliance with the Coastal Zone 
Management Act and related administrative regulations.  However, not all 
Generic Policy Areas were designated in order to meet the area-based 
requirements of the CZMA.  Of the 19 most common GPAs, each was classified 
as an APC or APR in less than half of the total instances (APC classifications 
were far more common than APRs because most programs described �Areas for 
Preservation and Restoration� as a single Generic Policy Area).  It should also 
be noted that existing federal regulations do not expand on the requirement that 
programs designate �areas that contain one or more coastal resources of national 
significance.�  As a result, programs most often relied upon other area 
designations to meet this requirement. 
 
 

 
 
 



Area Name # Area Name # 
Cultural/Historic Areas 27 Lakes, Ponds, & Springs 5 

Wetlands (Tidal) 27 Artificial Reefs 4 
Wetlands (Nontidal) 23 Endangered Species Areas 4 

Shoreline/Shoreland Areas 18 Reef Areas 4 
Coastal Waters 18 Islands (other) 4 

Recreation Areas 17 Energy Development Areas 3 
Special Natural Areas 17 Entire Coastal Zone 3 

Dunes 16 Impoundments 3 
Beaches 16 Mangrove Areas 3 

Agricultural/Farm Lands 15 Rocky Shores 3 
Floodplains 15 Lagoons 3 

Special Hazard Areas 14 Submerged Vegetation Areas 3 
Port Areas 14 Soil Conservation Areas 2 

Erosion Areas 13 Salt Ponds 2 
Fish and Wildlife Habitats 12 Steep Slopes 2 
State-Owned Mgmt. Areas 11 Dredge Disposal Sites 2 

Urban Waterfront Areas 11 Waterfowl Nesting Areas 2 
Special Planning Areas 10 Deltas 1 

Public Trust Lands 10 High Energy Coasts 1 
Rivers and Streams 9 Borrow Pits 1 

Forest Areas 9 Bays/Embayments 1 
Water Resources 9 Deep Well Disposal Zones 1 

Barrier Islands 9 Inlets 1 
Mineral Resource Areas 9 Uplands 1 

Special Management Zones 8 Marsh Hammocks 1 
Shellfish Areas 8 Military Ocean Target Areas 1 

Industrial Areas 7 Mooring Areas 1 
Open Space 7 Rural Shorelines 1 

Scenic Areas 6 Navigable Waters 1 
Navigation Channels/Canals 6 Overwash Areas 1 

Estuaries 6 Sand Transport System 1 
Cliffs, Bluffs, & Escarpments 6 Shell Deposits 1 

Intertidal Flats 6 Specimen Tree Sites 1 
Fishery Management Areas 5 Infrastructure Corridors 1 

Harbors 5 Villages 1 
 
 
Table 2.  Generic Policy Areas, or areas assigned generic policies by U.S. state 

and territory Coastal Management Programs, with a preliminary count 
of programs under which each area is designated (of 34 possible). 

 
 

 
 



To better illustrate the relationship between the two categories of area-based 
management approaches, the following example is provided:  Ten coastal 
programs established overarching, generic policies and/or standards related to a 
system of individual Special Planning Areas, or areas matching the criteria 
found in Table 1.  For example, Massachusetts utilizes a system of �Areas of 
Critical Environmental Concern (ACEC),� each of which must include at least 
four of eleven specified ecosystem features, strategies for public outreach and 
education programs, and other plan elements.  Each ACEC would then represent 
an SPA within a larger GPA classification (and these database entries will be 
linked for enhanced queries).  Conversely, some Special Planning Areas 
incorporate Generic Policy Areas to achieve more localized goals and 
objectives.  In one such case, new GPAs were created within a sub-area of the 
coastal zone, risking heightened complexity and possible conflicts with state 
area-based policies. 
 

Special Planning Area Inventory 
 

As the Generic Policy Areas inventory nears completion, the effort to inventory 
Special Planning Areas within the nation�s coastal zone has already begun.  
Once completed, the combined database will likely promote the integration of 
existing area-based coastal and ocean management programs.  For example, 
some coastal SPAs, and possibly GPAs, may meet the criteria established for the 
Marine Protected Areas and Marine Managed Areas Inventory now under 
development in accordance with the recent Executive Order #13158.  SPACIS 
could also prove useful in integrating �critical coastal areas� designated within 
nonpoint source pollution plans, Essential Fish Habitat (EFH) designations, and 
state water quality area classifications under the Clean Water Act, among others.  
If ocean and coastal governance continues to shift toward area-based 
approaches, SPACIS and other management inventories will provide important 
new research tools for an improved understanding and integration of future 
coastal management practices. 
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Introduction 
 
The 1998 Environmental Protection Agency (EPA) National Water Quality 
Report found that forty percent of the nation�s waters were unsuitable for fishing 
and swimming.i As a widespread phenomenon throughout the U.S. coastal zone, 
nonpoint source pollution (NPSP) prevention has become an important issue that 
must be addressed in a timely manner. The sources of nonpoint pollution are 
now well known, yet controlling these inputs is a daunting task that many 
agencies have been unable to achieve.  
 
This paper examines the obstacles facing the Coastal Nonpoint Pollution 
Program (CNPP). The CNPP is a program designed to control coastal NPSP by 
supplementing the state NPSP program (Section 319 of the CWA) in coastal 
areas and creating new actions not previously covered under the program. The 
CNPP has faced multiple obstacles to its development and implementation since 
its inception in 1990. Factors limiting the integration of the CNPP within the 
state nonpoint source pollution (NPSP) program must be understood in order to 
determine opportunities to mitigate the CNPP flaws. Considering the enormous 
undertaking that represents a program and the various agencies involved, it is 
important to identify and comprehend the limiting factors to program 
development and implementation in order to find a solution that will allow for a 
successful coastal NPSP program to restore coastal waters. In order to gain a 
better understanding of these factors I conducted an Internet survey of the NPSP 
and coastal zone management program (CZMP) managers involved with the 
CNPP in the states with approved CZMPs.  
 

Coastal Nonpoint Pollution Program 
 

The CNPP was introduced in the 1990 Coastal Zone Act Reauthorization 
Amendment as a legislative bill to control coastal NPSP. The program requires 
the EPA and NOAA to provide guidance and plan approval for the states with 
approved CZMPs. The requirements to obtain final approval of the CNPP are 
quite an undertaking that involves time and effort, and as a result, thirteen years 
later, only eight states have received final approval for their CNPPs. The lack of 
development and implementation of the CNPP and past water quality programs 
suggests that the NPSP programs are ambitious programs, which require 
resources and strong political backing to ensure success.ii 
 



The state NPSP Program is a voluntary program developed in 1987 to address 
the decline in water quality due to NPSP. To date, the majority of states have 
created NPSP programs. However, as it is a voluntary program, there is no 
mechanism to enforce the water quality requirements or to ensure integration 
with the CNPP.iii CZMPs are also voluntary programs intended for participation 
by all states; however, states with a CZMP are mandated by federal law to create 
a CNPP. The CZMP must coordinate with the NPSP program to supplement 
pre-existing programs and develop new programs that the current NPSP 
programming does not address.  
 

Obstacles 
  
The CNPP was adopted into legislation without a clear understanding of the 
existing program objectives and activities, creating inefficient use of resources 
required to achieve control of the pollution. The states were charged under the 
CNPP legislation with developing and implementing over 56 management 
measures to address the various types of nonpoint sources to the coastal 
environment. However, NOAA and the EPA have not provided the states with a 
way to ensure consistency with the NPSP program and other related water 
quality programs.  
 
In many states, several agencies on both state and municipal levels are 
implementing programs to reduce nonpoint pollution activities.  The programs 
also vary between states according to each state�s water quality needs. While the 
NPSP program is the main program for controlling NPSP, many nonpoint 
programs are carried out under agriculture, forestry, marinas, construction and 
mining programs. Many of these programs overlap in jurisdiction and 
enforcement with the NPSP and CNPP programs, creating conflict and 
inefficiency at reducing polluting activities.iv Often the underlying faults to 
environmental program development and implementation are due to the 
enabling legislation. Inadequate comprehension of what is involved to carry out 
the intent of the law (i.e., policy formulation, funding, agency involvement, or 
consistency with pre-existing programs) for a coastal pollution program has 
resulted in the low success rate of 8 out of 34 possible CNPPs achieving final 
approval. 
The numerous programs in place are often disassociated from similar programs 
creating overlap in resource utilization and varying objectives. There are 
currently eleven federal programs dealing with various aspects of nonpoint 
source control stemming from the federal agriculture, forestry, fish and wildlife, 
transportation and planning agencies.  
  



Several key factors have been identified as obstacles to federal water quality 
programs, including resource availability, agency behaviors and the role of the 
federal agencies.v The limiting factors considered here are: 
 
• Funding: Funding for the CNPP development has been inadequate throughout 
the years. 
• Staffing: Many CZMP agencies are understaffed due to lack of appropriate 
funding for the coastal pollution effort.  
• Enforcement: Enforcement is limited by resource allocation and overlapping 
agency jurisdiction.   
• Public participation: Public participation is a key factor in the success of any 
state program.   
• Communication: Often communication between agencies or programs is 
lacking due to the political culture surrounding the agencies. 
• Collaboration: Collaboration of various agencies on the local, state and 
regional scale is imperative for successful coastal NPSP control.vi   
• Coordination: Coordination of multiple state agencies and their authority, 
programming and responsibilities can be challenging.vii   
• Consistency:  Due to the numerous programs and agencies involved in water 
quality management activities, it is extremely difficult to integrate the CNPP 
objectives solely into the NPSP programming.   
• Compliance: Compliance with numerous agencies and pre-existing nonpoint 
pollution control programs. 
• Political Hurdles: Political obstacles include administrative changes (federal 
and state), turf battles, state-federal agency, interagency, and intra agency 
disputes.viii   
 
 

Methods 
 
In order to determine the obstacles facing the CNPP, the managers from the NPS 
and CZM programs involved were surveyed on their perceptions of various factors 
and how those factors affected the development and implementation of the CNPP. 
For this research, 87 NPSP and CZMP managers of states with approved CZM 
programs were surveyed via an Internet survey. The survey contained Likert Scale 
questions pertaining to how the Manager perceived each factor, whether they were 
limiting, or not limiting in the development and implementation of the CNPP 
management measures. Thirty-five responses were obtained from the survey. 
 

Results 
 
The overall results revealed that several factors are considered primary obstacles 
to the development and implementation of the CNPP. The greatest obstacles for 
the two groups were political hurdles, enforcement and staffing. The responses 
from both the NPSP and CZMP Managers surveyed revealed that political hurdles 



are extremely limiting for each of the two groups in the development and 
implementation of the CNPP. The CZMP managers ranked funding as the greatest 
limiting factor overall for their program development. Both groups also viewed 
enforcement and staffing as �very limiting�. However, the responses begin to shift 
with the remaining factors. The CZMP managers selected compliance and funding 
to be �very to extremely limiting� while the NPSP managers viewed these as only 
�slightly limiting.� The ranked results are in Table 1. 
 
The political hurdles limiting the CNPP were expected to correspond to a high 
limiting factor of communication and coordination; however, this was not the 
case. In fact, communication and coordination was noted as a �slightly limiting� 
factor for the program. Therefore, it seems that communication and coordination 
between the agencies has been positive, rather than further impede their efforts. 
The political hurdles identified by the respondents included: �low priority as a 
water quality issue,� �little recognition of the CNPP on the local and state 
levels,� �guidance has not been appropriate,� �NOAA is unsure of how to deal 
with the CNPP,� and �EPA is not doing much to further progress�.  
 
The CZMP and NPSP managers also differed in their perceptions of funding and 
compliance with respect to how each program is affected. The CZMP managers 
qualified funding and compliance as �very limiting� factors to their roles in 
development and implementation, while the NPSP managers rated these two 
factors as �slightly limiting.� As funding is not a problem within most NPSP 
programs, the managers� responses were expected to reflect funding as not a 
limiting factor. Compliance with multiple agencies was expected to be a limiting 
factor to the CNPP development and implementation as the CNPP not only has 
limited funding, but must also coordinate with the NPSP programs form new 
programs to address coastal NPSP. 
 

Table 1: Obstacles to the Development and Implementation of the CNPP 
 

Coastal Zone Manager Responses Nonpoint Source Program Manager 
Responses* 

Obstacle Limiting 
Rank 

Percent Obstacle Limiting 
Rank 

Percent 

Funding 
Political 
Enforcement 
Compliance 
Staffing 
Coordination 
Communication 
Public  
Implementation 
Consistency 

Extremely 
Extremely 
Very 
Very 
Very 
Slightly 
Slightly 
Slightly 
Slightly 
Slightly 

43.5 % 
42.9 % 
53.6 % 
42.9 % 
42.8 % 
53.5 % 
42.9 % 
39.3 % 
35.8 % 
28.5 % 

Political 
Staffing 
Enforcement 
Coordination 
Consistency 
Public  
Communication 
Compliance 
 

Extremely 
Very 
Very 
Moderately 
Slightly 
Slightly 
Slightly 
Slightly 

42.9 % 
42.9 % 
42.9 % 
42.9 % 
71.4 % 
71.4 % 
71.4% 
57.1 % 

* The responses for funding and implementation were evenly distributed 
between slightly limiting, moderately limiting, and very limiting.   



Conclusion 
 
Many nonpoint pollution programs have had limited success due to the various 
obstacles they face internally and between agencies.  As the coastal waters are 
further inflicted with pollution, the NPSP programs are left to find ways to work 
together in order to control the polluting activities.  In order to overcome these 
barriers, the program coordinators and managers must have a clear 
understanding of the obstacles they will face.  The CNPP cannot be successful 
without the proper resources including funding, enforceable policies and a 
guideline for compliance in order to overcome the current program obstacles. 
Comprehension of past dilemmas and limitations of the CNPP development 
could help to revise the program during the CZM Act Reauthorization in 2002, 
to create a stronger program able to control activities polluting the coastal 
waters. 
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Yet Another Minor Earthquake in the Law of Regulatory Takings:
Palazzolo v. Rhode Island

Marc R. Poirier

In June of 2001 the Supreme Court of the United States, in Palazzolo v. Rhode
Island,1 rejected a clear rule concerning owners� expectations that had been
developed by lower courts to sort out regulatory takings claims and remanded to
the Rhode Island courts for consideration under a traditional ad hoc, fact
specific test.   The case evidences the continued splintering of judicial opinion
on touchy regulatory takings issues.  Different aspects of the opinion cut both
ways in terms of the amount of leeway land use regulations have before they
may face substantial takings challenges.

Mr. Palazzolo�s claim was a classic one for regulatory takings in the land use
area.  He argued that the Rhode Island Coastal Resources Management Council
would deny his request to fill tidal wetlands that he owned and wanted to
develop (as it had in the past for other proposals), that he had been deprived of
all economically viable use, and that he was therefore entitled to compensation
for what amounted to a taking of his property.  The case was complicated by the
details of the property ownership.  A corporation created and controlled by Mr.
Palazzolo owned the property from 1959 to 1978.  When the corporate charter
was revoked, the title passed, by law, to Mr. Palazzolo.  Both the corporation
and Mr. Palazzolo had previously made several half-hearted stabs at developing
the 20 acres, and six lots had been sold off at an early date. 

The most important issue decided in Palazzolo concerns the often encountered
situation in which a property owner acquires property only after a regulatory
scheme is in place.  In the past decade, a number of state supreme courts have
developed a rule that �post-regulation acquisition� automatically bars a property
owner from making a regulatory taking claim.2 So had some decisions within the
Federal Circuit, whose decisions govern all claims for regulatory takings against
the federal government, including (of importance to coastal regulators and
policymakers) wetlands fill permit denials and other Corps of Engineers� actions
affecting coasts, rivers, and harbors.3  The basic concept of the �post-regulation
acquisition� rule (or �post-enactment purchase� or �preacquisition notice,� as it
is also known) is that an owner who bought property knew or should have
known about the risk of pre-existing regulation and could have protected herself
by not buying the property or by buying at a discounted price.  To force the
government to pay compensation for burdensome regulation under such a
scenario makes the government pay for a risk the property owner took.4



The �post-regulation acquisition� rule may well have been spurred by a reading
of Lucas v. South Carolina Coastal Council,5 which is still one of the most
important regulatory takings cases in the land use area.  One of the key holdings
in Lucas was that a property owner�s claim of a regulatory taking must be met
with an �antecedent inquiry� based on the idea that property is held subject to
the background limitations of nuisance and property law.6  As Justice Scalia
pointed out in Lucas, a property owner does not have a right to overflow a lake
so as to injure the neighbors, to build a nuclear plant on a geological fault, or to
obstruct a navigable river (at least without the permission of the federal
government, which manages the navigation servitude).7  Legislation that simply
reflects such �background limitations� on property cannot be a taking because
the property owner never had the right to that particular use in the first place. 
So says Lucas.8  

Some courts began to carry out this inquiry into background principles, which
can categorically eliminate a regulatory taking claim, with regard to other types
of expectations of the property owner.  To be sure, a consideration of the
owner�s distinct investment-backed expectations has always been one of the
important factors that must be considered in a regulatory takings claim, under
the Penn Central test.9   But some courts began to treat this fact as decisive on
its own, indeed sometimes articulating it as part of the antecedent inquiry into
background principles.10  

There seemed to be precedents for this approach.  In particular, Ruckelshaus v.
Monsanto11 stated that a right to compensation for loss of trade secret
protection, in an environmental regulatory scheme, changed as the statute was
amended.  During a period where private parties could not expect trade secret
protection because of the way the statute was written, they were not entitled to
compensation.  When the statute was amended, private parties acquired a
property right, the loss of which entitled them to compensation.  Ruckelshaus
thus takes a positivist view of property; that is, the scope of the property right
derives from the statute and can be altered by amending the statute.  This
positivist view of property is reflected in other important decisions as well.12

On the other side of the ledger lies Nollan v. California Coastal Commission,13

another of the key regulatory takings decisions.  Nollan is principally a case
about exactions.14  But Justice Scalia, writing for the Court, also stated, in an
important footnote, that �the Nollans� rights [are not] altered because they
acquired the land well after the Commission began to implement its policy.�15 
Some other federal decisions have suggested the same result.16



Neither the Ruckelshaus nor the Nollan position is palatable when taken to the
extreme. We probably don�t want to say that the government could by statute
declare a right to regulate a broad range of property uses out of existence and
that these losses would not be challengeable by any owner who purchased her
property after this law were in place.  On the other hand, as the Supreme Court
said long ago, �[g]overnment hardly could go on if to some extent values
incident to property could not be diminished without paying for every such
change in the general law.�17

In Palazzolo, the Rhode Island Supreme Court indicated that if it were to reach
the merits of the case, it would find that Mr. Palazzolo had acquired the property
after the coastal wetland regulatory scheme was in place and that he therefore
would have no takings claim.18  The Supreme Court rejected this rule.  �A
blanket rule that purchasers with notice have no compensation right when a
claim becomes ripe is too blunt an instrument to accord with the duty to
compensation for what is taken.�19    The Court relied on Nollan, and rejected as
a misinterpretation of Lucas the view than any new regulation once enacted
�becomes a background principle of property law which cannot be challenged
by those who acquire title after the enactment.�20

It is important to appreciate that the Court�s decision in Palazzolo does not
dismiss preexisting regulations altogether as a source of argument against a
regulatory takings claim.  The Court reiterated that:

The right to improve property . . . is subject to the reasonable
exercise of state authority, including the enforcement of valid
zoning and land-use restrictions. . . . The Takings Clause,
however, in certain circumstances allows a landowner to
assert that a particular exercise of the State�s regulatory power
is so unreasonable or onerous as to compel compensation. 
Just as a prospective enactment, such as a new zoning
ordinance, can limit the value of land without effecting a
taking because it can be understood as reasonable by all
concerned, other enactments are unreasonable and do not
become less so through the passage of time or title.21

Justice O�Connor�s concurring opinion is explicit on this point, and she wrote it
to express her point of view on this specific issue.  �Today�s holding does not
mean that the timing of the regulation�s enactment relative to the acquisition of
title is immaterial to the Penn Central analysis.  Indeed, it would be just as much
error to expunge this consideration from the takings inquiry as it would be to
accord it exclusive significance.�22   She goes on at some length, stressing that



the Court�s decision seeks to �restore balance� to the inquiry of how preexisting
regulations inform legitimate expectations about property rights.23  O�Connor�s
lengthy concurring opinion will no doubt be mined in future legal arguments
over the significance of post regulation acquisition on expectations.  One recent
commentator opined that in light of Justice O�Connor�s crucial opinion, �most
long-established environmental and land use regulations will be largely immune
from takings challenges[, a]nd they should become increasingly immune from
challenge as properties change hands and additional time passes.�24 

Justice Scalia dissociated himself from the rest of the majority and specifically
from Justice O�Connor.  In a short, grumpy opinion, he said that post regulation
acquisition �should have no bearing upon the determination of whether the
restriction is so substantial as to constitute a taking.�25   His is an extreme view
of the Nollan position: as to some property interests the legislature may not alter
them at all without compensation.  In contrast to my characterization of
Ruckelshaus as legal positivism, such an extreme reading of Nollan partakes of
natural law.  There just are certain property rights, discernible by the courts
though not created by them or by legislatures.  Legislatures may not refine or
tinker with these property rights without paying for them.

It is time for a head count.   In addition to Justice O�Connor herself, Justice
Breyer wrote a short separate dissent in Palazzolo specifically to state his
agreement with Justice O�Connor.26  The other Justices� dissents also state that
they agree with Justices O�Connor and Breyer.27  That means at least five votes
for �it all depends� as the approach to the significance of post regulation
acquisition.  I would add Justice Kennedy to this group.  Though he wrote the
majority opinion in Palazzolo, he also authored a concurring opinion in Lucas
which spelled out succinctly the idea that legislative actions can contribute to
our subsequent background understanding of property.28 By my count, then,
there are six votes for a moderate interpretation of Palazzolo�s holding on post
regulation acquisition in future cases.  Only three current Justices � Scalia,
Thomas and Rehnquist � would be likely to adopt Justice Scalia�s hard line
approach in a future case.  Put another way, we are still two justices away from
a revolution in property jurisprudence. 

For the time being, though, even after Palazzolo, most of the cases that relied on
preexisting regulations to find no taking are intact or can be rescued, so long as
they appear to have performed an appropriate balancing of the fact of the
preexisting regulations as one part of the expectation factor of the Penn Central
ad hoc test.  Indeed, this is what the Supreme Court�s order requires the Rhode
Island courts to do on remand.  Nor does Palazzolo even mean that the positivist
view of property articulated in Ruckelshaus has been discarded.  One easy



distinction to draw is that Ruckelshaus is about personal property, while Nollan
is about real property or land.  One authority suggests that the kind of interest
protected against legislative tinkering on a strict reading of Nollan is no broader
than the traditional and basic right of one who physically occupies property to
exclude others.29  On the other hand, Palazzolo may create considerable leeway
for judges on the Court of Federal Claims and the Federal Circuit � where
takings claims against the federal government are heard � to develop a relatively
conservative approach to post-regulation acquisition.  Those courts are widely
viewed as being disproportionately populated with conservative judges,
especially on issues of property rights.

There is no room here to do more than mention some of the other issues
addressed (or presented but ultimately not yet addressed) in Palazzolo.  It
contains an important holding on the transferability of takings claims to
subsequent property owners.  The Court finds that a takings claim is not
restricted to the owner at the time of the taking, but may accrue to a successor
owner.30  This finding might have been necessary to the case because technically
the property at issue was owned by a corporation set up by Mr. Palazzolo until
1978.  Rhode Island�s coastal wetlands statute was enacted in 1971.  Mr.
Palazzolo�s claim seems to be about the generic impossibility of developing his
wetlands, rather than about some specific proposal made recently.  So it may be
that the original injured party was the corporation, from which Mr. Palazzolo
later acquired both the property and the claim.  The holding has potential
ramifications, as it seems to reverse federal law and the law of most states on
the transferability of takings claims.31  It will hardly open the floodgates to
litigation, however.  Regulatory takings claims will still be limited by statutes of
limitations.32  The holding may also be limited by future cases to certain classes
of property transfers.  The Court says that �It would be illogical, and unfair, to
bar a regulatory takings claim because of the post-enactment transfer of
ownership where the steps necessary to make the claim ripe were not taken, or
could not have been taken, by a previous owner.� 33  Perhaps this is limiting
language.  The law of states like Minnesota and New Jersey, whose courts have
some experience with transferable takings claims, may provide some useful
guidance here.

The Rhode Island Supreme Court�s controlling holding in the opinion below
decided that Mr. Palazzolo�s claim was not ripe because he had not fully
presented a development proposal, and had not sought permission for any less
ambitious development proposals.34  The United States Supreme Court
disagreed, finding that under the circumstances Mr. Palazzolo�s claim was
ripe.35  The Court gives short shrift to the requirement from MacDonald that less
grandiose proposals may be required to be presented to the regulatory agency



before the property owner may go to court.36  Essentially, the Court is satisfied
that there was at least one final application, although it was not the proposal on
which the compensation request was based.  In addition, Rhode Island law made
clear that any further applications involving coastal wetlands would be equally
futile.37  The Court finds this level of effort by the owner to be enough.  In other
words, Palazzolo articulates a futility exception to the ripeness requirement of
takings doctrine.38  The facts of the case are so peculiar, however, that the effect
of this determination on ripeness doctrine in takings is probably limited.

The Rhode Island Supreme Court ruled in the alternative that Mr. Palazzolo had
not lost all value of his property because he still had an upland portion he could
develop.39  To be sure the value of the developed upland property was estimated
to be $200,000, a far cry from the more than $3,000,000 Mr. Palazzolo claimed
he lost because he could not fill his wetlands.  Nevertheless, the Rhode Island
court said he had not been deprived of all economic value of the property, and
therefore had to try to make his claim under the ad hoc Penn Central test instead
of relying on the Lucas per se rule for a taking when property is deprived of all
economic use.40  The United States Supreme Court, in the briefest of holdings,
stated, �On this point, we agree with the court�s decision.�41  This is an
important holding.  It confirms that the Lucas per se test for compensation will
be available only when there really is a loss of all economic use, not just loss of
most economic use or nearly all economic use.

Mr. Palazzolo tried to salvage his �loss of all use� claim in his brief by
reframing the loss as one hundred percent of the use of wetlands.  The Court
refused to reach the claim, which will be presented to the Rhode Island courts
on remand.42  Mr. Palazzolo is here engaging in what Professor Margaret Radin
has called �conceptual severance.�43  By isolating the interest he lost from other
interests he still has, he makes the impact of the regulation upon him seem
enormous.  One such classic claim was rejected (but by a 5-4 vote) in Keystone
Bituminous Coal Ass�n v. DeBenedictis.44 The coal companies claimed they had
lost 100% of a technically separate right to cause subsidence; the state argued
they could still take most of their coal out of the ground, as they only were
required to leave enough of it behind to support the surface.  Here the question
will be whether Mr. Palazzolo has lost the use of 100% of his tidal wetlands or
something like 93% of his overall property.  It may be even less loss percentage-
wise, since the predecessor corporation sold several lots off the original parcel.

On these kinds of facts the remanded �conceptual severance� issue blends into
the so-called �denominator� issue.  That issue asks �how many acres to include
in the �before� picture.�45  Where a developer severs a larger parcel into pieces,
one of which is mostly or all unbuildable because of wetlands regulations, it
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Supreme Court.47 

Another important issue surfaced in the trial court decision in 199548 and may
become relevant again on remand.  That is whether protection of wetlands is
part of the background principle of nuisance law in Rhode Island.  If so, the
regulation may be immune from a takings challenge regardless of the impact it
has on the property owner.  Also, the state argued that its regulation was
immune under the public trust doctrine.  That defense has not been addressed by
a court in this state.

Overall, Palazzolo does little to help define what may count as a regulatory
taking or how to proceed to make a claim.  It eliminates one bright line rule on
post acquisition expectations, and reverses another on the transferability of
takings claims.  Ultimately, it falls back on the tried and true but oh so vague
Penn Central balancing test to resolve the controversy on remand.49  Palazzolo
is moreover a close decision and a fragmented one, with a majority opinion
garnering five votes (six for one part), two concurring opinions, a concurring
and dissenting opinion, and two dissenting opinions.  This kind of spread makes
it even harder to read the cards as to the future direction of the Court�s
regulatory takings jurisprudence.
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ENVIRONMENTAL PRACTICE GUIDE (Matthew Bender rev. 1999) (section on
standing in regulatory takings claims).

33. Palazzolo v. Rhode Island, 121 S.Ct. 2448, 2463 (2001) (emphasis
supplied).



34. Palazzolo v. Rhode Island, 746 A.2d 707, 713 - 14 (R.I. 2000), rev�d,
121 S.Ct. 2448 (2001).  The Rhode Island court relied especially on the leading
takings ripeness cases, MacDonald, Sommer & Frates v. County of Yolo, 477
U.S. 340 (1986) and Williamson County Regional Planning Commission v.
Hamilton Bank of Johnson City, 473 U.S. 172 (1985).

35. Palazzolo v. Rhode Island, 121 S.Ct. 2448, 2458 - 2462 (2001). 
Justice Stevens joined this part of the opinion, id. at 2468 (Stevens, J.,
concurring), making the tally 6 -3 on the ripeness holding.

36. MacDonald, Sommer & Frates v. County of Yolo, 477 U.S. 340, 353
n.9 (1986). 

37. Palazzolo v. Rhode Island, 121 S.Ct. 2448, 2459 - 61 (2001).

38. See also Suitum v. Tahoe Regional Planning Agency, 520 U.S. 725
(1997); Cienega Gardens v. United States, 265 F.3d 1237 (Fed. Cir. 2001).

39. Palazzolo v. Rhode Island, 746 A.2d 707, 715 (R.I. 2000), rev�d o.g.,
121 S.Ct. 2448 (2001).

40. This per se test for a regulatory taking when an owner loses all
economic value of the property was articulated and applied in Lucas v. South
Carolina Coastal Council, 505 U.S. 1003 (1992).

41. Palazzolo v. Rhode Island, 121 S.Ct. 2448, 2464 (2001).

42. Id. at 2464 - 2465.

43. Margaret J. Radin, The Liberal Conception of Property: Cross
Currents in the Jurisprudence of Takings, 88 COLUM L. REV. 1667, 1676
(1988).

44. 480 U.S. 470, 500 - 502 (1987).

45. Marc R. Poirier, Regulatory Takings § 10A.06[4] at 10A-25, in
ENVIRONMENTAL PRACTICE GUIDE (Matthew Bender rev. 1999).

46. See, e.g., District Intown Properties Ltd.. Partnership v. District of
Columbia, 198 F.3d 874 (D.C. Cir. 1999),  cert. denied, 121 S.Ct. 34 (2000)
(discussing factors, finding larger parcel to be the relevant parcel, and finding
no taking); Forest Properties, Inc. v. United States, 177 F.3d 1360, 1365 (Fed.



Cir.), cert. denied, 120 S.Ct. 373 (1999) (finding larger parcel to be the relevant
parcel, and finding no taking); Loveladies Harbor, Inc. v. United States, 28 F.3d
1171 (Fed. Cir. 1994) (finding the smaller parcel relevant on a test looking at all
the facts, and finding a taking); Ciampitti v. United States, 22 Cl. Ct. 310, 318
(1991) (articulating factors to assess the relevant parcel); Deltona Corp. v.
United States, 657 F.2d 1184 (Ct. Cl. 1981) (substantial potential for
development remained � no taking); K & K Construction, Inc. v. Department of
Natural Resources, 575 N.W. 2d 531, 535 - 538 (Mich. 1998), cert. denied, 525
U.S. 819 (1998) (in denial of wetlands fill permits relevant parcel consisted of at
least three lots � discussing factors); Zealy v. City of Waukesha, 548 N.W.2d
528, 532 - 534 (Wis. 1996) (in challenge to wetlands zoning ordinance, parcel at
issue is the entire parcel).

47. See, e.g., Lucas v. South Carolina Coastal Council, 505 U.S. 1003,
1016 - 1017 n.7 (1992).

48. Palazzolo v. Coastal Resources Mgmt. Council, No. 86-1496, 1995
WL 941370 (R.I. Super. Jan 5., 1995). 

49. The Rhode Island Supreme Court will order remand to the Superior
Court, although it has first asked the parties to fried for issues relevant on
remand: the need for a survey of the part of Palazzolo�s property below the
mean high water line; the intial purchase price for the property; the proceeds and
other consideration from the sale of six parcels from the original property; and
the relevance of Rhode Island�s version of the public trust doctrine, as described
in Greater Providence Chamber of Commerce v. State of Rhode Island, 657
A.2d 1038 (R.I. 1995).  Palazzolo v. Rhode Island, 2001 WL 1530186 (No. 98-
333-A, Sept. 25, 2001).  See also McQueen v. South Carolina Coastal Council,
530 S.E.2d 620 (S.C. 2000), vac. & rem. sub nom. McQueen v. South Carolina
Dept. of Health and Envtl. Control, 121 S.Ct.  2581 (2001) (remand of
regulatory takings case for reconsideration in light of Palazzolo).
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Introduction 

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

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



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

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



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



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



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



  

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



  

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

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



Impacts of Recreational Boating and PWC Use 
 

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

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

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

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

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

 
! Many of the adverse environmental impacts attributed to PWC also 

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



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

 
Potential PWC Management Strategies 

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

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

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



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

Project Benefits 
 

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

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

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



  

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



  

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



  

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

94.90

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

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



  

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

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



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

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

- Philippines: national and provincial levels 



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

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



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



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



 

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

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



 

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

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



 

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

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



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

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



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



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

Results and Discussion 
 

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

Acknowledgments 
 
PNCERS research is funded by NOAA grant NA96OP0238. We thank Dr. Clare 
Ryan, Dr. Tom Leschine and Dr. Patrick Christie for their support and advice. 
 

References 
 
Eng, M. 1994. Partnerships and Cooperation on the Olympic Peninsula: a 

Summary of Natural Resource Programs Relating to the Olympic Peninsula 
and Analysis of How to Promote Cooperative Management of the Olympic 
Coast National Marine Sanctuary.  Washington Sea Grant Program, Seattle. 

 
Imperial, M.T. 1999. Institutional Analysis and Ecosystem-Based Management: 

the Institutional Analysis and Development Framework.  Environmental 
Management. 24(4):449-465. 

 
Ostrom, E. 1990. Governing the Commons: the Evolution of Institutions for 

Collective Action. Cambridge Press, New York. 



Ostrom, E. 1995. Designing Complexity to Govern Complexity.  Pages 33-46. 
In S. Hanna and M. Munasinghe, eds. Property Rights and the Environment. 
The World Bank, Washington, D.C. 

 
Ostrom, E. 1999. Institutional Rational Choice: an Assessment of the 

Institutional Analysis and Development Framework. Pages 35-71.  In P. 
Sabbatier, ed. Theories of the Policy Process. Westview Press, Boulder. 

 
Patton, M. 1990. Qualitative Evaluation and Research Methods. Sage 

Publications, Newbury Park, CA. 
 
Rubin, H.J. and I.S. Rubin. 1995. Qualitative Interviewing: the Art of Hearing 

Data. Sage Publications, Thousand Oaks, CA. 
 
Strauss, A. and J. Corbin. 1998. Basics of Qualitative Research, Techniques and 

Procedures for Developing Grounded Theory. Sage Publications, Thousand 
Oaks, CA. 

 
Wondolleck, J.M. and S.L. Yaffee. 2000. Making Collaboration Work: Lessons 

from Innovation in Natural Resource Management. Island Press, 
Washington, D.C. 

 
Yin, R. 1994. Case Study Research: Design and Methods. Sage Publications, 

Thousand Oaks, CA. 
 
Sarah MacWilliams 
University of Washington 
School of Marine Affairs 
3707 Brooklyn Avenue NE 
Seattle, WA  98105  USA 
Ph: (206) 685-1898 
Fax: (206) 543-1417 
Email: sarahmac@u.washington.edu 



MEASURING THE SUCCESS OF IMPLEMENTATION IN THE 
NATIONAL ESTUARY PROGRAM 

 
Bridgette Stoffey, Oregon State University 

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



    

 
 

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



    

 
 

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



    

 
 

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

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

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

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

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



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

 
Vessel Response Plans 

 
Federal vessel response plan requirements derive from section 

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

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

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

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

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



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

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

*          *          * 
 

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

Federalism implications under E.O. 13132 
 

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

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

 



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

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



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

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

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

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



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

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

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

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



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

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

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

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



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

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



  

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

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



  

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

 



  

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



  

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

Introduction 
 

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



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

Evolution of the Texas Sea Grant College Program 
 

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



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

The Challenge of Coastal Management in Texas 
 

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



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

Linking Sea Grant with the State�s Coastal Management Program 
 

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

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

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



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

Summary and Conclusion 
 

The decision makers of Texas both in the Legislative and Executive Branches of 
government have enhanced the state�s Coastal Management Program by 
placement of the Texas Sea Grant College Program Director as a permanent 
member of its oversight body, the Coastal Coordination Council. In taking this 
action, the state�s leaders have joined the resources of the higher education 
system with those provided by natural resource regulatory agencies and 
gubernatorial appointments. The action remains a relatively recent event, so full 
impact has yet to be realized; however, opportunities to developed targeted 
applied research, outreach and education initiatives in support of coastal 
management will surely be forthcoming. 
 
Ralph Rayburn 
Texas Sea Grant College Program 
2700 Earl Rudder Fwy. South # 1800 
College Station, Texas 77845 
Ph (979) 845-7526 
Fax (979) 845-7525 
ralph-rayburn@tamu.edu 
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Introduction 
 

Shore erosion poses a significant threat to Maryland�s diverse coastal environment.  
With a high ratio of coastline to total area of the State, the cliffs, bluffs, barrier 
beaches, wetlands and sandy beaches that make up the Maryland shoreline are a 
vital part of the State�s environment, culture, and economy.  Yet studies estimate 
that 31 percent of Maryland�s 4,360 miles of tidal shoreline currently experiences 
some degree of erosion.  All 16 coastal counties bordering the Chesapeake Bay, the 
Coastal Bays, and the Atlantic Ocean are affected.  Erosion rates among these 
counties vary from a high of 54 percent eroding shoreline in Dorchester County to 
15 percent eroding shoreline in Caroline County. 
 
The costs associated with shoreline erosion include the direct loss of land and its 
economic, cultural, and ecological values.  Shore erosion also has important off-site 
impacts.  The most obvious and pervasive is deposition of sediment into the State�s 
tidal waters.  According to the U.S. Army Corps of Engineers (1990), erosion from 
upland sources contributes approximately 11 million cubic yards of sediment into 
both the Maryland and Virginia portions of the Chesapeake Bay each year.  This 
amount translates into approximately 5.7 million pounds of nitrogen and 4.2 million 
pounds of phosphorus introduced into the waters of the Chesapeake Bay annually as 
a result of shore erosion.  Reduced water quality, in turn, impacts both living 
resources and their habitats. 
 
Maryland is also vulnerable to erosion induced by sea level rise.  While not a 
driving force in itself, sea level rise is considered a causal factor, influencing on-
going coastal processes that drive coastal erosion.  As a result, coastal areas are 
rendered ever more vulnerable to both chronic erosion and episodic events such as 
Nor�easters, tropical storms, and hurricanes.  Low-lying coastal plains and barrier 
islands, such as those located along Maryland�s outer coast, its coastal bays, and the 
low-lying eastern shore, are all susceptible to erosion, flooding, and inundation.  
Sea level rise also threatens to exacerbate and prolong the process of erosion along 
the highly developed western rim of the Chesapeake Bay.  
 

Development of a Comprehensive Erosion Control Plan 
 

In August of 1999, Maryland Governor Parris N. Glendening appointed a Shore 
Erosion Control Task Force in response to citizen concern over the State�s ability to 
control shore erosion.  The Task Force found that prior efforts to control shore 



erosion in Maryland were limited to a site-by-site approach, with projects 
implemented by a host of federal, state, local, and non-governmental interests.  
However, lack of coordination among these entities resulted in substantial 
inefficiency, conflicting and overlapping mandates, and duplication of effort 
associated with such an array of individual actors and activities. 
 
The Task Force issued nine recommendations and stressed the importance of a 
comprehensive approach to shore erosion control, noting that isolated 
implementation of the recommendations would result in further duplication of 
effort, inefficiency, and gaps in program coverage (SETF 2000).  They joined with 
the U.S. Army Corps of Engineers (1990) and the citizens of Maryland in calling 
for a Comprehensive Shore Erosion Control Plan to address the impacts of shore 
erosion.  As the name suggests, the Comprehensive Plan is designed to move 
Maryland from the current piecemeal approach toward shore erosion control to an 
approach that quantifies regional shore erosion impacts.  This would use sound 
planning, based on best available data, to achieve the objectives outlined by the 
Governor�s Task Force. 
 
In order to initiate statewide planning, the Maryland Department of Natural 
Resources (DNR) established partnerships with two coastal counties: Dorchester 
County and St. Mary�s County.  These partnerships will be used as templates for 
development of the statewide components of the Maryland Comprehensive Shore 
Erosion Control Plan.  The tools and methodologies created under these 
partnerships will be used for planning in the fourteen remaining coastal counties in 
the coming years.  Each partnership has three concurrent components: regional 
shore erosion control planning, impact pilot studies, and public outreach.  This 
paper will focus on the first two of the three components.  
  

Regional Shore Erosion Control Planning 
 

The initial focus of regional planning was data collection.  DNR met with local 
planners in the two partner counties to collect two types of information.  First, DNR 
was interested in existing local shore erosion control planning documents and 
information on existing programs and methodologies used to regulate shoreline 
development, such as local permitting processes, hazard mitigation plans, and 
zoning ordinances.  
 
Second, local data was examined to determine potential use in evaluating the 
parameters set forth by the Shore Erosion Task Force for prioritizing locations for 
shore erosion control.  In its Final Report (SETF 2000), the Task Force mandated 
that four planning criteria be used to evaluate the need for erosion control: (1) local 
rate of erosion; (2) environmental impacts of erosion; (3) impacts to public and 
private infrastructure; and, (4) local vulnerability to sea level rise.  In addition to 
local data, DNR identified statewide datasets that could be used to evaluate the four  



criteria.  Because time was a constraint in the planning process, existing digital 
datasets were used whenever possible. 
 
Planning data from the state and local governments were analyzed to identify 
appropriate physiographic coastal reaches to be used as the basis for shore erosion 
control planning and to determine appropriate local mechanisms for implementation 
of regional shore erosion control strategies (e.g., zoning ordinances, local hazard 
mitigation plans, etc.).  Further data analysis will identify sensitive areas in a GIS 
environment based on the four planning criteria described above.  Once developed, 
regional shore erosion control strategies will direct state and local implementation 
of shore erosion control activities.  Sensitive areas will be prioritized for shore 
erosion control and matched with appropriate funding mechanisms. 
 
Regional shore erosion control strategies will include a range of solutions to address 
shore erosion issues within a given physiographic reach, such as the designation of: 
(1) areas suitable for non-structural and structural shore protection and restoration 
activities; (2) areas to target for regional and cooperatively sponsored projects; (3) 
specific reaches of shoreline as natural erosion areas; (4) areas within county 
boundaries where erosion-based setbacks should be implemented; and (5) areas to 
target for land conservation practices. 
 

