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Introduction

The need for improvements in coastal natural hazards management policies
and policy implementation in Oregon has been recognized for many years, but has
been given new impetus by Congress' passage of the 1990 Coastal Zone
Reauthorization Act. Section 309 of the act established a voluntary Coastal Zone
Enhancement Grants Program to facilitate state coastal management program
changes in several areas, including coastal hazards. Following an assessment of
needs, the federal Office of Ocean and Coastal Resources Management (OCRM)
concurred with Oregon officials that coastal hazards was a qualifying area. A five-
year coastal hazards policy improvement strategy and funding proposal was
prepared and approved by OCRM; work began in 1992.

This paper outlines Oregon's coastal hazards policy improvement strategy and
progress, with emphasis on Oregon's Coastal Natural Hazards Policy Working Group
(PWG). A brief overview of natural hazards along the Oregon coast is presented
first, along with the present hazards management framework and some of its
shortcomings. The contents of Oregon's strategy are then outlined, and the work of
the PWG described, including the process being used, and preliminary policy
recommendations and implementation measures.

Hazards, Existing Policies, and Problems

Natural hazards affecting the Oregon coast can be understood in terms of the
regional tectonic setting, local geology, and global and regional oceanographic and
atmospheric conditions. Just offshore is the 700-mile long Cascadia Subduction
Zone (CSZ), the boundary between the westward-moving North American plate and
the northeast-moving Juan de Fuca plate. The vulnerability of the coast to large
earthquakes (M 8-9+) along this fault and locally-generated tsunamis has been
established in recent years; recurrence intervals are estimated at 340 to 590 years
(Madin, 1992). The most recent event was about 300 years ago and the probability
of another large quake in the next 50 years is about 20-30%. The scenario for such
an earthquake includes severe, sustained ground-shaking; liquefaction of
unconsolidated, saturated soils; numerous and possibly massive landslides; and a
series of large tsunamis arriving soon after the event. Loss of life and property
could be significant.

Although hazards associated with potentially catastrophic earthquakes have
garnered significant attention recently, Oregon has long been affected by more
subtle, chronic natural hazards. These include episodic beach and dune erosion,
gradual and episodic sea cliff recession, bluff slumping and landslides, and coastal
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flooding. Excess sand buildup is a problem in some areas. These chronic hazards
owe their severity to winter storms that generate significant wave heights of 20-30
feet; associated storm surge arid wave setup along the beach and shoreland; strong
nearshore currents, including devastating rip currents; high winds, rain, runoff, and
associated lowland flooding; and elevated sea levels caused by seasonal effects and
periodic El Nifios (Komar and Good, 1989). Long term sea level rise (SLR)
associated with global warming is also a problem along about 150 miles of the
central coast, where uplift is minimaland, not coincidentally, where erosion problems
are most severe (Komar, 1992).

Local, state, and federal agencies each have programs and policies related to
natural hazards along the Oregon coast. The principal programs and policies
include Oregon's statewide land use planning program and its hazard-related
planning goals. Used by local governments to develop local comprehensive plans
(LCPs), these goals include: Goal 7 — Natural Hazards, Goal 17 — Coastal
Shorelands, and Goal 18 — Beaches and Dunes. Hazards information and mapping
is the responsibility of the Departmentof Geologyand Mineral Industries (DOGAMI).
Shore protection structures (SPSs) along the oceanfront are regulated under a joint
permit program by the State Parks and Recreation Department (SPRD) and the
Division of State Lands (DSL).

Coastal hazards management problems have been identified in several recent
studies (Good, 1992; Jones, 1993; ODLCD, 1993). They include inadequate hazard
mapping, particularly for potentially catastrophic earthquakes and tsunamis;
inconsistent quality in geotechnical reports prepared to evaluate sites and suggest
mitigation measures; lack of coordination between local planning/development of
uplands and state management of public beaches, particularly with respect to
permitting of seawalls and revetments; jurisdictional gaps and overlaps in the
SPRD/DSL permit process, and inadequate assessment of proposed SPSs;
inadequate emergency shore protection procedures; inadequate public awareness of
the threat of earthquakes and tsunamis; poor disaster preparedness for large
earthquakes and tsunamis at all levels; and lack of procedures for factoring the
threat of earthquakes and tsunamis into the local land use process, particularly for
critical facilities. Significant population growth and development at the coast,
particularly in recent years, is compounding these problems (Jones, 1993). A
growing influx of retirees, second-home buyers, and visitors are creating demand for
new construction along the oceanfront, including homes, condominiums, motels, and
restaurants. More hazardous sites avoided earlier are now filling in with vulnerable
development. Older structures built along the oceanfront are also increasingly at
risk, owing to gradual sea cliff recession and episodic beach and dune erosion.

