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Introduction

The Mission of the California Department of Fish and Wildlife (CDFW) is to manage California’s
diverse fish, wildlife, and plant resources, and the habitats upon which they depend, for their
ecological values and for their use and enjoyment by the public. Pursuant to Fish and Game
Code section 703.3, resource management decisions of the CDFW should incorporate adaptive
management to the extent possible. It is CDFW’s intent to improve the management of
biological resources over time by incorporating adaptive management principles and processes,
as appropriate, into conservation planning and resource management. This includes:

¢ Designing monitoring and targeted studies that are integral to an adaptive management
framework;

e Improving our organization’s knowledge base by synthesizing new information gathered
through monitoring, targeted studies, and credible scientific sources; and

e Regularly re-evaluating, based on the best available science, and adjusting if needed,
our conservation and management strategies and practices to meet our long-term goals.

Assembly Bill 2402 and the Science Institute

In September 2012, Governor Edmund G. Brown Jr. signed Assembly Bill 2402 (Stats. 2012,
ch. 559, 8§ 1-28) into law, which made a number of changes to Fish and Game Code. Among
other provisions, the bill makes statements of policy relating to the use of ecosystem-based
management, adaptive management, and credible science; and requires establishment of a
Science Institute to assist CDFW and the Fish and Game Commission (Commission) in
obtaining independent scientific review, advice, and recommendations to help inform their
scientific work. Section 12 of the bill (refer to Fish and G. Code § 715, subd. (b)) states that the
objectives of the Science Institute shall include, but not necessarily be limited to, the following:

1. Providing independent scientific guidance of the scientific research, monitoring, and
assessment programs that support CDFW’s and the Commission’s work with fish and
wildlife species and their habitats.

2. Providing the best available independent scientific information and advice to guide and

inform CDFW and Commission decisions.

Promoting and facilitating independent scientific peer review.

Promoting science-based adaptive management.

5. Ensuring scientific integrity and transparency in decision-making.

W

! Members of the Science Institute, Adaptive Management Subcommittee



Scope of this Document

This document was prepared by the Science Institute to provide information to CDFW'’s
Divisions and Regions as they incorporate adaptive management in their conservation and
resource management decisions and planning documents. It highlights statutory definitions,
statements of policy and requirements that are relevant to CDFW’s activities, and summarizes
descriptions and evaluations of adaptive management in the technical literature.

This information is relevant to all CDFW activities involving the conservation and management
of natural resources under the jurisdiction of CDFW. However, given the breadth of CDFW’s
Mission and the wide variety of regulatory, management and scientific roles CDFW plays, it
should be emphasized that this information does not present a one-size-fits all approach to
adaptive management. Rather, where adaptive management principles are appropriate and
applicable in a given situation, the discussion and resources in this document should highlight
issues for consideration under the specific circumstances at hand. CDFW affirms that project-
specific circumstances always necessitate the development of project-specific adaptive
management strategies. The information in this document is provided as a tool to be used,
where appropriate, to support CDFW'’s Divisions and Regions as they implement the CDFW
Mission. The general principles presented here are not intended to be relied upon absent, or in
lieu of, site- or project-specific analysis that shapes the application of these principles.

Incorporation of adaptive management into more of CDFW'’s resource management and
conservation decisions is consistent with:

e Fish and Game Code
o CDFW'’s 2006 Strategic Initiatives
o Develop Statewide Land Stewardship (Initiative No. 2)
o Expand Scientific Capacity (Initiative No. 7)
e CDFW'’s 2012 Strategic Vision
o Highly Valued Programs and Quality Services: Practice Adaptive Management,
and associated Science Recommendations (Goal 2, Objective 5)

Definition

Adaptive management is defined under several sections of the Fish and Game Code and Water
Code. These definitions are set out below.

e Fish and Game Code section 13.5 (General Definitions. Added by Assembly Bill 2402) —
“Adaptive management,” unless otherwise specified in this code, means management
that improves the management of biological resources over time by using new
information gathered through monitoring, evaluation, and other credible sources as they
become available, and adjusts management strategies and practices to assist in meeting
conservation and management goals. Under adaptive management, program actions
are viewed as tools for learning to inform future actions.”
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e Fish and Game Code section 90.1 (Marine Life Definitions) — “Adaptive management,’ in
regard to a marine fishery, means a scientific policy that seeks to improve management
of biological resources, particularly in areas of scientific uncertainty, by viewing program
actions as tools for learning. Actions shall be designed so that even if they fail, they will
provide useful information for future actions. Monitoring and evaluation shall be
emphasized so that the interaction of different elements within the system can be better
understood.”

¢ Fish and Game Code section 2852, subdivision (a) (Marine Life Protection Act —
Definitions) — “Adaptive management,’” with regard to marine protected areas, means a
management policy that seeks to improve management of biological resources,
particularly in areas of scientific uncertainty, by viewing program actions as tools for
learning. Actions shall be designed so that, even if they fail, they will provide useful
information for future actions, and monitoring and evaluation shall be emphasized so
that the interaction of different elements within marine systems may be better

understood.”

e Fish and Game Code section 2805, subdivision (a) (NCCP Act — Definitions) —
“Adaptive management’ means to use the results of new information gathered through
the monitoring program of the plan and from other sources to adjust management
strategies and practices to assist in providing for the conservation of covered species.”

o Water Code section 85052 (Sacramento-San Joaquin Delta Reform Act of 2009 —
Definitions) — “’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.”