Sea Level Rise Impact Studies 
  
Sea level rise is a significant factor contributing to shoreline erosion in the State of 
Maryland.  Tide gauge measurements in the Chesapeake Bay and the Mid-Atlantic 
indicate that sea level is rising along Maryland�s coastline at a rate nearly twice the 
global average (Douglas 1991).  The average rate of sea level rise in Maryland has 
been 3-4 mm/yr, or approximately 1 foot per century.  However, these rates are 
expected to accelerate due to global warming, resulting in a rise of 2-3 feet by the 
year 2100 (Leatherman et al. 1995). 
 
In order to illustrate the financial impact of sea level rise and coastal erosion, DNR 
used the drowned valley model suggested by Kana et al. (1984).  High-resolution 
digital topographic data were collected via airborne LIDAR instruments in three 
distinct coastal regions in the spring of 2001.  From this raw data,  �Bare Ground� 
elevation models were built using 2-foot contour data and 1-foot interpolated 
contours.   
 
MdProperty View, developed by the Maryland Department of Planning, served as 
the base data set for this evaluation.  MdProperty View links digital property maps 
to the Maryland Department of Assessments and Taxation�s tax parcel database.  In 
the database, parcel information is displayed on digital orthophotographs.  Each tax 
parcel has a centroid dot, which is embedded with information about that parcel, 
including a Property Account Identification Number.  This Number can be inputted 
into the tax parcel database to determine the assessed value of the property. 



Elevation data derived from LIDAR flights were overlaid on the MdProperty View 
parcel maps.  The 1-foot, 2-foot, and 3-foot contours were intersected with property 
centroids to identify lands vulnerable to sea level rise and assess the potential 
financial impact of this vulnerability.  In addition, windshield surveys were used to 
document the location of threatened roads and other infrastructure not displayed in 
MdProperty View, including sewage treatment plants, water treatment plants, 
electric transmission stations, telephone switching stations, and bridges. 

 
Figure 2.  Shady Side Pilot Study Area (Scale = 1:2400) 

 
Figure 2 illustrates the process used to conduct the impact assessment.  The digital 
map shows a portion of the Shady Side study area in Anne Arundel County.  The 
centroid dots overlaid on the map denote individual tax parcels.  The digital contour 
lines overlaid on the map represent the 1-foot (0.30m) increment elevations derived 
from LIDAR data.   
 
Values of properties and infrastructure likely to be impacted due to various sea level 
rise scenarios will be summed to obtain loss characteristics for the three pilot study 
areas.  The intent of these pilot studies is to provide an impetus for advance sea 
level rise planning. 
 

Conclusions 
 

Development of regional shore erosion control strategies will result in improved 
knowledge of the causes, impacts, and solutions to shore erosion; increased ability 
to respond to rising sea levels; improved coordination of and comprehensive 
planning for shore erosion control in Maryland; and increased public awareness of 
the issues associated with shore erosion. 
 
Completion of this project is expected to yield numerous long-term environmental 
and economic results.  The environmental benefits include protection of sensitive 
environmental resources, reduced erosion rates, decreased nutrient loads in State 



waters, and improved water quality.  Improved water quality, in turn, will promote 
growth of wetlands, submerged aquatic vegetation, and shellfish beds.  The U.S. 
Army Corps of Engineers (1990) estimates that for every dollar spent to control 
erosion, as much as $1.75 is returned to the economy in the form of improvements 
to resources, including submerged aquatic vegetation, fish, benthic organisms, 
shellfish, and wetland habitat.  Economic results include improved cost-
effectiveness of federal and state expenditures on shore erosion control projects, 
and improved siting of capital facilities, which will reduce future spending on 
facility protection and repair. 
 
Development regional shore erosion control plans will also increase the 
effectiveness of federal, state, and local planning authorities through additional 
collection of detailed topographic data (i.e., LIDAR).  Finally, development of the 
Comprehensive Shore Erosion Control Plan will showcase Maryland as a leader in 
proactive sea level rise response and erosion control planning. 
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Introduction 
 
Headlands on the Oregon Coast segment the shoreline into a series of 
compartments known as littoral cells or sandsheds that form a natural boundary 
to study the regional effects of coastal erosion. Oregon has taken a regional 
approach to coastal hazards planning. By understanding regional sediment 
dynamics and processes, coastal hazards can be better understood and avoided. 
 
 The Bandon littoral cell in Southern Oregon extends 35 miles from Cape Arago 
in the north to Cape Blanco in the south. The city of Bandon, situated at the 
mouth of the Coquille River, faces several coastal management challenges to 
ocean front development including bluff face development and inadequate 
hazard setbacks. The other major coastal management issue in the cell revolves 
around snowy plover restoration on New River Spit in the south part of the cell. 
The goal of this project is to identify erosion hazard areas before oceanfront 
properties are threatened and forced into hardened structural solutions. 
 
Three primary components of littoral cell planning include inventory, risk 
assessment, and implementation. Inventory data depicting physical, cultural, and 
risk themes was collected at a tax parcel scale (1:1,200) and incorporated into a 
GIS (Marra 1995). The risk assessment applies several techniques to identify 
hazardous areas along the ocean front. Some of these techniques include: air 
photo analyses of historical shorelines, comparison of historic beach and bluff 
profiles (including LIDAR), geologic mapping, house to bluff measurements, 
and the application of a geometric model of dune erosion. The inventory and 
risk analyses inputted into the GIS facilitate hazard and policy analyses and 
expedite oceanfront planning. Benefits of sandshed planning include consistent 
hazard assessment, reduction of cumulative and adverse impacts, and 
incorporation of science into the decision making process.  
 

Inventory 
 

The first step in developing a littoral cell management plan is developing a 
Geographic Information System (GIS) inventory. Since planning at the local 
level occurs on a parcel by parcel basis, there is a greater need for high 
resolution data layers, therefore the foundation for the inventory is the tax parcel 
scale (~ 1:1,200). Most of the background layers for the GIS include layers such 
as elevation, orthophotography, and 7.5� USGS quadrangles.  The tax parcel 
layer consists of three components: the linework creating the polygon tax 
parcels, the linking number or tax parcel identification number, and then the 



attributes needed to support coastal hazard planning in Oregon (Table 1). These 
attributes form the foundation for spatial analysis and decision support. The 
development of this layer is extremely time consuming and costly due to the 
difficulty in spatially referencing the tax lots. In Bandon, we used Global 
Positioning System (GPS) coordinate information collected by BLM. 
  
Table 1: Tax Parcel Attributes 
Attribute Description
Tax Parcel ID township, range, section, quarter section, parcel number
Street Address street address
Owner Type private or public
Owner Name owner name (family or corporation) or individual entity where public 
Jurisdiction local government jurisdiction (City or county)
UGB location with respect to urban growth boundary (in or out)
Building/Vacant building, if any, on tax lot (Y or N)
Building Units number of units on parcel 
Year year building, if any, was built
Lot Size square footage of tax lot (2400, 5000, etc)
Assessed Value $200,000
Oceanfront location with respect to oceanfront (Y or N)
Developed <1/1/77 Designated as 'developed prior to January 1, 1977' (d<77 - Y or N)
zoning zoning layer
SPS Shore protection structure (Y or N)

 
Discussion of Attributes 

 
Many of these attributes are commonly used in planning, layers such as address 
information, tax parcel identification number, zoning, and jurisdiction. The other 
attributes are important to answering some of the important management 
questions surrounding coastal hazards planning. How many lots and structures 
will be affected? How much money are those properties worth?  Where are the 
shore protection structures? 
 
In Oregon, a Beach Bill was passed in 1967, regulating the development along 
the Ocean Shore. Any property not �developed� prior to January 1, 1977 is not 
eligible for shore protection structures. Therefore, identifying the year 
developed is a critical layer in hazards planning in Oregon to identify potential 
locations for shore protection structures. Another important aspect of the Beach 
Bill was the establishment of the Beach Zone Line that delineated the regulatory 
jurisdiction along the ocean front. This line was mapped for the entire Oregon 
Coast as the 16� contour interval, accompanied by a topographic survey of the 
beach in September 1967. The only place not included in this historic survey 
was the properties owned by the Oregon State Parks. This line and topographic 
survey provides a valuable resource in understanding historic shoreline change. 
Once this tax parcel layer has been developed, other layers can be built using  



this layer as a back drop. These new layers all come under the category of high-
resolution tax parcel scale layers. In Bandon these layers include:  
 
• Shore Protection Structures 
• Zoning 
• City Limits 
• Urban Growth Boundary 
• Sewer Main Line 
• Sewer Laterals 

• Storm Drains 
• Open-Closed Roads 
• Water Main 
• Water Service 
• Shoreland Hazard Overlay 
• Architectural Review Overlay

 
Risk Assessment 

 
The object of the hazard assessment is to identify the areas most susceptible to 
erosion and provide a sensitivity analysis bracketing the areas that could 
potentially erode. The first step characterizes the shoreline and backshore 
identifying the dune, bluff or sea cliff, and inlet-backed shoreline segments. For 
each of these types of shoreline segments, a different risk methodology was 
applied. 
 
The backshore characterization was done primarily in the field but also used 
LIDAR to identify the transition zones between segments. 400 cross shore 
profiles were pulled from the April 1998 LIDAR data and used to identify a 
series of geomorphic features including: bluff and dune toes, crests, breaks in 
slope, and beach slope. All of these features were entered into a database and a 
series of hazard analysis were applied to each backshore type.  
 
For the entire study area, an extreme water analysis was conducted using several 
storm scenarios to understand the potential for erosion, overwashing, and 
flooding (Ruggiero et al. 2001). For each of the dune-backed segments, a 
geometric model of foredune erosion developed for Oregon was run to bracket 
the erosion in the dune system (Komar et al. 1999). For the bluff backed 
segments, the extreme water level analysis was combined with hourly tidal 
records to determine hours of wave attack (Ruggiero et al. 2001). This 
information was then combined with measurements of bluff material properties, 
measurements of house to bluff distances over time and field observations to 
determine potential risk for the bluff backed shoreline (Benumof and Griggs 
2000). Finally, in the inlet-backed segments, the extreme water level analysis 
was compared with the dune heights to determine the potential areas of 
overwash and breaching along New River Spit. The resulting outputs from these 
analyses were represented as hazard zones that are provided to the City of 
Bandon and the resource management agencies for implementation.  
 

Potential Implementation 
 
There are a host of potential implementation mechanisms in the City of Bandon. 
Initially, the hazard zones created from the risk assessment will be included as 



the hazard inventory for the city during updates to the comprehensive plan.  
These hazard zones could be used as a trigger for a geotech report if a property 
falls into certain zones.  The different risk zones could require different levels of 
details.  The hazard zones could also be used as a construction and or 
redevelopment setback.  Finally, the City could adopt the maps as a higher 
resolution version of the FEMA flood insurance rate maps that require certain 
building standards.  At present, these are all options that will require more 
discussions and a public process, before anything is adopted. 
 
For the snowy plover restoration efforts, the dune backed analysis, and more 
importantly, the extreme water levels will be provided to BLM and Oregon State 
Parks in the form of maps.  These maps will depict the potential restoration 
dunes as stable, transitional, and inlet/overwash areas. The areas that are 
potential inlet -overwash areas can then be prioritized for restoration efforts, 
such as dune grading or exotic beach grass eradication programs.  
 

Discussion and Conclusion 
 
Littoral Cell Management Planning takes a regional approach to identifying 
hazards, understand regional sediment dynamics, and avoid costly, site specific 
means of addressing coastal hazards. It provides local jurisdictions and resource 
management agencies with a sound scientific basis to review development 
proposals, prioritize lands for acquisition, and make sound land use decisions.  
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NOAA Community-Based Restoration Program Overview

The NOAA Community-based Restoration Program (CRP) began in 1996 to
inspire local efforts to conduct meaningful, on-the-ground restoration of marine,
estuarine and riparian habitat. The CRP is a systematic effort to catalyze
partnerships at the national, regional and local level to contribute funding, technical
assistance, land, volunteer support or other in-kind services to help citizens carry
out restoration projects that promote stewardship and a conservation ethic for living
marine resources. The CRP links funding and the technical expertise at NOAA
Fisheries Regional Offices and Science Centers to citizen-driven restoration
projects, and emphasizes collaborative strategies built around improving NOAA
trust resources and the quality of the communities they sustain.

The NOAA Fisheries Office of Habitat Conservation, through the NOAA
Restoration Center, administers the CRP. Until recently, the program operated on
a shoestring budget of between $250K and $450K per year to support habitat
restoration in coastal communities. In 2000, Congress gave the CRP a much-
needed boost and provided $2 million in funds that were distributed for grass-roots
habitat restoration projects around the country, significantly expanding this highly
successful program. In 2001, $8 million was made available, allowing the
establishment of numerous multi-year, national and regional restoration
partnerships. In 2002, the CRP grew to $10 million, enabling the continued support
and growth of partnerships in addition to direct funding of individual community-
based habitat restoration projects.

An underlying principle of the CRP, and a primary reason for its success, is the
development of national and regional partnerships that match NOAA funds at least
1:1, enabling a greater number of projects to be jointly selected and implemented.
Between 2000 and 2001, partnerships were established with prominent
conservation and fishery groups such as the American Sportfishing Association
(FishAmerica Foundation), The Nature Conservancy, American Rivers, Trout
Unlimited, Restore America�s Estuaries, the Gulf of Maine Council, and the Gulf
of Mexico Foundation, to name a few. The sheer volume of restoration projects
funded by the CRP today requires reliance upon partners and NMFS field staff to



oversee day-to-day activities of individual projects. More importantly, partnerships
amplify financial resources, as partners contributions are matched again at the local
level.

National and Regional Habitat Restoration Partnerships

The CRP has proven the effectiveness of establishing successful public-private
partnerships on numerous levels in order to accomplish on-the-ground restoration
projects. Beyond having significant ecological and economical benefits, the
community-based approach fosters a sense of stewardship and respect for coastal
and marine resources within each community. Moreover, because of the unique
nature of the program, community-based projects can be tailored and prioritized
according to the individual restoration needs of each community.

Projects funded through existing partnerships include fish ladder installations and
small dam removals in New Hampshire; fish passage improvements in
Massachusetts; seagrass restorations in Virginia and Maryland; oyster reef
restoration in South Carolina; coral reef and mangrove restorations in Florida;
marsh habitat restorations in Texas; kelp forest and salmon stream restorations in
California; reconnecting historic wetlands to tidal bays in Oregon; opening of
impounded sloughs in Washington; invasive species removal in Florida; and stream
bank stabilization and riparian planting in Alaska, to name a few. 

A number of such projects are being implemented under a partnership first
established with Restore America�s Estuaries (RAE) in 2000 that will result in over
$4.5 million in restoration with the continuation of the partnership into 2002. The
CRP/RAE partnership focuses on identifying, developing, and implementing
estuarine habitat restoration projects in the eleven major estuaries where RAE
members around the coastal United States have established, effective, community-
based conservation organizations. This partnership has fostered a significant
relationship between RAE, their member organizations, NOAA Fisheries staff, and
other partners such as state and local governments and universities.

Projects funded through the CRP/RAE partnership include salt marsh restoration
in Galveston Bay, organized and carried out by the Galveston Bay Foundation
(GBF). GBF began doing habitat restoration work utilizing community volunteers
in 1990. Those early efforts involved a few dozen citizens planting a few thousand
square feet of marsh over the course of several Saturdays in a summer.

In the mid 1990s, habitat loss was identified as the number one priority problem for
Galveston Bay, with more than 30,000 acres of estuarine wetlands lost since the
1950s, mostly due to subsidence and erosion. In the late 1990s, GBF completed a
project to identify specific sites in need of restoration and/or preservation. A total
of 167 potential restoration sites, encompassing hundreds of thousands of acres,
were inventoried in the Habitat Conservation Blueprint. GBF and its partners began



to consider how to substantially increase the level of public awareness, effort, and
resources focused on restoration. 

One of GBF�s RAE partners, Tampa BayWatch, had successfully utilized some
300 volunteers over a weekend to restore about ten aces of marsh. Even this small-
in-the-larger-scheme-of-things effort was beyond any volunteer project that had
previously been attempted in Galveston Bay. Yet GBF�s partners were not daunted,
and took on the challenge. Marsh Bash 1999 is now history and still holds the
national record for a one-day volunteer estuary restoration event: 14.5 acres planted
by 1,500 volunteers in less than 2.5 hours! Marsh Mania, as the event is now
called, has surpassed the original acreage restored each year as new sites are added,
more communities become interested and involved, and estuary stewardship grows.

Production of such a large volunteer project involves substantial funding, site
identification and preparation, volunteer recruitment, volunteer support, and
planting logistics. The project coordination is made possible by a community
steering committee, made up of agency, nonprofit and corporate partners. GBF
recruits partners and plans the logistics for the overall effort, while each site has its
own set of local partners. In 1999, more than 90 sponsors contributed everything
from cash to cordgrass.

This past year also presented the CRP an opportunity to form a powerful new
regional partnership in the Southeast with the Gulf of Mexico Foundation
(GOMF). This partnership and outreach effort encompasses the five Gulf States-
Texas, Louisiana, Mississippi, Alabama and Florida. The GOMF receives guidance
in the form of a steering committee from local stakeholders including NOAA
Fisheries to manage and support federal grants and on-the-ground restoration
projects. 

In establishing the new partnership, action was taken on several tasks including
establishing administrative template and operational procedures through which to
administer the partnership over the three year life span. Distributing the restoration
funds is the easiest part � the more challenging tasks included: establishing
accountability for the expenditure of the funds, establishing a monitoring strategy
to cover implementation and long-term results of each project, establishing a
communication network to facilitate the partnership, and securing other partners
to leverage the NOAA funds against to expand the partnership�s impact.

To enhance the CRP/GOMF partnership, the Gulf of Mexico Program (GOMP;
Stennis, MS) was solicited as program partner. The Gulf Ecological Management
Site (GEMS) program of the GOMP provided a ready-made opportunity to invest
NOAA funds in habitat restoration in each Gulf State. Additionally, GOMP
committed operational funds making it possible to invest all of the NOAA funds
into the actual restoration effort. The GEMS program was already supported by
each of the Gulf States with a GEMS manager appointed in each state. Thus, a



communication network was in place and substantial efforts to pinpoint areas of
need had already been undertaken. 

The GEMS program with its designated state managers also provides a ready
template for pre-qualifying and managing potential projects distributed across a
vast geographical area and for establishing oversight to achieve accountability.
State involvement represents a substantial pool of potential matching funds, as well
as potential leaders once the NOAA funds have been expended at the end of the
project period that can keep local efforts going. Partnering with existing efforts,
programs, and leaders has created a heightened potential for success and impact
within the Gulf of Mexico Region in both a near and long term time scale. 

NOAA�s Role in Community-Based Fisheries Habitat Restoration 

The role of the NOAA Restoration Center and local NOAA Fisheries staff is to
help identify sound projects, strengthen their development and implementation with
help from the community and local interest groups, and generate long-term national
and regional partnerships to provide funds and other support for community-based
restoration efforts around the country. Proposals for projects are requested several
times each year, either directly by the RC or through its numerous partners. NOAA
Fisheries field staff makes site visits and meet with potential grantees to answer
questions and guide them through the restoration process. Proposals undergo a
competitive review, and projects are selected based on their technical merit, level
of community involvement, ecological benefits to marine and anadromous fish
habitat, local partnership opportunities, and cost-effectiveness.

Typically, past projects have leveraged on average $3 to $5 for every NOAA dollar
invested, but some projects leverage up to 10 times the initial investment. Technical
assistance, land donations or conservation easements, workforce support, and
volunteer labor for project implementation and monitoring are all ways partners
may contribute. This significant leverage translates into a conservative estimate of
$30 million of community-based habitat restoration work that will begin under the
CRP in 2002.

NOAA CRP funding had supported over 500 community-based projects in 25
states, and hundreds more projects will receive awards and begin in 2002. While
individually small, these projects are beginning to have a cumulative impact on
improving the health of the nation�s marine, estuarine, coastal and riparian habitats.

Getting Started�One Project at a Time

Although partnerships tend to reach a wider audience interested in restoration, not
enough can be said about the stewardship and conservation ethics that are
associated with individual projects led by local community groups. Scenic



Galveston is an excellent example of how a small, all-volunteer non-profit
conservation organization can make a difference in a local estuary. 

Since 1992, SCENIC GALVESTON (SG) has raised approximately $4.6 million
and purchased nearly 900 acres of emergent intertidal saltmarsh wetlands
surrounding Texas Interstate 45 and west to Jones Bay, today known as the John
M. O�Quinn I-45 Estuarial Corridor. Several badly degraded tracts within the
Estuary preserve have since been reclaimed as marsh habitat. SG has utilized
several kinds of project partnerships to implement their preserve acquisition and
restoration work. When they first began acquisition, their goal was not only
protection of the pristine wetlands, but also purchase of every disturbed site in the
corridor to block future development. To that end, their first venture into wetland
acquisition was coupled with an ambitious restoration plan: to buy and restore the
vast ten acre dredge containment then known as the Tamburine Landfill. 

Without their agency and private funding partners, this improbable project could
never have gotten off the ground. However, the key to Scenic Galveston�s success
lies not with money, per se. It lies with their volunteers. A passionately dedicated
cadre of project friends, most who have been with the group since the �what-if�
stage, runs SG. Insofar as possible, they have tried to remain a �club� in outlook
and outreach. They work as little as possible on their organization as such, but
work extremely hard on their projects. Professionals on their board, several of them
nearly full time, donate specific required in-kind services, from general
administration and accounting to wetland design and construction management, to
legal assistance. A wide network of other volunteers, many who came to the group
literally off the roadside, stay to pick up trash and to plant marsh grass and assist
whenever they can with the physical needs of the preserve. At the Tamburine
Landfill alone (today Reitan Tract 6) volunteers planted 80-100,000 stems of
Spartina alterniflora and other marsh grasses every summer weekend in 2000.

While no restoration project is easy for an all-volunteer organization, much less
one working on highly disturbed lands, SG has endeavored to keep things simple,
with typically just 2-3 funding partners per specific project. To minimize
accounting and reporting complexity and avoid burning out volunteer enthusiasm,
they attempt to avoid project overlap, scheduling restoration construction projects
consecutively, performing about one major restoration per year in the corridor.
Running lean and learning fast has been good: subsequent to their first major
restoration, where paid professional consultants were used for project design and
management, smaller restoration projects have been successfully designed and
managed �in house� by SG board members, with assistance and advice from agency
contacts aiding project implementation. This allows SG to maximize grant dollars
�on the ground� and, as a corollary, increases the ease with which they can find
project sponsors. Although SG works closely with the Galveston CRP office, now
that they are well established and highly organized, this group requires little
guidance to manage and oversee their grants. Lastly, their great site itself assists



them. Their projects are true restorations, not new constructs. Underneath it all, no
matter how bad it looks, there is always the marsh, waiting to re-emerge. SG has
taken an effective, hands-on, field-design and landowner stewardship approach to
their work, that keeps restoration costs moderate and projects looking like native
marsh habitat.

One of the newest non-profit groups to become involved in habitat restoration in
the Galveston area is the Clear Creek Environmental Foundation (CCEF). This
grassroots organization, formed in 2000, is dedicated to improving Clear Creek,
whether through trash cleanups or wetlands restoration. This past year CCEF
received their first federal funding for habitat restoration. The Galveston CRP
office has worked closely with CCEF to guide them through the federal grants
process and, more importantly, educate them about wetland restoration. NOAA
technical expertise helped CCEF prepare pots for Spartina alterniflora cultivation
at the Reliant Energy Cedar Bayou Nursery. Approximately 1,200 half-gallon pots
have been prepared, sprigged, and placed in a growing pond. These plants will be
harvested and planted along severely eroded shorelines of Clear Creek in Spring
2002. Beginning these projects has fostered an excellent relationship between
CCEF and local natural resource agencies, including US Fish and Wildlife, Texas
Parks and Wildlife, Texas General Land Office, as well as other local partners such
as Reliant Energy. CCEF attributes their success to the unique talents and skills of
their board of directors and dedicated volunteers that provide critical in-kind
services, such as the treasurer, who is a bank VP, as well as the technical writers,
computer managers and professional environmental scientists. A valuable lesson
the group likes to share is that there is room for all the active environmental groups
that want to participate in restoring their local environment. Once a group gets
started, local support follows. Most importantly, a new group must have the
initiative to perform by themselves before outside assistance will become available.

The CRP and its partners are committed to continuing national efforts to restore
degraded coastal resources across a wide geography and range of habitats, and will
will continue to collaborate to encourage public-private coordination on habitat
restoration activities. Through the cooperative efforts of local volunteers,
businesses, public and non-profit organizations, government agencies and
universities, community-based restoration is building a base of interest and
commitment for the sustainable future of marine, estuarine, and coastal resources.

Robin J. Bruckner
NOAA Community-Based Restoration Program Coordinator
NOAA Fisheries Office of Habitat Conservation
1315 East West Highway
Silver Spring, Maryland 20910
Ph: (301) 713-0174 
Fax: (301) 713-0184
email: robin.bruckner@noaa.gov



ECONOMICS: THE MISSING LINK TO RATIONAL 
DECISIONMAKING 

Judith Kildow, University of Southern California 
 

Introduction 
 

The United States is a coastal nation, with population and productivity 
concentrated at its shorelines. Coastal countiesi account for 13% of the land, but 
support 50% of the population and produce 56% of civilian income.ii Thus, 
income per square kilometer of �coastal� counties is more than eight times that 
of the remaining �inland� counties.�iii America�s coasts are important sources of 
social well being and merit good management, which requires good judgment; 
good judgment requires good information. Information is a powerful, valuable 
and essential tool for managing this complex area. The political process relies on 
it; the public is served by it. Many types of information feed into coastal 
decisions: scientific information about the natural environment and its 
productivity; functions and what are important and valuable; and economic 
information about the human dimension - productivity, functions and what 
society considers important and valuable. Science tells us about the coastal asset 
inventory; economics reveals its value to society. Both provide the political 
system with essential ingredients for decisions. 

With a significant portion of the nation�s income derived from coastal 
areas, it would be wise to document economic output, growth and their 
connections to the rest of the US economy. Economic data gives us another way 
to identify changes in the coastal zone, changes that affect the coastal natural 
systems. Without both types of data, we cannot know whether our management 
practices are working; we can�t know which activities are growing, declining, or 
why. Crises become our barometers for poor decisions.  

The range and abundance of natural resources and environmental assets 
in the coastal zone are the draw for the economy and people. The estuaries at the 
mouths of rivers provide natural harbors for vast transportation networks; high 
biological productivity is a source of food; and beautiful beaches, vistas and 
coastal waters provide enormous pleasure for recreation and tourism. The 
magnetism of the ocean boosts the value of coastal real estate to several times 
that found inland. Yet, we know very little about what drives this huge 
economic engine; about its relationship to the rest of the US economy; or its 
links to the very sustenance upon which it depends, the natural assets.  

This article compares the importance of the acquisition of scientific 
knowledge with that of economic information for the ocean and coastal zone. 
Furthermore, it explains how these two types of information complement each 
other, and how the combination of scientific and economic information can be a 
powerful policy tool to contribute to more rational decision-making. 
 



Science and Economics 
 
We have no threshold measures for coastal development or which economic 
activities are the most valuable. While biologists study ecological carrying 
capacity of the coastal zone, no one studies the zone�s economic carrying 
capacity. How can we achieve �Smart Growth� if we have no metric for 
determining economic or social change? How can we know when enough is 
enough?  

Scientists have studied the ocean and coastal zone for more than a 
century, painstakingly recording and archiving their findings for other scientists 
to continue building a knowledge base. Despite our scientific prowess, politics 
and the market system dictate most decisions. In most cases, the value of the 
natural environment is understated, while direct market values, for which there 
is data are heavily weighted. The Federal Government collects and archives 
economic market data for the economy, but there is no �ocean slice� to reveal 
the size or nature of the coastal economy. Even market data for the coastal zone 
is not readily usable or archived, but fragmented, segmented, and non-uniform. 
What we know about the dynamics of natural systems is not balanced by our 
knowledge of what drives the complexities of human systems.  

When scientists report that biodiversity is essential to our survival, and 
policy makers disregard the signals of overfishing to the brink of extinctions, the 
outcomes represent a lack of information and understanding. A missing link is 
the social and monetary value of biodiversity and healthy ecosystems. Our 
political system rewards those who respond to their constituents in the short 
term, not to those who make decisions for the future, beyond their terms of 
office. However, if uncaught fish had appropriate monetary values as future 
investments, and their role in the ecosystem for sustaining other species were 
also valued over time, raw political pressures from constituents might not 
determine the fate of biodiversity and our ecosystems. 

Not only are monetary values missing for natural assets, they are also 
absent for market assets. While we know that many industries depend on coastal 
natural resources, we neither know the size, scope or value of the natural 
resources, nor the value, scope, or scale of the coastal-related industries that rely 
on them. Moreover, we do not know their importance to other parts of our 
economy.  

The evidence of poor decisions is everywhere: 1) depleted fisheries, 
despite scientific evidence giving plenty of warnings; 2) drained wetlands and 
estuaries, filled to satisfy development pressures, despite scientific evidence 
indicating that estuaries are the lifeblood of the our coastal zones; 3) coastal 
waters polluted, destroying precious resources and denying use to people, 
despite sophisticated scientific knowledge that these pollutants are endangering 
human health and destroying coastal ecology; and 4) eroding shorelines from 
dams and other river diversions, despite our knowledge that low river flow 
prevents the transport of essential materials that nourish and stabilize our 
shorelines. All of these problems are costly to our society. Yet the actual costs 
are rarely calculated or considered until some unintended negative event occurs. 



What if � (a) the value of fisheries reflected a realistic market price, 
using appropriate discount rates for sustainability, etc? (b) estuaries were valued 
for their real economic contributions, and their complexities revealed? (c) local 
coastal communities understood the real costs of runoff and inadequate waste 
disposal systems responsible for closing their beaches during tourist season? (d) 
costs of shoreline losses downstream from watershed diversions were passed on 
to the users of the diverted river waters? Perhaps outcomes to these questions 
could be different. A remedy to these situations is to follow the lead of natural 
scientists: Investigate the important components of the coastal economy and 
gather, catalogue, and archive time series data into a usable form to build a 
strong foundation of coastal economic data for other social scientist use. 
 
What We Know About Coastal Values 
 
There are several types of values that comprise the coastal economy: market 
activities, natural resource values, and non-market values. The basic coastal-
related market economy that generates revenue and jobs includes - living 
resources, offshore energy and other mineral resources, tourism and recreation, 
ship and boat building, ocean transportation; coastal construction, coastal real 
estate, and R and D investments. Several experts have attempted estimates of 
some of these values for a particular year. They range from valuing the ocean 
economy at 3% to 35% of the GNP. iv These efforts have been limited in both 
time and scope of what they valued. They didn�t include natural resource values 
such as offshore oil and gas reserves and other minerals, fisheries, coastal land, 
clean water, beaches, estuaries, coral reefs, or mangroves. They did not include 
intrinsic and other non-market assets such as a view of the sea, a day at the 
beach, or an afternoon sportsfishing. Scholars have sought to estimate these 
latter values in site and time specific ways, using many methodologies, but they 
are scattered and buried in the literature, not archived. To summarize, there are 
several types of ocean-related economic data and hundreds of sources, but to be 
useful, the data needs to be screened for accuracy and compiled into an 
understandable, consistent database reflecting the �Ocean Economy.� The 
National Ocean Economics Projectv is carrying out this unprecedented task. The 
results will be a multi-year, multi-jurisdictional, geographically specific query-
based information system available for all to use on the Internet. 
 
How Can This Information Become A Powerful Tool for Decision-Making? 
 
Armed with this economic information system, analysts and policy makers 
would be in a position to make more robust decisions. Some examples follow, 
which demonstrate the value of the economic data described above.  
 
A. The recreational and commercial fishing industry has enormous economic 
potential for the US economy. The US fishing industry provided 170,000 jobs 
and 3.1 billion to the US economy in one recent year.vi Yet, in 1998, 2506 fish 
consumption advisories or bans were issued in areas where fish were too 



contaminated to eat.vii In California alone, during a recent year, the seafood 
industry generated almost $1billion for the state economy. California�s wild 
fisheries with few exceptions are not commercially viable. This does not even 
consider recreational fishing, which, in 1996, generated more than $38 billion 
nationally.viii The US fishing industry should be a significant contributor to the 
US economy. Yet, poor management and investment practices and politically 
expedient decisions have resulted in the collapse of many US fisheries, 
representing incalculable losses of current and future values. 
 
B. Wetlands and estuaries are the spawning/living grounds of most of our living 
resources. They buffer shorelines from storms and heavy weather, preventing 
flooding, erosion, and the resulting losses from those events. They are effective 
absorbers of toxic substances, acting as natural treatment plants for pollutants 
that flow to the sea. Their values for all of these and other functions are rarely 
considered when development competes with conservation or preservation. In 
fact, the US has lost about half of its wetlands since it was settled. With about 
100 million acres remaining, the US still loses about 100,000 acres every year. 
These values are essential to consider. 
 
C. Polluted runoff is the number one source of poor coastal water quality in the 
US today.ix Urban, suburban and rural sources spill a bacteria-laden toxic soup 
into US coastal waters that is a serious health problem for all living things. In 
1998, the US reported more than 7,200 beach closures and advisories due to 
high levels of bacteria or pollution.x The costs of this pollution are incalculable, 
because only in a few instances has anymore bothered to add them up. The cases 
range from human health effect costs to losses to the fishing and tourist 
industries, in particular. A few examples below show why the costs of 
prevention and the avoided costs of remediation must be compared carefully 
with the losses incurred from pollution. 

The public made 5.5 million ocean swimming trips in 2000 to Newport 
and Huntington Beaches in California. About 100,000 of these people are 
estimated to have contracted gastrointestinal infections from polluted coastal 
waters. �With out of pocket health costs such as co-payments for doctor visits or 
lost days at work,� the losses alone from those two southern California beaches 
could have amounted to between $12 million to $23 million.xi Orange County 
had 40 sewage-related ocean or harbor swimming closures in 2000.xii Besides 
the loss of use of the resources for the public, the lost revenue to coastal 
businesses added to the costs. Another recent pollution incident along the mid-
Atlantic, the Pfiesteria outbreak, caused losses to the US seafood and tourism 
industries estimated at about $1 billion. xiii  

Tourism in America is one of the largest industries. Coastal tourism 
generates more than 85% of tourist dollars in the US.xiv With over 180 million 
people visiting the coast annually, the total annual revenues are 100�s of 
millions of dollars. Considering the needs of clean water dependent industries 
and the human health risks, the costs of prevention and good management might 
seem small, if the data were clear.  



D.Watershed diversions have served upstream people for decades by providing 
electricity, irrigation, drinking water, and other services. Yet, downstream, 
coastal communities have suffered from receding beaches, deprived of their 
normal sediment loads, formerly carried by rushing rivers that are no more. The 
value of rushing waters was zero until recently; no one linked the upstream 
benefits with the downstream costs of coastal erosion and replenishment costs. 
Coastal communities rely on tourist dollars, and receding beaches demand a 
costly solution, sand nourishment, with local governments paying the price. 

As shorelines recede, they need stabilizing to avoid numerous hazards 
as well. These are additional public and private costs, not previously accounted 
for when river diversions were approved. With coastal zones as public places to 
be valued, these costs can no longer be overlooked. 
 
Summary: 
 

The examples above are only a glimpse into the costs of unenlightened 
coastal decisions. The task of estimating the values and costs discussed above is 
not trivial. Methods for determining values are often controversial; some data is 
not available, systems of reporting and collection are rough and need refining 
with input from users. Policy solutions are not solely based on economics, as we 
know. Yet, the continued pattern of policy making without the key elements of 
economic data to connect scientific data to policies cannot persist. Rational 
decision making for the coastal zone must no longer be a strong link. A full set 
of data on the Coastal and Ocean Economy must be made available so that our 
coasts can be better managed to allow our human and natural systems to thrive.  
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Introduction 
 

The United States Endangered Species Act (ESA) was signed by President 
Nixon in 1973 with the purpose of providing �for the conservation of species 
which are in danger of endangerment or extinction throughout all or a significant 
portion of their range and the conservation of the ecosystems on which they 
depend.� President Nixon declared that, �Nothing is more priceless and more 
worthy of preservation than the rich array of animal life with which our country 
has been blessed� (NMFS 2001). 
 
By law, when making a listing determination, �the ESA prohibits the 
consideration of economic impacts�. NMFS is required to make a listing 
decision based solely on the best scientific and commercial data available� 
(NMFS 2001). This does not, however, mean that economic impacts should not 
be identified, studied and examined. Indeed, if it is known how the listing of a 
species will impact the local community, then proactive measures may be taken 
to prepare them for the possible changes to their daily lives.  
 
Just how the industry and local community may be impacted by an ESA listing 
is a difficult question, given the complexity of human nature. In the case of 
whale watching, if the target species is listed as endangered, a possible result 
could be to limit the approach distance commercial whale-watch operators are 
allowed. A plausible assumption would be that this would have a negative 
impact on the whale-watching industry because the tourists would be 
disappointed with the whale-watching experience as they were not able to get an 
up-close view of the whale. However, as pointed out by Orams, �this 
assumption is simplistic, it ignores the complexity of human nature and ignores 
the volume of literature pertaining to humans� motivation for other recreational 
activities� (Orams 2000:562).  
 

Case Study: Whale Watching in Australia 
 
Orams (2000) developed a method to test the motivations of whale watchers and 
to determine what influence the whales� behavior and proximity to the whale-
watchers have on the overall enjoyment of the whale-watching experience. He 
examined whale watching in Queensland, Australia at the Tangalooma Island 
Resort on Moreton Island. Through self-reply questionnaires, Orams found that 
�satisfaction of the whale-watch was predominantly high� (Orams 2000:565) 
and the whale-watchers remained �satisfied� with the whale-watching 
experience even when few or no whales were sighted. However, whale behavior 



and the number of whales sighted were listed as factors influencing enjoyment. 
Only 4% (23 out of 583 respondents) mentioned proximity to the whales as a 
factor influencing their enjoyment of the whale-watching experience. 
 
It can be inferred from this study that many factors influence the satisfaction of 
the whale-watching experience, but proximity to the whales �does not appear to 
be an important influence on whale-watcher satisfaction� (Orams 2000:567).  
 

Whale Watching in the San Juan Islands 
 
The San Juan Archipelago in northwestern Washington State is used seasonally 
for foraging by the southern resident pods of killer whales (Orcinus orca). Due 
to the high predictability of encountering orcas in this area, whale watching has 
become a major activity for visitors to and residents of the islands, with over 
100 commercial whale-watching boats operating in these waters. The Whale 
Museum estimates that in 1999 and 2000 almost 500,000 people boarded boats 
with the hopes of viewing the killer whales bringing in an estimated $10 million 
to the industry. 
 
Recently, there has been increasing concern within the scientific and 
management communities that the southern resident killer whales may be in 
decline due to a variety of factors, and whale watching has been suggested as 
one. In May 2001, the National Marine Fisheries Service (NMFS) received a 
petition from the Center for Biological Diversity to list the southern resident 
killer whales under the United States Endangered Species Act. It is unclear how 
such a listing might affect the activities and operations of whale-watching boats, 
the actions and perceptions of the tourists, and the local tourism industry.  
 
When a species is petitioned for consideration for listing under the ESA, the 
agency (NMFS, in this case) has 90 days to make a determination whether there 
is substantial information warranting the listing. If the petition is accepted 
NMFS conducts a status review of the species and within one year of receipt of 
the petition, decides whether to list the species. To date, NMFS has accepted the 
petition to list the southern residents and is in the process of gathering 
information for the listing decision. 
 
When a species is listed as �endangered� under the ESA, it qualifies for 
increased conservation and protective measures. Experts �develop and 
implement�recovery plans�for the conservation and survival of endangered 
species�� (Endangered Species Act of 1973). The National Marine Fisheries 
Service�s (NMFS) Recovery Planning Guidelines state that �recovery efforts 
must involve not only NMFS, but must include a coordinated effort by other 
Federal agencies, state and local governments, private industry�� etc. (NMFS 
1992). It is therefore important to elicit opinions and support from the whale-
watching industry when developing the recovery plan, and to determine how the 
recovery plan might impact the industry and local community.  



Model 
 
In order to illustrate the various scenarios, a conceptual model was developed 
showing the possible impacts of a listing decision and the recovery plan that 
might result (see Figure 1). 
 
For example, if the recovery plan increased the approach distance of the whale-
watching boats, the result might be a negative impact on tourism due to tourist 
dissatisfaction with the experience because they were not able to get as close to 
the whales. However, it is also possible that increasing the approach distance 
would have no noticeable impact to tourism, because other factors influence the 
enjoyment of the tourists besides proximity to the whales (Orams 2000). 
 
Another possible result of the recovery plan might be to limit the number of 
boats near the whales at a given time. One impact of this might be an increase in 
the tourists� satisfaction with the whale-watch as they are able to enjoy the 
whales with a decreased amount of distraction from nearby boats.  
 
One possible requirement of the recovery plan might also be to limit the time 
each boat spends with the whales. This could have a negative impact on tourism 
if the tourists feel they did not spend enough time with the whales. On the other 
hand, spending long amounts of time with the whales may not be a factor in the 
tourists� enjoyment of the whale watch experience.  
 
Another possible result might be to limit the hours of operations of the whale-
watching boats. This might have the potential to eliminate sunrise or sunset 
cruises, resulting in a negative impact on tourism.  
 

Methods 
 
There are numerous possible scenarios that may result from the possible listing 
of the southern resident killer whales in the San Juan Islands. In order to 
maintain a proactive, involved industry, it must be determined, to the extent 
possible, what recovery plan might be developed, and from this what regulations 
might change for the whale-watch operators, and how the tourists might react to 
these changes. 
 
A series of structured interviews will be conducted with the members of the 
National Marine Fisheries Service�s Biological Review Team (BRT) for 
Southern Resident Killer Whales. The interview guide will include both closed 
and open questions, giving the respondents the opportunity to add additional 
information as they see necessary. The questions will seek to identify and then 



Figure 1.       Petition to List Species 
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examine the most likely regulations imposed on the whale-watch operators if the 
southern residents are listed as endangered.  
 
Next, a series of structured interviews will be conducted with the whale-watch 
operators to determine how they would be impacted by the possible regulations. 
 
Finally, self-reply questionnaires will be administered to the whale-watch 
passengers to determine what influences their enjoyment of the whale-watch 
experience and how the regulations will impact this enjoyment and ultimately, 
their desire to participate in such an activity. The questionnaires and methods 
will be modeled after those administered by Orams in Australia (2000). 
 
Determining what factors influence the tourists� enjoyment of the whale-
watching experience, what changes might result from an ESA listing of the 
southern resident killer whales, and how the changes might impact operations of 
the whale-watching industry, will allow the whale-watch operators to take 
proactive measures to continue to offer an enjoyable experience to their clients 
while complying with measures of conservation.  
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INSIGHTS INTO PAST PROBLEMS WITH MARINE 
POLLUTION FROM CRUISE SHIPS 

 
By Dawn Hoff and Randy Williamson 

 
 
Although constituting a small portion of illegal marine discharge cases, pollution 
from cruise ships has been highly publicized and has generated major concerns 
among environmentalists and regulators alike.  Most of the documented cases are 
accidents, and the frequency of cases have declined in recent years; but continuing 
concern about “gray water” and sewage discharges as well as air pollution remains.  
The ability of the enforcement community to provide sufficient oversight and 
enforcement over marine pollution remains a serious question as well, particularly 
in light of the recent focus on port security.  New standards and research in a 
number of areas and additional oversight methods, using available technology, may 
allay many of the existing concerns about the marine pollution from cruise ships.   
 
