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Executive Summary

Purpose

The Puget Sound Nearshore Partnership (PSNP) proposes to re-
store degraded shoreline ecosystems of Puget Sound. To provide
scientific direction for PSNP in its planning phase, the program’s
Nearshore Science Team (NST) sought to more clearly define the
role and position of scientific input into large restoration programs
such as PSNP. More specifically, the NST set out to clarify how sci-
ence is incorporated into program management and organizational
structure such that the “best available science” (BAS) is realized.
The NST suggests that efficiently and effectively using science as a
foundation for making decisions will greatly improve a restoration
program’s ability to successfully conceptualize, design, and imple-
ment large-scale restoration efforts in the long term.

To accomplish their objective, the NST conducted a “lessons
learned” exercise to characterize the role of science in five large-
scale restoration programs for more mature ecosystems beyond

the Pacific Northwest: the Chesapeake Bay Program, the Compre-
hensive Everglades Restoration Plan, the California Bay-Delta Au-
thority, the Glen Canyon Adaptive Management Program, and the
Louisiana Coastal Areas Ecosystem Restoration Program. In spite
of difficulties encountered by these programs, the NST was encour-
aged by the numerous innovative approaches employed to meet the
challenges inherent in large-scale restoration.

Methods

The NST sought a comprehensive understanding of the role of sci-
ence in large-scale restoration efforts from four major sources: (1)
site visits and personal interviews with scientists, policy or decision
makers, and non-governmental organizations; (2) peer-reviewed
literature; (3) websites; and (4) unpublished documents.

Semi-structured interviews were conducted using a list of ques-
tions organized by topic (Appendix A), which were designed

to provide information about the role of science and elicit the
strengths and weaknesses of the approaches taken by each pro-
gram. Data collected from the interviews, publications, and web-
sites were organized and evaluated using two matrices to compare
elements of the programs (Appendix B, basic program informa-
tion, and Appendix C, interview answers).

The lessons discussed in this paper were developed by comparing
and contrasting program features summarized in the matrices and
relating these to lessons explicitly stated by program representa-
tives or those lessons gained by the NST over the course of this
study. Thus, the lessons presented arise from (1) the experience

of program representatives, (2) characteristics and strategies for
incorporating BAS that the NST deemed noteworthy, and (3) the
best professional judgment of the NST.

11 PuGET SoUND NEARSHORE PARTNERSHIP

Results
Highlights from the many lessons learned are as follows:

o Clearly articulated problems are essential for program
success. For scientists to translate program goals into
technical objectives and assess the feasibility and associated
uncertainties of potential actions, science must be involved
from the earliest (planning) phase of the program.

+  Maintaining the independence of science from policy
pressures ensures legitimacy and quality. However,
science activities must be coordinated with other aspects
of the program. Vertical integration teams help ensure
communication between policy and scientific aspects of
programs.

o The method used to solicit science should ideally be a
combination of “bottom-up” and “top-down” approaches,
thus, ensuring the high level of quality and creativity
associated with the former and the strategic, coordinated
results associated with the latter.

o  The strongest assurance for scientific credibility is rigorous
peer review, both internal and external to the organizational
structural. This will help ensure that information
disseminated to stakeholders via publications, websites, and
other media is credible, legitimate, and salient.

o  Scientific information must be summarized in a way that is
understandable to the general public and disseminated to
stakeholders in a timely manner. Outreach and education
efforts are critical for gaining long-term support of
restoration efforts.

o Horizontal integration enables programs to tap into outside
sources of information and expertise (e.g., academia,
contractors). This can ensure that fresh perspective and
innovative ideas continue to be introduced to the program.
This also can be accomplished by ensuring turnover of
committee members and program managers, especially in
long-term programs.

o Developing conceptual and numerical models with a diverse
community of scientists/technicians is an effective means to
resolve conflict and build scientific consensus. Models also
help communicate scientific understanding to the public.

o While rigorous adaptive management is necessary, this
powerful tool can only be effectively used if all program
participants understand it. Therefore, education about what
adaptive management is and is not is an important aspect of
management efforts.

o  Performance measures may be more useful politically than
scientifically. Selecting appropriate indicators is difficult,
and some scientists are reluctant to use such narrow,
static measures to judge ecosystem health. Indicators like
water flow requirements and intact salt marsh habitats are
important, but they are not the endpoint. All programs

Technical Report 1



should be mindful of looking deeper than the surface of the
problem if a long-term solution is to be achieved.

Overwhelmingly, scientists agree that in absence of
monitoring, a project may be rendered invalid. While
funding for monitoring is almost universally short of what
is required to address scientific and technical uncertainties,
monitoring is the only way to understand short- and long-
term effects of restoration actions.

While program goals and individual intentions are
important, program accomplishments can largely be
driven by the personalities involved. This underscores
the importance of a capable lead scientist to negotiate
compromises between science, politics, and stakeholders.

Programs tend to plan poorly for numerous expensive
and time-consuming unknowns that are characteristic
of ecosystem management. Political factors may distract
program participants from achieving their goals. A pro-
active assessment of the political climate and public
receptiveness may help avoid such distractions.

o No programs surveyed made data management a prominent
organizational or funding priority. A strategic approach
to data management—fundamental to applying scientific
results—should be formulated at program onset.

o Social sciences have been excluded from restoration efforts,
despite increasing evidence that the success of restoration
requires detailed understanding of its social context. A
broader, more inclusive meaning of “best available science”—
including social sciences—may be difficult yet worthwhile in
undertaking restoration of large-scale ecosystems in which
humans continue to play and increasingly greater role.

By summarizing the lessons learned about how to secure and sup-
port the best available science, the NST hopes this document will
stimulate interest in improving the role of science in ecosystem
restoration and provide present and future restoration practitioners
with practical advice gained from predecessor programs.

Lessons Learned from Large-Scale Restoration Efforts in the USA
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Introduction

The use of the best available scientific information is required un-
der U.S. law in many environmental decisions. In most instances,
statutes requiring the use of best available science (BAS)' have left
the term undefined. Therefore, interpretations of BAS have been
developed in state, regional, and federal courtrooms to guide sci-
entists, policy makers, and natural resource managers in deciding
what is good science. Best available science “include[s] biological,
ecological, economic, and social data’? and the generation of BAS
normally involves peer review, scientific methodologies, logi-

cal conclusions and reasonable inferences, quantitative analysis,
appropriate context, and thorough references.® Even less well
defined, and the topic of this paper, is the most appropriate way
to use BAS in difficult policy and management decisions, such as
those involved in ecosystem restoration.

The Puget Sound Nearshore Partnership (PSNP; formerly known
as the Puget Sound Nearshore Ecosystem Restoration Program) is
a cost-sharing agreement between federal partners and Washing-
ton State to identify urgent ecosystem problems in the Puget Sound
basin, evaluate potential solutions, and restore and preserve critical
ecosystem features of degraded shorelines of Puget Sound.* This
process-based, ecosystem restoration project was launched in 2001
and is in its planning phase.’ Scientists within PSNP were aware

of the many approaches to using science in large-scale restoration
programs across the country. At its inception, PSNP formed a
Nearshore Science Team (NST) to provide technical products and
scientific guidance for the project. To better understand the role of
scientists and science in formulating a comprehensive restoration
strategy, we sought the opportunity to critically examine science

in several, more mature ecosystem restoration programs beyond
the Pacific Northwest region. The purpose of this document is to
convey some of the essential lessons learned by the NST to other
members of PSNP and to the broader community of restoration
practitioners.

1. Best Available Science is required by the National
Environmental Policy Act, Section 102, Subsection B; Marine
Mammal Protection Act, Section 108; Endangered Species
Act, Section 7(a)(2); and Magnuson-Stevens Fisheries
Management and Conservation Act, Section 301(1)(2).

2. Code of Federal Regulations § 602.12(b)(1).

3. Washington State Legislature, Growth Management Act—
Procedural Criteria for Adopting Comprehensive Plans and
Development Regulations, Part Nine: Best Available Science
(365-195-900 thru 365-195-925). See also Bisbal (2002).

4. PSNP website: http://pugetsoundnearshore.org/whatwedo.
htm.

5. PSNP website: http://pugetsoundnearshore.org. For more
information contact Bernie Hargrave (Bernard.L.Hargrave.
Jr@nws02.usace.army.mil) or Tim Smith (smithtrs@dfw.
wa.gov).

Opportunity Addressed

Numerous publications address the science of restoration ecology
(i.e., Jordan et al. 1987, Zedler 2001) and the incorporation of sci-
ence into environmental policy (i.e., Healey and Hennessey 1994;
Huxham and Sumner 2000; Lee 1993; Leschine et al. 2003; Nation-
al Academy of Sciences 1995, 2000). However, published literature
concerning the use of science in restoration policy is lacking. One
exception, although outdated, is the National Research Council
report, Restoration of Aquatic Ecosystems (NRC 1992). Although
updating and filling this information gap is beyond the scope of
this paper, we intend to focus attention on the need for improving
the incorporation of BAS into restoration programs such as PSNP.