Requirements Under Fish and Game Code

The Natural Community Conservation Planning (NCCP) Act (Fish & G. Code § 2800 et seq.)
mandates that all NCCPs integrate adaptive management strategies, in which the results of
monitoring, research, and experimental habitat management feed back into decision-making,
mediating uncertainty, and improving the effectiveness of NCCP implementation over time (Fish
& G. Code § 2820, subd. (a)(2), (8)). NCCP documents must include a description of the plan’s
comprehensive adaptive management and monitoring program(s). The Fish and Game Code
also includes legislative declarations and requirements concerning the use of adaptive
management in conjunction with activities under the Marine Life Protection Act (Fish & G. Code,
8§ 2853 & 2856), the authorization of the taking of certain species in association with
implementation of the Quantification Settlement Agreement (related to overall quantification,
settlement, and transfer of various Colorado River water rights) (Fish & G. Code, § 2081.7), and
trout management (Fish and G. Code, 88 1726.1, 1728 & 1729). In addition, following the
enactment of Assembly Bill 2402, the Fish and Game Code includes the following provisions
relevant to the conduct of adaptive management.
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¢ Fish and Game Code section 33 (Credible Science Defined) — “Credible science’ means
the best available scientific information that is not overly prescriptive due to the dynamic
nature of science, and includes the evaluation principles of relevance, inclusiveness,
objectivity, transparency, timeliness, verification, validation, and peer review of
information as appropriate. Credible science also recognizes the need for adaptive
management, as defined in section 13.5, as scientific knowledge evolves.”

o Fish and Game Code section 43 (Ecosystem-Based Management) — “Ecosystem-based
management’ means an environmental management approach relying on credible
science, as defined in Section 33, that recognizes the full array of interactions within an
ecosystem, including humans, rather than considering single issues, species, or
ecosystem services in isolation.”

e Fish and Game Code section 703.3 (Ecosystem-Based Management — Use Required in
All Resource Management Decisions) — “It is the policy of the state that the department
and commission use ecosystem-based management informed by credible science in all
resource management decisions to the extent feasible. It is further the policy of the state
that scientific professionals at the department and commission, and all resource
management decisions of the department and commission, be governed by a scientific
guality assurance and integrity policy, and follow well-established standard protocols of
the scientific profession, including, but not limited to, the use of peer review, publication,
and science review panels where appropriate. Resource management decisions of the
department and commission should also incorporate adaptive management to the extent
possible.”

Requirements Under Water Code

The Sacramento-San Joaquin Delta Reform Act of 2009 (Delta Reform Act) established as
overarching state policy the coequal goals of providing a more reliable water supply for
California and protecting, restoring, and enhancing the Delta ecosystem (Pub. Resources Code,
§ 29702). The Delta Reform Act requires the Delta Stewardship Council to create and adopt a
comprehensive and legally-enforceable management plan for the Delta (Delta Plan) to further
the coequal goals (Water Code, § 85300). Water Code section 85308, subdivision (f) states the
Delta Plan must include “a science-based, transparent, and formal adaptive management
strategy for ongoing ecosystem restoration and water management decisions.” In addition, the
Delta Plan must be based on and implemented using best available science (Water Code, §
85302, subd. (g)). The Delta Plan (Policy G P1, Delta Stewardship Council 2013) and its
supporting regulations (California Code of Regulations, Title 23. Waters, § 5002) require the use
of the best available science and incorporation of adaptive management into ecosystem
restoration and water management programs, plans, or projects that are subject to the Delta
Plan and regulations. This requirement is satisfied through both of the following: (1) the
adaptive management plan for the project must use an approach consistent with the adaptive
management framework described in the Delta Plan, and (2) the program, plan or project must
document that there is access to adequate resources to implement the adaptive management
process and delineated authority by the entity responsible for implementing the process.



Principles and Processes of Adaptive Management

A rich literature regarding the theory and conduct of adaptive management exists and supports
principles and processes discussed in the reference documents identified below. While
differences among the various frameworks exist, they generally contain three broad phases:
Plan, Do, and Evaluate and Respond (Figure 1, Delta Stewardship Council 2013). Figure 1
provides a representative example of the adaptive management process, including the three
broad phases and the individual steps within the process.
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Figure 1: A Three Phase (Nine-step) Adaptive Management Framework. Source: Delta Plan (Delta
Stewardship Council 2013).

Adaptive management has become a well-established principle and process within the resource
management community. An adaptive management approach provides a structured process
that allows for taking action under uncertain conditions based on the best available science, and
re-evaluating and adjusting decisions as more information is acquired. The structured decision-
making process used in adaptive management, involving articulation of objectives, identification
of management alternatives, predictions of management consequences, recognition of key
uncertainties, and monitoring and evaluating outcomes, is what differentiates it from a trial and
error approach (i.e., try something, and if it doesn’t work try something else) (National Research
Council 2004, Williams 2011). However, despite its intuitive appeal, the application of adaptive



management has been less successful than one would expect (Gregory et al. 2006, Walters
2007, Allen and Gunderson 2011). Additionally, not all resource management decisions warrant
the use of adaptive management (discussed further below). Implementation of adaptive
management can be time-consuming and costly, but when it is appropriate and effectively
applied, it has the potential to reduce uncertainty associated with management actions, provide
long-term cost savings, and improve conservation and management effectiveness (Williams et
al. 2009). The use of adaptive management for managing declining species may be particularly
appropriate as adaptive management explicitly acknowledges and attempts to address the
uncertainty inherent in managing species where basic biological information and an
understanding of appropriate management strategies is often lacking (Fontaine 2011).