History of Past Cruise Ship Pollution Cases  
 
In early 2000, the United States General Accounting issued a report on marine 
pollution from cruise ships.i  During the study that led to this report, GAO 
evaluated marine pollution cases from 1993 to 1998 involving foreign-flagged cargo 
ships, cruise ships, and other commercial vessels.  Cruise ships, which numbered 
over 100 operating in U.S. waters, accounted for about 4 percent of the almost 
2,400 total cases documented during that time.  However, a number of the 
pollution cases have been widely publicized and have involved blatant violations of 
the law.  For example, pollution control devices on a number of cruise ships 
operated by one company were deliberately bypassed and records were falsified, 
leading to criminal prosecution and an $18 million fine in 1999.  Similar incidents 
have involved other cruise lines as well. 
 
The vast majority of cruise ship pollution cases involved illegal discharges of oil or 
related chemicals by both large and small companies.  The remaining 7 percent 
involved discharges of garbage or plastic.  About three-fourths of the cases were 
accidental, resulting from human or mechanical error, while the remainder were 
either intentional or their cause could not be determined from the available 
information.  A few of the cases involved multiple illegal discharge incidents that 
numbered in the hundreds over a 6-year period, according to the Department of 
Justice.  In addition to the cases prosecuted by the U.S., 17 other alleged incidents 
were referred to the countries where the cruise ships were registered, because the 
incidents occurred outside U.S. waters or because jurisdiction could not be clearly 
established.  Most of these referrals were ignored by the countries of jurisdiction.      
 



  
 

The Cruise Industry Response   
 
Although not conclusive, data suggests that actions by federal regulators against 
cruise lines and subsequent actions by the cruise industry have had a direct impact 
in reducing illegal discharges by cruise ships.  For example, the number of illegal 
discharge cases in U.S. waters by cruise ships declined from 24 in 1994 to 9 in 
1998. 
 
The actions taken by cruise ship companies seem to have made a difference.  At the 
time we issued our report in 2000, the major cruise ship companies—responsible 
for the bulk of the pollution cases covered in our study—had all implemented new 
or updated environmental plans designed to enhance ship safety and prevent 
pollution.  The plans, which were prepared pursuant to new international standards 
or were mandated by U.S. district courts after the companies pled guilty to 
pollution violations, call for such steps as regular third-party verification of ships’ 
compliance with environmental procedures.   
 
The companies that operate the largest fleets of ships had taken additional steps to 
reduce the amounts of plastics and other potential wastes brought onboard, as well 
as to install incinerators and additional equipment for treating or storing solid 
wastes, hazardous wastes, and oily bilgewater.  For example, incinerators are now 
common on cruise ships.  Some incinerators are capable of burning paper, plastic, 
and de-watered food wastes.  The ash is either returned to port or discharged to sea 
in accordance with U.S. and international standards.  Other equipment includes 
glass crushers and can compactors that can help prepare waste for recycling when a 
ship returns to port.  Most companies have waste separation and recycling programs 
their ships calling at U.S. ports.    
 
Concerns About the Quality of Oversight  
 
Despite the positive actions by cruise companies to quell marine pollution from 
their ships, numerous federal agencies and advocacy organizations expressed 
cautious optimism in this area.  While acknowledging that cruise ship companies 
had made progress on the pollution front, they pointed out that cruise ship 
companies must demonstrate a sustained commitment to eliminate illegal 
discharges at sea.  
 
These same agencies and organizations also expressed concern about the quality of 
oversight being performed regarding cruise ship safety and pollution.  During our 
study, we found that the Coast Guard’s ability to detect and resolve violations was 
constrained by the narrow scope of its routine inspections, a significant reduction 
in aircraft surveillance for marine pollution purposes, and a breakdown of the 
process for identifying and resolving alleged violations referred to flag states.   
 
Coast Guard inspectors we talked with during our study said that their focus on 
safety, coupled with the large size of a cruise ship, the limited time for inspection, 
and limited staff resources, make it very difficult to perform detailed examinations 



  
 

of environmental functions.  They said that they rarely had time during inspections 
to closely examine pollution prevention equipment and would have, for example, 
little time to examine sewage treatment equipment or to lift floor plates and closely 
examine the piping for the oily water separator to ensure that it is properly routed.   
 
We noted that the element of surprise is also missing from inspections, in that 
company officials and crew members were being notified well in advance of Coast 
Guard and classification society inspections and even knew their nature and scope.  
For example, in one case that the Department of Justice prosecuted, a large cruise 
company admitted that it had falsified its oil record books and routinely bypassed 
the oily water separator on eight of its ships—as recently as 1998 on one ship.  
Coast Guard and classification society inspectors had inspected these ships dozens 
of times and had not discovered the bypasses.  Crew members told Justice officials 
that they knew when the inspectors were coming aboard and were able to reconnect 
piping to make the operation of equipment appear normal while the inspectors 
were on board.  
 
Unresolved Environmental Issues  
 
During our study, concerns also surfaced from federal and advocacy groups alike 
about emerging environmental issues.  Chief among these was the concern about 
cruise ship discharges of “gray water,” which is untreated water from showers, sinks, 
kitchen and laundry drains, dishwashers, and other areas of the ship.  Each year, 
cruise ships legally discharge millions of gallons of gray water into both U.S. and 
international waters.  In the past, prosecutions of cruise companies have occurred 
for improperly dumping toxic wastes—from dry cleaning, photo, and printing shop 
areas—into their gray water. 
 
Even if cruise companies properly segregate toxic materials and do not mix them 
with the gray water, there was concern expressed about the long-term effect on the 
marine environment from continually dumping this water in the same general 
marine areas.  One group, for example, expressed concern about such gray water 
discharges in areas near delicate coral reefs or fish habitats.  Cruise ship industry 
officials told us they were working on more sophisticated technologies for treating 
gray water; however, the adoption and effectiveness of these efforts is unknown, 
since virtually no independent  monitoring of gray water discharges was being 
conducted at the time of our study. 
 
Another area of concern centered around the legal discharge of “black water,” the 
effluent wastewater from a cruise ship’s sewage system.   Cruise ships have systems 
on board designed to screen these wastes to remove debris before they are legally 
discharged at sea.  However, examinations of 5 cruise ships performed by 
independent inspectors noted that plastics from personal hygiene and other 
products (e.g., toothbrushes, plastic bottles, disposable razors, feminine hygiene 
products, etc.) were being flushed down toilets by passengers and entering the black 
water system.  Once in the system, the plastics could be discharged into the sea with 
the black water because the ships’ approved toilet vacuum system did not have the 
proper screening devices to remove debris.  Like gray water effluent, there was little, 



  
 

if any, oversight over the contents of black water before it was discharged into the 
sea.    
 
Based on these concerns, we recommended in our report that further discussions 
and action regarding the need for improved water quality standards for gray water 
and black water be undertaken and that independent monitoring of these 
discharges should be considered.  Justice officials, in particular, thought that the 
Coast Guard should reexamine the regulatory definition of gray water to evaluate 
whether the current regulations adequately address the potential environmental 
hazards to marine life from gray water discharges.  Justice officials also believed that 
a more comprehensive definition of gray water may be needed that recognizes 
changes in the industry since the regulations were written.  
 
Conclusions 
 
As newer and bigger cruise ships are added to the existing cruise ship fleets, 
continued vigilance is required to address oversight issues and key environmental 
concerns stemming from cruise ship operations.  Progress has been made in these 
areas, but to date, they have not been fully resolved.  Continuing scrutiny of water 
quality standards for gray water and black water discharges coupled with 
improvements in water filtration systems aboard cruise ships should be encouraged 
and even mandated where it makes sense.  More in-depth research on the impact of 
such discharges on fragile marine life would help in providing direction and focus 
for such efforts. 
 
Environmental oversight of cruise ships may also require further attention—
perhaps beyond what is now being done.  The Coast Guard will likely continue to 
experience budgetary constraints that will continue to limit its ability to provide 
consistent, in-depth environmental oversight of cruise ships.  Its current focus on 
port security only exacerbates the already limited efforts it could devote to the 
environmental aspects of ship inspections.  In fact, as evidenced by past experiences, 
the ability of any third-party inspections to detect and resolve improper discharges 
may be constrained.  As an alternative to increased inspection oversight, the use of 
new, relatively inexpensive technology to monitor the water quality of effluent 
discharges from cruise ships is an option that deserves serious consideration.    
                                                 
iMARINE POLLUTION:  Progress Made to Reduce Marine Pollution by Cruise Ships, 
but Important Issues Remain (GAO/RCED-00-48, February 28, 2000).  
 
Randall Williamson 
U.S. General Accounting Office 
701 5th Avenue, Suite 2700 
Seattle, WA  98104 U.S.A. 
Ph: (206) 287-4860 
Fax: (206) 287-4872 
Email: williamsonr@gao.gov 
 



WASTE STREAMS FROM CRUISE SHIPS: FEDERAL AND STATE 
ACTIONS 
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Ruby A. Cooper, U.S. EPA Water Permits Division 
 
 
On March 17, 2000, the Bluewater Network sent a petition to the EPA 
Administrator on behalf of 53 organizations, asking the Environmental 
Protection Agency (EPA) to take �regulatory action on measures to address 
pollution by cruise ships.�  The petition specifically calls for an investigation of 
wastewater, oil and solid waste discharges from cruise ships, and the 
implementation of policy or regulatory changes if necessary to assure that these 
discharges do not threaten the marine environment.  In response to the petition, 
EPA agreed to study cruise ship discharges and waste management approaches. 
 
This paper provides a summary of the progress to date resulting from the EPA 
assessment on cruise ships and waste management practices.  The EPA 
assessment draws upon existing, readily available, information sources including 
the petition and documents produced by the cruise line industry and information 
being developed by the Alaska Cruise Ship Initiative. 
 
The EPA assessment includes: 
�  The volumes and characteristics of cruise ship waste streams and their 

potential impact on water quality and the marine environment;  
� The effectiveness of existing programs (regulatory and non-regulatory) 

for managing those waste streams; and  
� Options for better environmental management of cruise ship waste 

streams including the issuance of regulations and/or voluntary 
environmental management programs such as public-private 
partnerships.   

 
While the draft report is nearing completion and recommendations are not yet 
available, the following findings and conclusions will be pertinent to the next 
steps that need to be taken in regard to management and control of cruise ship 
waste streams. 
 
C Industry has a large presence in some areas, primarily Alaska and the 

Caribbean; major growth has occurred over last 10 years and is 
expected to continue.  Vessels of 3,000 passengers and crew are 
common; new ships are in the range of 4,000- 5,000 passengers. 

 
C While the availability of data is limited regarding characterization of 

discharges and their environmental effects, there is enough information 



to show that the waste streams from cruise ships are of environmental 
concern. 

 
C Black water and gray water can contain high levels of BOD (e.g., 500-

2,000 mg/l), suspended solids, and fecal coliforms (e.g., 10,000,000 
colonies/100 ml).  Other constituents can include metals and organic 
chemicals. 

 
C Hazardous wastes are generated on board and they have been 

discharged in gray water systems.  Hazardous waste regulations have 
received uneven implementation aboard cruise ships. 

 
C Standards exist for oily bilge water, but questions regarding USCG 

inspection and enforcement procedures need to be addressed. 
 
C Solid wastes have been illegally dumped overboard in the past, but the 

increased knowledge of existing regulations and several enforcement 
cases may be addressing this problem. 

 
C More information on discharges and their effects is needed to assure 

appropriate control measures are imposed. 
 
C The EPA and Coast Guard are considering whether the standards under 

CWA 312 for MSDs should be revised.  Those standards were 
developed in 1976 and may no longer be appropriate in light of 
available new technologies.  

 
C Control of gray water is an apparent need.  Direct regulatory options 

are being examined; we also understand that action by the cruise ship 
industry is underway and should be encouraged. 

      
C In regard to solid and hazardous waste disposal practices, our 

assessment is to incorporate better ways of implementing current 
requirements as well as options for ensuring proper handling and 
disposal.  EPA has worked with the States and cruise line industry to 
make the RCRA tracking system of cruise ship hazardous waste 
consistent.  

 
C Ports are integral to the solutions as there are needs for reception 

facilities in many ports for the following cruise ship waste streams: 
 Sewage  Hazardous Wastes Gray Water   
 Waste Oil Solid Wastes  Ballast Water 
 



C An initial evaluation of available information on cruise ship 
waste/waste water generation indicates that pertinent Federal laws and 
regulations for controlling potential sources of pollution may not be 
comprehensive.  

 
C Regulation of the environmental aspects of cruise ships has not been a 

priority for EPA or the Coast Guard, and attention has not been paid to 
implementation of applicable environmental regulations until last year. 

 
C EPA and the International Council of Cruise Lines (ICCL) undertook a 

sampling program in the Caribbean in September 2001.  The results 
will be available soon for this dispersion study which initially shows 
that dispersion of wastes in the wake of these vessels is very different 
than the models predicted.  

 
C EPA will be working with the State of Alaska to develop gray and 

black water discharge standards for cruise ships operating in waters of 
Alaska.  This will be done under the Certain Alaska Cruise Ship 
Operations Act. 

 
C EPA and the cruise line industry are investigating developing possible 

voluntary programs, such as environmental management.  The 
voluntary program would encourage a reduction in discharges and 
implementation of processes to reduce the impact of cruise ship 
discharges over and above current regulations.  
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Abstract 
 
Coastal engineers rely upon accurate tidal datum elevations to successfully 
restore marshes.  The tidal datum elevations are determined relative to the 
present and future marsh surfaces by establishing a tide station with local 
benchmarks and referencing them to geodetic datums.  Datum elevations are 
then referenced to the topographic and digital elevation models (DEMs) of the 
marsh.  Analyses are performed on the high water distributions of frequency and 
duration of inundation.  Long-term sea level variations are critical to 
understanding the long-term marsh stability especially in areas, such as 
Galveston Bay, where relative sea level rise is occurring at significant rates.  
These analyses assist with the proper engineering and design of the marshes as 
well as contribute to assessments on flora and fauna successes and/or failures.  
 

Introduction 
 

Coastal wetland loss is occurring at incredible rates and is caused by a 
combination of the consequences of climate and sea level change, as well as the 
pressures of increases in human population growth and development of the 
coasts (NOAA, 2000 and Douglas et al, 2001).  It is essential that restoration 
projects be properly designed to consider critical factors such as the necessary 
requirements for successful vegetation growth, an environment that allows the 
target species to flourish, long-term stability of the habitat, and preservation of 
surrounding properties from significant events with adverse consequences.   
     
Applications of tidal datums beyond their traditional navigation purposes (Tidal 
Datums and Their Applications, 2001) have been explored and utilized, 
including the restoration of coastal habitats.  Tidal datum elevations are 
determined relative to present and future marsh surfaces by establishing a water 
level station (for one year to capture seasonal effects) with local bench marks.   
The tidal datums are then referenced to specific 19-year National Tidal Datum 
Epochs (NTDEs) and are further linked to a geodetic benchmark network thus 
referencing them to geodetic datums (such as North American Vertical Datum 
of 1988 (NAVD88)).  Digital Elevation Models (DEMs) of the different datum 
elevation relationships are produced.   DEMs of tidal and geodetic datum 
(specifically, MHW and NAVD88, respectively) relationships are important for 
successful engineering and design of marsh restoration because they provide 
baseline information for mapping the marsh topography relative to the frequency 
and duration of inundation of the water level.   



This paper will use the Qwuloolt marsh, WA as an example to illustrate the 
importance of tidal datums and high water analyses to marsh restoration. 
 

Datums and Analyses 
 

The tidal datum, Mean High Water (MHW) represents the average elevation of 
the high waters relative to the land.  Therefore, it is important to know this 
reference elevation for the success of vegetation over time, for a target species to 
thrive, and for protection of surrounding properties from engineering changes. 
The Qwuloolt marsh site currently has three different critical elevations: 4 feet, 
8 feet, and 12 feet, all relative to NAVD88. The present surface of the marsh is 
approximated at 4 feet; the existing levees are at 12 feet; and developments exist 
between the 8 foot and 12 foot elevations as well as just beyond the levees.  
 
The preliminary tidal datum, MHW, was calculated from four months of data 
(December 2000  - March 2001), based on the 1980 - 1998 epoch, to be 8.3 feet 
relative to NAVD88 which is higher than both the 4 foot and 8 foot elevations of 
the existing marsh site.  Thus, if the existing levees are breached, at MHW, the 
existing marsh surface will be a pond, and some of the developments will be 
flooded.  The estimated highest tide, based on high water comparisons with the 
Seattle tide station (the nearby long-term National Water Level Observation 
Network (NWLON) station), is 12.3 feet.  The variations in relative mean sea 
level at Seattle, WA can be seen in Figure 1.  The spike of high sea level in the 
early 1980's represents the 1983 el NiZo event, which was the event of the 
century.  During such an extreme event, the water levels will rise above the 
existing levees and flood the surrounding properties.  The U.S. Army Corps of 
Engineers (USACE) used this information in their �Qwuloolt/Poortinga 
Technical Report� (2001) to determine that the levees must be extended in upper 
reaches of the marsh to prevent flooding the neighboring developments. 
 
There are several high water analyses that are important for the engineering and 
design of marsh restoration.  Because marsh vegetation is elevation sensitive, it 
is necessary to plan for the frequency of inundation, or the occurrence of high 
waters for different elevations above the marsh surface.  A histogram of the 
observed high water elevations relative to NAVD88 can be seen in Figure 2.  
During the four months of data, the high tide reached 9.5 feet relative to 
NAVD88 about 60 times, and cumulatively, 80% of the high tides were 9.5 feet 
or less.  All of the high tides were greater than 4 feet, and 50% were equal to or 
higher than 8 feet. 
 
Marsh restoration requires knowledge of tide variations beyond the time period 
of a one-year tide station deployment at a particular marsh. Thus, simultaneous 
comparisons of the distributions of high waters between short-term (in the 
marsh) and nearby long-term stations are performed to determine if long-term 
variations can be extended into the analyses at the local marsh (NOAA, 2001).  
 



The characterization of seasonal variations as well as long-term sea level 
variations can be performed in this manner. 
 

 
Figure 1.  Relative sea level variations at Seattle, WA.   The spike in the early 
1980�s represents the 1983 el NiZo event.   
 
A comparison of the higher high water distributions between Seattle and 
Qwuloolt in Figure 3 shows that the distributions from the two stations are well 
correlated, suggesting that Seattle can be used to control Qwuloolt and that the 
longer data series from Seattle can be extrapolated to Qwuloolt.  For example, 
Figure 4 shows a comparison of the distributions of higher high tides at Seattle 
broken down by season for 20 years (1980 - 2000).  In this example, there is 
considerable difference in the distributions between the fall/winter months and 
the spring/summer months.  Thus, seasonal variations at Qwuloolt can be 
expected to be similar to those at Seattle.  USACE utilized the seasonal data 
analyses to input into their hydraulics model portion of the  �Qwuloolt/Poortinga 
Technical Report� (2001).  
 

Conclusion 
 

The Qwuloolt marsh is an example of a site with surrounding levees that may be 
breached in several locations or removed entirely.   The National Oceanic and 
Atmospheric Administration (NOAA) is also working on other types of marsh 
restoration projects such as Barren Island, which is a subsiding island in 
Chesapeake Bay that contains no levees or surrounding properties. Dredged  



 
Figure 2.  Frequency of high water inundation at Qwuloolt relative to NAVD88. 
 
  

Figure 3.  Simultaneous comparison of higher high waters from December 1, 
2000 through March 31, 2001 between Qwuloolt and Seattle. 
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Figure 4.  Seasonal analyses for higher high tides at Seattle from 1980 � 2000. 
 

material from the channel is helping to stabilize it, active planting is occurring, 
and geotubes are in place to reduce coastal erosion.  Due to the hydrodynamics 
of the location, wave and current data will be collected and analyzed along with 
tide data to assist with proper restoration of the island.  
 
A suite of additional analyses still needs to be developed, such as the impact of 
relative sea level rise. The average rate of global sea level rise is estimated at 1.6 
to 2.1 mm/yr, yet local rates of sea level change is variable and is affected by the 
local rate of vertical land movement.  For example, the trend is +7.2 mm/yr at 
Galveston, TX (Zervas, 2001).  The long-term survival of coastal marshes is 
dependent upon the ability to maintain vertical accretion and sedimentation rates 
close to the local rates of relative mean sea level change (Lynch et al, 1989 and 
Bricker-Urso et al, 1989).  
 
Duration of inundation analyses are also important because flooding and drying 
cycles control the overall marsh ecosystem.  Marsh stability relates to the 
tolerance of specific plant species and the complexity of the tidal 
hydrodynamics in relationship to the marsh surface and channels (Malamud-
Roam, 2000).  The frequency and duration of inundation during a major 
seasonal flood also affect the stability of a marsh.  
 
This paper has described a methodology for obtaining and analyzing vertical 
water level and geodetic information that should be performed when restoring 
coastal habitats.  These emerging efforts within the National Ocean Service 
(NOS), along with internal and external partners, will assist in making a national 
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program in marsh restoration a reality, resulting in well planned and sustainable 
coastal habitats.  
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SAN FRANCISCO BAY HABITAT RESTORATION:  
THE ROLE OF SCIENCE IN PUBLIC POLICY 

Katie M. Wood 
 

The need for a strong linkage between science and public policy in aiding 
coastal management decisions is profound. This need is especially critical in 
decisions pertaining to where and how habitats should be restored. In San Fran-
cisco Bay (Bay) nearly 80% of historic tidal marsh habitat has been lost due to 
diking and filling. Currently, much public and private support exists to reverse 
the trend and restore the Bay�s habitats. Recognizing the need for a collaborative 
decision-making structure pertaining to where, what kind and how much habitat 
restoration should occur in the wetlands and related habitats surrounding San 
Francisco Bay, the Habitat Goals Project was initiated in 1995 and involved 
more than 100 participants representing local, state, and federal agencies, aca-
demia and the private sector. In 1999 the results of the four year collaborative 
process, the �Baylands Ecosystem Habitat Goals report� (Habitat Goals Report), 
was released in an effort to recommend the kinds, amounts and distribution of 
wetlands and related habitats that are needed to sustain diverse and healthy 
communities of fish and wildlife resources in the San Francisco Bay Area. In 
other words, the Habitat Goals Report provides a scientifically-founded vision 
and template for habitat restoration around San Francisco Bay. 
 
Region-wide, the Habitat Goals Report outlines seven major habitat changes 
necessary to restore a healthy Bay-ecosystem. They include: (1) many large 
patches of tidal marsh connected by corridors to enable the movement of small 
mammals and marsh-dependent birds; (2) several large complexes of salt ponds 
managed for shorebirds and waterfowl; (3) extensive areas of managed seasonal 
ponds; (4) large expanses of managed marsh; (5) continuous corridors of ripar-
ian vegetation along the Bay�s tributary streams; (6) restored beaches, natural 
salt ponds, and other unique habitats; and (7) intact patches of adjacent habitats, 
including grasslands, seasonal wetlands, and forests. 

 
As a participant in the Habitat Goals Project, the San Francisco Bay Conserva-
tion and Development Commission (a California coastal zone management 
agency established in 1965 to prevent unnecessary filling of San Francisco Bay) 
has embraced the value of science in guiding restoration decisions in the coastal 
zone. For example, the update of three San Francisco Bay Plan (Bay Plan) pol-
icy sections, currently underway, which pertain to: (1) fish, other aquatic organ-
isms and wildlife; (2) tidal marshes and tidal flats; and (3) a new policy section 
on subtidal areas, require both coordination with many of the resource agencies 
which participated in the Habitat Goals Project, as well as the requirement that 
the Commission be guided by the restoration recommendations outlined in the 
Habitat Goals Report. 

 



  

Furthermore, scientific insight has played a particularly significant role in help-
ing to shape a new Bay Plan policy section on subtidal areas of the Bay. To date, 
no section has existed in the Bay Plan. However, with the aid of a team of scien-
tists with expertise on San Francisco Bay subtidal habitat (open water and ben-
thic communities), brought together by Commission staff for a one-day forum to 
discuss subtidal areas, a set of new policies was crafted for consideration by the 
Commission in spring 2002. 

 
Commission staff also incorporated scientific knowledge about the Bay into its 
policy update process by inviting scientists to discuss Bay-related topics with 
the Commission early-on in the public hearing process. In this way Commis-
sioners learned about the Bay�s habitats and its associated fish, other aquatic 
organisms and wildlife, and had an opportunity to ask questions of the scientists, 
prior to considering proposed Bay Plan policy language changes at upcoming 
meetings. 

 
Lessons learned regarding the integration of science and public policy in an ef-
fort to better understand habitat complexities and the need for restoration in-
clude: 

(1) Science is absolutely necessary to the formulation of sound public pol-
icy regarding habitat characterization and possible restoration; 

(2) Collaboration amongst scientists and regulators creates unforeseen and 
creative conclusions; 

(3) Longer lasting and more credible policies come from the integration of 
science with public policy; 

(4) Coastal zone management agencies play an important role in fostering 
scientific understanding of coastal resources; 

(5) Inviting scientists to speak before decision-making bodies, such as the 
Commission, creates greater support and understanding when the time 
comes to consider policy changes; and 

(6) There is always room to learn more and continue to update plans based 
on new scientific understanding. 

 
Katie M. Wood 
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BALANCING COASTAL PUBLIC ACCESS AND WILDLIFE HABITAT 
NEEDS 

 
Caitlin Sweeney, San Francisco Bay Conservation and Development 

Commission 
 
 
The increase in human demand for water-oriented experiences and shoreline 
development, concurrent with shrinking wildlife habitat area, raises the potential 
for interaction between the public and wildlife along the shoreline. Several 
issues arise when balancing these two needs. Does public access adversely affect 
wildlife and, if so, how? Which types of access affect which species? Can public 
access be provided near habitats of sensitive species? If so, how should access 
should be sited, designed, constructed, and managed to avoid or minimize 
habitat degradation and impacts on the species? 
 
While these issues are often raised to resource managers and coastal regulatory 
agencies during the deliberation process, the information may not be readily 
available. Moreover, as more state and local governments and special districts 
(park, recreation and open space districts) require public access as part of their 
shoreline projects and planning permit authority, better information is needed to 
guide public policy decisions regarding human interaction with wildlife. 
 
The San Francisco Bay Conservation and Development Commission (BCDC) 
has a twofold mission: to protect the Bay and its wildlife resources, and to 
provide maximum feasible public access to and along the Bay. Over the last 30 
years, BCDC’s policies on public access have evolved from the fundamental 
goal of creating and expanding public access, to the development of more 
complex policies that attempt to balance public access needs with wildlife and 
habitat protection and enhancement. However, in the many years since BCDC’s 
policies were created, available information on the effects of public access on 
wildlife has increased and concern over this issue has grown. To address these 
concerns, the BCDC embarked upon an in-depth two-year research and policy 
development process called the Public Access and Wildlife Compatibility Policy 
Development Project.  
 
The Project encompassed various components including a survey of natural 
resource area and park and recreation managers. The goals of the survey were to 
gather observational information on recreational effects on wildlife, and to 
document the use of specific siting, design and management strategies to avoid 
or minimize potential adverse effects on wildlife. The selected survey 
participants manage local, state, and federal reserves, parks, refuges, open 
spaces, recreation areas, and wildlife management areas in Great Lakes and 
coastal states nationwide. 
 
To ensure public participation, a broadly representative Policy Advisory 
Committee was formed. The Policy Advisory Committee provided a forum for 
public input and debate and helped facilitate consensus among regional public 



agencies and non-profit organizations on policy recommendations. The 
Committee was comprised of individuals representing a wide range of 
professional fields, geographic areas and public interests, including biologists 
(consultant, academic and agency), resource managers, regional park district 
employees, environmental planners, landscape architects, and non-governmental 
organization activists, including both recreation and wildlife protection 
advocates. The Committee met over the course of one year and was instrumental 
in contributing, analyzing and assessing information from various sources, and 
formulating conclusions and policy recommendations. 
 
Overall conclusions from the Public Access and Wildlife Compatibility project 
included:  
 
• Access to the Bay allows the public to discover, experience and appreciate 

the Bay’s natural resources and can foster public support for Bay resource 
protection. 

• Studies indicate that public access may have immediate effects on wildlife 
(including flushing, increased stress, interrupted foraging, or nest 
abandonment) and may result in adverse long-term population and species 
effects. 

• Different kinds of disturbances have different effects on different species – 
effects are context dependent.  Accurate characterization of site, habitat and 
wildlife conditions, and of likely human activities, provides information 
critical to understanding potential effects on wildlife. 

• Potential adverse effects from public access may be avoided or minimized 
through the employment of siting, design and management strategies, such 
as education and outreach programs, activity type and user behavior 
restrictions, buffers, and periodic public access closures.  

• Providing diverse and satisfying public access opportunities can reduce the 
creation of informal access routes, which will decrease interaction between 
humans and wildlife, habitat fragmentation, and vegetation trampling and 
erosion.  Formal public access also provides for more predictable human 
actions, which may increase the ability of wildlife to adjust to human use. 

• There is a need for more scientific studies on the types and severity of 
effects of specific human activities on wildlife.  More studies are also 
needed on the effects of siting, design and management strategies on the 
type and severity of impacts of human activities on wildlife. 

 
The Public Access and Wildlife Compatibility Project culminated in the revision 
and adoption of the BCDC’s San Francisco Bay Plan public access findings and 
policies. The revised findings and policies better reflect current knowledge on 
the interactions of public access and wildlife and provide more detailed policy 
guidance on providing maximum feasible public access while protecting wildlife 
from significant adverse effects. As a component of the revised findings and 
policies, BCDC staff is currently updating its advisory, Public Access Design 
Guidelines to include information on specific siting, design and management 
strategies to avoid or minimize adverse effects of public access on wildlife. 
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ANOMALOUS TRENDS IN A META-ANALYSIS OF THE 
HYTOPLANKTON-BASED FOOD WEBS OF GALVESTON BAY 
 
By L. James Lester and Lisa A. Gonzalez 
 
The integrity of biological communities and the abundance of indicator species 
are measures of the environmental health of water bodies. Communities can be 
represented as food webs with abundance or biomass partitioned into trophic 
levels and species. Two categories of major food webs exist in Galveston Bay, 
differentiated by whether they are based on living microalgae or on detritus. 
Phytoplankton-based food webs are more associated with open water habitats 
and less with fringing emergent marshes. The top predators of open-water food 
webs are spotted seatrout and piscivorous birds. Monitoring data has been 
collected for at least 25 years on the biomass of phytoplankton (measured as 
chlorophyll-a), the abundance of fish throughout the year, and the abundance of 
nesting colonial water birds. Over the period of the dataset, concentrations of 
nutrients and chlorophyll-a have declined. Conversely, the abundance of spotted 
seatrout and prey fish species has risen. The number of open water feeding-birds 
counted in nesting colonies has increased. There is no long-term dataset on 
zooplankton abundance in Galveston Bay to connect primary production to 
higher trophic levels. We conclude that energy flow through all the trophic 
levels of this food web has increased to support greater abundance of predators. 
The trend in community health, based on indicator species and the integrity of 
higher trophic levels, appears to be uncoupled from the decline in chlorophyll-a 
and nutrients.  
 
Introduction 
 
Estuarine ecosystems provide many valuable services including food 
production, wildlife habitat, storm and flood buffering, and pollution 
assimilation. These valuable services are threatened by increasing human 
population density, industrial development, and contamination transported from 
inland watersheds by tributaries. Galveston Bay is particularly vulnerable with 
its very large human population, more than 100 petrochemical facilities, large 
commercial fleets of shrimp trawlers and oyster luggers, many recreational 
fishers and boaters, and many commercial ships and barges. 

Environmental management of the Galveston Bay system is 
accomplished by at least four state agencies: the Texas Natural Resource 
Conservation Commission (TNRCC), the Texas Parks and Wildlife Department 
(TPWD), the Texas Department of Health (TDH) and the Texas General Land 
Office (GLO). These agencies employ monitoring programs to assess the status 
and trends of resources or contaminants they are charged to manage. The regular 
collection and maintenance of water and sediment quality monitoring data began 
in the late 1960�s while the systematic monitoring of fisheries resources started 
in the 1970�s. These datasets form the basis of many management decisions 



relating to the Galveston Bay estuary. We have studied these datasets to estimate 
the health of the bay ecosystems. 
This subtropical bay system has two fundamental energy input pathways. 
Sunlight and carbon dioxide enter the system�s food web through photosynthesis 
while detritus enters via terrestrial and wetland ecosystems located within the 
watershed. Sheridan et al. (1989) estimated that phytoplankton in Galveston Bay 
produce an amount of organic material on the same order of magnitude as 
brackish marsh. Highly productive submerged aquatic vegetation produce 
considerably less organic matter due to their relatively low aerial coverage 
resulting from habitat loss over the past 40 years. Similarly it is estimated that 
30% of the estuarine marsh in Galveston Bay has been lost in the same time 
period.  
Sheridan et al. (1989) found that there are at least 132 species of phytoplankton 
in Upper Galveston and Trinity Bays. They further concluded that many of these 
species of phytoplankton enter into Galveston Bay through river inputs. 
Since the beginning of water quality monitoring, chlorophyll-a concentrations 
measured in Galveston Bay and its tributaries have declined significantly. The 
concomitant declines of seagrass, phytoplankton and brackish marsh suggest 
that energy flows to and standing crops of higher trophic level animals should 
decline. In this paper, we investigate the relationships among chlorophyll-a as a 
measure of algal standing crop, potentially limiting nutrients and the abundance 
of higher trophic level animals that could be dependent on these primary 
producers.  
Phytoplankton density and plant growth are usually limited by the availability of 
nitrogen, phosphorus or sunlight. In most coastal estuaries, nitrogen is limiting 
and, in most freshwater ecosystems, phosphorus is limiting (Howarth, 1988). In 
a Massachusetts estuary the shift from phosphorus to nitrogen limitation 
occurred at about 10 ppt (Tomasky and Valiela, 1995). In some cases, levels of 
suspended solids and changes in light attenuation have been the primary causal 
factor in changes of chlorophyll-a concentration (Stanley, 1993; Cabecadas et 
al., 1999; Caraco et al., 1997).  
The productivity of phytoplankton and the other primary producers can exhibit 
negative correlations as a result of nutrient or turbidity changes. In some 
estuaries, increasing nitrogen enhances growth of fringing marsh, which in turn 
decreases chlorophyll-a concentrations in water (Callaway et al., 1995). In other 
systems, increasing nitrogen loading increases algal growth and decreases 
seagrass growth (Lyons et al., 1995). There can also be negative correlations in 
abundance between primary producers and herbivores. Several studies have 
reported declines in chlorophyll-a concentrations as a result of increased density 
of zebra mussels or Asian clams (Caraco et al., 1997; Bastviken, 1998). 
 The decline in chlorophyll-a in Galveston Bay was documented in 1992 
(GBNEP, 1994; Ward and Armstrong, 1992). A comprehensive survey of oyster 
abundance in the bay suggested a significant increase in the number and size of 
reefs over 20 years (Powell et al. 1994). Powell (1993) predicted that the decline 
in chlorophyll-a was a harbinger for collapse of the phytoplankton food web. He 
attributed the decline in phytoplankton to a reduction in nutrient input as a result 



of dams and reservoirs on the Trinity River and better water treatment. Others 
have suggested that chlorophyll-a is returning to pre-pollution/pre-settlement 
values as result of improved water treatment. 
The phytoplankton-dependent food web in Galveston Bay contains various 
species of planktivorous fish. We will employ the abundance of menhaden and 
striped mullet as representative of this trophic level. Data is used for one 
representative of piscivorous fish that would prey on these herbivores, the 
spotted seatrout. Also, data on the abundance of piscivorous birds is employed 
because several species are very dependent on small planktivorous fish or 
zooplankton. Terns and skimmers feed on small planktivorous fish in open 
water.  
 We will examine the relationships between chlorophyll a and nutrients, total 
suspended solids, herbivore abundance and predator abundance using data 
collected by environmental agencies for monitoring. There are two questions 
applied to this data. Does the available monitoring data on nutrients provide a 
necessary and sufficient explanation for the decline in chlorophyll-a 
concentrations? Is there compelling evidence that this decline in chlorophyll-a 
has impacted the abundance of animals at higher trophic levels in the food web? 
 
Methods 
 

Data for analysis of water quality parameters was obtained from the 
TNRCC Surface Water Quality Program. Data was selected for five storet codes 
corresponding to chlorophyll-a (32211), total phosphorus (00665), ammonia-
nitrogen (00610), nitrate-nitrite-nitrogen (00630), and total suspended solids 
(00530). Only those sampling stations identified as the terminal station of a 
tributary or located in a major sub bay were selected. After screening for 
location, there were only three sampling stations from which this data had been 
collected for the 30-year period. These were near the mouth of the Trinity River, 
in the Houston Ship Channel near its entry to the San Jacinto River/Buffalo 
Bayou segment, and in the lower reaches of Chocolate Bayou near Chocolate 
Bay. At these sites water from major tributaries enters the bay system. 
Concentrations of nutrients and contaminants at these sites are indicative of the 
total loadings to Galveston Bay. The methodology for determining the 
concentration of nitrate-nitrite was changed in the 1990�s. The results are not 
consistent over the time period; therefore we omitted that parameter.  
Data for the abundance of two fish species, Gulf menhaden (Brevoortia 
petronus) and spotted seatrout (Cynoscion nebulosus), was obtained from the 
TPWD. The data was collected monthly at random locations over 19 years with 
shrimp trawls and over 26 years with gill nets. Information on the length of time 
the gear fished permitted calculation of catch per unit effort (CPUE) expressed 
as number of fish per hour. TPWD has modified the methods of capture only 
slightly over this time period. The CPUE values are averaged annually over sites 
in the entire bay system for graphical representation. 
Counts of colonial nesting waterbirds were obtained from the U.S. Fish and 
Wildlife Service for the period from 1973 to 2000. The database included 



surveys of the entire Texas coast, but only observations made in one of the five 
counties surrounding the bay were included. Of the birds that prey on small, 
possibly planktivorous fish, three species of tern were chosen for inclusion: 
Caspian tern (Sterna caspia), royal tern (Sterna maxima) and sandwich tern 
(Sterna sandvicensis). The estimated number of nesting pairs of each of these 
species at all colonies surveyed in the five counties around Galveston Bay were 
summed annually and graphed.  
 

 
Figure 1. Chlorophyll-a concentrations in Galveston Bay, 1972-2001 
 
Results 
 
Figure 1 shows the annual average concentration and a cubic trend line of 
chlorophyll-a concentrations (in ug/l) from 1972 to 2001 at sampling stations 
monitoring major inflows to Galveston Bay. Figure 2 shows the annual averages 
of phosphorus (in mg/l) and Figure 3 of ammonia (mg/l) at the same sampling 
stations over the same period with a cubic trend line superimposed. The trend 
lines are all negative and all show an initial peak in the mid 1970�s. The pattern 
of decline is most similar between chlorophyll-a and phosphorus. Chlorophyll 
shows a continuous declining trend to 2001, as does phosphorus. Ammonia 
exhibits a rapid fall in the late 1970�s and a very slow decline since 1980. 
However, when parameter values from the same water samples are analyzed by 
correlation, the coefficient between chlorophyll-a and ammonia is 0.10 (n.s.) and 
the correlation coefficient of chlorophyll-a and phosphorus is also 0.10 (n.s.).  
 
 



 
Figure 2. Total Phosphorous concentrations in Galveston Bay, 1972-2001 
 

 
Figure 3. Ammonia-nitrogen concentrations in Galveston Bay, 1972-2001 
 

Another form of nutrient entering the bay at these sampling stations is 
particulate organic matter. Unfortunately there is no long-term collection of data 
on the organic carbon content of particulate matter flowing into the bay. There is 
long-term data on total suspended solids (TSS) from the three sample sites at 
which the chlorophyll-a data shown in Figure 1 has been collected. TSS could 
be a cause of light attenuation resulting in a decline in chlorophyll 
concentration. As demonstrated in Figure 4, there is no compensatory increase 
in the loading of suspended solids as chlorophyll-a has declined. TSS and 
chlorophyll-a measured from the same water sample have a correlation 
coefficient close to zero. 



 
Figure 4. Total suspended solids concentrations in Galveston Bay, 

1972-2001 
 

Menhaden, an abundant species of planktivorous fish, was examined for 
correspondence to the declining trend of chlorophyll-a and nutrients. The TPWD 
data obtained by otter trawl begins in 1982. The cubic trend line of annual 
average catch per unit effort of menhaden collected by trawl shown in Figure 5 
rises from 1982 to 1993 then declines.  
One of the top predators in the Galveston Bay food web is the spotted seatrout. 
The collection method best suited to assessing the abundance of adult spotted 
seatrout is the gill net. The annual average CPUE of gill net for spotted seatrout 
is relatively stable from 1975 to 1989 and then rises through the 1990�s as 
shown in Figure 6 by the cubic trend line.  
Caspian tern, royal tern and sandwich tern are dependent on small fish captured 
in open water and have been monitored since 1973 in the annual survey of 
abundance of colonial nesting waterbirds. The abundance of nesting pairs of 
these species is shown in Figure 7. Royal terns show an erratic abundance 
pattern for nesting pairs during the 1970�s and 1980�s followed by a long rise 
and a peak in 1995. The increase in abundance during the early 1990�s is 
inconsistent with a trend of decreasing chlorophyll-a. Sandwich terns have a 
similar trend of increasing abundance of nesting pairs during the 1990�s. 
Comparison of the trend lines of nesting terns and chlorophyll-a demonstrate no 
apparent relationship. 



 
 
Figure 4. Annual average CPUE of Gulf menhaden collected by otter trawl in 
Galveston Bay, 1982-1993 
 

 
Figure 5. Annual average CPUE of spotted seatrout collected by gill net in 

Galveston Bay, 1975-1989 
 



 
Figure 6. Number of nesting pairs of Caspian, royal and sandwich terns observed in 

Galveston Bay,  
1973-2000 

 
Discussion 
 
We make the assumption that concentration of chlorophyll-a is a reasonable 
estimator of phytoplankton standing biomass. There is no evidence to suggest 
any alternative. There is a further assumption that the algal population in 
Galveston Bay is likely limited by nitrogen or phosphorus. There are many 
reports of algal standing crop being affected by increase or decrease of a 
limiting nutrient. The long-term trend of loadings of nutrients, algae and 
suspended particles is declining. The usual relationship between chlorophyll-a, 
nutrients and algal abundance predicts that Galveston Bay should have a 
declining algal biomass. However, there is no significant correlation between 
chlorophyll-a and ammonia, phosphorus or nitrogen in the dataset we employed. 
There is no indication of any compensatory inflow of particulate matter from the 
major tributaries. We cannot demonstrate a dependence of algal abundance on 
the usual limiting nutrients, nor can the increase in consumer organisms be 
associated with nutrient loadings from major tributaries. 
If as we assume there has been a decline in algal standing crop, then the biomass 
of consumers dependent on phytoplankton should decline. While we have not 
analyzed the biomass of consumer populations, we have examined the trend in 
abundance as measured by CPUE of fish species monitored by regular random 
sampling. The species of planktivorous fish, Gulf menhaden, exhibits a trend of 
increasing CPUE that is inconsistent with the trend in chlorophyll-a. There is no 
indication that herbivorous fish have been impacted by declining food resources. 