Hypothesis and Purpose

The NST’s fundamental hypothesis is that a restoration program
that efficiently and effectively uses science as a foundation for mak-
ing decisions will be, in the long run, more successful in meeting
restoration goals. Here, “efficiently” refers those cases where sci-
ence is free to examine all technical approaches to restoration in
the absence of non-scientific constraints; “effectively” refers to situ-
ations where science, operating within the confines and structure
of the discipline, contributes to a decision-making process leading
to the accomplishment of restoration goals. We hypothesize that
the organizational structure of the program that develops to ad-
dress large-scale restoration will dictate the efficacy of science in
the near term. Therefore, we aim to examine the organizational
structure, and specifically the placement of science within that
structure, in five cases of large-scale, process-based restoration.

Judging the “success” of these restoration programs is not ap-
propriate at this time because all are ongoing and each has its

own methods for determining success. Instead, by dissecting the
organizational structure, we compare elements of programs that
influence the efficiency and efficacy of science. The purpose of this
document is both to inform and guide the restoration strategy in
the Puget Sound and to inform ongoing and future restoration ef-
forts elsewhere, ultimately improving the practical application of
restoration science.

Selection Criteria and Clarification of Terms

We considered programs that were large-scale and to some extent
process-based and ecosystem-focused. “Large-scale” refers to the
target area impacted by restoration actions. Generally, and in the
case of all programs examined here, large-scale programs have a
very large and complicated organizational structure that has devel-
oped out of the need to address large spatial areas, long time scales,
multiple jurisdictions, and robust financial resources. More im-
portantly, we focused on large-scale programs because we believe
that many of the environmental degradation challenges cannot be
resolved with small-scale actions alone, but will instead require
large-scale, landscape approaches. This expanded scope requires
coordination of interdisciplinary science and a strategic approach
to management.

Lessons Learned from Large-Scale Restoration Efforts in the USA



Many early restoration efforts resembled what we would now
consider to be site-specific mitigation, with emphasis on restoring
ecosystem structure rather than ecosystem process. On the basis
of ecological understanding that structure and function follow
process, restoration efforts are increasingly expected to restore pro-
cesses (i.e., sediment transport, erosion) rather than structure (i.e.,
a beach or wetland). Therefore, we selected programs that, to some
degree, specifically approached their goal from the perspective

of restoring ecosystem processes. Our five case studies are by no
means an exhaustive list of all process-based restoration programs
in the USA.

2 PUGET SoUND NEARSHORE PARTNERSHIP

Our final criterion in selecting case studies was that programs
have the general intent to restore the whole ecosystem as opposed
specific elements of the ecosystem, such as target species or bird
nesting habitat. While fully restoring ecosystem processes, struc-
ture, and function may be yet beyond our scientific capabilities,
we selected programs based on their intent rather than their suc-
cess at restoring the ecosystem. The five programs studied are the
Chesapeake Bay Program (CBP), the Comprehensive Everglades
Restoration Program (CERP), the California Bay-Delta Author-
ity (CALFED), the Glen Canyon Dam Adaptive Management
Program (GCDAMP), and the Louisiana Coastal Areas Ecosystem
Restoration Program (LCA).

Technical Report 1



Methods

Insights into the role of science in large-scale restoration efforts
were acquired by the NST over 2 years and were generated from
four major sources: (1) site visits and personal interviews, (2) peer-
reviewed literature, (3) websites, and (4) unpublished documents.
The data gathered were used to populate two matrices, described
in the following text. NST members traveled to Louisiana and the
Chesapeake Bay to meet with LCA and CPB program staff and
tour project sites, and invited representatives from CERP, CALFED,
and GCDMRP to Seattle. The NST sought a comprehensive un-
derstanding of each program by interviewing scientists, policy or
decision makers, and applicable non-governmental organizations
(NGOs).

Semi-structured interviews were conducted using a list of ques-
tions organized by topic similar to the method described by Kvale
(1996). The topics and the respective sub-questions (Appendix A)
were designed to provide information about the role of science and
elicit the strengths and weaknesses of the approaches taken by each
program. The topics that were addressed included the following:

*  Project organizational structure and activities

*  Restoration planning and guidance

*  Assessment of the causal mechanisms

¢ Data management

*  External factors (such as socioeconomics and policy)

* Integrating science into restoration planning and assessment
*  Monitoring and adaptive management

e DPeer review

To organize and evaluate the data collected from the interviews,
publications, and websites, we designed two matrices to compare
elements of the programs. The Program Background Matrix con-
tains basic program information (Appendix B) while the Program
Comparison Matrix summarizes the answers to relevant ques-
tions organized by topic (Appendix C). The Program Comparison
Matrix is based on the interview questions presented in Appendix
A. Where answers were not provided or where clarification was
needed, individuals within programs were contacted to obtain or
verify information.

The lessons discussed in this paper were developed by comparing
and contrasting program features summarized in the matrices and
relating these to lessons explicitly stated by program representa-
tives or those lessons gained by the NST over the course of this
study. Thus, the lessons presented arise from (1) the experience

of program representatives, (2) characteristics and strategies for
incorporating BAS that the NST deemed noteworthy, and (3) the
best professional judgment of the NST.

Program Backgrounds

In the following sections, descriptions of each program highlight
organization and structure specifically relating to the role of sci-
ence. The five programs represent a diverse collection of manage-
ment approaches, organizational structures, and environmental,

historical, and social issues; each program has approached its
respective challenges differently and has integrated science into the
organizational structure in unique ways. The programs are ordered
from oldest to youngest based on the observation that the role of
science may evolve as these programs mature and as new programs
learn from the mistakes made by predecessors.

The following descriptions are not intended to be a complete over-
view of each program. We have presented the minimum amount of
background necessary to frame our discussion of lessons learned
regarding the role of science.’

Chesapeake Bay Program

Project Formation and Purpose

Formed in 1983, the CBP is based on an agreement between Mary-
land, Pennsylvania, Virginia, and the District of Columbia to re-
store and protect the Chesapeake Bay and its tidal tributaries. The
initial focus of this restoration was water quality, driven by increas-
ing eutrophication (Batiuk et al. 2003). The watershed for the bay
encompasses an area of over 166,000 km”’ extending into six states.

In its early years, the program focused on reducing nutrients in the
bay. A notable goal of the program was to reduce nutrients in the
bay by 40% by the year 2000. While substantial progress toward
this goal has been made, subsequent analysis has identified a need
for even greater reductions to affect meaningful restoration of the
system. In subsequent years, this focus expanded to include reduc-
ing excess sediments and toxics, as well as restoring important
habitat areas and populations of target organisms, such as oysters
and finfish. The program monitors the health of the bay through
numerous ecosystem indicators.

Organizational Structure and Science

The program is funded and staffed by the U.S. Environmental Pro-
tection Agency (EPA) and the partner states. Direction is provided
by an Executive Council composed of the governors of the three
states, the mayor of the District, the EPA administrator, and the
chair of the Chesapeake Bay Commission (a body of state legisla-
tors). The Executive Council is served by a Principal Staff commit-
tee comprising secretaries of natural resources for the three states
and senior staff for other Executive Council members. Routine
operations of the Program are overseen by an Implementation
Committee, comprising primarily senior state and federal agency
personnel and the chairs of the many committees. Numerous pro-
gram committees address issues ranging from living resources to
local government interests. Stakeholder involvement and public
outreach is emphasized on all committees.

A year after the Chesapeake Bay program was established, a Sci-
ence and Technical Advisory Committee (STAC) was formed to

6. Alesson learned by the authors is that these programs are
constantly evolving, making it difficult to write an accurate
description that is not immediately outdated.

Lessons Learned from Large-Scale Restoration Efforts in the USA



enhance scientific communication and outreach throughout the
Chesapeake Bay watershed and beyond. The STAC provides scien-
tific and technical advice to the program in various ways, including
(1) technical reports and position papers, (2) discussion groups,

(3) assistance in organizing merit reviews of CBP programs and
projects, (4) technical conferences and workshops, and (5) service
on CBP subcommittees and workgroups. The STAC also serves as a
liaison between the scientific/engineering community and the CBP.
Through professional and academic contacts and organizational
networks of its members, the STAC ensures close cooperation
among the various research institutions and management agencies
represented in the bay watershed. The Chesapeake Research Con-
sortium, Inc., provides staff and logistic support.

The STAC reports to the Implementation Committee quarterly
and to the Executive Council annually. The 38-member committee
comprises 11 scientists (appointed by governors and the mayor), 6
federal agency scientists, and 21 scientists selected by their peers to
represent a mix of disciplinary expertise. Term limits ensure mem-
bership turnover and the input of fresh perspective. STAC mem-
bers are not compensated for their service although travel expenses
are reimbursed. STAC operates with a limited budget that supports
the staff, meetings, workshops, and reviews. STAC does not fund
or undertake research. The committee makes assessments and
recommendations of research needs, but these are passed to other
committees within the CBP for further action. Program com-
mittees, subcommittees, and workgroups each solicit funding to
accomplish tasks. Although these groups report to the Implemen-
tation Committee, inter-committee communication/coordination
is not always optimal and, in the face of limited program funding,
committees compete with each other for resources (Batiuk et al.
2003).

