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1 . INTRODUCTION

Purpose and Structure of the Workshop

Protecting and Restoring Pacific Northwest Estuaries: The Task Before Us was a component
and product of the Pacific Northwest Coastal Ecosystems Regional Study (PNCERS) outreach
program. The overall PNCERS Program Goal is to improve the understanding of natural
variability and anthropogenic stressors on coastal ecosystems that support Pacific salmon, and to
translate that understanding into improved management of resources and activities that affect
coastal ecosystems. Because the PNCERS program seeks to improve the management and
conservation of coastal resources through research and information transfer, those directly
involved in the "management" of coastal resources are the primary audience for PNCERS'
outreach efforts. Since the will and perceptions of the public and those dependent on coastal
resources, as translated by legislators, councils, commissions, and other policy-makers, has a

significant effect on management
programs, the outreach program
also aims to provide information
to the public and policy-makers,
as well.

There were two specific
objectives for this workshop: 1)
to acquaint estuarine practitioners
from Washington, Oregon and
northern California with the
PNCERS program and large-
scale conceptual approach; and 2)
to initiate a dialog with these
practitioners that would lead to
posing and answering the general
question	 "What	 scientific c

information, and in what form, would allow you to do a better job of protecting and restoring
estuaries in the next five years?" Estuarine practitioners were defined as persons who deal with
any aspect of natural resource management or policy-making dealing with estuaries, that is, the
extended definition of estuarine managers.

A presentation on the evening of December 8 was made by Jane Lubchenco, Department of
Zoology at Oregon State University. Dr. Lubchenco presented a summary of global
anthropogenic impacts on marine and coastal ecosystems, thus pointing towards the challenges
and opportunities involved in the PNCERS approach to coastal stewardship. The presentations
on the morning of December 9 were complementary overviews of the state of knowledge of
estuarine science in the Pacific Northwest, approximately bounded north and south by the Strait
of Juan de Fuca and Cape Mendocino. In the context of PNCERS, these talks attempted to
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compare and contrast Pacific Northwest estuaries or locales and environmental condition. The
workshop approach was that the presentations would relate to the PNCERS overall the elements
of the conceptual model, shown in Figure 1.1.

Figure 1.1. PNCERS conceptual model.

Report Content and Organization

This report provides a record of the workshop presentations and discussions for the 100 or so
attendees, and extends this information to others who were unable to participate. Chapters 2
through 9 summarize of the plenary presentations, and Chapters 10 and 11, respectively,
summarize the results of the discussion in the breakout groups and the responses to
questionnaires circulated at the meeting. Visual aids used for the presentations are included as
figures at the end of each chapter. As with the Schmooze in the Ooze, another PNCERS-
sponsored workshop held in June, 1998, an important goal of this report is to help establish a
sense of community among the estuarine practitioners in the Pacific Northwest region.
Accordingly, Appendix A presents a listing (with street and Email addresses) of the workshop
registrants, with the intent of encouraging communication. Appendix B contains the workshop
agenda, and Appendix C, a copy of the questionnaire.
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2. WELCOME TO THE WORKSHOP

Usha Varanasi, Science Director
NOAA National Marine Fisheries Service

Northwest Fisheries Science Center
Seattle, Washington

First, I want to thank Bob Bailey,
Andrea Copping and John Stein of the
PNCERS Program Management Team
for inviting me to speak to you today.
I'm especially pleased to be here to
speak to you this morning, because as
some of you know, a major part of the
research I did prior to becoming
Director of the National Marine
Fisheries Service's Northwest
Fisheries Science Center focused on
estuaries and the effects of pollution
on estuarine-dependent species. And
because of the research I did on
estuarine habitat, I'm very aware of
the complexity of estuaries and the many stresses they face. I'm also aware that our estuaries
don't currently receive the attention they deserve as far as research funding. I very much agree
with what Jane Lubchenco so eloquently spoke of last night. Stewardship is very important and
is key, so I commend you.

Our estuaries here in the Northwest are vital ecosystems to many species and are very important
to many coastal communities. Our estuaries have also been changed substantially by things we
as humans do. It's also clear that, in relative terms, we lack the understanding of estuarine
processes that we need to better manage them for the long term. Our understanding of key
physical and biological processes is lacking. We also lack detailed information on how we have
actually changed estuarine habitat and water quality and how those changes are linked to species.
And we do not have all the tools we need to better manage our activities in estuaries to conserve
and protect what we have and to restore some of what has been lost. This is what is needed if
we are to insure viable long term social and economic benefits.

Having said that though, it is not all gloomy. I'm an optimist and I do see the glass as half full.
We have made progress, even though we have lots to do. We have learned much about physical,
chemical, and biological relationships in estuarine systems. We are also recognizing that our
management systems, while having made progress on many fronts, need to move from dealing
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with the individual pieces, in more or less isolation, to a more integrated and interconnected
way. This recognition I feel comes from what we have learned about the interconnections
between the physical and biological systems of our estuaries, that there are significant
cumulative effects of human activities, and that we must coordinate our science and research,
and must integrate our management decisions if we are to insure that our estuaries and other
aquatic systems are going to sustain coastal communities and vital ecological functions over the
long term.

In that regard I've supported from its inception the development and need for a program like
PNCERS in the Northwest as a important component in addressing the larger ecosystem level
questions for estuaries and near coastal waters that we face. The exciting part of PNCERS to me
is that it is incorporating both the social and natural sciences. I do see this as a very important if
we are to improve our understanding of the - "system". We in the National Marine Fisheries
Service do recognize that as stewards of our living marine resources we have an obligation to
fishery-dependent coastal communities to aid them in attaining economic sustainability. This
means to me that one chief component is giving them the information in a form that is most
useful in dealing with change. Whether it is changes in natural resource management regimes or
natural events--from El Nino to harmful algal bloom events that seriously impact recreational
and commercial fisheries. The PNCERS' science team is taking on this broader level of view of
our ecosystem. This is a big challenge, but it is a talented team.

This workshop is addressing a key issue, which is "How best can the science be used to better
inform us in making natural resource management decisions?" I see that we must work in a way
that science recognizes and is responsive to the issues of today, but is not wholly driven by
short-term management crises. We must manage with a clear view of long term implications of
how we manage. In my current position as Director of the Northwest Fisheries Science Center
I'm keenly aware of the importance of communication between all of the parties that have a
stake in an issue. This is very important and the workshop today and tomorrow is a step in
improving communication.

Better communication between scientists, managers' activities that can affect a natural resource,
and the people that are dependent on that resource--be it a fish or habitat--for their livelihood is
very important if we are to deal with the many complex issues we now face. The complexity of
the issues, and the impact that decisions can have on us as a society makes it critical that we sort
out carefully the important questions so that we are directing our limited resources to collect the
right scientific and technical information to make informed decisions, while having a clear
understanding of the uncertainty in the information that will exist. We are more explicitly
recognizing now that we can't fully understand ecosystems and that we must specifically address
the uncertainty that will always be there when a decision needs to be made.

Better communication is no small task, and there is much work to be done to improve how we
communicate. And to better use what we know and what information we can collect to make
better decisions. So I commend you all in working today and tomorrow to address those very
important questions that are at the science--management interface.
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As I said I'm an optimist and look to a bright future. Yes, we have crises in fisheries; yes we
have listed salmon species; yes, we have lost and degraded estuarine and other habitat. But there
are changes that have taken place or are taking place to be optimistic about.

■

• The new Magnuson-Stevens Fishery Act recognizes that we must identify, protect,
and reduce threats to habitat that is essential of fish.

• The Northwest Center has received new funding to increase our capability to assess
Pacific Northwest groundfish stocks that are important to the economies of several
coastal communities in Oregon and Washington.

• Vice President Gore has presented an initiative for 2000 that will bring all the federal
agencies together to take a West Coast perspective to the Pacific salmon crisis.

• And we at the Northwest Center have entered into an agreement to serve as the West
Coast Center for the National Ocean Service's new National Centers for Coastal
Ocean Sciences. We see this as an important step in NOAA being able to address
key estuarine and near coastal science and management issues.

So, to summarize, what I think is most important to you today is: 	 communication,
communication, communication! Thank you.
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3. LONG-TERM CLIMATE TRENDS IN THE PACIFIC NORTHWEST AND
THEIR EFFECTS ON SALMON POPULATIONS

George H. Taylor, State Climatologist
Oregon Climate Service

College of Oceanic and Atmospheric Sciences
Oregon State University

Corvallis, Oregon

There is increasing evidence that salmon
populations in the northeast Pacific are
significantly influenced by long-term climate
changes. In the Northwest, temperature and
precipitation data go back about 100 years.
During that time there have been four
relatively distinct climatic periods. These are
illustrated in Figure 3.1, which shows annual
precipitation (departures from the long-term
average) for the Oregon Coast. All stations
west of the crest of the Coast Range were
averaged together to get a single value each
year, and every year's value compared with the
long-term average. The Water Year (October

through September) was used so that all months from a single winter remained in the same data
set.

The four climatic periods were:

1896-1914 Generally wet (and cool)
1915-1946 Generally dry (and warm)
1947-1975 Generally wet (and cool)
1976-1994 Generally dry (and warm)

Note that in any given period, not all the years are dry or wet, but that a high percentage follows
that pattern. For example, in the 1915-1946 period there were 22 dry years and only 10 wet
ones. Consecutive dry years were common (indicating drought periods). The wet period
immediately following had 21 wet years versus 7 dry ones, and consecutive dry years never
occurred. Droughts were nonexistent during the latter period, although there were several major
floods.
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Recently, scientists have found that salmon returns in the Northwest show long-term behavior
that closely follows the climate cycles. Figure 3.2 was Anderson (1995), who used the "Pacific
Northwest Index" (PM) to distinguish cool, wet periods from warm, dry ones; note the
similarity of PNI to the graph in Figure 3.1. PM was then compared with Columbia River spring
Chinook salmon return going back to 1940 (earlier data are not available). The correlation
between spring Chinook and PM is very strong, as indicates that salmon return increase during
cool, wet periods and decline during warm, dry ones. While there are undoubtedly human-
induced effects on the fish (including dam construction and habitat destruction), Figure 3.2
indicates that natural variability may be a very significant influence as well, and should be
considered in any salmon restoration plan (such as the Oregon Salmon Plan).

