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AQUATIC INVASIVE SPECIES –MAKING THE CONNECTION WITH
COASTAL RESOURCE MANAGEMENT

Paul Heimowitz, Oregon State University Extension Sea Grant

Abstract

In the last decade, increasing state and national attention has focused on aquatic
invasive species (AIS) and their significant ecological, human health, and
economic impacts.  Although more resources are being devoted toward
preventing and controlling invasions, these initiatives are often not connected
with other environmental protection activities and priorities.  There also is no
overall federal policy that aligns AIS management by various jurisdictions.
These gaps can lead to conflicts that can delay AIS control actions and confound
environmental restoration projects.  There are a number of opportunities to
better integrate AIS management with environmental programs, including
increased emphasis in coastal zone management plans and incorporation into our
definition and treatment of point source and nonpoint source pollution.

Introduction

European green crab, Asian swamp eel, zebra mussel, Spartina…the list of
Aquatic invasive species (AIS) goes on and on, and continues to grow.
Invasions by non-native aquatic species are gaining increased attention as their
impacts mount.  Scientists now consider invasive organisms as a leading cause
of species extinctions around the globe, second-only to habitat loss (Wilcove et.
al., 1998). AIS cost the United States billions of dollars annually due to natural
resource damages and costs of monitoring and control (Pimentel et. al., 1999).
Toxic algal blooms and diseases like cholera produced by non-native aquatic
microorganisms can harm human health.   And while humans have been
transporting non-native species around the globe for millennia, impacts from
invasions have been elevated by recent increases in worldwide trade,
advancements in transportation technology, and growing habitat disturbance
(Ruiz et. al., 1997).  As a focal point for population centers, water flow, trade
hubs, development activity, coastal habitats are particularly vulnerable to
invasions.   Dozens of non-native species inhabit Chesapeake Bay, Puget Sound,
and other major estuaries in the United States. San Francisco Bay, with over 200
exotic plants and animals, may be one of the most invaded environments in the
world.  In some areas of the bay, AIS account for over 90 of the biomass (Cohen
and Carlton, 1998).   Accurate estimates of established non-native species are
limited by a lack of thorough surveys and by insufficient evidence regarding
whether “cryptogenic” organisms are truly native (Ruiz et. al., 1997).

Preventing introductions is the most effective method for protecting aquatic
ecosystems from AIS impacts.  However, given the dozens of avenues by which
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humans move non-native species around, it becomes practically impossible to
achieve complete exclusion. These pathways include commercial shipping via
ballast water and hull fouling; aquaculture and the live seafood trade; escapes
and intentional releases of aquarium plants and pets; use of live bait;
containment failures at research labs; backyard water gardens; and intentional
fisheries enhancement (Washington Sea Grant, 1998).   Once a non-native
species has successfully established a breeding population in a new
environment, elimination is nearly impossible.  Billions of dollars are spent
annually in the United States on efforts to control invasive species, and in most
cases the result at best is slowing population spread (OTA, 1993).  In fact, well-
meaning attempts to biologically control an invasive species by deliberately
releasing non-native predators or parasites have sometimes led to new invasions
and additional negative impacts (Bright, 1998).  Management of non-indigenous
species is complicated by the fact that many may be benign or even
economically valuable (e.g., the Pacific oyster).  There also may be significant
lag times between an initial AIS introduction and the subsequent establishment
of a breeding, expanding population (OTA, 1993).

Lack of clear policies

At most jurisdictional levels, AIS are regulated by unique statutes and programs
that are often disconnected from other environmental laws.  A 1993 report by
the Office of Technology Assessment concluded that “the current federal
framework [regarding invasive species] is a largely uncoordinated patchwork of
laws, regulations, policies, and programs” (OTA, 1993). The Nonindigenous
Aquatic Nuisance Prevention and Control Act of 1990, reauthorized as the
National Invasive Species Act (NISA) of 1996, provides the core federal
statutory approach.  NISA and its predecessor establish requirements for ballast
water management, authorize research programs, provide for a national Aquatic
Nuisance Species (ANS) Task Force and regional panels, and address state
management efforts (National Safety Council, 1998).  Other federal directives
regarding AIS include the Lacey Act, which restricts importation of injurious
species into the United States via a list of prohibited species (versus a “clean”
list approach), and implementation of the Federal Plant Pest Act and other
agricultural pest-oriented statutes by the U.S. Department of Agriculture (OTA,
1993).  Although the Clean Water Act provides opportunities to regulate
invasive species as pollutants, this has not commonly been practiced.  For
example, the Environmental Protection Agency exempted ballast water from
discharges subject to permit requirements of the National Pollutant Discharge
Elimination System (NPDES; Johnston, 1999).  There are many similar federal
laws which relate to AIS within the context of environmental protection, ranging
from the Endangered Species Act to the National Environmental Policy Act
(NEPA), but few explicitly refer to AIS.  In 1999, President Clinton issued an
Executive Order on Invasive Species which called for federal agency
coordination and created an Invasive Species Council comprised of cabinet-level
members (Clinton, 1999).  This order replaced a broad executive order issued by
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President Carter in 1977, which in fact failed to result in development of a
national policy or regulatory prescriptions (OTA, 1993).  While many state and
local governments have well-developed programs to address terrestrial invasive
weeds, treatment of AIS at the regional and state government level follows the
pattern of narrow-focused laws or peripheral coverage.  NISA encourages states
to develop aquatic nuisance species management plans, which are eligible for
federal funding once approved by the ANS Task Force; only a handful of states
have accomplished this task.

Particularly given their multiple paths of introduction, it’s no surprise that many
AIS have crawled, swam, and floated their way through the many gaps in the
regulatory and policy structure described above. A number of AIS introductions
in this country originated from intentional agency programs to prevent erosion
or enhance fishing opportunities contrary to other government efforts to protect
native biodiversity.  For example, the European beachgrass Ammophila arenaria
has been planted in numerous locations along the West Coast in order to
stabilize sand dunes.  Despite efforts now to remove this exotic species and
restore native dune flora, non-native Ammophila species are still used for
stabilization projects on the West Coast (Wiedemann and Pickart, 1996). Broad-
reaching federal laws that do not specifically flag concerns about AIS result in
inconsistency.  As one illustration, NEPA and Environmental Protection Agency
regulations and guidance on environmental impact statements do not
comprehensively address AIS risks (SAIC, 1995).  Environmental review of a
navigation channel deepening proposal may raise concerns about increased
ballast-mediated invasions while a similar proposal in another location may not
elicit any analysis of AIS implications.  Federal laws that do directly address
AIS may contain significant limitations. Although the Lacey Act prohibits
international importation of species such as zebra mussels, it’s often up to
individual states to regulate transportation between and within their borders
(OTA, 1993).  It’s difficult, for example, for a state like California to prevent
shipments of live bait from Maine to anglers in San Francisco Bay - a scenario
cited as a likely mechanism for the introduction of European green crabs to the
West Coast in the late 1980’s (Cohen et. al., 1995). Even where national
programs exist, funding priorities have not always matched the high ranking AIS
receive as an environmental threat.  In 1998, for example, only $300,000 was
available in total to states for implementation of approved management plans
(Western Regional Panel, 1998).

Once an invasion occurs, management and control efforts may reveal significant
collisions between conflicting agency missions regarding AIS and other
environmental protection needs.  Agency efforts to rapidly control new arrivals
of AIS may run into lengthy delays from permit requirements, particularly when
chemical treatments are warranted.  Friction can escalate into major battles, as
exemplified in California’s Lake Davis.  Facing major predatory impacts to
native fish by an illegal introduction of aggressive northern pike, state agency
officials proposed treating the entire lake with several piscicide chemicals
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Based on local outcry and concern about effects on drinking water resources, the
county government adopted an ordinance to block the action.  When that failed,
protest actions mounted, reaching an extreme when local decision-makers and
others chained themselves to a buoy on the day chemical treatment was
scheduled (Devine, 1998).

Building Integration

As existing infestations grow and new invasions occur, it will become more
critical to weave AIS management efforts throughout all efforts designed to
protect coastal ecosystems.  AIS can certainly affect the quality of coastal
natural resources valued by humans; habitat disturbance, intensive harvesting,
and other human activities in the coastal zone may in turn promote the success
of some invasions (Ruiz et. al., 1997). Getting agencies to coordinate their
invasive species programs through organizations like the Invasive Species
Council is important, but only a first step. In addition to comparing interagency
AIS policies, government jurisdictions need to look  internally at how AIS
management fits in with all their actions.  Is there a clear and bold policy
regarding how the agency will prevent introductions of AIS, treat new arrivals,
and manage existing infestations?  Is AIS management conspicuously addressed
in any programs designed to protect or restore aquatic ecosystems? The Pacific
Northwest provides a useful example of such opportunities.  Faced with a
number of salmonids listings under the Endangered Species Act, Oregon and
Washington have both initiated statewide plans to restore these native fish.  The
Oregon Plan for Salmon and Watersheds aims to restore salmon habitat through
voluntary actions by government, industry, landowners, watershed councils, and
other community groups.   The plan and associated restoration guides address
harvest, hatcheries, and other factors contributing to decline of Oregon
salmonids.  While there is a great deal of attention to habitat quality, there are
few references to AIS, and in those cases the focus is primarily on exotic
riparian vegetation like Himalayan blackberry (Oregon Plan, 1999).  Similarly,
many watershed councils implementing the Oregon Plan have not emphasized
preventing or managing AIS invasions.  Bullfrogs, non-native gamefish, aquatic
weeds, and many other AIS are likely affecting Northwest salmon and their
habitat already; the arrival of invaders like the Chinese mitten crab or zebra
mussel could create significant problems for migrating fish.  By integrating AIS
management throughout natural resource management regimes like the Oregon
Plan for Salmon and Watersheds, aquatic invasions are less likely to counteract
other restoration efforts.

State coastal zone management programs offer another avenue to connect AIS
management with activities in coastal habitats.  In fact, this inclusive approach
fits directly into the concept of integrated coastal management (ICM) being
adopted world-wide (Cicin-Sain and Knecht, 1998).  However, even current
texts on ICM do not identify AIS within the scope of major coastal management
issues (Cicin-Sain and Knecht, 1998; Klee, 1999). Coastal and ocean
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management plans need to incorporate state AIS management plans where they
exist, or may even provide the foundation for such plans.  Many traditional
elements of these plans need to be reexamined through the lens of invasion
ecology.  For example, do provisions for salt marsh protection mesh with efforts
to combat invasive saltmarsh vegetation? Are dune stabilization programs
harmonious with policies regarding introduction of non-native plants? Because
of federal consistency requirements under the Coastal Zone Management Act,
state plans that adequately incorporate AIS management can then help align
federal activities (National Safety Council, 1998).

Perhaps the most thorough way to address biological invasions within coastal
resource management programs is to treat AIS as contaminants in the same
sense as chemical, physical, and thermal pollutants.  In fact, invasive species
have been termed “smart pollution” given their ability to self-generate and adapt
(Bright, 1998).   AIS introductions fit well into conventional distinction of
pollution from point sources (e.g., ballast discharges) and non-point sources
(e.g., recreational anglers and boaters).  Designating and managing particular
AIS as pollutants within the broad range of local, state, federal, and international
laws and regulations that address water quality would raise a large umbrella
around this issue and compel attention by coastal managers.  For example,
removing the permit exemption of AIS-contaminated ballast water under the
NPDES system would require analyses regarding how potential invasions relate
to ecosystem health in coastal areas that receive ballast discharges (Johnston,
1999).  Treating AIS as pollutants would also require coastal nonpoint source
pollution control programs required under the 1990 Coastal Zone Act
Reauthorization Amendments to address invasion prevention activities alongside
efforts to treat stormwater runoff and sediment erosion.  Of course, this policy
shift would bring with it significant implementation challenges.  State and
federal coastal and water quality managers would have to modify plans, build
new standards, and develop new procedures on top of their already complicated
and often over-taxed programs; existing funds for AIS management would need
to be redirected and enhanced.  However, the long term impacts of treating AIS
prevention and control outside the sphere of coastal management programs will
likely prove even more troublesome.
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LINKING LAND USE TO WATER QUALITY IN SOUTH CAROLINA

Calvin B. Sawyer, SC Sea Grant Extension Program

As coastal communities in the south become more populated, there are
increasing pressures to develop previously undisturbed areas.  Local land use
decision-makers face considerable challenges in terms of recognizing and
gauging the impacts their decisions have on water quality.  An educational
program is being undertaken that is helping local officials understand what
issues are associated with polluted runoff and some innovative ways to address
the problems before they become unavoidable.

South Carolina Nonpoint Education for Municipal Officials (NEMO) is a three-
tiered informational, educational and technical assistance strategy for protecting
local water quality by linking land use decisions with nonpoint source pollution.
The program is being developed through a collaborative partnership between the
SC Sea Grant Consortium, Clemson University, and the Waccamaw Regional
Planning and Development Council.  The South Carolina NEMO project has
been adapted from a highly successful program carried out by the Connecticut
Cooperative Extension Service.

The Setting

The natural features of the South Carolina coast are diverse and striking.  The
state contains 2,876 miles of tidal shoreline, 500,000 acres of tidal bottoms, and
504,450 acres of salt marsh (representing 20 percent of the East Coast total).
Five major estuaries drain water originating from as far away as western North
Carolina (Figure 1).  The great diversity of wildlife inhabiting the coastal region
of the state includes notable populations of striped bass, sturgeon, bald eagles,
ospreys, alligators, and wood storks.

Broad

Saluda/Edisto

Savannah/Salkehatchie

Pee Dee

Catawba/Santee

Figure 1 – Major South Carolina Watersheds
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The South Carolina coastal economy has many traditional sectors that depend on
healthy water resources as well.  More than 2,000 commercial fishermen harvest
an average 15.4 million pounds of seafood worth about $25 million.  In addition,
$14.4 billion was spent in 1997 for recreation and tourism in the state, with over
60 percent of that total expended along the coast.

Finally, more than 25 percent of the state’s 3.5 million residents live in the
state’s eight coastal counties.  While the population of South Carolina increased
by 11.7 percent from 1987 to 1997, it grew by more than 22 percent along the
coast.  This pace of coastal growth is expected to increase over the next two
decades. These facts point out the primary social, cultural, economic, and
environmental importance of South Carolina’s coastal region, and why the
protection of its water resources is so essential.

The Need For NEMO

State and local governments across the country are facing increased public
pressure to address the consequences of urbanization and suburban sprawl.
South Carolina is no exception.  Like other states, South Carolina confers
primary authority for land use decisions on local governments.  Traditionally,
local governments have used their zoning authority to regulate land use.  In
response to the passage of the 1994 Comprehensive Planning Enabling Act,
local governments in South Carolina are revising their comprehensive land use
plans and zoning laws. (SC Code of Laws, as amended, §6-29-310 et seq.).  In
the process, many local governments are using their planning and zoning
authority as tools for managing growth and development in their communities.

The nature and extent of nonpoint source pollution is essentially a function of
the way individuals use the land.  Regulating these activities is a sensitive issue
for the federal government since land use decisions are largely made at the local
level and influenced by state policies (GAO 1999).  The US Environmental
Protection Agency (EPA) has largely left the control of nonpoint source
pollution to the states and localities.  EPA reports that over one-third of the
nation’s waters that were assessed by states are impaired.  Nonpoint sources of
water pollution have been identified as the primary reason for these continuing
problems (GAO, 1999).  Under pressure to meet national water quality goals,
state and local governments must understand and deal with complicated and
costly federal directives to control nonpoint source pollution.  These include
EPA regulations that require municipal officials and county governments to
control contaminated runoff through local storm sewer systems, and to ensure
that construction projects employ sufficient runoff prevention measures
(Arrandale, 1998, 54).

For local decision-makers, the combined pressures of managing growth and
controlling nonpoint source pollution are closely related.  Problems with urban
runoff increase as growth-related development results in more impervious
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surfaces, for example, more streets, parking lots, and rooftops.  A 1994 study
estimated that during a one-inch rainfall, the volume of water flowing off an
acre of pavement is fifteen times the amount that a one acre meadow would
shed. (GAO, 1999).  As impervious surfaces within a watershed rise above 10
percent, local water bodies typically become measurably impacted.  Beyond 25
percent, some level of damage is unavoidable.  The most recent National Water
Quality Inventory reports that runoff from urban areas is the leading source of
pollution to estuaries and the third largest source of water quality damage to
lakes (ICMA).  A study comparing growth scenarios for a town in South
Carolina found that runoff from a spread-out large-lot scenario was 43 percent
higher than a compact “town” scenario.  In addition, sediments, phosphorous,
nitrogen and other pollutants leaving the “town” site were less (ICMA).

