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ABSTRACT. Adaptive management has been defined and redefined in the context of natural resource management, yet there are few
examples of its successful application in ecological restoration. Although the 2009 Delta Reform Act now legally requires adaptive
management for all restoration efforts in the Sacramento-San Joaquin Delta, in California, USA, projects in this region still encounter
problems with implementation. We used a comparative case study analysis to examine adaptive management planning and
implementation both in and around the Delta, assessing not only why adaptive management is not yet well implemented, but also what
changes can be made to facilitate the adaptive management approach without sacrificing scientific rigor. Adaptive management seems
to be directly and indirectly affected by a variety of challenges and convoluted by ambiguity in both planning documents and
practitioner’s interpretations of the concept. Addressing these challenges and ambiguities at the project level may facilitate the adaptive
management process and help make it more accessible to practitioners.
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INTRODUCTION
A common conceptual basis of ecological restoration is restoring
an ecosystem to its historical trajectory, a process that is
inextricable from the human context in which a restoration project
is situated. Each restoration project operates within a socialecological system, and the growing vulnerability of these systems,
as well as failures in management, have led to calls for more
adaptive governance regimes that can deal with uncertainty and
change (Folke et al. 2005, Lebel et al. 2006, Olsson et al. 2006,
Butler et al. 2015).
Active or passive adaptive management approaches (Box 1) are
now widely recommended to govern ecological restoration
because implementation often becomes a continuing series of
management decisions or actions that have effects on the entire
restoration site, as well as beyond its borders (Murray and
Marmorek 2003, Clewell et al. 2005). Each restoration decision
is strengthened if it is based on a growing pool of research
information, updated measurements of ecosystem responses, and
routine progress evaluations toward achieving goals and
objectives (Davis and Ogden 1994, Buchsbaum and Wigand
2012).
The San Francisco Bay Delta region in northern California, USA,
comprises the San Francisco Bay and the Sacramento-San
Joaquin Delta. It is an area with sizable restoration goals, and
there have been several significant attempts to implement adaptive
management since 2000, when a strategy was developed for the
CALFED Ecosystem Restoration Project (Delta Stewardship
Council 2013a). In 2009, through the Sacramento-San Joaquin
Delta Reform Act, adaptive management was incorporated as a
formal legislative requirement for the Sacramento-San Joaquin
Delta (henceforth referred to as the Delta). The strategy was
adopted with the aim of increasing the likelihood of meeting goals
successfully, effectively, and economically in the face of
substantial ecological uncertainty (Delta Stewardship Council
2013a). To support this legislation, a flexible, iterative adaptive
management framework was created as a tool for decision making
at the program, plan, or project level (Fig. 1)
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Box 1: Passive vs. active adaptive management
According to the Delta Stewardship Council (2013a:1),
‘Adaptive management’ means a framework and flexible
decision-making process for ongoing knowledge
acquisition, monitoring, and evaluation, leading to
continuous improvements in management planning and
implementation of a project to achieve specified objectives.
Gregory et al. (2006:5–6) contrast passive and active adaptive
management as,
In passive adaptive management, managers typically use
historical data, from the specific area under
consideration or from areas considered to be ecologically
comparable, to develop a ‘best guess’ hypothesis and to
implement a preferred course of action. Outcomes are
monitored and new information is used to update the
historical data set and, if necessary, the hypotheses and
management action… Under active adaptive management
managers typically seek to define competing hypotheses
about the impact of management activities on ecosystem
functions and, in turn, design management experiments
to test them.

However, research has documented that adaptive management
is often not as successful in practice as in theory (McLain and
Lee 1996, Lee 1999, Gregory et al. 2006, Walters 2007, Allen and
Gunderson 2011). In 2000, the first attempt at adaptive
management in the Bay Delta was unsuccessful because of
barriers such as a lack of secure funding, lack of mechanisms for
implementing experimentation, and inflexibility in the traditional
agency approach (Healey et al. 2008). Although progress was
made in 2009 with reforms and the inclusion of adaptive
management into legislation, the approach is still not yet well
implemented in ecological restoration of the Delta.
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Fig. 1. The Delta Plan’s nine-step framework for adaptive management. (Courtesy of the
Delta Stewardship Council).

Here, we analyze eight tidal marsh restoration case studies in and
around the Delta to understand the relationship between adaptive
management theory, planning, and practice. Through an analysis
of adaptive management documents and in-depth interviews, we
tested the hypothesis that adaptive management planning and
implementation are not yet well standardized in ecological
restoration projects. In doing so, our approach attempted to go
beyond identifying challenges commonly faced by practitioners
to determine how improved project planning might streamline
and increase the ease of adaptive management implementation,
without sacrificing scientific rigor.
MATERIALS AND METHODS
A case study approach was used to develop a complete picture of
both the planning and practice aspects of ecological restoration
projects. The planning documents from eight restoration projects
were analyzed to reveal how adaptive management theory was
incorporated into each project. Interviews with associated
restoration practitioners were analyzed to reveal the practical
realities of planning and implementation in the Delta region.