While stocks in the Northwest have shown low numbers in recent decades, Alaska salmon have
had a tremendous boom period. Climatologists have known for many years that weather patterns
in Alaska and the Northwest are out-of-phase: wet periods in the Northwest tend to be dry in
Alaska, and vice-versa. The El Nino-Southern Oscillation appears to be the major reason for this
flip-flop. Interestingly (and perhaps not surprisingly), salmon returns in the Northwest and
Alaska are similarly out of phase. In Figure 3.3, also adapted from Anderson (1995), the bottom
chart shows that Chinook returns in the Rogue and Columbia/Snake behave similarly over time.
The upper figure, however, shows that Columbia and Alaska salmon are out of phase, with the
abundant 1950-1975 period in the Northwest corresponding with a very poor salmon period in
Alaska. When Northwest stocks declined in the 1970's, Alaska's were soaring.

There are indications that global ocean and atmosphere conditions are the cause of the long-term
climate variations shown in Figure 3.1. There is also evidence that a switch in regimes occurred
in late 1994, and that we have returned to the conditions which tend to yield wet, cool winters in
the Northwest. (see Conveyor Belt article). These global shifts are thought to be responsible for
multi-decadal changes in the frequency of El Nifios, Atlantic hurricanes, average global
temperatures. The most recent four-year period of wet weather in the Northwest, coupled with
increased Atlantic hurricanes and more frequent La Nifias in the Pacific, indicate that such a shift
may be well underway. If so, we may be entering a period of very favorable ocean, river, and
climate conditions which are conducive to a significant increase in salmon populations in the
region (and a decline in Alaska's salmon).

Figure 3.4 lists several large-scale indices which give evidence to the concept of global multi-
decadal variations in ocean and climate conditions. Global thermohaline circulation, or
"conveyor belt," is a possible causative mechanism for this variation. We will continue to study
such global-scale patterns, and their effects on the Northwest, in hopes of eventually predicting
these changes.
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Figure 3.1. Departure from average precipitation, Water Year (October-September►,
Oregon Coast Division. Years with positive values are wetter than the 100-year
average, while years with negative values are drier than average. 

Protecting and Restoring Pacific Northwest Estuaries	 PNCERS Workshop Report
Page 8



Figure 3.2. Pacific Northwest Index and Salmon returns (Columbia River spring
Chinook) since 1940. The cool, wet period in the 1950's and 1960's
corresponded to high salmon returns. When a regime dominated by dry, warm
weather began in the mid-1970's, salmon populations went down sharply. Figure
adapted from Anderson (1995).
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Figure 3.3. Comparison of salmon populations in the Pacific Northwest and Alaska,
showing that Columbia River and Bristol Bay salmon populations appear to be out
of phase, while Columbia and Rogue River salmon populations are in phase. Figure
adapted from Anderson (1995).
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Parameter
1890-1917 1918-1945 1946-1974 1975-1994 Since

1994
Atlantic hurricanes Many Few Many Few Many
Sahel rainfall Very wet Average Very wet Very dry Average
El Nifio events Few Many Few Many One, but 3

La Nina
years

Global air temps Decrease Increase Decrease Increase ?
PNW precipitation Wet Dry Wet Dry Wet
Conveyor belt Strong Weak Strong Weak Strong

Figure 3.4. Evidence for multi-decadal shifts in weather and ocean conditions
worldwide, including precipitation in the Pacific Northwest (PNW). These patterns
are consistent with apparent changes in the global thermohaline circulation, or
"conveyor belt."
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4. HABITAT VARIABILITY AND FUNCTION IN PACIFIC NORTHWEST
ESTUARIES

Steven S. Rumrill
South Slough National Estuarine Research Reserve

Charleston, Oregon
(PNCERS Principal Investigator)

Introduction

Pacific Northwest estuaries and coastal embayments are dynamic land-margin ecotones that
support and sustain diverse habitats, rich biotic assemblages, and important ecological processes.
Moreover, estuaries function as valuable ecosystem integrators of natural changes in the coastal
environment, and they respond readily to temporal variation in tidal forcing, episodic
recruitment events, and longer-term shifts in the regional ocean climate.

Estuaries are also important ecosystem integrators of human-mediated stressors. Protected
embayments and harbors have historically served as valuable ports and centers for commerce,
and coastal communities have drawn their economic livelihood from a variety of shoreline-
dependent activities. However, the physical and biotic integrity of estuarine ecosystems has
been degraded over the past 150 years by a
series of chronic and cumulative
anthropogenic stressors. These stressors
include the widespread alteration, loss, and
urbanization of shoreline habitats,
contamination of sediments with toxic
wastes, input of suspended sediments from
upstream roadbuilding and silvicultural
activities, leaching of fertilizers and
excessive additions of processing wastes,
inputs of rural and urban non-point source
pollutants, invasion by non-indigenous
species,	 and other anthropogenic
disturbances.	 These	 chronic	 and
cumulative environmental stressors have
the capacity to disrupt the production and transfer of energy among estuarine habitats and
communities, and they challenge the ability of estuaries to continually provide essential
ecosystem functions required for the sustained productivity of waterfowl, fish, and shellfish.
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Definitions and Geomorphic Typologies

Estuaries and coastal ecosystems located within the Pacific northwest region of the United States
(SE Alaska to Cape Mendocino, CA) can be broadly defined as the land-margin ecosystems that
occur at the interface between steep or deltaic riverine valleys and the nearshore marine waters
of the Pacific Ocean. Functional definitions for estuaries range from the simplistic delineation

• an arm or inlet of the sea at the lower end of a river (Random House, 1984),

to more specific geomorphic descriptions

• a semi-enclosed coastal water body with a free connection with the open sea and
within which sea water is measurably diluted with freshwater (Pritchard, 1967), or

• an inlet of the sea that reaches into a river valley as far as the upper limit of tidal rise,
divisible into: (1) a marine or lower estuary in free connection with the open sea, (2)
a middle estuary subject to strong salt and fresh water mixing, and (3) an upper or
fluvial estuary characterized by freshwater but subject to daily tidal action
(Fairbridge, 1980),

and to the liberally holistic understanding that encompasses the entire land-margin ecosystem

• that portion of the earth's coastal zone where there is interaction of ocean water, fresh
water, land, and atmosphere (Day et al., 1989).

Estuaries are well represented throughout the Pacific Northwest biogeographic region by a variety of
land-margin ecosystems situated within relatively steep and forested watershed basins. The
geomorphic typologies of northwest estuaries (Figure 4.1) include: (1) Drowned River Mouths, (2)
Embayments and Coastal Lagoons, and (3) Glacial Fjords and Sounds. The Drowned River Mouth
estuaries are most the prevalent and include numerous tidal-dominated systems (i.e. Grays Harbor,
Willapa Bay, Tillamook Bay, Siletz Bay, Yaquina Bay, Alsea Bay, Coos Bay, Humboldt Bay) and
several river-dominated systems (i.e. Quillayute River, Columbia River, Umpqua River, Rogue
River, Klamath River). Many of the tidally-dominated drowned river mouth systems are protected
from ocean surf and winds by elongated sand spits and narrow coastal dunes. In contrast, the
Embayment and Lagoonal estuaries are primarily smaller bar-built systems (i.e. Netarts Bay, Sand
Lake, Stone lagoon, Big Lagoon) and blind river mouths (i.e. New River, Elk River, Sixes River,
Pistol River). Glacial-derived systems occur northward from the Olympic Peninsula along the outer
coasts of northern Washington, British Columbia and southeast Alaska and consist of expansive
sounds (i.e. Puget Sound, Barkley Sound, Clayoquot Sound) and narrow fjords (i.e. Hood Canal,
Sannich Inlet, Alberni Inlet).

Although the hydrological circulation patterns within Pacific northwest estuarine basins are complex
and poorly understood, the estuaries can be broadly divided into a series of four distinct geomorphic
zones (Figure 4.2). The Marine – Estuarine Interface Zone is located immediately outside the mouth
of the estuary and is characterized by marine waters with a salinity range of 33 to 25 psu (practical
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salinity units). In some cases the Marine –Estuarine Interface Zone can be expansive (i.e. Columbia
Rive Plume, Willapa Bay) and extend over thousands of hectares and hundreds of kilometers from
the point of discharge into sea. In other cases the Marine – Estuarine Interface Zone is relatively
small and confined to the region of mixing between marine and estuarine waters with the daily ebb
and flood of the tides. The Marine Dominated – Lower Zone is located immediately inside the mouth
of the estuary and is characterized by polyhaline waters with a salinity range of 30 to 18 psu. Further
up the estuary, the Middle Estuary - Mixing Zone is located at variable distances from the mouth and
is characterized by mesohaline waters with a salinity range of 18 to 5 psu. The Upper Estuary -
Riverine Zone is located near the head of tide and is characterized by the input of oligohaline waters
with a salinity range of 5 to 0.5 psu. Tidal exchange in the Pacific northwest estuaries may be partial
or nearly complete, and the tides are mixed and semi-diurnal with a typical range of 2.4 to 3.3
meters.