While public awareness campaigns have been moderately successful in
educating the general public about how their behavior affects nonpoint source
pollution, educating local officials on how their land use policies impact water
quality, and getting them to consider these effects, is a more complex challenge.
The goal of NEMO is to inform and educate local officials on how local land
use decisions and polluted runoff are inextricably linked, in an effort to have
nonpoint source pollution considered more when land use policy decisions are
made.

Project Description

NEMO makes use of geographic information system (GIS) technology to help
illustrate the connection between land use and water quality.  A series of GIS
images based on satellite-derived land cover/land use data is the heart of the
NEMO program, which also includes a series of fact sheets.

The core presentation of NEMO can be roughly divided into three parts.  First,
GIS images of topography and drainage systems are used to emphasize the water
cycle, the watershed concept and the need for watershed management.  Second,
the land cover/land use data is interspersed with ground and aerial photographs
to show municipal officials the current land use patterns in their region and the
common polluted runoff problems associated with each major type of land use.

Finally, existing land use in critical watersheds is compared with "build-out"
scenarios (Figure 2) based on zoning regulations.  The emphasis here is on
potential increases in the amount of impervious surface, which has been
demonstrated in the literature to be a key determinant of receiving stream water
quality.  This relationship can be used as a simple and unifying principle which
town officials can reference in the course of their day-to-day land use decisions.
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Figure 2 - Waccamaw Neck Impervious Surface Levels

The NEMO Strategy

Whether fortunate or unfortunate, pavement is an unavoidable fact of modern
life.  However, there are still many options available to local governments
interested in reducing the water quality impacts of existing or future
development.  Strategies can be organized into a three-tiered approach, which
can be summarized as:  plan, minimize, and mitigate (Arnold and Gibbons,
1999).  Communities involved in the South Carolina NEMO program are using
one, or a combination of these three approaches.

Plan Development Based on Natural Resources - Preventing pollution by
planning in a comprehensive manner is by far the least expensive and most
effective way to protect local waterways.  To this end, a working knowledge of
regional natural resources is critical to guide appropriate development.  A
natural resource inventory is an essential first step.  Identifying important natural
resources and setting protection priorities provides a framework within which
the impacts of proposed or existing development can be evaluated.  Formal
inclusion of these priorities in comprehensive plans and procedures is also
important (Arnold and Gibbons, 1999).  Broad resource protection strategies
applied at the local or watershed level, such as buffer zone and setback
requirements, are increasingly coming into use.  With regard to impervious
surfaces, local officials could consider a "budget" approach that sets an overall
limit for key areas, and above that limit require increases in pavement on one
site to be compensated for with decreases on another site (or some other
acceptable method of reparation).  This technique might be appropriate, for
instance, in a watershed where analyses show a threat to critical water resources
from future growth.

Minimize Impacts through Creative Site Design - The site planning stage offers
the best chance for local officials, designers and builders to work together to
reduce polluted runoff from a site.  Evaluate site plans with an eye to
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minimizing both impervious areas and disruption of natural drainage and
vegetation.  Studies have shown that impervious cover can be reduced by up to
50 percent through creative design (Arendt, 1994).  Cluster development, which
reduces the total area of paved surfaces and increases open space, is one method
to be considered (Figure 3).  Are the proposed sidewalks, roads and parking lot
sizes absolutely necessary, or could they be reduced?  Brick, crushed stone or
other porous pavement options are often a viable alternative in low traffic areas.
Are curbing and piping necessary, or could drainage be directed to vegetated
swales?  Designs which reduce grading and filling and retain natural features
should be encouraged.  In addition to protecting waterways, such designs can
often be less expensive and more pleasing to the eye.

Figure 3 – Alternative Site Design (Arendt et al, 1994)

Mitigate Unavoidable Impacts by Implementing Best Management Practices -
Best management practices (BMPs) include a whole range of methods designed
to prevent, reduce or treat stormwater runoff.  Choosing the correct BMP is
often highly site-specific. Here are some basic BMP concepts that South
Carolina NEMO conveys:

Slow down stormwater - This is the basic idea behind both detention ponds,
which are meant to slow and hold stormwater before releasing it, and retention
ponds, which are designed to hold the water permanently until it infiltrates into
the ground.  In both cases, pollutant removal takes place through settling of
particles and through chemical and biological interactions in the standing water
or in the soil.  As with any device, these BMPs must be correctly designed in
order to work properly.  For instance, ponds must be large enough to treat runoff
generated by the combination of local climate and site configuration.
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Avoid direct connections - Break up the flow of polluted runoff by using grass
swales, filter strips or other forms of vegetative BMPs wherever possible in
place of curbing and piped drainage.  In many cases, these methods are most
effective when used in combination with structural BMPs like detention ponds.

Ensure regular maintenance - Most structural BMPs require regular maintenance
to retain peak pollutant-removal efficiency.  Maintenance ranges from the
frequent, but simple (sweeping parking lots, cleaning storm drains) to the
infrequent, but complex (sediment removal from detention/retention ponds), but
in all cases it must be budgeted and planned for at the front end of the project.

Conclusion

It remains to be seen what the long term impacts will be as a result of the South
Carolina NEMO program.  Local officials in the target watersheds are being
educated that water quality cannot be treated as a stand-alone issue divorced
from other local quality of life considerations such as urban sprawl, traffic, road
maintenance, open space planning and neighborhood character.  Rather,
nonpoint source pollution should be a consideration addressed in combination
with these other issues.  In this way, NEMO will serve as a catalyst for change
by enabling local officials to better incorporate water resource protection into
their everyday decisions.
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MANCHESTER ANNEX SUPERFUND REMEDIATION:
PAST, PRESENT, AND FUTURE

Martin C. Miller, Coastal and Ocean Concepts
David A. Heffner, Hart Crowser, Inc.

Ralph Totorica, U.S. Army Corps of Engineers, Seattle District

Introduction and Site History

The Manchester Annex site, situated on an embayment of Puget Sound in Kitsap
County, Washington, was originally part of a 385-acre military reservation
established in 1898 (Figure 1). The site was subsequently transferred from the
War Department to the U.S. Navy in 1919 and, from 1940 to the early 1950s,
about 40-acres of the site was used as a facility to construct, store, and repair
steel submarine nets that were suspended between “gate vessels” across
strategically important waterways such as Rich Passage, the entrance to the
Puget Sound Naval Shipyard at Bremerton.

Figure 1.  Manchester Annex Superfund site (Site).

The Net Depot was comprised of a large concrete pad and various structures
including storage facilities, boat sheds, and a paint and sandblasting building
used for net cleaning and repair.
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Another part of the site, southwest of the Net Depot (Figure 2) was used as a
Naval Fire Fighting School.  Here, damage control personnel were taught to fight
and extinguish typical shipboard fires within structures resembling ship
compartments.  The school facility infrastructure included underground storage
tanks (USTs) for gasoline, diesel fuel, and waste oil; fuel lines; water lines;
drains; and “Christmas trees” of valves used to simulate the oil distribution
systems aboard ship.

Between 1946 and 1962, the Navy filled approximately 6 acres of tidal lagoon
with primarily building demolition debris and burnable garbage from the Puget
Sound Naval Shipyard, along with scrap metal (e.g., old submarine nets) and
miscellaneous construction debris. The resulting landfill, about six feet thick,
was covered by 1 foot of sand and gravel.

The site trends approximately northeast-southwest and is open to Puget Sound
toward the east.  Nearly 1,200 feet of sandy beach are littered with debris that
has weathered out of the landfill.  Portions of the site that were used as the Fire
Training facility and oil waste associated with that activity has added to the
contamination (Figure2).

Figure 2.  Land use areas at the Manchester Site showing area of the Net Depot,
the existing landfill and the fire training area.
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Over intervening years, portions of the site were transferred to the
Environmental Protection Agency (EPA) and to the National Oceanic and
Atmospheric Administration (NOAA), both of which operate laboratories on the
facility.  Another upland portion of the property was transferred to Washington
State Parks and has been developed as part of Manchester State Park, a public
recreation area.  The latter is on land not considered to be contaminated as
described below.  Based on findings of studies conducted between 1987 and
1994, the Manchester Annex Site was placed on the National Priorities List of
Hazardous Sites.  The greatest site risks are associated with potential skin
contact and incidental ingestion of waste material containing elevated metals and
dioxin/furan concentrations.  Other contaminants identified at the site include
polychlorinated biphenyls (PCBs) and dioxins.

Since historical Department of Defense (DoD) operations appear to be the sole
cause of the contamination, Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) activities are being conducted
under the Formerly Used Defense Site (FUDS) program, and cleanup costs will
be paid from a special fund set aside for the properties formerly used by DoD.
Through an Interagency Agreement with the EPA which acts in an oversight
role, the Army Corps of Engineers, Seattle District, contracted with Hart
Crowser Inc. to develop an RI/FS and the resulting plans and specifications for
site remediation.  The proposed plan for site cleanup was presented to the public
in April 1997, and the Record of Decision (ROD) was finalized and signed in
September 1997.

General Description of the Cleanup Remedy

The approved remediation plan includes steps to isolate the contaminants in the
upland landfill and to restore the beach and the nearshore areas to productive
habitat.  Debris will be removed from the beach face and placed on the upland
site. The beach restoration presents special challenges since it has to meet design
criteria that include wave attack during storms, habitat restoration goals, and the
ability to drain any water accumulating in the capped landfill, while achieving
seep cleanup levels.

Components of the cleanup remedy include the following:

 Excavation (including erosion control measures) of landfill debris from the
Clam Bay intertidal zone, and construction of a stable shoreline protection
system designed to achieve seep cleanup levels, with a goal of no net loss of
aquatic habitat;

 Placement of clean sediment (or similar capping material) over intertidal
Clam Bay sediment areas which exceed cleanup levels;

 Installation of a cover over the upland portion of the landfill and a hydraulic
cutoff system along the upgradient edge of the cover;
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 Excavation and off-site disposal of dioxin-impacted soils and debris located
in the vicinity of the former fire training simulators;

 In-place closure of concrete underground storage tanks in the Fire Training
Area;

 Post-construction monitoring of Clam Bay sediment, shellfish tissue, and
seeps associated with discharge from the landfill (if observed); and

 Institutional controls.

The components of the remedial design are summarized in Figure 3.

Upland Remedy

A range of remedial alternatives was evaluated for controlling seepage and
contaminant loading to Clam Bay and erosion along the toe of the landfill.  An
evaluation of seep water indicated that copper, nickel, and zinc concentrations
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were periodically greater than applicable surface water quality standards.  It was
determined that seep concentrations would have to be attenuated by a ratio of at
least 6 to 1 to meet the remedial action objectives (RAOs) at the point of seep
discharge along the beach.

A cut-off wall and perimeter drain will be constructed to control groundwater
and surface water approaching the landfill from up-gradient edge.  This system
will divert the captured water around the landfill.  The design also insures that
the drain system will not serve as a conduit for seawater infiltration from Clam
Bay into the landfill during high tides.  Several alternative cut-off wall
technologies were investigated prior to selection of a soil-bentonite slurry trench.
The base of the wall will be keyed into the underlying silt layer, and its top will
be tied into the landfill geomembrane.  Thus, it will provide an effective barrier
against the horizontal migration of both subsurface liquids and gases between the
covered landfill debris and adjacent upland soils.

The drain system will be installed just up gradient of the cutoff wall, to divert
both groundwater and surface water around the landfill area.  The drain system
consists of a combination of surface ditches and buried perforated and solid
drainpipe.  In addition to handling groundwater and surface water, the system
will intercept existing storm drains and route their flows around the north end of
the cover area to discharge to Clam Bay.

Beach Remedy and Habitat Restoration

Over the years, a considerable amount of debris has been eroded from the
landfill and is littered on the beach face.  This material will be removed and
placed on the upland landfill.  It will be reduced in size as necessary by
techniques to be determined by the contractor and placed on specific areas of the
upland landfill to achieve the desired grading.  Debris that is physically
unsuitable for placement on the landfill and not amenable to size reduction will
be tested for waste designation purposes and recycled or disposed of at an
appropriate off-site facility.

The goals of the beach restoration are to achieve the desired reduction in the
seep levels, to restore the area to productive habitat use, to provide a high level
of shoreline protection, and to provide an aesthetically pleasing shoreline
treatment.  The desired reduction in seep levels will be achieved by control of
ground water and by installation of a low permeability design fill.  The beach
design cross section is shown in Figure 4.

The protection for the beach face will consist of a layer of riprap placed on the
design fill at a slope of 2H to 1V, followed by quarry run gravel (4H:1V) and
topped with pea gravel (7H:1V) with average size about 7mm.  The layer of
gravel is aesthetically pleasing and also provides spawning substrate for the surf
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smelt (Hypomesus pretiosus) and the Pacific sand lance (Ammodytes
hexapterus), both of which are forage species for the local salmon.

Figure 4.  General cross-section detail of the beach and upland protection
systems.

The beach at Clam Bay is protected from the strongest winter storms, which
generate winds from the southwest.  The site is exposed to winds from the north
through the southeast directions, with the greatest fetch distance for wave
generation being about 7 nautical miles from direction 120 degrees.

The design criteria for the beach protection were determined by making the
conservative assumption that winds from the strongest winter storm would arrive
from the direction having the longest fetch.  Wind data were obtained from long-
term measurements made at West Point north of Seattle (see Figure 1).  Hourly
records of wind speed and direction were reported at this site from 1968 through
1973 and from 1984 through 1993.  The wind observations were sorted to obtain
the strongest winds from the southerly direction during that interval.  These were
used with the log-Pierson Type III extreme distribution curve available in the
Corps of Engineers, Automated Coastal Engineering System (ACES) design
package to obtain the estimated winds at return intervals ranging from 2 to 100
years.  The wind speed was assumed to be the sustained wind (1-hour) at an
elevation of 10 meters above the water surface.  This method yielded a wind
velocity of 48 knots, which was used, again with the ACES software, to predict a
design wave with significant height of 4.7 feet and period of 4.22 seconds.
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Nearshore Remedy

Results of the remedial investigation revealed that Clam Bay intertidal
sediments, adjacent to the landfill, exceeded clean up levels for copper, lead,
silver, zinc, 2,4-dimethylphenol, and total PCBs.  A thin cap (6 inch thickness)
will be placed over these sediments to provide clean habitat material for benthic
organisms.  This remedy, which was used in similar conditions at the nearby
Eagle Harbor Superfund site, will provide partial containment of the
contaminated material with limited back mixing, and will provide for enhanced
natural recovery.

One small area, referred to as the “silt basin,” within the intertidal, has relatively
higher concentrations of contaminants.  It will be capped with approximately 3
feet of clean material.  A single capping material will be used for both the thick
and thin sediment caps.

Project Status

The remedial action construction contract was awarded in June 1999 to
Remtech, Inc. of  Spokane, WA, and construction is scheduled for completion in
November 2000.  The cost of the remedial action construction is estimated at
$4,600,000.

The project presented technical challenges-notably, design of a stable shoreline
protection system that effectively contains landfilled wastes while allowing water
to drain and providing a “fish-friendly” intertidal environment.   The project also
presented scheduling challenges related to the Endangered Species Act and fish
windows, and coordination challenges because of the large number of
stakeholders involved and the funding mechanism.  Open communications lines,
accelerated review schedules, and consensus-building meetings contributed to
the success of the project to date.

Martin C. Miller
Coastal and Ocean Concepts
4702 45th Avenue SW
Seattle, WA 98116
Ph (206) 923-3311
Fax (206) 923-3311
Martinmiller@uswest.net
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COASTAL POLLUTION STATUS AND THE NECESSITY OF URBAN
RUNOFF POLLUTION CONTROLS IN HONG KONG

Ng Yan Yan, Dawn, The University of Hong Kong
William Barron, The University of Hong Kong

The importance of coastal areas to Hong Kong

Hong Kong, located in the southern coast of China, has approximately 1,800km2

of coastal waters and 1,100km2 of land area.  The coastal waters are affected by
both oceanic currents from the east and Pearl River discharges from the west,
attributing to the diverse coastal habitats for numerous types of marine life.
Apart from the ecological aspect, the prosperity of Hong Kong is also greatly
dependent on the coastal waters.  These waters provide space for port functions
contributing to the economic progress throughout Hong Kong’s history.  Over 7
million people within Hong Kong rely on the coastal area for recreation,
transportation, and seafood supply.  It is also a natural media for diluting and
treating sewage and wastewater arising from residential, commercial and
industrial activities.  While the marine environment has accounted for much of
Hong Kong’s prosperity, it has long been taken for granted and recently has
been stressed to a non-sustainable level.  This paper gives a brief review of this
status and the causes of it, with a focus on the significance of urban runoff
pollution.