Site description
The Delta was historically a vast dendritic tidal-freshwater marsh
characterized by geomorphic and hydrological heterogeneity
(Whipple et al. 2012). Reclamation and development since the
1800s, primarily diking for agriculture, has removed 95% of those
wetlands from tidal and floodwater inundation (Reed 2002, Delta
Stewardship Council 2013a).
This extreme transformation of the landscape has resulted in the
collapse of the Delta food web and affected the resilience and size
of wildlife populations. Six drivers of change have been implicated
in the loss of ecological functions: (1) reduction in the amount of
habitat; (2) loss of heterogeneity within habitats; (3) loss of
connectivity within and among habitat types; (4) degradation of
habitat quality; (5) disconnection of habitats from the physical
processes that form, sustain, and confer resilience to them; and
(6) the invasion by ecosystem engineers such as Brazilian
waterweed, invasive clams, and predatory fish (Whipple et al.
2012).
However, the Delta is still a place of extreme ecological, economic,
and social importance. Its waters support > 240 special-status
species, an agricultural industry valued at hundreds of millions
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of dollars (USD) annually, and California’s complex water
conveyance system. Therefore, the current ecological collapse,
extenuated by drought conditions, is inextricable from social and
political controversy (Delta Stewardship Council 2013a). The
current approach to address these issues includes a massive push
toward restoring extensive areas of diked former marsh (Orr et
al. 2003). Tidal marsh restoration design and planning has evolved
in the last decade, with projects increasing in size and complexity.
However, few undisturbed reference sites remain, and there is still
considerable scientific uncertainty about how to restore marsh
habitat (Callaway et al. 2011).
Of the eight tidal marsh restoration case studies examined herein
(Box 2), five are located within the bounds of the Delta, where
adaptive management is legally required. Three projects are
located outside the Delta, either in the vicinity of Suisun Marsh
or San Francisco Bay. Four projects are still in the planning phase,
two are currently under construction, and two have completed
construction.
Box 2: Project descriptions
Project A: The site was historically a combination of grassland,
seasonal wetland, open water features, and tidal marsh until it
was diked and reclaimed for agriculture in the mid-1900s. This
ongoing project aims to restore physical processes
(hydrodynamics and sedimentation) to increase productivity and
benefit fish.
Project B: The site was historically tidal marshland until it was
leveed in the early 1900s for grazing and dairy operations. This
ongoing project aims to restore three parcels to create tidal marsh,
riparian woodland, irrigated pasture, subtidal open water, and
managed nontidal marsh. An experimental approach will be taken
to compare two elevations and sizes of marsh.
Project C: The site was historically influenced by tidal flows from
the Bay and backwater flooding from the Sacramento River until
construction projects modified the hydrological regime and
isolated a section of the slough. This completed construction
project aims to reconstruct the historic channel and re-establish
tidal connection to the marsh to benefit native species and water
quality.
Project D: The site was historically an expansive tidal marsh until
it was reclaimed for agriculture. This ongoing project aims to
restore emergent wetlands and subtidal habitats, with a focus on
enhancing primary and secondary productivity for native fish.
Project E: The site was historically tidal freshwater emergent
wetland and was one of the last to be reclaimed for agriculture.
This ongoing project aims to enhance flood protection while
restoring a mosaic of tidal freshwater wetlands, seasonal
floodplain, and riparian areas.
Project F: The site was historically brackish tidal marsh until the
1930s, when it was managed for livestock grazing and duck
hunting activities. This completed construction project aimed to
use a minimal construction and site manipulation approach to
transition the site to an intertidal brackish habitat by increasing
elevations over time via natural sedimentation and restoring full
tidal exchange.

Project G: These sites were historically tidal wetland habitat until
they were converted into salt crystallizer ponds for salt production
starting in the late 1800s. This ongoing landscape-scale project
aims to use applied studies to guide the restoration of a mix of
tidal marsh, mudflat, and managed pond ecosystems.
Project H: The site was historically characterized by brackish tidal
marsh until it was diked and drained for agriculture in the 1880s.
This ongoing project aims to use the engineered placement of
~15.3 million m³ of agency-approved dredged sediment to raise
site elevations and restore a mixture of tidal wetlands, seasonal
wetlands, intertidal ponds, vernal pools, and upland buffer zone.