Reference Documents

The following represents a brief list of current, readily available reference documents concerning
the theory and practice of adaptive management. These documents should not be interpreted
as an official CDFW directive, but rather as a source of information when considering the
application of adaptive management in a particular circumstance. A partial bibliography on
adaptive management is provided in Appendix A as an additional resource.

o Atkinson et al. 2004. Designing Monitoring Programs in an Adaptive Management
Context for Regional Multiple Species Conservation Plans. U.S. Geological Survey
Technical Report. USGS Western Ecological Research Center, Sacramento, CA.
Available: http://www.werc.usgs.gov/ProductDetails.aspx?ID=3005.

e Stankey et al. 2005. Adaptive Management of Natural Resources: Theory, Concepts,
and Management Institutions. Gen. Tech. Rep. PNW-GTR-654. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station.
Available at: http://www.fs.fed.us/pnw/pubs/pnw_gtr654.pdf.

e Williams et al. 2009. Adaptive Management: The U.S. Department of the Interior
Technical Guide. Adaptive Management Working Group, U.S. Department of the
Interior, Washington, DC. Available: http://www.doi.gov/ppa/Adaptive-Management.cfm.

e Williams. 2011. Adaptive management of natural resources - framework and issues.
Journal of Environmental Management 92(5):1346-1353.

e Williams and Brown. 2012. Adaptive Management: The U.S. Department of the Interior
Applications Guide. Adaptive Management Working Group, U.S. Department of the
Interior, Washington, DC. Available: http://www.doi.gov/ppa/Adaptive-Management.cfm.

o Delta Stewardship Council. 2013. Adaptive Management and the Delta Plan. Appendix
C of the Delta Plan. Adopted on 16 May 2013. Available:
http://deltacouncil.ca.gov/delta-plan-0.
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Challenges and Lessons Learned

In most natural resource use programs managed by CDFW, informal adaptive management has
been used for decades. These programs typically consist of management decisions (e.g.,
harvest level recommendations) embedded in management plans that include species
population objectives. These programs are supported by long-running population monitoring
programs that are used to assess the results of previous management decisions and inform
future management decisions.

Another well-established CDFW program that relies on adaptive management is the California
NCCP Program. Effective conservation through regional habitat conservation plans, such as
NCCPs, depends on their ability to confront the challenges of adaptively managing and
monitoring complex ecosystems. Assessments of such plans indicate that adaptive
management should include opportunistic learning, hypothesis testing, management,
monitoring, and directing the results of analysis and assessment back into the program through
decision makers (see Atkinson et al. 2004, page 6, for a schematic NCCP/Habitat Conservation
Plan adaptive management feedback loop). The adaptive management framework implies an
ongoing scientific commitment to the NCCP in perpetuity (Noss et al. 1997). This requires an
institutional structure and process that remains flexible and is committed to scientific rigor and
guality results (Atkinson et al. 2004).

The practice of building effective adaptive management programs for large-scale multi-species
NCCPs is an endeavor that continues to evolve. However, NCCPs in California are making real
progress in designing adaptive management programs that work. For example, implementing
partners of the San Diego Multiple Species Conservation Program (MSCP)? have demonstrated
leadership in scientific collaborations and ecological applications that are informing strategic
approaches to reserve management, monitoring, and habitat connectivity enhancement.

CDFW’s State Wildlife Action Plan (Bunn et al. 2005) dedicates a chapter to monitoring and
adaptive management. The chapter acknowledges that data used to support the iterative
process inherent in adaptive management comes from monitoring the effectiveness of
conservation actions directed at species and natural systems. Therefore, monitoring which
measures ecosystem condition and response of the ecosystem to both intentional (management
actions) and natural perturbations is a critical piece of the adaptive management feedback loop
(Bunn et al. 2005). The steps for creating functional and scientifically defensible monitoring and
adaptive management programs (Atkinson et al. 2004), as conceptualized in the 2005 State
Wildlife Action Plan, are now being applied to conservation strategies under development for the
State Wildlife Action Plan 2015 Update.

Identifying When Adaptive Management Should Be Used

As identified above, certain CDFW activities are mandated by Fish and Game Code to include
an adaptive management program (e.g., Fish & G. Code, 88 2820 & 2856). Fish and Game
Code sections 33, 703.3, and 715 promote the use of adaptive management in resource

2 http://www.sdmmp.com/Home.aspx
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management decisions, to the extent feasible, but do not further define those decisions or
provide more specific guidance.

The adaptive management literature cautions that not all resource management
decisions/actions are amenable to adaptive management (Gregory et al. 2006, Williams et al.
2009, Allen et al. 2011, Allen and Gunderson 2011, Williams 2011). For example, policy and
technical documents prepared by the U.S. Department of Interior (DOI) state that for adaptive
management to be operationally appropriate and effective, there must be a mandate to take
action in the face of uncertainty, and there must be institutional capacity and commitment to
undertake and sustain an adaptive program (Williams et al. 2009). If no decision is necessary, if
there is little uncertainty about what management actions to take and what outcome to expect,
or if management cannot be adjusted in response to what is learned, hon-adaptive management
approaches may be appropriate (Williams 2011).