Chesapeake Bay Program

Comprehensive Everglades Restoration Plan

Project Formation and Purpose

The Comprehensive Everglades Restoration Plan (CERP) is led by
the U.S. Army Corps of Engineers (USACE) and the South Florida
Water Management District as equal federal and state partners.
CERP evolved in response to the realization that water flow from
central Florida through the Everglades had decreased dramatically
due to extensive engineering and diversion projects and that nutri-
ent concentrations of water reaching the Everglades had increased.
As a result, the health of the Everglades ecosystem was found to be
in broad decline. The program covers an area of 47,000 km? and
aims to restore, preserve, and protect an Everglades ecosystem in
southern Florida that is self-sustaining and ecologically rich while
mitigating risk of flood and meeting water supply needs to the area
through the year 2050.

The Water Resources Development Acts of 1992 and 1996 gave the
USACE authority to reevaluate the Central and Southern Florida
Project (called the “Restudy”). The reconnaissance phase of this
effort was initiated in June 1993 and the feasibility phase of the
Restudy was completed in 1999 with the submission of the Com-
prehensive Everglades Restoration Plan to Congress. Supported
by the passage of the Water Resources Development Act of 2000,
the CERP has the goal to “deliver the right amount of water, of the
right quality, to the right places, and at the right time”” This four
part goal is addressed in the plan with numerous discrete projects,
rather than one overarching project, many of which are pilot or
experimental projects. These projects are not solicited by requests
for proposals, but directed by the program and assigned to appro-
priate experts (an example of a “top-down” approach). Funding for
the project comes primarily from the USACE budget, ad valorum
taxes from the South Florida Water Management District, and the
Florida State budget. Addition funding is provided by other agen-
cies such as the U.S. Department of the Interior.

Water Qualit o .
Chesapeake Executive Council St:eerirngual ’ Organizational Structure and Science
Lt A ) & Committee While CERP is at the center of the restoration efforts in Florida,
" Principals Staff Committee l : : : . : :
Committee it coordinates extensively with other ongoing restoration efforts
%acfr:g;a”ty in the state. The RECOVER Team (REstoration, COordination,
Local Gov. . Workgroup and VERification) was established in 1999 at the completion of
i f— mplementation Committee 5 . . .
ey ? the USACE’s Restudy to coordinate science in the program and
Federal throughout the implementation of individual projects. RECOVER
- Agencies . . . . . .

Sci. & Tech. : P is a scientific and technical group specifically charged with estab-

aavisoy T Sifcommitees: lishing scientific indicators, assessing progress of the plan, and en-
-Nutrient Budget suring an overarching perspective of program actions.” RECOVER
potcsl . Steering is led by two program managers, one from the USACE and one
-Monitoring & Analysis Committee i L.
-Modeling from the South Florida Water Management District. RECOVER
_::iVir;g geso;:czs leadership comprises 12 agency representatives. Six Project Deliv-
-Land, Growth, . . .
Stewardship ery Teams serve as the working groups for science and are coordi-
ﬁ(f);g:trllgz & aEndauQC:rtri]erl] t Source: Adapted from  Nated by RECOVER. These multidiciplinary teams are populated
. Soileau 2002 by RECOVER leaders and other interested parties.

7. Comprehensive Everglades Restoration Program website:
http://www.evergladesplan.org/pm/recover/recover.cfm.
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The South Florida Ecosystem Task Force (the Task Force) was es-
tablished by the South Florida Water Management District in 1993.
The Task Force comprises 13 members—7 federal, and 6 non-
federal agency representatives—and meets several times per year.
The Task Force coordinates policies and strategies and, although
not actually part of CERP, provides advice and guidance to CERP.
The Working Group is subordinate to the Task Force and com-
prises 33 members from state agencies. The Working Group meets
monthly to carry out tasks and provide reports to the Task Force.
Under the Working Group, the Science coordination team was
established to develop a science coordination plan. The Science
Coordination Team was disbanded after the completion of the Re-
study but may be reinitiated directly under the Task Force (Apple-
baum 2003). The Committee for the Restoration of the Greater
Everglades Ecosystem (CROGEE), which was established by the
National Academy of Sciences, provides independent scientific re-
view to CERP. The Task Force approves CROGEE’s work plan and
CROGEE provides completed reports to the Task Force.

Comprehensive Everglades
Restoration Program

fask) CERP

Force

. RECOVER

Working Group Leadership
Group

Science 6 Project
Coordination Delivery
Team Teams

Source: Adapted from Soileau 2002
and interviewee

California Bay-Delta Program

Project Formation and Purpose

The California Bay-Delta Program, also called the California Bay-
Delta Authority,® was established to coordinate efforts to address
numerous interrelated water management, ecosystem restoration,
drinking water quality, and levy reliability issues in California’s Sac-
ramento-San Joaquin Delta. The Program was formally launched
in 1994 with the signing of a “Framework Agreement” by federal
and state environmental and natural resource agencies. This agree-
ment evolved into a long-term program, CALFED, which is be-
ing cooperatively implemented by more than 23 state and federal
agencies to manage the quality and quantity of water allocation to
urban, agricultural, and ecosystem needs in the bay-delta region,
an area of 3,000 km?. The program addresses four interrelated
objectives—water supply reliability, water quality, ecosystem resto-

ration, and levy system integrity—which are further divided into
11 components. The program addresses these objectives by for-
mulating water quality standards and coordinating the State Water
Project and Central Valley Project operations with regulatory re-
quirements the Authority hopes will ensure long-term solutions to
problems in the Bay-Delta estuary.’

Governance of this program is carried out by state and federal
agencies with legislative authority to conduct activities. Overall
coordination is the responsibility of the California Bay-Delta Au-
thority, a state agency specifically created in 2002 to fill the over-
sight role in the program.'? The program shares the staff of partner
agencies and has its own staff dedicated to helping accomplish
program mandates (Luoma and Taylor 2002).

The main program funding source is state and federal appro-
priations, while auxiliary or new program requirements can be
met with bonds or special state and federal appropriations. The
program has completed Phase I (assessment) and II (selection of
alternatives) and is now entering Phase III, the implementation of
preferred alternatives and construction. Thus far, several early-
action ecosystem restoration projects have been completed. These
projects are generally selected on a competitive basis in response to
a request for proposals (Luoma and Taylor 2002).

Organizational Structure and Science

Science and technical expertise is integrated throughout all ar-
eas of the CALFED program; however, the Science Program
housed within the California Bay-Delta Program is the nexus of
authoritative scientific and technical information.!! The Science
Program focuses on disseminating information, developing com-

California Bay-Delta Program

Agency Coordination Team
(All Bay-Delta Program
Agencies

! ! | }

Lead Scientist/
Executive
Science Board

i i T

California Bay
Delta Authority

BDPAC (Public
advisory committee)

Authority
Director

State Team Club Fed

Subcommittees:

-Delta Levees and Habitat]
-Drinking Water
-Ecosystem Restoration
-Environmental Justice
-Steering Committee
-Watershed

-Watershed Supply
-Water Use Efficiency
-Working Landscapes

Implementing Agencies
(working on Subcommittees)

Source: Adapted from CALFED website

8. Asof August 2002, the California Bay-Delta Program,
commonly called CALFED, was renamed the California
Bay-Delta Authority. As a convention we will use CALFED
when referring to this program.

9. CALEFED (2000); CALFED website: http://calwater.ca.gov.
10. CALFED website: http://calwater.ca.gov.
11. CALFED website: http://science.calwater.ca.gov/index.shtml.
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mon language, acting as publication support within CALFED, and
providing advice and support for integrating science throughout
the program (Taylor 2003). The Science Program staff comprises
experts employed by their agency and compensated for CALFED
time (Luoma and Taylor 2002).

Within the Science Program, the Executive Science Board is a
standing committee of recognized experts that directly advises the
Authority. A core element of the Science Program is a system of
advisory boards and peer-review panels overseen by the Indepen-
dent Science Board. Standing boards comprise experts appointed
by the Lead Scientist that combine interdisciplinary expertise to
provide advice and review. Technical panels and ad hoc working
groups are assembled to address specific technical and scientific
issues (CALFED 2003a). In general these science groups do not
address policy questions but strictly provide technical advice to the
Authority pertaining to policy decisions (Luoma and Taylor 2002).

Within the science program, the Executive Science Board is a stand-
ing committee of recognized experts that directly advises CALFED.
A core element of the science program is a system of advisory
boards and peer-review panels overseen by the Independent Science
Board. Standing boards comprise experts appointed by the lead sci-
entist that combine interdisciplinary expertise to provide advice and
review. Technical panels and ad hoc working groups are assembled
to address specific technical and scientific issues (CALFED 2003b).
In general these science groups do not address policy questions but
strictly provide technical advice to CALFED pertaining to policy
decisions (Luoma and Taylor 2002).

Glen Canyon Dam Adaptive Management
Program

Project Formation and Purpose

The Glen Canyon Dam Adaptive Management Program
(GCDAMP) is coordinated by the U.S. Department of the Interior’s
Grand Canyon Monitoring and Research Center (GCMRC).
GCMRC’s mission is “to provide credible, objective scientific infor-
mation to the Glen Canyon Dam Adaptive Management Program
on the effects of operating Glen Canyon Dam on the downstream
resources of the Colorado River ecosystem.”’? Dam operations have

Glen Canyon Dam
Adaptive Management Program

Secretary of
the Interior

Adaptive
Management
/ Work Group \
Technical > <> | Independent
Work Group GCMRC Review Panels

Source: Adapted from 9-4-2003 interviewee presentation
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had several negative downstream affects including alteration of the
structure and integrity of downstream beaches, resulting in loss of
spawning and rearing habitat for endangered fish species. In re-
sponse, the GCDAMP aims to evaluate the impacts of dam opera-
tions on the Colorado River ecosystem by conducting a long-term
monitoring and research program using an ecosystem-based ap-
proach.” The GCMRC has conducted the scientific investigations
called for in the GCDAMP since the establishment of the research
institution in 1996.