Marine waters pollution status in Hong Kong

Figure 1: Hong Kong Water Control Zones.
Source: Environmental Protection Department, Hong Kong

Between 1987-1996, the Hong Kong Government designated 10 Water Control
Zones (WCZs) (Figure 1) under the Water Pollution Control Ordinance, WPCO

Legend:
Water Control Zones

1 Tolo Harbour & Channel
1S Tolo Harbour Supplementary
2 Southern
2S Southern Supplementary
3 Port Shelter
4 Junk Bay
5 Deep Bay
6 Mirs Bay
7 North Western
8 Western Buffer
9 Eastern Buffer
10 Victoria Harbour

P1 – Phase 1
P2 – Phase 2
P3 – Phase 3
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Cap.358, with different Water Quality Objectives (WQOs) for each zone.  Those
poorest water quality WCZs include the most shelter regions - Deep Bay Water
Control Zone and Tolo Harbour Water Control Zone, and the most urbanized
and densely populated area - Victoria Harbour Water Control Zone.  A number
of WQOs in these zones are not met, and some of the examples are illustrated in
Figure 2-5.  Most other WCZs are in a boundary situation, or with increasing
trend of pollution though not exceeding the WQOs (EPD 1987-98).

Figure 2: Average E.coli level in Victoria Harbour WCZ between 1987-1998.
Source: Environmental Protection Department, Hong Kong.
Note: No applicable E.coli WQO for coastal waters of Victoria Harbour WCZ, the E.coli WQO

for inland waters in this WCZ, 1,000 count/100ml, can be taken as reference.

Figure 3: Average inorganic nitrogen level Victoria Harbour WCZ between 1987-1998.
Source: Environmental Protection Department, Hong Kong.
Note: WQO of inorganic nitrogen level In Victoria Harbour WCZ is 0.4ppm.

Figure 4: Average inorganic nitrogen level in Deep Bay WCZ between 1987-1998.
Source: Environmental Protection Department, Hong Kong.
Note: WQO of inorganic nitrogen level in Deep Bay WCZ is 0.5-0.7ppm.

Figure 5: Average biological oxygen demand (BOD) level in Tolo Harbour WCZ between 1987-
1998.

Source: Environmental Protection Department, Hong Kong
Note: No applicable BOD WQO for coastal waters of Tolo Harbour WCZ, the BOD WQO for

wastewater discharges in this WCZ, 3-5ppm, can be taken as reference.
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Poor marine water pollution brings numerous social and economic problems in
Hong Kong.  Record of E.coli levels over a thousand count per 100ml seawater
are not uncommon (EPD 1986-1988; EPD 1990-1998; EPD 1987-98), making
swimming or eating local seafood a health risk.  The frequent occurrence of red
tide also affects mariculture businesses.  Eutrophication resulting from the high
nutrient level further deteriorates water quality, threatening marine life, and
destroying the amenity of Hong Kong coastal areas.

There are several factors accounting for the coastal water degradation in Hong
Kong.  In the past few decades, Hong Kong has undergone dramatic economic
and population growth.  This growth, however, was not accompanied with
proper policies, such as assurance of adequate sewage treatment facilities, to
prevent environmental degradation.  The discharges of inadequately treated
sewage and industrial wastewater are the main contributors to the persistence of
poor water quality in Hong Kong.  Hence, sewage treatment infrastructure is the
main tool of the government to improve the coastal water quality.  Other factors
affecting water quality include livestock waste disposal and its lack of adequate
treatment or control, transboundary pollution from the Pearl River, and illegal
refuse dumping.  While the factors mentioned above have been taken concerns
or being tackled by the government, one important factor - urban runoff
pollution, is still not receiving adequate attention.

Urban runoff pollution in Hong Kong

Urban runoff has been proved to be a main attributer of coastal water pollution
in many cities (Vladimir Novotny 1995).  Yet in Hong Kong, awareness of this
potential problem is still weak.  There is no strategic legislation or control over
this pollution factor.  Relevant controls can be found in the “Technical
Memorandum on Environmental Impact Assessment Process” (EPD 1997),
which is under the Environmental Impact Assessment Ordinance, EIAO
Cap.499.  It requires assessment of the impact of non-point source pollution on
the aquatic environment and a suggestion for mitigation measures before the
start of certain developments.  Yet, apart from this, study of local urban runoff
pollution is rare.  This is surprising considering the availability of a “Pilot Study
on Urban Stormwater Pollution” (EPD 1999) and several Environmental Impact
Assessment reports (Scott Wilson (HK) Limited 1998; Binnie Consultants
Limited 1997) which provide useful information showing the urban runoff
pollution status in Hong Kong.  The findings of these studies are shown in Table
1.

By comparing the urban runoff findings with the industrial control standards of
effluents discharged into inland and coastal waters of Hong Kong (EPD 1991),
we can say that the urban runoff in Hong Kong is polluted.  The quality of urban
runoff exceeds standards in a number of ways.  These include E.coli level,
suspended solid, and biological oxygen demand (BOD).  Chemical oxygen
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demand (COD), zinc level, and oil & grease level seem to be in the upper level
of acceptability.  When comparing with the average urban runoff quality in
residential or commercial areas in the United States, the situation in Hong Kong
seems slightly better.  Most urban runoff pollutants, especially suspended solid,
COD and heavy metals, are much concentrated in the United States, with the
exception of E.coli level which is much higher in Hong Kong.

There is no thorough urban runoff study in Hong Kong, making it difficult to
say precisely what the causes of urban runoff pollution are.  One of the major
causes appears to be improper disposal practice including littering, disposal of
wastewater from restaurants to streets, washoff of market wastes such as
livestock faeces to storm drainage, etc.  These practices, if as widespread as
believed, would significantly increase the pollutants level for such problems as
BOD and E.coli in urban runoff.  Also, discharges from construction sites and
roads usually contain high levels of suspended solid, COD and heavy metals.
Other potential sources of contamination are fertilizers used in parks or gardens,
detergent from car or street washing, vegetable waste, etc. (WEF & ASCE
1998).  Even though the sources of urban runoff pollution in Hong Kong are still
largely unmeasured, the activities which led to contamination of runoff are often
highly visible and widespread in Hong Kong.  Hence, this marine water
pollution source should be studied carefully with the aim of identifying the most
appropriate target activities for control in the future.

Table 1: Effluent standards and urban runoff qualities in a few areas of Hong
Kong, and average urban runoff quality in the United States.

United
States(1)

Hong
Kong
Effluents
Standard
s(2)

Hong
Kong,
Tai Po(3)

Hong
Kong,
Tin Shui
Wai(3)

Hong
Kong,
Jordan
Valley
Nullah(4)

Hong
Kong, Tin
Shui Wai(5)

Land
feature

Residentia
l or
Commerci
al site

/ Mainly residential sites.
High impervious surface area (around 90%) with the
exception of Jordan Valley Nullah(7)

Suspende
d Solid
(ppm)

239 15-40(6) 40.5 46 56 148

BOD
(ppm)

12 10-40(6) 23 22.5 11.3 7

COD
(ppm)

94 50-85(6) 45.5 46 40.7 /

Total
Phosphor
us (ppm)

0.5 5 0.2 0.2 / 0.5

TKN
(ppm)

2.3 / 1.25 1.55 / 2
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Table 1: Effluent standards and urban runoff qualities in a few areas of
Hong Kong, and average urban runoff quality in the United States. (cont.)

United
States(1)

Hong
Kong
Effluents
Standard
s(2)

Hong
Kong,
Tai Po(3)

Hong
Kong,
Tin Shui
Wai(3)

Hong
Kong,
Jordan
Valley
Nullah(4)

Hong
Kong, Tin
Shui Wai(5)

NO3+NO2

(ppm)
/ / 0.57 0.25 / /

Ammonia
cal
Nitrogen
(ppm)

/ / / / 9.25 /

Total
Nitrogen
(ppm)

/ 10-50(6) / / / /

Cu (ppb) 53 100 19 10.5 / 4

Pb (ppb) 238 100 <10 <10 / 2

Zn (ppb) 353 100 136.5 133.5 / 42

Oil &
grease
(ppm)

/ 10-20(6) 14 <10 / /

E.coli
(count/10
0ml)

27,000 1,000-
5,000(6)

3,300,00
0

2,200,00
0

78,000 42,000

Note: (1) Average urban runoff concentrations for residential or commercial site in the United
States.  Source: USEPA 1983.
(2) Standards of effluent discharged into inland and coastal waters of Hong Kong, the
discharge flow rate >5000 and <6000 m3/day is used.  Source: EPD 1991.
(3) Source: EPD 1999.
(4) Source: Scott Wilson (HK) Limited 1998.
(5) Source: Binnie Consultants Limited 1997.
(6) The range is showing the differences of effluents discharge standards in different
WCZs.
(7) The catchment area of Jordan Valley Nullah mainly consists of undeveloped grassy
hill and densely populated residential area.  Sampling waters were collected along the
residential area.

Conclusion

The poor coastal water quality in Hong Kong has prompted the Government to
take remedial measures, if successfully implemented these should be able to
alleviate the point source pollution impacts on the coastal waters in the coming
decade.  However, without properly managing the nonpoint sources (including
the urban runoff pollution), the poor water qualities in coastal areas will
probably persist.  The marine pollution problem should, therefore, be addressed



430

by a more thorough policy, integrating management controls for point and non-
point sources.
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WATER AND SEDIMENT QUALITY OF A MEDITERRANEAN SEA
COASTAL AREA CONTAINING UNDERWATER ARCHAEOLOGY OF

ANCIENT ALEXANDRIA,EGYPT

Osman Abdel-mottaleb El-Rayis
 Alexandria University

The present paper describes the environmental conditions of an important
Mediterranean Sea coastal zone (the Alexandria Eastern-Harbor) that is holding
several of invaluable underwater archaeology of ancient Alexandria. The
historical physical and chemical characteristics of this coastal zone during two
important stages, before and after 1993, are reviewed. The year 1993 is the year
of blocking most of the sea outfalls of Alexandria Wastewater effluents that
were discharging to the Alexandria coasts and diverting them to an inland lake,
called Lake Maryout, South of Alexandria. A comparison is made between the
water quality of the present coastal area and that faraway an offshore deep-sea
area conducted during 1996.

Osman Abdel-mottaleb El-Rayis
Alexandria University
Oceanography Dept., Faculty of Science
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Alexandria, Egypt
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AIR DEPOSITION AND WATER QUALITY:
A PILOT TOTAL MAXIMUM DAILY LOAD FOR MERCURY

Ruth Chemerys & Randy Waite, U.S. Environmental Protection Agency

Coastal managers must consider atmospheric deposition when developing
strategies to address pollutants such as mercury and nitrogen.  Total Maximum
Daily Loads (TMDLs) provide a framework to account for both air and water
pollutant loadings to a waterbody: a TMDL specifies pollutant reductions needed
to meet water quality standards, and allocates loads among sources.  Challenges in
developing a TMDL with an air component include identifying the sources of
deposition, and determining management approaches to address air sources,
particularly sources outside an affected State. 

To examine these questions, EPA began a pilot mercury TMDL for Devil’s Lake, in
Wisconsin, and a portion of the Florida Everglades.  The project is a cooperative,
voluntary effort with the States of Wisconsin and Florida.   Both waterbodies are on
their State’s list of impaired waterbodies and have fish consumption advisories due
to high mercury levels in fish.  The project evaluated technical approaches that
might be used to determine mercury reductions needed to achieve water quality
standards, as well as mercury contributions from various source categories (e.g.,
combustion, manufacturing).  The goal was to explore some of the issues States face
in developing TMDLs for waters impaired by mercury from air deposition, and to
share lessons learned.

TMDLs

The Clean Water Act Section 303(d) requires States to (1) identify and list
waterbodies where State water quality standards are not being met and (2) establish
“Total Maximum Daily Loads” for those waters.  Total Maximum Daily Loads
(TMDLs) specify the maximum amount of a pollutant that a waterbody may receive
and still allow the waterbody to meet State water quality standards.  TMDLs allocate
pollutant loads among pollution sources (e.g., point and nonpoint sources), and
include a margin of safety that accounts for uncertainty in the relationship between
pollutant loads and characteristics of the waterbody.  The allocations for water
sources in TMDLs typically are implemented through existing Federal, State, Tribal,
and local authorities, such as point source discharge permits, federal land
management plans, State nonpoint source programs, and local zoning ordinances.

The Pilot Sites

The pilot sites were selected out of eight candidate sites based on a number of
criteria.   A key selection criterion was State and EPA Regional support for the
project.  Another was the availability of good water and atmospheric data on
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mercury to be used in calibrating and validating the models.  The goal was to
examine what could be done using existing data and models.  Data needs included
wet deposition data, ambient air data, water column data, and fish tissue
concentrations, including data collected with clean sampling techniques for
mercury.  Despite interest from a number of States, the two pilot sites, Devil’s Lake
and Water Conservation Area 3A, best met the criteria.   

Devil’s Lake is located in a small (2.6 square miles), mostly forested watershed near
Madison, Wisconsin, with no major tributaries and has no existing aquatic point
sources. The site is a seepage lake similar to other lakes in northern Great Lakes
region.  The site has a  consumption advisory for walleye (10-30 inches) due to
elevated levels of mercury and is on the State’s 1998 303(d) list of impaired
waterbodies.  There are a number of facilities near Devil’s Lake that emit mercury,
including coal-fired power plants, boilers, and incinerators. There may also be
mercury deposition from regional and national sources.

Water Conservation Area (WCA) 3A is a roughly 700-square mile portion of the
Everglades located about 30 miles west of Fort Lauderdale, Florida.  WCA 3A is on
the State’s list of impaired waterbodies due to high levels of mercury in largemouth
bass and other fish.  Approximately 1 million acres of the Everglades system contain
fish with elevated mercury - an average of 1.5 parts per million - which exceeds
health-based standards.  Within the TMDL pilot study area, there are a small
number of local sources of mercury, including municipal solid waste incinerators,
medical waste incinerators, and oil-fired utility boilers.

Technical Approach

One of the goals of the project was to examine technical issues encountered in
developing a TMDL for waterbodies impaired by air deposition, and in particular,
how to “link” or integrate the results of water and air modeling.  “Linking” the air
and water components was a real-time linkage of the models but rather an iterative
process of coordination and data exchange between the air and water modelers. 
Existing or near-final models were used for these analyses.

For both pilot sites, the Mercury Cycling Model (MCM) was used to examine
reductions in mercury loadings needed to meet water quality standards (expressed
as levels of mercury in fish).  The MCM was run under various mercury loading
scenarios to demonstrate the response of mercury levels in fish to changes in
loadings, and how long it would take to achieve standards under different scenarios.
The model predicts the transport and fate of divalent mercury, methylmercury, and
elemental mercury in lakes.  In an effort outside the pilot project, the model was also
adapted for use in the Everglades.  Model compartments include the water column,
sediments, atmosphere, watershed, and a six-level food chain.
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On the atmospheric side, different modeling approaches are being used in the
Florida and Wisconsin pilot.  For the Florida pilot, the modeling focused on
deposition from local sources (within Florida) only, because of uncertainties in the
global contribution of mercury to South Florida.   For Wisconsin, the approach is
to examine the contributions of sources within the State relative to sources outside
the State.

For Florida, a model under development by the University of Michigan was used to
determine monthly estimates of wet and dry deposition for the pilot study area,
WCA-3A, using meteorological data aggregated from a one-year period.  The model
was used  to evaluate the significant sources of mercury within the pilot study area.
 The “baseline” model run estimated deposition using the EPA 1990 toxics
emissions inventory.  Additional model runs or “scenarios” used the same
inventory but substituted more recent (1995) emissions data available for two
facilities in South Florida.

For Wisconsin, a regional model, the Regulatory Modeling System for Aerosols and
Deposition (REMSAD), is being used to provide wet and dry deposition rates for
mercury over the United States.  REMSAD provides deposition rates on a 36-60
kilometer grid, with finer resolution (12-20 kilometers) over the pilot study area and
other selected areas of the U.S.  We are using the 1996 criteria and toxics emissions
inventories.  A “tagging” approach is being used to identify the mercury deposition
from various source categories within the State, as well as the contribution of
mercury from States outside Wisconsin.