If the impact on lower trophic levels is spread among species and therefore 
undetectable, one would still expect to detect an impact of lower energy inputs 
at top trophic levels. Spotted seatrout, one of the top predators in Galveston Bay, 
does not conform to this expectation and shows a strongly positive abundance 
trend over the last ten years. 
 Waterbird abundance is thought to be a good indicator of the environmental 
health of an estuary because they are readily observed and sensitive to 
disturbance. However, of the three species analyzed, none exhibits a long-term 
decline in abundance. All three species are trophically dependent on small fish, 
which are in turn dependent on plankton abundance. The patterns of change in 
abundance of royal and sandwich terns show similarities in their increases, but 
are apparently independent of the declines of nutrients and chlorophyll-a 
recorded in the water quality data. 
We have found no evidence of a cascading trophic effect from the decline in 
nutrients, chlorophyll-a and TSS loadings to Galveston Bay. Perhaps the 
limiting nutrient for the phytoplankton in this bay has not been monitored or the 
relationship is multivariate. More puzzling is the apparent absence of any impact 
at higher trophic levels from this decline in nutrient loading. There is no 
indication that the decline in nutrients, and probably algae, has impacted the 
abundance of any monitored consumer in the food web connected to 
phytoplankton. Gulf menhaden show increased abundance during periods of 
nutrient and chlorophyll-a decrease. The increase in this key prey species is 
consistent with an increase in CPUE of spotted seatrout by gill net. Similarly 
abundance of terns in nesting colonies shows an annual abundance pattern that 
bears no correlation to the trend in chlorophyll-a. 
If higher trophic levels are showing increasing standing crop then additional 
energy must be entering the food web from some source. There are three major 
types of primary producers in the Galveston Bay system: microalgae 
(phytoplankton are examined here), salt marsh and seagrass. Salt marsh has 
declined in the Galveston Bay system over recent history. Recent estimates set 
the loss at 30,000 acres over the last 60 years (GBEP, 2002). Seagrass beds have 
been lost from most of the bay since the 1950�s. They are currently limited to 
some small beds in Trinity and West Bay and extensive beds in Christmas Bay 
(Pulich and White 1991). No information exists on any trend in abundance of 
benthic microalgae. Thus there is no evidence that loss of phytoplankton has 
been compensated by increase of other primary producers.  
The biomass increases in consumer species are more likely associated with an 
increase in energy from the detritivorous component of the food web. Sheridan 
at al. (1989) suggested that phytoplankton production in Galveston Bay may not 
be as important as the emergent marsh detritus pathway. Salt marsh is 
considered to be the largest contributor of detritus to the bay, but other sources 
are possible. There is evidence that erosion of sediment from salt marsh leads to 
resuspension of organic material and contributes to increased biomass in 
estuarine systems. This contribution of energy appears to be the most probable 
explanation of the disconnection between declining nutrient loadings and rising 
consumer abundance. 



References 
  
Bastviken, D.T.E., N.F. Caraco and J. Cole. 1998. Experimental measurements  

of zebra mussel (Dreissena polymorpha) impacts on phytoplankton 
community. Freshwater Biology, 39: 375-386. 

Cabecadas, G., M. Nogueira and M.J. Borgueira. 1999. Nutrient dynamics and  
 productivity in three European estuaries. Marine Pollution Bulletin. 38(12):  
 1092-1096. 
Callaway, D.W., I. Valiela, K. Foreman and L. A. Soucy. 1995. Effects of  

nitrogen loading and salt marsh habitat on gross primary production and 
chlorophyll a in estuaries of Waquoit Bay. Biological Bulletin, 189:254-255 

Caraco, N.F., J.J. Cole, P.A. Raymond, D.L. Strayer, M.L. Pace, S.E.G. Findlay 
and D.T. Fischer. 1997. Zebra mussel invasion in a large, turbid river: 
hytoplankton response to increased grazing. Ecology, 78:588-602. 

[GBEP] Galveston Bay Estuary Program. 2002. The State of the Bay: A  
Characterization of the Galveston Bay Ecosystem, 2nd Edition. L.J. Lester and 
L. Gonzalez (Eds.). Galveston Bay Estuary Program. Webster, Texas. 
Forthcoming. 

[GBNEP] Galveston Bay National Estuary Program. 1994. The State of the Bay:  
A Characterization of the Galveston Bay Ecosystem. F.S. Shipley and R.W. 
Kiesling (Eds.). Galveston Bay National Estuary Program Publication. 
Webster, Texas. 

Howarth, R.W. 1988. Nutrient limitation of net primary production in marine  
 ecosystems. Annual Review of Ecology, 19:89-110. 
Lyons, J., J. Ahern, J. McClelland and I. Valiela. 1995. Macrophyte abundances  

in Waquoit Bay estuaries subject to different nutrient loads and the potential 
role of fringing salt marsh in groundwater nitrogen interception. Biological 
Bulletin, 189: 255-256. 

Powell, E.N. 1993. Status and trends analysis of oyster reef habitat in Galveston  
Bay. pp. 207-209. In. Jensen, R., R. W. Kiesling, and F. S. Shipley, editors. 
Proceedings of the second State of the Bay symposium; 1993 Feb. 4-6; 
Galveston Bay National Estuary Program Publication GBNEP-23. Webster, 
Texas.  

Powell, E.N., J. Song, and M. Ellis. 1994. The status of oyster reefs in Galveston  
Bay, Texas. Galveston Bay National Estuary Program Publication BNEP-37. 
Webster, Texas. 

Pulich, W.M., Jr., and W.A. White. 1991. Decline of submerged vegetation in  
 the Galveston Bay system: Chronology and relationship to physical processes.  
 Journal of Coastal Research 7:1125-1138. 
Sheridan, P.F., R.D. Slack, S.M. Ray, L.W McKinney, E.F. Klima, and T.R.  

Calnan. 1989. Biological components of Galveston Bay. Galveston Bay: 
Issues, resources, status and management. National Oceanic and Atmospheric 
Administration Estuary-of-the-Month Seminar Series No. 13. Washington, D. 
C. p 23-51. 



Stanley, D.W. 1993. Long-term trends in Pamlico River estuary nutrients,  
chlorophyll, dissolved oxygen, and watershed nutrient production. Water 
Resources Research, 29: 2651-2662. 

Tomasky, G. and I. Valiela. 1995. Nutrient limitation of phytoplankton growth  
 in Waquoit Bay, Massachusetts. Biological Bulletin, 189:257-258. 
Ward, G.H. and N.E. Armstrong. 1992. Ambient water and sediment quality of  
    Galveston Bay: present status and historical trends. Galveston Bay National   
    Estuary Program Publication GBNEP-22. Webster, Texas. 
 
 
L. James Lester 
Director Environmental Institute of Houston 
University of Houston-Clear Lake 
2700 Bay Area Blvd., Box 540 
Houston, Texas 77058 
Ph: (281) 283-3950  
Fax: (281) 283-3044  
Email: lester@cl.uh.edu 



A PRELIMINARY TMDL STUDY ON DICKINSON BAYOU, TEXAS

Roy Drinnen and Jean Wright

The Texas Natural Resource Conservation Commission (TNRCC) has
designated Dickinson Bayou as having two (2) segments for the purposes of
water quality management and designation of site-specific standards.  Site-
specific Uses and Criteria have also been assigned to both segments. These
segments, and all designated segments in the State of Texas, are inventoried in
the Clean Water Act, Section 305(b) Report. If a segment does not or is not
expected to meet the applicable water quality standards, the TNRCC places that
segment on the federally required Clean Water Act, Section 303(d) List of
Impaired Water Bodies in the State of Texas. Dickinson Bayou is one of the
water bodies on this list for low dissolved oxygen and re-occurring high
bacterial contamination. 

Dickinson Bayou�s tidal segment is classified as �High Aquatic Life Use� and
the upstream segment is classified as �Intermediate Aquatic Life Use.�
Occasionally, Dickinson Bayou has failed to meet the saltwater required average
dissolved oxygen (DO) concentration of 4.0 mg/l and the minimum DO
requirement of 3.0 mg/l. For the upstream freshwater segment, the mean DO
concentration must be greater than or equal to 4.0 mg/l to meet its �Intermediate
Aquatic Life Use� classification. Though not an annual event, large fish kills
commonly associated with menhaden and fish kills involving multiple species
and/or more desirable sport fish have been known to occur on Dickinson Bayou.
Both Dickinson Bayou segments have also been designated as �Contact
Recreation� waters. Elevated bacterial concentrations have prevented the bayou
from meeting its contact recreation use indicating a potential public health risk
as well as an excess nutrient loading concern. 

In response to these concerns and in keeping with the goal of the Clean Rivers
Program, which is to maintain or improve the quality of water resources within
each river basin in Texas, Galveston County Health District (GCHD) has
teamed up with the Houston-Galveston Area Council (HGAC), U.S. Geological
Survey (USGS), and TNRCC to conduct a pre-Total Maximum Daily Load
(TMDL) analysis study on Dickinson Bayou. TMDL is the total amount of a
substance that a water body can assimilate and still meet the established surface
water quality standards. This study looks at what is happening within the water
column of the bayou over a period of time at several locations throughout the
tidal segment. In-situ monitors and intensive water sampling were used to
characterize how the DO fluctuated throughout the tidal segment in relation to
how various chemical parameters changes over time. Intensive bacteriological
sampling was also conducted at the same time to determine how bacteria loading
varies along or within the bayou and to determine if bacteria has any



relationship to other testing parameters. TNRCC will use the gathered data to
conduct modeling on the bayou to determine how to proceed with completing
the TMDL process required for the bayou. Dickinson Bayou is located in
southeast Texas in the San Jacinto-Brazos Coastal Basin. The bayou originates
north of the City of Alvin in Brazoria County and flows east through Galveston
County for approximately 24 miles where it terminates in Dickinson Bay, one of
the secondary bays of the Galveston Bay system. Dickinson Bayou is divided
into two segments by the TNRCC. The above tidal reach (Segment 1104) begins
upstream of Highway 35 in Alvin, Texas, and ends 1.2 miles downstream of FM
51,7 which is west of Cemetery Road. The tidally influenced reach (Segment
1103) begins 1.2 miles downstream of FM 517 and ends at the confluence with
Dickinson Bay. The channel and flow characteristics of the two segments are
markedly different. The above tidal segment is a relatively shallow stream with
moving water. Its depth varies from shallow riffles to pools 1-3 feet deep. The
tidal reach is a very sluggish body of water dominated by a deep, v-shaped
channel varying from 10-15 feet in depth. A channel was dredged from
Dickinson Bay upstream to the railroad trestle near Highway 3 (¼ mile
downstream) approximately twenty-five to thirty-five (25-35) years ago to
accommodate fishing vessel and barge traffic on Dickinson Bayou. GCHD also
found the average bayou depth from the trestle upstream to Cemetery Road to be
approximately twelve (12) feet deep.

Between 1995-97, the USGS found the two segments to have different stream
side vegetation as well. Investigators characterized the upstream segment as
having dense riparian vegetation with limited sunlight exposure, whereas
vegetation in the tidal segment is less dense, allowing more exposure to
sunlight. Watershed topography gently slopes toward the bayou from 50 feet
above sea level in the west to sea level at the confluence with Dickinson Bay in
the east.

Due to its impairments, Dickinson Bayou has been repeatedly studied by state
and federal agencies. Its size, proximity to Houston and accessibility also makes
it a prime location for research. Intensive studies of Dickinson Bayou were
conducted by the Texas Department of Water Resources (a predecessor agency
of the TNRCC) in 1980 and 1982 and a waste-load evaluation was completed in
June of 1985.  The USGS, in cooperation with the Houston-Galveston Area
Council (HGAC) and TNRCC, conducted a study titled Nutrient Loading and
Selected Water Quality and Biological Characteristics of Dickinson Bayou
Near Houston, Texas, 1995-97 and completed the report in 1998. In addition to
the loading from agricultural and urbanized activities, Dickinson Bayou receives
or has received wastewater discharges from several permitted sources for many
years. Dissolved oxygen has continuously been one of the limiting factors in the
loading equations developed by the regulatory agencies who issue discharge
permits. In addition, bacterial concentrations have repeatedly been high over the
years.



As this area�s Clean Rivers Program river authority, HGAC facilitated a
partnership between GCHD, USGS and TNRCC to address the concerns of
Dickinson Bayou. This partnership brought together the resources and
specialties of the four (4) agencies to collect data for the purposes of
characterizing and understanding how Dickinson Bayou�s natural processes
work over time. First, HGAC purchased the majority of the in-situ monitors
which were used to collect the continuous water quality data, plus they provided
logistical and technical support. Second, GCHD was responsible for acquiring,
maintaining and deploying the buoys and in-situ monitors as well as collecting
the water quality field data and water samples. A majority, but not all, of the
samples were analyzed at GCHD�s Public Health Lab. Third, TNRCC provided
technical support, one field person to help collect water samples, and laboratory
support to perform the three (3) analyses not conducted by GCHD. TNRCC�s
field investigator delivered and maintained the chain-of-custody requirements of
the Quality Assurance Project Plan (QAPP). Lastly, USGS supplied technical
support, operated a continuous monitoring station at the Highway 3 bridge,
conducted monthly flow measurements on the bayou while water samples were
being collected, and provided a separate crew to perform habitat and biological
characterizations of the bayou and several tributaries. 

After the preliminary land and water reconnaissance, plus several follow up
meetings by participating agencies, six (6) sample sites were established. The
Dickinson Bayou sites were then numbered for sampling purposes. Their
identification numbers are DB6, DB1, DB2, DB3, DB4, and DB5 going from
upstream to downstream. The letters A or B following the site number indicates
the depth of the sonde placement. For example, DB2A is located near the
surface while DB2B is located one (1) foot off the bottom of the bayou.

The Yellow Springs Instrument (YSI) multi-parameter data logger, model YSI-
600XLM was chosen for this project. The YSI-600XLM data sonde is a self-
contained multi-probe meter designed to be left in the environment recording
multiple parameters over a period of time. The sondes used in this study were
capable of executing and storing the multi-parameter recordings of dissolved
oxygen, pH, specific conductivity, salinity, temperature, and depth. 

Since all the data sondes needed to be suspended in the center of the v-shaped
channel, buoys were chosen as the method for sonde deployment at five of the
six sampling sites.  The U.S. Coast Guard requires research buoys to be yellow
in color, identified with the agency name and contact information, and, in some
instances, lighted. GCHD selected cylinder buoys made of yellow plastic
because they are easy to maintain, light weight, float high in the water and
provided a good attachment point for the sondes. The buoys were anchored to a
225 pound (lb.), molded concrete weight connected via ¼ inch, galvanized chain
and locking shackles. Sondes were placed in PVC covers and locked onto 



galvanized cable attached to the buoy. Lastly, a snap shackle deployment system
was developed for safe placement and retrieval of the buoy weights in the water.

Starting in July 2000, field investigators began deploying the sondes and
collecting profiled water quality data and water samples for laboratory analysis.
One week per month the sondes were suspended in Dickinson Bayou to collect
water quality data continuously for 48-72 hours.Vertical field data profiles were
collected at every site in one foot (1') increments from top to bottom using a
Hydrolab 4a MiniSonde multi-probe hand held meter. Water samples from the
multiple sample depths were collected using 2 liter, clear acrylic Van Dorn
bottles. More than two (2) gallons of water were needed to perform the number
of analytical tests required, so a 5 gallon mixing bucket was used to composite
every sample. Ambient water quality for each sonde depth was gathered during
water sampling events using the Hydrolab multi-probe. Water samples were
delivered to the GCHD or TNRCC�s laboratory and analyzed for multiple
constituents. 

The preliminary results from the GCHD data collected for dissolved oxygen,
fecal coliform, and basic water chemistry parameters tend to demonstrate
temporal, spatial, and seasonal variations along the bayou.

Dissolved oxygen differences recorded during the study were effected by
seasonal variations of temperature and a combination of saltwater encroachment
and rainfall events. The highest DO levels were observed in January while the
lowest levels were noted in the warmer summer months from June through
August. Plus, the surface sites always carried higher DO levels than the bottom
sites. DO values of >10 mg/L and <1 mg/L were observed during the winter and
summer months respectively at the surface sites while the bottom sites recorded
highs of >8 mg/L and lows of 0.00 mg/L during the same periods. 

Investigators discovered saltwater encroachment upstream from DB5 to site
DB1, but not to DB6. Due to a lack of water mixing between the two salinity
layers, DO levels were generally higher in the fresher top layer and lower in the
trapped saline layer. Water column mixing and elevated DO levels were
observed during periods of significant rainfall. However, stratification returned
soon after the rainfall event and DO levels again reflected the dry event levels. 

As expected, rainfall influenced the dispersion of fecal coliform bacteria in the
bayou. This rainfall influence suggests a correlation between land usage and
dispersion. The bacteria data demonstrates a spatial difference between the six
(6) sampling sites during rainfall events suggesting possible isolated non-point
sources of bacteria in those areas. Sites DB6,1,2,and 5 exhibited the highest
increases in fecal coliform bacteria, Enterococci, and E.coli levels after a
rainfall event. Levels of >3,000, >1,000, and >1,000 MPN/100 ml respectively 



were commonly observed. Likewise, values <100 MPN/100 ml for the indicator
bacteria, fecal coliform, was common during dry sampling months.

GCHD�s laboratory performed several different analyses for nutrient parameters
during each sampling event of the study. CBOD, ammonia, nitrate-nitrite, and
ortho-phosphate were the key parameters for the study because of the influences
they have on water quality and designated standards set by the TNRCC. Data
shows elevated levels of these parameters during rain events and depressed
levels during dry weather. The presence of these nutrients during stressful times
of the year can cause even greater pressure on water quality and contribute to
the bayou�s failure to meet the designated TNRCC standards. 

Physical and chemical water quality data gathered and analyzed for the
Dickinson Bayou Pre-TMDL project suggests that Dickinson Bayou (Segment
1103) routinely fails to meet it�s established water quality standards for contact
recreation and high aquatic life use. Low DO levels are the result of a
combination of natural processes and anthropogenic influences. High bacteria
levels were repeatedly found at sampling sites in more rural settings due to a
greater use of septic systems and rangeland run-off. The Dickinson Bayou
watershed continues to undergo land use changes to urban, commercial, and
rural development. These changes will continue to cause biological, chemical,
and physical pressures on the bayou and it�s ability to absorb and process the
increased loading from point and non-point source pollution.

Roy Drinnen
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AMERICORPS-CAPE COD: GETTING THINGS DONE 
 

Truman Henson, Jr., 
Massachusetts Office of Coastal Zone Management 

 
Introduction 

 
The County of Barnstable, Massachusetts, one of the oldest in the state, consists 
of the fifteen coastal towns on Cape Cod. There is a strong regional government 
structure that provides a wide variety of services on a mutually beneficial 
regional basis. Americorps-Cape Cod (ACC or, �the program�) is one of those 
county programs. 
 
The program is dedicated to offering a diverse group of twenty-four full-time 
environmentally focused adults the opportunity to enhance their personal 
development, foster civic values, build community leadership abilities, acquire 
related technical skills and help address environmental issues in Barnstable 
County communities. 
 
The program is divided into three focus areas: land conservation, water 
conservation and environmental education. ACC is committed to the 
preservation and protection of the natural resources on Cape Cod and increased 
environmental education for residents, students and visitors to the area.  
 

Program Needs 
 
The Americorps-Cape Cod program concept was built from a growing 
community concern regarding the health of the peninsula�s once pristine fresh 
and saltwater resources, woodlands and wetlands. These areas are now 
threatened by substantial increases in population and usage that may potentially 
cause irreversible damage to the region�s fragile environment. 
 
The fifteen towns on Cape Cod cover approximately 400 square miles, including 
large areas of very fragile, finite and extremely valuable resources. The year-
round population has soared from about 100,000 residents in 1975, to well over 
200,000 residents currently. Additionally, it is estimated that in excess of fifteen 
million people visit �the Cape� annually. As these many residents and visitors 
continue to explore the natural wonders and utilize the recreational activities that 
such environments evoke, the environmental management challenges become 
overwhelming to what are typically very small municipal management staffs. 
 
With a commonly held need for assistance by the communities, Barnstable 
County partnered with a number of other government entities to bring the 
Americorps-Cape Cod program to fruition to meet these increasingly 
overwhelming needs. 



  

Program Partners 
 
Many local, state, regional, and federal agencies have independent, and 
sometimes overlapping, management authority and responsibility on Cape Cod. 
The county therefore solicited both program development input and support 
from a number of their own departments, such as the Massachusetts Office of 
Coastal Zone Management, the Massachusetts Department of Environmental 
Management, the National Park Service (Cape Cod National Seashore), the 
Compact of Cape Cod Conservation Trusts, and municipal natural resource 
officers from each of the fifteen towns. Representatives from these and other 
organizations continue their involvement by participating as members of the 
Advisory Board described below. 

 
Organizational structure 

 
The ACC program is guided by Barnstable County staff, as well as an  
Advisory Board. The Barnstable County Resource Development Office (a 
department of the county) provides all administrative support. Full-time staff 
positions include a Program Coordinator and two Member Leaders. 
 
The Advisory Board is made up of approximately fifteen representatives from a 
variety of local, regional, state and federal entities, as well as several non-profit 
groups. The primary function of this group is to focus on project identification 
and solicitation, identification of alternative funding sources, community 
relations and outreach, and ensuring that all of the needs of the members are met. 
The author serves on this Advisory Board.  
 

Member recruitment 
 
The program, now in its third year, utilizes 24 students in a residential setting for 
a period of one year. Solicitations of interest are distributed to many schools and 
colleges across the country, and are also available via the Internet. 

 
Most of the members have completed an undergraduate degree, although only 
two years of college are required for eligibility. More specifically, the 
individuals selected must have a strong interest in participating in a residential 
setting in which the focus is on environmental education and training, physical 
labor, and educating the public on environmental topics. 

 
In return for their 1,700 hours of volunteer service to the communities during the 
year, they receive housing, a stipend to cover living expenses, and health 
insurance coverage. Additionally, they receive a $4725.00 grant to be used to 
further their formal education upon completion of the program. 

 



  

Housing 
 
The residential nature of the program is one of its strongest attributes. Members 
are housed in a residence in Wellfleet, on the Outer Cape, and in Bourne, on the 
Upper Cape. Team-building and other group activities are integrated throughout 
the daily program. These activities and this type of living provide each member 
with the opportunity to develop cooperation, team building, leadership, 
communication, negotiation, and conflict resolution skills. The attainment of 
these skills allows each member to view themselves as an integral member of a 
cohesive team. 
 

Orientation & Training 
 
Upon joining the ACC team in September of each year, members undergo an 
intensive six-week training program. The topic areas covered include program 
policies, procedures, requirements, and an overview of the ecology and natural 
history of Cape Cod. More specific training encompasses such topics as the 
Endangered Species Act and Piping Plover management; shellfish husbandry and 
growing; water quality monitoring and lab analysis; practices and uses of tools 
for trail construction and maintenance; and environmental education curriculum 
implementation. They also receive training in local, regional, and state 
government organization and function, and meet program partners and service 
providers. 
 

Project Solicitation 
 
The work conducted for the towns is performed at no cost to the towns. While it 
is generally divided into the fields of land conservation, water conservation and 
environmental education, the specific tasks performed have included dozens of 
different activities such as: educational workshops for children; coastal erosion 
control and beach grass planting; shellfish research and municipal aquaculture; 
public access identification and trail maintenance; and water quality monitoring. 
These widely varying projects are performed in both individual and group 
placements with municipal officials, land trusts, non-profit conservation groups 
and other land and resource managers. As mentioned earlier, Advisory Board 
members work with the ACC staff to solicit and identify both individual and 
group member placement, which ensures consistency of effort and promotes the 
program within the community. 
 
On one day each week, the groups work together on �flex projects� in which 
they identify a group project that might be completed over a period of time. 
Examples of these types of projects include Christmas tree recycling and 
household hazardous waste collection days.  
 



  

Project Development 
 
When a project is identified, the ACC staff or a member of the Advisory Board 
helps the �service partner� to develop a project proposal and �service 
agreement�. This agreement includes a brief description of the work to be 
completed, the site location, specific tasks, skills and training needed by the 
workers, tools and equipment needs, number of personnel, and amount of time 
estimated for project completion. Additionally and importantly, the proponent is 
required to describe how the proposed project will help meet the environmental 
and community needs of the specific town involved or the county as a whole. 
From these forms collected from each service partner, ACC staff organize the 
training and work schedule for the appropriate member or group of members. 
While a few placements are made so that the member works in the same location 
for the entire program year, most are shorter in duration so that there is variation 
in the work experience both in terms of tasks and interpersonal interactions. 
 

Funding 
 
One of the most important points related to the operation of the ACC program is 
that services of the members to the Barnstable County towns are provided at no 
cost. This is made possible as a result of a funding partnership that includes 
contributions by the County of Barnstable, the non-profit Massachusetts Service 
Alliance, and the federal Corporation for National Service. 
 

Conclusion 
 
During the last program year, ACC members have: 

• Provided more than 40,000 hours of service to the Cape Cod 
environment and its managers. 

• Educated over 2400 children on environmental issues. 
• Created, organized and ran the county�s first Earth Celebration � an 

event for community members showcasing environmental organizations 
and providing educational activities, games, prizes and food. 

• Planted more than 52,000 beach grass stems for coastal erosion 
prevention. 

• Aided in shellfish restoration, propagation and research projects 
throughout the county. 

• Performed coastal access surveys in all fifteen towns and developed 
five projects to increase access awareness. 

• Constructed 200 feet of boardwalk to allow for handicap access to 
natural areas. 

• Restored and cleared over five miles of anadromous fish runs. 
• Worked with 64 non-profit organizations, federal, state, regional and 

local agencies to accomplish the goals of the program. 



  

The program was developed to fill a void felt and expressed by a number of 
Cape Cod communities. As designed and implemented, it has achieved that goal 
and promoted coordination and cooperation amongst a wide range of agency and 
non-profit interests, all while promoting better understanding and stewardship of 
our fragile environment in Barnstable County. As a result of the extraordinary 
collaboration of a variety of interests, the ACC has met this goal by leveraging 
tremendous commitments from environmental volunteers at a minimal cost. 
 
 
Truman Henson, Jr. 
Massachusetts Office of Coastal Zone Management 
Cape & Islands Regional Office 
P.O. Box 220 
Barnstable, MA. 02633, USA 
Ph: (508) 362-1760 
Fax: (508) 362-1698 
Email:  Truman . Henson @ state.ma.us 



THE GULF COAST FRONTIER 
THE SALTGRASS CATTLEMEN ON THE COASTAL MARSHLANDS 

 
Alecya Gallaway, The Environmental Institute of Houston UH-Clear Lake 

 
Many of the stockmen who settled in the colonies along the eastern seaboard 
were originally from the British Isles. Some of these early immigrants came to 
the east coast colonies of North America with more than just their families; they 
came with cattle, hay, grass seeds and generations of cattle raising traditions 
they would continue to use. (Agriculture, 1948) The following methods were 
implemented immediately: Driving cattle overland to market along stock trails 
was well established and in Scotland in 1186, and the Gallowaygate was a 
popular trail used to bring cattle from the Scottish Highlands to market in 
England. Irish cattlemen in the sixteenth century stayed on the range with their 
cattle, and earmarking and branding were practices long used in Europe. 
Seasonal burning to induce a fresh growth of grass was also common in the 
British Isles as was the use of dogs trained to help control the herds. Driving 
cattle herds seasonally from high pastures to low pastures was a common 
practice in Scotland and Ireland. (Jordan, 1981) But it would be in South 
Carolina that the old traditions took root and began to change and grow into 
southern traditions. 
 
In South Carolina, the old country stock raising practices were easily adapted to 
the new land. The cattle they imported that were hardy enough to survive the 
overseas voyage from Europe thrived with little care on the nutritious coastal 
grass range. Seasonal burning supplied the cattle with fresh tender grass and 
driving the cattle into the marshland in the fall and inland from the marshes 
before summer kept them fat without hay and safe from the hordes of 
mosquitoes in the wetlands. South Carolina stockmen bought expert horsemen 
and herders from the Gambia region of Africa from slave dealers and brought 
them to their plantations. (Ball, 1999; Jordan, 1981) In these same slave-ships 
came cattle and hay, which was used as food for the cattle, and bedding for both 
man and beast. Bermuda Grass was just one of the grasses accidentally 
introduced to the coastal prairies where the slave ships were unloaded. 
(Agriculture, 1948) Cattle herds within the colonies became a mixture of the 
heartiest bloodlines of the breeds introduced into the area. Free ranging cattle 
were left on their own to multiply and calves were marked for ownership in the 
spring. 
 
Families were large and the open coastal grazing lands quickly shrunk. In South 
Carolina, rice farming began to take up much of the wetlands. The coastal cattle 
range decreased even more as it was divided between the heirs of a plantation 
owner. By the mid 1700s the younger generations, the sons and daughters of 
colonial stockmen began moving west in related groups with small herds and a 
few slaves to new territories and frontiers as they opened. With them they 
carried a mixture of cattle raising traditions adapted from methods used by their 



own European ancestors and the ancestors of their slaves who were brought 
from Africa. They migrated to new frontiers settling in Georgia, Florida, 
Alabama, Mississippi and Louisiana; following the coastal wetlands they knew 
would support their herds, moving to the prairies and marshes abundant with 
winter grass for forage. In each new area they adapted their herding styles to the 
new terrain. In Georgia they were called �crackers� for the sound of their 
bullwhips as they drove their cattle from horseback. In Florida they drove their 
herds to the swamps in winter and the bottomland forests in summer. In 
Mississippi and Alabama they depended more on their dogs to help them herd 
the cattle. Families grew and the younger generations kept moving west, a 
migration that is documented by their stock brands, registered where required 
when they settled in a new area. (Fisher. 1982) 
 
In Louisiana new traditions were learned, such as the ranching traditions of the 
Spanish cattlemen and the Mexican vaqueros.  It was here that the legends of the 
west began to take root. The southern stockmen and their African-American 
slaves learned new ways to handle cattle, methods that made raising the 
longhorn stock they found in this new territory much easier. They still used 
bullwhips, seasonal burning, driving the cattle to the salt marshes in winter, but 
here under Spanish ruled Louisiana many new traditions were added. Great 
herds of wild unbranded mustang horses, burros and Castilian cattle ranged 
prairies and riparian forests where they had been trailed to missions and ranches 
along the Texas � Louisiana border when France controlled Louisiana. The 
Spanish custom was to leave the bulls and stallions uncastrated and free to breed 

as they ran wild and by the 
mid 1700s thousands of these 
animals roamed the lands of 
southeast Texas and southwest 
Louisiana. The herds of cattle 
the southern stockmen found 
were a strong breed, hardy and 
wild, a breed that evolved 
through generations of survival 
of the fittest.  
 

It was there in Louisiana at the end of the 18th century, in the saltgrass country 
near the Texas border that stockmen became cattlemen. They learned to rope, 
corral and break the wild mustangs, to train them to work cattle using the 
methods and skills taught to them by the Mexican vaquero. They perfected the 
art of making horsehair lariats used to rope the cattle at branding time. They 
began wearing the Mexican boots with heels that held the foot firmly in the 
stirrup when silver spurs were used to speed the small horses to cattle trying to 
break from the herd. (Chipman, 1992; Jordan, 1981) Master and slave worked 
the cattle side by side on horseback, equal in their power over the beast beneath 
them and equal in stature atop the powerful animals. Eye contact was necessary 
as master and slave silently communicated across the backs of hundreds of 



bawling cattle. Glimpses of the dignity and 
heritage of the ancient African horsemen and 
his long forgotten skills emerged as the 
cowboy slaves broke wild mustangs and 
worked the herds.  
Thousands of cattle were driven to New 
Orleans markets and the stockmen profited.  
 

As the range began to shrink the sons of cattlemen looked west to Texas. Even 
before the Spanish government allowed settlement, groups of saltgrass cattlemen 
began moving onto the coastal prairies around Galveston Bay. James Taylor 
White was married to Sarah Cade, a cattleman�s daughter, in 1819.  They were 
part of a group of related cattle raising families from St. Martin�s Parish 
Louisiana who moved to the eastern side of Galveston Bay to stake out their 
saltgrass range and start gathering the wild cattle. He brought six head of his 
own and six head that his wife�s father had given her as a wedding present. By 
1831 James Taylor White and his wife Sarah had a herd of over 3,000 head of 
cattle on his Turtle Bayou ranch. Six generations of Whites have continually 
raised cattle on the lands they hold in Chambers, Jefferson and Liberty counties. 
(Anonymous, 1834; Erramouspe, 1996) Quickly after Texas was open to 
settlement more Louisiana cattlemen began to move to the new saltgrass range, 
the resources of abundant wild cattle and horses and thousands of acres of 
saltgrass marshland gave the younger generations a chance to carve new 
empires. By 1835 the coastal prairie lands to the southeast, the east and parts of 
the north of Galveston Bay were settled by related groups of cattlemen, most of 
whom were from Louisiana cattle families.  
 
It was on the eastern side of Galveston Bay that the skills of the black cowboy 
and the Louisiana boatman were added to the cattlemen tradition. Boatmen in 
small one-man pirogues helped the cowboys on horseback drive the cattle across 
the rivers and bayous and even across Galveston Bay along Red Fish Bar. New 
burning techniques were developed that would be adopted by many other 
cattlemen who owned their land. The grass was the rancher�s most valuable 
resource; if the grass roots were burned his winter range was destroyed, so his 
burning practices had to carefully follow the amount of moisture in the soil 
along with the winds. (Erramouspe, 1996) 
   
By 1853 a large related group of Louisiana saltgrass cattlemen�s descendants 
migrated from Calcasieu Parish to the western shores of Galveston Bay on Clear 
Creek. They were the Butlers, the Cowards, and the Perkins families. The 
Perkins family is one of the cattle families that originated from the British Isles 
and has traced their cattle-raising heritage from South Carolina to Texas, 
documenting the migration of ancestors and descendants across the South all the 
way to the coastal range of south Texas. (Fishcher, 1982) The names of the 
families who pioneered the first saltgrass cattle empires along the upper Texas 
coast are still revered in cattle ranching today, Allen, Barrow, Booth, Butler, 



Cade, Coward, Jackson, McFaddin, Pierce, Scott, White and others. (Fishcher, 
1982; Lawrence, 1952; Wingate, 1984)  

 
The saltgrass marshes and prairies of the upper Texas coast were always a 
treacherous place with a complicated ecology that included dangerous alligators, 
huge rattlesnakes, deadly water moccasins, prairie wolves, rabid skunks, sink 
holes and quicksand. (Anderson, 1907; Anonymous, 1834) The marshes also 
were a place of beauty with a wealth of indigenous plant and animal life that 
depended on this unique environment with its well-balanced food web. 
(Anonymous, 1834; Hooten, 1847) At the time of the Civil War even though the 
salt grass was sparsely populated, the integrity of the marshes had been 
compromised by hundreds of thousands of cattle grazing upon its grasses, by 
tens of thousands of cattle dying along the waters edge of hypothermia when the 
temperature suddenly dropped and the fierce north winds drove them to seek 
warmth in the waters along the edge of the shore, and by the annual burning of 
the grasses to produce a tender new grow for cattle consumption.  
 
The families who pioneered these areas grew, land holdings were divided and 
the younger generations continued to follow the tradition of moving west to 
new, open cattle range as the generations before them had done. So when the 
cotton and sugarcane plantation owners from the South lost their slave work 
force and their plantations, and many of them started moving into Texas along 
the coast where they knew of families who made fortunes in cattle-raising, they 
were less than well received. This influx of new settlers not only put a burden on 
the cattle resources, it put an even greater burden on the land. 
 
The open range dwindled and cattlemen began fencing their lands. The fences 
caused even more changes that would alter the coastal prairies.  These new 
boundaries concentrated the grazing.  The cattle began depleting the areas of the 
best grazing forage leaving nothing to reseed, and the thousands of hooves 
impacted the surface soils. The fences became roosts and resting places for birds 
traveling along their coastal migration routes. Non-indigenous plants began 
growing along the fences as they had in Europe and northeastern America 
causing fencerows of plants that began competing with and shading out the 



grasses. Only in the salt marshes where plants were able to withstand the 
inundation of saline tidewaters did the native plants retain their hold.  
 
Railroads crisscrossed the upper Texas coast and by the 1890s agriculture 
competed with the cattle range. The United States Department of Agriculture 
took grass surveys of the coastal range and found it depleted of native grasses. 
Rice faming became widespread as ranchers looked to other ways to use their 
wet soils. In the early years of the twentieth century, oil was discovered under 
the saltgrass prairies of southeast Texas. Soon the term cattleman became 
synonymous with the term oilman and the saltgrass prairies became completely 
altered. After World War I, the government began a concentrated effort to 
introduce new grasses to the coastal prairies. (Agriculture, 1948) On the upper 
Texas coast oil refineries were constructed on the marshlands that were once 
part of large saltgrass ranches. Subsidence began to affect the marshes and the 
water level began to keep the cattle from the winter range, cattle walks were 
constructed creating even more change. After World War II fewer men went 
back to the farms and ranches of their families and more families moved to the 
coastal prairies into housing developments quickly constructed for the workers 
of the oil refineries and chemical companies that were built on the coastal 
marshlands.  
 
Within the next twenty years the wind of environmental change would blow 
across the saltgrass in the form of the Land and Water Conservation Fund Act of 
1965, soon followed by the Clean Water Act of 1977, and the Emergency 
Wetlands Resources Act of 1986. (Tiner, 1984) 
 
Today, we see the results of those first governmental acts passed to save our 
wetlands, coupled with the saltgrass marshes left undeveloped because of the 
saltgrass cattlemen whose tenacious ability to follow their ancestral traditions of 
a hard, unpredictable, and seasonally rhythmic way of life allowed them to hold 
on to their saltgrass lands.  It is those saltgrass ranchland marshes that survived 
development and are today federal and state preserves, state parks, county and 
city parks, and private preserves held by organizations such as: Audubon, 
Galveston Bay Foundation, Scenic Galveston and Nature Conservancy. Many of 
these preserves have retained the grazing rights of the cattlemen, and some have 
become sanctuary only for the undomesticated animals who live there and the 
humans who want to enjoy them, and most of the mineral rights are owned by 
agencies, corporations, and organizations many who will see a need to allow 
those resources to be tapped. Texas is still in the learning process of how to save 
our environment and balance the needs of our heritage, our coastal wetlands, and 
our natural resources. 
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Abstract: While much attention continues to be focused on the natural science 
of marine protected areas (MPAs), it is becoming increasingly clear that the 
human dimension plays a large, and often decisive, role in the effectiveness of 
MPAs as a conservation tool. Although there is a growing awareness that �we 
are really managing people and their resource use, not fish,� the social sciences 
nevertheless continue to be largely overlooked in the design and management of 
MPAs. Consequently, there is a pressing need for understanding the social, 
cultural, and economic contexts in which policy maker�s conservation decisions 
will be applied. NOAA�s Marine Protected Areas Center, Institute for MPA 
Science, is developing a social science strategy that will identify priority social 
science issues and needs on a national scale for all types of MPAs. The strategy 
is intended to enhance the use of social science in designing and managing 
MPAs by guiding the allocation of resources and efforts among agencies, 
funding entities and key stakeholders. The highly participatory process for 
developing the strategy will be described and the results of the 2002 MPA social 
science workshop, highlighting social science priorities, will be presented. 
 
Introduction 
 
The experiences of the past decade of MPA designations have clearly shown 
that the way in which the human dimension is incorporated into MPA planning 
can profoundly affect whether and where sites are ever established, and whether 
they ultimately achieve their conservation, social, and economic goals. 
Presently, however, MPA practitioners and planners currently lack sufficient 
information, resources, and institutional capacity in the social sciences to meet 
this formidable challenge.   
 
Because of this, the Marine Protected Areas Center is developing a 
comprehensive Social Science Strategy for MPAs. This document will identify 
and prioritize key social science issues and needs and recommend practical ways 
to meet them through research, assessment, capacity building, and leveraged 
funding. The strategy is intended to: (a) highlight priority research needs for 
funders and agencies; (b) identify potential areas of collaboration among 
scientists, MPA practitioners, and other stakeholders; and (c) provide a 
framework for incorporating social science in MPA planning and management. 



Preliminary Priority Areas 
 
The development process for the NOAA Institute for MPA Science�s Social 
Science Strategy is highly participatory. This comprehensive strategy for MPAs 
will reflect the contributions of a broad group of social scientists, MPA 
practitioners, and stakeholders.  
 
The first step in this process was largely a brainstorming exercise involving 
experts and practitioners from the west coast. At the NOAA Institute for MPA 
Science�s Pacific Coast Science and Coordination Workshop held from July 31, 
2001 to August 1, 2001 in Monterey California, one of the four breakout groups 
focused on the human dimension of Pacific coast MPAs.  Composed of social 
scientists, policy makers, and stakeholders, the human dimension breakout 
group concentrated on determining and prioritizing information needs in the 
design and management of MPAs and MPA networks. The group�s specific and 
detailed recommendations will be released as an MPA Center document on the 
official web site, www.mpa.gov. Below is a list of some priority areas for future 
effort, including research and analysis identified by the group.   
 

Site/Community Scale 
 

• Conduct baseline socioeconomic assessment of 
stakeholders/users/communities 

• Monitor these variables over time (long and short term) 
• Conduct economic valuations of resources and use 
• Conduct social impact assessments that consider temporal scale of 

needs and impacts (long and short-term) 
• Evaluate socioeconomic impacts of not establishing a MPA 

 
Regional Scale 

 
• Learn from studies and models; partner with other programs (e.g. NPS, 

other terrestrial programs) 
• Compile existing socioeconomic studies, raw data, guidelines, 

handbooks, and methods; develop warehouse of information 
• Develop general criteria for success from human dimension perspective 

that can be applied to individual sites (e.g. improved stakeholder 
perceptions, increased employment levels) 

• Come to consensus of common understanding of terms 
• Clarify federal and state regulatory requirements for social science 

analysis 
• Develop a network/working group/professional association of social 

scientists working on MPA issues in Pacific Coast region 
• Use social science in developing and evaluating MPA processes, 

including stakeholder involvement and the psychology of group and 



individual decision-making (note: two small groups moved this onto 
the �Site� list) 

• Conduct regional study of resource uses and communities affected by 
resource use 

• Conduct regional cost and earning studies 
 
The results of the Pacific Coast MPA Science and Coordination Workshop will 
be used as a jumping off point for the development of the national social science 
strategy document, which will be national in scope and applicable to many 
MPAs worldwide. 
 