We selected this program because of its employment of adaptive
management—that is, the incorporation of scientific experiments
into natural resource management.

Organizational Structure and Science

The Adaptive Management Work Group (AMWG) of the
GCDAMP directs the monitoring program for the lower Colorado
River from Lake Powell to the westernmost boundary of the Grand
Canyon National Park. The scientific results generated by the activi-
ties of the AMWG are used by the GCMRC to improve ecosystem
management in Lake Powell, the lower Glen Canyon, and in the
Grand Canyon.

The AMWG is a federal advisory committee comprising federal,
state, tribal, and other stakeholder representatives. The AMWG
meets semiannually to review Glen Canyon Dam management

and operations; it makes recommendations to the Secretary of the
Interior on dam management and advises and directs the GCMRC
(GCMRC 1999). Several Independent Review Panels operate within
the GCDAMP to increase scientific credibility of GCMRC science.

Louisiana Coastal Area Ecosystem
Restoration Program

Project Formation and Purpose

Louisiana loses coastal wetlands at a rate of approximately 60 km?
per year—a combined result of the natural subsidence of the delta
and the interruption of natural deltaic sedimentation processes due
to diking and channelization of the Mississippi River."* In 1990, as
a response to national wetland degradation and to the alarming
rate of land loss in Louisiana, Congress enacted the Coastal Wet-
lands, Planning, Protection and Restoration Act (CWPPRA, also
known as the Breaux Act). CWPPRA funds wetlands enhancement
projects and has contributed substantially to planning for large-
scale restoration of Louisiana’s disappearing coast, making this
program the largest, in area, of the programs studied.

In recognition that the CWPPRA effort alone could not address
the scale of the Louisiana’s coastal degradation problem, a new

12. Glen Canyon Monitoring and Research Center website:
http://www.gcmrc.gov.

13. Ibid.
14. Louisiana Coastal Area Ecosystem Restoration Program

website: http://www.coast2050.gov/lca.htm.

Technical Report 1



state and federal plan was adopted in 1998. The report, titled
“Coast 2050: Toward a Sustainable Coastal Louisiana” (or “Coast
2050”)," divides Louisiana’s coastal area into four (sub-province)
regions and aims to restore or reconstruct the natural coast-build-
ing processes in Louisiana at a more regional scale. Eighty-eight
restoration strategies for the four regions are presented in this
document, which was developed by state, federal, and local partici-
pants, including stakeholder and public interest groups.

In May 1999, the USACE headquarters commissioned a feasibil-
ity study under the Louisiana Coastal Area Authority of 1967.
The cost of the study is shared by the New Orleans District of the
USACE and the Louisiana State Department of Natural Resources
(DNR). This feasibility study, projected to last 2 years, is based on
the strategies identified in the Coast 2050 plan and is called the
Louisiana Coastal Areas Comprehensive Coastwide Ecosystem
Restoration Study (LCA). The aim is to determine a comprehen-
sive action plan for the four sub-provinces based on the ideas

Louisiana Coastal Areas Ecosystem
Restoration Program

Vertical Team

HQUSACE

Mississippi Valley

Principals Group

Regional 1 e
Working Group CLUER
Executive
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Development District/State NG
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Project Delivery Y Source: Adapted
from interviewee
Team

presented in the 88 restoration strategies identified in Coast 2050.
The study area includes all of coastal Louisiana stretching from
Mississippi to Texas.'

Organizational Structure and Science

The LCA Feasibility Study is directed by an Executive Committee
lead by a secretary from DNR and a commander from the USACE.
A Project Delivery Team oversees production of reports and the
dissemination of information within the project. The Project De-
livery Team also facilitates involvement from the broader scientific
community. This outside, non-agency contribution of scientific
information has been of considerable importance for the project
and has addressed tasks such as synthesizing the state of the sci-
ence and developing complex ecological modeling techniques.

Several teams advise the Executive Committee and the Project De-
livery Team. The National Technical Review Committee (NTRC)
provides independent peer review and valuable outside perspective
to the Executive Committee. The NTRC comprises 10 scientists
from around the country representing expertise in the natural sci-
ences, economics, engineering, and planning (Porthouse 2003).
The Vertical Integration Team, comprising local and federal repre-
sentatives, is charged with expediting scientific reviews and issue
resolution (Porthouse 2003). The Vertical Integration Team’s vital
function is to provide a mechanism by which science and policy
issues are communicated to all program levels.

Several other groups provide advice and help to identify and
resolve conflict. A Principals Group coordinates agency input
into the program and the Regional Working Group facilitates the
transfer of information between local participants and the Prin-
cipals Group. A Framework Development Team comprises local
representatives of federal and state agencies, academia, and NGOs
(Porthouse 2003).

15. Ibid.

16. LCA (2002) and http://www.lacoast.gov/cwppra/org/techcom.
htm#description.
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Results

We found that the five programs represented a range of approaches
to address the fundamental challenges of integrating science into
policy and decision making. Each program has evolved in very
different natural and political environments. We make no attempt
to judge overall program performance, or “success’;'” only to learn
from the various scientific strategies undertaken in each program.
In this section, we address specific lessons learned program by
program. (Refer to the Program Comparison Matrix in Appendix
C for details.)

Chesapeake Bay Program

The CBP demonstrated the importance of a lead scientist to negoti-
ate compromises between science, politics, and stakeholders. In
this program, the intentions of individuals and program goals were
important, but the final accomplishments of the program have
been largely a result of the personalities of the individuals at the
table.

The Chesapeake Bay Program demonstrated the benefit of cultivat-
ing involvement with outside academic scientists. This horizontal
integration requires dedicated effort to maintain, but it is facilitated
by collaboration with research consortia, such as the Chesapeake
Research Consortium, Inc. In the Chesapeake Bay Program, science
fellows, often PhD students on a 2-year contract to work with the
science program, helped bring fresh perspective into the program
and keep high-level and innovative science going. Science fellows
also provided staff support to work with committees so that com-
mittee members do not become overwhelmed with managerial and
administrative details. We also found it important to ensure turn-
over among program managers and science committee members.

This program also provided several lessons regarding public buy-
in and participation. In the late 1990s, when the CBP found itself
working on very important issues in the bay that the public did not
relate to, program leaders shifted the focus from eutrophication to
include more charismatic problems, such as decreasing oyster and
finfish populations. This program also demonstrated that problems
should be phrased to engage the public and decision makers. For
example, “recover oyster populations” is likely to draw more and
broader support than “improved sediment dynamics” This shift

in the CBP has engaged the public in scientific issues, therefore
increasing saliency of the scientific program (see Discussion), and
has helped focus the program on the entire ecosystem.

An additional lesson highlighted by the CBP is that these large,
ambitious programs often fail to plan appropriately for the expense
and time required to manage resources at an ecosystem scale.

The CBP substantially underestimated the effort required for the

17. Joy Zedler (2001) argues against the use of “success” in
discussions of meeting restoration endpoints because of
the implied possibility for failure if success is not attained
within the program confines. She suggests “progress” replace
“success” in most cases because this term allows success to
take on multiple forms. We agree and also favor the term
“performance” to describe elements of restoration programs.
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transition from a regulatory water quality program to ecosystem
management.

The public is extensively involved in the CBP and we noted two
successful strategies for gaining this participation. Chesapeake Bay
Foundation, a non-profit organization, provides tremendous help
with public outreach. Forming alliances with local NGOs helps to
spread resources and offer more people and groups the opportu-
nity to become involved and contribute to the program’s progress.
Also, the CBP puts substantial effort into regularly communicating
scientific results to the public via weekly and quarterly publica-
tions (The Bay Journal and the Chesapeake Futures Report). This
has helped obtain public support and educate stakeholders.

Comprehensive Everglades Restoration Plan

The CERP was established to address the water distribution crisis
in South and Central Florida. Because the “crisis” was widely ac-
cepted politically and publicly, CERP was able to generate politi-
cal and financial support. CERP has been well served by such a
clearly defined and urgent problem. In the late 1980s, program
members conducted a unique brainstorming session to develop
program goals and objectives, which served to inform and define
the USACE reconnaissance and feasibility study and ultimately the
CERP.

In this program, the organizational structure was fixed and the
range of restoration options already predetermined before science
began to play a role. This situation constrained innovative science
and limited the power of science to influence decisions. Also, this
program has often been frustrated by tensions between state and
federal agency partners, which may be a result of the USACE’s
tendency to rely on engineering solutions to solve environmental
problems or the highly political nature of the problem. At times,
this conflict has hindered progress and consumed resources.
CERP also demonstrated the importance of a charismatic leader in
gaining broad support for the program and negotiating compro-
mises between individuals and groups involved in the program.