Major Habitats and Biotic Indicators

Detailed habitat classification systems have been developed specifically for Pacific Northwest
estuaries by Starr (1979), Dethier (1990), and Simenstad et al. (1991). These estuarine classification
systems are regional derivatives of the US Fish & Wildlife Service Wetland Classification Scheme
(Cowardin et al., 1977) and they incorporate the hierarchical breakdown of estuarine subsystems
based on tidal regime, substratum class, exposure to wave energy, representative fish and wildlife
assemblages, and other modifiers (Figure 4.3). They are inhabited by seven estuarine biotic
components and communities (Figure 4.4). These classification schemes can be simplified further to
recognize eight major types of estuarine habitats. The major estuarine habitats and their associated
assemblages of organisms are presented below (see also greater detail in Figures 4.5 to 4.12):

1. Saltmarshes
• Emergent Plants: Deschampsia / Triglochin / Carex / Salicornia

2. Sandflats and Mudflats
• Infaunal Invertebrates: Cockles / Soft-shell / Bent-nose / Gaper clams

3. Bioturbated / Burrowing Shrimp Beds
• Ghost shrimp: Neotrypaea californiensis
• Mud shrimp: Upogebia pugettensis

4. Submerged Aquatic Vegetation
• Eelgrass: Zostera marina / Zostera japonica
• Macroalgae: Ulva / Enteromorpha / Chaetomorpha

5. Gravel, Cobble and Hard Substrata
• Sessile Invertebrates: Barnacles / Mussels / Boring clams
• Motile Invertebrates: Shore crabs / Porcelain crabs
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6. Tidal Channels and Drainage Creeks
• Plankton Communities: Diatoms, Copepods, Hydromedusae
• Oysters, Crabs & Shrimp: Ostrea / Cancer / Heptacarpus / Crangon
• Resident Fish: Perch / Sculpin / Topsmelt / Anchovy / Stickleback
• Anadromous Fish: Cutthroat / Chinook / Coho salmon

7. Open Water and Water Column
• Protists and Phytoplankton Communities: Bacteria, Flagellates, Diatoms
• Zooplankton Communities: Copepods, Decapod zoeae, Hydromedusae
• Midwater Fish: Herring, Perch, Seanm Cutthroat Trout

8. Anthropogenic / Constructed Habitats
• Hardened Structures, Rip-rap & Jetties: Barnacles / Seaweed
• Docks, Marinas & Pilings: Barnacles, Seaweed, Isopods, Seastars
• Commercial Oyster Reefs: Crassostrea gigas

Habitat Variability and Functions

Estuaries in the Pacific northwest biogeographic region provide support for a variety of living
resources, critical physical processes, and essential ecological functions. Estuarine habitats are of
special importance to populations of resident and migratory shorebirds, waterfowl and raptors, and
they sustain productive sites for commercial and recreational shellfish harvests, aquaculture
operations, and communities of estuarine and anadromous fish. Critical physical processes and
essential ecological functions carried out within estuaries include stormwater management and flood
control, trapping of sediments and non-point source pollutants by salt marshes and eelgrass beds, and
the provision of nesting and forage areas for birds, fish, and marine mammals. Estuaries and coastal
wetland habitats also provide nursery sites and transitional zones for juvenile crabs, bottom fish, and
young salmon (chum, coho, chinook) and they serve as a source of suspended nutrients, organic
materials, and detritus for filter-feeding and deposit feeding invertebrates including several species of
burrowing clams, shrimp, and polychaete worms. The harsh physical conditions that typify most
estuaries exert a profound impact on the species composition and distribution of plants and animals
that inhabit tidal channels, mud and sandflats, and saltmarshes.

Conclusions

The tidal channels, tideflats, marshes, embayments, and the sandy barrier spits that characterize
the outer coast estuaries of Washington, Oregon, and northern California encompassed by the
Pacific Northwest Coastal Ecosystems Regional Study (PNCERS) are dynamic coastal ecotones
that respond readily to disturbance by natural and anthropogenic events. The long-term health
and sustained productivity of estuarine ecosystems are priority areas for national concern, and
particular attention should be focused on the chronic adverse effects of anthropogenic

Protecting and Restoring Pacific Northwest Estuaries 	 PNCERS Workshop Report

Page 15



Protecting and Restoring Pacific Northwest Estuaries 	 PNCERS Workshop Report

Page 16

disturbances and ecological stressors (i.e. invasive species, industrial contaminants, aquaculture
operations, habitat alterations, shoreline development, and recreational activities) on the physical
structure and ecological functions of estuarine habitats. State and federal resource agencies are
encouraged to develop cost-effective and reliable methods to assess existing and future habitat
values in an effort to guide land-use planning and informed coastal decisionmaking. It has
become clear that the effective management of the Pacific northwest estuarine ecosystems
requires a comprehensive understanding of: (1) the fundamental ecological components and
processes within targeted estuarine habitats, (2) empirical studies that provide detailed
knowledge of the community and habitat responses to natural and anthropogenic stresses, and
(3) the operation of reliable predictive models and an integrated management framework that
can rapidly incorporate scientific results into new policies and practices.



DROWNED RIVER
MOUTH

River Dominated
•	 Columbia River

Tidal Dominated
•	 Grays Harbor•	 Umpqua River •	 Willapa Bay•	 Rogue River •	 Tillamook Bay•	 Chetco River •	 Siletz Bay•	 Klamath River •	 Yaquina Bay•	 Coos Bay•	 Humboldt Bay

EMBAYMENT &
LAGOON Bar Built Blind River Mouth

•	 Netarts Bay •	 New River•	 Sand Lake •	 Elk River•	 Stone Lagoon •	 Sixes River•	 Big Lagoon •	 Pistol River

GLACIAL CARVED Sounds Fjords
•	 Puget Sound •	 Hood Canal•	 Barkley Sound •	 Sannich Inlet•	 Nootka Sound •	 Alberni Inlet

Figure 4.1. Geomorphic Typologies of Pacific Northwest Estuaries.

• Saltmarshes
• Sandflats & Mudflats
• Bioturbated / Burrowing Shrimp Beds
• Submerged Aquatic Vegetation (Eelgrass & Macroalgae)
• Gravel, Cobble and Hard Substrata
• Tidal Channels & Drainage Creeks
• Water Column
• Anthropogenic / Constructed Habitats 

Figure 4.2. Major Estuarine Habitats
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GEOMORPHIC ZONE WATER REGIME SALINITY RANGE
Marine — Estuarine

Interface
Marine 33 — 25 psu

Marine Dominated /
Lower

Polyhaline 30 —18 psu

Mixing Zone I Middle Mesohaline 18 — 5 psu

Riverine Zone / Upper Oligohaline 5 — 0.5 psu

Figure 4.4. Major Geomorphic Zones and Salinity Conditions in Pacific Northwest
Estuaries

• Emergent Plants & Algae
• Microbes & Meiofauna
• Infaunal, Epifaunal & Epibenthic Invertebrates
• Phytoplankton & Zooplankton
• Estuarine & Anadromous Fish
• Shorebirds & Waterfowl
• Pinnipeds, Otters & Other Mammals

Figure 4.5. Estuarine Biotic Components and Communities
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HABITAT:	 BIOTIC ASSEMBLAGE:

Emergent Salt Marsh Carex lyngbyei
Distichlus spicata
Deschampsia caespitosa
Jaumea carnosa
Juncus balticus
Salicornia virginica
Triglochin maritimum

HABITAT:	 BIOTIC ASSEMBLAGE:

Sandflats & Mudflats Surface Diatoms
Algal Mats
Clinocardium nuttalli
Mya arenaria
Cryptomya californica
Tacoma spp.
Tresus capax
Corophium spp.
Abarenicola pacifica
Glycera robusta
Nephtys spp.

Figure 4.6. Emergent salt marsh biotic assemblage.

Figure 4.7. Sand flat and mud flat biotic assemblages.
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HABITAT:	 BIOTIC ASSEMBLAGE:

Submerged Aquatic
Vegetation

Zostera marina
Zostera japonica
Chaetomorpha sp.
Enteromorpha spp.
Ulva spp.
Epiphytic Diatoms
Corophium spp.
Eogammarus spp.
Clinocardium nuttallii
Cancer magister
Cymatogaster aggregata

HABITAT:	 BIOTIC ASSEMBLAGE:

Burrowing Shrimp Beds Neotrypaea californiensis
Upogebia pugettensis
Cryptomya californica
Hesperonoe complanata

Figure 4.8. Burrowing shrimp bed biotic assemblage.

Figure 4.9. Submerged aquatic vegetation biotic assemblage.
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HABITAT:	 BIOTIC ASSEMBLAGE:

Gravel, Cobble
& Hard Substrata

Fucus spp.
Balanus spp.
Mytilus spp.
Hiatella arctica
Penitella penita
Pachygrapsus crassipes
Hemigrapsus oregonensis
Eogammarus spp.
Cancer productus

HABITAT:	 BIOTIC ASSEMBLAGE:

Tidal Channels
& Drainage Creeks

Diatoms
Hydromedusae
Copepods (Acartia spp.).
Ostrea lurida
Cancer spp.
Heptacarpus spp.
Crangon spp.
Leptocottus armatus
Cymatogaster aggregata
Gasterosteus aculeatus
Oncorhynchus spp.

Figure 4.10. Gravel, cobble and hard substrate biotic assemblages.

Figure 4.11. Tide channel and drainage creek biotic assemblages.
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HABITAT:	 BIOTIC ASSEMBLAGE:

Anthropogenic /
Constructed Habitats

Fucus spp.
Balanus glandula
Mytilus spp.
Limnoria tHpunctata
Gnorimosphaeroma insulare
Crassostrea gigas

Figure 4.12. Anthropogenic/constructed habitats biotic assemblages.
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5. ANIMAL LIFE-HISTORIES AND VARIABILITY IN PACIFIC
NORTHWEST ESTUARIES

Julia K. Parrish
University of Washington
Department of Zoology

Seattle, Washington
(PNCERS Principal Investigator)

PNCERS is a multidisciplinary approach to qualifying
and quantifying physical and anthropogenic forces that
affect ecosystem output in Pacific Northwest Coastal
Ecosystems. PNCERS has chosen four estuaries as
centers of biological research: Grays Harbor and
Willapa Bay in Washington, and Yaquina and Coos
Bays in Oregon. Although we are only considering
estuaries in this meeting, PNCERS also deals with the
coastal nearshore environment. We should remember
that these two systems are connected and that one of
the goals of PNCERS is to decipher to what extent this
connection is important in delivering ocean signals
into estuarine environments. Estuaries are a natural
focus of effort because they receive physical signals
via interactions with the nearshore environment and

human-produced signals from the watersheds.