The DOI technical guide (Williams et al. 2009) identifies several considerations for determining
whether adaptive management represents an appropriate approach to decision-making.
Adaptive management is most applicable when:

1) A management decision, involving a choice between alternative actions, needs to be
made.

2) Decision-making is confounded by uncertainty about potential management impacts®.

3) The institutional capacity and commitment to undertake and sustain an adaptive
program exists. For example, there is institutional support, including adequate and
sustainable funding, to implement a monitoring program of sufficient intensity and scope
to detect changes in biological response to management actions and to measure
progress towards achieving management objectives.

4) Stakeholders can be effectively engaged.

5) Clear, measureable, and agreed-upon conservation or management goals and
objectives can be established.

6) Resource relationships and predicted management impacts, along with the associated
uncertainties, can be explicitly represented in conceptual and/or quantitative models.

7) A monitoring program can be designed to reduce uncertainty and inform decision-
making, and progress towards achieving the management objectives can be measured.

3 Types of uncertainty could include: significant biological uncertainty about the ecology of the target species (or habitats) at the
present time and/or under changing ecological conditions, the efficacy of management techniques, or the potential effects of
management activities on the target species or habitats.



8) Management actions can be adjusted in response to what has been learned (i.e., there
are opportunities for iterative decision-making).

9) The entire process fits within the appropriate legal framework (i.e., can be conducted in
full compliance with applicable laws, regulations, and authorities).

Implementation of Adaptive Management

Increasing the use of adaptive management processes within CDFW will require a significant
commitment to ensure that those charged with implementing adaptive management have the
appropriate training, expertise, and resources (e.g., funding). A variety of technical resources
are available (as an example, see Reference Documents and Appendix A) and can serve as a
foundation upon which CDFW can build and maintain the necessary infrastructure to support
implementation of adaptive management.

Acknowledgements

Thanks are extended to Wendy Bogdan, Kevin Hunting, Shannon Little, Ryan Mathis, Douglas
Neilson, John Shelton, Carl Wilcox, and Dan Yparraguirre for reviewing earlier versions of the
document and providing many helpful comments that significantly improved it.



References

Allen, C.R., and L.H. Gunderson. 2011. Pathology and failure in the design and
implementation of adaptive management. Journal of Environmental Management
92(5):1379-1384.

Allen, C.R., J.J. Fontaine, K.L. Pope, and A. S. Garmestani. 2011. Adaptive management for a
turbulent future. Journal of Environmental Management 92(5):1339-1345.

Atkinson, A.J., P.C. Trenham, R.N. Fisher, S.A. Hathaway, B.S. Johnson, S.G. Torres, and Y.C.
Moore. 2004. Designing monitoring programs in an adaptive management context for
regional multiple species conservation plans. U.S. Geological Survey Technical Report.
USGS Western Ecological Research Center, Sacramento, CA. Available:
http://www.werc.usgs.gov/ProductDetails.aspx?ID=3005.

Bunn, D., A. Mummert, M. Hoshovsky, K. Gilardi, and S. Shanks. 2005. California Wildlife:
Conservation Challenges. Prepared by the U.C. Davis Wildlife Health Center for the
California Department of Fish and Game, Sacramento, CA. 597 p.

California Department of Fish and Wildlife. 2006. Seven Strategic Initiatives. Available:
http://www.dfg.ca.qgov/about/strategy/initiatives/.

California Department of Fish and Wildlife. 2012. Strategic Vision. Available:
http://www.vision.ca.gov/docs/CFWSV_Booklet 120423 Adobel0 100ppi.pdf.

Delta Stewardship Council. 2013. Delta Plan. Adopted on 16 May 2013. Available:
http://deltacouncil.ca.gov/delta-plan-0.

Fontaine, J.J. 2011. Improving our legacy: Incorporation of adaptive management into state
wildlife action plans. Journal of Environmental Management 92(5):1403-1408.

Gregory, R., D. Ohlson, and J. Arvai. 2006. Deconstructing adaptive management: criteria for
applications to environmental management. Ecological Applications 16(6):2411-2425.

National Research Council. 2004. Adaptive Management for Water Resources Planning. The
National Academies Press. Washington, D.C.

Noss, R.F., M.A. O'Connell, and D.D. Murphy. 1997. The Science of Conservation Planning:
Habitat Conservation under the Endangered Species Act. Island Press, Washington, D.C.
246 p.

Stankey, G.H., R.N. Clark, and B.T. Bormann. 2005. Adaptive Management of Natural
Resources: Theory, Concepts, and Management Institutions. Gen. Tech. Rep. PNW-GTR-
654. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest
Research Station. 73 p. Available: http://www.fs.fed.us/pnw/pubs/pnw_gtr654.pdf.

Walters, C.J. 2007. Is adaptive management helping to solve fisheries problems? Ambio
36(4):304-307.