A Strategy for Improving Coastal Hazards Management

Oregon's five-year strategy for addressing these issues has three components:
1) hazard assessment, 2) hazard awareness, and 3) hazard policies and
implementation. Hazardassessment projects have thus far included a pilot mapping
program for chronic hazards and a project to improve geotechnical report content
standards (Komar, 1993). A catastrophic hazards mapping project is underway.
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These will be expanded in the future to other areas. Increased hazards awareness
is being pursued as part of the mapping, geotechnical report, and policy
improvement projects. Policy improvements are being identified by a Coastal
Natural Hazards Policy Working Group (PWG).

The PWG was formed in early 1992 as an outgrowth of a 1991 Sea Grant
coastal hazards conference held in Newport. The conference presented the results
of recent research, examined engineering and regional planning strategies to
mitigate hazards, and reviewed public policy issues. Participants expressed great
interest in delving into the problems identified above to find acceptable solutions. A
20-member PWG was drawn from conference attendees; it includes people with a
variety of coastal interests—oceanfront property owners, realtors, environmentalists,
a consulting geologist, local planners, a school teacher, a county commissioner, an
emergency manager, a fire chief, and managers from key state and federal
agencies.

The PWG has no formal mandate. Consistent with the Section 309 program
goals, however, it defined its "mission" as: Representing a broad range of public
and private interests, the PWG is identifying important coastal natural hazard issues,
evaluating existing management strategies, examining alternatives, and
recommending and supporting needed policy improvements to decision-makers at all
levels.

The PWG used an "all-hazards/all-decisions"approach to identifyproblems and
generate alternative solutions (Ansevin and Good, 1993). In an "issues and options"
report (CNHPWG, 1993), the PWG outlined 27 policy issues and more than 150
options for dealing with them. Issues were organized in four broad categories:
Hazard Assessment, Disaster Preparedness and Response, Land Use, and Shore
Protection; a feed-back evaluation form was also included as part of the report. The
PWG conducted 10 public evaluation workshops for various stakeholders and the
general public; more than 400 attended. The input from these workshops and the
more than 60 evaluation forms that have been returned are being used to help
develop final policy recommendations. Implementation of recommendations,
currently in draft form, will require both legislative and administrative action by local,
state, and federal government, as well as private sector actions.

Draft Policy Recommendations

Although it is not certain what recommendations will finally emerge, the PWG
has largely completed a rough draft of its recommendations for hazard assessment,
land use, and shore protection. Some draft final recommendations are outlined
below, but the stress should be on "draft."

Hazard Assessment

A number of problems related to hazard assessment were identified in the
PWG process: inadequate chronic and catastrophic hazard mapping and data for
decisions about land use, shore protection, and disaster preparedness and
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response; inconsistent and poor quality geotechnical reports prepared for site-
specific developments; and poor dissemination or access to existing and newly
released information. In response to these issues, the PWG is likely to recommend:

1) Development of criteria and standards for collection, reporting, and mapping
coastal hazards (based on the earlier-referenced pilot projects).

2) Inventory of existing studies, maps, and digital data and evaluation for use
in new hazard mapping, prior to new investments; improved access to this
information through database development and a central depository.

3) Development of coastwide standard chronic and catastrophic hazards maps
at a minimum scale of 1:4,800, with criteria for establishing mapping
priorities:

4) Funding of other applied research on chronic and catastrophic hazards that
contribute to hazard reduction and resource management.

5) Specific content standards for site-specific geotechnical report
requirements, procedures for peer review, and coastal certification of
geotechnical professionals.

Land Use

Land use issues identified by the PWG include poor coordination between land
use decisions and management of beaches and shore protection (e.g., inadequate
building construction setbacks); public subsidies of development in hazardous areas;
lack of hazard awareness by buyers of real property; and lack of procedures for
factoring the threat of earthquakes and tsunamis into the local land use decisions.
Likely PWG recommendations include:

1) Establishing a new method for determining building construction setbacks,
using a coastwide "formula" approach, but applied locally based on specific
site characteristics.

2) A framework and process for special area management planning (SAMP)
along the oceanfront, including mapping & inventory procedures,
establishment of logical boundaries, means to deal with "unbuildable" lots
and the influence of existing uses/past decisions on future development,
advance determination of shore protection and dune management
strategies, and evaluation of alternative shore protection techniques through
pilot projects.