Because estuarine systems are closed relative to nearshore systems, they are more prone to suffer
the effects of anthropogenic influences. However, it is also important to realize that we stand at
a point along a continuous road of ecosystem change. One hundred years ago it was probably
difficult to imagine that humans could substantively affect large estuaries such as Grays Harbor
or Willapa Bay - human influences were centered in restricted watersheds and river courses.
Today we know that humans can have profound and complex effects on estuaries; however, we
find it difficult to conceive how human influences could significantly affect the nearshore
environment. I believe PNCERS should take a historical approach to this problem: The things
we learn about how and why estuaries are affected by our influences should not only help us
manage estuarine ecosystems now, but also nearshore systems in the future. We should switch
from reactive (how can we stop the decline of affected estuarine systems) to proactive (how can
we use the knowledge gained in estuaries to prevent degradation of nearshore systems). One
hundred years from now we should not be complacent about the degradation of nearshore
systems, even as we are unable to contemplate how humans could possibly affect open ocean
systems.
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Traditionally, humans have attempted to manage the biology within the estuary as a set of
individual (i.e. species) extracted resources. However, as students of ecology we know that
species is just a convenient label we attach to a group of organisms which are actually an integral
part of a complex system - the ecological community (i.e., the set of organisms which interact)
and the ecosystem (the organisms and the habitats within which they exist). Although it is easy
to imagine the ecosystem, it is very difficult to manage it. In part, this is because we are used to
managing species by species and need to change our paradigm. However, it is also true that
ecosystem management is not a well-defined science.

Ecosystems are complex, nonlinear systems, some of the properties of which include:

• Ability to replicate their parts;
• Self assembly;
• Maintenance of an output carrying-capacity given an input nutrient level;
• A small change can produce a large effect; and
• A large change can produce a small/no effect.

Because of the inherent nonlinearity, as well as the tremendous biodiversity of Pacific Northwest
estuaries, PNCERS can not hope to quantify all aspects of change-and-effect in these
ecosystems. However, we know that healthy ecosystems will continue to produce both goods
(e.g., extractable biological resources such as fin- and shellfish) and services (e.g., the 'extras'
provided by standing resources such as pollution filtration, storm buffering, and recreational
opportunities). Therefore, PNCERS has provisionally chosen four estuarine indicators:

• Salmon;
• Oysters;
• Dungeness crab; and
• Aesthetic/recreational opportunities collectively known as 'amenities'.

Today, I am going to concentrate on the physical and human-associated pressures affecting the
first three indicators. We have chosen biological 'goods' that represent a cross-section of a
functioning estuary (Figure 5.1). First, species such as oysters are resident, whereas salmon are
transient. Crab have life stages representing both residence and transience. Second, both
invertebrate species are habitat-associated - depending on the occurrence of specific habitat
types for survival, whereas salmon is a pelagic species. This also means that the benthic species,
particularly oysters, are unable to avoid negative impacts once they have settled; theoretically,
salmon can simply swim away. Third, crabs, and oysters to a lesser extent, have larval dispersal
primarily driven by oceanographic forces such as currents, whereas salmon have smolt-to-adult
dispersal. Fourth, because some estuaries are managed for pest species such as mud and ghost
crab as well as beneficial species such as crab and oyster, measures such as taxonomic distance
from pest species, and bioaccumulation and biomagnification (both indirect measures of trophic
level) are also important delineators. Finally, from an ecosystem management point of view, it
is important to quantify to what degree each indicator is affected by top down (or predatory)
versus bottom up (or derived from change in underlying physical processes which would trickle
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up as change in food availability) pressure. For our purposes, there is a third type of effect
which I call lateral pressure - that is, human-mediated change in a population. Thus, each
indicator may respond in a complex way to top down, bottom up, and lateral pressures as a
function of annual variability as well as chronic, or directed, change. Furthermore, because of
the complex nature of the system, it is difficult to accurately predict the synergies of multiple
forcing factors, whether physical, biological, or anthropogenic.

How can ecosystem health be quantified? Although we have chosen indicators, PNCERS will
still need to combine our results into some integrated measure of change. There are several
models to consider (Figure 5.2). The first is by species, examples might include the oyster
condition index (OCI) developed for west coast oysters, or contaminant level monitoring such as
mussel watch. Although these measurements are directly relevant to humans, they do not
indicate ecosystem health, per se. A second approach is to manage by biomass, regardless of
species. Systems such as groundfish fisheries with many species of commercially valuable
finfish could be managed by total yield or maximum (also optimum) sustainable yield. A third
approach centers on biodiversity. Ecological indices such as Shannon-Wiener measure the
number and relative abundance of species within an ecosystem. However, ecosystem health
might be more appropriately measured by subtracting those species which are introduced and/or
have increased dramatically in response to human-associated change. Finally, ecosystem health
could be measured by multichannel approaches, that is indices which attempt to measure
biodiversity, biomass, and some set of organism-habitat linkages. Examples include the index of
biotic integrity (IBI) and the river invertebrate prediction and classification scheme (RIVPACS).
Like attempts to produce indices of economic health, it is important to remember that our view
of what is healthy is changing. Where we used to believe that simple economic measures such
as gross national product (GNP) could characterize the economy, now measures such as the net
economic welfare (NEW) or index of sustainable economic welfare (ISEW), which discount
non-sustainable and destructive revenues and incorporate caregiver and other in-family services,
are used. Perhaps we can use these indices as a model to construct an index of environmental
welfare for the estuaries, allowing us to measure health and manage our estuaries sustainably.

For the remainder of this paper, I will review some of the forces affecting the three estuarine
goods, in an attempt to demonstrate top down, bottom up, and lateral pressures affecting each of
these species, as well as the nonlinear `webbiness' of organismal associations (including
humans) within the ecosystem.

Salmon

Within the two large Washington estuaries, salmon catches have fluctuated dramatically over the
last three decades (Figure 5.3). What produces these apparent swings in biomass output? One
potential source of change is bottom up effects produced by large-scale physical forcing factors
such as El Nino or the Pacific Decadal Oscillation (PDO; Figure 5.4). PDO is a shift in the
strength of the Alaska Coastal Current relative to the California Current, which causes a myriad
of associated change in these respective ecosystems. One example is the shift in salmon
production between Alaska and Washington and Oregon. In an attempt to keep salmon
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production high, humans have outplanted millions of hatchery salmon into the estuaries (Figure
5.5). However, these releases have not resulted in a linear increase in production (Figure 5.6).
In fact, in some cases there appears to be a negative interaction between hatchery releases and
survival. Whether declining survival is due to bottom up effects, or lateral pressure.(or both) is
unknown. However, we do know that humans can affect salmon negatively. One rather
insidious example is the effect of chemical contaminant levels that juvenile salmon experience
during their estuarine residence on future ability to resist pathogenic infections (Figure 5.7).
Juveniles exposed to higher contaminant levels were subsequently more at risk of succumbing to
pathogens than their counterparts from more pristine waters. Predators also have an effect on
salmon in estuaries. Because of protection under the Marine Mammal Protection Act (MMPA),
populations of California sealions and harbor seals have been rising and there is evidence that
the amount of salmon in the diet is also on the rise (Figure 5.8). Seabirds also eat salmon as
outmigrating smolts. Caspian terns nesting on dredge-spoil islands at the mouth of the Columbia
River may take as many as 11 million smolts per season. However, seabirds are also taken by
salmon fishermen (Figure 5.9). Gillnet fisheries in Willapa Bay and Grays Harbor take
hundreds to thousands of seabirds annually, mostly common murres, rhinoceros auklets, and
common loons. Obviously, salmon are affected by bottom up, top down, and lateral pressures.
Perhaps less obvious is the fact that salmon fisheries have a range of effects, both positive (e.g.,
more food for upper trophic levels) and negative (e.g., bycatch), on estuarine ecosystems.

Oysters

Pacific oyster production in Grays Harbor and Willapa Bay has also fluctuated, albeit with a
negative trend in Willapa Bay (Figure 5.10). Oysters are also affected by bottom up processes,
as measured by the association between OCI - an index of oyster mass to shell volume - and the
Pacific Northwest Index (PM) - an integrated measure of temperature and precipitation (Figure
5.11). In general, oysters grow larger in cool, wet years as opposed to warm, dry years. Such
shifts in climate are decadal in nature (as measured by the PDO) as well as episodic (as
measured by the frequency of El Nino events). Oysters are also influenced by inputs from
watersheds and municipalities, such as sediment and sewage (Figure 5.12). Grays Harbor oyster
beds have been closed to harvest for potential maximum of 70 days a year as a result of sewage
and wastewater outfalls. Thus, lateral pressure can have a serious effect on oyster production.
Management for oysters can also have a negative effect on other ecosystem components.
Applications of Carbaryl, a pesticide applied to keep down populations of burrowing shrimp, are
extremely successful at killing these species (Figure 5.13) but also can kill a wide range of other
invertebrates including commercially important species such as Dungeness crab. In this case,
management species by species, rather than at a higher integrated level, can put ecosystem users
in direct conflict.

Dungeness Crab

Crab harvest from Washington estuaries is also a major fishery (Figure 5.14). Young crab, or
megalopae are advected into the estuaries with large parcels of water from the nearshore
environment. Only planktonic for a brief period of time, these young crab must settle out of the
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plankton into specific habitats within which they can survive. Settlement is virtually non-
existent on mud, minor on eelgrass, and most heavy on shell bottom (Figure 5.15). In addition
to finding a patch of shell, young crab appear to settle preferentially in areas of the correct type -
that is, they pay attention to context or patch size. Many more crab settled in small shell patches
placed within a habitat of predominantly shell, versus predominantly mud (Figure 5.16),
indicating the size and placement of habitat type is important. This may be particularly relevant
if humans attempt to create habitat, as in the Army Corps shell hash mitigation project.

