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This report was produced by a working group of the Ocean
Protection Council Science Advisory Team (OPC SAT) and Ocean
Science Trust on behalf of the Ocean Protection Council (OPC),
California Department of Fish and Wildlife (CDFW), and Fish and
Game Commission (FGC). The report provides scientific guidance
in support of decadal management reviews of California’s Marine
Protected Area (MPA) Network by the FGC. These decadal reviews
will examine the effectiveness of the MPA Network and Adaptive
Management Program at meeting the goals of the Marine Life
Protection Act (MLPA) and inform the adaptive management
process; the first such review is currently scheduled for December
2022. Ocean Science Trust served to convene and coordinate this
MPA Decadal Review Working Group (Working Group) throughout
the duration of its tenure, supporting collaboration and integration
with the MPA Monitoring Program and other experts and working
groups.
Building on the foundation set forth in California's MPA Monitoring
Action Plan (Action Plan), working in close collaboration with
researchers currently conducting long-term MPA monitoring, and
drawing on outside expertise when necessary, the Working Group
was tasked with translating the goals of the MLPA into scientifically
tractable questions and associated analytical approaches, and
taking a statewide, integrative approach. Specifically, the Working
Group was charged to:

□

Provide a list of quantitative, tractable scientific questions that can
reasonably be assessed at the 2022 management review and in future
decadal evaluations, informed by Appendix B of the Action Plan.

□

Provide scientific definitions of selected terms in the MLPA.

□

Provide methods for integrating baseline MPA monitoring, long-term
MPA monitoring, and other available data streams into informative
analytical products.

□

Provide appropriate approaches for answering network-wide
evaluation questions.

□

i
Identify significant gaps in our understanding of MPA performance in
California and recommend monitoring approaches to fill those gaps.

Working Group members were identified by soliciting nominations from the OPC SAT, OPC, CDFW,
and Ocean Science Trust, and determined in consultation with the OPC SAT Executive Committee.
Members have expertise in and cumulatively represent the following fields: marine protected area
science, marine ecology, population and community ecology, ecological modeling,
anthropology, marine resource management, fisheries science, oceanography, and climate
science. The working group was convened from November 2019 - May 2021 and conducted their
work via a series of remote meetings as well as an in-person workshop hosted by Ocean Science
Trust in February 2020.
As expertise from the MPA long term monitoring projects was also essential in answering the
charge of the Working Group, one Principal Investigator (PI) active in the MPA long-termmonitoring program served as a PI Liaison to the Working Group to ensure clear and effective
communication and knowledge-sharing between the Working Group and the long-term
monitoring PIs.
The development of this report took place during a time of uncertainty and turmoil with the effects
of climate change becoming ever more present in the form of destructive wildfires, and the
advent of the COVID-19 pandemic, which included major disruptions to almost all aspects of
ocean and coastal research, natural resource management and university operations, as well as
economic hardships for many Californians, including fishing communities and fleets. Moving
forward during this tumultuous time, the Working Group acknowledges the increasing importance
of managing for resilient ocean ecosystems and coastal communities to buffer against an
uncertain world
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THE DECADAL EVALUATION WORKING GROUP

The Decadal Evaluation Working Group (Working Group) was convened to provide scientific
guidance for monitoring and evaluation of California’s MPA Network in advance of the state’s
first decadal management review in 2022. The Working Group worked within the context of the
MLPA goals and the MPA Network evaluation questions from Appendix B of the MPA Monitoring
Action Plan (Action Plan: CDFW and CA OPC 2018) to define key terms, refine questions, suggest
analytical and integrative approaches, and identify data gaps. This report is intended to provide
a conceptual framework, common language, and suggested approaches to support the
California Department of Fish and Wildlife (CDFW) in evaluating and adaptively managing the
MPA Network in 2022 and beyond.

RECOMMENDATIONS FOR FILLING KEY INFORMATION GAPS

A principal contribution of the Working Group was to identify data needs and information gaps
for performing a robust evaluation of California’s MPA Network. The Working Group developed a
total of 20 recommendations including timeframe and priorities distributed across key topic areas.
The greatest number of these recommendations are aimed at improving monitoring and
evaluation of the human domain (5) and identifying the role of influencing factors including
climate and fisheries (5), followed by filling information gaps in data integration (3), network
performance (3), and addressing governance components (3). Each of these recommendations
includes one or more action items, providing 50 actionable approaches.