3) Elimination of certain classes of public subsidies in certain hazardous
areas.

4) A local government notification process for proposed oceanfront
development as it relates to the need for future shore protection.
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5) Limits on development in earthquake/tsunami hazard areas, particularly for
critical facilities, schools, etc.

Shore Protection

Problems related to shore protection management include jurisdictional gaps
and overlaps, and inadequate assessment of proposed SPSs in the state permit
process; lack of coordination with local government and state agencies, particularly
in the review and evaluation process; and inadequate emergency shore protection
procedures. Preliminary recommendations include:

1) Explicit goals for a revitalized shore protection program, including a basic
policy discouraging hard SPSs.

2) Consolidation of the program within a single agency (SPRD) and a new
mandated interagency review/evaluation process that takes advantage of
existing expertise.

3) New jurisdictional boundaries to eliminate physical gaps in permit program
coverage.

4) A new process and sequencing of decisions with respect to need for shore
protection, threatened property, alternative shore protection methods
evaluation, impact assessment, and compensation for unavoidable impacts,
including cumulative impacts.

5) Explicit emergency shore protection procedures requiring removal once the
emergency has passes.

6) Increased administrative/civil enforcement authority for the lead shore
protection agency.

7) Establishment of a fee for costs of shore protection permit review and
evaluation.

8) An education initiative to improve transition to the new program.

Disaster Preparedness and Response

Problems identified include: low public awareness of earthquake/tsunami
hazards, inadequate disaster preparedness and response planning, and vulnerable
communication systems, utilities, critical facilities, infrastructure, and buildings. The
PWG is likely to recommend:

1) Development and implementation of an all-audience education program to
increase awareness and preparedness for earthquakes and tsunamis along
the Oregon coast.
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2) Establishment of a coastwide Incident Command System for earthquake
response.

3) Preparation of earthquake annexes tolocal andstateemergency operations
plans; assistance in preparation ofplans for businesses andfamilies.

4) Improved emergencycommunication systems.

5) Determination of coastal lifeline and infrastructure vulnerability and the
effect on disaster plans.

6) Inventory of buildings for structural integrity and a plan for vulnerability
retrofitting.

7) Post-disaster planning for reconstruction and (and use.

Discussion and Conclusions

The draft recommendations outlined above, if fully implemented with adequate
resources by appropriate agencies or private parties, would create a coastal hazards
management framework for Oregon that integrates the full range of chronic and
catastrophic hazards with all decisions affected by those hazards. It would
incorporate the latest scientific findings and technical procedures, spur needed
improvements in coordination, and reduce conflict through advance planning
(SAMPs). Most important, it would help achieve the fundamental goals underlying
existing and proposed policies:

1) To protect human life and property from natural hazards.

2) To protect the beach in perpetuity for public recreational use and
enjoyment.

3) To conserve, protect, and where appropriate, develop or restore oceanfront
lands consistent with protection of the beach and upland property.

The final recommendations of the PWG are expected in mid-1994. At that
time the real work of seeking implementation of this new management regime
begins, it is hoped that the groundwork laid by the PWG, the public nature of the
process, and the attempts to keep policy-makers and others informed along the way
will result in a favorable climate for Implementation, whether through legislation,
administrative rules, or other means.
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MANAGING CUMULATIVE AND SECONDARY IMPACTS IN THE
COASTAL ZONE: A SURVEY OF CURRENT STATE APPROACHES

Joelle Y. Gore, NOAA/National Ocean Service

In recent decades, most coastal areas have experienced unprecedented
population growth. Cumulative and secondary impacts on natural resources in the
coastal zone result from a wide-range of activities surrounding the current population
growth and subsequent increase in development. These impacts include loss of
sensitive habitats and resources, decrease in water quality, and decrease in public
assess to the coast, among others. The diffuse causes of these impacts, and
general lack of technical information identifying the effects of these causes, creates
a complex coastal management problem that is difficult for most states to address
through current management regimes.

This paper will examine the techniques and methodologies coastal states have
developed, and are currently developing, to address cumulative and secondary
impacts from growth and development in the coastal zone, and explore the
challenges to their efforts. First, an overview of current coastal state management
regimes, and the weaknesses in those regimes, to address cumulative and
secondary impacts will be discussed. Second, an examination of current techniques
and procedures states have proposed and are developing to address those
weaknesses will be presented. Finally the paper will highlight the successes and
challenges states have encountered while developing these new management
regimes.