To assess the relative affects of top down, bottom up, and lateral pressures on the ecosystem's
ability to continue to produce a biological good such as Dungeness crab, PNCERS is
constructing conceptual flow models known as impact hypotheses (Figure 5.17). In this
example, physical forces (or bottom up pressure) are diagrammed on the left, human actions (or
lateral pressures) are diagrammed on the bottom, and ecosystem output (in this case crab
production) is on the right. Both physical forces and human action affect different measurable
components of the estuarine ecosystem (represented as a box). PNCERS researchers are
analyzing various portions of the whole. For instance, social scientists are studying the effect of
the economy and institutional control on crab harvest; physical scientists are studying how water
exchange from nearshore to estuary delivers crab larvae, and biologists are studying larval
settlement and survival as a function of estuary size and geomorphology, and predatory pressure.

We hope to construct and test an impact hypothesis for each of our four estuarine indicators in
the coming years. Such a model should be adaptable to each of our four test estuaries: Grays
Harbor, Willapa Bay, Yaquina Bay, and Coos Bay, simply be varying the strength assigned to
each arrow. As we develop and examine these models, we hope to be able to use them as a first
approximation of ecosystem health as well as a management tool. Because we know or can
approximate the strength of the arrows over time, we should be able to predict how changes in
arrow strength, or even addition of new arrows, will affect resource production.



Resident vs Transient

Benthic (substrate-associated) vs Pelagic

Larval Dispersal vs Adult Dispersal

Taxonomic Distance from "Pest" Species

Bioaccumulation & Biomagnification

Top Down, Bottom Up, & Lateral Pressure

Figure 5.1. Comparison of characteristics of salmon, crab and oysters.

How Can Ecosystem Health be Quantified

By Species
OCI (Oyster Condition Index)
Contaminant Levels

Biomass
Total Yield
MSY/OSY

Biodiversity
Diversity Index (Shannon-Wiener)
Diversity minus Introductions & Pests

Multichannel
IBI (Index of Biotic Integrity)
RIVPACS (River Invertebrate Prediction

and Classification Scheme) 

Figure 5.2. Schemes for quantifying ecosystem health.
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Figure 5.3. Fluctuations in salmon catch on the Washington coast.
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Hatchery Outplants of Coho

Stock Total Planted Year

Ancient wild stock 16,800 1
Big Cr. (OR) 138,072 2
Columbia River 5,881,394 9
Elokomin 119,526 2
Green River 140,037 1
Klaskanine (OR) 1,374,284 2
Lewis River 42,986 1
Toutle 393,930 3
Type N (Cowlitz) 4,573,325 8
Type S (Toutle) 9,992,648 16
Washougal 446,031 1

Ancient wild stock 8,850,762 20
Dungeness 313,310 2
Green River 621,688 6
Humptulips 498,800 1
Naselle 695,827 3
Nemah 1,018,656 7
Soleduck (Lake Cr.) 56,245 1
Satsop (Chehalis) 58,520 1
Simpson 77,602 2
Type N (Cowlitz) 180,075 2

from Appendix 3 NMFS Coho Status Rept

GH

WB
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Figure 5.5. Coho hatchery outplants in Grays Harbor and Willapa Bay.
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II Hatchery

E Estuary

Effects of Contaminants on Juvenile Salmon

800
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modified from Figures 1 & 3; NWFSC 7M-29, Casillas et al.

Figure 5.7. Contaminant levels and salmon mortality from marine pathogens. 
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Willapa Bay

Grays Harbor

5	 190

0	 tid 

SFSFSF
91	 92	 93

Season & Year
data from Marine Mammal Observation Program memo

Effects of Predators (Top Down)
CA Sealions 1975 - 1994 up 8% annually (PNW)

salmon in diet:
13% - 1980s
28% - 1990s

Harbor Seals 1977 - 1995 up 7% annually (PNW)
salmon in diet: 1-50% of animals sampled/locatio

Common Murres
salmon in diet: 60K smolts/day (Coos Bay)

Caspian Terns
salmon in diet: 11M smolts/season (Rice Island)

Figure 5.8. Predation of salmon by marine mammals and seabirds.

Figure 5.9. Seabird bycatch in Willapa bay and Grays Harbor.
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Commercial Shellfish Closures in Grays Harbo
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Figure 5.12. Oyster closures and sewage bypass event totals in Grays Harbor.
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Effect of Carbaryl Application on Burrowing Shrimp Density
(July 1988, 16m2 plots)
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Figure 5.13. Effect of pesticide spraying on burrowing shrimp. 

Figure 5.14. Dungeness crab harvest in Grays Harbor and Willapa Bay.
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Figure 5.15. Crab settlement in Willapa Bay as a function of substrate.

Figure 5.16. Crab settlement preference as a function of substrate.
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Figure 5.17. Impact hypotheses for Dungeness crab. (Note relationship to
PNCERS conceptual model in Figure 1.1 (p. 2), with physical forces and human
actions as the driving forces affecting ecosystem processes that determine crab
production.)
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6. A SOCIOECONOMIC BASELINE FOR PNCERS

Rebecca L. Johnson, Laurie Houston
College of Forestry

Oregon State University
Corvallis, Oregon

(PNCERS Principal Investigator)

This presentation provides socioeconomic background information for the four case study areas
of PNCERS: Coos Bay, Tillamook Bay, Willapa Bay, and Grays Harbor. This broad overview
will address three questions:

- How have populations in these areas been changing?
- How are people employed and what are they earning?
- How are the natural resource industries contributing to the economy?

Linkages between the human system and the natural system will also be explored.

Population growth rates in the coastal counties tend to fluctuate more than overall state changes.
Periods of negative growth (out-migration) are also more pronounced in the coastal counties, as
they are generally harder hit by downturns in the economy. Overall, the coastal counties show
slower growth rates than state averages, although Tillamook and Pacific Counties have recently
been similar to the state averages.

Age distribution in the coastal counties is significantly different than that of the state or U.S.,
with relatively more people in the older age groups, and relatively fewer people in the 18-29 age
group. Pacific and Tillamook Counties are attracting the most "retirees" and retaining the fewest
18-29 year olds. In terms of educational attainment, the four coastal counties have more people
with high school and less-than-high school levels, and fewer with college or graduate degrees.

Coastal sectors with the highest proportion of employment are services, retail trade, and
government. A comparison of Coos and Tillamook Counties shows the influence of agriculture
and dairy on Tillamook County. Pacific County also has more agricultural employment than
Grays Harbor, as well as more government and other manufacturing employment. In terms of
payroll, services and retail trade take a lesser role due to part-time employment and lower paying
jobs, but govermnent is still by far the highest. Lumber and wood products, which had much
lower employment than services, has a payroll nearly as high in Tillamook and Coos Counties.

The flip side of employment is unemployment, and there are some dramatic differences between
these four counties over time. Tillamook unemployment has remained fairly low, similar to
state and U.S. averages in recent years. Pacific County has lower unemployment levels than
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Grays Harbor, but both are higher than the Oregon counties. The Oregon counties were less
affected by the recession of the early 90's than the Washington counties, and recovered much
quicker.

An interesting trend over time is the dramatic increase in transfer payments as a percent of total
personal income. This is at least partially a function of the increase in retirees collecting Social
Security payments in these areas. As transfer payments have gone up, the percent of total
personal income that is "earned" (i.e., employee compensation and proprietor income) has fallen.
Tillamook and Pacific Counties now have only about 50% of total income that is earned, which
means that there is a lot of wealth in these counties that is not tied to the local businesses or
industries.

A focus on the natural resource industries (agriculture, fishing, timber, and tourism) shows that
timber has declined in relative importance, while agriculture, fishing, and tourism have remained
fairly constant. The major change, however, has been the increase in all other industries in these
counties, reducing the relative importance of the natural resource industries.

There are other indicator of this declining importance, such as the dramatic decline in
commercial troll caught coho salmon in Oregon and Washington. On the recreational side,
salmon and steelhead catch rates and tag sales have also declined in recent years.

Now that we have some of the socioeconomic background information on our four areas, we
want to focus on the interactions between the human system and the natural system, i.e., how
does the natural system impact the human system, and how does the human system impact the
natural system? One of the major impacts of the natural system on people is that it serves as an
attraction for both residents and tourists. Previous surveys have shown that one of the most
often stated reasons for people to move to the coast is the natural environment and the associated
recreation opportunities. Those same features draw recreational visitors. In the case of
estuaries, opportunities for fishing, crabbing, boating and wildlife watching are major attractions
for recreational visitors.

Impacts of humans on the natural system of estuaries include site hardening (impervious
surfaces) which can affect water quality and quantity, marina development which can affect
water quality and habitat, and recreation use which can impact species abundance and health.

The focus of the social scientists in PNCERS will be to develop models that will predict or
explain the human component of the systems, e.g., explain residential development processes
and recreational development processes. Other scientists will then supply the linkages between
these changes in the development and natural system indicators.
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7. A SYSTEMATIC APPROACH TO RESTORING PACIFIC NORTHWEST
ESTUARIES

Ronald M. Thom, Amy B. Borde, David K. Shreffler
Battelle Marine Sciences Laboratory

Pacific Northwest National Laboratory
Sequim, Washington

Introduction

The general theme of this paper (Figure 7.1) is "How can we be
more successful in restoring estuarine ecosystems?" What we
present is a systematic approach to restoration project planning and
management that was developed based upon recommendations from
the National Research Council (NRC), U.S. Environmental
Protection Agency Wetlands Restoration Research Program, U.S.
Corps of Engineers Institute for Water Resources, and our own
experience. In addition, we briefly outline the Pacific Northwest
Coastal Ecosystems Regional Study (PNCERS) estuarine
habitat/bioindicator research currently being carried out. This latter
work will provide information useful for restoration planning in the

coastal estuaries of the Pacific Northwest.

Background for Restoration in Estuaries

There have been failures in wetland and estuarine habitat restoration projects. What we have
learned from projects in the Pacific Northwest is:

1. Restoration is possible although not to predisturbance conditions
2. "Success" is variable depending on the type of project
3. Performance predictions are uncertain.