KEY FINDINGS

The science of MPAs and MPA evaluation are rapidly evolving fields in California and beyond.
Consistent with the wisdom of Indigenous societies worldwide, it is now well established in the
scientific literature that most successful MPAs are designed and managed with human as well as
ecological considerations, with benefits for both. Therefore, the Working Group adopted a socialecological systems (SES) framework (Figure 1) to describe key components and interconnections
of the Network, placing monitoring questions and evaluation efforts in a social-ecological context.
The SES framework identifies ecological, human, and governance components of the Network
(referred to as domains), functions, services, and outcomes that flow from these domains, and
factors that influence aspects of MPA and network performance (influencing factors). The six key
findings made in the context of this SES framework are included.

DEVELOPING TRACTABLE SCIENTIFIC QUESTIONS FOR EVALUATING CALIFORNIA’S
MPA NETWORK

The questions from Appendix B of the Action Plan serve as a starting point for evaluating the
performance of individual MPAs and the Network. The Working Group examined these questions
in the context of the SES framework and clarified more tractable sub questions to better identify
response variables and focus study hypotheses. In addition, the Working Group supplemented
these questions where necessary to fill information gaps and guide a more complete evaluation
of the MPA Network (see Appendices 1-3). Detailed considerations and approaches were
provided for each question to assist in development of study designs and data analyses.
Consideration should be given to incorporating the updated set of evaluation questions into the
Action Plan to present a roadmap for CDFW to use in assessing the performance of California’s
MPA Network in 2022 and to formulate plans for future evaluations.
v

THE SOCIO-ECOLOGICAL SYSTEM (SES) FRAMEWORK

Figure 1. A social-ecological system (SES) framework for understanding and evaluating California’s
MPA network. This framework identifies the three overarching domains of response to MPA
implementation: governance, human, and ecological domains and the elements that respond
within each (shown in orange, yellow and blue boxes, respectively). Numerous external factors
influence multiple elements in the ecological, human and governance domains and how they
respond to MPAs and can complicate MPA evaluations; these are represented as influencing
factors (shown in clouds behind the domains). Climate change is represented as a ubiquitous
influencing factor with impacts on all aspects of the SES. The components within the ecological
domain support a suite of ecological functions and ecosystem services with a variety of human
outcomes (shown in green boxes).
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1

Collectively, the MPA Network, ecological monitoring datasets, and
resulting ecological performance evaluation, are unique, and can
make an outsized contribution to global understanding of MPA networks
as tools for marine conservation.

The Network’s broad scale, biogeographic and cultural setting, and global rarity as an ecological
connectivity network make it well-positioned to inform the role of MPAs in assessment and
management of marine ecosystems in the face of climate change. Furthermore, California’s
investments in long-term monitoring and evaluation of the Network not only address many of the
goals and priorities described in the Ocean Protection Council’s Strategic Plan but also inform
conservation and management west-coast wide. Thus, California’s MPA Monitoring Program
provides value well beyond MPAs, informing fisheries management, improving understanding of
the consequences of climate change, the spread of invasive species, and the ecological
mechanisms of ecosystem resistance and resilience.

2

Influencing factors emerge as important considerations in monitoring
design, data analysis, and interpretation of monitoring results.

Differences in influencing factors among MPAs, including specific MPA attributes (size, location,
population connectivity, spatial configuration, level of protection) can cause differences in the
direction and rate of ecological responses among MPAs. Collecting information on influencing
factors at MPA-relevant scales and pairing this information with monitoring data are key to
interpreting and contextualizing MPA evaluations.
Climate change is the foremost influencing factor, potentially impacting all aspects of the
MPA system, but climate-induced extreme events and changes in ocean conditions were
not explicitly considered during MPA planning. Indeed, climate change must receive
primary attention in efforts to monitor and understand ecological, human, and
governance changes and to evaluate whether California’s MPA Network is achieving its
goals.
Because fishing can strongly influence ecological and human socio-economic responses
to MPAs, both current and historical fishing data must be obtained and analyzed at MPArelevant spatial scales to support MPA evaluations.
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3

A plan to address critical knowledge gaps in the human
domain must be developed, funded, and implemented.