10


http://www.werc.usgs.gov/ProductDetails.aspx?ID=3005
http://www.dfg.ca.gov/about/strategy/initiatives/
http://www.vision.ca.gov/docs/CFWSV_Booklet_120423_Adobe10_100ppi.pdf
http://deltacouncil.ca.gov/delta-plan-0
http://www.fs.fed.us/pnw/pubs/pnw_gtr654.pdf

Williams, B.K., R.C. Szaro, and C.D. Shapiro. 2009. Adaptive Management: The U.S.
Department of the Interior Technical Guide. Adaptive Management Working Group, U.S.
Department of the Interior, Washington, D.C. Available: http://www.doi.qov/ppa/Adaptive-
Management.cfm.

Williams, B.K., and E.D. Brown. 2012. Adaptive Management: The U.S. Department of the
Interior Applications Guide. Adaptive Management Working Group, U.S. Department of the
Interior, Washington, D.C. Available: http://www.doi.gov/ppa/Adaptive-Management.cfm.

Williams, B.K. 2011. Adaptive management of natural resources - framework and issues.
Journal of Environmental Management 92(5):1346-1353.

11


http://www.doi.gov/ppa/Adaptive-Management.cfm
http://www.doi.gov/ppa/Adaptive-Management.cfm
http://www.doi.gov/ppa/Adaptive-Management.cfm

Appendix A — Partial Bibliography on Adaptive Management

Abal, E.G., S.E. Bunn, and W.C. Dennison, editors. 2005. Healthy Waterways Healthy
Catchments: Making the Connection in South East Queensland, Australia. Moreton Bay
Waterways and Catchments Partnership, Brisbane. 240 p.

Adaptive Management Forum Scientific and Technical Panel. 2004. Final Report: Adaptive
Management Forum for Large-Scale Channel and Riverine Habitat Restoration Projects. 46
pp. Available: http://www.fws.gov/stockton/afrp/documents/AME_%20FINAL REVS5.pdf.

Aldridge, C.L., M.S. Boyce, and R.K. Baydack. 2004. Adaptive management of prairie grouse:
how do we get there? Wildlife Society Bulletin 32(1):92-103.

Allan, C., A. Curtis, G. Stankey, and B. Shindler. 2008. Adaptive management and
watersheds: a social science perspective. Journal of the American Water Resources
Association 44(1):166-174.

Allen, C.R., and L.H. Gunderson. 2011. Pathology and failure in the design and
implementation of adaptive management. Journal of Environmental Management
92(5):1379-1384.

Allen, C.R., J.J. Fontaine, K.L. Pope, A.S. Garmestani. 2011. Adaptive management for a
turbulent future. Journal of Environmental Management 92:1339-1345.

Atkinson, A.J., P.C. Trenham, R.N. Fisher, S.A. Hathaway, B.S. Johnson, S.G. Torres, and Y.C.
Moore. 2004. Designing monitoring programs in an adaptive management context for
regional multiple species conservation plans. U.S. Geological Survey Technical Report.
USGS Western Ecological Research Center, Sacramento, CA. Available:
http://www.werc.usgs.gov/ProductDetails.aspx?ID=3005.

Bearlin, A.R., E.S.G. Schreiber, S.J. Nicol, A.M. Starfield, and C.R. Todd. 2002. Identifying the
weakest link: simulating adaptive management of the reintroduction of a threatened fish.
Canadian Journal of Fisheries and Aquatic Sciences 59:1709-1716.

Bormann, B.T., R.W. Hayes, and J.R. Martin. 2007. Adaptive management of forest
ecosystems: did some rubber hit the road? Bioscience 57(2):186-191.

Bricefio-Linares, J.M., J.P. Rodriguez, K.M. Rodriguez-Clark, F. Rojas-Suarez, P.A. Millan, E.G.
Vittori, and M.C. Carrasco-Mufioz. 2011. Adapting to changing poaching intensity of
yellow-shouldered parrot (Amazona Barbadensis) nestlings in Margarita Island, Venezuela.
Biological Conservation 144(4):1188-1193.

Brown, G.G., and T. Squirrell. 2010. Organizational learning and the fate of adaptive
management in the US Forest Service. Journal of Forestry 108(8):379-388.

Bunn, D., A. Mummert, M. Hoshovsky, K. Gilardi, and S. Shanks. 2005. California Wildlife:
Conservation Challenges. Prepared by the U.C. Davis Wildlife Health Center for the
California Department of Fish and Game, Sacramento, CA. 597 p.


http://www.fws.gov/stockton/afrp/documents/AMF_%20FINAL_REV5.pdf
http://www.werc.usgs.gov/ProductDetails.aspx?ID=3005

CALFED Bay-Delta Program. 2000. Ecosystem Restoration Program Plan Strategic Plan for
Ecosystem Restoration. CALFED, Final Programmatic EIS/EIR Technical Appendix.
Sacramento, CA. Available: http://www.dfg.ca.gov/erp/erpp.asp.

Christensen, N.L., A.M. Bartuska, J.H. Brown, S. Carpenter, C. D’Antonio, R. Francis, J.R.
Franklin, J.A. MacMahon, R.R. Noss, D.J. Parsons, C.H. Peterson, M.G. Turner, and R.G.
Woodmansee. 1996. The report of the Ecological Society of America Committee on the
Scientific Basis for Ecosystem Management. Ecological Applications 6:665-691.