CERP has successfully established a spectrum of performance
measures/indicators. They did this by winnowing a list of 1,000
potential indicators to approximately 50 that will be tracked; less
than 10 were used for planning purposes in reporting to high-
level decision makers. Although the exercise resulted in a list of
indicators, the brainstorm approach taken may not have been the
most efficient or effective. CERP also has an adaptive monitoring
assessment team that assesses early actions, or “demonstration”
projects. The system-wide monitoring and assessment plan that
was scheduled to be released at the end of 2003 (Applebaum 2003)
may resolve the lack of attention and resource paid to monitoring
in this program.

California Bay-Delta Program

The simplified objective of any program should be to determine
that the appropriate restoration and management actions are pro-
posed and that they will work. CALFED has done well to ensure
that proposed and accepted projects answer pertinent questions
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about estuarine function and structure, are of high scientific qual-
ity, and have high probability to achieve the desired performance.

CALFED is a strongly “bottom-up” restoration program. It posts
requests for proposals widely and selects projects on a competitive
basis. This strategy guarantees high-quality science through a com-
petitive process, whereas the “top-down,” or directed, approach
employed by most other programs in this study may diminish
scientific creativity and quality. Because “bottom-up” restoration
actions tend to be more opportunistic and potentially disjointed,
CALFED has instituted a separate, directed science program to
strategically address specific science and monitoring needs. Al-
though CALFED has a monitoring plan, they are still struggling to
determine what to monitor and have instituted a program to scien-
tifically resolve monitoring metrics that comprehensively assess the
contribution of CALFED restoration.

CALFED has demonstrated that peer review is the most effective
way to ensure the use of best available science. Their extensive
internal and independent peer-review system has shown that the
best combination of experts for a peer-review panel includes indi-
viduals who are local and involved in the program, local and unin-
volved, and non-local and uninvolved. These individuals should be
recognized as much for their objectivity as for their expertise.

Additionally, CALFED has managed to infuse science throughout
the program, partly aided by several “integration teams.” Vertical
integration (see LCA program description in Methods) is best ac-
complished with purposeful help from planners or facilitators, as
scientists themselves often do not excel at integrating their work
with policy.

Conceptual models have played an important role in commu-
nicating basic ecosystem understanding to CALFED program
participants and as a scientific aid in making program decisions.
Also, funding packages or portfolios, used by CALFED, are an in-
novative and creative approach to ensuring long-term funding and
to integrating science throughout the process. It remains to be seen
how CALFED’s funding portfolios will play out in the long term.

Glen Canyon Dam Adaptive Management
Program

The most valuable lesson that this program provided was regarding
the use of adaptive management in a restoration and experimental
ecosystem management context. Adaptive management in this
program requires a high level of participation and commitment
from resource managers and scientists. It also requires constant
feedback between resource users and scientists, and appropriate
mechanisms must be in place to support this. Scientific experi-
ments, the foundation of adaptive management, are often difficult
to support, as demonstrated by the fact that there has only been
one experimental flooding event at the Glen Canyon Dam. In
comparison, it is generally easier to generate financial support for
monitoring programs than for adaptive management.

Adaptive management is often misunderstood. The term is
sometimes used to describe informal learning from management
mistakes and other times to describe management decisions based
on controlled, scientific experiments. For this tool to be properly
used, it must be explained to all involved. The Glen Canyon Pro-
gram demonstrated the importance of educating users and stake-
holders about adaptive management.

Louisiana Coastal Areas Ecosystem

Restoration Program

The integration of science into the LCA program has been slow—
possibly because science was not explicitly involved in the forma-
tion of the program. Thus, the program development process has
not facilitated optimal use of science and, as a result, the program
is still struggling to bring science into the decision-making process.
Also, political pressures and powerful stakeholders, such as oyster
growers, confine the range of possible solutions, thus limiting sci-
ence’s influence and legitimacy within the program. While several
long- and short-term problems have resulted from not infusing
science throughout the program, LCA’ Vertical Integration Team
does represent a good example for a strategy to coordinate restora-
tion efforts and link science and policy.

Although the LCA program has successfully addressed the symp-
toms of the problems facing the Louisiana coast (land loss and
eutrophication of the Mississippi River), it has struggled to address
the underlying problems (dam construction and operation in the
Missouri/Arkansas river basins, agricultural chemical use in the
Mississippi River watershed, and coastal land-use practices). Be-
cause the root problem includes resource-use practices in the entire
Mississippi-Ohio—Missouri River Basin, this program has had to
balance the tendency to focus on smaller, localized problem symp-
toms with a long-term approach aimed at the underlying problems.
This development was demonstrated by the transition from the res-
toration activities accomplished under the Breaux Act, the majority
of which were small in scale and uncoordinated, to the watershed-
scale LCA program, which aims for a strategic approach to restora-
tion planning activities.

Similarly to CERP, this program has been frustrated from tensions
and misunderstandings between state and federal agency partners.
Also, like most programs, the LCA has struggled to incorporate
monitoring into the program. However, the LCA recently estab-
lished a long-overdue monitoring scheme for some Breaux Act
actions.

The National Technical Review Committee (NTRC) provides
essential outside program review. This panel of external but in-
formed experts meets at least twice a year and serves as an
excellent template for a strategy to ensure appropriate program
actions and focus.

Lessons Learned from Large-Scale Restoration Efforts in the USA



Discussion

In this section, we organize lessons learned by general topic and
explicit subject headings. Lessons presented in the Results section
are discussed in the context of current knowledge and available
literature. Three similarly structured documents provided espe-
cially helpful comparisons of restoration programs: Putting it Back
Together: Making Ecosystem Restoration Work, published by Save
the Bay (Koehler and Blair 2001); Investigative Review: Institu-
tional Arrangements, published by USACE’s Engineering Research
and Design Center (Soileau 2002); and Lessons from Large Wa-
tershed Programs, published by the National Academy of Public
Administration (Adler et al. 2000). Although these documents do
not focus specifically on the role of science, they contributed to our
comparative understanding of these programs.

Best Available Science and Restoration Policy
The published literature is rich with insights into the often troubled
relationship between science and policy.'® Throughout our inter-
actions with the five projects, we were reminded of several basic
principles of an effective working relationship between science and
policy that further suggest fundamental strategies for optimizing
science’s role in the decision making processes.

To avoid the misuse, and ensure the best use, of science, we must
understand the fundamental limitations of the scientific discipline.
Science is a process of inquiry grounded in hypothesis testing

and observation. Scientists aim to produce objective, value-free'’
information from data gathered from the natural world. Thus,
scientists are comfortable collecting information that can be used
to understand the potential consequences of actions; however, sci-
entists generally begin to feel uncomfortable when asked to advise
decision makers regarding what should be done given the scientific
information presented. Scientists who abandon objectivity for ad-
vocacy run the risk of loosing credibility in the eyes of other scien-
tists and the public (Boesch and Macke 2000). Therefore, scientists
should not be asked what should be done, but rather to define the
possible range of actions and evaluate the consequences of those
actions. Decision makers should then consider other factors, such
as social, economic, and legal issues in addition to scientific input
(Boesch 1999, Huxham and Sumner 2000).%

In order for science, and problems addressed by scientists, to effec-
tively influence decision-making, the science must be judged to be
relevant. Clark et al. (2002) defined three attributes that influence
the effectiveness of science:

18. For early articles see Dunn (1980) and Webber (1983).

19. For discussions of whether science is truly value-free, see
Huxham and Sumner (2000), p. 52-55.

20. Sabatier rejects the notion of neutral scientists in his
promotion of the concept of an “advocacy coalition
framework” (Sabatier 1988, 2000). See also Hass (1990) for a
related discussion on “epistemic communities.”
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Saliency—whether science is perceived as addressing policy-
relevant questions

Credibility—whether science meets standards of scientific rigor,
technical adequacy, and truthfulness

Legitimacy—whether science is perceived as fair and politically
unbiased

Generally, attaining these three attributes requires making difficult
compromises. Although deficiencies in one attribute may be offset

by strengths in another, some threshold level of all three attributes

is required for science to contribute to policy decisions (Clark et al.
2002).

In this study, all programs demonstrated that peer review is the
best way to ensure credibility and the development and use of BAS.
These programs used the term “peer review” to describe activities that
ranged from rigorous and anonymous review of products by out-
side technical experts to review of the overall restoration program
by respected scientists from outside the program region. The op-
timal combination for reviewing products and proposals includes
objective experts who are local and involved, local and uninvolved,
and uninvolved and not local. Saliency and legitimacy were en-
hanced in these programs when high-level external review was
employed.”! These programmatic reviews provided critical outside
advice to guide the focus and structure of the program.

Although peer review is clearly the best way to ensure credible
science, opinions vary about what is encompassed in “best avail-
able science”” The dissenting view proposed that “science” is not a
monolith—not a thing, but just one way to frame issues in a very
narrow context. One interviewee suggested that the term “schol-
arship” is perhaps better because it includes dimensions that are
important to humans, such as the humanities, history, and the
social sciences. Many people we talked with agreed that the divide
between natural and social sciences should be narrowed, but few
had demonstrated practical techniques to accomplish this.