Many of these knowledge gaps were identified by representatives of California’s Native American
Tribes during MPA planning, but efforts to obtain information have not received sufficient attention
in the Action Plan, MPA research, monitoring, and evaluation efforts to date. In addition to
specifying the relevant stakeholders, including rights holders, communities of interest and
communities of place, consideration should be given to understanding aspects of the human
system that are important for adaptive management of the MPA Network, such as: a) human
behavior, including fishing and other use, communication and engagement, and compliance; b)
economic, social, and cultural wellbeing outcomes and equity; c) stakeholder attitudes and
perceptions; and, d) changes in stakeholder knowledge. The Working Group presents a concise
set of new monitoring questions, to be further developed by a human dimensions advisory team,
that will guide deeper understanding of the human aspects of MPAs and how they are intertwined
with each other and linked to the overall social-ecological system.

4

Effective governance is key to the success of California’s
MPA
Network and includes coordination across multiple managing agencies
and jurisdictions, as well as adaptive management of the MPAs
themselves.

Much of the complexity of cross-jurisdictional coordination is beyond the scope of this report, but
three governance issues are especially significant and require continued attention. First,
California’s Native American Tribes have sovereign status and a long history of interaction with,
and management of the marine environment, and as such CDFW should continue to improve
engagement with Tribes in marine resource management, including MPAs. Second, fisheries and
MPA management are inextricably linked, therefore, understanding the relationship between
MPA and fisheries regulations, resource monitoring, and assessment is important in considering
efficiencies in both monitoring and evaluating MPA performance. Third, adaptive management
of the MPA Network will be based on outcomes of current and future evaluations, is strongly
dependent on the quality of the evaluation information available, including monitoring data and
evaluation questions, and requires understanding what constitutes meaningful change to
different aspects of the MPA Network social-ecological system and the subsequent setting of
achievement targets. Making these decisions in a robust framework that is informed by the
ecological, human, and governance dimensions of MPAs to allow evaluation of tradeoffs and
distribution of costs and benefits among stakeholders will be key to the long-term success of the
Network.

viii

5

Evaluating network function is the next frontier of California MPA
research.

The Network is unparalleled in its ability to advance network science given the extensive sciencebased process to plan the MPAs as an ecologically connected network. CDFW should continue
to support and invest in network studies to understand: a) if the Network generates benefits that
exceed the sum provided by its individual MPAs, b) how these benefits are affected by
connectivity between populations inside and outside MPAs, and c) how the Network affects
human behavior and management as compared to a collection of individual MPAs. Because
MPA connectivity can be very difficult to detect, modelling approaches provide the best means
for evaluating network functioning, but these should be paired with focused empirical research
for maximum impact.

6

Data integration is critical to fully evaluate the MPA Network and should
be pursued within and across the interconnected ecological, human,
and governance domains, as represented in the SES framework.

For example, within-domain integration includes understanding the roles of influencing factors
across multiple MPAs, ecosystems and regions to draw more generalizable conclusions about MPA
responses. Integration is also needed across domains to: a) link MPA protection with human
attitudes, perceptions, and activities; b) follow fishing-related impacts from ecological, to human,
to governance domains; and, c) identify ecosystem services and the distribution of human
outcomes associated with the Network.

ix

Photo: Pacheco

KEY RECOMMENDATIONS AND APPROACHES FOR MPA MONITORING AND EVALUATION

This table provides a list of key recommendations and suggested actionable approaches for developing a robust evaluation of California’s
MPAs and MPA Network. The timeframes and priorities for each approach are also presented based on the best professional judgment of the
working group. Approaches are characterized as either meriting consideration for the 2022 decadal review, or representing a long-term need
where implementation will most likely generate results applicable to future MPA evaluations. Recommended priorities (critical, high, medium)
for addressing each approach are also included. Approaches categorized as Decadal review/Critical should be viewed as essential for a
robust MPA evaluation and should be addressed in the decadal review if possible. Those categorized as Long-term/Critical should be initiated
as soon as practical so that results will be available to fill important data gaps in future evaluations. High priority approaches (both decadal
review and long-term) should be addressed, but not at the expense of approaches identified as critical. Medium priority approaches should
be addressed if time and resources allow.
RECOMMENDATION

SUGGESTED APPROACH

TIMEFRAME

PRIORITY

1a. Continue to incorporate influencing factors including climate change
parameters into ecological and human study designs, data analyses, and
interpretations of MPA performance (e.g., develop shared datasets of
environmental, design-specific, and anthropogenic conditions at MPAs and
reference sites throughout the Network to inform evaluation analyses).