This examination will be limited to coastal states which have federally approved
coastal zone management programs and which have projects funded through the
CoastalZone Enhancement Program to address cumulative and secondary impacts.
In this Enhancement Program, which was created through the 1990 reauthorization
and amendments to the Coastal Zone Management Act, states are encouraged to
address eight national coastal resource management objectives through
"enhancements" or changes to their coastal zone management programs by
developing new legislation or regulations, or make improvements to existing laws or
policies. One of these national objectives is to address cumulative and secondary
impacts of population growth and development on coastal resources, such as
wetlands and fishery resources.

States first assessed the status of their coastal resources and determined the
potential for improving the managementof those resources given the significance of
the issue in the state and the existing institutional framework. This assessment
provided the states with a factual basis to determine priorities and develop strategies
for improving their coastal management programs. Most states, 27 out of the 29
coastal states and U.S. territories, listed cumulative and secondary impacts as a
priority area to receive funding in order to develop improvements. States then
developed strategies and proposed projects to address these issues, and other
identified state priorities.
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The state assessments that identified the existing management frameworks
and techniques to address cumulative impacts recognized the inadequacy of those
techniques. These techniques mostly include incremental regulatory practices, e.g.,
considering impacts on a case-by-case basisthrough permit review.

In many cases, states have the legal authority in their state coastal zone
management program statutes for controlling development that potentially has
cumulative impacts on coastal resources. Many states also have individual
cumulative impact policies that may exist in local land use plans. However, the
assessments of existing programs reveal no systematic methodology for applying
those cumulative impact laws and policies. This creates the inability to develop
information resources necessary for comprehensive control of cumulative impacts,
andmakes itdifficult to quantify andqualify these impacts. Further, most states lack
a sufficient coordination effort among the agencies responsible for the varying
legislation. This makes it difficult to assess the effectiveness of the laws and
regulations toevaluate whether areas are adequately protected from cumulative and
secondary impacts.

Proposed in the states strategies are varying, many times overlapping,
approaches to improving the management ofcumulative and secondary impacts. A
few of these approaches are discussed below.

Many states have proposed to utilize and improve upon existing planning
frameworks-regional or comprehensive planning, state-wide growth management
laws, critical area laws for the coastal zone - to attempt to manage the effects of
cumulative and secondary impacts of growth and development. Some of the
proposals for improving these existing frameworks include: improve coordination
between regulatory agencies to conduct better cross-media assessments of
resources; expand the scope of state environmental impact review requirements;
incorporate cumulative impacts language into existing environmental programs and
regulations; modify permit procedures; and improve baseline data and monitoring
capability with a greater emphasis onbasin-wide and regional approaches.

For example, California proposed to develop a regional review process of local
coastal plans which are used to implement the California Coastal Management Plan.
The state is conducting a demonstration project in a designated region to review
regional cumulative impacts to resources and make recommendations to the locals
in the regions on any changes needed to better consider cumulative impacts in the
local permitting process for coastal development. Drawing on the demonstration
project, the new regulations may specify new monitoring, data collection and/or
better coordination with other public agency to better consider cumulative impacts in
the region. Memoranda of Agreements may be established with other agencies to
help solidify the coordination processes.

Other states have proposed more science-based efforts by collecting and
utilizing resource data on Geographical Information Systems (GIS) combined with a
comprehensive planning and management approach to protect natural resources.
For example, North Carolina is developing a complex network of information of
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existing resources using GIS which will include the location of permitted activities
and land use activities, and identify critical habitats on a watershed basis. The state
is also developing population growth and natural resource coefficients in order to
quantify the demands and pressures from projected population growth. This will
help draw a more direct relationship between growth and environmental quality. The
state will use this information to develop specific criteria and enforceable policies to
assess and address cumulative effects through improved state policies and local
land use plans. Likewise, Alaska is working to develop a methodology that will
quantify the impacts to fisheries habitat on one of its rivers.

Many states are combining efforts towards managing cumulative impacts with
other identified priority areas in their Enhancement Programs, such as the protection
of wetlands, and the protection of property from coastal hazards. Other states are
taking a less comprehensive approach than what has been described and have
proposed to address the cumulative or secondary impacts from specific problems.
Some of these proposals include: improve regulations for septic systems in flood
prone areas and in sensitive habitat areas such as shellfish beds; improve specific
stormwater management guidelines for developed areas; review mitigation banking
alternatives for activities in wetlands; and revise siting and design guidelines for
marinas and boast slips.