MPA Social Science Workshop 
 
As the next step of the social science strategy development process, NOAA�s 
Institute for MPA Science, in partnership with Duke University, the University 
of California at Santa Cruz, and the Canadian Department of Fisheries and 
Oceans will convene a major social science workshop during the second week of 
April 2002 in Monterey, California. This unprecedented gathering will identify 
and prioritize economic, social and cultural aspects of MPA issues � thereby 
forming the foundation of the national strategy. A group of academic social 
scientists, policy makers and stakeholders will spend two days identifying key 
social science issues and priorities that will be grouped under six basic themes:  
 

• Economics of MPAs 
• Use patterns 
• Attitudes, perceptions and beliefs 
• Governance and institutional structure 
• Community organization 
• Cultural heritage 

 
These six themes are further defined below. 
 
Economics of MPAs. This theme deals with economic conditions and trends 
associated with MPAs. Topics include, but are not limited to, market and non-
market values, costs and benefits, and positive and negative impacts associated 
with marine protected areas. 
 
Use Patterns. This theme addresses the way stakeholders use the resources in 
marine protected areas. This includes extractive and non-extractive uses. 
 
Attitudes, Perceptions and Beliefs. This theme covers the underlying 
motivations that influence human preferences, choices, and actions. It examines 
the measures that shape human behavior and how these behaviors affect marine 
protected areas. 
 



Governance and Institutional Structure. This theme covers the institutions 
(Federal, state, local, and NGOs) responsible for managing the resources in 
marine protected areas. Component topics include the capacity of these 
institutions, their funding sources, jurisdiction, management strategies, and 
implementation approaches, as well as the nature of their interactions with the 
public and with other institutions.  
 
Community Organization. This theme looks at the characteristics of 
communities associated with marine protected areas and the way these 
communities function, particularly as they relate to the use and conservation of 
marine resources. Topics addressed here may include demographics, 
ethnography, skills and capacity, human and social capital, awareness, 
vulnerability, participation, local knowledge, traditional management, and long-
term visions. 
 
Cultural Heritage. Cultural heritage covers the historical aspects of marine 
protected areas. This includes, but is not limited to, nautical history (wrecks, 
replicas, etc.), maritime infrastructure (piers, lighthouses, locks, ports, forts, etc), 
and historical documents (books, pictures, music, recipes) relevant to marine 
protected areas. 
 
Next Steps 
 
Following the workshop, a draft strategy will be developed and widely reviewed 
by experts internal to NOAA and external to the agency. The final MPA Social 
Science Strategy, which will be published and posted on the MPA Center�s web 
site, www.mpa.gov, will then be used to guide a series of regional workshops to 
identify more specific regional priorities and action plans to fully integrate the 
social sciences in MPA planning and management on a relevant scale.  
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This paper explores the concept of �ecological restoration� as it is used and 
understood in both theory and practice.  It is my assertion that restoration 
discourse, defined here as the language, values, and perceived meanings 
associated with the concept, offers a powerful tool for understanding the broader 
practical implications of these policies.  The plasticity of the term �restoration�, 
a characteristic that makes it attractive politically, can make it difficult from a 
policy analysis perspective to understand the goals and values actually being 
supported.  To evaluate the consequences of a restoration-based strategy, I first 
explore the range of definitions offered by multiple disciplines for an 
appropriate understanding of the term �restoration.� Through case study 
examples of salmon habitat projects in the Lower Cedar River of Washington 
State, I explore the practical implications of discourse on the nature of 
ecological restoration, tracing the influence of normative assumptions and 
evaluating competing discursive threads to determine the true character of 
restoration activities. 
 

Theory: The Discourse of Ecological Restoration 
 
A host of journal articles and book chapters are dedicated to the task of defining 
ecological restoration.  As of yet, no universal definition has been agreed upon 
to the satisfaction of either scholarly or practical interests.  The Society for 
Ecological Restoration (SER) defines ecological restoration as �the process of 
assisting the recovery and management of ecological integrity� (Swart et al 
2001).  This provides a starting point from which to examine the points of 
conflict and variation between competing definitions of restoration. 
 
Restoration goals and endpoints represent the most pervasive point of contention 
in the restoration literature.  The SER definition relies upon the idea of 
�ecological integrity,� which is on its own a topic of intense debate in the 
ecology literature (Goldstein 1999).  Some definitions of restoration focus 
specifically on the structure and function of natural systems (i.e. biological and 
physical processes) as the appropriate target for restoration efforts (e.g. NRC 
1992).  A related endpoint of restoration is that of self-sustainability, directing 
ecosystems towards a state at which human management is no longer necessary 
(e.g. Parker et al 1997).  Other restoration definitions, however, grant a greater 
degree of control to human agency and ingenuity, characterizing restoration as 
turning back the clock to a specified point in history, with the most common 
endpoint being an ecosystem�s �original� or �pristine� condition (e.g. 
MacMahon 1998). 



In addition to goals and endpoints, a wide variety of activities/methodologies 
have emerged under the auspices of ecological restoration.  The intensity of a 
restoration activity, conceptualized as the degree of �artificiality� or 
technological sophistication involved in the project, is an important variable in 
restoration methodology, defining the range and depth of management 
responsibility built into the restoration effort.  Passive or �natural� restoration 
seeks primarily to anthropogenic disturbances to ecological systems, allowing 
them to recover �naturally� through the resumption of arrested processes and 
functions.  Active habitat restoration refers to the attempt to artificially engineer 
or reproduce impaired or lost aspects of the natural structure or function of an 
ecosystem (Kauffman et al 1996).  Restoration, as currently applied, can refer to 
any number of activities along this passive-active continuum targeted towards 
different goals/endpoints, creating an evaluative nightmare for those of us 
interested in understanding the efficacy and even desirability of ecological 
restoration as a tool for environmental policy. 
 

Practice: Salmon Habitat Restoration in the Lower Cedar River Basin 
 
The Cedar River is one of the five major rivers in King County, located in the 
southeast portion of Puget Sound.  The headwaters originate in the Cascade 
Mountains, draining approximately 188 square miles into Lake Washington.  
The Landsburg Dam divides the river into two distinct sections, the Upper and 
Lower Cedar River Basins.  The Upper Cedar River Basin (from the mountains 
to the dam) accounts for two-thirds of the total area, but has been protected from 
development by the City of Seattle for municipal water supply purposes.  The 
lower portion (from the dam to Lake Washington), however, has been subject to 
a wide variety of land and water uses throughout its 66 square-mile basin 
(Watershed Management Committee 1998).   
 
The Cedar provides habitat for seven species of salmonids: chinook, sockeye, 
and coho salmon; steelhead and cutthroat trout; Dolly Varden charr, and 
mountain whitefish (Current and Future Conditions Report 1993).  Record low 
runs of all anadromous salmonids were recorded in the early 1990s (WMC 
1998).  Direct habitat loss from riparian development, land reclamation, and 
removal of large woody debris (LWD) has been exacerbated by these indirect 
losses from the alteration of the natural flow and function of the system (mainly 
through municipal water withdrawals and shoreline/flood protection measures) 
(Perkins 1994). 
 
Recognizing the dramatic loss of salmon and habitat in the river basin, King 
County drafted the Lower Cedar River Basin and Nonpoint Pollution Action 
Plan (Action Plan), identifying four distinct classifications of salmon habitat 
restoration for projects: 1) tributary enhancements; 2) floodplain/valley-floor 
improvements; 3) mainstem habitat enhancement; and 4) preservation of high 
quality areas (Watershed Management Committee 1998, A-41).  The first three 
categories reflect geographic differences in the location of projects, which 



translate into differential habitat benefits based on species- and lifestage-specific 
preferences.  The fourth category represents a completely different approach to 
salmon recovery, seeking to protect high quality habitats from future 
development and degradation through land acquisition and preservation.  These 
projects can be �passive� restoration if habitat-forming processes are allowed to 
reestablish and recreate lost conditions (e.g. wetlands, meanders, side-channels).  
 
In order to explore the relationship between discourse and policy in the Cedar 
River, I turn to two very different projects that have been carried out under the 
umbrella of salmon restoration policy.  Emerging from the categories detailed 
above, these projects illustrate the diversity of activities, and the subsequent 
diversity of outcomes, touted as restoration.   
 

Case Study #1: Walsh Creek Tributary Enhancement 
 

Walsh Creek, commonly referred to as the Walsh Lake Diversion Ditch, is a 4.2 
mile tributary stream that drains into the Cedar on the right bank at river mile 
19.8 (Priest 1995).  The diversion ditch was dug in the 1920s to divert poor 
quality water from the water supply reservoirs above the Landsburg Dam.  Since 
its �creation,� sockeye, coho, steelhead, and cutthroat have utilized Walsh�s 
entire 4.2 mile range, while recently listed (threatened under ESA) chinook have 
been observed in the lower reaches (WMC 1998).  One of the more unique 
challenges to �restoration� of this tributary system comes in the definition of 
goals and endpoints.  The �unnatural� and relatively recent origin of the system 
challenges conventional definitions of restoration based on �historic� or 
�pristine� conditions.  This system has changed rapidly and dramatically over 
the past 80 years, making it difficult to pin down what a restored system could 
and should look like.  The result has been a less focused �enhancement� 
strategy, aiming towards any quantitative and qualitative improvements to be 
had. 
 
In 1997, the King County Surface Water Management Division, in conjunction 
with a local volunteer organization (the Mid-Puget Sound Fisheries 
Enhancement Group), placed large woody debris (LWD) into Walsh and planted 
riparian trees to improve habitat conditions (Coulo 1998).  The project was 
intended to produce generic (i.e. non-species specific) benefits for all salmonid 
species through quantitative and qualitative improvements in spawning, rearing, 
and feeding habitats.  The pieces of LWD were marked with numbers to 
facilitate the tracking of wood movement and evaluation of habitat formation.  
However, unlike species-specific projects (see below), no monitoring has been 
conducted.  Unlike a more proscribed restoration approach, the enhancement 
strategy seems to accept any improvement as a success, resulting in a 
diminished �management� ethos.   
 
 



Case Study #2: Elliot Reach Habitat Creation  
 

The Elliott Reach, located between river miles 4.2 and 6.2, was targeted by King 
County as a regionally significant resource area in terms of both flood control 
and habitat restoration.  It has been the site of a variety of flood protection and 
habitat enhancement projects including the construction (and continual 
reconstruction) of the Elliot Levee, three salmon (i.e. sockeye) spawning 
channels and a spawning and rearing off-channel pond (and associated side 
channels) (KC Surface Water Management 1995).   
 
Unlike the Walsh example and other tributary enhancements proposed and 
carried out on the Cedar, the valley floor habitat projects under which the Elliot 
channels fall are decidedly quantitative in focus, grounded in the production of 
specified amounts of habitat (i.e. number of redds) and numbers of fish.  Redd 
and fish counts have been carried out for all of the channels to gauge the level of 
sockeye productivity achieved.  As with Walsh, it is difficult to fit these projects 
into the classic, historical reference driven conception of restoration.  Although 
off channel habitats were probably pervasive before the hydrologic containment 
of the river, these constructed channels were designed with sockeye production 
in mind rather than the �restoration� or �recreation� of previously lost habitat.  
This habitat creation model, designed with the maximization of spawning 
habitat in mind, manifests itself as a product of human ability rather than an 
attempt to �give back� parts of the floodplain to the natural functioning of a 
river. 

 
Next Steps 

 
The diversity of means, aims, and ends, illustrated by only two projects, 
indicates fertile ground for further research.  The next step in my research is a 
systematic exploration into the nature of projects that have been proposed, 
prioritized, and undertaken under the guise of restoration in the Lower Cedar 
River.  This entails the categorization of projects according to goals, methods, 
and outcomes and an analysis of how and why competing conceptions of 
restoration have been adopted.  This analysis of �on the ground� restoration can 
in turn provide insight into larger questions of the appropriateness and 
practicability of restoration as a tool for environmental policy.  Implicit 
normative assumptions, intended and unintended policy proscriptions, and 
points of miscommunication (i.e. between scientists and policy-makers and 
between policy-makers and the public) are a few of the important findings that 
emerge in a discourse-oriented approach to examining restoration. 
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Introduction 
 

Urban-rural interfaces are becoming increasingly contested spaces as 
urbanization continues to deplete rural communities and farming/ranching 
practices in the Unites States�by 1990, only 1 in 4 Americans (22.9%) lived in 
rural areas compared to almost half (50%) in 1950 (Orr 1999). The expansion of 
urban centers and the needs of urban populations for economic and social well-
being result in environmental impacts as well as inequitable distribution of the 
costs and benefits of development among the residents and other publics of the 
region. The widespread inter-linkages of natural resources means that 
environmental impacts need to be studied on a regional basis, while the 
interdependence of multiple stakeholders in the domain makes it difficult for 
individuals or organizations to effectively plan and manage impacts without 
working collaboratively with other stakeholders in the domain (c.f. Gray 1989, 
1996). Early involvement of key stakeholders (those who are impacted by 
development decisions, or those who have the ability to impact development 
decisions in the domain) is considered essential (Gray and Hay 1986, Trist 
1983), as is the need to develop a common knowledge base and to take into 
consideration the political nature of participation, particularly when public 
sector officials are involved (c.f. Mitchell et al. 1997; Susskind and Cruikshank 
1987). The strategic planning process of the multi-stakeholder group itself is 
important to understand, with respect to whether the purpose of the process is 
instrumental or to build relationships, visions and joint trust and understanding 
(c.f. Bush and Folger 1994, Jamal 1997, Jamal 1999, Westley 1995). In complex 
environmental domains, multi-stakeholder collaboration processes based on 
consensus have come recommended and criticized by a number of scholars. 
How effectively such processes work in urban-rural interfaces involving a large 
number of environmental concerns (and potential if not existing conflict) and a 
large, diverse group of stakeholders that include a range of ethnic and 
disadvantaged resident groups is a relatively new but important area of research. 
This paper is an exploratory study of an innovative citizen-based environmental 
risk ranking process that involved a diverse group of over 200 stakeholders in 
the 8 county air quality non-attainment region of Houston, Texas. 

 
Background 

 
The Houston Environmental Foresight Committee was conceived and 

convened by the Houston Advanced Research Center (HARC) Center for Global 
Studies in 1993. The vision for this process was a citizen-based, multi-
stakeholder, environmental risk ranking process. Over 200 scientists and 



community stakeholders were involved. A complex set of stakeholder groups 
was formed to perform various functions in this process. The three primary 
groups of stakeholders were: The Houston Environmental Foresight Committee, 
The Science Panel, and The Board of Selectors.  

The Houston Environmental Foresight Committee, a multi-stakeholder 
citizen group, was given the task of ranking the environmental risks through a 
consensus process. The Board of Selectors approved the Foresight Committee 
members in early 1994 after consultation with a wide range of community 
organizations and elected officials. There were 32 members, 12 alternate 
members and 11 former members on the Foresight Committee. It was a diverse 
group, which included ministers, physicians, ethnic groups, environmental 
groups, community activists, lawyers, industry representatives, economic 
development coordinators, bankers, and river authority representatives. The 
Science Panel was a group of 6 highly respected scientists and academics. The 
purpose of the Science Panel was to compare environmental risks in the Houston 
region using available research and their best professional judgment. The 
Science Panel established three sub-panels to perform this task. The Ecosystems 
Sub-panel researched environmental risks to major ecosystems in the Houston 
region. The Human Health Sub-panel examined environmental risks from the 
point of view of risks to the health of people in the Houston region. Economic 
well being and quality of life for the Houston region were the research 
objectives of the Socio-economic Sub-panel. The Board of Selectors was 
composed of 17 policy makers and governmental agency representatives, whose 
job was to recommend the stakeholders for the Foresight Committee and the 
Science Panel.  

 The first phase of the Houston Environmental Foresight Program was 
based on an evolving approach known as comparative risk analysis. Over the past 
decade, the U.S. Environmental Protection Agency (EPA) has led the 
development of comparative risk, an analytical process and set of methods, used to 
systematically measure, compare, and rank environmental problems. Numerous 
state and local agencies have participated in this process, as well as academic 
organizations, think tanks, and others (HARC 1995, 1996). Houston 
Environmental Foresight was one of the first to be organized by the non-
governmental sector. Early indications from Foresight and a similar program in 
Cleveland are that the non-governmental citizen-based approach is a viable 
alternative to the agency-based approach (HARC 1995, 1996, Wilson et al. 1999).  

 
Methodology 

 
 An exploratory case study research methodology was chosen for this 
research. Data collection consisted of review and analysis of records and 
publications from the Foresight Committee proceedings and 9 in-depth 
interviews. Three HARC employees, the Science Sub-panel chairs, and 3 
members of the Houston Environmental Foresight Committee were interviewed. 
The main purpose of the study was to examine the process related issues specific 
to participation, decision making and the role of Science. The semi structured 



interviews focused on questions about stakeholders, participation, information 
and database, decision-making and outcomes. 

Records and documents were reviewed and the interviews were 
conducted. The interviews were coded using Nudist 4 software. Analysis of the 
records, documents and interviews is still being conducted and results are 
forthcoming.  

 
Discussion 

 
This is an ongoing multi-stakeholder process involving three phases 

spanning over 9 years. Phase 1 started in 1993 and ended February 1996. It was 
a comparative risk analysis process. This community and science-based program 
identified, examined, and ranked major environmental issues that face the 8-
county air quality non-attainment region of Houston, Texas. It sought to blend 
community values and expert opinions to set environmental priorities. It was one 
of many comparative risk rankings around the country in the early 1990�s. A 
document called �Seeking Environmental Improvement: A Report of the 
Houston Environmental Foresight Committee� was published in 1996. Another 
outcome of this process was the first comprehensive environmental analysis in 
the Houston region published under �Houston Environment 1995�. This report 
was compiled by many of the region's top scientists and experts assembled as 
members of the Science Panel and Sub-panels.  

When the risk ranking was complete and Phase 1 was ending many of 
the Foresight Committee and Science Panel members felt the work was not 
finished. A new committee called the Houston Environmental Foresight Steering 
Committee was created and funding was obtained for Phase 2. Phase 2 began in 
1998 and ended in 2000. Citizens, industries, scientists, and policy makers came 
together and began the task of increasing public awareness about the rankings 
and developing policy recommendations. There were 17 steering committee 
members divided into 3 work groups (Habitat, Parks and Water; Toxins and 
Contaminants; Outdoor and Indoor Air). These work groups produced a 
document called �Recommendations for Environmental Improvement� in 
September 2000. Since this was a citizen-based group, there was no 
governmental agency facilitating this process and therefore, no avenue for 
policy making. One informant stated, �There was no clout�. Still feeling the 
work was not finished Phase 3 was planned and funding was obtained. Phase 3 
began in March 2001, undertaking the task of promoting the recommendations 
from Phase 2 to policy makers.  
 Some useful insights have begun to emerge from preliminary analysis 
of the interviews, documents, and records. While analysis has not been 
completed, a few preliminary insights are being offered in this paper. In Phase 1 
the scientists and politicians were separated from the citizen-based Foresight 
Committee. This model came from a similar process in Cleveland. The EPA 
maintained a hands-off approach to the Houston Environmental Foresight 
Committee process. The Foresight Committee met with the Science Panel and 
identified issues. The Science Panel provided these issues to the Science Sub-



panels. Each Sub-panel developed independent criteria to prioritize the issues. 
The Sub-panels had to gather the existing scientific data and use their best 
professional judgment to prioritize their findings. They delivered their reports to 
the Science Panel who delivered the data and information to the Foresight 
Committee. Every stage of the issues identification, criteria development, and 
risk ranking process were complex and often contentious, requiring a great deal 
of communication between the Science panel and Foresight Committee. 

The Science Sub-panel chairs were present at the Foresight 
Committee�s risk ranking session to answer any questions. The reasons for 
separating the science, as expressed by one of the project managers was, �We 
wanted the science panels work to speak to the science and not be an 
interpretation of the values of the Foresight Committee. We wanted the 
Foresight Committee to be the primary speaking voice of the project but we did 
not want that speaking voice to color too much what happened in the science 
panels.� This project manager considered separating the science and community 
stakeholders appropriate. Interestingly, a Science Panel member did not view it 
the same way and thought that instead of separating them, the scientists should 
have been included in the main Foresight Committee.  

One interesting theme is how each Science Sub-panel faced interesting 
challenges due to the amount and quality of scientific information existing or 
available to them. Hence, each Science Sub-panel carried out their task differently. 
The Ecosystems committee had lots of scientific information available because of 
studies conducted for the Galveston Bay Estuary Program and other local watershed 
studies. However, the Human Health Sub-panel had difficulty finding scientific 
research on the local level. A few studies conducted by industry on the Houston Ship 
Channel were available but most of the available research for human health was 
conducted on a state or national level. In addition, no money was allocated for new 
scientific study or data gathering so they had to use their best professional judgment. 
The Socio-economic Sub-panel also had trouble finding local or regional studies and 
so, they devised their own study. They conducted economic modeling using existing 
data. This led the scientists to realize the holes in the scientific data for the Houston 
region and they made recommendations for future study.  

Nine years has been spent on developing three high quality 
publications, educating the public on environmental risks and building 
relationships between scientists, industry and citizens in the Houston, Texas 
region. Further analysis of the data gathered in this study will address the 
research questions raised in this paper. It is clear however, that this was and is 
an innovative process of environmental risk ranking that has attempted to 
involve the citizens of the region, and is deserving of further study, particularly 
with respect to identifying factors that contribute to the effectiveness and 
success of such a process.  

 
Acknowledgements 

 
A grant from the Bush School of Government Program on Conflict and 

Dispute Resolution (PCDR) program funded this research.  



References 
 

Berger, Peter and Luckmann, Thomas. 1967. The Social Construction of  
Reality. London, England: Penguin Books. (Reprint 1991. Original copyright 
was 1966). 

Bush, Robert A. Barush and Folger, Joseph P. 1994. The Promise of Mediation:  
   Responding to Conflict Through Empowerment and Recognition. San  
   Francisco: Jossey-Bass Inc. 
Cothern, C. Richard. 1996. Handbook for Environmental Risk Decision Making:   
   Values, Perceptions and Ethics. Boca Raton, Florida: Lewis Publishers 
Gray, Barbara. 1989. Collaborating: Finding common ground for multiparty  
   problems. San Francisco: Jossey-Bass. 
Gray, Barbara. 1996. Cross-sectoral partners: collaborative alliances among  
   business, government and communities. In Creating Collaborative Advantage.  
   London: Sage Publications. (Chapter 4, p. 57-79). 
Gray, B. and Hay, T.M. 1986. Political Limits to Interorganizational Consensus  
   and Change. Journal of Applied Behavioral Science, 22, 2:95-112. 
HARC. 1996. Seeking Environmental Improvement: Report of the Houston 
   Environmental Foresight Committee.  
HARC. 1995. Houston Environment 1995. 
Jamal, T. 1997. Multi-party consensus processes in environmentally sensitive  
   destinations: paradoxes of ownership and common ground. Ph.D., Faculty of 
   Management, The University of Calgary, Calgary, Canada. 
Jamal, T. 1999. The Social Responsibilities of Environmental Groups in 
   contested Destinations. Tourism Recreation research. 24, 2:7-18.  
Mitchell, R. K., Agle, B. R. and Wood, D. J. 1997. Toward a Theory of  
   Stakeholder Identification and Salience: Defining the Principle of Who and  
   What Really Counts. Academy of Management Review, 22, 4: 853-886. 
Orr, David W. 1999. Our Urban Future? The Ecologist, 29, 1, Jan/Feb. 
Susskind, Lawrence. and Ozawa, Connie. 1985. Mediating Public Disputes:  
   Obstacles and Possibilities. Journal of Social Issues, 41, 2: 145-159. 
Trist, E.L. 1983. Referent Organizations and the Development of  
   Interorganizational Domains. Human Relations, 36:247-268. 
Westley, Frances. 1995. �Governing Design: The Management of Social  
   Systems and Ecosystems Design.� In Barriers and Bridges to the Renewal of 
   Ecosystems and Institutions. L. H. Holling and S. S. Light (eds.). New York: 
   Columbia University Press. (Chapter 9). 
Wilson, J. D., Kohlhase, J. E., & Strawn, S. 1999. Quality of Life And 
   Comparative Risk in Houston. Urban Ecosystems. 3, 113-119 
 
Michele D. Brown, Ph D Student 
Texas A & M University 
Department of Recreation, Parks and Tourism Sciences 
TAMU 2261 Francis Hall 
College Station, TX 77843-2261 
Ph (979) 845-4723 
Email mbrown@rpts.tamu.edu 



 

RECONCILING FISHERIES MANAGEMENT AND WETLAND 
RESTORATION IN COASTAL LOUISIANA 

 
Rex H. Caffey 

Louisiana State University Agricultural Center and Louisiana Sea Grant 
Mark Schexnayder, 

Louisiana State University Agricultural Center and Louisiana Sea Grant 
 
 
Several restoration techniques have emerged in response to Louisiana�s 

dramatic coastal land loss crisis, which at 25-35 square miles per year, comprises 
about 80% of coastal wetlands loss nationally (Barras et al. 1994). Methods include 
barrier island restoration; shoreline stabilization using rocks, dredge spoil, or 
vegetation; and hydrological improvements to drainage and flow. Yet, the most 
widely advocated remedies hinge on strategic re-introduction (diversions) of waters 
from the Mississippi River (Day et al. 2000). The concept of using the river for the 
purpose of coastal restoration is not new, and various structures have been proposed 
and implemented over the past 50 years (Bowman et al. 1995). Small scale, siphon-
type diversions have been in operation on the Mississippi River below New Orleans 
for almost 30 years. However, some of the commercial fishing sectors that once 
acknowledged the fisheries enhancement potential of crevasses have begun to 
question the fisheries benefits of large-scale, gated-structures. Larger freshwater 
diversions can cause basin-scale fisheries redistribution. Fishermen who have 
transitioned into the central and upper reaches of the estuary may lack the financial 
flexibility to forego short-term income for the prospect of long-term fisheries 
enhancement (Thomas 1999).  
 
Reduction, Displacement, and Enhancement 

 
The initial influx of fresh water from a diversion results in an inevitable shift in 

the salinity of receiving waters and can also shift the associated frequency and 
distribution of fisheries. The degree of this displacement depends on species-
specific variables, structure location, flow-rate, and environmental conditions. 
Temporary reductions in harvest may occur as some fisheries migrate to new zones 
of optimal productivity. Adjusting to these changes has been costly for some 
commercial fishermen, but the ultimate merit of a diversion on fisheries cannot be 
measured by short-run impacts alone. 

Beyond the reduction and displacement effects related to initial salinity changes, 
the lagged potential of diversions is an overall enhancement of estuarine 
productivity. Depending on the rate of flow, accretion of mineral sediments can help 
to counteract the effects of marsh erosion and subsidence nearest the diversion 
outfall. Nearest the structure, freshwater-borne nutrients can stimulate primary and 
secondary productivity. Additional vegetation provides more cover for larval fish 
and decomposition of vegetation augments the detrital food web. The positive 
impact of these effects on fisheries productivity is described in historical accounts 



  

and supported by scientific research (Gunter 1957, Guillory 1999, Thomas 1999a). 
Yet the pattern of reduction-displacement-enhancement does not affect all fisheries 
equally. A review of one large-scale diversion project provides more insight on the 
implications of this pattern for various commercial and recreational fisheries. 
 

The Case of Caernarvon  
 
The Caernarvon freshwater diversion structure provides a case study for 

evaluating the fisheries implications of large-scale freshwater diversions. The 
Caernarvon diversion was first authorized under the Flood Control Act of 1965 and 
constructed between 1988 to 1991 at a cost of $26 million. The structure is located 
south of New Orleans on the east bank of the Mississippi River near the boundary 
of St. Bernard and Plaquemines parishes. The diversion has the capacity to redirect 
8,000 cubic feet per second (cfs) of Mississippi River water into the marshes and 
bays of the Breton Estuary. The original project objectives included nourishment of 
emergent marsh vegetation, reduction of marsh loss, and enhancement of fisheries 
and wildlife productivity through re-establishment of historical salinity patterns 
(USACE 1998a).  

The Louisiana Department of Natural Resources (LDNR) manages the structure 
with oversight from a Caernarvon Interagency Advisory Committee (CIAC) 
comprised of various state and federal resource management agencies, local 
governments, private landowners, and representatives from commercial fishing 
sectors. A subcommittee of the CIAC was convened in 1999 to discuss monitoring 
data on marsh enhancement, salinity, and fisheries. A summary of their findings is 
provided below.  
 

Marsh Enhancement 
 
Nine sample sites monitored near the Caernarvon diversion outfall from 1991 

to 1998 depicted a land gain of 406 acres, an 18% increase compared to pre-
diversion operation (Villarubia 1999). Though some of this was caused by mineral 
accretion and organic fertilization, the primary contribution has simply been river 
water. Reduced salinities have allowed for significant increases in submerged 
vegetation, emergent vegetation, and marsh area. In the first four years of operation, 
the vegetative composition of the study area nearest the structure experienced a six 
fold increase in the area of fresh marsh, with 12% of the saline marsh having 
transitioned to brackish (Figure 1).  

Initial concerns regarding the threat of nutrient pollution from river water have 
abated, and no problems with eutrophication have emerged. Recent analysis of 
nitrogen and phosphorus inputs at Caernarvon indicate rapid and near complete 
assimilation of these nutrients, suggesting that more water may be introduced into 
the Breton Estuary without detrimental effects to water quality (Lane and Day 
1999). 
 
 



  

Salinity 
 
As expected, salinity has been the water quality variable most influenced by the 

Caernarvon diversion. In the easternmost portion of the Breton estuary, tides, winds, 
and frontal passages confound this effect. Depending on the rate and duration of 
flow, the diversion can have a significant impact on salinities in the central basin, 
and considerable reductions in salinity have occurred in the interior marshes to the 
immediate east and southeast of the structure. Compared to pre- diversion levels, 
mean salinity reductions of 33% to 85% have been recorded at finfish sampling 
stations between Bay Gardene and Lake Lery (Villarubia 1999).  

Salinity data was collected in conjunction with fisheries independent sampling 
by the LDWF. Samples collected from 1988 to 1991 during the pre-construction 
biological monitoring program were compared to a post-construction period, 1992-
1994. Combined with commercial harvest records, these samples help depict how 
commercial crustaceans, finfish, and oysters have adjusted to the post-construction 
salinity regime.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 

Figure 1. Intermediate to Brackish 
Marsh Boundary of the Breton Estuary 
before and after the Caernarvon 
Freshwater Diversion. 

 Figure 2. Commercial crustaceans rely 
heavily on low salinity marsh for food 
and shelter. Intermediate marsh (<5 ppt) 
is considered vital habitat for juveniles. 

 
Crustaceans  

 
Three species of crustaceans are of major commercial and recreational 

importance in the coastal waters of Louisiana, brown shrimp (Farfantepenaeus 
aztecus), white shrimp (Litopenaeus setiferus), and blue crab (Callinectes sapidus). 
Each of these species follows a circular migration which encompasses a broad range 
of estuarine salinities (Day et al. 1989). Because commercial harvesting targets the 
late juvenile and adult stages, productivity is often incorrectly equated with higher 
salinities (Figure 2). Though higher salinities tend to favor harvestability, they are 
not directly linked to absolute productivity. Sampling by the Louisiana Department 
of Wildlife and Fisheries (LDWF) has confirmed significant nursery use by juvenile 

Caernarvon 
Diversion

Pre-Project (1987)

Post-Project (1996)

Caernarvon 
Diversion

Pre-Project (1987)

Post-Project (1996)

Coastal Estuary

Gulf of Mexico

Highest frequency of juvenile 
abundance in LDWF sampling 

from 1991-1996               
(Thomas 1999b)

0.2 - 5 ppt
salinity

Coastal Estuary

Gulf of Mexico

Highest frequency of juvenile 
abundance in LDWF sampling 

from 1991-1996               
(Thomas 1999b)

0.2 - 5 ppt
salinity



  

brown shrimp occurs at salinities of 0.3 to 5 parts per thousand (ppt). Juvenile white 
shrimp and blue crab heavily use habitats with salinities as low as 0.2 ppt (Thomas 
1999b).  

Sampling of brown shrimp, white shrimp, and blue crab was conducted by 
LDWF using trawls and seines at 21 locations throughout the Breton Estuary. 
Spatially, there were some changes in shrimp catch between pre- and post-
construction periods. Overall catch per unit effort (CPUE) for brown shrimp has 
been lower during post-construction sampling. CPUE was either equal, or slightly 
higher (depending on gear type), during post-construction for white shrimp. 
Sampling data for blue crab was inconclusive with respect to the effect of the 
diversion and salinity.  

Data on commercial landings of shrimp and crabs was obtained from seafood 
dealers in the Breton basin. Some of these landings, however, were likely derived 
from harvests outside the area and should thus be considered carefully. Overall, 
commercial landings of brown shrimp have shown no detectable post-construction 
effect and cycled upward or downward in accordance with statewide landings. It is 
difficult to correlate diversion impacts with white shrimp landings since they were 
not correlated with state landings either pre- or post-diversion operation (USACE 
1998b). Local buyers have not corroborated reports by commercial fishermen of 
decreased blue crab harvests, and crab landings at one major port, Delacroix, have 
were notably higher during the post-construction period (Cosse 1999).  

Clearly, salinity reductions caused by Caernarvon to the interior estuary have 
resulted in a seaward shift of the optimal harvest zones for brown shrimp. Some 
displacement has also occurred in white shrimp and blue crab landings, though no 
significant reductions in the commercial catch of these species have been recorded. 
Meanwhile, the low salinity marsh created by Caernarvon is expanding the nursery 
habitat required for juvenile development of brown shrimp, white shrimp, and blue 
crab.  

 
Finfish 

 
Post-construction catch rates increased significantly at LDWF sampling 

stations for seven of eight fin fish species monitored (Table 1). Some of this 
increase may have been caused by a rebound of stocks following a severe freeze in 
December 1989. Though spotted seatrout is the species likely most affected by the 
freeze of 1989, post-construction commercial landings in St. Bernard Parish 
depicted a greater than average decrease in comparison to the statewide average. 
Some of this difference has been attributed to newly imposed gear restrictions and a 
partial switching of commercial effort to the mullet fishery (Mugil cephalus). From 
a recreational standpoint, charter boat operators targeting spotted seatrout have 
reported some displacement of the fishery since the freshwater diversion began, but 
the overall recreational catch has not been affected detrimentally (Roberts 1998). 
For the remaining commercial species, commercial landings data from finfish 
dealers in the Delacroix/Ysclosky area showed no pre/post statistical difference in 
comparison to the control site, Terrebonne Parish (USACE 1998b). 



  

In the wake of the diversion, two fisheries have been revived. A dip net fishery 
for shad (Dorosoma cepedianum) has developed in the diversion tail waters. Shad is 
typically a very low value species, primarily sold in Louisiana as commercial fish 
bait. Conversely, largemouth bass (Micropterus salmoides) is the nation�s premier 
recreational fish species of economic importance, and the fresh and intermediate 
marsh expansion at Caernarvon has spawned a tremendous rebound of the 
largemouth bass fishery that once existed in the region. 
 

Table 1. Influence of the Caernarvon Diversion on Finfish from 
 Pre-Construction (1988-1991) to post construction (1992-1994) . 

 
Species  LDWF 

Sampling 
Commercial 
Landings 

Spotted Seatrout (Cynoscion nebulosus) 
Red Drum (Sciaenops ocellatus) 
Black Drum(Pogonias cromis)   
Sand Seatrout (Cynoscion arenarius) 
Sheepshead (Archosargus probatocephalus) 
Atlantic croaker (Micropogonias undulatus) 
Spot (Leiostomus xanthurus)   
Gulf menhaden (Brevoortia patronus) 

Decrease 
Increase 
Increase 
Increase 
Increase 
Increase 
Increase 
Increase 

Decrease 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 

 
The Oyster Issue 

The influence of freshwater diversions on production of the eastern oyster 
(Crassostrea virginica) is arguably one of the most controversial issues associated 
with coastal restoration in Louisiana. The roots of this conflict derive from the fixed 
bottom character of the fishery and the history of oyster lease tenure in Louisiana. 
The eastern oyster is a sessile, filter-feeding mollusk that colonizes hard substrates 
in beds or �reefs� of the middle-estuary, usually in plankton-rich waters of 5-15 ppt 
salinity. Though much of this habitat has been lost due to coastal erosion and other 
habitat alterations, Louisiana remains a top U.S. oyster producer, with more than 
350,000 acres generating around $35 million a year in economic activity (Louisiana 
Oyster Task Force 2001). The oyster industry is also one of the state�s oldest 
commercial sectors, dating back to the early 1800s when oysters were harvested 
from public reefs for local consumption. By the late 1800s, a system of private 
oyster mariculture had developed whereby seed oysters were transplanted onto 
privately maintained beds (Deseran and Riden 2000). Since 1902, the state has 
operated a lease program in which coastal water bottoms can be rented for private 
oyster production at an annual cost of $2 per acre.  

Records from LDWF show that approximately 8,200 private oyster leases were 
held in coastal Louisiana when the Caernarvon diversion became operational in 
1991. By then, as in other areas of the state, the interior marshes of the Breton 
Estuary had become dominated by private leases, and most of the public �outside� 
reefs were under state control. The public reefs of the Breton Estuary are an 
important source of juvenile �seed� oysters throughout southeast Louisiana, and 



  

enhancement of seed production on these outside reefs was a primary objective of 
the Caernarvon project. Pre and post-diversion monitoring was conducted by the 
LDWF at 41 stations in the Breton estuary to determine the effect of the diversion 
on growth and mortality of mature oysters, recruitment of seed oysters, and the 
density and availability of oysters on outside reefs.  

Commercial oyster landings were monitored using boarding surveys on the 
public grounds, dockside interviews, and roving surveys of commercial fishermen. 
The opening of Caernarvon was delayed until late 1991 because of an excessively 
high river stage and rainfall that led to overbank flooding and extensive oyster 
mortality throughout the estuary. Flow rates remained under 2,000 cfs throughout 
1992, but then increased to more than 7,000 cfs on several occasions between 
December 1993 and February 1994. Monitoring data during this later period 
showed high levels of mortality, 100% in some cases, for oysters on sampling trays 
very near the structure.  

Abrupt oyster mortality at interior stations was likely due to extended periods 
of salinity below 5 ppt, the minimum threshold for oyster survival. Conversely, the 
outward migration of the optimal production zone has revived beds that had become 
dormant because of excessive salinity, and has bolstered seed production on public 
reefs (Figure 3).  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3. Oyster Boarding Survey 
Grid. Note increased production on 
public reefs. 

Figure 4. Seed and Sack Oysters on the Public 
Grounds East of the Mississippi River before 
and after Caernarvon. 

 
Dockside interviews and fishermen surveys indicated that overall, production of 
oysters in the Breton estuary increased dramatically in the first three years of 
diversion operation (Caernarvon Post Construction Report, 1998). Elevated harvest 
levels continue to be sustained, and the local industry is restructuring into one more 
reliant on public oyster grounds (Figure 4).  

The seaward shift of oyster production resulting from Caernarvon was an 
expected outcome, and was predicted in the project�s Environmental Impact 
Statement of 1984. This expectation was based on a historical reports of oyster 
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productivity associated with breaches in levees (crevasses) dating back to 1906 
(Gunter 1952). In 1927, Percy Viosca, Jr., fisheries director for the agency that 
would eventually become the LDWF, described the effect of a crevasse on oyster 
production ��it is true that on the coast some of the oyster beds close in are 
destroyed by excessive amounts of freshwater, but likewise many older reefs are 
rehabilitated�the result in the case of oysters is largely a shifting of certain fishing 
grounds but the total oyster crop is decidedly increased.�  

A voluntary lease transfer program offered by the LDWF in 1990 saw only 
limited participation and private oyster leaseholders have filed suit against the state, 
arguing the diversion�s effect on their leases equates to a �takings� issue, an 
effective loss of private property. Resolution of the oyster issue at Caernarvon now 
hinges on a judicial interpretation of property rights and economic impact. Earlier 
litigation in federal court was decided on behalf of the Corps, but recent local 
rulings have sided with the oyster industry. Currently, there is more than $560 
million in oyster judgments against Caernarvon (Dunn 2002). Although these 
judgments will likely be challenged upon appeal, the magnitude of this issue has 
prompted recent calls for legislative action, including a proposed moratorium on 
new oyster leases (Committee on the Future of Coastal Louisiana 2002). 

 
Another Diversion 

 
Experiences with Caernarvon are influencing the operation of a larger capacity 

diversion recently constructed at the head of the Barataria Estuary. Before the Davis 
Pond Freshwater Diversion became operational, commercial oystermen were 
afforded advanced opportunity to participate in a $7.5 million �oyster lease 
relocation program,� which provides for the retention, exchange, relocation, or 
purchase of private leases (Louisiana Sea Grant 2000). Participation in the new 
oyster lease relocation program has been 100% to date. However, seasonal fisheries 
accommodations (eg. brown shrimp and white shrimp) are already dominating the 
flow regime of the new structure (Marshall 2001).  

 
Sustainability Conflict 

 
The challenge of minimizing fisheries impacts while maximizing the restoration 

potential of large-scale diversions is an example of the classic sustainability conflict 
between short-run and long-run objectives. In evaluating this conflict from a 
historical perspective, it is clear that levees constructed on the Mississippi River 
have disrupted the natural deltaic cycle that characterized coastal Louisiana prior to 
the 20th century. The estuarine productivity supported by that cycle has also been 
disrupted, a fact illustrated by Louisiana�s accelerated loss of coastal wetlands. Data 
from Caernarvon indicate that large-scale diversions can result in displacement of 
certain commercial fisheries. However, the ultimate effect on most fisheries appears 
to be one of enhancement. Oyster production at Caernarvon has followed a 
displacement-enhancement pattern that is consistent with historical accounts of the 
effect of crevasses on estuarine productivity.  



  

Future Considerations 
 

Predicting the effect of diversions on fishery species is difficult because of 
many complicating factors. Clearly, freshwater diversions can have negative 
impacts on some fisheries in the short term, just as they can enhance the 
productivity of other fisheries. Louisiana faces difficult questions as it attempts to 
reconcile short-run fisheries impacts with the long-term coastal restoration objective 
of diversions. Many of these questions reflect the state�s traditional orientation 
toward the immediate value of our coastal resources: Do temporal losses to the 
commercial oyster sector constitute �takings� based on tacit property rights? Should 
the public compensate fishermen if they are genuinely impacted? If compensation is 
in order, how should it be calculated?  

Beyond these short-term issues, even larger questions loom: To what extent 
should short-run fisheries implications influence the flow regimes of large-scale 
river diversions? What are the long-term environmental and economic costs 
associated with such accommodations? Though many uncertainties abound 
regarding large-scale diversions, future use and management will hinge on the 
reconciliation of short-term fisheries concerns and the long-term goal of coastal 
wetland restoration. 
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THE THREAT TO GULF OF MEXICO COASTAL WATERS FROM 
NONINDIGENOUS SPECIES IN THE BALLAST WATER OF SHIPS 

 
By Marilyn Barrett-O’Leary 

 
 

Introduction 
 
New aquatic species are introduced into coastal waters of the United States 
every day, deliberately and accidentally. Nonindigenous fishes, amphibians, and 
plants are intentionally imported in the aquarium and water garden trades; 
alternate or additional species are stocked for sportsmen by state agencies and 
private pond and lake managers. Agricultural and environmental managers 
introduce nonindigenous species to control invasive ones; conservationists 
introduce new species to fill a niche left by extinction. The aquaculture trade and 
individual ethnic groups introduce nonindigenous species to increase or improve 
food supplies. 
  