Initial Findings and Lessons Learned

Results from the water modeling for the Florida pilot indicate that fish tissue levels
of mercury would respond in a linear manner to reductions in mercury loadings.   At
first, fish tissue levels would decrease rapidly in response to a reduction in loadings,
with most of the reduction occurring within about 20-25 years.   Further reductions
could take a much longer period of time (hundreds of years), as deeper sediments
may continue to be a source of mercury.  The amount by which estimated deposition
would need to be reduced depends on the deposition rate predicted by the
atmospheric model.   Initial water modeling results for Wisconsin are similar to those
for Florida; however, the atmospheric modeling for the Wisconsin pilot will continue
through the end of 2000.

Despite the relatively good data availability for the pilot sites, the findings still need
to be examined in the context of a number of uncertainties and data gaps.  Water
quality managers will need to determine an appropriate margin of safety to account
for these uncertainties when making decisions regarding pollutant load reductions
specified in TMDLs. 
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One of the greatest limitations is the availability of emissions speciation data.  Data
on the emissions of mercury from various sources or source categories, particularly
the chemical species of mercury, will greatly affect the deposition results from the
models.  Mercury can be emitted either as elemental mercury or as oxidized divalent
mercury.  Elemental mercury can be transported long distances, while divalent
mercury is more likely to be deposited near sources.  The atmospheric models used
in the pilot project rely on emissions inventories or databases. Such databases
currently contain estimated percentages of each species of mercury emitted by a
particular source or source category.  There have been tests on only a few facilities
to determine the actual speciation percentages.  The Florida pilot showed that
changing the emissions data for only two facilities could have a large effect on the
deposition estimates. 

 Another limitation is air and water monitoring data.  Again, the pilots sites were
selected because of the relatively good availability of atmospheric deposition and
water quality data for mercury compared to other sites considered.  The air and
water modeling both depend on deposition and water quality data to calibrate and
validate the models. For other locations, the Mercury Deposition Network
monitoring sites may provide data on wet deposition, although there are few
monitoring stations in the central/western U.S. at this time.  Similarly, only limited
water quality data for mercury is available for many waterbodies, particularly data
collected using clean sampling techniques.  Other uncertainties that affect the water
modeling results in Florida include the effect of the sulfur cycle on mercury cycling.
 These data limitations and uncertainties pose challenges for other sites where
TMDLs must be developed.

Coastal managers can play a role in addressing some of the data needs for TMDLs
and other water quality management decisions.  For example, managers can continue
to facilitate communication between air and water modelers and technical staff, and
articulating data and modeling needs. Likewise, state coastal managers can maintain
a dialogue between their state water and air program managers regarding
management approaches for addressing air deposition.

Perhaps the greatest lesson from the pilot project was related to coordination
between air and water modelers, as well as between water and air program managers.
In the modeling phase of the project, one of the challenges was communication
between the air and water modelers regarding their respective data needs. Another
challenge was data exchange itself, and understanding how to use data (e.g.,
emissions inventories) that was not collected specifically for use in TMDLs or water
quality management.  Nonetheless, despite scientific uncertainties and data
limitations, the pilot project demonstrates the potential to use both air and water
data and modeling results in the context of water quality management decisions, i.e.
TMDLs. On the management side, determining how the air and water programs can
jointly address mercury emissions is currently ongoing in the policy phase of the
pilot project. TMDLs provide a framework for addressing water quality impairments
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due to air deposition, but solutions will involve approaches that cross air and water
program boundaries.

Ruth A. Chemerys
U.S. Environmental Protection Agency
Office of Water
Ariel Rios Building, Mailcode 4504-F
1200 Pennsylvania Ave. N.W.
Washington, D.C. 20460
Phone: (202) 260-9038
Fax: (202) 260-9960
Email: chemerys.ruth@epa.gov
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INFLUENCE OF CLIMATIC AND OCEANOGRAPHIC PROCESSES
ON FORMATION OF COASTAL SUBWATER LANDSCAPES AND

CONDITION OF BOTTOM COMMUNITIES
(CRIMEA, THE BLACK SEA)

Alexei Petrov and Vladimir Shalyapin Institute of Biology of the Southern Seas
(IBSS), Academy of Science of Ukraine

Underwater landscape mapping is one of the principal parts of studies aimed at
monitoring of coastal marine environment and evaluation of state of bottom
communities impacted by different abiotic factors. Complex large-scale
subwater landscape/ecological investigations have been made in 1993-96 along
the coastal zone of SW Crimea (the Black sea) at 0-40 m depth. The effect of the
hydrological regime of this area on the role of breeze effect, more expressed
within the warm season, is very significant; as a result, wind recharged twice a
day. Significant daily alterations in spatial structure of currents induced by
winds define the unsteadness of thermocline structure mostly revealed in the
early summer period, when the upper boundary of autumn thermocline (11-
14oC) surfaced in near-shore zone. Such fluctuations impact on water
transparency, concentration of phyto-and zooplankton, oxygen regime of near-
bottom water layer, general status of phyto- and zoobenthic communities. To
distinguish and differentiate landscape facies, the data on hydrodynamics,
seabed microrelief and slope, grain-size structure of soft-bottom substrate as
well as quantitative characteristics of phyto- and zoobenthos were used.

Peculiarities of the spatial pattern of underwater landscapes and changes in
bottom communities were represented as a result of hierarchical interrelation
between the following principal landscape-forming components: meteorological
regimen --> hydrodynamic activity --> grain size structure of sediments -->
physico/chemical properties of the upper layer of bottom substrate, including
content of pollutants --> quantitative indices, feeding structure and biodiversity
of bottom communities. As a result, 7 different bottom landscape facies were
distinguished. In the shallow (2-8 m depth) water areas with maximum
hydrodynamic load (current velocities fluctuated from 0.35 to 0.60 m/s) no
hydromobile substrates were found. There the facies geomorphology are
represented by cliff and rocks sloping down into the sea at 8-14o and covered by
brown algae Cystoseira. There are fauna of sessile ectobionts (mussels)
developed. Within 10-15 m depth, the steepness of the underwater slope reduced
to 4-7o . The force of storm, which affects the subwater slope, and the velocity
of wind currents decrease with depth (0.12- 0.23 m/s) and increase in
accumulation of coarse-sand fractions. The mosaic pattern of bottom grounds,
from pebbles and large-shell debris to fine sand, promotes development of
specific landscapes with high diversity in the benthos of such groups as mobile
predatory ectobionts (gastropods and crustaceans) and less abundant sessile
filter-feeders. Bottom areas with sandy and silty grounds were covered by
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meadows of eealgrass Zostera marina and Z. noltii . Below 16-18 m depth,
where the steepness of underwater slope does not exceed 1-2o and velocity of
near-bottom currents 0.03-0.05 m/s, a fine sand factions with admixture of shell
debris and silt prevail. Phytobenthos is scarce due to reduced substrate and solar
illumination. In zoobenthos endobenthic suspension-feeders, epibenthic mobile
deposit-feeders and predators dominate. Comparative temporal analysis of
landscapes patterns and biota conditions has manifested that the unwelcomed
changes appear due to anthropogenic eutrophication of water masses,
hydrotechnical construction and other human activities in the near shore zone.
As a result, about 15% of coastal rocky substrates covered earlier by brown
algae and mussel communities have been destroyed during reconstruction of
coastal belt and replaced by cenoses wherein indicators of eutrophication (green
algae) prevail. General taxonomic composition of soft-bottom macrobenthos
also reduced and degradation of species sensitive to eutrophication and pollution
has been observed. The large-scale mudding leads to expanded bottom areas
covered with seaweed growth: for the recent 4 years, areas under eelgrass
Zostera enlarged two-fold. Growth of seaweed area contributes to more
intensive accumulation of organic matter in such sites and formation of
unfavorable oxygen conditions. This phenomena lead to appearance of grey H2S
- patches on the ground surface and degradation of benthic assemblages
associated with meadows of eelgrass. The results obtained can also be used for
working out ecological maps of coastal bottom communities under
anthropogenic impact .

Alexei Petrov
Ph.D. (Marine Ecology)
Institute of Biology of the Southern Seas (IBSS)
Ac. of Sci. of Ukraine
IBSS, 2, Nakhimov av.,
Sevastopol 335011, Crimea , Ukraine
Phone number: +38-0692-244960
Fax: +38-0692-555477 or -557813
E-mail: benthos@ibss.iuf.net OR alexpet@ibss.iuf.net
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A PILOT MARINE PROTECTED AREA:
RACE ROCKS, BRITISH COLUMBIA

Marc Pakenham, Community Advisor, Fisheries and Oceans Canada

Keywords: marine protected areas, Canada, biological diversity, endangered species

There is much to be learned when theory becomes practice and, so it is with
Canada's fledgling Marine Protected Areas (MPA) initiative. By identifying a
few selected areas as pilot Marine Protected Areas, policy and principle are
tested through the reality of evolving partnerships and public consultation.

Race Rocks is located 17 km. southwest of Victoria, British Columbia (B.C.),
approximately 1.5 kilometres off the extreme southern tip of Vancouver Island
and at the eastern end of the Strait of Juan de Fuca on the Pacific Ocean. It is
almost entirely subtidal, but includes nine islets, one of which is the site of a
historic Coast Guard lighthouse. As a transition zone between the Pacific Ocean
and coastal waters, the area is renowned for its exceptional diversity of marine
life, including marine mammals, birds and fish.

The area's significance was reinforced when it was designated under British
Columbia's Ecological Reserve Act in 1980. Local communities have long
recognized the importance of the Race Rocks area. Lester B. Pearson College of
the Pacific has provided tremendous support in preserving the area and, with
B.C. Parks, produced a draft management plan for Race Rocks Ecological
Reserve in 1998. Under Canada's Oceans Act, Race Rocks was recommended a
pilot Marine Protected Area in September 1998. Fisheries and Oceans Canada
and B.C. Parks are developing a joint action plan that includes renewed
consultation, cooperative management and key strategies.

Pilot MPA's will provide a learning opportunity and a test-bed for different
applications of identification, assessment, legal designation and management.
Throughout the MPA pilot process, opportunities will be provided for public
review and input. When the evaluation process is complete, formal designation
may or may not occur, depending on the outcome of consultations with
communities, First Nations, stakeholders and public.

The challenges are formidable. Inclusivity, fair representation of interests, issues
of marine ecosystem health and new partnerships all require a delicate balance.
The signs are encouraging. Canada's pilot Marine Protected Areas' initiative is
charting new waters.
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DESIGNING EFFECTIVE MARINE PROTECTED AREAS: INSIGHTS
FROM POLITICAL SCIENCE THEORY

Michael B. Mascia, Duke University Marine Lab

Marine protected areas (MPAs) are a critical component of local, national, and
international marine conservation policies.  Many MPAs fail to meet their policy
objectives, however, because of flaws in the governance regimes that structure
access to and use of MPA resources.  Despite widespread recognition that
governance variables can have a dramatic impact on human behavior and,
accordingly, the efficacy of MPA governance regimes (e.g., Agardy 1997; van't
Hof 1994; White et al. 1994), little research has explicitly explored the
relationship between governance variables and MPA performance (but see 
McClanahan et al. 1997).  As a result, policy prescriptions for the development
of more effective MPA governance regimes generally remain limited to personal
observations and experiences rather than theoretically framed scientific
investigation and analysis (e.g., Carter et al. 1994; van't Hof 1994).  However,
just as biological research provides insights into the biophysical aspects of
effective MPA design (e.g., size, shape, selection criteria), social scientific
theory and hypothesis testing can inform the policy process by providing a
framework for the development of effective MPA governance regimes.

This study attempts to develop a theory of MPA governance, in order to improve
marine conservation policies and facilitate the establishment of more effective
MPAs.  To this end, sociopolitical “design principles” hypothesized as necessary
for sustainable resource governance were tested in a comparative case study
analysis of Wider Caribbean MPAs (see Table 1; Ostrom 1990, 1998).  These
design principles, derived by political scientist Elinor Ostrom from meta-
analyses of hundreds of resource governance regimes, have proven robust across
cultures and resource systems.  Consistent with the research design criteria
developed by Ostrom (1990, p. 27), three MPAs (Exuma Cays Land and Sea
Park, Bahamas; Barbados Marine Reserve, Barbados; Hol Chan Marine
Reserve, Belize) were selected for in-depth analysis. Quantitative and qualitative
measures of governance variables (e.g., degree and type of stakeholder
participation) and biological and socioeconomic performance indicators (e.g.,
change in species abundance, change in user income) were collected using
standard anthropological field methods and sampling techniques.  Data
collection methods included formal and informal interviews, document analysis,
observational methods, focus groups, and participatory mapping exercises.  Data
were triangulated (cross-checked and synthesized across sources and research
techniques) to provide richer detail and more robust measures of key variables.
Indicators of MPA performance were correlated with governance variables to
test Ostrom’s design principles and determine their utility as a framework for the
design of effective MPA governance regimes.
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Results of this research are generally consistent with theoretical predictions.
The Hol Chan Marine Reserve, which satisfied Ostrom’s design principles, is
characterized by increases in the abundance and biomass of indicator species,
and a reduction in physical damage to corals, as well as increases in the income
and welfare of local users and an equitable distribution of costs and benefits.
The Exuma Cays Land and Sea Park and Barbados Marine Reserve—MPA
governance regimes not consistent with Ostrom’s design principles—are
characterized by poor or sub-optimal biological performance (increase in
indicator species, poaching of commercially valuable organisms, chronic and
acute impacts on corals) and poor socioeconomic performance (decreases in the
income and welfare of local users, skewed distribution of costs and benefits).
Moreover, MPAs inconsistent with Ostrom’s design principles were “fragile” at
the time that this research was conducted, as individuals actively sought to
formally restructure or eliminate these conservation regimes.

Though this research needs to be replicated, these findings strongly suggest that
marine conservation policies could be significantly improved by designing MPA
governance regimes consistent with the theoretically based, empirically
grounded framework presented here.  This study also demonstrates the
importance of social scientific inquiry to conservation efforts, and presents
scientists with new avenues for research that can inform the policy process.
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CLEARLY DEFINED
BOUNDARIES

Individuals or households with rights to withdraw
resource units from the common-pool resource and
the boundaries of the common-pool resource itself
are clearly defined.

CONGRUENCE A. The distribution of benefits from appropriation
rules is roughly proportionate to the costs
imposed by provision rules.

B. Appropriation rules restricting time, place,
technology, and/or quantity of resource units
are related to local conditions.

COLLECTIVE
CHOICE ARRANGEMENTS

Most individuals affected by operational rules can
participate in modifying operational rules.

MONITORING Monitors, who actively audit common-pool
resource conditions and appropriator behavior, are
accountable to the appropriators or are the
appropriators themselves.

GRADUATED SANCTIONS Appropriators who violate operational rules are
likely receive graduated sanctions (depending upon
the seriousness and context of the offense) from
other appropriators, from officials accountable to
these appropriators, or both.

CONFLICT RESOLUTION
MECHANISMS

Appropriators and their officials have rapid access
to low-cost, local arenas to resolve conflicts among
appropriators or between appropriators and
officials.

NESTED ENTERPRISES (For
common pool resources that
are part of larger systems)

Appropriation, provision, monitoring, enforcement,
conflict resolution, and governance activities are
organized in multiple layers of nested enterprises.

Figure 1.  Ostrom’s “design principles” for resource governance regimes .
(Source: Ostrom, 1998,  adapted from Ostrom, 1990,  p. 90.)
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ARE MARINE PROTECTED AREAS A PANACEA FOR THE
NATION'S FISHERIES ?: SOCIO-ECONOMIC AND FISHERIES

POLICY CONSIDERATIONS

Michael Murphy, Policy Specialist,  National Oceanic and Atmospheric
Administration

Over the last several years, policy makers and various constituent groups have
proposed to site large-scale marine protected areas or "no-take" zones from
Florida to California. Marine protected areas (MPAs) are viewed by some as the
last hope for our Nation's depleted fisheries. While small-scale (> few square
miles) MPAs have been in use for some time, the scientific principles which
proponents use as a justification for MPA implementation remain an elusive
concept for most stakeholders. Fear of the scientific "unknown" can prevent
acceptance of MPAs by affected stakeholders. In addition, there are many socio-
economic and fisheries management issues that can affect the successful siting,
implementation, and the long-term determination of a MPA's effectiveness.
Stakeholder groups that rely on extractive practices (commercial and
recreational fishers and divers) have generally opposed MPAs because of the
real and perceived economic costs. Individuals with no vested economic interest
in a fishery may also oppose MPAs because there "rights" to fish will be
restricted. MPAs are a viable tool for conserving fish populations and ecological
diversity within a respective MPAs boundary. However, a MPAs success at
conserving fish population and maintaining the affected stakeholders economic
vitality is also contingent on State and National fisheries management policies.
Fishery managers must also find ways to reduce the overcapitalization and
disincentives to conserve for MPAs to be a more viable management tool.