For most states, the Coastal Zone Enhancement Program has provided an
opportunity to develop methodologies to assess cumulative and secondary impacts.
From these methodologies, information will be gathered to provide a basis for new
criteria, policies, and regulations that protect important habitats and coastal
resources from adverse cumulative impacts. As mentioned above, the final paper
will provide a more detailed examination of state efforts and examine the challenges
and successes in trying to develop these new programs.

Joelle Y. Gore

NOAA/National Ocean Service

Office of Ocean and Coastal Resource Management
1305 East-West Highway, SSMC4 Room 11311

Silver Spring, MD 20910
PH 301/713-3117
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THE FUTURE OF THE PACIFIC NORTHWEST OYSTER INDUSTRY
Kerry Griffin, Oregon State University

Introduction

The commercial oyster industry in the Pacific Northwest is an integral part of
many coastal communities. For over 100 years, it has created business
opportunities, local employment, general economic development and has provided
an important product the domestic market. In addition, the industry's colorful history
has added to local character in an important way. Currently, hundreds of people
are directly employed by the industry, which had 1989 sales of nearly $30 million,
and a total economic impact much greater (Oregon Dept. of Agriculture, 1990).
Over 10,000 acres of intertidal land in Oregon and Washington are utilized.

The industry saw its beginnings in the mid-1850s with the harvest of the small
native oyster, Ostrea lurida. The industry flourished and soon, as much as 200,000
bushels were being harvested annually from Puget Sound alone (WA dept. of
Natural Resources, 1990). By 1895, the stocks were seriously depleted. Oyster
growers attempted to introduce the European oyster from the east coast, but were
met with limited success. The industry was revived with the introduction of the
Pacific oyster, Crassostrea giqas. from Japan. This oyster grows well in our waters
and is relatively simple to cultivate. Originally, seed was purchased from Japan, but
there are many hatcheries now in operation in the Pacific Northwest, so oyster seed
is locally available.

The preferred method of oyster growing is bottom culture. In this system,
cultch shells with spat attached are taken by boat or dredge to their destination,
where they are shoveled over the side. Sometimes, these oysters are collected and
moved to fattening grounds after two to three years. After four years, the oysters
are harvested by dredge and prepared for market.

The industry currently faces new challenges that have already spelled doom
for several commercial operations. The primary culprits are two species of
burrowing shrimp. Mud shrimp, Upoqebia pugettensis. and ghost shrimp,
Callianassa californiensis burrow into the intertidal sediment, softening the substrate
enough so that mature oysters cannot be supported. They sink in and suffocate in
the sediment. Burrowing shrimp populations have apparently increased greatly in
recent years, compounding the problem. The cause of this population increase is
unclear, and will be discussed later. To combat the burrowing shrimp problem, the
pesticide carbaryl (trade name Sevin) has been used for several years to rid the
oyster beds of shrimp. The use of carbaryl has led to even more pressure from
state agencies and environmental interests to discontinue its use. In fact, it has
already been banned for use in Oregon due to its negative ecological impacts and
improper application methods (Bakalian, 1985).

This paper will address the factors surrounding the volatile issue by first
examining probable causes for increases in the shrimp population, then looking at
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possible solutions. Other factors will also be explored that have led to the decline in
the industry. These factors include falling prices, rising operational costs, and the
environmental movement. Next, the paper will describe experiments with off-bottom
culture and alternative delivery of pesticides that were completed in summer 1993.
Finally, we will discuss the future of the industry, with emphasis placed on the need
for innovative solutions to the numerous challenges the industry faces.

Shrimp Galore

Ask an oyster grower what the biggest challenge to growing oysters in the
Pacific Northwest is, and he will undoubtedly tell you it's the shrimp. Not only does
the soft sediment bury and kill oysters, but it is very difficult to walk on the beds
when one's boots sink up to the thigh. Although there are no studies that document
increasingshrimp populations, it is has been observed empirically by oyster growers
and long-time residents that numbers have indeed increased significantly. Again,
the exact cause of the ballooning shrimp population is not known. Many people
believe that it may have to do with the changing ecology of the bay. For example,
decades of poor logging practices have resulted in excessive siltation into the bay,
may provide ideal habitat for burrowing shrimp. Predator-prey relationships have
also been suggested. Cutthroat trout, Onchorrvnchus clarkii. Pacific staghom
sculpin, Leptocottus armatus. and white sturgeon, Aclpanser transmontanus are
known to feed on burrowing shrimp, and historic declines in numbers of these fish
may have also contributed to the increase in shrimp numbers (SEIS, 1989).
Whatever the actual cause, helicopter spraying of carbaryl has at least partially
alleviated the problem. However, as often occurs, the solution has brought with it a
host of new problems.