Problem Statements and Program Goals

All programs demonstrated that clearly articulated problems and
goals are essential to ensure federal and state agency coordination.
Also, the problem statement almost always emerges from a widely
accepted “crisis;,” which means that the public has to be involved in

21. External programmatic review can lend credibility to
national programs subjected to intense external scrutiny.
LCA has benefited from a National Academy of Engineering
review (scheduled to be released in April 2004) and also
has established its own institutionalized panel, the NTRC.
In 1999, the GCMRC’s adaptive management plan was
reviewed by the NRC (1999). CERP was recently reviewed
by the General Accounting Office (2003) and is in the
process of establishing a NRC review panel (Applebaum
2003). CALFED’s Independent Science Board provides
review and advice and works with the NRC when outside
review is necessary (CALFED 2003b).
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defining the problem. Public buy-in at the problem-definition stage
of the project is tied to many aspects of the potential for progress
towards meeting restoration goals. Articulated problems should be
phrased for the public—that is, “recover populations of key spe-
cies” rather than “improved sediment dynamics.”

The overall goal of large-scale restoration programs should be to
determine that the right actions are proposed and that they will
work. This should include a well-developed approach to addressing
problems.

Fix the Problem, Not the Symptoms

All programs should be mindful of looking deeper than the sur-
face of the problem if a long-term solution is to be achieved. We
were warned to be aware of surrogates; water flow requirements
and intact salt-marsh habitats are all indicators that show overall
ecosystem change and degradation. These surrogates are both indi-
vidually valuable targets and important stepping stones to the para-
mount goal of recovering the integrity of ecosystems, but it should
be remembered that surrogates are not the endpoint.

Cultural Differences Between Science and Policy

Clear communication between scientists and among users of scien-
tific information, or horizontal and vertical integration (see follow-
ing section), is a challenge for those at the policy/science interface
(Douglas 2000). This arises from the cultural differences between
scientists and policy makers. The need for translation between
science and policy is often quite real as the disciplines have differ-
ing world views, peer pressures, reward systems, and specialized
speech and jargon. A well-documented source of misunderstand-
ing is the different interpretations of uncertainty. Scientists are
trained to work with uncertainty and confidence intervals or prob-
ability statements to describe levels of uncertainty. To policy mak-
ers uncertainty often translates to risk, which in the political arena,
is to be avoided at all costs (Bierbaum 2002, Boesch and Macke
2000, Lee 1993). The divide separating interpretations of uncer-
tainty is large; “where science thrives on the unknown, politics is
often paralyzed by it” (Gore 1992).

Policy makers frequently complain that scientists often fail to gen-
erate information in the short timeframe of most policy decisions
(Bierbaum 2002, Boesch and Macke 2000, Douglas 2000). Science
should not be asked to generate quick results from long-term
studies; however, scientists could package preliminary results for
delivery to policy makers. Conversely, future policy decisions can
be based on a long-term strategy where planning decisions are co-
ordinated with the expected delivery of key scientific results.

Science should phrase results in a way that is useful to decision
makers. For example, it is helpful for decision makers to know “x%
of a particular ecological feature must be unencumbered for it to
be functional (+ error bars).” This way information is packaged
such that decision makers can weigh scientific input against other
factors that contribute to decisions, such as social values and

economics.

We found that often too much is expected of science and that

sometimes scientists oversell what science can accomplish. Science
can help reduce uncertainty by disproving experimental hypothe-
ses. Science does not naturally provide clear policy solutions. Even
among the volumes of published literature explaining the distinct
cultures of science and policy, there is still a need to translate be-
tween scientists and policy makers.

Program Organizational Structure

For several programs, a strong lead scientist has been vital for
negotiating compromises between science, politics, and stakehold-
ers. These charismatic leaders should convey the consequences of
actions over space and time and stay focused. Leadership should
be established early in the program rather than later if possible.
Intentions and goals are important, but the final accomplishments
of the program will likely be a result of the personalities in leader-
ship roles.

Another lesson was about the importance of building into the pro-
gram a mechanism to incorporate new people and fresh perspec-
tive. If the program will operate for more than 5 years, turnover in
leadership and membership is essential. Hiring research fellows or
short-term apprentices is a unique way to incorporate fresh
perspective.

Several programs mentioned the importance of a common geo-
graphic center for science and planning activities. Having a co-
located team engenders better interactions if program participants
share space and resources. Also, teams and work committees
should be provided with staft support for optimal operation so that
experts are not swamped with administrative details.

Maximizing Use of Science

To address the high uncertainty in large-scale restoration, science
should clearly have a role in any large-scale efforts. However, there
is not one correct model for that role. The programs examined all
involved science, but the best strategies incorporated science into
the process early, often from the beginning or before the formal
creation of the program. If the program structure is fixed before
science begins to play a role, the alternatives that science can evalu-
ate are often predetermined and already limited, and all the stake-
holders do not necessarily see a thorough scientific assessment of
all technically viable alternatives. In this situation, science is not
operating optimally and may be frustrated by the organizational
constraints of the program.

In general, we observed that a bottom-up approach to soliciting
restoration projects and proposals guaranteed high-quality science
through a competitive process, whereas top-down approaches can
diminish the creativity and quality of the science. However, a bot-
tom-up approach that allowed science to “bubble up” from the
broader scientific community tended to result in an ad hoc, dis-
jointed approach to opportunistic, small-scale restoration while a
top-down approach resulted in strategic, coordinated science.
Thus, we found the best approach for incorporating science into
the program was by using a directed approach with a built-in
mechanism to incorporate unsolicited proposals. CALFED dem-
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onstrated this combination of bottom-up and top-down approach-
es by soliciting Requests for Proposals from the scientific commu-
nity while still maintaining the vision of strategic, long-term
science.

In these programs, science tended to be most effective when there
was a formal pathway for transporting or translating scientific
information to decision makers while science itself was insulated
from the planning process. Thus, scientists were not put in a posi-
tion to advocate for decisions and risk losing credibility or be influ-
enced by political pressures and risk compromising legitimacy, but
were still able to provide unbiased scientific information for deci-
sion makers. Most programs, however, lack an efficient and estab-
lished method for getting scientific information to policy makers.
We found that most programs are still driven by policy makers
without adequate feedback from scientists.

Vertical and Horizontal Coordination

and Integration

Most programs stressed that science is most effective when it is
involved in the program formation process and infused through-
out every level of the program. If science is not well integrated into
the program it can be detrimental to long-term progress because
fundamental science issues may be overlooked. This infusion re-
quires a concerted integration effort. We found that integration is
often limited by not having dedicated staff because it is placed on
the shoulders of part time staff as extra work. Full-time research
fellows have helped the Chesapeake Bay Program staff with the
integration effort. In two programs, vertical integration teams
have been essential in coordinating restoration players within the
program and linking policy and science. Also, CALFED’s portfolio
funding approach helped to integrate science throughout the pro-
cess.

Horizontal integration includes coordinating with appropriate
academic groups and consulting firms. This effort also deserves
assigned responsibility because it can be extremely valuable to tap
into outside sources of information and expertise. Programs were
most successful at horizontal integration when there was an exist-
ing research consortium in the area with which to collaborate.

Lack of coordination between state and federal partners sometimes
resulted in tensions that frustrated progress. We also noted that
conflicting science issues, if not resolved, can disrupt the coordina-
tion of the program. Sometimes this resolution requires trained
facilitators and outside planners.

Conceptual and Numerical Models

Conceptual models help communicate scientific understanding to
program participants, stakeholders, and the public. These models
also allow us to clearly explain the working hypotheses behind on-
going restoration projects and determine appropriate performance
measures. Often there is conflicting scientific evidence for envi-
ronmental degradation. When the resulting competition between
so-called objective experts is seen as politically motivated, it com-
promises scientific credibility and hampers acceptance of science
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and technology’s necessary contribution to ecosystem restoration.
We found that drawing on a diverse community of scientists/tech-
nicians to develop conceptual and numerical working models to
test all restoration strategies was a means to resolve conflicts and
for passing a scientific “consensus” on to restoration managers

and decision makers. In addition, the requirement in bottom-up
programs such as CALFED, whereby proponents for funding were
required to provide a conceptual model of the project and expected
outcomes, greatly improved the quality of proposals and resulting
projects.

Adaptive Management

Monitoring, adaptive management, and continual assessment of
actions must be integrated for successful implementation and con-
tinued scientific learning in long-term restoration programs. Adap-
tive management is a very powerful, yet poorly understood, natural
resource management tool that purposefully includes learning
from scientific experiments. It must be understood by those who
use, support, fund, and challenge it. Therefore, education is a very
important part of adaptive management.

Performance Measures

We found that performance measures may be more politically than
scientifically useful. Gauging progress in response to restoration
actions is important, but forgetting to look past the selected indica-
tors is dangerous. Selecting appropriate indicators of system health
or program performance is extremely difficult; we found that sev-
eral scientists were reluctant to judge ecosystem health with such
narrow, static measures. Few programs have actually established
performance measures.

Monitoring and Assessment

Overwhelmingly, we heard from scientists that if it is impossible

to monitor the results of project actions, the worth of the project
should be seriously questioned. Several NST members suggested
that no less than 20% of the money spent on restoration actions

be devoted to monitoring and assessment. Scientists and policy
makers have spent far too much money already on actions with
unknown effects. Monitoring is the only way to understand short-
and long-term effects of restoration action and more often than not
it is the first thing to be cut from the budget.