Michael Murphy
Policy Specialist
National Oceanic and Atmospheric Administration
1305 East West Highway, Room 9223
Silver Spring MD 20910
telephone: 301-713-3020 x126
fax: 301-713-4353
email: michael.t.murphy@noaa.gov
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THE USE OF ECOLOGICAL RISK ASSESSMENTS IN A WATERSHED
LEVEL CONTEXT

Thorne E. Abbott, CoastalZone.com

Abstract

Watershed level risk assessment integrates ecological risk into watershed
management. The approach considers the total risk to an aquatic ecosystem and
the relative contribution of contaminants of potential concern.  This paper
considers the development of the approach and offers environmental managers a
method to consider the probability of adverse ecological impacts while
incorporating social and economic considerations.

Introduction

Recent regulatory initiatives support the use of probabilistic ecological risk
assessments at the watershed level.  This offers environmental managers a
method to consider the probability of adverse ecological impacts while
incorporating social and economic considerations.  The approach considers the
total risk to an aquatic ecosystem and the relative contribution of individual
contaminants of potential concern.  The assessment is more holistic in its
approach than traditional methods as it includes stakeholders in the decision-
making process.  The process emphasizes place-based, resource-oriented
solutions, rather than the more historic programmatic solutions to environmental
degradation.  By applying a multi-tiered approach, managers can focus resources
on characterizing uncertainties and thereby reduce data acquisition costs. 
Intrinsic to this approach is the explicit use of uncertainty in weighing competing
options.  By incorporating sources of uncertainty, alternative strategies can be
viewed relative to their overall impact on ecosystem health and socio-economic
well being.

Throughout history humankind has gravitated to water bodies for drinking water
and to support agriculture, transportation, and the removal of wastes.  It was not
until the mid-nineteenth century that the understanding of relationships between
water resource use and human health developed.  As anthropogenic wastes enter
the environment, natural process such as dilution, biological conversions, and
chemical reactions convert wastes to more benign forms of organic matter and
disperse this matter throughout the water body.  As urbanization increased and
aquatic resources became more intensively used, mankind had to initiate
alternatives to nature's assimilative processes.  So was born environmental
engineering, the science of amplifying and optimizing nature's self-cleansing
principles via pre-designed processes to treat larger volumes of wastes more
rapidly than nature itself.
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By the mid-1900’s many metropolitan areas in the United States had collection
and treatment systems in place for handling wastewater from anthropogenic
activities.  These systems provided primary treatment of wastewater by screening
out large contaminants and allowing suspended solids to settle in clarifiers.  With
the passage of the Clean Water Act (CWA) in 1972 most cities were required to
implement secondary treatment.  Secondary treatment increases the removal of
suspended solids and nutrients, and oxygen is injected into the effluent to deter
anoxic conditions (i.e. Biological Oxygen Demand sag) in the receiving waters
(Peavy, 1985).  Residual solids are stabilized and converted to Biosolids and
Chlorine or ultraviolet irradiation can be used as a disinfectant.  The significantly
cleansed wastewater is then discharged into waterways as effluent.  These point
sources are regulated under the National Pollutant Discharge Elimination System
(NPDES).  Permits are used to control the amount and quality of effluent
discharged into receiving waters.  Regulatory agencies such as the
Environmental Protection Agency (EPA) control permitting to ensure that
effluent discharges do not exceed the assimilative capacity of the waterway. 
Managers can use the numeric limits contained within the permit to model
anthropogenic inputs into waterways and control discharges to ensure that a
water body's assimilative capacity is not exceeded.

Twenty-five years after the passage of the CWA there has been dramatic
improvement in our Nations waterways.  Over half of the Nations rivers are now
clean enough to support a rich diversity of organisms and ecological
communities (Butcher and Creager, 1997).  However, fully 35% of the Nations
waters have not achieved the first two of three broad goals stated in the CWA: to
have “fishable, swimmable, drinkable” waterways (Omenn, 1997).  Why then,
after the largest investment in wastewater treatment facilities (estimated at $67
billion), the imposition of significant point source discharge limitations
(NPDES), and some of the most stringent water quality standards in the world,
have we not succeeded at restoring our Nation’s aquatic ecosystems?

Leading scientists suggest that in addition to point sources, non-point source
pollutants and physical alteration of aquatic resources has led to ecosystem
dysfunction (Patton, 1992).  Adverse ecological effects often encompass a wide
range of disturbances, ranging from mortality of a species to losses in ecosystem
function.  In the past, compliance with water quality standards and effluent
discharge limits was determined without incorporating the magnitude of the
impact or the inherent uncertainty of the impacts.  Models of predicted impacts
discounted uncertainty to an extent that predicted information (model outputs)
often seemed more precise than they actually were (i.e. zero variability). 
Consequently, managers made decisions that neglected consideration of the
uncertainty in predicted outcomes, as well as the economic and social costs of
meeting more stringent discharge standards and limits.  Growing limitations have
been placed on public resources for wastewater treatment, and agencies must
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now compete for more limited financial resources.  In light of reduced public
resources, increased costs for meeting more stringent discharge limits, and
reduced correlations between point source controls and improved ecosystem
health, a new paradigm was needed.  Environmental managers needed a more
flexible problem solving approach that could link ecological measures and data
with the decision-making needs (Seveiss, 1997). 

Ecological Risk Assessment Methodology

In 1992, the EPA began discussions to develop tools that more appropriately
incorporated the need to control point, non-point, biological, and physical
sources of stress on aquatic ecosystems.  These discussions led to the
development of a “Framework for an Environment Risk Assessment (ERA)”
(Patton, 1992).  The ERA “evaluates the likelihood that adverse ecological
effects may occur or are occurring as a result of exposure to one or more
stressors” (U.S. EPA, September 1996).  The ERA provides managers with
predictions of what ecological changes will occur from stressors associated with
alternative decisions.  The intent of an ERA is to determine what ecological
resources are at risk, what stressors are involved, and how best to protect those
through management action (Seveiss, 1997).  The ERA includes three primary
phases: problem formation, analysis (of contributing stressors), and risk
characterization (Figure 1).  The results are compiled into a readable,
understandable, working document.

The problem formulation phase identifies goals and assessment endpoints. 
Assessment endpoints are explicit expressions of the environmental value being
protected.  These endpoints reflect ecologically and socially relevant outcomes
that incorporate societal and economic values. The problem formulation links
anthropogenic activities with stressors by identifying exposure pathways,
ecological effects, and ecological receptors such as sensitive species, populations
or communities.  The process uses a non-statistical hypothesis of what stressors
are causing problems and their effect (NRC, 1993; Gerritsen, 1997).  The
process results in a diagrammatic model that indicates stressor pathways and
sources of uncertainty.

The analysis phase evaluates exposures and establishes the relationship between
stressor levels and ecological effects (Figure 1).  The analysis also ensures that
data needed for decision-making is scientifically credible.  Profiles are
developed which characterize the exposure and the ecological effects of
chemical, biological, and physical stressors (Figure 3).  The two profiles,
exposure and ecological effects, may consist of documents or modules. 

The exposure profile characterizes the sources, distribution (spatial and
temporal), and exposure intensity of stressors and their contact with ecological
receptors (Figure 1).  It describes ecological receptors and the spatial and
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temporal pathways of receptor exposure.  The ecological effects profile
characterizes stressor-response relationships and causality.  In describing
stressor-response relationships, effects are considered at the species, populations,
communities, ecosystems and landscape levels (Figure 3).  In considering the
evidence of causality, the profile describes the nature and intensity of ecological
effects and the time scale for recovery.  The characterization includes
appropriate endpoints as determined by the problem formulation phase, any
uncertainties in the analysis, and the sources of these uncertainties (Figure 3).

The risk characterization phase estimates the risk involved by integrating the
exposure and the ecological effects profiles (Figures 1, 4).  This phase describes
and interprets risk through lines of evidence.  Agreement among different lines
of evidence increases the confidence of the risk estimates.  The characterization
illustrates evidence supporting and/or refuting risk estimates and interprets
adverse effects on the assessment endpoint.  The profile describes the nature and
intensity of effects, the spatial and temporal scales of the effect, and any
recovery potential.

The three phases are synthesized into a cogent report.  The report should
highlight the strengths, limitations, assumptions, nature, and source of major
uncertainties and should provide lines of evidence characterizing risks.  The
report consists of:  1) a review of the conceptual model and assessment
endpoints, 2) the major data sources and analytical procedures, 3) stressor-
response (ecological effects) and exposure profiles, 4) a description of
assessment endpoints including risk estimates and adversity evaluations, 5)
major areas of uncertainty and the approaches to address these uncertainties, 6)
assumptions used to bridge informational or data gaps, and 7) a description of
the total risk to ecosystem health and integrity.  The goal is to ensure that
ecological concerns are addressed with good science and that the information
provided is relevant to a decision. 

The Watershed Approach

The Watershed Approach (WA) is driven by two principal issues:  increased
interest in improving ecosystem management, and budgetary constraints forcing
greater inter-agency cooperation (Stakhiv, 1996).  The inclusion of stakeholders
in the ERA process fits well with the Watershed Approach to environmental
planning and management (Figure 2)(Clements et al., 1996; Butcher and
Creager, 1997).  In recent years, the EPA has placed increased emphasis on
community participation and more place-based approaches to environmental
management (Seveiss, 1997; Stakhiv, 1996).  This represents a fundamental
change from traditional single media-based approaches of regulation and creates
considerable support for the treatment of ERA’s within a watershed scale
(Stakhiv, 1996).
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Intrinsic to the ERA process is the concept of scaling.  In order to appropriately
ascertain risks and incorporate multiple stressors, managers must consider the
scale at which stressors occur.  When placed in the context of a watershed the
ERA process:  1) clearly describes the ecological resources at risk, 2) defines the
value of those resources via stakeholder involvement, 3) determines the costs of
protecting, or not protecting resources, 4) explains the degree of confidence in
predictions, 5) provides a rationale and ownership in management decisions, and
6) highlights options and areas for reducing uncertainty in the final decision
chosen. 

Probabilistic Watershed Level Risk Assessments

ERA’s can be adapted and incorporated into the WA to form a probabilistic
Watershed Level Risk Assessment (PWLRA).  Studies in 1997 by Butcher and
Creager indicate that the WA (Figure 2) is entirely consistent with the general
framework for an ERA (Figure 1).  These studies indicate that the WA is
resource centered rather than program centered, as is the current NPDES
permitting process.  Recent regulatory initiatives, like the use of Total Maximum
Daily Loads (TMDLs), also support the use of ERA’s within the WA as the
process focuses on resource and place-based solutions rather than a
programmatic resolution to environmental concerns (Table 1).  PWLRA
involves evaluating of the needs of the area's inhabitants, the system
requirements of the natural environment, and meeting regulatory constraints in
light of limited technical and financial resources.  Given an understanding of
uncertainty at the watershed level, management decisions can be made in the
context of holistic considerations, such as social and economic considerations
(Butcher and Creager, 1997). 

Uncertainty arises from two issues: the variability in a parameter (i.e. precision),
and lack of knowledge regarding the parameter and its interactions (i.e.
accuracy).  These two concepts should be identified and distinguished in any risk
assessment.  Additional study and data collection may characterize variability
better, but it may not eliminate its existence altogether.  In contrast, lack of
knowledge may or may not be better described with further study, and it may or
may not contain inherent variability.  Assessment activities need to qualify and
quantify both the "sources of variability" and the "true uncertainties" involved in
any ERA.  It is imperative that the full scope of what is known and how certain
that knowledge may be is made apparent to decision-makers and stakeholders. 
Unfortunately, zero risk does not exist and never will in total, however the
hazards of risk are very real and tangible.

Although uncertainty and its sources may never be fully quantified and or
qualified, the PWLRA process can provide sufficient knowledge to make an
informed educated decision.  Correspondingly, the PWLRA should be viewed
fundamentally as a political process involving tradeoff’s (and therefore
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stakeholder involvement) rather than a purely scientific exercise of eliminating
uncertainties to increase accuracy (Hrudey, 1997).  The explicit inclusion of
uncertainty separates the PWLRA from other forms of assessment (Bailey et al.,
1997; Bradbury, 1996).  By including the uncertainty of input parameters
through simulation, the probability of predicted outcomes can be better
quantified and qualified (Parkhurst et al., 1995).  When the amount of risk
involved is known alternative planning strategies can be viewed more
appropriately.

A Multi-Tiered Approach to PWLRA’s

Recently, the EPA approved a new method for performing a PWLRA (Parkhurst
et al., 1996).  The methodology consists of three iterative tiers and achieves
increasingly rigorous, detailed, and relevant analysis (Table 1, Figure 6).  The
approach minimizes data acquisition costs and allows decision-makers to focus
on the most relevant stressors and ecological receptors within a watershed
(Parkhurst et al., 1995).

Tier One is a screening level risk assessment.  Tier 1 is designed to be the most
cost-effective, environmentally protective, scientifically conservative step in the
PWLRA process.  Tier 1 identifies potentially significant risks by eliminating
those stressors posing negligible risk to the environment.  Tier 1 can also be used
to rank the potential ecological risks, stressors, and those receptors with the
greatest (or least) risk.  Tier 1 results in a ranked list of stressors of potential
concern and ecologically sensitive receptors.

Tier Two quantifies these risks using existing data.  The second tier is
probabilistic and quantitative, estimating the risk posed by the stressors of
concern and more accurately defines the risk posed by these stressors.  The data
used in Tier 2 better reflects actual field conditions and is more sophisticated and
comprehensive than the conservative estimates used in Tier 1.  The uncertainties
surrounding estimates of exposure and ecological effects, including the
uncertainties in the resultant risk estimates, are identified and defined.  The
stressors included in the Tier 2 either have an established level of risk or need
additional data due to uncertainty created by insufficient site-specific data. 
Those stressors with an established level of risk (from Tier 2) should be
managed through the decision-making process.

In Tier Three, uncertainty of the remaining stressors are characterized and
described under site-specific conditions.  The stressor is evaluated as it relates to
ecological receptors within the watershed or the ecological resource that requires
protection.  This site-specific monitoring and data collection technique can
reduce uncertainty and data acquisition can be tailored to quantify the specific
stressor of concern, rather than a more generalized data collection strategy. 
Moreover, management of Tier 1 & 2 stressors can begin while more site-
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specific data and monitoring for Tier 3 stressors is underway.  This process can
significantly reduce the time and costs associated with qualifying and quantifying
uncertainties, and it’s sources, within the watershed.  By using site-specific
parameters the uncertainty of risk estimates can be reduced to a level that an
informed, educated decision can be made (Parkhurst, Paulson, 1996).

Discussion

Several PWLRA case studies being reviewed by the EPA incorporate a wide
array of stakeholders (individuals, communities, environmental organizations)
and indices of community, habitat, landscape, and ecosystem qualities.  The
watersheds include the Snake River, the Middle Platte River, Waquoit Bay, and
Big Darby Creek (Butcher and Creager, 1998).  Initial research focused on the
regulatory, inter-agency, legal, and logistical frameworks by which assessments
could be applied on a watershed scale.  The research identified avenues that
support, or constrain, the application of risk assessments to aquatic ecosystems at
the watershed level.  For example, the Tampa Bay and Galveston Bay Estuarine
Protection programs utilized a Watershed Approach that included multiple
stakeholders in the process.  Both of these programs were highly effective at
achieving their intended goals of identifying high-priority environmental
problems and instituting actions to ameliorate these problems (Omenn, 1997). 
Although the application of risk assessments at the watershed level is consistent
with the intent of current regulatory paradigms (i.e., CWA), Butcher and Creager
(1997) have identified a number of constraints and pitfalls that can readily
entangle the process. Appropriately, the Presidential/Congressional Commission
on Risk Assessment and Risk Management recommended that the CWA be
amended to establish a comprehensive, integrated watershed approach (Omenn,
1997).  The Commission acknowledges that risk assessment provides useful
information for making decisions about the best ways to control water pollution
and protect human and ecological health.  However, they indicate that ERA is
not yet likely to afford adequate descriptions of risks to complex aquatic
systems.  They state that “…as an emerging tool, ERA has not yet reached the
level of sophistication and reliability necessary to support its use as the primary
determinant of effluent limits based on water quality” (Omenn, 1997).  ERA's
can help establish water quality criteria and effluent limits.  However, they
should not supplant technology and water quality based approaches for reducing
pollutant discharges and protecting water quality.  With the advent of TMDL's as
a regulatory paradigm, it may be prudent to consider PWLRA as a new tool for
establishing loadings, reducing uncertainties, and generating alternative
management plans and scenarios for the decision-making process.