Case study selection
To settle on these eight case studies, a variety of tidal marsh
restoration projects were identified that use an adaptive
management approach and have publicly available planning
documents (Table 1). As long as the projects had these attributes,
the phase of project completion (construction planned, ongoing,
or completed) was considered irrelevant. The projects were
identified using information from the Sacramento-San Joaquin
Delta Conservancy and the project mapping tool EcoAtlas
(California Wetlands Monitoring Workgroup 2015). Prime case
study candidates were then identified using a maximum variation
sampling approach (Patton 2002). Current research does not
agree on the ideal number of case studies to use in a multiple case
study approach, but Eisenhardt (1989) suggests a maximum of
seven cases, whereas Yin (1994) suggests that data should be
collected until saturation.
Representatives of 12 projects were contacted by email with an
interview request, and subsequently, 12 in-depth, semistructured
interviews were conducted during winter 2015. Of these 12
projects, 2 fell outside the scope of this examination because the
participants did not discuss a singular project, and 2 were not
usable because the project did not yet have any publicly available
adaptive management planning documents.
Case study analysis
Eight case studies, each with an associated interview, were usable.
The interviews explored how the representative of each
restoration project defined adaptive management, their attitudes
toward it, experiences with implementation, and suggestions to
improve its ease of use. In addition, interviews delved into project
setbacks and best practices. However, the opinions and personal
views shared by interviewees are not necessarily reflective of the
organizations for which they work. An interview guide ensured
comparability across interviews (Appendix 1). After gaining
consent, all interviews were recorded using a Sony ICD-UX533F
digital voice recorder and transcribed by hand in Microsoft Word.
Initially, the transcripts, ranging from 11–20 pages, were uploaded
in MAXQDA, a qualitative data analysis software program, to
conduct a preliminary within-case analysis. Each transcript was
coded according to key research themes based on both the
interview question topics and a background literature review.
Themes included adaptive management definitions, challenges,
and recommendations. Subsequently, the results of the coding
were exported to Microsoft Excel, and a cross-case analysis was
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Table 1. Use of key planning elements of adaptive management. Y = yes, element included; N = no, element not included; L = limited,
element included but lacks detail or is hypothetical; - = unable to determine, planning has been delayed and is not finalized.
Restoration project
Key planning element
†

Clear goals and objectives that are based on best available science
Quantitative models that formalize current scientific understanding and
†
identify trade-offs of different management actions
Conceptual models that outline linkages, showing cause-and-effect
†
pathways
†
Alternatives that show consideration of various restoration designs
Key uncertainties that identify and assess gaps in knowledge about the
†
system
†
Hypotheses of system function that are developed from key uncertainties
Performance measures that address progress toward fulfilling goals and
†
objectives, taking into account cost and practicality
Monitoring specific to objectives that aims to reduce uncertainty and
inform decision making; includes baseline, metrics, methods for analysis,
†
and timeline
Data management and documentation procedures that include data quality
†
assurance, data storage, information storage, and access
Result and reporting procedures that specify communication procedures (e.
†
g., progress and final reports, presentations)
Scientific review procedures that specify the use of peer review and experts
†
throughout process
Framework for decision making that specifies a timeline and performance
‡
thresholds to trigger a change in management actions or objectives
‡
Potential management actions that may be carried out as adaptive changes
Organizational structure that defines who is responsible for coordinating
‡
and carrying out tasks
Explicit experimentation that can test management actions (specific to
‡
active adaptive management)
Total key planning elements

A

B

C

D

E

F

G

H

Number of projects
containing key element

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

8
8

Y

Y

Y

-

Y

N

Y

L

5

Y
L

Y
Y

Y
Y

Y
Y

Y
Y

Y
N

Y
Y

Y
L

8
5

Y
Y

Y
Y

N
Y

L

Y
Y

N
Y

Y
Y

N
Y

4
7

Y

L

Y

Y

L

Y

Y

Y

6

L

N

L

-

L

N

Y

Y

2

Y

L

Y

-

L

Y

Y

Y

5

L

L

N

-

L

L

Y

Y

2

N

L

Y

-

L

L

Y

Y

3

N
Y

L
N

Y
Y

-

L
L

L
L

Y
Y

Y
Y

3
4

L

Y

L

L

L

L

Y

L

2

9

8

10

5

7

6

15

13

†

Recommended by the Delta Stewardship Council (2013a,b).
‡
Recommended by Nyberg (1999), Allen and Gunderson (2011), Fischenich and Vogt (2012).

conducted. Through categorization and pattern matching,
subthemes such as the different types of challenges were
determined.
A similar approach was taken to analyze project planning
documents. First, the number of key elements in each project’s
planning documents was identified. Then, the specificity and
detail allotted to each key element was assessed and compared
across projects.
RESULTS
Analysis of planning
It is clear from the evaluation of restoration project documents
that the general format for adaptive management planning
documents is relatively undefined, and that the inclusion of key
planning elements varies by project (Table 1). A majority of the
eight projects’ plans did not include all of the key elements
identified in adaptive management planning guides for the Delta,
and only a few of the projects included additional key elements
recommended by a wider array of guides. However, several plans
are still in draft format, and all aspects are not yet finalized.
Therefore, planning related to these projects may still evolve. As
they currently stand, almost every project gave a detailed
description of the key elements related to early project design: (1)
a description of goals and objectives, (2) use of quantitative

models to identify trade-offs of different management actions, (3)
consideration of restoration design alternatives, and (4) defined
performance measures. Six of the eight plans included a
monitoring procedure specific to the project objectives. Two
projects failed to include a detailed description of monitoring,
but these plans are still in draft format. Five of the eight plans
stated key uncertainties, specified reporting requirements, and
included conceptual models showing cause and effect pathways.
The specified reporting requirements, however, related primarily
to the permit process rather than to how results would be shared
with the public.
Several of the key elements potentially more relevant to adaptive
management and the project postplanning were often more
ambiguous. Only four projects explicitly translated the key
uncertainties into hypotheses of system functions or defined who
would be responsible for coordinating and carrying out specific
tasks. Only three included a framework for decision making or
considered potential future management actions in terms of
adaptive changes. Just two projects planned out data management
and documentation procedures such as data or information
storage; and just two very clearly defined the role of science and
technical experts in the project. Further, although all projects
considered applied studies or experimentation in some way, a
majority (six of eight) stated that additional resources or support
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Table 2. Challenges described by restoration practitioners. Y = yes, challenge encountered; N = no, challenge not encountered; - =
challenge not mentioned.
Restoration project
Type of challenge