Public Involvement and Support

Regular and extensive communication of scientific results is one
of the most important ways to obtain stakeholder/public invest-
ment in the program. To get the most out of best available science
in restoration decision making, stakeholders and the public must
perceive it as credible, legitimate, and salient. In these large-scale
restoration programs, public support is vital because it is ultimately
linked to the long-term sustainability of the program in terms of
public buy-in and cooperation and funding appropriated to resto-
ration action. All programs agreed that the responsibility to ensure
an established method of pubic outreach needs to be assigned to
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some person or group. Public involvement can, however, be aided
by the outreach capabilities of involved, local NGOs.

Some disagreement existed over the quantity and form of public
involvement. Most people indicated that there can never be too
much, while others cautioned that too often the public’s prejudices
or uninformed gut feelings are allowed to define project direc-
tion and restoration actions. The latter view held that it is the
responsibility of governmental agencies or resource managers to
create an educated populace and to help the public understand the
consequences of actions on spatial/temporal scales. This role is, of

course, dependent on managers and agency representatives who
are themselves scientifically informed.

All programs agreed that it is essential to build credibility and trust
in the program and, ultimately, its science. The best techniques for
cultivating credibility and trust are with tools including peer re-
view and outreach, user-driven milestones, and articulated shared
“statements of truth.”* It is also essential to acknowledge the dif-
ficulty of explaining uncertainty and to demonstrate a convincing
and accurate problem statement.

22. For a discussion on “shared statements” of truth relative
to PSNP, see the introduction of the Guiding Ecological
Principles document (Goetz 2004).

Lessons Learned from Large-Scale Restoration Efforts in the USA
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Conclusions

Science has an essential role in large-scale ecosystem restora-
tion. The high degree of uncertainty inherent in the scientific and
technical requirements of ecosystem-scale restoration demands
that actions are based on the best scientific understanding avail-
able. Through ongoing ecosystem restoration efforts such as we
described in this document, the role of science is becoming more
defined and the strategies for incorporating science are gradually
improving.

We were encouraged by the number of large-scale restoration
programs available for our analysis. In general, these programs are
making impressive progress towards the difficult task of ecosystem
restoration on a landscape scale. The diverse natural and political
environments that shaped these programs and their resulting or-
ganizational structures provided a variety of strategies for optimal
use of science. In essence, they provided us with experimental
treatments to test the diverse approaches for incorporating science
into their programs. They also documented, albeit in hindsight, an
array of pitfalls to be avoided. As more large-scale restoration ef-
forts emerge in the future, we trust that the lessons learned in these
earlier programs will be reflected as a heightened incorporation of
the best available science and a proportional decrease in restora-
tion uncertainty.

General Conclusions
1. Clear and well-defined program goals must be translated
into scientific and technical objectives.

a. The process of placing broad program goals into a
scientific and technical context frames the initial scope,
feasibility, and uncertainty associated with available
approaches to restoration.

b. Itis essential to ensure science is a participant in goal
setting and problem definition and can contribute to the
technical success of the program from the beginning.

c.  Goals must be phrased to engage the public and decision
makers.

2. Maintain the independence of science while balancing
maximum communication and coordination across all
program sectors.

a.  Science should inform policy, and vice versa, but neither
should regulate the role of the other; scientists and
policy makers could each become a student of the other’s
culture.

b. Incorporate and populate the scientific sector early,
preferably at the same time that policy, management,
outreach and the other sectors are developed.

c.  Science should be allowed to focus on the technical and
scientific goals, and those efforts should not be diluted by

Inter-program communication or “vertical integration”
is essential where science is explicitly represented in
other management, policy, outreach, and other program
sectors.

Both bottom-up and top-down scientific direction needs
to be integrated into a large-scale ecosystem restoration
program.

a.

Large-scale ecosystem restoration cannot be strategic if
left to bottom- (“bubble”) up science alone; distributing
restoration alternatives across the landscape must be
scaled to restore ecosystem processes, which is difficult if
not impossible with ad hoc deployment of opportunistic,
small-scale restoration.

Similarly, scientific creativity must not be stifled by an
overly authoritative science structure; programs should
incorporate mechanisms and support for unsolicited
proposals that allow the program to grow and evolve
“outside the box” as well as draw in qualified outside
expertise.

In exemplary programs, illustrated to some degree by
CALFED, some level of top-down scientific guidance
provides a template within which bottom-up science can
flourish and contribute.

Establish several layers of independent scientific review.

a.

Establish a peer-review system of local-involved, local-
uninvolved, and external-uninvolved objective experts to
critique solicited and unsolicited program initiatives and
products.

Form an outside panel for broad programmatic review/
advice, potentially modeled after the LCAs NTRC,

that can provide critical guidance and credibility at the
national/international level of expertise; this should serve
as the program’s reality check.

Allow science to systematically analyze the initial range of
all possible restoration strategies and promote scientific
assessment of emerging alternatives.

a.

After science has outlined the possibilities, these
alternatives can be examined in detail by all stakeholders,
through politics, economics, and social and legal factors
for an equitable and sustainable solution.

Because large-scale restoration projects must ultimately
develop spatially explicit models of fundamental ecosystem
processes and structure, managers should require the use of
conceptual models and promote more advanced modeling.

infusion of other demands from the program for scientific a.  Conceptual models are essential to broad understanding
analysis and advice not directly related to their mission. atalllevels of science, policy, and stakeholder involvement.
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b.  All restoration strategies should be developed using
a basic conceptual model, whether narrative or
diagrammatic.

c. Predicting ecosystem responses and quantifying the level
of uncertainty associated with restoration alternatives
is best served by multiple levels of numerical modeling
to capture underlying ecosystem processes and “forcing
factors”

7. Invest in a rigorous, science-based definition and application
of adaptive management.

a.  Science is implicit in adaptive management, not
an afterthought of a token policy concept; adaptive
management is explicit experimentation and large,

ecosystem-scale restoration is by definition experimental.

b. Commit to intensive monitoring and evaluation of
initial, “demonstration” restoration projects; increased
scientific understanding should be the goal, rather then
simply to “move dirt”

8. Seek strong scientific leadership and avoid suppressing it.

a. The strongest programs, such as CALFED, have robust
scientific leadership, wherein a lead scientist who is
broadly respected provides guidance for the programs
science role.

b.  Such alead scientist should not be a spokesperson for
management, but a communicator to management and
the other sectors; this person can provide much of the
important vertical integration (see #2).

9. Synthesize and disseminate scientific information in a
manner that is timely and comprehensible to stakeholders.

a.  Synthesize available information and organize it into
transmittable knowledge.

b. Begin disseminating regular publications for the
communication of scientific results to the general public.

c. Involve program scientists in outreach activities.

10. Encourage independent scientific collaboration and input.

a. Fund a research fellows program that supports (“post-
doc”) scientists early in their careers to work within
the overall program, particularly to incorporate a fresh
perspective and to link academic institutions to agencies
and other technically involved stakeholders such as
NGOs.

b.  Solicit input and presentations by scientific experts,

professionals, and restoration practitioners from outside
the program.

c.  Encourage collaboration with non-expert, local working
groups.

d. Promote incorporation of social science into science
teams or workgroups.

Observations

Several observations that were made during the ‘lessons learned’
exercise deserve specific mention, but not always because they were
highlighted by these restoration programs; several were most no-
table for their absence in all programs. The four observations briefly
discussed below either frustrate present restoration efforts—in the
case of the first two—or limit the full potential of optimal use of
best available science in large-scale restoration efforts—the second
two. Among the programs, we did not find resolution to these is-
sues; however, we discuss them here because they constitute, none-
theless, lessons learned by the NST.

Realistic Estimate of Required Resources and Time Frame

We found that programs are, not surprisingly, planning poorly for
the numerous expensive and time-consuming unknown variables
that are characteristic of ecosystem management. Politics and spe-
cial interest groups still dictate the focus of most programs, which
results in a distraction from program goals. With hindsight, many
political distractions could have been avoided with pro-active as-
sessment of the political climate and receptiveness of the public.
Generally speaking, natural scientists are not good at judging the
receptiveness of the public to their restoration suggestions, so per-
haps this important initial task should be assigned to trained pro-
fessionals. The method of presentation could mean the difference
between a successful, publicly supported program and a program
that the public, or select stakeholders, sabotage.

Funding

Scientists in several programs were frustrated by the constraints
of the fiscal year budget cycle. In programs that were particularly
linked to the U.S. federal budget, such as those under the USACE
authority, scientists typically described their efforts as scrimping
during most of the year’s limited funding only to spend feverishly
at the end of the year. In addition to being an obviously ineflicient
use of resources, this spending pattern is especially contrary to the
long-term and steady funding needs of most restoration ecology
studies. Alternatively, funding packages or portfolios, such as those
used by CALFED, are an innovative, creative, and more efficient
approach to ensuring the long-term funding that allows scientific
and restoration efforts to proceed optimally.

Data Management

Despite the NST’s lengthy consideration of a comprehensive data
management system and standard policy for coordination of PSNP
scientific and planning information, we found that none of the pro-
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grams we surveyed highlighted data management as a prominent
organizational or funding priority. There was no good example of
an eftective approach to data management although all programs
were generally aware of its importance. While considerable invest-
ment in data management will not guarantee good science per se, a
strategic approach to data management is fundamental to the ap-
plication of scientific results and should be formulated at program
onset. Good data management also provides the means to translate
and widely disseminate data within and outside the program.