Systematic Restoration Planning

There are a variety of reasons for poor success. These can be generally classed as poor planning,
lack of implementation, and ineffective management. The best projects benefit from a
systematic process, which has the following components (Figure 7.2):
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1. Goals specified – goals drive the design of the project
2. Conceptual model – this organizes the understanding of the relationship between goals

and the physical and biological components of the system
3. Feasibility studies and site assessment – this step involves an analysis of the site to

determine the feasibility of restoring the desired habitats
4. Design and costing – from the goals, feasibility, and site assessment comes the design

parameters and costs
5. Monitoring and management – program development – this involves establishing how

the project will be assessed and managed through its lifetime
6. Implementation – the actual "construction" of the restoration project, which requires care

and monitoring
7. Adaptive management – learning from the project monitoring, making decisions on mid-

course corrections
8. Dissemination of results – get the information out to those that need and can use the

information to improve their projects.

Hence, although implementation is often the focus of restoration effort, there are many other
components that are required to maximize the probability of project success. A few useful Web
sites are shown in Figure 7.3, and Figures 7.4 and 7.5 summarize what is known, and how to
solve problems, in shallow water restoration, respectively.

One of the most underused but potentially useful tools for designing a restoration project is a
conceptual model. The conceptual model shows explicitly the connections between the habitat
to be restored, the functional goals (e.g., fish use, bird use, primary productivity), and the
physical conditions required at the site to make the restoration work. For example, an eelgrass
restoration project requires knowledge about the conditions of temperature, light, salinity,
nutrients, disturbance, etc., under which eelgrass flourishes. Once these values for "controlling
factors" are known, the site can be assessed as to whether the conditions are met. If they are not
met, the site must either be modified (e.g., excavated or filled to get to appropriate depth), or
abandoned for a better site. Site assessment can include field studies and experimental studies.
For example, monitoring of temperature and light can be done to evaluate these factors. Useful
in some cases are controlled field and laboratory experiments. In our project in Eagle Harbor,
Washington, we tested a site by planting eelgrass in small plots (6 m 2) at several depths. In
addition, we evaluated the range of sediment types from the site by growing plants in pots under
controlled conditions in our laboratory. After about 6 months we were able to identify optimal
areas at the site for the restoration.

Adaptive Management

Adaptive management of projects helps systematize the actions that may be required to improve
or correct the performance of the project. For example, if the project is not meeting its goals,
then corrective actions may be needed. The options under adaptive management are no action
(wait and hope), do something (make physical changes), or change the goal (admit that
conditions are not right for what you wanted to accomplish). A useful tool to facilitate decision-

Protecting and Restoring Pacific Northwest Estuaries 	 PNCERS Workshop Report

Page 44



making is a system development matrix. The matrix identifies the various states the system is
predicted to be in at any point in time. It also identifies actions that could be implemented if the
system falls into an undesirable state.

The PNCERS Habitat Program

The objectives of the PNCERS habitat program are to provide data to (1) help understand the
principal stressors on the habitats, and (2) determine how these habitats and systems can be
restored. In the first phase of the project, historical maps of shoreline, habitats and bathymetry
were compiled for four estuaries: Grays Harbor, Willapa Bay, Tillamook Bay, and Coos Bay.
These are being compared with recent maps to identify where the major changes have taken
place. The information can be used to help site appropriate restoration programs and efforts.
The second phase involves monitoring studies within eelgrass meadows in Willapa Bay and
Coos Bay. This effort is designed to identify the primary factors controlling the spatial and
temporal (annual) variability in eelgrass abundance, and the occurrence of major fish and
invertebrate species that use the meadows. The result of this work will be used to develop a
biophysical model relating conditions to habitat quality. This can ultimately be used to help
design restoration programs as well as predict the effects of coastal development and
disturbances on the health of the systems.
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Figure 7.3. Some useful restoration web sites.

(1) Restoration is Possible, Although Not to Predisturbance Conditions

(2) "Success" is Variable Depending on Type of Project:
• Dike Breaches to Restore Tide Marshes (e.g., Salmon River)
• Substrata Rehabilitation (e.g., Simpson cap)
• Excavation to Create Tidal Systems (e.g., Gog-Le-Hi-Te)
• Artificial Reefs (e.g., Edmonds fishing reel)
• Eelgrass Meadows (e.g., Coos Bay Airport)
• Dredged Material Placement (e.g., Miller Sands)

(3)	 Performance Prediction is Uncertain
• Goals and Objectives are Vague and Unrealistic
• Design Specification Not Based on Data (Biophysical Requirements)
• Sites are Wrong
• Appropriate Site Preparation is not Carried Out
• Damage to the Landscape was not Considered
• No Monitoring
• Lack of Contingencies
• No Follow-through on Project
• Lack of Documentation
• Lack of Dissemination of Results

(4)	 Beneficial Shoreline Development Projects can be Highly Contentious/Not Carried
Out

Figure 7.4. Restoration of Shallow Water Systems: What is Known.
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(1)	 Insist on a Systematic Project Planning/Implementation
• Set Realistic Goals
• Base Design on Reference Sites
• Develop Biophysical Models for Planning
• Use a Conceptual Model to Organize the Planning
• Correct Implementation (i.e., Site Preparation/Initial

Conditions)
• Consider and Fix Landscape Damages/Stressors
• Effective and Efficient Monitoring
• Incorporate Clear Adaptive Management in Planning and

Implementation
• Documentation
• Disseminate the Results

(2) Scientists Must be Efficient and Objective, and Seek Peer Review

(3) Developers Must Commit to Life of Project and Insist on
Dissemination of Results (Credibility for the Long Term)

(4) Regulators Must Be Proactive Not Reactive and Work in
Collaboration with Developers to Implement a Good Project (Make
the World a Better Place Economically and Ecologically)

Figure 7.5. Restoration of Shallow Water Systems: Solutions.
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8. SUMMARY OF BREAKOUT DISCUSSIONS

Process

A major goal of the workshop was to provide a setting
for estuarine practitioners from different areas and
organizations to talk to each other about common
issues. Thus, the two-hour breakout groups were
designed to facilitate discussion as well as to solicit
"real-world" experience in addressing various aspects of
the science-management interface. Members of the
PNCERS Program Management Team and the Program
Coordinator facilitated the sessions, and were aided by
recorders who captured comments about perceived
problems and solutions. The following questions were
used to initiate discussion in the breakout groups.

1. USING INFORMATION
In your experience, what are the principal problems in obtaining and using scientific information in
coastal natural resource program decisions or projects? How have you attempted to solve these
problems?

2. SCALE
How do you deal with the problem of scale of available information versus the scale of need for applying
information to your program? Is the geographic scale of your program or work the most appropriate to
achieving your management objectives? Is the time scale of your program commensurate with the scale
of the problem?

3. UNCERTAINTY/VARIABILITY
Do you account for environmental variability in your work? Do you feel that variability could be better
addressed? Would better or more information help account for variability? How do you respond to a
lack of information or uncertainty in information in your work? Are there better ways of presenting
information that would help reduce uncertainty?

4. SCIENCE-MANAGEMENT LINKAGE
How can research scientists and managers of public resources better collaborate to solve environmental
issues? What responsibilities do scientists have to work on management-related research and to make
results available to managers and the public? Do managers and the public have a responsibility to
initiate contacts and collaborations with scientists in disciplines that may be relevant to their program or
interests?

Major Messages from the Participants

The breakout discussion results reflected the diversity of program experience among the
participants. Although most participants had some experience in applying science to
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management questions, that experience was highly variable, in part due to wide variation in the
setting and objectives of the particular program within which they worked, However, strong
common themes emerged among the groups, which are discussed below, under each of the
discussion topics. Many of the same themes emerged through the questionnaire process, which
posed related questions (see Chapter 9).

Two common themes transcended the categories devised for the breakout discussions: these
were public education and communication. Lack of effective public education affects all of the
categories below, and improved education would help in a great way to overcome many of the
problems identified below. Likewise, improved communication between and among scientists,
managers, and the public, is necessary to ease many of the problems discussed below. These
two themes are linked, that is, the education provides an essential background for
communication of ideas and information.

All participants were supportive of the use of targeted workshops to improve communications
and to address specific issues and themes germane to the science-management interface.

USING INFORMATION

• Monitoring and baseline data – The biggest problem in data availability still seems to
be the serious lack of monitoring programs and data with which to establish baseline
conditions, and to assess existing ecological conditions and trends. This problem
increases in severity from terrestrial to marine systems, apparently because of logistical
considerations and expense. Reference sites are needed to establish pre-development
conditions. A suggested solution is to advocate for appropriate funding to monitoring
and related data collection programs.

Access to existing data – A common problem discussed related to limitation in the
usefulness of existing scientific information: even though the data exist, they are not
available to support management decisions because they are proprietary, a cost is
involved, or, most frustrating for the participants, they are "lost" in the files of academe.
Suggested solutions for this problem included concerted regional efforts at data mining,
metadata(s), and regional data management programs and centers ("one-stop shopping
for data"). Regional programs like PNCERS and national agencies should support these
efforts.

• Synthesis – In many or most cases, merely providing information (i.e., data) is not
sufficient to inform decision-making; synthesis is needed but is not performed or
available. Suggested solutions included regular planning and funding of synthesis
projects, and adherence to EPA's risk analysis process, which includes "integration" of
all relevant information.

• Question: Should relevant data types be specified within decision criteria (e.g., in
administrative rules)?
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SCALE

• Landscape ecology versus site-specific management decisions – The most commonly
cited problem in time and space scales was the issue of making site-specific management
decisions when the existing data were collected to support large-scale process studies or
were collected by remote sensing techniques. A suggested solution to this problem was
the use of appropriate conceptual or numerical models with which to extrapolate to
specific sites.

• Time-scales for ecological change versus human systems – The second common
problem of scale discussed was the mismatch between the amount of time required for
ecological change, such as restoration of salmon, versus the short time scales considered
by human systems. This is closely related to the problem of finding restoration
benchmarks that will show improvement on over time-scales short enough to provide
adequate reinforcement for management practices.

• Local connections – Local involvement is essential to on-the-ground effort, no matter
what the space and time-scales. Local knowledge should augment scientific databases,
and volunteer efforts can augment research programs (though quality assurance/quality
control issues must be addressed). A suggested solution was increased local visibility of
scientists (academic researchers, for example) through functions such as regular
briefmgs.