Challenge

A

B

C

D

E

F

G

H

Number of practitioners
mentioning challenge

Regulatory

Onerous environmental review processes
Conflicting regulatory priorities
Making adaptive changes
Acquiring real estate
Acquiring funding
Negotiating with affected land owners
Gaining public support
Coordinating multiple agencies
Coordinating science and management
Shifting internal priorities
Staff turnover
Risk aversion

Y
Y
Y
N
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
-

Y
Y
Y
Y
-

Y
N
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y

N
Y
Y
Y
N
Y
Y
-

Y
Y
N
Y
Y
-

Y
Y
N
N
Y
Y
Y
Y

5
3
5
4
4
4
2
4
3
3
3
4

Bureaucratic
External
Internal

were necessary to pursue them. Only two projects explicitly
planned experimentation as an integral part of the project.
Analysis of practice
Practitioners’ experiences revealed that in reality, adaptive
management is an ambiguous concept, and project planning and
implementation is complex and slow. Selected quotations
regarding practitioners’ interpretations of adaptive management
can be found in Appendix 2. Practitioners often described the
adaptive management process as fluid and organic. Beyond this,
two differing views became clear. Some practitioners described
adaptive management as a common-sense approach without a set
form and driven purely by project objectives. As one practitioner
stated, “It’s just going to be completely fluid… totally driven by
whatever your hypothesis is and if you’re meeting your goals and
objectives.” In contrast, some practitioners described it as a very
structured and defined strategy. For example, one practitioner
stated, “It doesn’t do any good to just react, you have to have a
framework, a process by which you respond sensibly and
productively.” When considering their projects, practitioners also
showed a tendency to break adaptive management into different
components, mentioning adaptive management of monitoring
elements, of the physical restoration configuration, and of
communication.
Projects were exposed to a variety of interrelated challenges,
which were similar between projects, although they varied in
extent and difficulty (Table 2). Our analysis focuses less on
scientific and technical challenges because a consensus was clear
that these aspects could be addressed fairly easily, whereas the
problems related to financial, bureaucratic, regulatory, and
political aspects of the projects were harder to resolve. Supporting
quotations defining these challenges can be found in Appendix 3.
The challenges that came up most frequently during interviews
dealt with regulatory aspects of the projects (Table 2). Five
practitioners felt that the cost and time needed to reacquire
permits to make physical adaptive changes after opening the site
to tidal inundation were prohibitive. Two projects did not
encounter this challenge, perhaps because of the way the projects
were set up, with a mind to constant scientific review, cooperation
with the regulatory agencies issuing permits, and a long project

timeline (e.g., 50 years). Five practitioners felt that the
environmental review process was complex, costly, and slow. The
main frustration was the fact that restoration projects meant to
benefit the environment were faced with the same challenging
permit-acquisition process as development projects. However,
several practitioners felt that the existing process was necessary
and straightforward if approached correctly. Finally, three
practitioners detailed the challenges of conflicting regulatory
priorities. Tidal marsh restoration is complex from a regulatory
standpoint because it generally involves converting one wetland
type into another (e.g., managed wetland to tidal marsh). The act
of restoration, therefore, can have a harmful effect on preexisting
species, a fact that leaves regulatory bodies, as well as the project
managers, unsure of how to move forward.
Other frequent challenges that projects faced were bureaucratic,
such as acquiring property or funding. Four practitioners
encountered difficulty in acquiring the necessary land for
restoration. Public agencies are not allowed to offer more than
market value for property, and therefore, generally focus on
restoring public lands. However, all four projects in question had
mandated restoration targets, and agencies encountered difficulty
in acquiring enough land to fulfill their obligations while still
ensuring the land was conducive to tidal marsh restoration. Four
practitioners found it challenging to acquire funding for specific
aspects of their projects. Whereas the construction phase of
projects was generally well funded, practitioners found that
support was limited for aspects of the project related to evaluation
and learning such as monitoring, publishing results, attending
seminars, and conducting experiments.
A majority of challenges were linked to aspects of project
management itself. Three practitioners described challenges in
coordinating science and management, and four practitioners
described challenges in coordinating the multiple agencies
involved in their restoration project. The former was a challenge
in trying to balance scientific rigor with the many constraints of
managing a project. The later was seen as difficult because of the
large number of agencies, each with their own rules, concerns, and
stakes in the project. Three practitioners faced shifting internal
priorities, including waxing and waning internal support for the
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restoration project, as well as a lack of priority given to fixing
monitoring problems or writing management documents. Four
practitioners mentioned the challenge of risk aversion.
Practitioners felt that restoration projects were contentious and
the people involved faced considerable pressure not to take
unnecessary risks. Practitioners therefore placed extraordinary
time and effort on project design and planning to avoid failure
after implementation. Finally, three practitioners stated that staff
turnover was a challenge. Changes in staffing were common
because of the number of years, or even decades, needed to bring
projects to completion. Effects included project setbacks, changes
to standing agreements, or starting projects on a different track.
The final two challenges dealt with project-public interactions.
Four practitioners stated that negotiations with adjacent
landowners were intricate and caused project delays. Landowners
were interested in how water moved on and off the site and in
ensuring that there would be no adverse effects from the
restoration operations. Two practitioners found it challenging to
gain public support for their projects. Miscommunications and
misunderstandings between restoration staff and the public were
common and at times created derisive and contentious
atmospheres around these projects.
In addition to challenges, practitioners were asked to describe
best practices and ideas to improve the facilitation of adaptive
management. Selected quotes can be found in Appendix 4. Some
of these recommendations are achievable at the project level,
whereas others require structural changes at a higher level. For
example, several practitioners called for a more formalized
ecological restoration community and a regional monitoring
framework to increase opportunities for collaboration and
coordination across projects. In addition, several practitioners felt
that flexible permitting, increased funding, and an improved
system for acquiring land would facilitate both restoration and
adaptive management.
At the project level, a majority of practitioners felt that there
needed to be “more doing” so that learning would be based on
experience. They spoke of the importance of proper site
preparation, as well as frequent site visits to notice surprises that
might affect the trajectory of the restoration. One practitioner
felt that adaptive management could be facilitated better if
projects incorporated a standing independent scientific review
team that worked as an intermediary between the project and the
regulatory agencies. Another practitioner felt that a multibenefit
approach was beneficial, for example, combining flood protection
and restoration goals. The most common themes were the need
for increased communication between restoration participants,
and the need to create a culture of patience, listening, and
openness. In line with this, practitioners recommended trying to
make plans as specific as possible, with defined hypotheses,
organizational structures, and requirements for documentation
and continuity.
DISCUSSION
The investigated case studies are essentially some of the first
restoration projects in the Delta that incorporated the Delta
Reform Act concept of adaptive management, which makes them
a valuable source of information. It is too early to evaluate
whether adaptive management is a successful management
technique for each individual restoration project. However, one

