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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.  
 

References 

Brinkhurst, R.O. and M. L. Simmons, 1968.  The aquatic Oligochaeta of San 
Francisco Bay system, California Fish and Game, 54:180-194. 

Davis, W.S. and T. P. Simon, 1995.  Biological Assessment and Criteria: Tools 
for Water Resources Planning and Decision Making, Lewis Publishers, 
Boca Raton. 

Dauer, D.M., S.B. Weisberg, and J.A. Ranasinghe, 2000. Relationships Between 
Benthic Community Condition, Water Quality, Sediment Quality, 
Nutrient Loads, and Land Use Patterns in Chesapeake Bay, Estuaries, 
Vol. 23, No. 1, pp 80-96. 

Department of Environmental Management, 1980. Working Paper: Neuse River 
Investigation 1979, Natural Resources and Community Development. 

Engle, V. D., J. K. Summers, and G. R. Gaston, 1994. A Benthic Index of 
Environmental Condition of Gulf of Mexico Estuaries, Estuaries, 
Vol.17, No. 2, pp 372-384. 

Friedland, K. D., D. W. Ahrenholz, and J. F. Guthrie. 1996. Formation and 
seasonal evolution of Atlantic menhaden juvenile nurseries in coastal 
estuaries. Estuaries 19: 105-14. 

Gammon, J. R., 1976.  The Fish Population of the Middle 340 Km of the 
Wabash River, Purdue University Water Resources Research Center 
Technical Report 86, LaFayette, Indiana. 

Hackney, C. T., J. Grimley, M. Posey, and T. Alphin, 1998.  Sediment 
Contamination in North Carolina�s Estuaries, Publication # 198 of the 
Center for Marine Science Research, University of North Carolina at 
Wilmington. 

Holland, A.F., G. Riekirk, S.B. Lerberg, L.E. Zimmerman, D.M. Sanger, G.L. 
Scott, M.H. Fulton, B.C. Thompson, J.W. Daugomah, J.C. DeVane, 
K.M. Beck, and A.R. Diaz, 1997. The Tidal Creek Project: Summary 
Report, South Carolina Dept. of Natural Resources, Marine Resources 
Research Institute. 

Jørgensen, S. E., S. N. Nielsen, and H. Mejer, 1995. Emergy, environ, exergy, 
and ecological modeling, Ecological Modeling, 77, pp 99-109. 

Karr, J. R., K. D. Fausch, P. L. Angermeier, P. R. Yant, and I. J. Schlosser, 
1986, Assessing biological integrity in running waters: A method and 
its rationale.  Special Publication 5. Illinois Natural History Survey, 
Champaign, IL. 

Mann, K.H., 2000. Ecology of Coastal Waters, Blackwell Science, Malden, MA. 
Marques, J.C., M.A. Pardal, S.N. Nielsen, and S.E. Jørgensen, 1997. Analysis of 

the properties of exergy and biodiversity along an estuarine gradient of 
eutrophication, Ecological Modeling, 102, pp 155-167. 



Maiolo, J. R. and P. Tschetter, 1981.  Relating Population Growth to Shellfish 
Bed Closures:  A Case Study from North Carolina, Coastal Zone 
Management Journal, Vol. 9, No. 1 pp 1018. 

NC Coastal Futures Committee (CFC), 1994. Charting a course for our coast: a 
report to the governor.  

NOAA, 1998. Environmental Quality of Estuaries of the Carolinian Province: 
1995, NOAA Technical Memorandum NOS ORCA 123, National 
Ocean Service, Charleston South Carolina. 

North Carolina Department of Environment, Health, and Natural Resources, 
1997.  Standard Operating Procedures: Biological Monitoring, 
Environmental Sciences Branch, Raleigh, NC.  

North Carolina Department of Environment and Natural Resources, 2000. A 
Citizen�s Guide to Water Quality Management in North Carolina, 
Division of Water Quality, Raleigh NC. 