Decadal
Review

Critical

Long-Term

High

3a. Continue to incorporate into ecological and human study designs, data
analyses, and interpretations of MPA performance the best available data to
estimate fishing effort and frequency in MPAs and reference sites pre- and
post-MPA implementation.

Decadal
Review

Critical

3b. Continue work to identify where existing data are inadequate and focus
efforts to improve fishing data in those areas (also see recommendations 13
and 19).

Long-Term

Critical

INFLUENCING FACTORS
1. Integrate influencing factors into
evaluation efforts

2a. Continue to sustain and expand California’s current array of coastal
2. Monitor climate and environmental
observing stations and data handling capacities to collect critical data on
parameters at scales that are useful for
spatial and temporal variation in natural ocean parameters at MPA-relevant
MPA management
scales, including those ocean parameters influenced by climate change.

3. Improve estimates of fishing effort
and other anthropogenic influences
such as visitation, pollution, and
infrastructure at MPA scales

x

3c. Use the best available data and continue to incorporate the frequency
and intensity of local anthropogenic influences (e.g., pollution,
sedimentation, trampling) into ecological and human study designs, data
analyses, and interpretations of MPA performance.

Decadal
Review &
Long-Term

High

3d. Improve the ability to characterize the frequency and intensity of local
anthropogenic pressures at a subset of MPAs and reference sites that are
likely to be influenced by these factors using in situ sensors, cameras, and
remote sensing technologies to provide long-term monitoring and inform
ecological forecasting or predictive modeling (e.g., predicting the
probability of effects from land-based activities).

Long-Term

High

4a. Continue to use updated habitat maps to reassess regional habitat
availability and habitat captured within MPAs and within the Network,
including how stressors may have altered habitat quality since MPA
implementation.

Decadal
Review

Critical

Decadal
Review

High

Long-Term

High

5a. Use the best available data and support new research to assess the
influence of social factors (e.g., value orientations, levels and types of
knowledge) on people’s responses to MPAs.

Decadal
Review &
Long-Term

Critical

5b. Use the best available data and support new research to assess the
influence of socio-economic and fisheries factors (e.g., the diversity of
alternative fishery targets or non-fishing employment opportunities in a
coastal community) on people’s responses to MPAs.

Decadal
Review &
Long-Term

High

5c. Use the best available data and support new research to assess the direct
and indirect effects of environmental factors, including climate change, on
human uses, attitudes, perceptions and aspects of wellbeing related to

Decadal
Review &
Long-Term

Medium

4. Use evaluations as an opportunity to 4b. Continue to determine differences in ecological responses (e.g., size and
learn more about the effectiveness of abundance of fished species) among MPAs that provide different levels of
protection to marine life through allowed take.
MPA design guidelines and different
MPA designs
4c. Use recent home range movement data and improved models of
relationships between MPA size and protective capacity along with empirical
data on the distribution, abundances, and size profiles of focal mobile
species to assess the efficacy of the science size guidelines used during MPA
implementation.

5. Improve understanding of the
factors that influence human
responses to MPAs

xi

MPAs.
ECOLOGICAL DOMAIN – MPA PERFORMANCE
6a. Continue to use the evaluation questions from the Action Plan as clarified
and extended in Appendix 1 to guide MPA evaluation efforts.

Decadal
Review

Critical

6b. Continue to maintain communication between CDFW and long-term
monitoring investigators to ensure that the evaluation questions presented in
this report are appropriately addressed as part of evaluation efforts.

Decadal
Review

Critical

6c. Continue to improve and extend evaluation questions and invest in long
term monitoring of the ecological domain to advance understanding of the
ecological aspects of MPA performance and linkages between these and
influencing factors, including climate change.

Decadal
Review

Critical

7a. Continue to evaluate existing human dimensions research against the
evaluation questions in this report (Appendix 2) to determine what the best
available data can and cannot inform.