During a recent meeting of leaders in the water quality field, a consensus was
reached that nearly half of future research initiatives in water quality should
consist of elements reflective of watershed level interactions (WERF, 1997). 
The group suggested that PWLRA's should play a leading, if not majority role, in
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future watershed research initiatives.  Clearly, PWLRA's will play a significant
role in future environmental planning and management actions. 
Correspondingly, there is a clear and pressing need for research into the
application of ecological risk assessments, including probabilistic risk
assessments, at the watershed scale.

This paper discussed alternative means of improving ecosystem health through
the use of probabilistic watershed level risk assessments. PWLRA's are
consistent with watershed and place-based planning approaches.  Moreover, the
use of a multi-tiered process can provide opportunities to compare alternative
strategies in light of overall improvements in ecosystem health. The PWLRA
allows environmental managers to consider competing needs and desires while
incorporating socially and economic based considerations. Probabilistic
watershed level risk assessments are supported by current regulatory initiatives,
offer reduced costs of data collection and monitoring through a multi-tiered
process, and provides States and local stakeholders with a meaningful voice in
the decision-making process.
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Table 1: Multi-Tiered Methodology
PWLRA COPC Source Method Data Species

Effected
Certainty Cumula-

tive
Effect

Tier #1 Zinc Industry EEC /
COC =

Quotient

0.002 /
10.0 <
1.00

5% 95% 5%

Tier #2 Chloride Unknown
Natural

Eco.Risk
Criteria /
COC =

Quotient

0.003 /
15.0 <
1.00

25% 95% 15%

Tier #3 Habitat
Distur-
bance

Channel
Dredging

BASINS Site
Specific

20% 70% 70%

Tier #3 Habitat
Distur-
bance

Dams /
Weirs
Low

Flows

Sampling Site
Specific

40% 85% 90%
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Figure 1(-2):  Framework for Ecological Risk Assessment (Patton,  1992)
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Figure 2:  The Watershed Planning Approach  (Butcher and Creager, 1997).
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Figure 3:  Exposure and Ecological Effects Profiles (Parkhurst et al., 1995, 1996)
Figure 4:  Integrated Risk for All Stressors (Parkhurst and Paulson, 1996).

Figure 5:  Total Probabilistic Ecosystem Risk (Parkhurst, 1996)
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Figure 6:  Tiered Aquatic Ecological Risk Assessment Methods (Parkhurst et al., 1995).
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Introduction

Emerging environmental management concepts call for more integrated and
interdisciplinary models to address natural resource issues.  In particular, integrated
environmental management models hold the promise of ensuring that all influences
on the natural system are considered in management decisions without forgetting
the ecological principles which set inherent limits on the systems.  The development
of more interdisciplinary models has been critical in opening discussion concerning
the social, political and economic aspects of both environmental problems, and
environmental solutions.   The limited knowledge and understanding of the
relationships between social, economic, political and ecological variables, and a lack
of formal methods to incorporate them into resource management models remains
one of the biggest barriers to integrated environmental management. 

Understanding what factors constrain effective management is a necessary first step
to identifying methods that will result in effective management (IUCN 1999).  To
date, much of the research has focused on collecting case studies of local
environmental problems and solution finding that has examined and used economic,
social or political measures or incentives.  Little research has focused on identifying
common patterns of influence or on evaluation of environmental programs in order
to determine which approaches contribute to stronger environmental management.

Using wetlands as the system of interest, the purpose of this research was to
explore the interdisciplinary and evaluation aspects of natural resource management
in terms of understanding the relationship between context (i.e., socioeconomic,
political and environmental variables) and state wetland protection.  Wetlands are
particularly suited for this research due to the fact that at the federal level, there is
no single federal wetlands law.  While the federal government sets overall policy
and provides guidance on regulation, much is being done at the state level to
protect wetlands.  Still, many state statutes or regulations implicitly or explicitly
require no net loss of wetland resources (Kusler et al.  1994).  Despite this common
goal, approaches and amount of effort afforded wetland protection appear to vary
greatly between states (Kusler et al. 1994, Good et al. 1998).  Choice of protection
method and effort is left to the individual state allowing subsidiarity in which
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policies can be adapted to conditions of the local society and environment (Trudgill
and Richards 1997).  Thus, if context is important in effective resource protection,
it is hypothesized that states with different contexts will have made different choices
regarding effort and method of wetland protection. 

Methods

Using a 50 state survey of wetland resource managers, information was collected on
the use of different types of management programs ranging from regulatory (e.g.
permitting) to non-regulatory (e.g. education), information (e.g. inventory), and
planning (e.g. zoning) tools to protect wetland systems.  Data were also collected
on any program outcome or monitoring information available for each state. 

Independent context variables were collected from various sources to characterize
the social, economic and political context in which management was occurring for
each state.  Variables tested included economics (per capita income),
socioeconomics (percent of state budget for wetland protection), politics (legislative
professionalism), organized interests (industry importance, environmental activism),
wetland pressure (% GSP agriculture, population density), and wetland importance
(commercial fish landings, percent of state land wetlands).

Using this data, an indicator of program strength was calculated for each state
similar to the method used by Good et al. (1998).  This approach recognizes that
specific tools or programs are more likely to benefit wetland systems than other
tools and weights these tools and their importance accordingly.  Logistic regression
analyses using maximum likelihood methods were used to assess the probability of
a strong program based on the surrounding socioeconomic, political and
environmental context.  Independent variable correlations were tested using
Pearson’s correlation to ensure that multi-collinearity was not a problem.  Dummy
variables created for region (south, central, northeast, pacific) and type (coastal,
inland) were included as controls.

Results from the data collected on program outcome and monitoring were tabulated
and summarized.

Results

Both coastal and inland state wetland programs were found to be comprehensive
and diverse employing a variety of management tools.  Coastal wetlands were found
to have stronger and more comprehensive programs than inland wetlands.  In
particular, there was a much stronger regulatory environment for coastal wetlands
as compared to inland wetlands.

Results of the logistic regression indicate that in general, the strength of a wetland
program can be explained as a function of one or several of the following variables:
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 the amount of pressure on wetland resources through alternative land uses
(population pressure), the importance of wetlands (fishery catch), the
environmentalism of the population as well as the strength of industry.  All of the
different program types, with the exception of information programs, have a similar
influence from population density with the odds of a strong program decreasing as
population density increases.  For all programs, except information programs, the
odds of a strong program are at least 1.8 times greater as the importance of fisheries
increases.  Similarly, the odds of a strong program were greater than 1.5 and 1.8  for
overall programs and regulatory programs, respectively, as state environmental
group activity increased.  Contrary to past research findings on other state policies,
economic factors did not have a significant influence on the extent or strength of
wetland protection policies. 

Results from the outcome portion of the survey indicated that most states have only
rough estimates of the resources, many have wetland conservation plans and intend
to develop better databases of wetland resources.  At the same time, few states
report any tracking of management actions relevant to wetlands, and fewer have any
idea of the impact of past management actions.

Discussion

The lack of a national wetland policy has resulted in a range of approaches aimed
at managing wetlands.  Both coastal and inland state wetland programs were found
to be comprehensive and diverse, employing a variety of management tools: coastal
wetlands were found to have stronger and more comprehensive programs than
inland wetlands.   The strength of wetland programs was found to be influenced by
environmental group activity, industry strength, population density and fisheries
importance within the state, suggesting that state governments are responsive and
flexible to local conditions, but also providing evidence of how local conditions can
be important in influencing the strength and type of wetland management employed.

These findings would suggest several things.  Environmental group activism
indicates that the government is responsive to citizen demands.  This suggests that
encouraging greater involvement in activist organizations, and greater education
(specific to environmental/wetland issues) of the citizens is one possible
opportunity for influencing wetland management, and ultimately wetland protection.
 The fact that fisheries importance results in higher levels of wetland protection is
very encouraging, indicating that education related to the benefits and services
provided by wetland systems for fisheries has resulted in greater protection of
wetlands.  Lastly, the finding that industry importance and wetland protection are
both likely to be higher indicates that governments recognize the need for
protection of natural resources for future welfare despite pressures that are believed
to discourage this type of thinking. 

Recent interest in state environmental policies and programs has fueled research
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examining the types, extent and successes of state environmental programs.  As
states have become more active in environmental protection, state environmental
policies and management programs are of increasing importance, often leading the
call for more and better environmental protection (Press 1998).  Our findings are
supported by several studies that have examined variation in the strength of state
environmental policies, emphasizing the importance of local (state) conditions. 
Research related to air and water quality, groundwater pollution and wetland and
coastal beach protection have found that political system characteristics, relevant
organized interests (industry, mining, agriculture), environmental groups, wealth and
level of pollution all had some influence, either direct or indirect on one of the
management areas in question (Gordon et al. 1998, La Peyre  et al.  unpubl. manuscr.,
Ringquist 1993, 1994).

In order to actually determine the most effective and efficient means of protection
requires evaluation of wetland management policy.  This type of evaluation,
considered “feedback” in many of the current environmental management models,
requires specific information on management actions and the state of the natural
resource under management.  An examination of U.S. state wetland management
found that evaluation of the effects of wetland management was exceedingly
difficult due to no tracking of management actions as well as limited information on
the changing state of the resource.  The development of specific state wetland
management plans with specific, measurable goals and objectives combined with a
central database incorporating all wetland related information are suggested as basic
infrastructure needs for achieving this feedback loop.  Examining the effectiveness
of management actions would be invaluable in order to develop and adapt
management programs specific to the local environment.  Each wetland management
program could then be tailored to the particular needs and characteristics of each
state/nation.  The most appropriate and effective management approach could then
be selected based on known socioeconomic and political characteristics of the
locale in which it will be applied.

These findings suggest a “portfolio” of opportunities for intervention in increasing
the effectiveness of wetland management.  In other words, there are many
alternative options for managing natural resources.  Focusing entirely on the
biological causes of environmental issues does not necessarily address the larger
problems (i.e. population growth) or suggest alternative solutions (i.e., education).
 Recognition of the entire range (social and biological) of causes of resource
degradation provides a wider latitude of management responses.  This broader
range of opportunities to influence environmental management also results in
greater flexibility of response and increases the opportunities for intervention in
dealing with environmental resource degradation.   Increasing the scope of
environmental management to include both the proximate biological causes and the
explanatory social causes provides many opportunities to respond to conservation
needs.
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While conceptually, interdisciplinary models remain somewhat crude, they provide
the opportunity for contributing to interdisciplinary theory :  the building of testable
hypotheses that include both biological and social variables.  This type of
hypothesis building is directly called for in the emerging concepts of “integrated”
environmental management.  The development of appropriate theoretical
environmental management models requires refinement and testing of
interdisciplinary models.  This requires borrowing from natural and social science
until appropriate methods and information are brought together in a useful and
insightful manner.  Examination of the human causes of environmental change,
analysis of the socioeconomic and political elements of environmental protection
and change, evaluation of environmental management, and informed development
of solutions are possible and necessary.  For wetland systems, the recognition that
a range of factors (socioeconomic, political) influences wetland management leads
to an expanded range of opportunities for intervention and a greater flexibility in
response. 
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Introduction

The State of Louisiana recently initiated a cooperative interagency planning effort
aimed at developing Natural Resource Damage Assessment-Regional Restoration
Plans (NRDA-RRPs).  Natural Resource Damage Assessments (NRDAs) are the
mechanism through which state and federal natural resource trustees can
compensate the public for injuries to natural resources resulting from oil spills. 
NRDAs enable trustees to restore, rehabilitate, replace, or acquire the equivalent of
the injured natural resources and services, including interim losses.  NRDA-RRPs
identify pre-approved restoration projects potentially suitable for use in restoring
natural resources injured during oil spills.  As such, NRDAs share a similar goal with
the policies dictated by the Coastal Zone Management Act of 1972 (CZMA): “to
preserve, protect, develop, and where possible, to restore or enhance the resources
of the Nation’s coastal zone.” 

One of the objectives of this new planning effort is to improve the coordination
between the State’s Coastal Zone Management Program and the restoration efforts
conducted as part of NRDAs.  The development of NRDA-RRPs offers the resource
agencies the opportunity to develop restoration alternatives that not only restore
and compensate for oil spill injury but also support and enhance the State’s coastal
management and restoration endeavors.  The planning effort, funded through a
CZMA 309 grant, will build on the research and planning already achieved in
Louisiana’s coastal management and restoration efforts.  The use of NRDA-RRPs
will streamline coastal damage assessment and restoration efforts, minimize costs,
provide consistency, and ensure that NRDA efforts incorporate and enhance the
existing goals and visions for Louisiana’s coastal area.
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The Challenge Facing Louisiana

Louisiana’s economy traditionally has been based on the State’s natural resources.
 Both renewable (e.g., fishing, forest products) and non-renewable (e.g., oil, natural
gas) resources are important, and the industries associated with each have co-
existed for years.  Louisiana’s natural resources are susceptible to oil spill injury
from a variety of sources.  Among them are shipping, land-based oil fields, oil
platforms in state waters, oil storage facilities, oil terminals/ports, crude or refined
oil pipelines, oil refineries, abandoned vessels, pits, reservoirs, and other industries
using oil in their operations.  In the coastal regions alone, Louisiana is crisscrossed
by 1,570 miles of oil and gas pipelines (Coastal Wetlands Planning, Protection, and
Restoration Act, 1990).  It is estimated there are approximately active 250,000 oil
and/or gas wells located in Louisiana.  Although the industries developing oil and
gas resources in the state try to avoid adversely impacting renewable natural
resources, accidents do happen.  The impact of these events on the habitats, and
the fish and wildlife they sustain, can be devastating.  The impacts are twofold: they
affect the resources as well as the State’s and Nation’s economies.

Louisiana’s fragile wetland habitats, currently estimated as being lost at a rate of
between 25 and 35 square miles per year (Louisiana Coastal Wetlands Conservation
and Restoration Task Force and the Wetlands Conservation Authority, 1998), suffer
greatly from the additional impact of oil spills.  Between 1991 and 1998, it was
estimated Louisiana experienced approximately 4,000 spill notifications per year. 
This represents roughly 18% of the yearly national spill notifications and 47% of the
notifications for the Gulf of Mexico.  The combination of the high frequency of oil
spills and the already precarious state of coastal and wetland habitats in Louisiana
presents a true challenge to the natural resource trustees when it comes to meeting
their CZMA and NRDA mandates. 

Coastal Zone Management and Restoration in Louisiana

Two federal Acts and corresponding state legislation have directly impacted
Louisiana’s coastal management and restoration strategies.  With the enactment of
the CZMA, Congress recognized the importance of effective management, beneficial
use, protection, and development of the Nation’s coastal resources.  This 1972 Act
acknowledged the rich diversity of resources (both renewable and non-renewable)
and socioeconomic opportunities in the Nation’s coastal zone and provided a means
to create effective restoration and protection plans for this resource base.  The
CZMA identified the need for cooperation between state, federal and local
governments in the effective protection and use of the coastal wetlands’ land and
water resources.  In 1978, the Louisiana Legislature passed similar legislation with
the State and Local Coastal Resources Management Act (SLCRMA).  The Act also
provided for the State’s coastal zone management program – the Louisiana Coastal
Resources Program, which is responsible for implementing the state’s federally
approved Coastal Zone Management Program (National Oceanic and Atmospheric
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Administration and Louisiana Department of Natural Resources, 1980). 

Louisiana, and in particular its coastal and wetland regions, are of significant value
to the Nation -- contributing greatly to the Nation’s fisheries, wild fur and hide
harvest, providing wintering grounds for migratory bird populations, and as a major
producer of petroleum and natural gas products -- as well as buffering the
destructive effects of hurricanes, storms, and floods.  The threat to coastal wetlands
cannot be ignored; it must be addressed.  The Louisiana Coastal Wetlands
Conservation and Restoration Act of 1989 represents a significant milestone in
Louisiana’s fight against catastrophic land loss rates in that it brought coastal
restoration and protection to the forefront of the coastal zone programs in the State.
 Congress acknowledged the need for action as well when it passed the Coastal
Wetlands Planning, Protection, and Restoration Act of 1990 (CWPPRA); also
known as the Breaux Act.  This Act provides for the creation, restoration, and
protection of wetlands areas, in particular Louisiana’s coastal wetlands which
represent approximately 40% of the Nation’s total coastal habitats.