UNCERTAINTYNARIABILITY

• Communicating uncertainty – There was a consensus among participants that scientists
must be "up front" about uncertainty, but also agreement that decisions should not be
allowed to default when technical information is available, even when that information is
characterized by high levels of uncertainty. Suggested solutions included a greater
understanding and use of the principles of risk analysis and risk communication, and a
study of other forms of prognostication, which involve great uncertainty, but are
accepted by the public (e.g., economics and meteorology).

• Question – Given variability/uncertainty and present levels of environmental damage,
when should the burden of proof move more from the environmental concerns to the
proposed human activities?

SCIENCE-MANAGEMENT LINKAGE

Communication between researchers and managers – As stated above, there is not
adequate communication between the research community, which plans and conducts
research, and the management community, which relies on the products or results of
research to support management decisions. Suggested solutions included many forms for
communication, but face-to-face forums, especially targeted (i.e., issue-specific)
workshops were preferred by the participants.
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9. QUESTIONNAIRE RESULTS

Forty completed questionnaires were returned
to PNCERS during and after to the workshop.
The affiliations represented by these
questionnaires were: nine federal agency;
seven state agency; five local government;

fi five academe; four non-governmental
organization	 (NGO);	 four	 regional
governmental or organization; four
consultant; one industry; and one unknown.
Twenty-seven responses came from
participants from Oregon, ten from
Washington, one from California, one from
the District of Columbia, and one from an
unknown location. Thus, while the return

(-35%) was not as high as the organizers had hoped, it was a fairly representative cross section
of the workshop registrants. The questionnaire form is included with this report as Appendix C.

General Characterization

As with the breakout discussions, the questionnaire results reflected the heterogeneity of the
participants, and underscored the themes of the discussion groups. The subjective responses to
the "essay" questions covered a broad range, reflecting the diversity of the management
programs under which the respondents conduct their activities. This fact is a principal lesson
from the workshop: that is, estuarine practitioners and management regimes do not fit into few
or easily defined categories (and this fact has implications for the eventual development of
decision-support tools). For example, there was little coherence among the responses the
question 3.2, on the principal time and space scales used by the respondents. Conversely, the
nature of the multiple-choice questions forced groups of specific responses. There was strong
consensus on a few questions, for example, the value of GIS as a decision-support tool, and the
now almost universal use by the respondents of the Internet for information delivery.
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Major Messages from the Respondents

USING SCIENTIFIC AND TECHNICAL INFORMATION

Most of the respondents were required to use some technical information to support their
program decisions, though few actually had prescriptions for that use. When scientific
information was not used, respondents chose multiple choice answers indicating that: it did not
exist (55%); existed but was not available (52%); was too uncertain to be useful (25%); other
policy considerations superseded its use (22%); or for other reasons (20%), including scale
problems, lack of synthesis, lack of time, or lack of applicability to a specific site.

INFORMATION SOURCES

When asked in what formats PNCERS should release its information to be most useful to estuary
practitioners, the top five choices were: Internet web sites and/or FTP (90%); published
summary reports (70%); peer-reviewed journals (50%); targeted workshops (70%); and
newsletters (45%). Other formats were far less popular, but the results suggested that many
other forms of information would be somewhat useful.

SCALES

Most (92%) of the respondents indicated that they had to deal with scale mismatches, either
often (62%) or sometimes (30%). There was no readily discernible pattern to the responses on
the scales used in management decisions: the respondents work on space scales from
property/parcel to the state or region, and in time scales from days to long-term (5-10 years) and
"future" (10+ years). About half of the respondents believed that they are working at the
appropriate time and space scales (45%), others qualified their answers as sometimes, maybe or
not always (22%) and an equal number said they do not work at the appropriate scales (22%;
some respondents did not reply to this question).

SCIENCE-MANAGEMENT LINKAGES

Again, a wide variety of answers was given to these three "essay" type questions. As to
strengthening communications between the roles of scientists and managers, the common thread
was that, in order to be effective, face-to-face communications are critical, and targeted
workshops are effective for this. The responsibility for establishing better communications was
seen as equally shared between scientists and managers. Given established communications, the
Internet and Email were seen as very important tools. In identifying "real world" research
needs, there was some feeling that the research community needs to get out and encounter the
real world, but there was no clear answer to address the problem of research lagging behind
need.
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There were also some strong negative responses to the artificial schism between "scientists" and
"managers" in the questionnaire, the message from the participants being that there is broad
overlap that is important in the linkages.

The following response to the question on strengthening communication bears repeating:

"Managers must acknowledge that many factors go into decision-making, and that insight gained
from science is not always the most important factor. The role of science in each process should
be explicitly known so that there is a connection between science and management. Often the
scientist is left wondering how science really enters the decision-making process."

VARIABILITY AND UNCERTAINTY

The responses to the uncertainty/variability questions were highly variable, but were entirely
consistent with the results of the discussion groups. Uncertainty should be acknowledged by the
scientific community, and there was some sense that uniformity of approach would aid the
public in understanding statements of risk. The respondents clearly recognized that decisions are
made and actions are taken whether or not there is "enough" information, and that "enough" is a
relative term.

The following response to the question on how to better explain or account for variability was
notable:

"Don't pretend information is perfect, but be comfortable with the uncertainty. People are
accustomed to uncertainty though they don't like it. The stock market, real estate prices,
mortgage rates, highway expenses, etc., all are uncertain. Financial analysts don't lose their jobs
for predicting inaccurately. We should just expect scientists to do their best and be honest 	 "

DECISION-SUPPORT TOOLS

It was clear from the responses to the questions on decision-support tools that many of the
respondents were not entirely familiar with this as a term of art, indicating a very specific use of
a technical tool in a decision-making process. There was near-unanimous acceptance of
Geographic Information Systems (GIS) as a tool for both information delivery and actual
decision-support. Some respondents mentioned that they use matrices or conceptual and
numerical models (e.g., CriSP, a salmon survival model for the hydro-system on the Columbia
River, or chemical fate and transport models for toxic substances).



10. SETTING THE WORKSHOP RESULTS IN CONTEXT

This workshop was a third step in a process developed by the PNCERS Program Management
Team (PMT) to establish communication and understanding between coastal managers (termed
"practitioners" because of the range of stewardship programs) and PNCERS in order to enable
PNCERS to eventually provide meaningful information needed for managing coastal resources.
That process began with a 1996 workshop that identified research and management issues, led to
the scoping of the PNCERS research program (McMurray and Bailey 1998), and led to the
recognition that PNCERS would need a proactive outreach effort to realize the program goal of
improving management. The PMT developed an Outreach Program that, among other elements,
seeks a dialog with coastal practitioners to: (1) learn their information needs; (2) disseminate
information about coastal ecology in the context of the PNCERS conceptual model (see Fig.
1.1); and (3) develop and implement appropriate management tools. Policy-makers and the
public are also an important audience for outreach.

A second step was taken in June, 1998, when PNCERS and the Oregon Coastal Management
Program jointly held Schmooze in the Ooze. This was a workshop for estuarine practitioners,
including managers, educators, researchers, and communicators, in the PNW region to begin the
process of identifying common interests and problems while introducing them to the PNCERS
conceptual approach and program objectives(see workshop results, August, 1998). The
workshop held in December, 1998, was a third step in reaching out to the community of coastal
and estuarine managers/practitioners in the region.

The PNCERS PMT will use these workshops to better define its Research as well as Outreach
Programs. In addition, the Research Program conducts an annual adaptive environmental
assessment and management (AEAM) workshop to bring specific management issues to the
attention of the research program in order to determine whether and how PNCERS research can
help with these management needs. The workshops are important to build a network of contacts
throughout the region. PNCERS is developing and disseminating E-mail contact lists to
improve communications among practitioners. The workshops also help to guide other outreach
and interim information products such as the two topical tabloids scheduled for production
during 1999 and a multimedia presentation that will be used in briefings and presentations to
such groups as watershed councils, agencies and non-governmental institutions.
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Appendix A. Workshop Registrants

Jerome Arnold	 Tom Ascher	 Dan Avery
Ecola Creek Watershed Council 	 Tillamook County 	 NMFS Habitat Conservation
PO Box 72	 210 Laurel Lane	 525 NE Oregon St.
Cannon Beach, OR	 Tillamook, OR 97141	 Portland, OR 97232
jarnold@pacifier.com	 tascher@co.tillamook.or.us 	 Dan.avery@noaa.gov

Brenda Bachman	 Bob Bailey	 Kay Baldwin
UW Fisheries	 Oregon DLCD	 Shoalwater Bay Indian Tribe
Seattle, WA 98195	 800 NE Oregon St	 PO Box 130
bbachma@fish.washington.edu 	 Portland, OR 97232 	 Tokeland, WA 98590

Bob.BAILEY®stataor.us

Susan Banahan	 Neil Banas	 Phil Barrett
NOAA Coastal Ocean Program 	 UW Oceanography	 Oregon Graduate Institute
1315 East-West Highway 	 Box 357940	 P.O. Box 91000
Silver Spring, MD 20910	 Seattle, WA 98195 	 Portland, OR 97291-1000
Susan_Banahan@cop.noaagov	 barrett@ccalmtogiedu

Andy Bennett	 Helen Berry	 Gustavo Bisbal
UW Marine Affairs	 Washington DNR	 NWPPC
3707 Brooklyn Ave NE	 helen.berry@wadnr.gov	 851 SW Sixth Ave Ste 1100
Seattle, WA 98105	 Portland, OR 97204
akbennet®u.washington.edu 	 gbisbal@nwppc.org