Every introduced species might be harboring others — as a disease or parasite, 
or as hitchhiking larvae or seed. They can be introduced on and in vessels, 
containers, people, or cargo. The reliability and thoroughness of inspection of 
imports depend upon the commodity and agency jurisdictions. 
 
The success of a species in a new ecosystem is a gamble. A species may be 
introduced several times before conditions are right for survival. Invasive 
species, however, have an edge on the odds because they are usually very 
adaptable, reproduce rapidly and easily, and receive and process nourishment 
efficiently. Only human alterations to the environment such as canals, roads, 
levees, and mining water and minerals are considered to be greater causes of the 
loss of biological diversity (Carlton 2001), and those actions may provide the 
living conditions that allow an introduced species to succeed and perhaps alter 
an ecosystem. 
 
The time lag between introduction and discovery is not consistent — sometimes 
days or weeks, but often years. Monitoring and inspection may shorten this lag 
period, but will seldom reverse it. However, to guarantee no introduction and 
spread, the whole structure of world commerce and modern life, as we know it, 
would have to change. That is not going to happen. Instead, people around the 
world must develop ways to manage aquatic and terrestrial invasive species in 
order to minimize impact. Otherwise ecosystems could be irreversibly altered or 
biodiversity severely reduced. 
 
 

What is the Magnitude of the Threat to US Coastal Waters? 
 
The magnitude of the threat depends upon the invading species and the system 
that is being threatened. We have no irrefutable record of dimension because no 
consistent process of cataloging and monitoring bioinvasions has been used 



throughout our nation’s history or during the natural history of the earth. The 
origin and history of many species is unknown, or only partially known, because 
some species cannot be positively identified without genetic information (which 
was not available historically), and the number of taxonomists and aquatic 
researchers in the world is declining. Almost every list includes a disclaimer that 
some species are cryptogenic — of unknown origin.  
 
Hundreds of introduced species are living in U.S. coastal waters; over 175 
introduced marine invertebrates, fish, algae, and plants live in San Francisco 
Bay alone, 50 in Puget Sound, and about 43 in Chesapeake Bay (Carlton 2001). 
The Gulf Regional Panel on Aquatic Nuisance Species estimates that more than 
450 introduced aquatic species have occurred in the US Gulf of Mexico region 
(GMP ISFT 2000 [Appendix B]). However this estimation does not separate 
marine and fresh water species and the information was gathered from diverse 
sources. The Gulf of Mexico region is one of the least studied in the country, 
possibly because of its size and the fact that it washes the shores of three 
countries — the U.S., Mexico, and Cuba.  
 
The rate of known introductions into the U.S. is increasing exponentially. While 
there were about 50 new introductions between 1910 and 1930, there were about 
150 between 1970 and 1999 (Carlton 2001 [Fig. 4]). Ballast water from ships is 
believed to be one of the major vectors contributing to this increase. Seven of 
the nation’s top ten ports by tonnage are located in the Gulf of Mexico region 
(US Army Corps of Engineers 2000), and two of those — South Louisiana and 
Houston — are ranked among the top 10 in the world (American Association of 
Port Authorities 1998). Thus the magnitude of the threat appears to be 
comparatively large in Gulf of Mexico coastal waters.  
 

 
What is the Extent of the Threat from Ballast Water? 

 
There are several ways to think about the extent of threat posed by ballast water 
— by volume of ballast water that can bring invasive species, by volume of 
commerce and type of shipping that can bring or receive invasive species, and 
by effects on economies.  
 
Ballast Volume 

 
In volume, approximately two million gallons of ballast water containing 
nonindigenous plants and animals are released every hour somewhere in the 
world (Carlton, Reid, and Leeuwen 1995). A great number of nonindigenous 
plants and animals can live and grow in ballast tanks and cargo holds over long 
periods (Smith, Wonham, McCann, Reid, and Carlton 1996), and about 7,000 
species are moved to new ecosystems every day (Carlton 2001). Ballast water 
represents quite a dynamic potential threat.  
 



Shipping and Commerce 
 
Shipping, extremely important to the U.S. economy, has been identified as a 
significant vector for transporting species to new areas of the world. During the 
past two decades, world trade by sea has increased continuously and in the U.S., 
over 95 percent of imports and exports are transported by sea (Kramek 1999). 
Almost 45 percent of U.S. shipping tonnage pass through Gulf of Mexico ports 
(Gulfwatch 1999). Two of the major inland shipping highways, the Mississippi 
Waterway and the Tennessee-Tombigbee Waterway, carry commodities to and 
from Gulf coastal waters.  
 
 Although ballast volumes and systems differ among types of vessels, ballast is 
universally used by ships for stability. Presently, vessels voluntarily exchange 
ballast water in the open ocean. This management technique changes the salinity 
in the ballast tank from fresh- to saltwater, theoretically reducing the probability 
that organisms picked up in one port during ballasting will survive after 
deballasting in another port. However, ballast tanks are never completely empty. 
At any one time, a ballast tank might contain both fresh water and saltwater 
species from several areas of the world, and species in a dormant state may be 
present.  
 
Nationally only about 20 percent of vessels entering US coastal waters have 
reported performing open ocean ballast exchange. At present, exchange is a 
voluntary act, and it is technically required only of vessels when they first enter 
U.S. Gulf of Mexico waters from the Atlantic or Pacific. Existing data 
demonstrate a threat to Gulf of Mexico waters from lack of open ocean 
exchange. During the nine months between July 1, 1999, and March 31, 2000, 
only 16 percent of the vessels reporting entry into coastal waters did an open 
ocean exchange, and 37 percent of those reporting vessels discharged ballast in 
U.S. waters. The volume discharged was about 4,287,014 gallons (National 
Ballast Water Information Clearinghouse 2000). 
 
In addition, the natural salinity level in some of the region’s ports, such as 
Tampa, is much higher than in others, improving the survivability of invasive 
salt water species acquired during open ocean ballast exchange. Bulk carriers 
(bulkers), extremely common in Gulf of Mexico coastal ports, discharge the 
largest volume of ballast water in port while taking on cargo, and their voyages 
are more likely to link ports on different sides of the world. Although tankers 
and general cargo vessels typically discharge less ballast water than bulkers, 
they carry large volumes of ballast and also do a lot of business in the Gulf of 
Mexico coastal waters (Barrett-O’Leary 1998-99).  
 
Thus, substantial shipping commerce in the Gulf of Mexico region can carry 
invasive species into coastal waters, and their presence can result in disruptions 
of one of the most broadest segments of the region’s economy, shipping.  
 



Economic Effects 
 
Seventy percent of all ton-miles of US waterborne commerce and 60% of all 
waterborne shipped petroleum and petroleum products occur in Gulf waters. 
Shipping has increased more than twice the national average in recent years. The 
nominal value in 1992 was $81.3 million (Cato, J. and C. Adams 1999).  
  
Industrial operations can also be disrupted. Invasive species are potential 
foulants for industries using coastal surface water, including power generators, 
chemical plants, agricultural irrigation systems, and flood control systems. The 
intakes and sea chests on many inland towboats are treated for an invasive 
species, particularly zebra mussels, during regular maintenance cycles. 
Treatment is expensive, but without it, production efficiency can be disrupted or 
reduced.  
 
 The recreational boating and angling industries, and the larger associated 
tourism industry, can be adversely affected by invasive species. The owners of 
the approximately two million registered recreational boats in the five Gulf 
states (National Marine Manufacturers Association 2001) contribute directly and 
indirectly to local economies. For example, in 1999 each angler contributed 
about $92 per day directly to local economies for lodging and travel alone 
(Haab, Whitehead and McConnell 2000). In coastal waters, through multipliers, 
this industry contributed about $12.5 billion to local economies across the 
southeastern states in 1999 (Gentner, Price, and Steinback 2001 [southeastern 
states were defined as the states from North Carolina to Louisiana, not including 
Texas]. Invasive plants have disrupted some angling and duck hunting areas of 
Gulf States, generating pressure on state legislators and wildlife agencies. 
 
Gulf of Mexico coastal waters include some of the most productive estuaries in 
the country. These are the nurseries for marine animals, some that spend adult 
years in the Atlantic Ocean. Officially, the commercial fishing industry in the 
region accounts for 25% of the nation’s seafood landings and about 21% of the 
dockside value of fishery landings, a value in 1993 of about $628 million. (Cato, 
J. and Charles Adams 1999). However, these figures do not include value for 
fishes caught in the Atlantic fisheries that may spend their juvenile stages in 
Gulf coastal waters.  
 
 Aquaculturists use inland and coastal waters to raise popular food fish species 
such as crawfish, shrimp, and tilapia, as well as fingerlings of native species for 
bait, and recreational and conservation stocks. The aquaculture industry 
transports product in water, creating the possibility of transmission of invasive 
parasites, diseases, and other pathogens. 
 
This vector can affect the natural resource, seafood processing and harvesting 
industries in the region as well. For example, three shrimp viruses, known to be 
found around the world including the Gulf shrimp populations, have 
occasionally infected specific Gulf region populations. This threat can be costly. 
In 1997, the Gulf region had almost 400 shrimp harvesting and processing 



businesses, plus businesses harvesting and processing saltwater finfish, shellfish, 
and crustaceans (GMP ISFT 2000 [Chapter 5]). 
 

Conclusion 
 
Invasive species pose a definitive but difficult-to-quantify threat to Gulf coastal 
waters. Large volumes of ballast water are carried here in the ballast tanks of 
many vessels involved in world trade, contributing greatly to this threat. 
Because ballast tanks are never completely emptied, an unknown and 
periodically changing mixture of water quality characteristics may support an 
unknown combination of living organisms. If the right invader disrupts 
commercial or recreational fishing, aquaculture, shipping, or related businesses, 
it can threaten the ecology and economy of the Gulf of Mexico coast. There can 
be many right invaders, and many right times. The threat requires management 
to control it.  
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Introduction 
 

For thousands of years, the vast majority of the world�s trade has been 
transported aboard seagoing vessels.  During this period, ballast has been seen as 
a necessary evil to ensure vessel stability in heavy weather conditions or in load 
conditions, which approach the structural design parameters of the vessel.  This 
initial �evil�, as defined by mariners, is one which requires an operation e.g. 
ballasting for safety reasons, which takes precious time in the normal operating 
cycle of a vessel and results essentially in carriage of a �cargo� that does not 
produce revenue.  Early in maritime history, the ballast of choice was stone, due 
to its ready and inexpensive availability.  Within the last two hundred years, 
coastal water has become the ballast of choice due not only to its ready 
availability but also because stones discharged by vessels in ports do not 
promote ship or port interests in maintaining adequate channel depths for 
navigation.  

Throughout maritime history, it has been recognized that the ideal 
voyage is one on which the ship carries revenue producing cargo on all legs of 
the voyage and ballasting is unnecessary.  Unfortunately, trading patterns and 
ship types do not always operate in the ideal world and as a result, most ships 
require various degrees of ballasting during their normal operations.  For 
example, container ships and passenger vessels typically have revenue-producing 
cargo or passengers aboard during all legs of their voyages but still require 
ballasting of relatively small volumes of water on a frequent basis to maintain 
ship�s trim and prevent list.  Conversely, tankers and bulk carriers do not always 
have cargo aboard and require ballasting of large volumes of water on an 
infrequent basis e.g. at the discharge port for the transit to the next load port.  
This diversity of ship types coupled with the diversity of marine ecosystems is 
now the landscape with which we must deal in addressing and solving the 
problem of aquatic nuisance species (ANS) transfers in ships� ballast water. 

 
What Problem? 

 
Society, in general, and the scientific and maritime communities, in 

particular, have become far more refined relative to impacts from diverse uses on 
the marine environment than ever before.  The benefit of such advancement in 
knowledge has naturally led to the identification of negative impacts on the 
marine environment by human intervention and activities, which prior to this 
period of enlightenment, were seen as minimally intrusive if not completely 
harmless.  Such was the case with the transfer of ANS via ballast water.  



However, we can no longer plead ignorant bliss.   The time is past to argue for 
delay pending results from yet another study.  The facts are in, the problem is 
confirmed, and we all have a critical part to play to address the problem in a 
manner which affords protection to our marine resources and yet does not impair 
global maritime trade.  It is our belief that this is an achievable end which is not 
really an end at all, but rather an evolutionary process where improvements in 
technologies and scientific knowledge will continuously challenge us to �get 
better� at minimizing the impacts of ANS. 

 
Industry Perspectives on Current Initiatives 
 
Accepting the premise that marine vessels are the largest vector for 

unintentional transfers of ANS, recognizing that the marine industry is global in 
nature and acknowledging the vast diversity of coastal ecosystems, leads to the 
conclusion that the solution must be global in nature and yet provide the 
necessary flexibility to address the unique circumstances of receiving ecosystems 
on a regional, national and, perhaps in some cases, a sub-national basis.   

The industry strongly supports the decade long initiative at the 
International Maritime Organization (IMO) which will lead to the finalization of 
a ballast water management treaty in 2003.  This treaty, we believe, will result in 
a basic regulatory framework for the management of ballast water worldwide, 
which is endorsed by nations and accepted by the industry.  The treaty is also 
expected to contain provisions which will permit establishment of regional 
ballast water management areas which will enable �localized� tailoring of the 
requirements to meet a region�s specific needs.   

Parallel to the IMO process, is a similar process led by the US Coast 
Guard in developing a national ballast water management program which the 
industry also supports providing it is consistent with the international 
requirements.  The same support cannot be provided to state and/or local 
initiatives which may not be consistent with the national and international 
requirements and thereby impede the free flow of maritime commerce.  While it 
is understandable that a number of states and a few local ports have implemented 
their own programs (which to date, are generally similar to the existing US Coast 
Guard voluntary program) due to the lack of mandatory international and 
national requirements, such consistency in the future cannot be guaranteed and 
could well result in a series of conflicting requirements for vessels calling in 
multiple ports. 

Other important initiatives, too numerous to cite but strongly supported 
by industry, are also underway to identify research and development needs in the 
areas of invasion biology and technological solutions for ballast water 
management, including treatment methods.  Significant public and private 
resources are being expended to further enhance our knowledge of ANS 
invasions and practical methods by which these invasions can be minimized 
through ballast water management. 

 



Ballast Water Management Technologies 
 

The current �technology� benchmark for �effective� ballast water 
management is ballast water exchange which entails the replacement of coastal 
water loaded in the ballast tanks with deep ocean water.  The alleged 
effectiveness of this technology is based on the diversity of the coastal and deep 
sea environments and the assumption that coastal organisms are unlikely to 
survive in deep ocean water.  While this may be valid for some organisms, it is 
not a foregone conclusion with the diverse taxa, which are found in ballast water.  
Practical vessel operational problems further complicate the use of ballast water 
exchange since it cannot be done in some circumstances due to weather and/or 
ship design characteristics and is not effective in addressing organisms 
embedded in the tank sediment. 

Acknowledging that ballast water exchange is all we have at this point 
while recognizing its inadequacies forces us to focus on what, if anything, is �out 
there� that can provide more effective and predicable results in a manner that can 
be adapted to the sometimes harsh shipboard environment.  The first step in 
answering this question is to determine what technology works on what types of 
organisms in what dosages.  This can be answered by subjecting a series of 
surrogate organisms to a particular technology and quantifying its impact on 
these organisms.  The next step in the process requires a comprehensive 
evaluation of a shore tested technology by individuals with expertise in the fields 
of marine engineering, vessel operations and naval  
architecture.  This "ground truthing" step is critical to determine whether a 
technology tested on a shore-based test bed may be reasonably expected to  
perform in a similar manner when installed aboard a ship, taking into 
consideration ballast water flow requirements of the vessel, availability of space 
for installation and operational parameters which may impact the effectiveness of 
the technology.  The final step in this process is to actually install test systems 
aboard vessels to determine how well they actually work in the normal operating 
environment on vessels.  This final stage is focused on how well the system 
actually can be integrated into normal operating parameters of the vessel, its 
systems, and obviously, how well the system actually reduces or eliminates ANS 
in the ballast water.  Specific technologies currently undergoing testing at some 
stage of this process include physical separation including filtration and 
centrifugal/voraxial separators, thermal, ultraviolet and/or biocide applications.  
Based on preliminary data, it would appear that some combination of these 
technologies will provide the best mitigation of ANS impacts in the most 
operationally efficient manner. 

 
So What Are We Waiting For? 

 
With so much at stake, including the protection of marine resources and 

maintenance of uninterrupted international trade, why has it taken a decade to 
address this issue, and on what must we focus to move the process forward?  



First, we must recognize that our first steps at control of ANS must be measured, 
yet effective.  Simply put, we must be willing to accept that something is better 
than nothing and that this �something� will evolve over time with technology 
development and scientific knowledge to produce better efficiencies with each 
iteration. 

Second, we need a mandatory national ballast water management 
program that requires all vessels calling in US ports from outside the EEZ to 
conduct some type of ballast water management.  To be successful in its 
protection of the marine environment and sensitive to the need for unimpeded 
maritime trade, this national program demands the creation of a ballast water 
management performance standard that will serve as the benchmark with which 
developing technologies must comply and ultimately be compared one to the 
other as we move forward in determining the best availability technology for 
ballast water management.  Along with this standard, there must also be 
promulgated regulations relating to the testing of new technologies both ashore 
and onboard vessels with sufficient incentive provided to vessel owners to invest 
the significant financial resources which will be necessary for carrying out a 
thorough and scientifically valid test program.  Ultimately, with the development 
of new technologies, it is conceivable that all ballast could be managed 
regardless of whether the vessel is inbound from outside the EEZ or engaged in 
coastal trade. 

Finally, all stakeholders must continue to work together as has been the 
case over the last decade in identifying an environmentally responsible and 
operationally realistic solution to this problem.  There can be no �sides� taken in 
this debate since it really is not a debate at all.  In over a decade of working on 
this issue, I have not met a single person that wants to promote the degradation 
of the marine environment and its marine resources, nor one who wants to 
disrupt the free flow of international trade.  The conflicts arise in the context of 
trade offs between two parties who at times are not inclined to budge an inch. 
Fortunately, this scenario has been the exception rather than the norm and we 
must continue to promote this concerted effort to find a solution to the challenge 
presented by ANS transfers via ships� ballast water.   The marine environment 
deserves no less. 
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Introduction 
 
Over the past decade, the threat of very large earthquakes and tsunamis in the 
Pacific Northwest has been well documented by the scientific community. Such 
events pose significant threats to coastal communities, including a great 
potential for life loss and damage to development. Damage could result from 
numerous earthquake-related hazards, such as severe ground shaking, soil 
liquefaction, landslides, and tsunami inundation. Because of their geographic 
location, ports and harbors are especially vulnerable to these hazards. Ports and 
harbors are important, economically and socially, to communities and will also 
be vital as post-event, response-recovery transportation links. Oregon Sea Grant, 
Washington Sea Grant, the NOAA Coastal Services Center (NOAA CSC), and 
the U.S. Geological Survey (USGS) Center for Science Policy have undertaken 
an initiative to increase the resiliency of Pacific Northwest ports and harbors to 
earthquake and tsunami hazards. Specific products of this research, planning, 
and outreach initiative include a regional stakeholder needs assessment, a 
community-based mitigation planning process aimed at ports and harbors, a 
GIS-based vulnerability assessment methodology, a regional data archive, and 
an educational web-site. This paper summarizes our research, planning, and 
outreach initiative, including results of two pilot demonstration projects, one in 
Yaquina Bay, Oregon and the other in Sinclair Inlet, Washington.  
 
Earthquake and Tsunami Hazards and Scenarios 
 
Just 15 years ago, the Pacific Northwest (PNW) was considered a relatively low 
risk zone for earthquake and tsunami hazards. Geologic and other evidence 
uncovered and evaluated since then suggest quite the opposite. Very large 
earthquakes with locally generated tsunami, have been shown to occur along the 
Cascadia Subduction Zone (CSZ) and the Seattle Fault in Puget Sound. CSZ 
events are very large (~M8-9+) and have a recurrence interval of about 500 
years (+/-200 years), with the last event on January 26, 1700. The last major 
Seattle Fault event was about M7.5 and occurred about 1100 years ago. No 
recurrence data are available. Smaller, shallow crustal and deep intraplate 
earthquakes also occur, and more frequently, with the latest example being the 
Nisqually earthquake in February 2001 in southern part of Puget Sound. That 
event resulted in nearly $2 billion in damage. Finally, earthquakes in Alaska and 
other locations along the Pacific Rim can generate tsunami that threaten the 
open coast of the Pacific Northwest. 



  

Scenarios for large, local earthquakes and tsunamis in the PNW are sobering: 
severe ground shaking lasting up to several minutes; liquefaction of saturated, 
unconsolidated soils; numerous and possibly massive landslides; land 
subsidence and permanent flooding in some locations; and, in the case of CSZ 
event, a series of large tsunami waves arriving soon after the event. The 
potential for loss of life is significant, as is the potential for major damage and 
disruption of transportation and utilities, industry, commercial enterprises, and 
other development. Communities along the coasts of northern California, 
Oregon, and Washington, and within Puget Sound, are particularly vulnerable.  
 
Vulnerability of Ports and Harbors 
 
Ports and harbors are important to many PNW coastal communities, supporting 
deep water shipping, commercial fishing and seafood processing facilities, 
recreational boating, marine industry, military bases, research, tourism, and a 
wide variety of associated businesses that require or otherwise benefit from a 
waterfront location. Their location makes them particularly vulnerable to 
multiple coseismic hazards. They are sometimes surrounded by steep, landslide-
prone topography; are often constructed on fill or other soil likely to liquefy 
during sustained ground-shaking; and are subject to tsunami inundation and 
extreme current forces. At the same time, ports and harbors are likely to be of 
immense importance in earthquake-tsunami disaster response and recovery 
operations. Because other transportation lifelines will be hard hit and take many 
months or even years to re-establish, ports and harbors are likely to play a key 
role in response and recovery operations. Understanding the vulnerability of 
ports and harbors to earthquake-tsunami hazards and increasing their resiliency 
is thus an important goal for hazard mitigation in the Pacific Northwest, as well 
as in other Pacific basin locations. 
. 
The Pacific Northwest Ports and Harbors Earthquake-Tsunami Project 
 
In 1999, Oregon and Washington Sea Grant programs, the NOAA CSC, the 
USGS Center for Science Policy, and two local port and harbor communities 
embarked on a project to develop, test, evaluate, and disseminate planning 
methods and mitigation strategies for reducing earthquake-tsunami hazards in 
coastal ports and harbors. Although the proposed demonstration projects are in 
the Pacific Northwest, the methods and training materials would have broad 
applicability to ports and harbors elsewhere. Specific project objectives are: 
1. To build partnerships with port and harbor organizations, and other local, 

state, federal, and private sector agencies and groups that have a stake or 
interest in earthquake-tsunami hazard mitigation for ports and harbors. 

2. To identify earthquake-tsunami hazard issues for ports and harbors in the 
region, the information and data needed to assess their risks and 
vulnerability, and the availability of data to conduct these assessments. 

3. To develop a model port and harbor earthquake-tsunami hazard risk 
reduction planning process to examine vulnerability and mitigation options. 



  

4. To test, evaluate, and improve the risk reduction planning process through 
two port and harbor demonstration projects. 

5. To use the experiences from the demonstration projects to develop and 
deliver earthquake and tsunami hazard mitigation training materials.  

 
Demonstration projects: Community-based mitigation planning 
 
Because ports and harbors had not been a focus of earthquake and tsunami 
vulnerability assessment and mitigation planning in the region, we engaged two 
coastal port and harbor communities as learning laboratories�Yaquina Bay, 
Oregon and Sinclair Inlet, Washington. We selected communities based on their 
willingness to participate and their similarities to many other communities in the 
region. The �port and harbor community� was defined by proximity to the 
waterfront and potential vulnerability to hazards being addressed, not by 
political boundaries.  
 
Working with the local officials, emergency managers, and state and federal 
agencies, a model planning process was developed and later refined. It consisted 
of five steps, each with a variety of activities: 
Step 1. Getting Started � identify and engage local stakeholders and technical 
advisors, identify data needs and sources, and begin to develop GIS support 
tools 
Step 2. Hazard Assessment and Scenario Development � compile available 
hazards data; conduct a technical workshop to assess hazards data and develop 
credible earthquake and tsunami scenarios to serve as the foundation for the rest 
of the process 
Step 3. Vulnerability Assessment � given agreed-upon scenarios, use GIS and 
field surveys to identify the exposure of port and harbor infrastructure, facilities, 
and other resources to earthquake and tsunami hazards; conduct community-
based planning workshop with local stakeholders and technical advisors to 
assess vulnerability from a combined local/technical perspective, using field 
visits, facilitated brainstorming, and priority-setting techniques.  
Step 4. Mitigation Options Identification � using the results of the vulnerability 
assessment process as the starting point, identify and evaluate mitigation options 
to address priority vulnerability issues.  
Step 5. Mitigation Action Plan Preparation � evaluate mitigation options for 
effectiveness, cost, and feasibility; identify appropriate implementation 
responsibilities; and prepare a written action plan that summarizes all results. 
 
Results and Lessons Learned 
 
As of early 2002, community workshops have been completed and mitigation 
action plans are being prepared for both demonstration-project communities. 
Each of the local, by-invitation, workshops drew 40 to 60 participants and 
provided good data on vulnerability issues and mitigation options that 
incorporated technical and local stakeholder perspectives. All workshops were 



  

formally evaluated. A variety of lessons can be drawn from the process and the 
workshop evaluations. 
 
With respect to the planning process, we found that examining vulnerability 
from two crosscutting perspectives�geographic sub-areas on one hand and 
�functional� groups on the other (Emergency responders, Waterway users, 
Infrastructure, and utilities, etc.)�resulted in a more complete and integrated 
community-level assessment. This approach forced participants to think about 
themselves in their different roles. Based on workshop evaluations, both 
technical advisors and local stakeholder participants found the structured 
opportunities for their interaction in workshops a �highly effective� technique to 
learning about and identifying key vulnerability issues. This validated one of our 
preconceptions about what would make the process most effective. Perhaps 
because interactions provided for effective communication, we also found that 
local participants did not use the GIS-based maps and data provided to the 
extent that we had hoped. More often they turned to local experts, technical 
advisors, aerial photos, and other more familiar material. However, they did 
report in evaluations that the GIS-based presentations were valuable. Of the 
various groups of stakeholders we attempted to involve in the process, small 
retail and tourist-serving businesses proved the most difficult to engage. 
Reasons we identified include the scheduling of workshops (during daytime 
business hours) and the lack of centrality of the issue to harried local business 
owners. Finally, we concluded that the inclusion of stakeholder input elevates 
the vulnerability assessment from simple resource exposure to a more robust 
assessment of community vulnerability. 
 
As both communities identified vulnerability issues and mitigation measures to 
address them, it became clear that the community concerns centered on life 
safety issues, such as how to ensure the fewest possible lost lives during and 
after a large earthquake and tsunami. Mitigation options identified in community 
workshops thus focused on improving awareness and education, evacuation 
planning, and other strategies to save lives. At the same time, neither community 
demonstrated much interest in new restrictions on development siting as a 
means of reducing the loss of life or property in the future. Revising land use 
plans or shoreline master programs in major ways (e.g., rezoning) was 
considered risky and unnecessary, given the current state of knowledge. As a 
consequence, there were few long-term mitigation measures identified for most 
issues. In retrospect, this seems rational, given the low probability of major 
earthquake and tsunami events along the CSZ or, in particular, the Seattle fault. 
Another observation is that many of the �mitigation options� identified will 
require substantial additional planning, engineering work, and outside funding. 
 
At the outset, based on our regional survey, we found that the port and harbor 
community was not well integrated into emergency response and mitigation 
planning. Initially, in one community, there was some resistance by emergency 
managers to this finding, but this evaporated during workshops as stakeholders 



  

worked together on solutions to vulnerability issues. Finally, we found that the 
tragic events of September 11 influenced the project in both positive and 
negative ways. Certainly, there is increased sensitivity to the fact that seemingly 
unlikely events can and do occur, and that low probabilities for earthquakes 
should not be dismissed out of hand. On the other hand, at Sinclair Inlet 
workshops, there were understandable security concerns over aerial photos of 
the Puget Sound Naval Station and Shipyard, along with other aerial photos that 
the state coastal management agency had available on the Internet also raised 
concerns. 
 
What�s Next? 
 
Our community projects were designed to demonstrate, through the use of an 
adaptable planning process, how other port and harbor communities in the 
region and beyond might assess their vulnerability and design mitigation 
strategies to increase their resiliency. Communicating our findings effectively 
will be critical to the success of the project. For outreach, we are relying on a 
robust web site developed with the assistance of the NOAA Coastal Services 
Center and a series of regional workshops focused on clusters of port and harbor 
communities in the Pacific Northwest, sponsored in collaboration with regional 
port organizations. The web site will no doubt be the most important tool for 
other port and harbor communities, as it will include available GIS data and 
online mapping capabilities for ports in the region. We will also continue to 
communicate our results through professional meetings so that port and harbor 
professionals may assess their utility to ports in other regions. 
 
The NOAA Coastal Services Center is also working with the USGS Center for 
Science Policy on a GIS-based �portfolio model� for hazard mitigation, whereby 
whole suites of mitigation options may be evaluated simultaneously for their 
effect on the disaster-impacted region�s wealth. Examples from both 
demonstration project communities are being developed and evaluated. 
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IMPROVING ANTIFOULING POLICIES AND IMPLEMENTATION � 
A LOCAL ISSUE WITH AN INTERNATIONAL PERSPECTIVE 
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Introduction 
 
Antifouling agents have been used for centuries to control fouling growth such 
as algae and barnacles on the hulls of vessels. This growth creates friction, or 
drag, as the boat moves through the water. Drag increases fuel consumption for 
powerboats and slows sailboats. Most of California�s recreational boats under 25 
meters long use antifouling paints that discourage fouling by leaching cuprous 
oxide to the water. Regular, in-water cleaning is also needed to control fouling 
growth. While this service is being performed, the release rate of cuprous oxide 
increases. (Dobalian, 2002) Cuprous oxide lost from antifouling paints 
accumulates in the water and sediment of boat basins. Shelter Island Yacht 
Basin in north San Diego Bay is the site of the first Total Maximum Daily Load 
program in the United States to address copper emissions from antifouling 
paints. National and international attention has been focused on this program in 
the belief that it portends broader regulatory efforts. The University of 
California Sea Grant Extension Program is conducting research and education 
programs to assist boat owners and boating businesses in reducing copper 
discharges while maintaining a vibrant boating economy. 
  
Environmental Context 
 
High levels of dissolved copper harm young fish, mollusks and crustaceans by 
reducing their fertility and ability to move, harming their immune systems and 
hearts, and generally lowering their survival rate (Bat et al. 1998; Cheung and 
Wong 1999; Conradi and Depledge 1998; Erikkson and Weeks 1994; Marchan 
et al. 1999; Pipe et al. 1999). Copper also harms some creatures in marina 
sediments (Absil et al. 1996; Luoma et al. 1998; Turner et al. 1996). A boat 
bottom covered with fouling growth causes increased fuel consumption, 
discharges of exhaust gases and unburned fuel and incidence of spills at fuel 
docks. There is growing concern that a fouled hull may transport invasive 
species from harbor to harbor (pers. comm. M.A. Champ, ATRP 2002).  
 
Economic Context 
 
When copper-contaminated sediments are dredged, they must be disposed as 
hazardous waste, raising the cost of maintaining harbor depth. Boat repair yards 
located at San Diego Bay pay high environmental costs to contain and dispose 
of copper removed from boats during haulout and repainting. 



On the other hand, fouled hulls increase powerboat fuel costs. Differential 
regulation among boat basins could drive away tenants and prevent underwater 
hull cleaning operations in basins where copper reductions are mandated.  
 
Converting a boat to a nontoxic bottom paint costs $150 per foot of boat length 
vs. $26 - $50 per foot to reapply a traditional bottom paint (pers. comm. Bill 
Roberts, Shelter Island Boat Yard, 2002). This is because traditional paints must 
be completely removed before a nontoxic paint can be applied and because 
nontoxic paints are more costly and require special application techniques. For 
example, converting a 30-foot long boat to a nontoxic bottom paint would cost 
$3000 - $4000 more than a standard repainting. 
 
An incentive program could ameliorate economic consequences to boaters and 
boating businesses and promote state and federal water quality goals. The 
California boating industry contributes $11 billion per year to the Gross State 
Product, including $589 million in annual revenues to state and local 
government (Rust and Potepan 1997). Reducing environmental compliance 
costs could help to maintain participation in this important economic sector. 
 
Regulatory Context 
 
Elevated copper levels have been identified in California harbors. The San 
Diego Regional Water Quality Control Board has completed a Total Maximum 
Daily Load (TMDL) analysis of dissolved copper in Shelter Island Yacht Basin 
of north San Diego Bay. The average dissolved copper concentration is 8.0 ppb 
which is more than twice the California and federal standard of 3.1 ppb. The 
average concentration elsewhere in north San Diego Bay is only 1.2 ppb. 
Pleasure craft bottom paints contribute 93% of this copper, including 53% from 
passive leaching and 40% from underwater hull cleaning. The long, narrow 
basin accommodates approximately 2,242 recreational boats. (Dobalian 2002) 
The Shelter Island TMDL�s regulatory component is under development.  
 
Regulatory scrutiny of copper discharges from recreational boats is not limited 
to north San Diego Bay. Orange County Dana Point Harbor has been proposed 
for the 303(d) list of impaired water bodies, due to dissolved copper. The 
USEPA is conducting a TMDL for dissolved copper in Newport Bay. (Lesley 
Dobalian, CRWQCB, SD Region, pers. comm. 2002)  
 
The January 2000 Plan for California�s Nonpoint Source Pollution Control 
Program mandates reducing copper discharges from antifouling paint. It was 
developed by California State Water Resources Control Board and California 
Coastal Commission and approved by USEPA. Objectives of Management 
Measure 4.2E � Boat Cleaning and Maintenance are: 1) By 2003 establish 
programs to implement best management practices (BMPs) for underwater hull 
cleaning and maintenance and 2) Increase the use of financially feasible hull 
paints and cleaning materials whose contents are less toxic or that break down to 



non-toxic levels quickly within the marine environment, and decrease the use 
and release to State waters of toxic recreational boating hull paints (e.g. TBT 
and copper-based paints). Many proposed actions promote nontoxic hull paints. 
 
International Context 
 
The Netherlands has already banned copper-based antifouling paints for 
pleasure craft (Prof. Geoffrey Swain, Florida Institute of Technology, pers. 
comm. 2001). In April 2001 the European Union met with the International 
Maritime Organization �in the final negotiations on the Convention on Harmful 
Antifouling Systems (including toxic substances in paints).� The EU �stressed 
that the IMO should endeavour to have hazardous paints completely removed 
from the market.� (European Union 2001) 
 
A coatings industry market analysis (Keystones, Inc., 2001) found that the 
international, antifouling paint �market is heavily affected by environmental 
considerations and banns (sic) to stop the use of toxic anti-fouling paint.� They 
predicted that in the long term all toxic antifouling paint would be banned. 
 
In 2000 the University of California Sea Grant Extension Program organized the 
Alternative Antifouling Strategies Conference to assist local stakeholders in 
preparing for restrictions on copper-based antifouling paints. The conference 
drew over 100 stakeholders from around the United States, Japan and Scotland, 
including many representatives of the international, marine coatings industry.  
 
The copper, antifouling paint situation in Shelter Island Yacht Basin continues 
to prompt inquiries from across the United States, Europe, and Australia. 
Coatings World magazine recently reported on the issue (Pianoforte 2001). The 
International Congress on Marine Corrosion and Biofouling will feature a San 
Diego Bay case study on antifouling issues in July 2002. 
 
Sea Grant Extension Research and Education 
 
The California Sea Grant Extension Program (CSGEP) is tackling the challenge 
of reducing environmental impacts of pleasure craft antifouling paints, while 
maintaining a vibrant boating community through a �public policy research and 
education� program that was adapted from a Cooperative Extension method for 
assisting stakeholders in agricultural policy issues.  
 
The CSGEP researched environmental, technical and economic factors related to 
antifouling paints and circulated findings to stakeholders (Haas and Johnson 
2000). 110 international stakeholders representing paint and boating industries, 
boaters, regulatory agencies, environmental groups, research scientists and state 
policy makers convened in 2000 to learn about these factors, exchange 
perspectives and recommend policy, research and education. Policy makers 
agreed to act on the findings.  



In October 2001 a new state law mandated research on incentives to ensure that 
boat owners use nontoxic antifouling paints. Research will be supported through 
the California Department of Boating and Waterways. As of this writing, the 
CSGEP anticipates cooperating in this study.  

 
CSGEP is continuing its research and education program to improve boaters� 
and boating businesses� understanding of nontoxic antifouling paint properties, 
performance and economic factors. The goal is to improve their ability to reduce 
pollution from antifouling paints. Sources of support include: California 
Resources Agency, California State Water Resources Control Board 319(h) 
program, County of San Diego, University of California Cooperative Extension, 
California Sea Grant College Program, San Diego Unified Port District, San 
Diego Port Tenants Association, UC Davis Center for Pest Management, 
Research and Education, and the Renewable Resources Extension Act. 
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Campeche is located in the west coast of the Yucatan Peninsula, with a littoral 
of 523 km; a territorial sea of 11,627.73 km2; 57,003.0 km2 of state area; and a 
population of 750,000 inhabitants (13.16 hab/km2) distributed in 11 
municipalities or districts.  However, 58% of the population is concentrated in 
only two municipalities, Campeche and Carmen. Laguna de Terminos is the 
largest coastal lagoon in Mexico and the most studied. The most productive and 
highest mangroves of the region are in the coastal zone, located in the west coast 
of the Laguna.  The principal beds of seagrasses are found in the northern coast 
in front of the Biosphere Reserves of Petenes and Celestun. Figure 1 shows the 
current status of the coastal vegetation of Campeche: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Despite the environmental importance of the coastal ecosystems and natural 
resources, they also suffer the impact of important anthropogenic activities. 
Laguna de Terminos embraces the third largest oil company in Latin America, 
as well as artisan fisheries, tourism, urban growth pressures, and lowlands 
agriculture and livestock. Campeche�s fisheries have been immersed in a crisis; 
currently this industry has a catch of 36,504.5 tons representing a value of US 
$56,636.32. During 1999, Campeche contributed 50,930 tons (15.29%) of the 
333,154 tons reported for fisheries captures in the Gulf and Caribbean, 
occupying the third place of production. On the other hand, SAGARPA (2001) 
reports a total production through aquaculture activities of 1,797 tons. Fishery 
activities generate a total of 11,083 jobs in Campeche for fishermen (enlisted in 
the National Fisheries Register), plus 337 other jobs for people that support to 
fishery activities. The number of boats listed in the National Register is 2,423: 
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351 devoted to shrimp fishery, 18 to scale species, 2,035 are artisanal boats, 2 
for research activities, 13 for surveillance, and 4 for training purposes (INEGI, 
2001). Economic activities pursued in the coastal zone of Campeche are 
Fisheries (shrimp, octopus, crab, clam, fishes); Aquaculture (shrimp, crabs); 
Energy Production (Oil and gas, and electricity); Agriculture (corn, citric, rice); 
Forestry; Livestock (bovines, pigs, goats, hens); Apiculture (honey and 
beeswax); Tourism; and Industry (maquiladoras and construction enterprises) 
(Lara et al., 1991). 
 
In the Bank of Campeche, the oil company PEMEX generates 7,679 jobs in the 
state, extracts 81% of the national production of oil, and 31% of gas. According 
to INEGI (2001), there are a total of 25 perforated wells in the Campeche 
Sound. 13 are finished (upto December 2000) and 338 are in exploration. The 
daily volume of production of oil is 2,385 thousand barrels, whereas the annual 
production is 870,507 thousand barrels. Gas production per day is 1,557 cubic 
meters, and it reaches 568,305 cubic meters per year. 
 
During the past decade the government of the state of Campeche has promoted a 
number of actions and legal tools to preserve the high biodiversity and fragile 
and still pristine mangroves, marshes and sea grass ecosystems that 
characterized Campeche�s coastal strip, by developing management tools and 
promoting coastal management and policy initiatives. These actions have placed 
Campeche as a leader on coastal management measures within the Gulf of 
Mexico region.  
 
The first attempt that Campeche made at the beginning of the 1990�s decade to 
address the problem of its coastal zone was the protection of two priority 
regions: Laguna de Terminos and Los Petenes-Celestun. Through this action, 
Campeche protected two thirds of its coastal zone as follows: Biosphere Reserve 
de Celestún (45 % of surface in the state of Yucatan and 55% in Campeche); 
Biosphere Reserve of Petenes; and Protection Area of Flora and Fauna Laguna 
de Terminos (figure 2). As part of the protection process, the government 
promoted the participation of public consultations to tailor management plans 
for the protected areas. An entirely new perception came to public opinion about 
the co-responsibility for the management activities of the coastal zone, 
ultimately resulting in the creation of non-governmental organizations and 
advisory groups to assess the directors of the protected areas. 
 
At the end of the 1990�s the federal government promoted the development of 
territorial ecological ordinances for all the country; Campeche started with a 
coastal ordinance that was ready at the end of 1999. Currently the state territorial 
ordinance is in development. In addition, the General Office for the Federal 
Terrestrial and Marine Zone at the Mexican Environment Ministry 
(SEMARNAT) developed a strategy for actualizing land tenure of the federal 
zone (20 meters), and the process of granting land-use concessions. Campeche, 
with a large history of gained land from the sea and a number of coastal 



infrastructure and private constructions placed within the 20 meter strip, had to 
work hard to complete this process.   
 

 
Figure 2. Coastal Protected Areas of Campeche. 
 
Considering that historically the population of Campeche has been concentrated 
in two main cities (El Carmen and Campeche City) and that its main productive 
activities are located within the coastal zone, it was important that at the 
beginning of the new millennium the state government promoted several 
initiatives to address the most significant coastal issues.  These include: (1) 
Promoting the creation of environmental data banks and clearing houses through 
the Environmental Information State System; (2) Developing Environmental 
Indicators specific for Campeche; (3) Creating working groups to address point 
and non-point land source pollution; (4) Integrating the three levels of 
government, as well as the interaction of all sectoral approaches to develop 
sustainable development policies; and (5) Fully implementing the federal 
Decentralization Program that allow Campeche to decide the direction of its 
own destiny for coastal and marine issues, always in consistency with national 
development plans. At the same time, the Navy took the responsibility to lead a 
state team of experts for carrying on several tasks �such as developing a 
contingency plan, beach cleaning activities, and so on-, and to open a forum to 
exchange information, data, and to address coastal and marine issues.  
 
Campeche is also pursuing the development of an integrated coastal 
management plan that will be based on the territorial ordinance. This 
management tool will allow legal and ecological integration of the 
socioeconomic activities, establish patterns of land use, correct land tenure and 
property rights issues, and take into consideration the natural vocation of the 
land facing the municipal and state development plans, always in consistency 
with national development policies. 
 