Because of its mandate, Louisiana has had a long tradition of coastal resources
planning.  Both federal and state legislation have provided valuable opportunities
for the development of innovative and effective coastal resources management
planning in Louisiana.  The most recent, and probably most comprehensive,
planning effort resulted in the COAST 2050 plan.  COAST 2050's goal is: “to sustain
a coastal ecosystem that supports and protects the environment, economy and
culture of southern Louisiana, and that contributes greatly to the economy and well-
being of the nation.”  The plan identified three major strategic objectives:

♦ To sustain a coastal ecosystem with the essential functions and values of
the natural ecosystem,

♦ To restore the ecosystem to the highest practicable acreage of productive
and diverse wetlands, and

♦ To accomplish this restoration through an integrated program that has
multiple use benefits; benefits not solely for wetlands, but for all
communities and resources of the coast.

The COAST 2050 planning process resulted in the development of habitat
objectives along with ecosystem strategies for achieving those objectives, for each
of the four planning regions delineated in the Louisiana coastal area.  This
information ultimately formed the basis for the COAST 2050 master plan.  Five
federal agencies, seven state agencies and 20 parishes have formally expressed their
support of the COAST 2050 Plan.

NRDA and Restoration in Louisiana

The Oil Pollution Act of 1990 (OPA), Clean Water Act, and the Louisiana Oil Spill
Prevention and Response Act of 1991 (OSPRA) are the principal federal and state
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statutes authorizing federal and state agencies and tribal officials to act as natural
resource trustees for the recovery of damages for injuries to natural resources
resulting from unauthorized discharges of oil in Louisiana.  The federally designated
natural resource trustees include the Department of Commerce (National Oceanic
and Atmospheric Administration [NOAA]), Department of the Interior, U.S.
Department of Agriculture, Department of Energy, and the Department of Defense.
 On the state level, the Louisiana Oil Spill Coordinators Office, Office of the
Governor (LOSCO); Louisiana Department of Natural Resources (LDNR); Louisiana
Department of Environmental Quality (LDEQ); and Louisiana Department of Wildlife
and Fisheries (LDWF) have been entrusted with this responsibility.

In response to OPA 90 and OSPRA, both federal and state NRDA regulations were
developed.  NOAA promulgated 15 CFR Part 990, et seq. in January 1996, providing
federal rules for the assessment of damages and the restoration of natural resources
and services injured as a result of a discharge or substantial threat of a discharge
of oil.  At the state level, LOSCO promulgated Louisiana Administrative Code (LAC)
43:XXIX for the same purpose.  In the event of a discharge or the substantial threat
of a discharge of oil in Louisiana, the appointed agencies (as appropriate) work
cooperatively to ensure these regulatory guidelines are satisfied.  Both state and
federal NRDA regulations provide for a step-by-step process through which
trustees can determine injuries, assess damages, and develop and implement
restoration projects that compensate the public for injuries to natural resources
impacted by a spill.  As part of this process, the trustees must develop a reasonable
range of restoration alternatives from which a preferred restoration alternative will
be identified.  Alternative selection is based on certain criteria (15 CFR Part 990.54),
such as:

♦ The extent to which each alternative is expected to meet the Trustees' goals
and objectives in returning the injured natural resources and services to
baseline condition and/or compensating for interim losses;

♦ The proximity to the affected area;
♦ The extent to which each alternative will prevent future injury resulting

from the incident, and avoid additional injury as a result of implementing
the alternative;

♦ The extent to which each alternative benefits more than one natural
resource and/or service;

♦ The effect of each alternative on public health and safety;
♦ The likelihood of success of each alternative; and
♦ The cost to carry out each alternative.

The NRDA process is traditionally initiated on a case-by-case basis and may take
years to complete.



470

Why Develop Louisiana’s NRDA - RRP

The mission of the NRDA – RRP initiative is to develop procedures enabling state
and federal natural resource trustees to select and implement projects that
compensate the public and environment for losses of natural resources and services
from unauthorized discharges of oil in a timely and efficient manner.  A NRDA-RRP
for a specific region will identify preferred, pre-designed restoration projects
potentially suitable for use in restoring natural resources commonly injured during
oil spills.  Because identification of restoration projects to be included in the NRDA-
RRPs will require the trustees to demonstrate linkages between potential resource
injuries and restoration alternatives during the planning process, NRDA-RRPs will
substantially shorten both the injury assessment and restoration selection phases
of the NRDA process during an actual incident.  The use of pre-identified, pre-
approved projects will expedite restoration of the injured resources, lessen the loss
to the public, and, consequently, decrease the overall restoration cost to the
responsible party.  Without NRDA-RRPs, oil spill restoration planning simply will
remain a case-by-case, time-consuming, somewhat repetitious and costly endeavor.

Furthermore, NRDA – RRPs will provide a mechanism through which natural
resource injuries from small spills, mystery spills, and spills from abandoned
facilities can be addressed.  Achieving compensation for these kinds of spills has
traditionally been difficult, at best, because of the high volume of cases and the
difficulties associated with identifying reasonable restoration alternatives for these
spills.  NRDA - RRPs will provide a streamlined, cost-effective mechanism allowing
the trustees to pool small restoration recoveries from multiple incidents towards
larger, more cost-effective restoration projects.  In this manner, the trustees can also
implement oil spill restoration projects that benefit the health and vitality of an entire
regional ecosystem rather than small isolated segments.  The availability of means
to compensate for injuries in these spill categories will provide significant,
widespread benefits to the State’s natural resources and will advance the State’s
policy of a “no net loss” of wetlands as set forth in SLCRMA and the Louisiana
Coastal Wetlands Conservation Plan.

Planning for NRDA additionally offers a unique opportunity to develop NRDA
restoration alternatives that not only restore and compensate for oil spill injury but
also enhance the State’s overall coastal resources management and restoration
endeavors.  The development of NRDA-RRPs affords the trustees the opportunity
to move NRDA restoration beyond a site-specific approach by identifying potential
restoration projects that support regional restoration strategies.  One indispensable
cornerstone of NRDA - RRPs is the agreement among all potentially impacted
parties of regionally appropriate restoration alternatives prior to a spill occurrence.
 Therefore, the goal of this effort is to develop and implement a plan and program
for identifying appropriate restoration alternatives and projects in the various
regions of Louisiana to compensate for losses of natural resources from spills
through a process of government, public and industry participation and partnership.
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Coordinating Louisiana’s NRDA - RRP Project and Coastal Zone Programs

Louisiana’s approach to developing the NRDA - RRPs will, where possible, rely on
existing data and information.  Early goals of the project include delineation of the
NRDA-RRP “regions” which will be based on ecological (i.e., watershed, ecosystem,
landscape, etc.) or political boundaries or perhaps a combination of these factors.
 Once regional boundaries have been determined, the natural resources at risk within
each region and the injuries likely to be suffered from an oil spill will be identified.
 It will then be possible to identify and evaluate possible restoration alternatives for
a region.  Because the NRDA - RRPs are limited to restoration of natural resource
injuries from actual or substantial threats of oil discharges, it will be imperative that
the restoration alternatives exhibit a clear linkage between spill impact and project
implementation.  In other words, it is essential that the type of restoration
implemented be linked to injuries resulting from an oil spill incident or incidents.

As a result of Louisiana’s extensive work and effort in coastal zone management and
restoration, there is already a wealth of information available on coastal zone issues,
needs and restoration goals.  A preliminary evaluation of existing coastal plans
indicated that the recently completed COAST 2050 plan could be used as the
foundation for the Louisiana NRDA-RRP initiative.  An obvious utilization of the
COAST 2050 plan is the delineation of the four planning regions that were used in
the COAST 2050 planning process.  In addition, the basic information necessary for
the NRDA - RRP development in the coastal area is, to some extent, comparable to
the information that was compiled for the COAST 2050 planning effort.  In creating
COAST 2050, information was gathered for each of the four planning regions
reflecting the multiple use approach to planning.  Data on coastal uses and
resources were collected and considered on, among other things, infrastructure, fish
and wildlife resources, water supply and quality, recreational usage, and public
safety and navigation. 

The database to be developed in support of the coastal NRDA – RRPs planning
process will build on the data compiled for COAST 2050.  Supplementary
information regarding potential oil spill locations, major and minor oil spill data,
protected areas, and sensitive environments will need to be identified and
incorporated for the NRDA - RRP planning purposes.  From this combined database,
Louisiana’s coastal NRDA - RRPs will be developed.  However, statewide, the
NRDA - RRP initiative requires development of comparable information for
Louisiana’s inland areas.  Again, COAST 2050 is anticipated to be a valuable tool.
 As NRDA - RRPs are developed in the coastal areas, compilation of inland baseline
information will begin, using COAST 2050 as the model. 

Another major data need for the development of the NRDA-RRPs is an inventory
of potential restoration projects.  In this area, the planning process can build on a
multitude of existing management and restoration plans, including COAST 2050,
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CWPRRA, Barataria-Terrebonne National Estuary Program, and the Atchafalaya
Basin Master Plan, to name a few.  The restoration projects identified in those plans
will be evaluated and a determination of their suitability for inclusion as oil spill
restoration alternatives will be made.  Maximizing the incorporation of restoration
projects identified in these plans into the NRDA-RRPs will provide a reasonable,
effective and timely means for coordinating Louisiana’s CZMA programs with the
NRDA - RRP development.

In order for NRDA-RRPs to become effective tools in oil spill restoration, their
development must be the result of a cooperative effort not only by the state and
federal natural resource trustees, but must involve all other stakeholders.  Support
and input into the plan from the public at large and interest groups (such as,
potential responsible parties, the oil and gas industry, manufacturing and
agricultural concerns, landowners, and environmental groups) will ensure these
regionally based restoration plans truly reflect the public’s interest.  Using the
COAST 2050 plan as a foundation for the NRDA-RRPs will assist the natural
resource trustees in achieving that objective in the coastal area.  The restoration
strategies identified in the COAST 2050 plan were developed in partnership with the
stakeholders in each region.  Furthermore, five federal and seven state agencies,
including the federal and state trustees, and 20 parishes have formally expressed
their support of the COAST 2050 Plan.  Like COAST 2050, NRDA - RRP will be
developed as an integrated program.  The criteria used in the design and selection
of oil spill-funded restoration alternatives will reflect a region’s environmental and
socioeconomic concerns.

Summary

Louisiana’s unique combination of renewable and non-renewable natural resources
creates an environment ideally suited to coordinating the goals of coastal zone
management and restoration with those of developing NRDA - RRPs.  The natural
sensitivity of Louisiana’s coastal wetland habitats, coupled with the impact and
influence of the long-term presence of the oil and gas industry in the state, have
created conditions requiring innovative, cooperative planning efforts focused on
the “big picture.”  It is no longer enough, in coastal zone management or oil spill
restoration, to focus exclusively on site-specific problems.  It is recognized that
planning for the protection, restoration and preservation of Louisiana’s natural
resources must also be addressed from a statewide perspective.  What occurs in a
site-specific area impacts the health of the entire ecosystem in which it is located.
 Likewise, maintenance and restoration aimed at the whole ecosystem will have a
positive, beneficial impact at specific sites within a region. 

The development and implementation of NRDA - RRPs provides the opportunity to
positively contribute to the restoration and maintenance of Louisiana’s natural
resources.  With the creation of the NRDA - RRPs, a cost-effective, streamlined
means of pursuing restoration of injured natural resources from unauthorized
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discharges of oil will be provided.  Building on the research, planning and
development already achieved in Louisiana’s coastal resources management and
restoration efforts contributes to the cost-effectiveness of the NRDA - RRP
approach.  It also ensures the development of a plan that incorporates and enhances
the existing goals and visions for Louisiana’s coastal area.  The State of Louisiana
has recognized the tremendous benefits that can be derived from NRDA-RRPs and
encourages other states to consider partnerships between their coastal zone
management and NRDA programs
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RESTORING THE HEALTH OF PACIFIC COAST WATERSHEDS

Charles M. Lobdell, Ducks Unlimited, Inc.
Steve Donovan and Dan Golner, Ducks Unlimited, Inc.

Abstract

The coastal watersheds of the Pacific Northwest have experienced severe
degradation as a result of rapid economic growth in the region.  The cumulative
effects of watershed degradation are manifest in the estuaries, and no where else
have these impacts been so catastrophic affecting fish, wildlife and water
quality.  Protection and restoration of our estuaries has become the most
important modern conservation issue for the next decade. Wetland conservation
in the Pacific Northwest must address several issues, key among them are
impacts to salmon and water quality.  Riverine and estuarine habitats in the
lower watersheds, typically on private lands, are of vital importance.  As Ducks
Unlimited, Inc. (DU) strives towards our goal of improving overall wetland
biodiversity within the Pacific Northwest, we are constantly challenged with
integrating the contingency of fish related issues into our projects.  To address
this, our program has been enhanced in part by adapting our restoration
strategies to accommodate fish, and documenting the benefits of wetland
restoration to fish.  The Pacific Coast Estuary Initiative (PCEI) of DU in
partnership with numerous state, federal, tribal and private entities will restore
the health of Northwest Watersheds through active habitat restoration of
estuarine and riverine function.  The PCEI is the region’s largest adaptively
managed wetland conservation program, aimed at restoring wetlands for all
aquatic species, improving water quality and taking a bold step towards
recovering the region’s imperiled salmonid stocks.  The PCEI will also be an
implementation mechanism for the fish refuge concept.

The Cost of Progress

The Pacific Northwest is economically one of the fastest growing regions in the
United States.  However this progress did not come without a cost.  The basic
needs for energy, transportation systems, and food production left the area with
altered hydrology, fragmented riparian areas, alien plant species, blocked fish
passages, and heavy nutrient and sediment loads in the rivers and streams.
Cumulative effects of all these actions are manifest in the coastal estuaries. In
fact, no where have impacts on estuaries been so catastrophic, affecting
fisheries, wildlife, and water quality.  Protection and restoration of our estuaries
have become the most important modern ecological and conservation issues of
the next decade.  Along with the degradation of estuaries, watersheds along the
continental United States’ northern pacific coast are some of the most degraded
in the Northern Hemisphere.  Tantamount to these are riverine and estuarine
habitats that reside predominantly on private lands of the lower watersheds. The
Pacific Coast Estuary Initiative (PCEI) of DU in partnership with numerous
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state, federal, tribal and private entities will restore the health of Northwest
Watersheds through active habitat restoration of estuarine and riverine function.
The PCEI is the region’s largest adaptively managed wetland conservation
program, aimed at restoring wetlands for all aquatic species, improving water
quality and taking a bold step towards recovering the region’s imperiled
salmonid stocks.  The PCEI will also be an implementation mechanism for the
fish refuge concept.

Key Coastal Watersheds

The Puget Sound ecosystem is characterized by a complex system of large bays
and estuaries.  These aquatic habitats of the northern Puget Sound have
historically supported as much as 80% of western Washington’s wintering
waterfowl.  Large river systems such as the Nooksack, Samish, Skagit,
Stillaguamish and Snoqualmie have historically supported tremendous
populations of anadromous fish, and still provide some of the most important
anadromous fish habitat in the entire Pacific rim.  Intense pressure from an
increasing human population and agricultural activities in the Puget Sound have
resulted in the loss and degradation of these natural resources.  Anadromous fish
populations have sharply declined, resulting in recent listings under the Federal
Endangered Species Act (ESA).  Many species of migratory birds have suffered
significant population declines, due in part to loss of migration, breeding and
wintering habitat.  Diking and wetland drainage has significantly reduced the
ability of aquatic habitats to store and transport water, resulting in the increased
frequency and severity of floods.  These events have caused millions of dollars
in damages to homes, businesses, transportation infrastructure and natural
resources.  Most of the estuarine and floodplain wetland habitats in this region
have been highly manipulated, especially high salt marsh communities and
freshwater palustrine marsh habitat.  The relatively few acres of these remaining
habitats  are largely protected by a series of local, state and Federal legislation.
This small, protected habitat base is not enough to maintain and restore fish and
wildlife populations and the natural resources upon which they depend.