can start to evaluate the realities of the adaptive management
planning and implementation process.
There are some limitations to the assessments presented herein.
All relevant plans used in the analysis of project documents may
not have been finalized because of the varying stages of project
completion. In addition, not all planning documents had the same
format, making comparison sometimes difficult. Planning
elements were clearly defined to make the evaluations as objective
as possible. In addition, the interview approach reveals
perspectives specific to the practitioners’ duties and experiences,
which may vary somewhat between projects. Because the
questions asked were often open ended, the most important, but
perhaps not all, recommendations and challenges were captured.
Restoration in the Delta operates in an extremely complex social,
political, and economic setting, and the nuances of each project’s
challenges may be lost in this overview.
However, the challenges described by restoration practitioners in
and around the Delta have all been identified previously as reasons
for adaptive management failure, revealing that they are not
specific to these case studies or even ecological restoration
(Gregory et al. 2006, Walters 2007, Allen and Gunderson 2011).
For this reason, the lessons learned from this analysis may be
valuable beyond the field of tidal marsh restoration and relevant
beyond the geographical context of the San Francisco Bay Delta
Estuary.
While a majority of the challenges indirectly affect adaptive
management by delaying the rate at which decisions and changes
can be made, several directly influence the implementation of
adaptive management. These challenges include: making physical
adaptive changes, acquiring funding, coordinating science and
management, and risk aversion. These four challenges essentially
interrupt the iterative adaptive management cycle between the
evaluation and planning stages or between the planning and
implementation stages (Fig. 1). In doing so, they eliminate
opportunities to use learning to inform key management
decisions.
The feedback between learning and decision making is a defining
feature of adaptive management (Williams and Brown 2012).
Theoretically, it allows for action, even in the face of uncertainty,
because of the understanding that new learning will fill the gaps
in knowledge over time (Buchsbaum and Wigand 2012). Perhaps
because the iterative process is being interrupted repeatedly, this
feedback process does not seem to be occurring yet in the Delta.
Addressing the four aforementioned challenges may help
streamline the feedback process.
However, compounding this problem, planning documents do
not necessarily define key uncertainties or, more importantly,
specify how to reduce them. The plans generally tried to account
for all of the identified key elements, but often did not include
enough details to provide clear guidance. Ambiguity was
common, particularly in planning related to decision making,
potential management actions, data management, documentation
procedures, organizational structure, and scientific review.
Research suggests that project success is positively correlated with
investment in defining requirements and in developing technical
specifications (Dvir et al. 2003). Therefore, addressing ambiguity
and the lack of detailed planning for integral adaptive
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management elements may help address the aforementioned
challenges and increase chances of successful adaptive
management.
In fact, practitioners called for more detailed planning, including
increased specificity, improved documentation, defined
hypotheses, defined organizational structures, and the inclusion
of independent science review. One practitioner stated that if
plans were more specific, “Then it’s not me going to my boss
saying, ‘Oh, I think we need to add a breach here.’ It’s me going
to my boss saying, ‘This action on site is not occurring, this is
what is laid out to fix and remedy that issue, and this is what the
suggestion is in the restoration plan to do that.’” Projects that
included detailed planning for the key elements identified in Table
1 were more able to ensure an iterative adaptive management cycle
of learning. For example, two projects that defined a very specific
science review process were able to work more closely with
regulatory agencies to make physical adaptive changes and
address risk aversion (Appendix 4).
Changes at the project level may therefore begin to address some
of the internal, external, and regulatory challenges (Table 2) and
help to deconstruct obstacles to the iterative cycle of learning.
However, these changes may add additional expenses or may be
difficult to plan early on because of a lack of information (Cabin
2007). The remaining regulatory and bureaucratic challenges
cannot simply be addressed at the project level but may require
changes at a governance level (Table 2). Large-scale modifications
are currently being considered for ecological restoration in the
Delta, and efforts are ongoing to increase structural flexibility to
support better an adaptive management approach (Delta
Stewardship Council 2013b, 2014, Lund and Moyle 2013). The
analyses presented herein support efforts to create a formalized
ecological restoration community for the San Francisco Bay Delta
Estuary, which could potentially act as a centralized forum to
address the challenges or knowledge-sharing issues addressed
herein.
Restoration projects are immensely complex, and creating shared
interpretations of adaptive management may also be essential to
adaptive management success. From a theoretical standpoint, the
cycle is a structured, iterative process marked by set decisionmaking points, at which time management actions or adjustments
should be made (Williams 2011). Under a passive approach, the
best management action is simply implemented, and monitoring
and evaluation are used to introduce the appropriate adjustments.
Under an active adaptive management approach, monitoring and
evaluation of each alternative helps determine which one is more
effective in meeting objectives, and adjustments are made in the
next round of management decisions (Murray and Marmorek
2003). However, in reality, evaluation and decision making occur
regularly and frequently throughout a project’s timeline (Nilsson
et al. 2016), suggesting that learning must be reapplied to a project
at all times, not solely at set decision points. As one restoration
practitioner acknowledges, decisions occur “…more by osmosis
in practice, than through deliberate actions.”
This reality of learning and decision making may explain the
interpretation of adaptive management as a common-sense
approach without a set form. Managers must constantly be able
to make decisions on a variety of topics, including monitoring,
communication, and physical design. However, this must not take