16 PUGET SoUND NEARSHORE PARTNERSHIP

Social Sciences

Although several programs mentioned the importance of incorpo-
rating all scientific disciplines—social as well as natural sciences—
into restoration efforts, none of the programs actually involved so-
cial scientists as a part of their institutional framework. The incor-
poration of a broader, more inclusive meaning of science into our
definition of BAS is a challenging yet worthy objective of future
large-scale, ecosystem restoration efforts where humans make up
an increasing and inexorable part of the landscape.
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Appendix A: Interview Questions

Lessons Learned in Large-Scale Restoration Project Efforts in the USA

General Questions for Restoration Project Planners and Scientists

A. Project organizational structure and
activities

1.

What is the purpose of your program? What are the
problems (actual or perceived) that are the focus of
the program? What are the goals? Are there project
milestones? How are decisions made?

What is the organizational structure of your program? Is
there a steering committee or an NST analog? How were
members at all levels selected?

What SPECIFIC actions have been taken as part of this
program? How was it decided to take these actions?
Who proposed them? Are they part of a large plan? How
were they funded? Are the projects being monitored?
Who is doing this monitoring?

Does your program review or comment on specific
permit types of actions?

How does your program connect to the public? How
much local “control” or input is there? What are the
other players in the game in the area and how do they
have input?

How has the program evolved/changed over time? How
would you characterize today vs. the program’s start-up?

Did they have suites of early action projects that have
been “no regrets™?

B. Restoration planning and guidance

1.

Are you doing process-based restoration (vs. structure-
based)? How do you define “project” site in a process-
based restoration scheme? Examples?

Is there a set of guiding ecological or science principles?
How do you decide between opportunistic projects vs.
strategic ecosystem restoration?

Is there a plan available that provides guidance? How
was the plan developed? Is the plan intended to just
guide your specific program or is there a larger-scale
plan?

Did you develop a conceptual model or models to guide
the program?
Did you have strategy at first? Were there bad

assumptions?

How does your program distinguish among the
disparate components of science to determine what may
provide useful guidance and what may not.

C. How is the system “broken?” Assessment of
the causal mechanisms?

1.

What are the major scientific uncertainties (i.e., major
information needs) in the program? How were those
identified? What is being done about them?

How do you balance between theoretical long-range
strategic science and short-term needs?

How do you narrow down lists of problems to the
primary issue(s) your program will address?

D. Data management

L.

How does your program handle and manage data? Do
they collect and maintain their own? Is there a central
database/location that all have access to?

E. External factors

1.

What inputs does socio-economics have in the decision-
making process?

What are major impediments (of all types) to attaining
goals and objectives (science-based, policy-based,
financial impediments)?

F. Integrating science into restoration planning
and assessment

L.

What inputs does “science” have in the decision-making
process? Is there policy or political control of science?

If science was not used in selected parts of the program,
which parts and why not?

How much of your project’s scientific studies could
be considered “basic” science, as opposed to direct
application to the project (e.g., for a better, broader
understanding of ecosystem processes)?

What were the specific recommendations from the
science team that helped in guiding restoration? How
were recommendations used? If recommendations
weren't used, why not?

How was science used in the development of the
restoration plan?

How do you “translate” science to managers/decision
makers?

How would you recommend integrating science into
large projects such as the Puget Sound Nearshore
Ecosystem Study?
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10.

11.

12.

13.

How do you “update” 20-year-old (thinking) scientists?

How do you balance high-level science oversight
(program review) vs. on-the-ground needs for design/
review?

Is there modeling? In particular, are there scenario (e.g.,
effects of future actions) types of models that are used to
help decision making?

How do you involve the larger local scientific
community? Has this increased or decreased the
incentive of the academic scientists involved to
participate in similar investigations in the future?

How do you turn science into political support (i.e., “tell
astory”)?

How were science:policy/politics conflicts resolved, if
they were?

How did you handle multi-disciplinary work?

G. Monitoring and adaptive management

20

1.

[s adaptive management, in the true sense of using
restoration as an experiment that can be modified

PUGET SoUND NEARSHORE PARTNERSHIP

adaptively in response to scientific/technical assessment,
applied in your program? If so, how? Is there an
adaptive management plan? How was it developed?

How are you learning from early projects? Do you have
the ability, mechanism, and inclination to change the
program from early actions?

How essential is a comprehensive managing program
(upfront studies vs. actions vs. monitoring, monitoring
each site)?

How are performance measures developed and
evaluated? Do you use objective metrics such as IBI,
etc.?

H. Peer review

1.

What has been the role of “outside” peer reviews? What
types and how many of these types of reviews are there?

How does high-level (e.g., NAS/NRC) peer-review
happen?
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Glossary of Terms

Adaptive management—sci-
entific experiments applied to
natural resource management.
It prescribes adapting manage-
ment based on the results of
rigorous scientific experimenta-
tion that is built into the man-
agement plan.

Conceptual model—in the
cases examined here, a model,
either numerical or diagram-
matic, that summarizes and
describes a simplified version of
the natural environment.

Directed vs. discovery sci-
ence—directed science is what
we've referred to as “top-down,”
or science that is called for as
part of a science plan. Discov-
ery science, or “bottom-up” sci-
ence is not orchestrated by an
overarching plan, but “bubbles”
up from the broader scientific
community.

Ecosystem—system which
includes all the organisms of

an area and the environment in
which they live (Collin 1988). A
biological community together
with the physical and chemi-
cal environment with which it
interacts (National Research
Council [NRC] 1992).

Ecosystem function—any per-
formance attribute or rate func-
tion at some level of biological
organization (e.g., energy flow,
detritus processing, nutrient
spiraling) (NRC 1992).

Indicator—a substance which
shows that another substance is
present; species which has par-
ticular requirements and whose
presence in an area shows that
these requirements are pres-
ent also. An indicator species

is sensitive to changes in the
environment and can warn that
environmental changes are tak-
ing place (Collin 1988).

Landscape scale/large-scale—
this is a gauge to measure

the magnitude of the project
relative to its surroundings.
Large-scale projects usually
overlap governmental juris-
dictions, thus requiring col-
laboration from a broad range
of participants. Large-scale is
also a measurement relative to
other restoration projects in the
region. For example, CERP is
large-scale and the Kissimmee
River project, dwarfed by CERP,
is smaller scale.

Mitigation—actions taken to
avoid, reduce, or compensate
for the effects of environmen-
tal damage. Among the broad
spectrum of possible actions
are those that restore, enhance,
create, or replace damaged eco-
system (NRC 1992).

Performance measures—met-
rics or indicators (see previous)
that are related to an ecosystem
process or function and are
measurable in a natural ecosys-
tem, which can be used to judge
the performance of restoration
actions. Programmatic perfor-
mance measures could measure
public support, access to fund-
ing, etc.

Processes-based restoration—
restoration (see following) or
processes that shape an ecosys-
tem, such as sediment transport
or erosion, rather than the res-
toration of ecosystem features,
such as tidal marshes or species
populations.

Restoration—returning an eco-
system to a close approximation
of its pre-disturbance state in
terms of structure and function
(NRC 1992).
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PSNERP and the Nearshore Partnership

The Puget Sound Nearshore Ecosystem Restoration Project
(PSNERP) was formally initiated as a General Investigation (GI)
Feasibility Study in September 2001 through a cost-share agree-
ment between the U.S. Army Corps of Engineers and the State of
Washington, represented by the Washington Department of Fish
and Wildlife. This agreement describes our joint interests and re-
sponsibilities to complete a feasibility study to

“...evaluate significant ecosystem degradation in the
Puget Sound Basin; to formulate, evaluate, and screen
potential solutions to these problems; and to recommend
a series of actions and projects that have a federal inter-
est and are supported by a local entity willing to provide
the necessary items of local cooperation.”

The current Work Plan describing our approach to completing this
study can be found at:

http://pugetsoundnearshore.org/documents/Strategic Work Planfinal.
pdf

Since that time, PSNERP has attracted considerable attention and
support from a diverse group of individuals and organizations
interested and involved in improving the health of Puget Sound
nearshore ecosystems and the biological, cultural, and economic
resources they support. The Puget Sound Nearshore Partnership
is the name we have chosen to describe this growing and diverse
group, and the work we will collectively undertake that ultimately
supports the goals of PSNERP, but is beyond the scope of the GI
Study. Collaborating with the Puget Sound Action Team, the Near-
shore Partnership seeks to implement portions of their Work Plan
pertaining to nearshore habitat restoration issues. We understand
that the mission of PSNERP remains at the core of our partner-
ship. However restoration projects, information transfer, scientific
studies, and other activities can and should occur to advance our
understanding, and ultimately, the health of the Puget Sound near-
shore beyond the original focus and scope of the ongoing GI Study.
As of the date of publication for this Technical Report, our partner-
ship includes participation by the following entities:

Interagency Committee for Outdoor Recreation
King Conservation District

King County

National Wildlife Federation

NOAA Fisheries

Northwest Indian Fisheries Commission
People for Puget Sound

Pierce County

Puget Sound Action Team

Salmon Recovery Funding Board

Taylor Shellfish Company

The Nature Conservancy

U.S. Army Corps of Engineers

U.S. Environmental Protection Agency

U.S. Geological Survey

U.S. Fish and Wildlife Service

University of Washington

Washington Department of Ecology
Washington Department of Fish and Wildlife
Washington Department of Natural Resources
Washington Public Ports Association
Washington Sea Grant
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