The coastal ecoregion of southwest Washington and Oregon is dominated by
large bays and estuarine wetlands formed at the mouth of coastal rivers.  The
largest of these systems include the Willapa Bay, Grays Harbor, Tillamook Bay,
Siuslaw River estuary, Coquille River estuary and Coos Bay.  These estuaries
are some of the most productive ecosystems in the world.  The expansive
intertidal habitats of Willapa Bay and Grays Harbor provide globally important
migration stopovers and wintering habitat for hundreds of thousands of
migratory birds.  Willapa Bay is also the number one oyster-producing region in
the U.S., providing daily shipments of high quality oysters to Japan.  The
Coquille River estuary consistently provides habitat for the largest number of
wintering waterfowl on the Oregon coast. All of these coastal systems
historically produced large numbers of anadromous fish.  Estuarine habitats
provide the critical link between ocean habitats and riverine systems.  Juvenile
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fish depend on estuarine areas as a productive nursery for rapid growth and to
adapt to salt water conditions.  Intensive development, diking and drainage
activities initiated primarily for agricultural purposes have effectively altered
significant portions of each estuary.  Shallow, tidal wetlands have been diked
and separated from the deeper intertidal wetland habitats in the bays.  In most
estuarine systems, over 80% of this high salt marsh community has been drained
and converted to pastureland and, in some cases, urbanized development.
Floodplain, emergent marsh habitats have also largely been eliminated from
these systems by drainage and conversion to agriculture.  The elimination of
these types of habitat has significantly altered natural hydrological processes and
limits the ability of these systems to provide resources for fish and wildlife.
These altered systems affect the estuary’s natural ability to carry sediments and
improve water quality, further degrading aquatic habitats.  The lower reaches of
many coastal streams and rivers have been significantly impacted by tree
removal, levee construction, intensive grazing and stream channelization.  High
priority habitats include high salt marsh communities in the estuaries and
emergent marsh/riparian habitats within the floodplains of coastal streams and
rivers.  The restoration and permanent protection of these habitats will provide
significant benefits for fish and wildlife resources.  In some estuaries with over
90% of the original estuarine marsh lost, this effort will result in the complete
and permanent restoration of at least 20% of the original habitat base.  For
example, a single estuarine restoration project in the Siuslaw River estuary will
restore 350 acres of intertidal habitat.  This represents approximately 20% of the
original habitat base and triples the amount of estuary ever restored in this
system.  Another project proposed along the Willapa River will restore 900
acres of estuarine habitat.  In the Haynes Inlet of Coos Bay, a planned project
will restore 90% of a drained estuary.  These projects address most limiting
factors affecting coastal ecosystem health, and permanently restore habitats that
directly benefit hundreds of species of native fish and wildlife. Restoration of
tidal and floodplain wetlands will also benefit people by restoring natural
hydrology and reducing flooding.  For example, in Tillamook, Oregon, flooding
in a portion of the city has become a regular occurrence in the last few years.
Significant causes of this flooding include levees constructed adjacent to rivers
and in the estuaries.  The levees along the river cannot contain the peak flood
flows and levees in the estuary act like dams and back the water up towards the
city.  This area is a high priority for DU and its’ partners.  Restoration of these
areas will not only benefit fish and wildlife populations, but also significantly
reduce flooding within the city.

When Lewis and Clark traveled through the Columbia River floodplain, it was
dotted with thousands of marshes and meandering riverine channels.  The
Columbia River estuary provided 100,000 acres of wetland habitat.   Millions of
salmon filled the rivers in this ecoregion.  Waterfowl were so abundant on the
lower Columbia River they forced the Lewis and Clark expedition to move
camp on occasion because the constant noise from nearby congregations of birds
kept them awake at night.  The construction of Bonneville dam forever changed
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the Lower Columbia River ecosystem.  With the great annual floods controlled,
it became feasible to construct levees and drainage ditches in the floodplain,
drain wetland habitats for agricultural production.  The ever-expanding Portland
metropolitan area is eliminating additional wetland habitat and threatens
thousands of acres.  The introduction of non-native plant and animal species in
this altered environment has further degraded resource values.  Millions of
migratory birds depend on the limited remaining habitat for migration and
wintering periods.  These habitats provide resting and refueling areas for
migrating birds, allowing them to build up of fat reserves, and arrive at the
breeding habitats in a healthier condition.  The loss and degradation of these
areas has contributed to the decline of many species of birds.  Many neotropical
migrants and other migratory birds are listed as “species of concern” due to low
and declining population levels in part due to inadequate migration and
wintering habitats.  The wetland and riparian habitats in the greater Portland
area provide resource values to over 250 species of birds.  This ecosystem also
provides critical habitat for many species of anadromous fish, although
populations are drastically reduced and most populations declared endangered
and threatened.  The Chinook River estuary, located near the mouth of the
Columbia River, was 100% drained by the installation of a tidegate system
during the early 1900’s.  The proposed project will restore approximately 800
acres, over 60% of the entire, original estuary.  In addition to providing a
tremendous benefit to migratory birds, restoration of this habitat was identified
as the key factor to salmonid success in the Chinook River system in a study
completed in 1998.  This single project will have a significant impact on
salmonid production within the Chinook River system, and with its location at
the mouth of the Columbia River, will also provide significant benefits to all
Columbia River salmonids.

Fisheries Resources

Over the past several years we have watched a sobering number of fish species
being listed under the federal Endangered Species Act (ESA) for protection.
The Pacific Northwest has seen more than two dozen such listings (including
proposed listings) since 1997.  The species (or runs) being listed range from
southern Oregon to Puget Sound to the interior Columbia Basin, and their
limiting factors are as varied as their geography.  In response to this onslaught of
fish listings, the region has received broad public and political support to solve
the problem and recover the fish.  With this support, however, there has been an
equally obvious regulatory presence by the federal government in an effort to
protect these listed species.  All activities must now be in compliance with the
ESA.  What does this mean to wetland restoration?

While we all agree that wetland restoration activities provide numerous benefits
to fish, wildlife and water quality, there continues to be debate on how we
should restore wetlands with fishery resources in mind.  Particularly here in the
Northwest, much of this debate revolves around the impacts to salmon from
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restoration activities.  DU has seen this as an opportunity to challenge our
continentally successful wetlands conservation program by incorporating fish
habitat and fish passage into project design and management, where needed.
DU has also begun a fisheries monitoring and evaluation program for the
Northwest to document the fisheries benefits from wetland restoration.  It is
clear that projects can be designed to benefit waterfowl, fish, and a variety of
wetland dependent species.  The aim of our valuation efforts will be used to
adaptively manage our wetland conservation program, to meet resource and
political needs.  As we develop and monitor new strategies to restore wetlands
while maximizing the benefits to all aquatic species and water quality, we get
closer to holistic aquatic restoration.

Complex Solutions

Restoring and protecting wetland and estuarine habitat in the Pacific Northwest
is a daunting venture, but the challenge must be met if we are to improve water
quality and recover aquatic species threatened with extinction.  In launching our
Pacific Coast Estuary Initiative, DU has challenged our partners with
implementing a regional, comprehensive strategy that will both restore and
permanently protect our precious coastal habitats.

Charles M. Lobdell
Ducks Unlimited, Inc.
2785 Arbor Drive
West Linn, OR  97068
Phone: (503) 675-6389
Fax: (503) 534-1844
Email: clobdell@ducks.org
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USING ECOLOGICAL CHARACTERIZATION IN MANAGEMENT
DECISIONS: THE TILLAMOOK BAY STORY

Kerry Griffin, Tillamook Bay National Estuary Project/
Tillamook County Performance Partnership

Introduction

Tillamook Bay is an estuary located on the northern Oregon coast, about 60
miles west of Portland.  A narrow coastal plain bordered by a low, rugged
mountain range characterizes the area.  The defining environmental attribute of
Tillamook (and indeed, the entire Pacific Northwest coast) is rain.  Although
only about 90 inches of rain per year falls in Tillamook proper, some weather
stations a few miles into the Coast Range record up to 200 inches annually
[Tillamook Bay National Estuary Project Comprehensive Conservation and
Management Plan (CCMP) 1999].  The rain brings salmon and trout up the
rivers, feeds the temperate rain forest of the Coast Range Mountains, deposits
rich alluvial soil into the floodplain, and causes frequent flooding during the
winters.

This paper provides a brief background of the environmental problems facing
the Tillamook Bay watershed, reviews the management approach of the
Tillamook Bay National Estuary Project (TBNEP), and describes three
management decisions that were made based on an ecological characterization.

History

Prior to European settlement, the area was home to several Native American
villages of the Tillamook Nation, but the bulk of the Native American
population was decimated by smallpox in an 1829–1832 epidemic (Coulton et al
1995).  Lewis and Clark estimated the population to be about 2,200 in 1806, but
by 1849, this figure had decreased to about 200 (U.S. Army Corps of Engineers
1975).

Europeans first settled in the mid-1800s, and settlers soon discovered that by
removing logjams and building levees in the lowland floodplain, much fertile
land was made available for agriculture.  Fish were abundant, the land was
productive, and timber was plentiful.  Soon, salmon canneries opened, a
booming timber industry was born, and dairy farms sprang up watershed-wide.
But the high times of resource-based industries would not last forever.

By the early1990s, Tillamook County citizens recognized that the environmental
problems facing the bay and watershed threatened the very future of those
residing there.  Declining fish runs meant loss of income for commercial
fishermen, tackle shops, hotel owners, and other fishing-dependent businesses.
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Decreasing water quality meant violations of federal clean water standards, and
frequent closures of commercial shellfish beds.  Sediment deposition, combined
with changes in water flow and drainage patterns in the lower rivers and upper
bay, increased the magnitude and frequency of flood events.  For these and other
reasons, Oregon’s Governor nominated Tillamook Bay to the National Estuary
Program (NEP) in 1992 (TCPP 2000).

The Tillamook Bay National Estuary Project

Oregon’s application to the NEP characterized Tillamook as representative of
the bays along the Pacific Northwest coast because it provided a vital resource
to the local and regional economies, and supported diverse aquatic resources
including anadromous fish, shellfish, and waterfowl.  The application package
identified three priority problems:

n Bacterial contamination of the bay and rivers;
n Excessive sedimentation; and
n Loss of key fish habitat

The application was accepted, and the TBNEP was established in 1994.  A
fourth priority problem, Flooding, was added in 1996, after devastating floods in
the winter of 1996.

The chief mission of the TBNEP was to develop a comprehensive conservation
and management plan (CCMP).  To accomplish this, the TBNEP organized a
Management Conference made up of policy makers, agency managers, citizens,
and leading scientists from local, state, and regional institutions.  The
Management Conference established four committees to provide vital links in a
cooperative effort to solve the environmental problems confronting the
Tillamook Bay Watershed and its people.  The four committees were the Policy
Committee (directed overall project direction; hiring of staff), Management
Committee (oversaw scientific characterization and action plan development),
Scientific and Technical Advisory Committee (guided the environmental
characterization), and Citizen Action Committee (public outreach, and
solicitation of public input).

The TBNEP eventually evolved into the Tillamook County Performance
Partnership (TCPP), which serves as the implementation entity for the
management plan.  The TCPP is a consortium of community leaders, state and
federal agencies, private citizens, industries, and municipalities who all share the
common goal of environmental restoration for Tillamook Bay and its watershed.

Developing the Ecological Characterization

The four TBNEP committees worked together to identify and fill data gaps,
piece together all existing and new information about the watershed, and design
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a management plan based on an ecological characterization. The ecological
characterization included aquatic habitat inventories, benthic surveys, new
wetland and eelgrass maps, water quality studies, and a prioritization process for
restoration actions.  By combining the best science with citizen input, the
TBNEP would be able to address both the ecological needs of the watershed and
the economic and social needs of the community.  The end result was a
meaningful CCMP containing 62 recommended restoration and enhancement
actions.

This paper briefly outlines three cases in which research findings influenced
management decisions.  These cases are 1) using geographic information
systems (GIS) to prioritize water quality and fish passage improvement projects,
2) using watershed assessments to identify potential sites for restoration
projects, and 3) utilizing state of the art techniques to identify bacteria sources
and reduce their contribution of bacteria to the watershed.

Using GIS to Prioritize Projects
With financial support from local, state, and federal partners, the TBNEP
purchased GIS hardware and software, and assembled a database with over 150
layers.  As an analytical and management tool, the GIS database helped
researchers and managers better identify problems and prioritize restoration
actions.  Following is an example of how the TBNEP used GIS to make natural
resource management decisions.

The TCPP commissioned a tidegate survey that assessed the condition of, and
evaluated the potential fish habitat behind each tidegate.  It was known that
many of the tidegates were failing, and that by replacing them with newer “fish-
friendly” designs, it would allow fish access to high quality habitat behind the
tidegate.  A staff researcher compiled the information and added it as a layer in
the TBNEP GIS database.

Then, staff members were able to evaluate a number of related factors about
each tidegate surveyed.  These factors included location, habitat potential, land
ownership, elevation, and whether the site was within critical spawning or
rearing areas for salmonids.  Based on this information, researchers prioritized
tidegate replacement, and installed over 20 fish-friendly tidegates in the
watershed.  This served to increase dissolved oxygen levels, improve fish
passage, and improve floodplain function.

Using Watershed Assessments to Prioritize Restoration Projects

A watershed assessment is a methodology used to synthesize all relevant
information about a watershed and its function.  The assessment can be used to
identify features and processes important to fish habitat and water quality,
determine how natural processes are influencing those resources, understand
how human activities are affecting the watershed, and evaluate cumulative
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effects (Watershed Professionals Network 1999).  Ultimately, a watershed
assessment serves as a guide to restoration and enhancement projects, and
addresses (among others) the following parameters:

n Stream characteristics (gradient, pool-to-riffle ratio, etc);
n Fish use (spawning and rearing areas);
n Riparian cover (stream shading characteristics);
n Historical conditions (historical land use, fish distribution, human

disturbance);
n Sediment sources assessment;
n Water quality assessment; and
n Channel modification assessment.

The TCPP completed watershed assessments on four of the five major rivers in
the watershed, and used the assessments to prioritize restoration projects.  For
example, an assessment of the Kilchis River watershed revealed that the stream
channel lacked the complexity that it ideally should have.  There were too few
pools, and in many stretches, the stream was dominated by “glides,” that is, a
relatively swift moving stretch characterized by steady velocity and depth.
Ideally, a stream will have frequent pools and riffles, providing deep slow-
moving water intermixed with swift shallow water.  This complexity affords fish
the opportunity to seek out the type of water they need.  Fish rest and take cover
in deep pools, spawn in shallow riffles, and migrate in channels.

This finding led researchers to develop plans for “biotechnical stream barbs”
that would create eddies, pools, and deeper channels, offering more varied
stream types for fish.  The barbs were placed perpendicular to the stream bank,
and extended into the stream about 1/3 of the way across (approximately 30
feet).  Not only did the barbs create variability in the stream channel, but also
they served to stabilize the stream banks by causing accretion around the base of
the barb [US Environmental Protection Agency (USEPA) 1998].  Again, by
synthesizing existing information, resource managers were able to identify and
prioritize restoration actions based on the maximum environmental benefit.

Using State of the Art Techniques to Determine Bacteria Sources

High fecal coliform bacteria (fcb) levels have been a problem in the watershed
for a number of years, and the commercial oyster industry often suffers the
consequences because when bacteria levels exceed consumption standards, the
industry is prohibited from harvesting oysters.  In recent years, the number of
closure days has ranged from 90 to 120 days per year (TBNEP 1999).  Because
of the presence of the dairy industry in the watershed, it was commonly thought
that dairy cows were the primary culprits for excessive fcb in the rivers and
estuary.  However, it was also known that most of the watershed was dependent
on septic systems rather than sewers, and furthermore, that many of the private
septic systems were failing (TBNEP 1999).
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In order to determine the relative contribution of the various bacteria sources,
the TCPP sponsored research that utilizes antibiotic resistance to determine
bacteria source.  While preliminary findings substantiated that dairy cattle do
indeed contribute the bulk of the fcb, the human component was generally
greater than previously thought (TBNEP 1999).

The management implications of these findings were twofold.  First, the fact that
the overall bacteria levels in the watershed’s rivers frequently exceeded state
and federal standards meant that action needed to be taken to address the
problem.  This resulted in implementation of best management practices for
manure management, upgrading of septic systems, and monitoring.  Second, the
finding that the human component appeared to be greater than previously
thought meant that a greater effort needed to made toward upgrading septic
systems, public outreach and education, and connecting more households to the
sewer system.  The TCPP took steps to finance septic system upgrades and
connect more households to city sewer systems.

Conclusion

This paper reviewed three examples of how staff and researchers utilized
specific components of an environmental characterization to make restoration
decisions.  In Tillamook Bay’s case, citizens, scientists, and agency personnel
have undertaken numerous restoration and enhancement actions, all based on
sound science and responsible decision making.
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