away from the particular importance of a well-structured
decision-making process. Although Bart (1993) and others claim
that too much planning can curtail creativity, our case study
analysis suggests that specific planning, when applied as a strong
framework for projects, to be updated as learning occurs, may to
some degree address both the challenges and ambiguity that
restoration practitioners in the Delta face when carrying out
adaptive management.
CONCLUSION
Adaptive management is not yet a well-defined or easily
implemented strategy for restoration managers in the Delta.
Implementation seems to be directly and indirectly affected by
challenges and convoluted by ambiguity. Our case study analysis
suggests that planning should be very specific about potential
management actions, decision making, scientific review,
documentation, and responsibilities, to support the scientific
underpinnings of an adaptive management approach. In
addition, plans that are updated as projects progress and focus
on how key uncertainties will be reduced may allow for more
action on the ground. Increased attention to detail in planning
can be seen clearly in projects in which adaptive management
became more than just a legislative requirement, and was actually
integral to the restoration trajectory. With a combination of
changes at the project level and the governance level, it may be
possible to make adaptive management more accessible to
managers, increasing knowledge of restoration processes as well
as chances for restoration success.
As restoration initiatives move toward large, landscape-scale
projects, as in the Delta, adaptive management may provide a
scientific framework that can support more complex projects and
result in better ecological restoration, as also described by
Simenstad et al. (2006) and Cabin (2007). Innovative solutions to
the challenges encountered by restoration practitioners will help
transition adaptive management from a promising theoretical
concept to a workable management strategy.

Responses to this article can be read online at:
http://www.ecologyandsociety.org/issues/responses.
php/8521
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Appendix 1
Interview guide
Background information:
1. Is your project a:
a. Restoration
b. Mitigation
c. Other (please specify)
2. Is your project:
a. Completed
b. Ongoing
c. Planned
3. How would you describe your role and your agency’s role in the project?
4. How many organizations/ agencies were involved in the planning of the restoration
project? How many were involved in the groundwork? How many were involved after
completion?
Restoration:
1. Could you give a brief description of your project’s background?
2. What are the project’s goals and objectives?
3. What was used as a reference, or reference site for the restoration project?
4. Could you describe any public or stakeholder engagement?
5. How would you gauge your project’s success so far? (if applicable)
Adaptive Management:
1. Could you describe your project’s use of monitoring?
2. How is science used to inform your decision-making process?
3. Are you familiar with adaptive management?
4. Does your project use adaptive management?
a. How?
5. Does the project have an adaptive management plan?
a. Has the adaptive management plan ever been revised? If so why?
Setbacks/reason for failure:
1. What are the main setbacks that the project has encountered so far?
2. Do any relate specifically to adaptive management?
Best Practices:
1. Can you identify any best practices that have led to success in planning or carrying out
the project?
2. What measures or practices could facilitate the use adaptive management in the future?