Dahm, C., T. Dunne, W. Kimmerer, D. Reed, E. Soderstrom, W. Spencer, S. Ustin, J. Wiens,
and I. Werner (B. DiGennaro — Science Facilitator). 2009. Bay Delta Conservation Plan
Independent Science Advisors’ Report on Adaptive Management. Prepared for BDCP
Steering Committee. Available:
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=18716.

Delta Stewardship Council. 2013. Delta Plan. Available: http://deltacouncil.ca.gov/delta-plan-0.

Doremus, H., W.L. Andreen, A. Camacho, D.A. Farber, R.L. Glicksman, D. Goble, B.C.
Karkkainen, D. Ronhlf, A.D. Tarlock, S.B. Zellmer, S. Jones and Y. Huang. 2011. Making
good use of adaptive management. Center for Progressive Reform White Paper #1104.
Available: http://papers.ssrn.com/sol3/papers.cfm?abstract id=1808106.

Doremus, H. 2012. Adaptive management as an information problem. North Carolina Law
Review. UC Berkeley Public Law Research Paper No. 1744426. Available:
http://ssrn.com/abstract=1744426.

Enck, JW., D.J. Decker, S.J. Riley, J.F. Organ, L.H. Carpenter, W.F. Siemer. 2006. Integrating
ecological and human dimensions in adaptive management of wildlife-related impacts.
Wildlife Society Bulletin 34(3):698-705.

Failing, L., G. Horn, and P. Higgins. 2004. Using expert judgment and stakeholder values to
evaluate adaptive management options. Ecology and Society 9(1):Article 13. Available:
http://www.ecologyandsociety.org/vol9/iss1/art13.

Fontaine, J.J. 2011. Improving our legacy: Incorporation of adaptive management into state
wildlife action plans. Journal of Environmental Management 92(5):1403-1408.

Garmestani, A.S., C.R. Allen, and H. Cabezas. 2008. Panarchy, adaptive management and
governance: Policy options for building resilience. Nebraska Law Review 87(4):Article 5.
Available: http://digitalcommons.unl.edu/nlr/vol87/iss4/5/.

Gregory, R., D. Ohlson, and J. Arvai. 2006. Deconstructing adaptive management: criteria for
applications to environmental management. Ecological Applications 16(6):2411-2425.

Greig, L.A., D.R. Marmorek, C. Murray, and D.C.E. Robinson. 2013. Insight into enabling
adaptive management. Ecology and Society 18(3):Article 24. Available:
http://www.ecologyandsociety.org/vol18/iss3/art24/.



http://www.dfg.ca.gov/erp/erpp.asp
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=18716
http://deltacouncil.ca.gov/delta-plan-0
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1808106
http://ssrn.com/abstract=1744426
http://www.ecologyandsociety.org/vol9/iss1/art13
http://digitalcommons.unl.edu/nlr/vol87/iss4/5/
http://www.ecologyandsociety.org/vol18/iss3/art24/

Gunderson, L., and S. Light. 2006. Adaptive management and adaptive governance in the
Everglades Ecosystem. Policy Science 39:323-334.

Gunderson, L. 1999. Resilience, flexibility and adaptive management - - antidotes for spurious
certitude? Conservation Ecology [online] 3(1):Article 7. Available:
http://www.ecologyandsociety.org/vol3/iss1/art7/.

Habron, G.B. 2003. Role of adaptive management for Watershed Councils. Environmental
Management 31(1):29-41.

Hahn, T., P. Olsson, C. Folke, and K. Johansson. 2006. Trust-building, knowledge generation
and organizational innovations: the role of a bridging organization for adaptive
comanagement of a wetland landscape around Kristianstad, Sweden. Human Ecology
34(4):573-592

Healey, M. 2008. Science in policy development for the Bay-Delta. Page 155 in M.C. Healey,
M.D. Dettinger, and R.B. Norgaard, editors. The State of Bay-Delta Science 2008.
CALFED Science Program: Sacramento, CA.

Holling, C.S. 1978. Adaptive Environmental Assessment and Management. John Wiley and
Sons, New York, NY.

Hughes, T.P., L.H. Gunderson, C. Folke, A.H. Baird, D. Bellwood, F. Berkese, B. Crona, A.
Helfgott, H. Leslie, J. Norberg, M. Nystrom, P. Olsson, H. Osterblom, M. Scheffer, H.
Schuttenberg, R.S. Steneck, M. Tengo, M. Troell, B. Walker, J. Wilson, and B. Worm. 2007.
Adaptive management of the Great Barrier Reef and the Grand Canyon World Heritiage
Areas. Ambio 36(7):586-592.

Johnson, B.L. 1999. The role of adaptive management as an operational approach for
resource management agencies. Conservation Ecology [online] 3(2):Article 8. Available:
http://www.consecol.org/vol3/iss2/art8.

Johnson, F.A., B.K. Williams, J.D. Nichols, J.E. Hines, W.L. Kendall, G.W. Smith, and D.F.
Caithamer. 1993. Developing an adaptive management strategy for harvesting waterfowl in
North America. Transactions of the North American Wildlife and Natural Resources
Conference 58:565-583.

Kallis, G., M. Kiparsky, and R. Norgaard. 2009. Collaborative governance and adaptive
management: Lessons from California’s CALFED Water Program. Environmental Science
and Policy 12:631-643.