Nelson, B. W., A. Sasekumar, and Z. Z. Ibrahim. 1994. Neap-spring tidal effects 
on dissolved oxygen in two Malaysian estuaries.  Hydrobiologia 285: 
7-17. 

Odum, E.P., 1985. Trends Expected in Stressed Ecosystems, Bioscience, Vol. 
35, No. 7, pp 419-422. 

Rizzo, W. M., S. K. Dailey, G. J. Lackey, R. R. Christian, B. E. Berry, and R. L. 
Wetzel, 1996.  A Metabolism-Based Trophic Index for Comparing the 
Ecological Values of Shallow Water Sediment Habitats, Estuaries, Vol. 
19, pp 247-256. 

USEPA, 1999.  Biological Criteria: National Program guidance for Surface 
Waters, Part 1: Program Elements, http: // 
www.epa.gov/ceisweb/ceishome/atlas/bioindicators/biodoes/biolref.ht
m. 

Valiela, I., J. Costa, K. Foremann, J.M. Teal, B. Howes, and D. Aubrey, 1990. 
Transport of groundwater-borne nutrients from watersheds and their 
effects on coastal waters, Biogeochemistry 10, pp 177-197. 

Weisberg, S. B., J. A. Ranasinghe, D. M. Dauer, L. C. Schaffner, R. J. Diaz, and 
J. B. Frithsen, 1997.  An Estuarine Benthic Index of Biotic Integrity (B-
IBI) for Chesapeake Bay, Estuaries, Vol.20, pp 149-158. 

 
Dan Giffin 
East Carolina University 
1815 Lennoxville Rd. 
Beaufort, NC 28516 USA 
Ph: 252-728-4657 
Fax: 252-328-0381 
Email: p6u7i4mh@coastalnet.com 



ENVIRONMENTAL INDICATORS FOR ESTUARIES: PERCEPTIONS 
OF PRACTITIONERS IN COASTAL ESTUARIES OF THE PACIFIC 

NORTHWEST, U.S.A. 
 

Bridget E. Ferriss, Thomas Leschine 
School of Marine Affairs, University of Washington 

 
 

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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FLORIDA MARINE PROTECTED AREAS (MPAs) 
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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. 
 
 
Nicole Marie Hade 
RI NEMO  
Coastal Institute  
Kingston, RI 02881, USA 
Ph: (860) 416-9070 
Fax: (401) 874-4561 
Email: Nhad3719@postoffice.uri.edu 
                                                 
i United States Environmental Protection Agency (USEPA) Office of Water, 
National Water Quality Inventory: 1998 Report to Congress (2000): 1 
ii The Total Maximum Daily Load and Section 208 are CWA programs dealing 
with water quality and nonpoint source pollution that have met with obstacles.  
iii USEPA Office of Water, 2001 State and Territory Progress in Upgrading 
Their Nonpoint Source Management Programs: 1. 
iv Alder, Robert W. 1995. Addressing barriers to watershed protection. 
Environmental Law 25:973-1106 
v Imperial, Mark T. 1994. Implementation of the §6217 Coastal Nonpoint 
Pollution Control Requirements: A Test of the Communications Model of 
Intergovernmental Policy Implementation. Research Proposal; Supra Note Adler 
vi NOAA. 2000. Collaboration Key to Great Lakes Managers� Past and Future. 
Coastal Services January/February 2000. www.csc.noaa.gov/cgi-bin/magazine 
vii Letson, David, Suman, D., and Shivlani, M. 1998. Pollution Prevention in the 
Coastal Zone. National Pollution Prevention Center for Higher Education. 
viii Lauriston, K. and S.G. Olson. 1988. Coastal State Capacity for Marine 
Resources Management. Coastal Management 16: (4) 305-318 



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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part of the background principle of nuisance law in Rhode Island.  If so, the
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a court in this state.
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regulatory takings jurisprudence.
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