Appendix 2
Selected quotes related to definitions
Definition
Fluid and organic
process
Structured framework

Trial and error

Common sense
approach

Different aspects of
adaptive management

Selected Quote
“To me it’s very ambiguous and it’s just going to be completely fluid…Totally driven by whatever your hypothesis is, and if you’re
meeting your goals and objectives that you said you are going to meet.”
“It’s going to be a very organic process. We will have scientific data to back up our decisions about how to manage it over time.”
“I look at adaptive management as having sort of this science piece, a technology piece, a communications piece, all that’s complicated
but it’s science, technology, political, and economic, all of that…it doesn’t do any good to just react, you have to have a framework,
a process by which you respond sensibly and productively, right?”
“If we can manage those and minimize [pressures on water birds], as well as enhance our ponds for those species, then we can push
more of the ponds to marsh. Because nobody fully understood…where we were, that was why the adaptive management plan was
developed and incorporated as a part of the EIR/EIS…it’s definitely become an integral part of the restoration.”
“We have a little different definition of what adaptive management means for Dutch Slough. Because usually adaptive management
means you look at what you are doing, you look at the effects that it’s having, and if it’s not working you do something differently.
Well, this is a tidal marsh and once we actually breach this to the tides, there’s really not a whole lot you can do in here. It would be
really hard to get permits to do work within a restored tidal marsh. So what we’re doing for adaptive management is, we’re
designing it so we can do some experiments and learn some things about this restoration so maybe those lessons can be transferred
to another site.”
“It’s a fancy way of saying trial and error, it’s educated trial and error. It’s systematic trial and error.”
“It sounds like it would, it would maybe inform the next project, would be the outcome of us.”
You know, you are going to try to learn from what you did and make it better the next time around. And that’s really, in my opinion,
adaptive management. Being a good scientist and a good person.”
“I think that adaptive management is a term that scientists come up with that is sort of what every good program manager should be
doing. And so I’m – I really feel like. I mean I’m a scientist, and I read. Of course, it seems logical, right? [...] it’s most in the
planning process in that it’s not usually talked about that much in terms of adaptive management. It’s usually just they talk about it
in the, you know, the implementation and monitoring, and then fixing the project. But you know, you’ve got to do it early on, you’ve
got to create plans to do adaptive management”
“For the physical components of your restoration site you may need new channels, you may need to put ditch blocks in to prevent water
from going in your deeper ditches. You may need to add new breaches. You may need to close breaches. You know it’s…that is
separate from adding more monitoring metrics or discontinuing some monitoring metrics because they are not working type-ofthing.”
“The way I would define it, at least for myself and how it affects my job is, you just have to be willing to listen and when you talk to a
stakeholder.”
“So until we’ve actually got one on the ground and we can start experimenting with it and see what is spitting out in terms of monitoring
data that then applies adaptive management. We’ll know something then. Right now it’s a hopeful promise.”

Appendix 3
Selected quotes related to challenges
Challenge
Onerous
environmental review
processes
Conflicting regulatory
priorities
Making adaptive
changes
Acquiring real estate

Acquiring funding

Negotiating with
affected landowners
Gaining public
support

Coordinating multiple
agencies

Selected Quote
“The laws and regulations were designed to be doing a development not a restoration project, so I think there is some frustration
there… There is a box, and the box says you are doing something bad to the environment and so you have to get this permit to do
it…but…there’s not a box designed for us. We are still shoved in the ‘you are doing something bad to the environment’ box.”
“The frustration has been it’s been difficult to get out and do stuff…Just because these are kind of green projects in restoration, they are
not any easier to permit than anything else.”
“So you are trying to do what you might be mandated to do, but then you are having impacts on other sensitive endangered
species…And that obviously leaves the people carrying out the action…in this very grey zone about how to move that project
forward…and I think it leaves a lot of the regulatory bodies kind of scratching their heads.”
“Unless it truly fails I don’t see us going to the effort and expanse of getting the permits to do anything in there. And I think that’s
probably true of any project.”
“What do you do after?...like if something didn’t get connected or got clogged up or something, you can’t really take any equipment out
here and re-dig anything without getting a whole set of permits again.”
“This could be the best site for tidal restoration…have good elevations, we’re not going to be destroying other species’ habitat, it is
isolated from other properties, you know, this is great. But you can only pay fair market value. That is the way the state works, you
can’t pay a dime above. Otherwise it’s ‘gift of state funds’…but there isn’t the recognition for habitat restoration mitigation land
value yet on sites in the Delta or the Marsh and…there are the opportunities that will pass us by because of that constraint.”
“They work the land and if we try to buy it from them, they have to change what they do. So focusing on publically owned lands is
important for us. But there is not enough publically owned land for us to get towards our acreage target, so that is when we start
really having the real estate discussions and what land do we look at? Who is going to be a willing seller? Is this land even
conducive to us? Is there enough connectivity to surrounding sloughs?”
“It’s relatively easy for the managers to get money to do a breach or to do a construction project. Even though that is millions of dollars
in the various grants that are available for restoration, they often restrict or specifically say we will not fund studies, or they highly
restrict the studies that could be funded. So that is the biggest struggle is getting funding.”
“And obviously funding is a limiting source. So what we’re actually going to fund is going to be limited to the differences between the
different sizes of marsh and the two different elevations of marsh.”
“There is always adjacent land owner issues and so we’re negotiating with the adjacent land owners as to the impact of how water
moves on and off the site.”
“When you are engaging with the public, you start throwing around terms like adaptive management, or BMP’s - best management
practices. Those are all very ambiguous terms, that people are just going to give you the middle finger.”
“At the beginning there were [public meetings], and they were very derisive, very difficult, very contentious… There was just a general
level of anxiety about the project.”
“The fact is that we have almost too many different agencies to communicate with effectively. I mean I really think that unfortunately
it’s just difficult. I mean, it’s difficult to keep everyone on the same page at the same time.”