Kaplan, R.S., and D.P. Norton. 2008. Mastering the management system. Harvard Business
Review 86(1):62—77.

Keith, D.A., T.G. Martin, E. McDonald-Madden, and C. Walters. 2011. Uncertainty and
adaptive management for biodiversity conservation. Biological Conservation 144:1175—
1178.


http://www.ecologyandsociety.org/vol3/iss1/art7/
http://www.consecol.org/vol3/iss2/art8

Lee, K.N. 1999. Appraising adaptive management. Conservation Ecology 3(2):3. Available:
http://www.consecol.org/Journal/vol3/iss2/art3.

Lund, J., and P. Moyle. 2013. Adaptive management and science for the Delta ecosystem.
San Francisco Estuary Watershed Science 11(3). Available:
http://escholarship.org/uc/item/1h57p2nb.

Lyons, J.E., M.C. Runge, H.P. Laskowski, and W.L. Kendall. 2008. Monitoring in the context of
structured decision-making and adaptive management. Journal of Wildlife Management
72:1683-92.

Mackenzie, B.D.E., and D.A. Keith. 2009. Adaptive management in practice: Conservation of a
threatened plant population. Ecological Management and Restoration 10:S129-S135.

McFadden, J.E., T.L. Hiller, and A.J. Tyre. 2011. Evaluating the efficacy of adaptive
management approaches: Is there a formula for success? Journal of Environmental
Management 92:1354-1359.

McLain, R.J., and R.G. Lee. 1996. Adaptive management: promises and pitfalls.
Environmental Management 20(4):437-448.

Murphy, D.D., and P.S. Weiland. 2014. Science and structured decision making: fulfilling the
promise of adaptive management for imperiled species. Journal of Environmental Studies
and Science. DOI 10.1007/s13412-014-0165-0. Available:
http://link.springer.com/article/10.1007/s13412-014-0165-0.

National Research Council. 2004a. Adaptive Management for Water Resources Project
Planning. The National Academies Press. Washington, D.C.

National Research Council. 2004b. Managing the Columbia River: Instream Flows, Water
Withdrawals, and Salmon Survival. The National Academies Press. Washington, D.C.

National Research Council. 2011. A Review of the Use of Science and Adaptive Management
in California's Draft Bay Delta Conservation Plan. The National Academies Press.
Washington, D.C. Available: http://www.nap.edu/catalog.php?record id=13148.

Nichols, J.D., M.D. Koneff, P.J. Heglund, M.G. Knutson, M.E. Seamans, J.E. Lyons, J.M.
Morton, M.T. Jones, G.S. Boomer, and B.K. Williams. 2011. Climate change, uncertainty,
and natural resource management. Journal of Wildlife Management 75(1):6-18.

Noss, R.F., M.A. O'Connell, and D.D. Murphy. 1997. The Science of Conservation Planning:
Habitat Conservation under the Endangered Species Act. Island Press, Washington, D.C.
246 p.

Oglethorpe, J. (ed.). 2002. Adaptive Management: From Theory to Practice. Gland,
Switzerland, and Cambridge, UK: IUCN.


http://www.consecol.org/Journal/vol3/iss2/art3
http://escholarship.org/uc/item/1h57p2nb
http://link.springer.com/article/10.1007/s13412-014-0165-0
http://www.nap.edu/catalog.php?record_id=13148

Pahl-Wostl, C. 2007. Transitions towards adaptive management of water facing climate and
global change. Water Resources Management 21(1):49-62.

Pahl-Wostl, C., P. Jeffrey, N. Isendahl, and M. Brugnach. 2011. Maturing the new water
management paradigm: progressing from aspiration to practice. Water Resources
Management 25(3):837-856.

Parma, A.M. and NCEAS Working Group on Population Management. 1998. What can
adaptive management do for our fish, forests, food, and biodiversity? Integrative Biology
1(1):16-26.

Prato, T. 2003. Adaptive management of large rivers with special reference to the Missouri
River. Journal of the American Water Resources Association 39(4):935-946.

Rehme, S.E., L.A. Powell, and C.R. Allen. 2011. Multimodel inference and adaptive
management. Journal of Environmental Management 92:1360-1364.

Rist, L., B.M. Campbell, and P. Frost. 2013. Adaptive management: where are we now?
Environmental Conservation 40(1):5-18. Available:
http://journals.cambridge.org/download.php?file=%2FENC%2FENC40 01%2FS037689291
2000240a.pdf&code=d6f734c6696e79¢3215d621ee092fd38.

Rogers, K. 1998. Managing science/management partnerships: a challenge of adaptive
management. Conservation Ecology [online] 2(2): Response 1. Available:
http://www.ecologyandsociety.org/vol2/iss2/respl/.

Rumpff, L., D.H. Duncan, P.A. Vesk, D.A. Keith, and B.A. Wintle. 2011. State and transition
modelling for adaptive management of native woodlands. Biological Conservation
144:1224-1236.

Runge, M.C. 2011. Anintroduction to adaptive management for threatened and endangered
species. Journal of Fish and Wildlife Management 2(2):220-233.

Schreiber, S.G., A.R. Bearlin, S.J. Nicol, and C.R. Todd. 2004. Adaptive management: a
synthesis of current understanding and effective application. Ecological Management and
Restoration 5(3):177-182.