Eric Braun	 Sara Breslow	 Peter Britz
USACE	 UW Zoology	 Fishman Environmental
PO Box 2946	 Box 351800	 434 SW Sixth Ave Ste 304
Portland, OR 97208-2946	 Seattle, WA 98195 	 Portland, OR 97209

sbreslow®u.washington.edu 	 pbritz@fishenserv.com

Girmy Broadhurst 	 Ric Brodeur	 Laura Brophy
Puget Sound WQ Action Team	 NOAA/NMFS/AFSC	 Green Point Consulting
PO Box 40900	 RicJ3rodeur®noaagov 	 2625 NW Mulkey Avenue
Olympia, WA 98504 	 Corvallis, OR 97330

brophyl@peak.org

Jennifer Brown	 Kelly Chapin	 Paul Cleary
Washington DOE	 OSU Oceanography	 Oregon DSL
jebr461@ECY.WA.GOV	 Oregon State University	 775 Summer Street NE

Corvallis, OR 97331	 Salem, OR 97310-1337
kchapin@oce.orst.edu 	 pauicleary®dsistate.or.us
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Joe Cone
Oregon Sea Grant
OSU - Kerr Admin Bldg
Corvallis, OR 97331
Joe.Cone@orst.edu

Tim Dalton
ODFW
4909 Third St.
Tillamook, OR 97141
daltont@fsl.orstedu

Brett Dumbauld
WDFW
PO Box 190
Ocean Park, WA 98640
dumbabrd@dfw.wa.gov

Paul Fishman
Fishman Environmental
434 NW Sixth Ave Ste 304
Portland, OR 97209
pfishman@fishenserv.com

Andrea Copping
Washington Sea Grant
3716 Brooklyn Ave NE
Seattle, WA 98105
acopping@u.washington.edu

Bill Dewey
Taylor Shellfish Company
130 SE Lynch Road
Shelton, WA 98584
bdewey@olywa.net

Bob Emmett
NMFS
2030 S Marine Science Dr.
Newport, OR 97365
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Appendix B. Conference Agenda

Protecting and Restoring Pacific Northwest Estuaries:
The Task Before Us

December 8 & 9, 1998
McMenamin's Edgefield Lodge, Troutdale, Oregon

CONFERENCE AGENDA
All plenary events will take place in the Ballroom of the Main Lodge.

Tuesday, December 8, 1998

5:00 p.m.	 PNCERS hospitality booth; hors d'oeuvres and no-host bar
7:00 p.m.	 Dinner
8:00 p.m.	 Jane Lubchenco (Oregon State University): Caring for Our Coasts and

Estuaries

Wednesday, December 9, 1998

8:15 a.m.

8:30 a.m.
8:50 a.m.

9:20 a.m.

9:50 a.m.

10:20 a.m.
10:45 a.m.

11:15 a.m.

11:35 a.m.

Usha Varanasi (Science Director, NOAA/NMFS Northwest Fisheries Science
Center): Welcome
Bob Bailey (Oregon Coastal Management Program): The PNCERS Program
George Taylor (Oregon Climate Service): Climate Variability and Pacific
Northwest Coastal Ecosystems
Steve Rumrill (South Slough National Estuarine Research Reserve): Habitat
Variability and Function in Pacific Northwest Estuaries
Julia Parrish (University of Washington): Animal Life–Histories and
Variability in Pacific Northwest Estuaries
Break (coffee, tea and assorted breads)
Becky Johnson (Oregon State University): Human Systems and Estuaries in
Oregon
Dan Huppert (University of Washington): Human Systems and Estuaries in
Washington
Mark Wheetley (California Coastal Conservancy): The Humboldt Bay
Restoration Experience

12:15 p.m.	 Luncheon

1:15 p.m.	 Ron Thom (Battelle Marine Science Laboratories): A Systematic Approach to
Restoring Pacific Northwest Estuaries

1:45 p.m.	 John Stein (NOAA National Marine Fisheries Service): Instructions and
Expectations for the Afternoon Discussion Groups

2:00 p.m.	 Breakout Discussion Groups (in Barley, Mt. Hood, Red Fox and Study Rooms)
3:45 p.m.	 Break (coffee , juices and brownies)
4:00 p.m.	 Breakout Discussion Group Reports
4:45 p.m.	 Andrea Copping (Washington Sea Grant Program): Workshop Recap and

Follow-up Plans
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Appendix C. Questionnaire

PNCERS WORKSHOP December 8,9, 1998
PROTECTING AND RESTORING PAC1141C NORTHWEST ESTUARIES

QUESTIONNAIRE

Efforts to protect and restore estuarine and other coastal ecosystems in the Pacific

Northwest face many important issues. To be effective and efficient, these efforts

require a better understanding of ecosystem functions, environmental variables,

human effects, and social or economic expectations. New research is underway to

help answer important questions. But research itself will not be useful unless it is
made . available to and understandable by those who need it.

PNCERS is committed to making the results of its research available to the public,

managers, policy-makers, and others. But we want to do more than simply publish

a report when the research is done. We want to provide information that is useful

to you even while the program is underway as well as when it is completed. And,

we want to make sure that scientific information will continue to be accessible to

you even after PNCERS is completed. To determine how best to do this, we first
need some information from you!

On the following pages are six topics (some have more than one question). We

would appreciate your written answers to these as well as any comments you may

have. The Wednesday afternoon discussions will be based on these topics and will

be a chance for you to give us more detailed insights and comments.

Please give us your name here. Thank you for your help.

NAME

AFFILIATION
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I. USING SCIENTIFIC AND

TECHNICAL INFORMATION Q4PNCERS°

There are many reasons why good scientific information isn't used when decisions
are made about protecting or restoring estuarine habitats and ecosytems. If
scientists are to help managers (and the public) do a better job, it would be useful
to know why scientific information is or isn't used in making such decisions.

Question 1.1: Are you required to use specific scientific information in
your program decisions? Yes No
If so, what kinds, and by what prescriptions, if any?

Question 1.2: If you do not use scientific information when you
otherwise might be inclined to do so, why not?

a.	 The information doesn't exist.

The information exists, but isn't available to us, isn't available in a
useable form, or is outdated.

c. There is too much uncertainty associated with the information.

d. Other policy considerations supersede the use of technical/scientific
information.

e. Other reasons, such as:
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2. INFORMATION SOURCES

PNCERS
PNCERS intends to make results from its study of Pacific Northwest coastal
ecosystems available to managers, practitioners, and the public to support the work
of protecting and restoring estuaries. Many formats are available, such as face-to-
face meetings or conferences, printed materials (e.g. journals or books), or
computer files and information directories via the Internet.

Question 2.1:  Which of these formats should PNCERS try to use in
delivering these results?

a._ Published summary reports
b._ Peer-reviewed journals
c. Internet Web sites
d. Internet FTP (remote data file acquisition)
e._ Case studies (including from other sites or regions useful?)
f.	 Newsletters (published or virtual)
g._ Meetings and conferences (national, regional, state)
h._ Targeted workshops (with hands-on training and discussion)
I.	 Symposia (with speakers covering various aspects of a topic)
j.	 Videotapes
k._ Other (please describe)

Question 2.1: Which of these are most important to you? Please mark
the top three.
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3. SCALES

A mismatch can occur between the scale of information needed by managers or
practitioners in an estuary or watershed and the scales of information available
from researchers. For instance, decisions for a particular site or activity might
require information that is only available at a more general regional or estuary-
level. On the other hand, data might be available for very localized sites while
information is needed for a broader area. Similar mismatches can occur between
the time scales of decisions (often short) and of data collection (often long).

Question 3.1: Have you experienced mismatches in scale in using
information? Often	 Sometimes	 No

Question 3.2: What are the principal space and time scales at which
you presently work?

SPATIAL SCALE:
City	 Property ownership
County	 Watershed
State	 Natural unit (e.g. stream segment,
Other administrative	 slough or wetland)
area (e.g. Nat'l Forest)
	

Other (describe)
TIME SCALE:

"The future" (10+ yrs)?
	

Short-term (a year or less)
Longer-term (5-10)
	

Seasonal
Mid-term (1-4 yrs)
	

Immediate (weeks)

Question 3.3: Is the scale at which you currently work the appropriate
scale to achieve your broader program goals?
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4. SCIENCE-MANAGEMENT LINKAGES

Scientists and managers generally work in very different realms and can be isolated
by such factors as distance, different work objectives, lack of perceived mutual
interests, or terminology. Yet it appears that if managers are to make better, more
informed decisions and if scientists are to help solve important ecosystem issues
and problems, improvements in communication are called for.

Question 4.1: How might communication between scientists and
managers be strengthened?

Question 4.2: How can managers and practitioners better identify
research needs in the "real world" so that research programs can be
responsive in time to provide new information?

Question 4.3: Given that real-world situations often change during the
long lead times required to identify, fund, and carry out research
programs, what might be done to ensure that research does not lag
too far behind need?
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5. VARIABILITY AND UNCERTAINTY

The "variability" inherent in the coastal environment (over many time scales) and

the "uncertainty" often associated with the results of scientific research pose

vexing problems when applying information to coastal management. Scientists

may be asked to provide information with a certainty that simply cannot be

achieved. Managers, on the other hand, must often make decisions that do not

easily leave room for uncertainty or variability. The public or applicants often

demand actions that, once made, have consequences that are not easily be undone.

Question 5.1: How do you account for environmental variability or
uncertainty of information in your program? For instance:

Question 5.2: What happens if there isn't enough information (too
much uncertainty) to take action?

Question 5.3: How can scientists better explain or account for
uncertainty of information used for decision-making?
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6. DECISION-SUPPORT "TOOLS" 	 PNCERS

An increasing number of computerized decision-support tools are available to
supplement or replace traditional tools such as maps, photographs, and written
reports. Among these tools are "qualitative" tools (e.g. conceptual models or
matrixes) and "quantitative" tools (e.g. Geographic Information Systems [GIS] and
GIS analysis, metadata [data about data] sets, and relational data bases).
Computerized information-delivery mechanisms (e.g. Web search engines and file
transfer protocols) can extend the base of decision-support far beyond a local
office.

Question 6.1: What decision-support tools do you currently use?

Question 6.2: Do you use the Internet for information-delivery?
Yes	 No

Question 6.3: What kind of decision-support tools would you like to
have available to you?

Question 6.4: What do you think is the most effective decision-support
tool you use? Why?
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