Coordinating science
and management

Shifting internal
priorities
Staff turnover

Risk aversion

“The agencies are defensive by nature. They are defending their bureaucracies… they need to interpret their results through their own
mission statements - make sure that their mission is being adhered to.”
“I’m trying to walk the line between...a manager actually who is dealing with permitting and time constraints and the fact that a lot of
money was already spent on this project, and trying to communicate to the scientist not to worry, that we are going to be listening to
them, and I think that, if you want to say that there is a problem, sometimes it’s the scientists actually, just getting worried.”
“I think there has always been commitment to this project, but varying in levels of commitment…as a program manager you are always
having to convince your directors that yes, we need to make sure the funding is there for this project.”
“Staff turnover can really set back projects, then things like adaptive management strategies get dropped, monitoring metrics get
missed. Stuff like our sensors going down for a year and half type of thing get overlooked.”
“Rule change, people come and go, the staff in the agencies, or turnover of the staff in the agencies, ‘well we had an agreement with
such and such agency,’ we had an agreement with some staff people who worked in the agency, but those staff people are gone and
the new people don’t feel the same way as the old people did. Or they just don’t understand the project. And so they start asking for
different things or new ways of doing things.”
“People are so hung up on the policy and the contentiousness of these projects, and they are hugely contentious, that we stop acting, or
we never start.”
“They’ve got endangered species in the system and the last thing they want to do is have an action, take an action that made something
worse and now they own it. It’s easier and more of human nature to not do anything and say anything.”

Appendix 4
Selected quotes related to recommendations
Recommendations
Very specific tasks and
deliverables

Detailed documentation and
continuity of planning
Fostering a culture of being
collaborative, patient, and
listening
Adapting communication
between managers and
scientists
Multi-benefit approach to
restoration
Frequent site visits
More action
Standing independent scientific
review
Formalized ecological
restoration community
Regional and ambient
monitoring framework

Selected Quote
“I think you have to attach like a tasks and deliverables to anything that you do to make it palatable to the public and get their
support.”
“Then it’s not me going to my boss saying ‘oh I think we need to add a breach here.’ It’s me going to my boss saying ‘this
action on site is not occurring, this is what is laid out to fix and remedy that issue, and this is what the suggestion in the
restoration plan to do that.’”
“Keep a record of your data, keep a good record of your reports, keep a good record of your reporting requirements. So when
you leave, someone else that is coming in your position can easily take over.”
“We better have a way of chronicling the lessons that we learned. There’s a lot of documentation required.”
“I mean you kinda just have to go into it and kinda be patient and do whatever it takes … everything has taken longer than I
expected. And it’s just because everybody’s got to say their thing and you’ve got to make them feel comfortable not so
much on a personal level but on their corporate culture kind of level.”
“Keep your eyes on just being honest and engaging people…It kinda goes a long way to establishing good relationships.”
“I’ve been exploring different ways to have enhanced communication between the researchers and managers. So what we’ve
done is we’ve instituted an annual researcher/manager meeting…and then we decided to have these monthly calls, and
people weren’t responding, so I sent out a survey… The feedback that we got is that they still like the annual researcher
manager meeting, but instead of having a monthly call, they would just like to get maybe some emails about what is going
on.”
“The fact is that because it is a multi-benefit project I actually think it has a strength in that…it is just an easier project to sell
to the public because it has multiple benefits.”
“Having somebody out there with their eyes open just watching things all the time. Really very important. And those
[unexpected events] can significantly alter operations. Long-term management operations.”
“We’ve got to get out and start doing these, building them and we’re going to really learn. The more we build, the more we
learn.”
“Sometime we say we need to change the letter of the law in the permit. The permit is asking for things that you can’t achieve.
So we can influence what the performance criteria are. Permits are issued on a five year cycle so [the Technical Review
Team] can accumulate recommended changes to the permit, you know, and in five years the agencies can review those
recommendations, and so they can be resolved there.”
“I do think there needs to be a more formal ecological restoration community, that is, there needs to be a program within the
region. That would be the Bay-Delta, it’s not just the Bay or just the Delta.”
“We need more formal third party independent monitoring, that is coordinated across projects at the regional level, we need a
way for the public and people like you to access those reports, we need an annual or five year report to the public on how
things are going.”

Flexible permitting specifically
for restoration projects

“We are working on a monitoring program, which will allow us to monitor not just this project, but numerous projects in the
Delta as they become implemented and then feed into a larger framework where we can compare and contrast.”
“Just to have that flexibility would be nice, especially when it comes to restoration. I mean I can see a construction project
shouldn’t have much leeway, but something like this, where you’re trying to do what’s best for whatever species or habitat
you are restoring. You should maybe have a little flexibility.”