Stanford, J.A., and G.C. Poole. 1996. A protocol for ecosystem management. Ecological
Applications 6:741-744.

Stankey, G.H., B.T. Bormann, C. Ryan, B. Shindler, V. Sturtevant, R.N. Clark, and C. Philpot.
2003. Adaptive management and the Northwest Forest Plan: rhetoric and reality. Journal of
Forestry 101(1):40-46.

Stankey, G.H., R.N. Clark, and B.T. Bormann. 2005. Adaptive management of natural
resources: theory, concepts, and management institutions. Gen. Tech. Rep. PNW-GTR-
654. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest
Research Station. 73 p. Available: http://www.fs.fed.us/pnw/pubs/pnw_gtr654.pdf.



http://journals.cambridge.org/download.php?file=%2FENC%2FENC40_01%2FS0376892912000240a.pdf&code=d6f734c6696e79c3215d621ee092fd38
http://journals.cambridge.org/download.php?file=%2FENC%2FENC40_01%2FS0376892912000240a.pdf&code=d6f734c6696e79c3215d621ee092fd38
http://www.ecologyandsociety.org/vol2/iss2/resp1/
http://www.fs.fed.us/pnw/pubs/pnw_gtr654.pdf

Susskind, L., A.E. Camacho, and T. Schenk. 2012. A critical assessment of collaborative
adaptive management in practice. Journal of Applied Ecology 49(1):47-51. Available:
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.2011.02070.x/pdf.

Thom, R.M. 2000. Adaptive management of coastal ecosystem restoration projects.
Ecological Engineering 15:365-372.

Trulio, L., D. Clark, S. Ritchie, A. Hutzel, and the Science Team. 2007. South Bay Salt Pond
Restoration Project Adaptive Management Plan. Appendix D, South Bay Salt Pond
Restoration Project Final Environmental Impact Statement/Report. Available:
http://www.southbayrestoration.org/pdf files/SBSP_EIR _Final/Appendix%20D%20Final%20

AMP.pdf.

Tyre, AJ., and S. Michaels. 2011. Confronting socially generated uncertainty in adaptive
management. Journal of Environmental Management 92(5):1365-1370.

U.S. Fish and Wildlife Service and National Marine Fisheries Service. 2000. Final Addendum
to the Handbook for Habitat Conservation Planning and Incidental Take Permitting Process
[Five-Point Policy]. Federal Register 65(106):35241-35257.

Vail, L.W., and R. Skaggs. 2002. Adaptive Management Platform for Natural Resources in the
Columbia River Basin. PNNL-13875. Richland, WA: Pacific Northwest National Laboratory.
Available: http://www.pnl.gov/main/publications/external/technical reports/PNNL-13875.pdf.

Walters, C.J. 1986. Adaptive Management of Renewable Resources. Blackburn Press,
Caldwell, NJ.

Walters, C. 1997. Challenges in adaptive management of riparian and coastal ecosystems.
Conservation Ecology [online]1(2):Article 1. Available:
http://www.consecol.org/voll/iss2/artl/.

Walters, C.J. 2007. Is adaptive management helping to solve fisheries problems? Ambio
36(4):304-307.

Walters, C.J., and C.S. Holling. 1990. Large-scale management experiments and learning by
doing. Ecology 71(6):2060-2068.

Westgate, M.J., G.E. Likens, and D.B. Lindenmayer. 2013. Adaptive management of biological
systems: a review. Biological Conservation 158: 128-139.

Williams, B.K. 2003. Policy, research, and adaptive management in avian conservation. The
Auk 120(1):212-217.

Williams, B.K. 2011a. Adaptive management of natural resources - framework and issues.
Journal of Environmental Management 92(5):1346-1353.

Williams, B.K. 2011b. Passive and active adaptive management: Approaches and an example.
Journal of Environmental Management 92(5):1371-1378.


http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.2011.02070.x/pdf
http://www.southbayrestoration.org/pdf_files/SBSP_EIR_Final/Appendix%20D%20Final%20AMP.pdf
http://www.southbayrestoration.org/pdf_files/SBSP_EIR_Final/Appendix%20D%20Final%20AMP.pdf
http://www.pnl.gov/main/publications/external/technical_reports/PNNL-13875.pdf
http://www.consecol.org/vol1/iss2/art1/

Williams, B.K., and F.A. Johnson. 1995. Adaptive management and the regulation of waterfowl
harvests. Wildlife Society Bulletin 23:430-436.

Williams, B.K., R.C. Szaro, and C.D. Shapiro. 2009. Adaptive Management: The U.S.
Department of the Interior Technical Guide. Adaptive Management Working Group, U.S.
Department of the Interior, Washington, DC. Available: http://www.doi.gov/ppa/Adaptive-
Management.cfm.

Williams, B.K., and E.D. Brown. 2012. Adaptive Management: The U.S. Department of the
Interior Applications Guide. Adaptive Management Working Group, U.S. Department of the
Interior, Washington, DC. Available: http://www.doi.gov/ppa/Adaptive-Management.cfm.



http://www.doi.gov/ppa/Adaptive-Management.cfm
http://www.doi.gov/ppa/Adaptive-Management.cfm
http://www.doi.gov/ppa/Adaptive-Management.cfm