In making and assessing the tools and initiatives discussed above, there are 
several major issues that can be identified: (a) Overlapping of inter-agencies� 
functions; (b) Lack of fully implementation of the decentralization program; (c) 
Finding mechanisms for settling inter-sectoral conflicts, such as oil and 
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fisheries; (d) Actualization of laws and regulations is needed, as well as 
diffusion, and surveillance; (e) Speeding up the implementation of the coastal 
ordinance that exists since 1999; (f) Putting into practice the Natural Protected 
Areas programs that exist since 1997, avoiding �paper� protected areas; (g) 
Concluding the State Ecological Ordinance (since Y2000); (h) Lack of 
continuity of projects and programs that stall due to the change of the head of 
the office/agency; (i) Addressing unplanned urban growth, land tenure and 
property rights issues, and take out subsidies; (j) Alleviating poverty; (k) 
Enhancing public participation in decision-taking processes; (l) Improving the 
participation of the academic sector for acknowledged decision making; (m) 
Addressing the depletion of coastal natural resources (such as shrimp fisheries), 
as well as the loss of critical ecosystems (such as mangroves and seagrasses); 
and (n) Tailoring a strategic management plan that fully integrates marine and 
coastal issues avoiding unilateral sectoral or single agency�s perspectives. 
 
At the end there are some lessons learned from the last decade of coastal 
management efforts in Campeche: 
 
1. Low population density; absence of high impact industries (except PEMEX); 
presence of management tools; and a public perception that something has to be 
done to address the coastal zone problem, would have given Campeche a unique 
opportunity for developing an integrated coastal management policy framework. 
However, this has not happened yet. 
 
2. There is a lack of knowledge and understanding about the existence and 
meaning of the set of planning tools for the coast of Campeche; and government 
officials �at the three levels of government- still lack of training to fully 
understand the implications and needs of an integrated coastal management 
plan. Most of coastal projects are still approved or rejected by the Governor 
himself, and still there are many economic interests that weight for the final 
decision about a coastal project. Corruption is still present leading to a lack of 
confidence on governmental authorities. At the same time, decentralization 
within governmental administration is not yet in place; therefore, many of the 
state coastal issues still have to be decided by the central government with bad 
consequences for delayed or improper decisions to tackle the state coastal 
problem. 
 
3. Inter-sectoral and inter-agency conflicts can be settled down in Campeche 
through good will. Government officials from different agencies are promoting 
public meetings to discuss needs and solve issues; sectoral leaders from different 
groups (i.e. fishermen cooperatives) are also willing to carry on these deeds with 
success. However, the lack of resources, capacity, and training is the major 
challenge that they face to solve many of the issues. 
 
4. Inter-agencies cooperation and collaboration has improved since the Navy has 
taken the leadership to join them in working groups that fosters cooperative 



efforts while time and resources allocation has become more efficient. 
Communication has been improved; therefore information and expertise 
exchange is more fluent. However, these collaborative activities still remain as 
personal relationships, rather than involving the whole agency or institution. 
This type of collaboration has two sides.  On one, it will simplify and speed up 
any joint activity because it will not need to wait for high-level official approval. 
But on the other, this means that if the personal contact from one agency is not 
there any more, there will be delays and possibly reluctance for keeping an open 
access to the collaboration of that agency or institution.  
 
5. Furthermore, Campeche is also taking advantage of its research institutions 
and universities in order to make informed decisions. There is always a group of 
experts in every working group, and many of the scientific studies and analysis 
are now the responsibility of academic groups within the state. Nevertheless, the 
involvement of science in decision-making remains superficial, and sometimes 
experts� opinion is either a checklist item or it is not considered at all. 
 
Future challenges for the coast of Campeche are many and yet among them 5 are 
of the most importance: (1) To educate both the public and government officials 
about the importance and meaning of participate in developing an integrated 
coastal management plan and being involved in the decision-making process. (2) 
To fully incorporate scientific information and expertise in developing policies 
for the coastal zone. (3) To create and implement evaluation mechanisms for all 
the activities, programs, and policies developed in the coastal zone. (4) To find 
alternative sources of financing through partnerships with the private sector and 
with PEMEX. (5) To incorporate a coastal management component within the 
state and municipal development plans. 
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Introduction 
 
One objective of ICZM programs is to investigate the environmental impacts of 
proposed major development projects on coastal resource ecosystems, using the 
most appropriate method involving a permit system. Since many countries have 
established EIA procedures that are embedded in permit-approval procedures, 
the EIA procedure can be used as an effective tool to achieve the objectives of 
ICZM programs. Indonesian law no. 22/1999 on regional autonomy aims to 
promote a process of decentralisation in the government system and give more 
power to district government, among others in the EIA process. Government 
regulation no. 27/1999 on the review of EIA reports has given the responsibility 
for EIS approval, which previously belonged to the central government, to 
district government. This change in policy has created an urgent need for district 
governments to improve their expertise in all activities dealing with the EIA 
process, in particular, in making use of environmental information and 
stakeholder participation in the EIA process. 
 
Research Design 
 
The research focused on two sectors, the Sea Communications and Industry 
offices at national level, as the main stakeholders in the study area, and the local 
governments in the District of Serang, as the case study area. Two aspects of the 
EIA were used to focus the analysis, the use of environmental information and 
stakeholder participation in the EIA process. All researches focused on the 
practice of government regulation no. 51/1993 on environmental impact 
assessment and other regulations passed before the regional autonomy law. 
 
a. Use of environmental information in the coastal EIA process 
 
The objective of this research is to assess the quality of the Indonesian EIA in 
coastal zones, in particular the quality of the use of environmental information. 
The quality of the environmental information in the 3 EIA technical guidelines 
is assessed based on the level of detail of environmental information specified in 



parameters and indicators. The quality of environmental information described 
in the EIS is identified from the contents of the 10 selected EIS. The quality of 
the use of environmental information is determined from the use of information 
sources by consultants to draft the EIS, and by technical teams and district 
governments to review the EIS. The quality of environmental information in the 
4 EIS-review meetings is determined based on discussions on environmental 
information. The quality of the environmental information in the post-EIS is 
assessed based on the use of indicators and parameters for environmental 
monitoring. 
 
b. Use of stakeholder participation in the coastal EIA process 
 
The objective of this research is to assess the quality of stakeholder participation 
in the coastal EIA process at district level. Quality of stakeholder participation 
in the coastal EIA process in this research is assessed on the basis of the 
perceptions of technical teams and the quality of participation in the 4 EIS-
review meetings. An illustration on the practice of stakeholder participation in 
the pre-EIS compilation is presented based on a case study, the development of 
Jababeka Industrial Estate. The research was focused on laws on stakeholder 
participation previous to the new regulations no 08/2000 on stakeholder 
participation, which are used in discussions of the research results.  
 
Research results 
 
a. The use of environmental information 
 
In the 3 EIA guidelines  
 
Information of the marine biology component is lacking, in which its indicators 
and parameters are insufficiently stated. The insufficiency of indicators on the 
biology component especially marine biology indicates a limited understanding 
of the importance of biology component in the Indonesian EIA process. All 
guidelines have not mentioned executing institutions and related institution for 
environmental impact monitoring, therefore, no institution responsible for 
monitoring.  
 
Environmental information used by consultants to draft the EIS 
 
The research identified that the consultants in general are not supported by 
sufficient sources of important information for drafting the EIS. Most of the 
important local data such as status of natural resources, environmental data, and 
environmental monitoring data, although they are needed the most, their 
availability are reportedly low. This finding indicated the scarcity of sources of 
local information used by the consultants to draft the EIS. This is might the 
reason for the consultants to use the available data or to do the research 
accordingly.  



Environmental information described in the EIS 
 
All ten reports have an average quality below the acceptable level, although all 
reports have been approved. The four dominant cases that have higher 
possibility to pollute the coastal environment showed better quality compare to 
the rest. There has been a common weakness identified in the EIS reviewed, 
particularly in the assessment of impacts, in which assessment on impact 
monitoring measures has the lowest quality compare to the assessment of 
mitigation measures.  
 
Environmental information used by technical teams and district 
governments to review the EIS 
 
The technical team and the district governments in general are not supported by 
sufficient information sources to review the EIS, since the availability of most of 
the needed important sources of information are low. The technical teams are 
supported by more information sources compared to the district government. 
The district government, who is responsible for local environmental data, is not 
supported by sufficient sources on local information.  
 
Environmental information discussed in the 4 EIS-review meetings 
 
In the meetings, the environmental information related to the physic/chemical 
condition of land-waters and seawaters are sufficiently discussed, while the land 
biotic and socio-economic conditions are inadequately discussed. Enough 
discussion on key impacts of the plan on the physic and chemical aspects, 
limited discussion on the socio-economic aspect, and no discussion on biotic 
aspects are observed. Discussion in all-important aspects of the monitoring 
measures was limited.  
 
Environmental information used by the local operators for monitoring 
post-EIS 
 
Most parameters within environmental components and within the 
environmental impact components are reported as seldom and never being 
monitored by the local operators. Most of constraints experienced in the 
monitoring reported are limited to human resources, data recording, data 
analysis, and funding.  
 
b. The use of stakeholder participation in the EIA process  
 
Stakeholder participation in the EIA process based on perceptions of 
technical team 
 
The sector of government as the competent authority in the EIA process is 
viewed having stronger power in the EIA process, while the environment 



authority and the expert committee have less power. The approval of the EIS 
and the issuance of permit are viewed as the responsibility of the sector of 
government at national level. In general, the technical team mostly viewed the 
participation of stakeholders as passive participation. This indicated that the 
awareness of the technical teams to the concept on stakeholder participation is 
low. 
 
Stakeholder participation in the 4 EIS-review meetings 
 
The participation of representative of government institutions, technical team, 
and consultant is sufficient. On the other hand, the participation of local 
stakeholders is low, since the district government, the community, the 
university, as well as the NGO did not present in all meetings observed. 
Concerning input from stakeholders to the meetings, the consultant and the 
technical team gave enough input, while input from participants outside the 
technical team is limited and only related to the role of the institution 
represented in the meetings.  
 
Stakeholder participation in the pre-EIS stage 
 
The stakeholder participation in the pre-EIS stage is illustrated by participation 
in the development approval of the Jababeka industrial estate project. The level 
of stakeholder participation is very low, since most of district government and 
all community respondents were not involved. Therefore, it is likely understood 
that most of the respondents expressed their objection on the existence of the 
project plan. Respondents access to information on the project is limited, since 
they have received not much information concerning the project. The EIA report 
is seen as the third important written report. The level of acceptability of the 
EIA reports by the respondents is not high. 
 
Recommendations and measures to improve the EIA process 
 
Recommendations for improved use of environmental information and 
participation of the stakeholder in the coastal EIA have been proposed. For 
improved use of environmental information, suggestions are proposed to the 
improvement of legislation, improvement of coastal monitoring, development of 
coastal information systems, and capacity building. For improved use of 
stakeholder participation, suggestions are proposed to improve legislation, 
capacity building, and development of measures to improve participation. 
Improvement of external factors for coastal management in general and 
improvement of decentralization process are suggested. 
 
Measures to implement some of the proposed recommendations  
 
In order to support the implementation of some proposed recommendations, 3 
measures have been proposed. First, Banten Bay Information System (BBIS) as 



the product of integrated researches within the Teluk Banten Research 
Programme in collaboration between Indonesia and the Netherlands. The other 2 
measures are proposed by this research, namely the EIS review criteria 
involving scoring procedure to review term of reference (ToR) of the EIS and 
the EIS, and measures to improve stakeholder participation.  
 
Conclusions  
 
Effective used of coastal EIA can improve the ICZM. It can be achieved by 
significant contribution to the use of environmental information and stakeholder 
participation in the coastal EIA process.  
a. Significant contribution to the use of environmental information can be 
achieved by:  
! a sufficient environmental information stated in the EIA technical 

guidelines and in the EIS,  
! an adequate of information sources used to draft and to review the EIS,  
! a sufficient capability of the EIS review committee, and  
! a sufficient coastal monitoring.  

 
b. Significant contribution of stakeholder participation can be achieved by: 
! a good institutional capacity of the district government to improve 

participation and to get more appropriate stakeholders,  
! a sufficient participation awareness among all stakeholders, and  
! a sufficient availability of measures to improve participation.  
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Since the United Nations Conference on Environment and Development 
(UNCED), many nations have begun to focus on their coastal zones, 
acknowledging the need for improvement in coastal policies, legal frameworks, 
and management programs. International aid has played a key role in triggering 
and implementing coastal and marine management initiatives in developing 
nations from all over the world. According to data analyzed by Cicin-Sain et al., 
(2000), there are currently 100 coastal nations that have developed some kind of 
coastal management initiative at national and/or local levels in 2000 compared 
to 59 nations in 1993. That is almost doubling from 1993 when approximately 
57 coastal states undertook around 180 coastal management efforts at national or 
sub-national levels (Sorensen, 2000).  
 
Most, if not all, of the coastal management actions pursued by developing 
countries have been encouraged by a range of international donors. The major 
international organizations working in the coastal management arena in Latin 
America and the Caribbean are donor nations and international donor entities, 
including U.N. agencies, non-governmental organizations (NGOs), banks, and 
private donors. The list of donor institutions that fund coastal management 
initiatives varies from region to region in the world. Sometimes, donor 
organizations prefer to fund coastal management projects directly to local 
coastal communities or to the national government of the recipient country.  
Other times, however, donors prefer to donate funds to a coordinating body 
entitled to allocate these resources to other recipients. Some donors may only 
fund certain types of coastal management projects, such as education and 
training, or engineering projects, or they may fund only projects in certain 
countries and under certain priority categories. The variety of coastal 
management funding sources and the large number of projects funded often 
make it difficult to determine which donor has funded which projects in 
particular regions or countries.  
 
Latin America and the Caribbean (LAC) conform a region of multiple coastal 
features and complex coastal issues. The characteristics of its coastal zone cover 
a myriad of environments, climates, biota, economic activities, human 
settlements, cultures, races, and nations. From the tropical latitudes of the Gulf 
of Mexico and the Caribbean Sea, to the gelid latitudes of the Patagonian region, 
LAC embrace some of the most large, rich, and productive coastal and marine 
ecosystems of the world.  Each country from these regions share a common 
historical background through colonialism.  Groups of nations within each sub-
region (Central and South America and the Caribbean) also share a common 



language, similar economic crises, and political turmoil that have resulted in 
social conflicts and ultimately in environmental deterioration.  
 
In LAC, there is an intricate problem in the coastal zone where competition for 
natural resources and living space by increasing numbers of coastal 
communities.   Wide-scale pollution from domestic and industrial waste 
exacerbates the strain on coastal and marine habitat that is brought about by the 
rapid transformation of vast areas for economic growth. Some LAC coastal 
nations are pursuing aggressive industrial growth strategies. At the same time, 
improperly planned and managed settlements and coastal tourism not only lead 
to shoreline erosion and ecosystem degradation, but also result in lost 
opportunities for economic development and welfare. Lack of appropriate 
policy, regulatory and institutional frameworks for urbanization, lack of 
environmental and hygiene education, and inadequate incentives for 
conservation and environmental management are all root causes of coastal 
degradation and negative socio-economic impacts. Summing up, the most 
important coastal issues in LAC are: (a) increment of population in the coastal 
zone, (b) pollution (point and non-point land and maritime sources), (c) coastal 
erosion (beach, dunes, shoreline), (d) climate change and sea level rise, (e) lack 
of property rights, (f) poverty and environmental degradation, (g) habitat and 
biodiversity loss, (h) fisheries issues, (i) lack of institutional capacity, (j) tourism 
issues, (k) subsidies, and (l) solid waste disposal. The most important economic 
activities pursued in the LAC coastal zone are: tourism, fisheries, maritime 
transportation and ports infrastructure, and oil exploitation. 
 
Addressing some of these coastal issues has not always been a priority for 
coastal nations in LAC. Lending international organizations have played an 
important role in promoting coastal management initiatives at national and 
regional levels, and their work has been essential to fund almost all the coastal 
management projects in this region for the last decade.  
 
For this research, I considered 36 international organizations as the donor 
community that funds coastal management projects in LAC. According to the 
highest number of funded projects, the following six institutions are regarded as 
the major donors for this region: 1. Global Environmental Fund (GEF), 2. Inter 
American Development Bank (IDB), 3. United Nations Environmental 
Programme (UNEP), 4. Organization of American States (OAS), 5. United 
Nations Educational, Scientific, and Cultural Organization (UNESCO), and 6. 
The World Bank.  
 
All six international organizations are commendable for developing and 
implementing activities derived from Agenda 21�s prescriptions. However, each 
one differs in mission and objective, types of funded projects and geographical 
scope, and borrowing procedures and environmental funding interests. The 
youngest of these six organizations in the region, yet the most active, is the 
GEF; the oldest is the World Bank, which presented the smallest number of 



projects funded for this region. The mission and objectives of GEF are emanated 
from Agenda 21. In a similar way, the World Bank has the mission to alleviate 
poverty while targeting pollution and vulnerability for hazardous events.  The 
IDB�s objectives are to promote coastal management and, at the same time, to 
enhance investments to foster national economy. The OAS mission is to 
promote coordination and cooperation in the region between international 
agencies; NGO�s mission is to tackle environmental issues.  The UN agencies, 
UNEP and UNESCO, are devoted, in general, to enhance the generation and 
dissemination of knowledge and data, and to promote cooperation within the 
region. In addition, UNEP�s mission is to promote actions to implement 
Cartagena Convention, and UNESCO is interested in foster education and 
training. It is important to mention that despite the lack of a regional 
coordinating body for coastal management actions, there is good knowledge 
about which donor is doing what and where; therefore, most of their initiatives 
and projects are complementary. Table 1 shows an example of the 
accomplishments reached by the donor community in funding coastal 
management initiatives in LAC. This table does not differentiate between loans 
and grants. 

 
Table 1. Investments of International Funding Organizations on Coastal 
Management Initiatives in Latin America and the Caribbean regions (source: 
Rivera-Arriaga, 2001) 

Funding Organization Amount Invested on CM 
initiatives 

Source 

IDB $481 million (1993-2000) Lemay, 1998 
The World Bank $500 million (1996-2004)  Olsen and Christie, 2000 
USAID $32 million (FY 2000) Volk and Falter, 2001 
The GEF $175.3 million (1992-2000)  Rivera-Arriaga, 2001 
UNEP $55.5 million (1992-2000) Rivera-Arriaga, 2001 
OAS $20 million (1992-2000) Rivera-Arriaga, 2001 
Total $1,263.8 million Rivera-Arriaga, 2001 

 
There are similarities and differences about the type of projects that each 
organization preferred to fund. Conservation of biodiversity was mostly funded 
by GEF, UNEP, and the World Bank; climate change was funded by GEF, OAS 
and UNESCO (sea level rise monitoring). The GEF and the World Bank 
supported solid waste management projects, while coastal management was 
funded by the IDB, the World Bank and somehow UNESCO (coastline 
processes management).  
 
The countries that have had more funded projects among the six institutions 
were Mexico and Ecuador. However, the Caribbean region had the highest 
funding activity from the six organizations. Central America received more 
funding after Hurricane Mitch hit the region. And South America received the 
smallest number of funded initiatives from these six organizations. Each one of 
the six institutions directed funds for more years to certain countries: the GEF 
supported Dominican Republic, Belize, Costa Rica, Cuba, Argentina, and 
Ecuador for more years. The IDB provided more funding for Barbados, Guyana, 



Honduras, Mexico, and Ecuador. UNEP assisted Jamaica, Costa Rica, Belize, 
Mexico, Chile, Colombia, Venezuela, and Ecuador for a longer time. The OAS 
provided funding, for more years, to Antigua, Barbuda, Haiti, Honduras, 
Argentina and Brazil. UNESCO assisted Wider Caribbean countries and 
Colombia for more years, while the World Bank supported Cuba, OECD 
countries, Belize, Costa Rica, Honduras, Mexico, Argentina and Uruguay for 
more years. 
 
Several accomplishments made on coastal management have been reached in 
LAC through international aid.  These accomplishments include: developing 
knowledge, establishing networks and clearing houses, stimulating research and 
monitoring programs; fostering awareness and prioritizing coastal issues, 
establishing strategic directions for ICM initiatives and encouraging partnerships 
with other international institutions, increasing the number of coastal 
management initiatives per country and per region, and promoting public 
participation in decision-making processes for the coastal zone; developing 
frameworks to encourage investments in the coastal zone, enhancing meaningful 
collaboration of the private sector in joint ventures, establishing working 
systems for integrated and participatory development planning and natural 
resource management in the coastal zone, and enhancing regional coordination 
and cooperation for common or shared coastal issues; and supporting scientific 
research to address key interrogatives for coastal issues. 
 
On the other hand, there are also several constraints that donors have 
encountered for developing and implementing coastal management initiatives. 
Some of them include the following: 1. Lack of institutional capacity, such as 
effective policy regulatory framework, structures of authority, trained personnel 
(whether in the public or private sector), and alternative sources of financial 
resources; 2. Emphasis on sectoral approaches, which results in omitting related 
issues for the coastal zone or development of initiatives that target development 
over conservation, with dramatic impacts for the coastal zone; 3. Central 
governments with limited scope, funding, and commitment; lack of legal 
framework, public awareness and stewardship, public participation, political 
will, and budget devoted to coastal management initiatives that result in poor 
initiatives, problems with the implementation of ICM projects and high foreign 
aid dependency; 4. Lack of ecosystem based approach, and poor scientific 
participation on coastal decision-making.  
 
Many lessons derived from successes and failures can be drawn from the 
activities implemented by donors in the LAC region. From the assessment made 
for this research I found that during the past decade: 1. Foreign assistance was 
limited in scope, capacity, funding, and in the number of integrated, ecosystem-
based approaches; 2. Very recently donors are promoting the development of 
integrative and cross-sectoral coordinated projects that encompass sustainable 
development issues with a coastal management component; 3. More emphasis 
should be made on funding projects that significantly address the pervasive 



poverty, lack of opportunities, and persistence of social and economic inequities 
and environmental degradation in coastal areas; 4. Donors ought to acknowledge 
the cultural values, traditional techniques, and social and economic needs of 
indigenous people in coastal zones; 5. It is important to promote partnership 
with private sector and other alternative sources of funding; 6. Evaluations 
should be performed and shared with the recipient country, as well as with any 
interested person/institution/organization; 7. Foreign aid for ICM in LAC 
increased significantly in number and scope during the last decade, and they are 
likely to continue to be responsible for most of the coastal management 
initiatives at both national and regional levels; 8. LAC region is highly aid-
dependent on coastal management issues and this situation is not likely to 
change at least within the next five years.  
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CHALLENGES FOR ECOLOGICAL RESTORATION AND 
SUSTAINABLE DEVELOPMENT AT THE ALBANIAN-GREEK 

MICRO PRESPA LAKE 
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Introduction 
 
The Prespa region is located on the Balkan Peninsula (~410N latitude, ~230E 
longitude) in southeastern Europe. It includes two inter-linked lakes, namely 
Micro Prespa and Macro Prespa, surrounded by mountainous ecosystems. The 
Micro Prespa Lake, the focus of this report, has a surface area of 47.4 km2 and 
lies just few inches to a few meters above the Macro Prespa Lake (Hollis & 
Stevenson 1997). Albania has sovereignty over merely a small part 
(southwestern extension) of Micro Prespa Lake with a surface area between 5 
and 7 km2, while the remaining larger portion of the lake is in Greek territory.  
 
Increased human activity over the last 50 years has severely deteriorated both 
ecosystem richness and local livelihood. It is likely that the most notorious 
human impact in the area resulted from the diversion of a branch of the Devolli 
River to discharge water into Micro Prespa Lake during winter rains so that the 
water could later be used for irrigation during dry summer months (Pano et al. 
2000). Such an action has coated the coastal areas in the Albanian section of this 
lake with large quantities of alluvium, which is blocking of the karstic channels 
that provided natural freshwater to the lake. It has also dropped the water surface 
areas of the lake and consequently has altered the natural habitat. Many globally 
threatened species, including birds and mammals, used the area surrounding the 
lake as their habitat. Nowadays, most of them no longer appear on the Albanian 
side of the lake. The local economy is also suffering, as revenues from fish 
harvests that were once a major source of income for local people have vanished 
due to declining fish stocks. This article focuses on the Albanian part of Micro 
Prespa Lake and surrounding areas to consider how and to what degree human 
activities have affected the coastal ecosystem and the local economy, and 
evaluate policy alternatives that would enable ecological restoration and 
sustainable development in the area. 
 
Material and Methods 
 
The analysis is based on a review of the literature available, on information 
derived from participation in local, national, and international forums, as well as 
on first-hand impressions gathered during frequent visits during the past three 
years to this site. There are few peer review articles on the matter, and most 
relevant published materials appear in grey literature and in summaries of 
symposia. In the Albanian capital, Tirana, the situation is discussed with 



researchers, including biologists and hydrologists affiliated with the Academy of 
Sciences and the University of Tirana. In the area surrounding the Prespa lakes, 
along with contacting representatives from the Regional Environmental Agency, 
Department of Agriculture, and District Statistics Unit, the author also met with 
local researchers, area residents and conducted numerous site visits.  
 
Results and Discussion 
 
The ecological richness of Prespa ecosystem is currently threatened by 
inappropriate natural resource use, uncontrolled development, altered hydrology, 
ecologically unsound irrigation practices, large-scale forest destruction and 
erosion, overgrazing, and water and soil contamination from uncontrolled use of 
pesticides. However, probably the most devastating human influence in the area, 
has been the diversion of a branch of Devolli River to discharge water into 
Micro Prespa Lake during winter rains, hoping that the water could later be used 
for irrigation during dry summer months (Pano et al. 2000). This modification in 
hydrology has caused changes in environment, altered ecological factors, and 
impoverished the local economy. 
 
In the mid-1970s, Albanian authorities planned an irrigation scheme that would 
use water from Micro Prespa Lake for irrigating arable land of a region about 
22,500 ha. The authorities calculated that if they used the difference of the 
lake�s water level from the altitude 852.5m to about 850.2m above sea level, 
they would gain about 90 million m3 water for irrigation (Kanari et al. 1997). To 
make up for this loss, in 1976 they opened a supply channel to feed Micro 
Prespa Lake from Devolli River during rainy winters. 
 
Although a catchment (decanter) was constructed at the time in order to avoid 
sedimentation, it was both poorly constructed and improperly maintained. 
Devolli River carries alluvium granules of very small size, and as such, the 
water in the catchment instead of 10 to 20 minutes that takes to flow freely 
(based on a poor project that was constructed), ought to stay for nearly 4 hours 
so that the small granules could precipitate (Pano et al. 2000). Data from the 
Regional Water Directorate report that roughly 40,000 m3 of alluvial sediments 
(about 60,000 tons of solid matter) are annually deposited in the Micro Prespa 
Lake. Over all these years, Devolli River has deposited nearly 1.2 million m3 of 
alluvium in the shores of this lake (Pano et al. 2000). Alluvium has coated all 
shallows of Micro Prespa lakeside (on the Albanian part) and has blocked its 
underground freshwater sources, as well as connection ways for freshwater 
circulation. Alluvial sediments are deposited especially at the entrance point 
where the Devolli River flows into Micro Prespa Lake, and deposition thickness 
over 1 meter can be observed up to 1.5 km from this point (Kanari et al. 1997). 
 
On the other side, no provision was made about water usage from the Greek part 
of the lake. The water level of Micro Prespa Lake is controlled at the Greek side 
by a sluice (gates which allow the water to flow from the Micro Prespa Lake to 



the Macro Prespa one), and therefore it rarely fluctuates more than 1.5 m over 
the year (Willems 1996). No matter how large quantities of water Devolli River 
is pouring into the Micro Prespa Lake, the level of the lake is not increased since 
Greek authorities would either use the water for irrigation of their agricultural 
lands, or let it flow into the Macro Prespa Lake. Meanwhile, the Albanian 
authorities can barely utilize some 4 million m3 per year, and even this amount is 
not obtained by free flow as planned, but rather through the use of a pump.  
 
The hydrology of Micro Prespa Lake is a major factor in controlling the wetland 
ecosystems of Prespa with its internationally important avifauna and significant 
fish populations (Hollis & Stevenson 1997). Introducing Devolli River into 
Micro Prespa Lake has caused a drop in water surface area (known also as land 
takeover) and water level, a decrease of carrying capacity of the lake, and a 
change in species composition in the lake. Finally, the Albanian part is currently 
running towards a stage of complete eutrophication (Shumka 2000).  
 
Among main environmental problems in the area one may note: (i) habitat 
alteration/degradation, (ii) an ever-increasing alluvium deposits on the Albanian 
section, (iii) loss of water surface areas of the lake, (iv) change in aquatic and 
terrestrial vegetation, (v) overgrazing, and (v) illegal hunting. 
 
Focusing more on the The vegetation of the floating plants and hydrophytes is 
becoming more and more rare due to increased alluvium depositions in the lake. 
As a result of deposition, the depth of the whole Albanian sector is rarely much 
more than 2 m, and this is why most of this area is vegetated with Phragmites 
sp., Salix sp., and other helophytes (Willems 1996).  
 
Fish populations have been altered in the last thirty years as a result of habitat 
changes and overfishing (Crivelli et al. 1997). These have affected both fish 
stocks, as well as fish species composition. Not only are the fish stocks 
decreased, but the local people argue that they notice a drop in economically 
valuable fish species and an increase in less valuable species. Some experts 
believe that changes in aquatic vegetation to a near-complete cover of reed-beds 
affect fish populations, since if the reed-beds are too dense and the spring water 
levels too low, fish are unable to gain access to the flooded meadows, the 
favorite spawning area for carp (Crivelli et al. 1997). 
 
While some 82 species of birds have been observed to date in the Albanian 
section of the lake, currently the situation is worsened and merely six or seven 
species of waterbirds breed in this part of the lake (Bino 2000). Yet, the 
presence of tern colonies in this section of the lake is important for conservation 
since Whiskered Tern (Chlydonias hybridus) is locally extinct as a breeding bird 
in the Greek section of the lake, and the Common Tern (Sterna hirundo) breeds 
there in only very small numbers (Willems 1996). There is evidence that 
globally endangered Dalmatian Pelicans (Pelecanus crispus) have previously 
nested in the Albanian section of the Micro Prespa Lake, but changes in 



vegetation and human disturbances have forced the colony to relocate to another 
nesting site close by the border with Greece (Bino 2000).  
 
The habitat alteration and increased human activities in the area are the two 
main factors that have recently driven most large mammals away from the 
Albanian section of the Prespa region (Bego pers. comm. 2001). The brown bear 
(Ursus arctos), boar (Sus scrofa), and roe deer (Capreolus capreolus) no longer 
appear on Albanian side of the Prespa, while wolf (Canis lupus) and otter (Lutra 
lutra) are very rare (Bego 2000).  Important research, very appealing for 
conservationists was conducted at the cave of Treni, which is located at the 
coastal area where the Devolli River flows into the Micro Prespa Lake. Till mid-
1990s, seven species of bats, five of which were globally endangered, used this 
cave as a primary breeding habitat (Bego 2000). The same author reports that 6 
years later (in 1999), only four species of bats remain, namely Rrhinolopus 
ferrum-equinumm, Rrhinolopus blasii, Mimiopterus schreibersi, and Myotis 
daubentoni (the first three are globally endangered). Three other species, namely 
Myotis capaccinii, Myotis myotis, and Eptesicus serotinus (the first two globally 
endangered), were no longer using the cave. The number of individuals was also 
affected. In 1993, for example, there were between 5 and 6 thousands bats in the 
cave, compared with merely 550 to 600 individuals found in 1999 (Bego 2000). 
The large depositions of alluvium at the entrance of the lake are believed to be 
the root cause for such impact, since it (i) leads to decreased habitat available, 
(ii) adversely affects climatic factors such as temperature and humidity, (iii) 
enables higher human disturbance, and (iv) may reduce the insects water larvae 
� a preferred diet for bats (Bego pers. comm. 2001). 
 
The ecosystem degradation has had a tremendous negative impact on the 
economic situation of the local people. Fishery was the main economic activity 
for the people at the villages next to the lake until the 1970s.  While yearly fish 
harvests on Albanian side once reached up to 500 kg/ha during the late 1960s, 
by the beginning of 1990s yearly fish take had dropped to 114 kg/ha, and have 
continued to drop ever since (Prespa NP Management Plan 2000).  
 
Insufficient water supplies that can be pumped from Micro Prespa Lake is the 
main factor that is helping to readdress the existing irrigation scheme. Hence, 
some fresh plans are being considered and the Ministry of Agriculture is 
planning to stop pouring water to Micro Prespa Lake from Devolli River. 
Instead it is planning to build up a new, separate reservoir with an overall 
capacity of 300 million m3year-1 which would satisfy irrigation needs in an area 
of about 18,000 hectares (Turabi 2000). However, this proposed action would 
satisfy irrigation concerns, but does not necessarily address properly 
environmental ones. Some experts believe that at this point, this action, if not 
coupled with others at the same time, might do more harm than good. 
Unfortunately, Micro Prespa Lake has become dependent on Devolli River as 
the main supplier of surface water due to the fact that the alluvium deposition 
during all these years has blocked the natural underground supply routes. 



Halting the supply of water from Devolli River may lead to completely drying 
clay sediments and permanently blocking of the underground karstic channels. 
The net result might be a further drop of the water level of Micro Prespa, 
followed by land takeover at the expense of the lake water surface (Bego pers. 
comm. 2001).  
 
Any activity to stop pouring water from Devolli River should be coupled with 
other actions, e.g., maintaining a clean water flow in the lake for a certain time, 
removing large deposits of alluvium on the bottom of the lake, using mini-
vibrators and mini-pumps to try to remove granules deposited on underground 
karstic micro channels, etc., accompanied by continuous monitoring of the 
quantity and quality of water in the lake.  
 
Long-term attempts to conserve and restore natural ecosystems should be 
coupled with actions to improve the livelihood of local people, as one of the 
main causes for habitat degradation. Major results expected from any long term 
intervention should include (i) protection of the designated conservation units of 
the lake region, (ii) sustainable economic development of the support zones of 
the protected areas, (iii) rehabilitation of the Micro Prespa Lake water system, 
(iv) efficient prevention of lake contamination from uncontrolled discharge of 
effluents and chemical waste, (v) forest restoration on the Albanian Prespa 
National Park, (vi) improved living conditions of the poor rural population as a 
result of economic alternatives compatible with the overall conservation goal, 
and (vii) an increased level of environmental awareness. 
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Introduction 
 
Research and monitoring represents an integral component of an effective 
coastal and marine management strategy (Rogers et al., 1994; Kelleher, 1999). 
Baseline information gathering and resource characterization comprise the first 
step in understanding the scope and extent of the resources present, as well as 
the type and extent of human uses and their interactions. Follow-up and periodic 
monitoring tracks the resource condition and reports on regulatory effects, and it 
sets up the framework necessary for adaptive management. As coastal and 
marine managed areas increase in importance as a management tool, researchers 
and managers have recognized the need to collect information on the human 
uses and stressors in the managed areas, as well as to understand the effects of 
management on the uses and users. Socioeconomic research and monitoring is 
an effective tool that can assist in the management of coastal and marine 
managed areas, providing important baseline information and tracking resource 
users over time.    
 
The Florida Keys National Marine Sanctuary (FKNMS), designated in 1990 and 
implemented in 1997, has among its various goals and objectives the creation 
and application of a research and monitoring program (NOAA, 1996). 
Articulated as one of ten action plans, the FKNMS Research and Monitoring 
Action Plan (RMAP) addresses the need for studies concerning uses within the 
24 FKNMS no-take zones.  
 
The Socioeconomic Monitoring Program 
 
Among the various research projects currently in place in the FKNMS is a 
socioeconomic monitoring program (SMP). The SMP, funded by the National 
Oceanic and Atmospheric Administration (NOAA), concerns the human uses 
dimension in the FKNMS, focusing on the commercial fisheries in the Florida 
Keys, the effects of FKNMS regulations on the commercial fishing industry, and 
the additional impacts on the local economy. Additionally, the program tracks 
user attitudes and expectations of FKNMS regulations and strategies.  
 
The SMP comprises an integrated approach, utilizing field surveys and existing 
fishery information, to monitor user activities and effects of FKNMS 
regulations. Four, discrete panels, based on their fishery or location, represent 



the fishing communities monitored: Dry Tortugas Ecological Reserve (DTER) 
Panel; Sambos Ecological Reserve (SER) Panel; General Fishery Panel; and the 
Marine Life Collection Panel.  
 
Each panel is comprised of fishers with a strong interest in the fishery, 
manifested as experience, tenure, local knowledge, and catch history. Previous 
research efforts and experience in the region assisted in the development of the 
panels and panel member lists (Milon et al., 1997; Suman, Shivlani, and Suman, 
1999). Together, members from each panel provide economic and social data 
annually towards the SMP.  
 
The findings presented concern the first four years (three full years of research 
and monitoring) of the SMP, including fishery trends, economic investments and 
costs information, user attitudes and perceptions, and, most recently, a 
Geographical Information System (GIS) to evaluate spatial use.  
 
DTER Panel 
The DTER Panel consists of nine members who participate either in multiple 
fisheries (namely reef fish and spiny lobster) or in shrimp trawling, dock in 
Lower and Middle Florida Keys or southwest Florida, and fish in the DTER and 
Dry Tortugas region on a perennial basis. Table 1 describes the costs and returns 
for the panels from 1997-2000 (crustacean seasons extend over a calendar year, 
such that 1997-98 is a season).  
 
TABLE 1:  PANEL COSTS AND RETURNS, 1997-2000 
PANEL COSTS/RETURNS 1997-98* 1998-99* 1999-2000* 
DTER Harvest total 196,090 215,778 189,299 
 Net earnings 61,909 38,118 47,139 
 Vessel cost 163,333 218,333 235,000 
 Gear cost 40,975 43,750 39,571 
     
SER Harvest total 97,725 129,666 133,149 
 Net earnings 27,725 45,913 44,390 
 Vessel cost 138,889 140,500 185,500 
 Gear cost 69,899 79,766 98,718 
     
GENERAL Harvest total 96,523 113,379 129,557 
 Net earnings 30,806 37,577 39,778 
 Vessel cost 70,000 70,000 77,167 
 Gear cost 47,367 63,416 67,800 
* Costs and returns are in dollars.   
 
Harvest totals and net earnings for DTER Panel members have remained stable 
in the first three years of monitoring.  Although the replacement value of the 
vessels has increased during the monitoring periods, the replacement cost of 
equipment has remained stable. This is mostly related to the already high costs 



of equipment in the fishery, as compared to costs for the regional fishery (see 
Milon et al., 1997). Also, the stable replacement costs show that the fishers in 
the panel have not expanded their fishing activities, either due to zone closures 
or other environmental effects. With the closure of the DTER in 2001, Year 4 
and subsequent years� monitoring data may reveal higher equipment costs.    
 
SER Panel 
The SER Panel consists of five members who fished in the SER prior to its 
closure in 1997. Docking in Key West/Stock Island and the Lower Keys, the 
panel members still fish commercially in the region and, as many other Keys 
fishers, target a variety of finfish and crustaceans.  
 
The harvest total among SER panel members has increased in each of the three 
monitoring years. However, the net earnings have decreased from 1998 to 1999, 
while replacement costs of equipment and value of vessels have increased. In 
1997-98, the first year of monitoring, fishers in the Middle and Lower Keys 
were affected by Hurricane Georges, which led to widespread damage and 
economic dislocation. The effects of the storm are evident in the lower harvest 
total in that year, and higher equipment costs in subsequent years. However, the 
increased equipment costs (and vessel values) are also related to higher material 
and labor costs, and vessel upgrades and increases in equipment. Partly, SER 
members have increased their effort since the closure of the reserve.    
 
General Fishery Panel 
The General Fishery Panel consists of five members who did not target any of 
the now closed, FKNMS zones prior to 1997. Members from the panel dock 
throughout the Keys, and they harvest a majority of all fisheries representative 
of the Florida Keys and the FKNMS.  

Harvest totals have increased in each of the first three years of monitoring 
among panel members, as have harvest net earnings. The replacement value of 
vessels has increased steadily, as has the replacement cost of equipment. 
General Fishery Panel members were largely unaffected by the closure of zones 
in areas where they fish or by recent storms, and their fishery is located much 
closer than that of the DTER Panel members; therefore, their costs and returns 
have been very stable. Also, unlike the SER Panel members, the General Fishery 
Panel group has not incurred a spike in replacement equipment costs, suggesting 
that the level of effort (among other factors) has remained stable in the panel.  

 
Marine Life Collection Panel 
The marine life collection panel consists of five members located across the 
Florida Keys, who collected tropical fish and invertebrates on a perennial basis 
in the now-closed zones, and especially the SPAs. In Year 3, marine life 
collectors reported an average harvest total of $31,958, and net earning 
approximated nearly $20,000. The vessel replacement cost is lower than it is for 
larger, offshore fisheries (such as the DTER Panel fishery), averaging $56,000. 



Similarly, replacement costs for equipment are much lower ($17,300) due to less 
gear in the industry.  
  
User Attitudes and Perceptions 
User attitudes and perceptions concern the opinions of the fishers in all panels as 
they relate to the FKNMS, its zoning management strategy, and the results of 
the FKNMS zones since their inception in 1997. The baseline attitudes and 
perceptions study was conducted in 1995-96 (Milon et al., 1997; Suman, 
Shivlani, and Milon, 1999), and the present research and monitoring effort 
determines whether those attitudes and perceptions have changed over time.  
 
A majority of all panel members (94%) do not believe that the FKNMS zones 
have increased or replenished stocks in the region, and none of the fishers feels 
that his/her group, that of commercial fishers, has been the primary beneficiary 
of such increases. Instead, 65% or greater argue that the prime beneficiaries 
have been dive operators or recreational divers. Moreover, most panel members 
do not accept the replenishment concept, as only 41% agree that the main 
purpose of the zones is to replenish stocks across the region. A majority feels 
that the main purpose of the zones is to conserve and protect biodiversity within 
the zones.  
 
Two thirds of the panel members do not favor the establishment of the current 
zoning plan, and 77% would oppose any further zones in the FKNMS. Finally, 
even though the levels of opposition to the DTER are lower (61%) than those for 
the aforementioned zoning plan and further zoning, a majority of the 
respondents (68%) is still against the establishment of the FKNMS.  
 
GIS Information 
Spatial data was first collected from DTER fishers during a larger 
socioeconomic characterization study that was conducted as part of the DTER 
designation process (Shivlani, Suman, and Causey, 1999; NOAA, 2000). Most 
recently, in Year 3, the SMP has begun collecting spatial data from panel 
members. Results indicate major differences in areas utilized by species 
targeted, gear type, and home port. Also, the panel members exhibit extensive 
boundary fishing, especially around the SER. These and other important spatial 
results will be explored both as part of an annual monitoring analysis, and as an 
inter-annual, comparative study.  
 
CONCLUSIONS 
 
The SMP, with its panel approach, has been successful in monitoring major, 
commercial fishing activities in the FKNMS, as well as tracking user attitudes 
and perceptions over time. As the program matures, trends are expected to 
become clearer, and relationships between management strategies and user 
impacts more discernible. These trends will assist in understanding the impacts 
of zoning and other coastal management strategies employed by managers on 



the human dimension in the FKNMS and in other coastal and marine protected 
areas.  
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Introduction 
Bangladesh has extensive water resources within her boundaries and the 
territorial and economic zones in the Bay of Bangle. It has a 710 km long 
coastline and 200 nautical mile Exclusive Economic Zone (EEZ) which is 
bigger (164000 sq.km.) than that of the area of the main landmass (144000 
sq.km) of the country (Khan et.al 1997). The coastal zone of Bangladesh is 
blessed with fertile soils, mangroves forests, and fisheries resources. The 
importance of fish in the lives of Bengalies is not surprising, given Bengalies 
location at the delta of the three great river systems of the Gange (Padma), 
Jamuna (Brahmaputra) and Megna. 
Fisheries play a major role in nutrition, employment, foreign exchange earning 
and other areas of the economy of Bangladesh. Traditionally a large number of 
the country�s population depend on fisheries and related activities, including 
harvesting, marketing, drying, ice factory, packing, waving net etc.   
 