Carbaryl is very effective at killing shrimp, with mortalities of 50% to 98%
(SEIS, 1989). However, it also effectively kiils many other species of marine
organisms as well, including juvenile Dungeness crabs. The Dungeness crab fishery
is very valuable in the Pacific Northwest, and the fact that carbaryl application is
highly toxic to juvenile crabs is a matter of great concern to commercial crab
fishermen. This in itself is a complicated issue because while carbaryl kills crabs,
the presence of oyster shells has been shown to provide excellent habitat for larval
and juvenile Dungeness crab (WRAC, 1993)..

Solutions

A 1989 supplemental environmental impactstatement (SEIS, 1989) addressed
the greatest immediate threat, which was and still is perceived to be increasing
numbers of shrimp in the estuaries. Oyster growers have long known that off-
bottom culture methods are not economically feasible, and have pressed for
experimentation with alternative pesticides or delivery systems. However, state
agencies and environmental interests have been concerned about the adverse
effects of carbaryl and have pressed for experimentation with alternative culture
methods that might eliminate the need for pesticide use. The SEIS proposed four
management alternatives, however, no long range plan has been adopted by the
Departments of Fisheries and Ecology, which are the two state agencies most
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involved with the issue. Alternative one eliminates carbaryl application and calls for
the continuation of current ground culture methods. Alternative two also eliminates
carbaryl application, and calls for implementation of alternative growout methods.
Alternative three suggests shrimp control methods other than carbaryl application,
including chemical treatment, mechanical control, biological control, and commercial
harvest. Alternative four is status quo, i.e., carbaryl treatment at present scale.
Some components of these alternatives have been explored already. Below is a
brief summary of some of the most prominent methods that have been discussed.

Electrofishing, which involves passing an electric current through the substrate
with the intention of forcing the shrimp out of their burrows has been informally
experimented with, and some positive results have been observed (Langdon, pers.
comm., 1994). However, more extensive experimentation must be completed to
determine the feasibility of electrofishing as a means of shrimp control and/or
commercial harvest of shrimp for bait.

Alternative three of the SEIS recommends alternative means of shrimp control.
Efforts in this arena have focused on chemical and mechanical control methods.

Chemical methods could mean using different types of pesticides that are more
species-specific and less harmful to non-target species, or it could mean alternative
delivery of carbaryl. Injection into the substrate may result in less incidental kill,
while better targeting the burrowing shrimp. Mechanical methods might include
ground compaction or disruption of the sediment. These types of shrimp control
have not been explored extensively.

Alternative two of the SEIS suggests alternative grow-out methods. Some
types of off-bottom culture methods are suitable for use in the Pacific Northwest.
Long lines and rack-and-bag systems are the most predominant, but production
costs are greater than for bottom culture, making it not feasible economically. Off-
bottom culture can be financially successful for a small, family operation, but it does
not scale up well to a larger operation. One possibility that could make off-bottom
culture profitable is to raise a higher value crop such as scallops, native oysters, or
abalone (SEIS, 1989).

Beginning in October, 1992, we designed and constructed three types of off-
bottom culture methods to explore their feasibility. These were placed on intertidal
areas in Willapa Bay, Washington. The site was selected because there had been
no carbaryl spraying and there was a thriving shrimp population, so we would know
if our methods would be able to stand up to winter conditions and a heavy shrimp
presence. The three types of methods included long-lines, a "floating field" that
consisted of plastic Vexar netting with pvc pipe attached for floatation, and a "flexible
tray* trial that was adapted from a design developed by the Harbor Branch
Oceanographic Institute. The labor-intensive nature of off-bottom culture was
evident during our experiments. Simply attempting to walk around on the flat was a
challenge, let alone trying to actually work. In addition, the severe winter winds and
wave action in this region tended to either tear our experiments loose, or bury them
with silt. The long-line trials were successful for the most part, but again,
construction and labor costs are prohibitive. The floating field was the most

109



expensive to constructand suffered greatly from the adverse weather. It also tended
to become fouled due to siltation and algal growth. The flexible tray system shows
promise, but probably only for higher value product. This method was also
susceptible to severe winterweather, fouling, and excessive siltation.