Fishing population: 
About 12% of the total population is directly or indirectly involved with 
fisheries activities (Ali and Hossain, 1996). About 1.2 million of people are 
dependant on fisheries as their primary sources of income (Ali, 1998). This 
group of people is known as professional fishers. Out of the total professional 
fishers about 60 percent are engaged in inland fisheries and 40 percent are 
engaged in marine fisheries (Islam, 1994). According to the Bay of Bengal 
Programme (BOBP, 1992) the coastal fisher folk population of Bangladesh is 
approximately 550,000. They operate their fishing activities from about 1350 
coastal villages (CODEC, 1991). 
 
Fishing castes and groups: 
In Bangladesh fishing is not a socially respectable occupation, and traditionally 
it has been the profession of the low caste Hindu section. While a majority of 
professional fishers are low caste �untouchable� Hindus, there are also Muslim 
fishers (those lately entered the occupation) all over the country (Pokrant et.al 
1997). In the coastal area, those who catch and do related activities may be 
grouped into four categories: 1. traditional (Hindu) fishermen, 2. non-traditional 
(Muslim) fishermen, 3. jalmahal lease holders and trawler or mechanized boat 
owners, and 4. the people who catch fish for subsistence purposes. A brief 
description of the main fishing groups is given in the following table. 
 



Table: Fishing and Fish-Related Caste and groups in Bangladesh 
 
 Hindu     Muslim   
 Others 
 
Kaibartta/Kaivarta    Gutiya jelia 
 Magh (Rakhaine) 
Malo/Malla/Jhala/Jhalo/Jele   Nikari 
Jiani      Jiani 
Das shikari/Jaldas    Mahimal/Maimal 
Tiyar/Tiwar     Pajar/Pajhra/Pajara 
Karal/Charal     Dom-patni 
Nadial      Machhua 
Muriari/Mariyari     Motshojibi 
 
Sources: Risley, 1981; Habib, 1992; Pokrant et. al. 1997; Alam, 1998; Bengal 
District Gazeteers  
    
The castes Kaibarta/Kaibartta jelle/Jalia kaibartta 
The Kaibartta are one of Bengal�s largest castes and are thought to be 
descendants of some of the first inhabitants of the region who were Hinduised in 
later years (Pokrant, 1997). The meaning of their name is unclear. But there 
being at least three different explanations of its origin. De (1910) said it comes 
from Sanskrit �Ka� meaning water and �vrit� meaning to engage. Risley (1981) 
reported that �ka� comes from water and �vartta� comes from livelihood. 
 
The Castes Malo/Mallah/Maimal/Motshojibi 
Malo, the subject of a classic Bengali novel (Barman, 1992) is one of the 
original peoples of the Ganges delta. The name malo may come from the Arabic 
Mallah, which means boatman, also called Jalo/Jhalo/Jalia/Jalya/Jele/Jalwa 
(Risley 1981). These can be referring to all fishermen and boatmen, regardless 
of their caste group. In Northeast Bangladesh some villages contain Muslim 
communities especially associated with fishing, referred to as �Maimal� or 
motshojibi. In the decade of 1960, many rich people entered into fisheries 
related activities, and they liked to use the word �motshojibi� instead of �jele� to 
enhance their social status (Habib, 1992).  
 
Access to Fishing Ground: 
During the Zaminder system under the British rule, the fishermen could fish freely 
in all open waters in exchange for a nominal nazrana (tax) to the Zaminder. The 
word Zaminder comes from the Arabic  �zamin� (earth/land) and the Hindi �dar� 
meaning �one who holds.� The right of private ownership of the water bodies or 
jalkar (Sanskrit �jal� means water and �kar� means tax) attached to their estate. 
 
Before the British customary right to fish in such water bodies, under which 
fishermen paid tolls (tax), they handed over some portion of their catch to estate 



holders or their agents or took fish freely from various water bodies. But this 
system was increasingly replaced by a leasing system. Under the leasing system, 
Zaminders let out stretches of water to leaseholders, which were mostly non-
fishers. They are locally called ijaradars. They were usually local well- to-do 
farmers who had greater control over the labor process of the fishers. There was 
some direct leasing of jalkar to ijaraders fishers, but this appears to have been of 
lesser importance than the system of non-fisher ijaraders (Reeves, 1995). After 
the abolition of the Zamindary system, especially in 1960s when the leasing 
system became fully operational, the life and the livelihood of the traditional 
fishers started to become harder. In the name of lease management, a group of 
rural elite and middlemen (Shely and Alam, 1998) profit seekers, started to 
exploit the fishers. Up to the mid 1980s, the government used to give the open 
water fisheries (Jalmahal) an annual or in some cases, a multiple year lease 
through an auction or through invitation of tenders. This was done by the 
Ministry of Land (MOL), and they obtained the lease revenue. As a result, a 
leaseholder, which paid money for a year or more, had no interest in sustaining 
the production of the fishery and therefore, tried to catch every last fish before 
his/her lease expired. This led to even more pressure on the remaining open 
water fisheries resources (Raja, 1985). 
In 1986, the Government declared a new fisheries policy. The policy was known 
as the New Fisheries Management Policy (NFMP). There was a popular slogan 
�Jal jar jola tar� which means �Fisheries resources are for those who have net� 
referring to the fishers. In the initial years, license fees, determined on the type 
of gear and number of fishers per fishing unit, were collected from the fisher 
groups. But after 2 to 3 years, it was found that within a fisher group, the group 
members were not genuine fishermen. They became a member of the group due 
to the lack of commitment and loss of morality of government officials. Also the 
inadequacy of manpower at the thana (sub district) level did not permit the 
successful implementation of the NFMP. Currently the NFMP has been 
discontinued; as a result, conflict over water access between fishers, local 
pressure group, private leaseholders, and the government has become common. 
 
Many fishers of the coastal zone believe that during the British colonial regime, 
they obtained the right to fish from near shore and offshore fishing grounds. But 
traditionally, the oldest inhabitant enjoys the right to harvest fish from the area 
in front of their residence (Habib, 1992). In Marine Fisheries Ordinance, 1983 
(XXX of 1983) the following areas for fishing were mentioned: 
1. Area for fishing with the set bag nets is earmarked up to 40 meters of 

marine water at its highest tide. 
2. Area for fishing using hooks and lines is earmarked up to the depth of 40 

meters of marine water at its highest tide. 
3. Area for fishing with drift seine net (Bhasan jal) for fishing Ilish 

(Tanuolosa spp) and like fishes is earmarked up to 40 meters of marine 
waters at its highest tide. 

4. Area for fishing with drift net (bara vasajal-lakhajal) is earmarked up to 40 
meters of marine water at its highest tide. 



5. Area for fishing with trawlers is earmarked for operation beyond 40 meters 
of marine waters at its highest tide. 

 
Although there is a rule that trawlers cannot harvest fish within 40 meters of 
the shoreline, in practice trawlers are operating within these areas. Small 
artisanal fishermen claimed that due to trawlers operation in the near shore they 
could not operate their gears properly, sometimes destroying their nets. They 
also reported that due to trawler operation fish schools became scattered, and 
they could not fish smoothly (Habib, 1992).  
 

Fisheries Production: 
The country reproduced about 1.492 million tons of fish in 1997 and 1998, of 
which 0.62 million tons (41.5%) came from inland open water, 0.57 million tons 
(38.2%) from closed water, and 0.302 million tons (20.2%) from the marine 
fisheries resources. Out of the total marine fish production about 88.75% was 
contributed by the small scale artisanal fisheries equipped with mechanized and 
non-mechanized fishing boats and the remaining 11.25% of catch came from 
industrial fisheries or deep sea trawling fleets (Rahman, 1997). 
 
Marketing: 
Fish assume special status in the food habit of Bengales. Nearly 97% of the total 
fish produced in the country (inland and marine) are consumed domestically 
(Rahman, 1997). Due to the strong preference of the people, inland freshwater 
resources are largely consumed in their fresh form. Other forms of products are 
frozen, salted, sun dried, and salted and dried.  
In terms of volume, value, and employment the domestic fish market in 
Bangladesh is huge, varied, and complex. These fish markets are controlled by 
the powerful intermediaries (middlemen). Four to five intermediaries are usually 
involved in the bulk fisheries marketing (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Figure 1: Main Marketing Channel of Fresh Fish in Bangladesh (Sources: 
Paul, 1995 and Ahmed, 1991)   
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In the coastal zone of Bangladesh, Saint Martin�s island, Technaf, Moheshkhali, 
Shonadia, Kutubdia, Anowara, Baskhali, Shitakundu, Shandip, Hatia, Bhola, 
Hazimara, Char Fashan, Rangabali, Kuakata, Alipur, Mohipur, Golachipa, 
Patharghata, Bagherhat, Parerhat, and Dublachar are the primary landing and 
marketing centers of fish. (Hussain, 1996). Fish from these landing and 
marketing centers are sent to city and town market centers throughout the 
country.  From there, the smaller consignments are distributed to the retailers 
and finally to the consumers.  Rahman, in 1993, made a socioeconomic survey 
among the boat owners and the fishermen crews and found that 60% of the value 
of the catch, after covering the operational costs, goes to the boat owner and the 
remaining 40% is distributed among the hired fishermen. 
The middlemen of major primary landing and marketing centers of the coastal 
areas have formed associations called Syndicate, Godighor, Arotdars, and 
Mohajon. These associations provide loans to the poor fishers, just before the 
harvesting season, on the condition they sell all their fish to the Syndicate. The 
syndicate then fixes the price of the fish, and the fishers are kept in dark about 
the price. The buyers on the other end also remain in darkness. The fishers are 
bound to follow the system since the moneylenders exert pressure by giving 
them credit/advances when required. So, there is enough room to exploit the 
fishers. Papri (1998) reported that in Patuakhali district, moneylenders gave only 
2500Tk (Tk. 56 = US$ 1) for one pun (80 nos fish) of medium size (1.5-2.0 kg) 
Ilish to the fishers, but they (money lender) got 6 �7 thousand taka by selling it 
to the Barisal or Khulna district. A study (self) within the shrimp seed collectors 
of Patuakhali and Barguna districts revealed that the collectors are getting only a 
share of the 31% of the selling money. Local moneylenders and traders 
(Godighor) are getting 12% and 25% respectively. The rest is spent for 
caring/quality loss costs.  
 
Socioeconomic Implications: 
 
Level of Education 
In many instances fishers, like other occupational sub-cultures, form societies 
unto themselves.  Coastal fishers of Bangladesh are relatively isolated, because 
they are living along the narrow margins of rivers and the sea. This relative 
isolation is increased by their separation from land-based society while fishing. 
In addition, many fishing people work at night or extremely early in the morning 
when most are asleep. For offshore fishing, fishers sometimes stay 2-3 weeks 
out to sea. Social exclusion may inhibit their access to formal education. 
Rabbani and Sarker (1997) reported that 22% of the fishers of Sundarban 
(mangroves) Reserve Forest (SRF) areas are can write only their name and only 
16% can read and write. A survey (self) of the Patuakhali and Barguna districts 
revealed that about 50% of school going children do not participate in class 
during the peak season (February-May) of shrimp seeds collection. 
 



Fisher�s Cooperative 
In reality, the fisher�s cooperative is not working in Bangladesh. Resource 
limitation is one of the major causes of the poor effectiveness of the cooperative. 
The relatively low level of formal education characteristic of many fishing 
communities in the developing world also has a negative effect, particularly on 
the management of cooperatives. Since the fishers are often illiterate, it is 
difficult to train them and to find qualified managers and accountants among 
them. In Bangladesh there are about 4500 primary cooperative societies of 
fishers, mainly in the coastal and marine sector. The total number of members is 
about 537,224 (Rahman, 1997). All are registered with the national apex 
organization called Bangladesh Jatiya Matshajibi Samabaya Samity (BJMSS). 
At the local level, some NGOs, those are working in the coastal belt are trying to 
organize the fishers. The government and some international agencies including 
DANIDA of Denmark, DFID of UK, Asian Development Bank (ADB) are 
funding the NGOs to operate the development programs for the coastal fishers.  
 
Access to Credit 
In spite of the available policies, programs, and priorities for giving credit 
support to the poor and marginal fishers/farmers from formal financial 
institutions, the fishers have yet to derive any benefits. Absence of collateral, too 
small loans, poor communication network, lack of manpower, fixed monthly 
repayment system, and poor repayment rates are the major constraints for 
getting credit from the scheduled banks. On the other hand, traditional 
moneylenders in most fishing communities have a long relationship with fishers. 
During communal unrest in 1990 and 1992 the Muslim moneylenders protected 
and helped the Hindu fishers (Alam, 1998). The moneylenders also understand 
the problems of fishers and usually permit flexibility in repayment of loans. 
These are perhaps the reasons the fishers are more interested in obtaining loans 
from the local moneylenders. 
 
From two villages (Punjupara and Nasnapara) of Patuakhali and Barguna 
districts, it was found that 79% of the fishermen had borrowed from the local 
moneylenders. A brief description of the loans, which were taken by the fishers, 
is given in the following table: 
 

Sources of Credit Number of respondent Percentages (%) 
Bank 02 3 
NGOs 36 45 
Mohajon 09 11 
Arotdar 04 5 

Piker/ Hawker 50 63 
Relatives 03 4 
Neighbours 01 1 

Note: Total respondent n=80 (Respondent given more than one answer)  
  



Water and Sanitation 
Safe water is a big problem in the coastal zone of Bangladesh. Due to salinity 
and arsenic contamination, installation of shallow tube wells is not suitable in 
the coastal districts. On the other hand, Deep Hand Tube Well (DHTW) 
installation cost in coastal area is much more higher (US$ 1200) than the other 
parts (US$ 120) of Bangladesh. The fishers cannot afford this for DHTW. 
Previously, the Department of Public Health and Engineering  (DPHE) has taken 
action to set up DHTW.  However, most of them are installed at public (school 
premises) places or at the doorsteps of the socially higher households. The 
fishermen of west Kuakata and Amtoli stated that they usually go up to 2 km to 
fetch drinking water.  
 
Vulnerability to Natural Disaster 
Bangladesh is a disaster prone country. Due to its geographical position, 
Bangladesh faces floods and cyclones very frequently. Approximately 45 
damaging cyclones were reported in the coastal area from 1793 to May 1997. 
The frequency of cyclones during this period averaged once every 4.5 years 
(Hossain, 2001). About 131,000 to 139,000 people were killed during the 
devastating cyclone on April 29, 1991. The majority of them were the fishers 
and their family members (Talukder and Ahmed, 1992). It is reported that the 
poor weather forecasting system, the lack of transistors in boats, and the lack of 
cyclone shelters are the main causes of severe losses of lives. Fishermen argued 
that a boat has insurance, yet there is no insurance for their lives. Moreover, 
man-made calamities (robbery and snatchery) are very common in the Bay of 
Bengal (Monto, 1996; Daily Ittefaq, 2002; Daily Janakantha, 2002). 
 
Development Intervention and The Fishers: 
In the past, there were a small number of populations who were involved with 
fishing activities but there were ample fisheries resources in the rivers and 
coastal zone of Bangladesh. The traditional fishing community enjoyed absolute 
communal right to fishing and enjoyed a better economy due to abundance of 
resources relative to the size of the population. In the 1960s, when the Food and 
Agricultural Organization (FAO) declared the �Green Revolution� program to 
promote cereal crops, the Govt. of Bangladesh took steps to recover the coastal 
agricultural land through poldering (Chanda, 1997). The planners termed the 
coastal wetland as �wasteland� (Khan and Karim, 1982). In the mid 1980s 
shrimp became an important export commodity and coastal mangrove areas 
became the gold mine for shrimp farming. Investors occupied vast mangrove 
areas of the coastal districts including Khulna, Bagerhat and Cox�s Bazar for 
shrimp farming. As a result common property, resources became privately 
owned property and many fishers lost their access rights to mangrove areas, 
which were their means of livelihood (Brown, 1997). The coastal fishers could 
not keep pace with the development, as they were poor and did not get the 
chance to participate in the development process. 
 



Conclusion and Recommendations: 
About a half a century ago, Bangladesh was a fish surplus country, when the 
population was low. But with the rapid population growth, fishing efforts 
increased greatly, while culture and conservation efforts were very insufficient. 
A number of comprehensive assessments of coastal capture fisheries and the 
environment of Bangladesh have been conducted in recent years (BOBP, 1993).  
However, a limited number of studies have been focused on the socioeconomic 
condition of the fishers who are the main stakeholders of coastal and marine 
resources. It should be recognized that fishers are threatened because of the 
growing imbalance between fisheries and the fishermen�s livelihood needs. 
Unemployment, poverty, and inequality are the major obstacles for sustainable 
development of the coastal resources and the fishers. Also, frequent shifting in 
policy and non-cooperation from the Government�s side are creating frustration 
among the fishing communities.  
 
There is a need to resolve institutional bottlenecks and promotion of community 
based on an integrated resources management system. In a suitable policy 
framework, it is required to put the fishers in place. The government should 
monitor and closely supervise the process of implementation of development 
programs and ensure that the national interest is in tune with the stakeholders� 
interest.  
 
To improve the conditions of the fishing communities, the following issues 
should be taken into consideration: 
 

• Government and NGOs should come forward to create alternative 
employment opportunities including silviculture and aquaculture, to 
provide employment to sustain them through out the year.  

 
• Strict enforcement of rules and regulations on the resources use and 

community participation, so that one group cannot be free riders.  
 

• Organize cooperatives with genuine fishermen and fisherwomen so that 
they can purchase modern fishing gears and crafts. 

 
• Measures should be taken to have regular weather forecasting along 

with frequent naval and coastguard patrol to stop robbery and 
snatchery. 

 
• Provisions for formal bank credit and insurance for the fishermen 

should be developed. 
 

• Social infrastructures, including better marketing facilities, 
communication networks, schools, safe water and sanitation, health 
centers, and cyclone shelters should be developed.  
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Introduction 
 
The importance of salt marshes as estuarine nursery grounds for valuable fisheries 
species has been well documented (Weinstein, 1979; Zimmerman et al., 1984). 
Brown shrimp utilize marsh habitats during the early stages of their life history and 
later emigrate offshore for further maturation and reproduction (Zimmerman and 
Minello, 1984; Boesch and Turner, 1984). It has been documented that F. aztecus 
post-larvae immigrate into Galveston Bay marshes during the spring and early 
summer where they are provided both a refuge from predators and an ample food 
supply (Minello and Zimmerman, 1991; Aubele 2001). The availability of suitable 
marsh habitat and abundance of infaunal prey will likely influence the recruitment 
success and distribution of brown shrimp immigrants. 
 
Abiotic factors are known to affect the survival of brown shrimp in estuarine 
nursery grounds (Zein-Eldin and Aldrich, 1965). Low salinities are known to retard 
growth rates and decrease survival over an extended period of time (Zein-Eldin and 
Aldrich, 1965; Minello et al., 1990). Large freshwater events and subsequent low 
salinities and rapid water currents may cause marsh habitats near river deltas to 
become unfavorable for shrimp recruitment. Therefore, the suitable habitats for F. 
aztecus will become aerially limited during years of excessive rainfall. This 
decrease in accessible marsh habitat may lead to an increase in both competition for 
infaunal food resources and predatory efforts by juvenile fishes. Years of excessive 
rainfall may be correlated with lower offshore shrimp fishery yields (Turner, 1977; 
Boesch and Turner, 1984). 
 
The purpose of this study was to compare the recruitment success and distribution 
of post-larval brown shrimp within Galveston Bay during years of high and low 
rainfall. The affect of low salinity on the recruitment success and distribution of 
young brown shrimp within the estuary was investigated. 
 
Methods 
 
Sampling was conducted April 9, 1996 through October 24, 1997 in the salt 
marshes of Trinity River Delta and West Bay. Thirty experimental sampling stations 
were established in each region. Samples were collected bimonthly from 10 



  

randomly selected stations of the 30 possible during February through June 
(coincident with peak abundance of shrimp post-larvae) and monthly from July 
through December (when abundances are relatively low). All samples were 
collected at high tide and completed during a 5-day or less period. On several 
occasions, sampling was not possible during extended periods during the winter 
months due to extreme low tides caused by �northers�. 
 
Nekton, including brown shrimp, was collected using a 1-m beam trawl with a 
frontal area of 0.3 m2. The trawl was placed 1 m from the marsh edge and pulled 10 
m parallel to the marsh edge (marsh-open water interface). In the laboratory, trawl 
samples were sorted and animals were counted and identified to the lowest practical 
taxon. Water temperature, salinity, and dissolved oxygen were measured at each 
site. 
 
Brown shrimp density between habitat type (Trinity River Delta and West Bay) was 
evaluated using a two-sample t-test. A one-way Analysis of Variance (ANOVA) 
was used to determine density variations among study sites and sampling dates. 
Regression analyses were calculated to determine the possible relationships between 
brown shrimp density and selected abiotic parameters. For all tests, density data 
were log transformed to achieve homogeneity of variances. 
 
Results 
 
A total of 388 samples were collected in 1996 and 1997. Brown shrimp were 
significantly more abundant in the higher salinity West Bay than in Trinity River 
Delta (p<0.001). Average brown shrimp density in West Bay was 12.5 shrimp/m2 in 
1996 and 20.4 shrimp/m2 in 1997 during the peak immigration period (March to 
June). Average brown shrimp density in Trinity River Delta was 5.1 shrimp/m2 in 
1996 and 0.0 shrimp/m2 in 1997 during the peak immigration period (March to 
June). Despite regular sampling, no brown shrimp were collected during the spring 
of 1997 in Trinity River Delta. A few brown shrimp were collected from the Delta 
in August and October 1997. 
 
In 1996, the combined average density for both study areas was 10.4 shrimp/m2 
from April through October. In 1997, the combined average density for both study 
areas was 14.4 shrimp/m2 over the same time period. During the peak immigration 
period from March to June, the combined average densities of brown shrimp for 
both study areas were 17.6 shrimp/m2 in 1996 and 20.4 shrimp/m2 in 1997. 
 
Salinity varied seasonally and temporally within the Galveston Bay system. 
Salinities in Trinity River Delta were significantly lower than in West Bay during 
1996 and 1997 (p<0.001), reflecting the freshwater inflow received from the Trinity 
River. Salinity in Trinity River Delta ranged from 2.5 to 15.1 ppt in 1996 and 0.0 to 
2.2 ppt in 1997 while salinity in West Bay ranged from 22.0 to 33.7 ppt in 1996 and 
10.7 to 36.3 ppt in 1997. 



  

The relationship between F. aztecus density and salinity was evaluated using a 
regression analysis. Mean density values for each sampling interval were utilized 
due to the high degree of variation among individual sampling sites. Salinity 
accounted for 32.0 percent of the density changes. In Trinity River Delta, a trend 
existed between F. aztecus density and river flow from the Trinity River (displayed 
as elevation above sea level data obtained from the USGS Wallisville, Texas 
gauging station; USGS, 1998). River flow accounted for 22.8 percent of the 
seasonal variability in density within the Trinity River Delta during 1996 and 1997. 
Salinity and river flow accounted for more variability in F. aztecus density than 
other variables that have been investigated (Aubele, 2001).   
 
Discussion 
 
F. aztecus density differed significantly in Trinity River Delta and West Bay. 
Brown shrimp did not migrate into Trinity River Delta marshes during the majority 
of 1997, including the peak immigration period. Salinities in this area never 
exceeded 2.2 ppt in 1997. A rapid current existed in the Delta during most of 1997, 
perhaps preventing post-larval penaeids from immigrating into this area. This 
current decreased sharply in August 1997, the same time when F. aztecus was first 
collected in the area. It appears that the combination of unfavorable salinity and 
river flow may at times prevent post-larvae from occupying this region of the bay. 
 
Comparisons of combined overall F. aztecus densities between the two study areas 
suggest that the number of brown shrimp immigrants in 1997 were slightly higher 
than observed in 1996. However, this difference could be explained by the 
probability that in 1996 post-larval brown shrimp utilized marshes in lower Trinity 
Bay and throughout Galveston Bay. In 1997, most of Trinity Bay would have been 
unfavorable for brown shrimp utilization due to the physical regime resulting from 
flood events. The total number of shrimp recruits may have been similar during both 
years, with a greater concentration of shrimp in the lower Galveston Bay system in 
1997 due to the influences of freshwater. This restriction of suitable habitat may 
have led to higher brown shrimp mortality within Galveston Bay due to increased 
predation on brown shrimp and less available food resources from intra- and 
interspecific competition. Additionally, the combination of high shrimp abundance 
and restricted suitable habitat may have forced many shrimp into openwater 
habitats. Subsequently, brown shrimp in 1997 would have been more susceptible to 
being caught by the inshore fishery as compared to 1996. The estimated May 
inshore commercial shrimp catch for Galveston Bay was 18 lbs/hr (heads-on) in 
1996 and 31 lbs/hr (heads-on) in 1997 (NMFS, 2001). It appears that years of 
excessive rainfall may lead to increased mortality rates of brown shrimp during the 
early stages of their life history which could potentially lead to lower offshore 
fishery yields. Over five million more pounds of shrimp were caught in the offshore 
fishery in 1996 than in 1997 (NMFS, 2001). 
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Abstract 
 
Crabbers in Core Sound, North Carolina, USA, report that sea turtle damage to 
crab pots has become an increasingly serious issue.  This damage results in 
higher gear replacement costs and losses in crab catch.  Experimental fishing 
was conducted to test for differences in crab catch and pot damage using three 
types of crab pots: low-profile, square mesh, and hexagonal mesh.  The low-
profile pot was designed to reduce the sea turtles� ability to overturn the pots.  
There was no significant difference in crab catch between the low-profile and 
square mesh pots, and the low-profile pots sustained less damage than the other 
pot types in all locations.  In interviews with 18 Core and Pamlico Sound 
crabbers, crabbers 64% of all crab pot damage and 36% of lost crab catch is due 
to sea turtle damage.  The low-profile pot may provide a solution to sea turtles 
damaging crab pots without compromising crab catch. 

 
Introduction 

 
The blue crab (Callinectes sapidus) supports North Carolina�s most valuable 
commercial fishery in terms of total landings, value, processing, participation, 
employment, and the amount of harvest gear used (Blue Crab FMP, 1998).    
The value of hard blue crabs landed in North Carolina in 2000 was over 
USD$30 million (NCDMF, 2001).  However, this lucrative fishery may be 
adversely affected by loggerhead sea turtles (Caretta caretta), which are listed 
as threatened under the Endangered Species Act of 1973.  Loggerheads are the 
most common sea turtle species found in Core and Pamlico Sounds, and are 
found in inshore waters from May to December (Epperly, et al., 1995). 
 
Sea turtles damage crab pots primarily by turning the pots on their sides while 
trying to get the bait, tearing up the bottom and sides of the pot.  This damage 
results in higher gear replacement costs and losses in crab catch.  Since 1994, an 
average of 95% of the total hard crab harvest has been obtained by crab pots.  
Ninety-one percent of the total landings are from May through October (Blue 
Crab FMP, 1998); this is also when turtle abundance is highest in the sounds.  
The objective of this study was twofold: (1) to determine if a low-profile crab 
pot would reduce turtle damage without compromising crab catch and (2) to 
determine the extent and magnitude of the sea turtle damage problem. 
 

Methods 
 

Experimental Fishing─Three types of crab pots, low-profile; square mesh; and 
hexagonal mesh, were used to test for differences in crab catch and crab pot 



damage.  The low-profile pots measured 34�x24�x13.5� with a wire gauge size 
of 12.5, the square mesh pots measured 24�x24�x21� with a gauge size of 17, 
and the hexagonal mesh pots measured 22�x24�x19� with a gauge size of 18.  
The hexagonal mesh pot is the most common pot type used by crabbers in Core 
Sound.   
 
The experimental design consisted of three lines of crab pots (lines A, B, and C) 
in different areas of Core Sound, with 30 crab pots per line.  Each line consisted 
of 10 pots of each type, in the repeating order of low-profile, square mesh, and 
hexagonal mesh.  The experimental pots were fished on 21 days from June 12, 
2001 to July 27, 2001.  The number and size of all crabs caught in the 
experimental pots were recorded.  An analysis of variance (ANOVA) was used 
to analyze the relationship between number of crabs caught per pot and the 
effect of pot type, location, and date.  Tukey-Kramer multiple comparison tests 
were performed to determine the magnitude of the pot effect.  All statistical 
analyses were conducted with S-plus 2000 software.  The mean number of legal 
size crabs per pot was used in all analyses.  Data was transformed by log (x+1) 
due to the non-normality of the data and the high number of zero counts. 
 
The experimental pots were all new at the outset of the experiment, to provide a 
baseline for collecting data on the amount of sea turtle damage.  At the end of 
the experimental fishing, each pot was rated according to the following damage 
index: 1, no damage; 2, minimal damage (e.g., bite marks on plastic coating); 3, 
bent wires, pot dented on bottom; 4, broken wires; and 5, maximum damage 
(e.g., loose bait wells).   
 
Interviews─Eighteen crabbers from Core and Pamlico Sounds were interviewed 
from June 2001 to January 2002.  Participants were selected using the snowball 
sampling method.  This method is often used when it is difficult to identify 
potential respondents; once several respondents are identified and interviewed, 
they are asked to identify others who might qualify as respondents (Rea & 
Parker, 1997).  Potential participants were also identified by visiting local crab 
houses.  The survey was designed to gain information on the extent and level of 
sea turtle damage in Core Sound. 
 

Results 
 
Experimental Fishing─The results of the ANOVA allowed us to conclude that 
pot type (p<0.001), line location (p<0.001), and day (p<0.001) have a significant 
effect on crab catch (Table 1).  The isolated pot effect shows that within a line, 
crab catch varies with pot type (p=0.02) (Figure 1).  Results suggest that crab 
catch is marginally higher for the hexagonal mesh pots, but not statistically 
significant.  Tukey-Kramer multiple comparison tests show that, overall, there is 
no difference in catch between the low-profile and square mesh pots, while the 
difference between pots varies with line location (Table 2). 
 



Table 1.ANOVA for log (x+1) of mean number crabs per pot, per day. 
Source of Variation Sum of Squares d.f. Mean Square F-statistic p-value 
Line 28.82961 2 14.41 30.04 <0.0001 
Day 76.14947 20 3.81 7.93 <0.0001 
Pot 11.93538 2 5.97 12.44 <0.0001 
Day:line 123.01805 35 3.51 7.32 <0.0001 
Pot:line 5.37389 4 1.34 2.80 0.02 
Total 245.3064 63    

R-squared = 24.11%          adj. R-squared = 21.11%        Estimated SD = 0.69 
 
 
Figure 1.Legal size crab catch for 21 days starting on June 12, 2001.  Catch is 
measured by the mean number of crabs per pot per day, for each pot type across 
the three line locations.  The graph shows an interaction between location and 
pot type.   
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Table 2.Results of Tukey-Kramer multiple comparison tests.  Lines indicate no 
significant difference in crab catch between pot types.   
    ___________________________ 
  ________________________ 
Line A  Square mesh Low-profile Hexagonal mesh 
     

___________________________ 
________________________ 

Line B  Square mesh Low-profile Hexagonal mesh 
    
  ________________________ 
Line C  Square mesh Low-profile Hexagonal mesh 
 



The mean damage ratings for the low-profile pot (1.47), square mesh pot (3.73), 
and hexagonal mesh pot (3.17) show that the low-profile pots sustained less 
damage than the other pot types (Figure 2). 
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Figure 2.Damage rating for each pot type, by location.   

 
Interviews─All respondents were Caucasian males, with a mean age of 45 years.  
Eighty-nine percent of respondents indicated that turtles are the primary cause of 
damage to their crab pots; the most common type of damage seen was 
overturned pots and chewed bait wells.  Respondents had heard of sea turtle 
damage to crab pots in areas other than Core Sound, such as Albemarle Sound, 
and the Neuse and North Rivers.  The mean crab catch lost due to sea turtle 
damage, per season, was 36%, while the mean gear repair costs due to turtle 
damage was USD$1,835 per season. 
 

Discussion 
 

The low-profile pot caught crab as effectively as the square mesh pot in lines A , 
B, and C.  It also caught as well as the hexagonal mesh pot in lines A and B, 
suggesting that the low-profile pot will not compromise crab catch.  Line C was 
the only location where there was a significant statistical difference between the 
low-profile and hexagonal mesh pots.  However, the C line also had the highest 
catch.  Therefore, it is possible that when crab catch is low, the pot effect is 
undetectable.  During high catch seasons, the traditional hexagonal mesh pots 
may catch crabs at higher rates than the other pot types. 
 
The reduction in pot damage may compensate for this catch loss.  The initial 
investment of the low-profile pot is approximately twice that of the hexagonal 
mesh pot, but the longer lifetime of the low-profile pot is expected to 
compensate for the higher initial cost. 
 
 



Survey respondents indicated that turtle damage was markedly higher during the 
summer months, and did not start to decline until October; this coincides with 
the highest catch months for blue crabs.  Although sea turtle damage is high in 
Core Sound, it is certainly not limited to that area.  There have also been reports 
of turtle damage in the southeastern part of Pamlico Sound, and as far north as 
Croatan and Roanoke Sounds.  Respondents reported that sea turtle numbers in 
the sounds have been increasing, along with the amount of sea turtle damage, 
over the last five to ten years.   
 
Sea turtles damaging crab pots is a unique issue where a threatened species is 
impacting a commercially valuable fishery.  The low-profile crab pot has the 
potential to improve this situation.  Some crabbers have started using the square 
mesh pots to reduce turtle damage, however, our results indicate that the low-
profile pot is a better option.  The low-profile pot allows the crabber to maintain 
crab catch with a reduction in gear replacement costs.   
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MISSISSIPPI GULF COAST�S  
STORMWATER MANAGEMENT TOOLBOX 

 
Melissa Gordon, Ph.D., Marcia Garcia, and Tina Shumate  
 
Introduction of Water Quality Issues 
 
According to the National Water Quality Inventory conducted in 1996, 40% of 
the United States waterbodies surveyed are impaired and do not meet water 
quality standards. The leading source of water pollution is non-point source 
pollution, which contributes to 75% of the total pollution; point source pollution 
comprises the remaining 25% (National Water Quality Inventory, 1996). Non-
point source pollutants have no specific point of discharge, such as a pipe or 
outlet, but enter into waterways and groundwater reservoirs via surface runoff or 
percolation through soil layers (Hollomon, MSU Cooperative Extension Service. 
Domestic Wastewater Management Information Sheets, 1997). Polluted runoff 
occurs from fields, lawns, parking lots, driveways, streets and highways, and 
other impervious surfaces.  Non-point source pollutants include fertilizers, 
pesticides, herbicides, oils, salts, sediment, and bacteria from human and animal 
waste. These pollutants can impair water quality and result in hypoxia, fish kills, 
contaminated shellfishing waters, contaminated drinking water, eutrophication, 
harmful algal blooms, destruction of spawning habitats, loss in aesthetic value, 
streambed scouring, and human health threats. The concern over our nation�s 
water quality is also reflected in the recent establishment of the Total Maximum 
Daily Load (TMDL) Program under Section 303 (d) of the Clean Water Act. 
The TMDL program provides a mechanism for states to improve impaired water 
bodies. The program requires more stringent water quality-based controls for the 
management of point and non-point source pollution. 
 
Not only is water quality impairment a national concern, it is a primary concern 
for Mississippi. The Mississippi Department of Environmental Quality (MDEQ) 
recently revealed in a 305 (b) report that greater than 50% of Mississippi�s 
waterbodies (streams, lakes, rivers, and estuarine waters) are impaired (MDEQ, 
Mississippi 1996 305(b) Report, 1996). In fact, MDEQ studies reveal 91% of 
Mississippi rivers surveyed do not fully support swimming (MDEQ, Mississippi 
1996 305(b) Report, 1996). Sediment associated with erosion and construction 
activities is the primary pollutant of rivers. MDEQ also notes that 60% of 
surveyed estuarine waters are characterized as having impaired shellfishing 
activities (MDEQ, Mississippi 1996 305(b) Report, 1996). The primary sources 
of pollution to estuarine waters are leaking septic tanks and urban/suburban 
runoff. Swimming advisories, fish and shellfish consumption advisories, and 
beach closings often result from such polluted runoff. Non-point stormwater 
runoff associated with pesticide usage is also a threat to water quality and can 
result in the issuance of fish consumption advisories and commercial fishing 
bans. The Gulf of Mexico Program estimates that 57% of the shellfish growing 
waters in the Gulf have been permanently or conditionally closed to shellfish 



harvesting (Gulfwatch, Vol. 10, No. 2, Summer 1999). Despite the fact that 
MDEQ has collected water quality data on many coastal streams, lakes, rivers 
and estuarine areas in Mississippi, the database remains inadequate; therefore, 
the interpretation of the above-mentioned statistics may not fully reflect the 
status of the overall water quality in Mississippi waterbodies. In summary, the 
water quality statistics point to the fact that water quality impairment is a serious 
threat to Mississippi.  
 
Mississippi�s coastal zone comprises 4% of the state land area with 359 miles of 
shoreline, 40 miles of sandy beaches, and 1,124 square miles of wetlands 
(NOAA. National Coastal Management Effectiveness Study, 1997). Because the 
Mississippi Gulf Coast is extremely dependent on water quality, it is quite 
vulnerable to the impacts of non-point source pollution. A contributing factor to 
the non-point source pollution in coastal Mississippi is faulty septic tanks 
allowing bacteria, viruses, and excessive nutrients from domestic waste to enter 
soils and waterbodies, which can lead to water quality impairment.  
 
EPA Stormwater Phase II Program  
 
According to the 1996 National Water Quality Inventory, 40% of the United 
States� waterbodies are determined to be impaired by pollution and do not meet 
the water quality standards. The leading source of pollution is identified as 
polluted runoff. Stormwater runoff is considered non-point source pollution, and 
sources of stormwater runoff pollution include pesticides, herbicides, fertilizers, 
litter and debris, oils, salts, human and animal wastes, and sediment. Such 
pollution can threaten human health; contaminate drinking water; lead to fish 
kill; result in the loss of spawning areas for aquatic species; cause the loss of 
aesthetic value of streams, rivers, lakes, and oceans; and lead to the loss of 
recreational value of our nation�s water-bodies.  
 
To address the issue of polluted stormwater runoff, the Clean Water Act was 
amended to further reduce pollutants to the �maximum extent practicable� and 
to protect water quality. The amended Clean Water Act established a two-
phased approach for the management of stormwater discharges: Phase I and 
Phase II. The Stormwater Phase I Program targeted (1) municipalities with a 
population of 100,000 residents or more and a population density of 1,000 
residents per square mile, (2) construction sites that disturbed 5 acres or greater, 
and (3) industrial facilities that fell into eleven distinct categories. The 
Stormwater Phase II Program expanded the existing Phase I Program for greater 
coverage and is described below.  
 
The U.S. Environmental Protection Agency (EPA) established designation 
criteria for entities to determine if the development and implementation of the 
Stormwater Phase II Program is required. Designated entities include the 
following: (1) small municipal separate stormwater sewer systems (MS4s) 



within an urbanized area; (2) any MS4 contributing substantially to stormwater 
pollutant loading of a regulated physically interconnected MS4; and (3) any 
small MS4 that meets the criteria for designation determined by the Mississippi 
Department of Environmental Quality. A municipality, as defined by EPA in 
this program, includes towns, cities, counties, state and Federal entities (military 
bases and Department of Transportation), Federal Indian Reservations, and any 
entity that has a designated responsibility for stormwater management on 
property that they own or for which they are responsible. An urbanized area is 
defined by the Bureau of Census as land area comprising one or more places 
that has a residential population of at least 50,000 and an overall population 
density of at least 1,000 people per square mile.  

There are thirty-one (31) cities and counties located in Mississippi that are 
designated by EPA as MS4s requiring a Phase II Stormwater Program. Among 
these are Harrison County and the cities of Biloxi, D�Iberville, Gulfport, Long 
Beach, and Pass Christian; Hancock County and the cities of Bay St. Louis and 
Waveland; and Jackson County and the cities of Gautier, Moss Point, Ocean 
Springs, and Pascagoula. Each MS4 is required to implement six (6) minimum 
control measures under Phase II Stormwater Program. These measures include 
the following: (1) Public education and outreach; (2) Public involvement and 
participation; (3) Illicit discharge detection and elimination; (4) Construction 
site stormwater runoff control; (5) Post-construction stormwater management in 
areas of new development and redevelopment; and (6) Pollution prevention and 
good housekeeping. 

Best Management Practices (BMPs) and measurable goals associated with the 
BMPs are to be implemented in an effort to ensure success in achieving water 
quality improvements. The regulatory deadline for municipalities to submit the 
application for permit coverage is March 10, 2003.  

Project Objective 
 
The project objective is to develop a coastal stormwater management toolbox to 
assist the designated coastal cities and counties in identifying best management 
practices and measurable goals associated with improved stormwater runoff 
management as required by the EPA�s Phase II Stormwater Program. This 
countywide stormwater management approach will be designed (1) to organize 
stormwater management efforts among the designated coastal entities, (2) to 
provide guidance to the coastal entities regarding general best management 
practices, and (3) to assist the designated municipalities in public education 
workshops. The task associated with meeting the project objective are provided 
below: 
 
Task 1: Obtain information collected via Organizational Phase from 

the designated cities and counties � directory, local issues, 



local concerns, local stormwater management efforts, local 
ordinances, local watersheds, etc.  

Task 2: Present Best Management Practices Inventory 
Task 3: Hold a Series of Workshops to obtain feedback  
Task 4: Distribute Attitude Surveys (can distribute these before and 

after meetings to measure level of understanding and 
perception of program, issues, and best management 
practices) 

Task 5: Research and Identify best management practices associated 
with specific coastal issues and coastal characteristics 

Task 6: Identify costs associated with development and 
implementation of selected best management practices 

Task 7: Identify vendors 
Task 8: Develop a deliverable:  CD or Manual  
 
Closing 
 
Via coordinated local, state, and federal efforts, a coastal stormwater 
management toolbox will be developed with provisions that are applicable 
throughout the coastal region. The toolbox will provide sound stormwater 
management options regarding six required elements: (1) public education, (2) 
public involvement, (3) illicit discharge detection and elimination, (4) 
construction site stormwater runoff control, (5) post construction site 
stormwater management, and (6) pollution prevention operations. 
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Management. National Coastal Management Effectiveness Study. 1997. 



U.S. Environmental Protection Agency. Office of Water. Fact Sheets 
Stormwater Phase II Program, 1999.  
 
 
For more information, contact:  
Marcia Garcia, Project Officer 
Coastal Ecology Office 
Department of Marine Resources 
1141 Bayview Avenue, Suite 101 
Biloxi, Mississippi 39530 
Ph: 228/374-5000  
Fax: 228/374-5008 
E-mail: marcia.garcia@dmr.state.ms.us 
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