Conclusion

The future of the oyster industry in the Pacific Northwest is far from secure.
Several businesses have been sold, or have filed for bankruptcy. The scary thing is
that most or these are businesses that have been around for many years, such as
Hayes Oyster Company in Tillamook Bay, OR and Coast Oyster Company in Puget
Sound, WA. Oystermen, are typically difficult to convince to abandon traditional
culture methods, but the industry is very concerned about its troubles and has been
active in organizing and steering exploration toward solutions. Byactive involvement
and innovative research the industry should be able to overcome its current
problems and continue to produce oysters for many decades to come.
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TURBIDITY AND SUSPENDED SEDIMENT ASSOCIATED WITH BEACH

NOURISHMENT DREDGING

Daniel M. Hanes, University of Florida
Karyn M. Erickson, Applied Technology and Management, Inc.

Turbidity, a measure of light scattering due to particles or impurities suspended
in water, is important to underwater visibility, sedimentation, and light transmission.
Periods of high turbidity significantly stress some underwater ecological communities
such as coral. Suspended sediment contributes to turbidity and independently
stresses corals through the deposition of sediment. Turbidity and suspended
sediment concentration vary substantially in the nearshore region under natural
conditions. Natural variations in these quantities may be significantly modified by
engineering activities such as beach nourishment dredging.

An ongoing field observation program is being carried out to measure natural
and man-induced fluctuations in turbidity and suspended sediment. A variety of
observational techniques have been utilized including in-situ underwater electronic
sensors, sedimentation traps, water sampling measurements of turbidity, and remote
video imaging. Two field sites have been established: Hollywood Beach, on the
southeast coast of Florida, and Longboat Key, on the west coast of Florida. Large
scale beach nourishment projects were carried out at each site during the period of
observations.

__ The findings to date cover a range of subjects. A few specific results follow:
The two years of in-situ turbidity measurements at Hollywood Beach indicate that
variations in turbidity are correlated with fluctuations in wave height with an
r-squared of approximately 0.5. The remaining fluctuations in turbidity remain
unexplained. Video images at Hollywood revealed the occasional presence of
turbidity plumes. These plumes originate in the surf zone but appear to diffuse and
advect far seaward of the surf zone.

At L&iigboat Key, a "100-year storm"occurred during spring 1993, just after the
initiation of the beach nourishment dredging project. This storm resulted in
significant erosion of the newly placed beach, and the formation of an offshore sand
bar. Sedimentation traps located in water depth of approximately 5 meters indicated
a substantial increase in sand sedimentation rates both at the project site and at
nearby control sites.

Daniel M. Hanes
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336 Weil Hall
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PARTNERSHIPS IN GALVESTON BAY, TEXAS
David L. Hankla,

U.S. Fish and Wildlife Service

The U.S. Fish and Wildlife Service (Service) Galveston Bay Program was
formally initiated in 1992. The goal of the program is, in close cooperation with
public and private partners, to conduct restoration, management, and education
activities to ensure the biological diversity and productivity of the Galveston Bay
system for generations to come. Program activities contribute directly to priorities
identified in the Galveston Bay National Estuary Program, a broad-scale consensus
building effort to develop a management plan for Galveston Bay and much of the
lower portions of its watershed. Service efforts take place both on and off Service
lands, often in cooperation with non-Service partners.

Specific Galveston Bay Program partnership efforts have been conducted with
the Houston Audubon Society, Armand Bayou Nature Center, the Soil Conservation
Service, the Galveston County Beach Park Board, Sea Grant, the Galveston Bay
Foundation, U.S. Army Corps of Engineers, Texas Parks and Wildlife Department,
Texas General Land Office, Texas Natural Resources Conservation Commission,
and several private landowners. Joint projects include improvement and protection
of a wetland/dune/lagoon complex, restoration of wetlands, protection and
improvement of several bird rookeries, a shoreline erosion control project,
development of a cordgrass (Spartina alterniflora) nursery to provide stock for
wetland plantings, development of freshwater habitats, a short course on
ecosystems for environmental educators, an ecosystem video, and numerous public
education events. Discussions of some of the more prominent partnership activities
follow.

The Service is presently working with the Galveston County Beach Park Board
to protect and enhance a wetland/dune/lagoon complex known locally as Big Reef.
The 210-acre site lies immediately adjacent to Bolivar Roads (the Houston Ship
Channel) on the east end of Galveston Island. Migratory bird habitats (including
endangered species) have been degraded by unrestricted vehicular traffic at the site.
The Service approached the Galveston County with a proposal to create a barrier to
prevent vehicles from disturbing and destroying feeding and nesting efforts of
numerous shorebirds and wading birds. The Park Board was quite receptive as it
would improve the bird watching opportunities, thus adding to a budding ecotourism
industry in the Galveston area. Big Reef and nearby Bolivar Flats are very popular
birding sites for national and international visitors. The biggest problem was
associated with possible conflicts with state laws providing "open beaches" to the
public. To compensate the public for this loss of vehicle access and to provide an
educational opportunity, the Service agreed to provide interpretive signs and some
materials for walkways to enhance public use. As of January 1994, the project is
under construction.

In cooperation with the Armand Bayou Nature Center, the Texas General Land
Office, and the Texas Parks and Wildlife Department, the Service is contributing to
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several wetland restoration efforts. Armand Bayou is designated as a "Coastal
Preserve" by the state of Texas, one of only three sites carrying such a designation.
The Coastal Preserve Program is administered by both the Texas Parks and Wildlife
Department and the Texas General Land Office. They are committed to take
necessary actions within their jurisdictions to maintain the integrity of these sites.
The Nature Center is a private 2,000-acre refuge adjacent to the Bayou. Armand
Bayou has suffered from wetland loss due to erosion and land subsidence caused
by groundwater extraction. The partnership effort is designed to pool resources to
demonstrate the feasibility of restoring these wetlands, thus enhancing water quality,
improving productivity, and restoring natural biological diversity within the preserve.
Restoration at three sites along the bayou is underway or completed with five more
sites in the planning stages.

A cost-share arrangement with the Houston Audubon Society and cooperative
work with the Corps of Engineers and the Texas Parks and Wildlife Department is
currently benefitting thousands of colonial nesting birds. The Society is enhancing
nesting success through nest island management and with educational signage.
The Corps and the Department have assisted in placing large signs on Little Pelican
Island, the largest rookery on the Texas coast. The signs advise of the legal
implications of harassing or taking migratory birds and endangered species. In
addition to its unusually high number of nesting birds, the island holds great potential
to substantially contribute to the recovery of the brown pelican, an endangered
species. Annual nesting surveys will provide an indication of the effectiveness of the
program.

Recent studies in coastal Texas indicate that freshwater habitats in close

proximity to estuarine emergent marshes receive the highest use by shorebirds,
waterfowl, and other waterbirds. Such habitats have had the greatest rate of decline
in the Galveston Bay estuary. In the fall of 1993, the Service initiated a "winter
water" program for migratory birds. The goal was to provide as much fresh water,
either in a permanent wetland or temporarily flooded habitat, in as close proximity as
possible to the coast. While a bit of a gamble biologically, and less desirable than
permanent wetland restoration, the program is very inexpensive and easy to
administer. During the 1993-94 wintering and migration period, 37 small,
inexpensive, "stand-pipe" water control structures may provide as much as 1,100
acres of shallow freshwater environments. The structures can be moved from one

year to the next, depending on effectiveness and landowner interest. Periodic
monitoring will dictate the future of the program.

Urban non-point source pollution is one of the most significant problems in the
Galveston Bay estuary. Sea Grant and the Service, working together, have
undertaken a neighborhood environmental landscape program to promote the use of
native vegetation in landscape planning, reduced pesticide use, water conservation,
and pollution prevention. The program will include newsletters for education and
advocacy purposes, as well as a demonstration planting in a highly visible location.
To qualify for the program and its benefits, neighborhoods will have to guarantee a
certain level of participation. An example of potential inducements to participate
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could be discounts at local landscape nurseries also participating in the program.
This program is similar to one already working in Florida.

The first product of the Galveston Bay Program was a cooperative effort with
the Texas Natural Resources Conservation Commission (formally, the Texas Water
Commission) to produce an educational video on the Galveston Bay ecosystem.
The Service scripted the video and funded much of the photography. The state
produced and edited the video. The video is designed for a senior high school level
biology course and is also well suited for broadcast on public television.

As an agency,the Service is coming to the realization that it cannotachieve its
mission by working in isolation. The vast majority of wildlife habitats are in private
ownership and the activities of numerous state and federal agencies have significant
effects on wildlife populations. The Service is also beginning to take a broader or
more holistic view towards resource management and is now in the process of
shifting its focus from the species to the ecosystem level. The Galveston Bay
Program is one of a number of recent Service efforts that reflects this new approach.

David L. Hankla

U.S. Fish and Wildlife Service

17629 El Camino Real, Suite 211
Houston, TX 77058
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