Decadal
Review

Critical

7b. Convene a human dimensions advisory team of trained natural resource
7. Address human dimension questions social scientists across multiple disciplines including sociologists, social
and invest in improving understanding psychologists, economists, anthropologists, geographers, political scientists,
and legal scholars to update the Action Plan to include a more
the human dimensions of MPAs.
comprehensive approach to human dimensions research and monitoring,
considering the recommendations made in this report.

Long-Term

Critical

7c. Determine a process to identify, prioritize, and fund specific research
projects that will accomplish human dimensions research goals and
generate the necessary data for future MPA monitoring and evaluation.

Long-Term

High

8a. Consult with a human dimensions advisory team (7b) to determine the
best way to identify a broad spectrum of stakeholders and communities to
engage in monitoring and research as it relates to adaptive management of
MPAs and the MPA Network.

Long-Term

Critical

6. Continue to invest in understanding
the ecological dimensions of MPAs

HUMAN DOMAIN

8. Identify the best approaches to
consider the diversity of humans with
an interest in MPAs and MPA
management.
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9. Improve understanding of changes
in human behavior related to MPAs

9a. Use the best available data and support new monitoring efforts to
examine a diversity of human behaviors related to the MPA Network
including uses of MPAs and reference sites, compliance with MPA regulations,
and engagement and communication with CDFW's management program.

Decadal
Review &
Long-Term

10a. Continue to use the best available socio-economic data to assess the
impacts of MPAs on fishing and engage fishing communities in validating
these assessments and improving data collection, metrics, and analyses (also
see recommendation 13).

Decadal
Review

10b. Continue to use the best available data to conduct economic
assessments of the impacts of MPAs that go beyond the proximal impacts to
10. Improve understanding of how
the fishing community and include broader assessments of the economic
human wellbeing is affected by MPAs, health of coastal communities.
including economic, social, and
cultural wellbeing.
10c. Continue to use a fully participatory process to identify relevant

Decadal
Review

dimensions of social and cultural wellbeing and a set of valid
indicators/metrics that capture the outcomes of the MPA Network for
stakeholders and communities.
10d. Using appropriate frameworks, develop approaches for collecting data
and evaluating changes across multiple dimensions of human wellbeing with
input from social science experts.
11a. Continue to use the best available data and support new research to
determine the attitudes toward and perceptions of MPAs by different
stakeholder groups, and how and why they change over time.

11. Improve understanding of changes
in attitudes, perceptions, and
knowledge related to MPAs and how
11b. Continue to use the best available data and support new research to
these factors influence one another
determine knowledge of MPAs, expectations of MPA performance, and how
these factors influence behaviors, attitudes, and perceptions by different
stakeholder groups, and how and why these change over time.

Critical

Critical

High

Decadal
Review

High

Long-Term

High

Decadal
Review

High

Decadal
Review

High

Decadal
Review &
Long-Term

Critical

GOVERNANCE DOMAIN
12. Continue to identify opportunities
for meaningful engagement and
collaboration between Tribes and the

12a. Use the best available data and support additional collaborative
research to understand the impacts of MPAs on Tribal use of the coast and
ocean (including by assessing the effectiveness of current Tribal take
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state on MPA monitoring, evaluation,
exemptions) as well as the cultural and ecological benefits of Tribal
and adaptive management. The Tribes stewardship, and use these results in MPA evaluation efforts.
should be considered true partners
with the state in these efforts.
12b. Conduct listening sessions and other outreach as appropriate to identify
Tribal priorities for MPAs. Develop pathways for ensuring that these priorities
are elevated in MPA monitoring, evaluation, and adaptive management.

13. Advance integration of MPAs and
fisheries management

14. Work to establish a framework for
adaptive management decision-

Long-Term

High

12c. Continue the Tribal Marine Stewards Network pilot project and increase
efforts by including additional coastal Tribes throughout the state.

Decadal
Review &
Long-Term

Critical

12d. Explore ways in which Indigenous Traditional Knowledge (ITK) can be
captured and shared in a respectful, appropriate manner in collaboration
with the Tribe, community, or culturally knowledgeable people providing ITK.

Long-Term

High

13a. Use the best available qualitative and quantitative data and support
new research to examine changes in the distribution and magnitude of
fishing effort and yield inside and outside of MPAs.

Decadal
Review &
Long-Term

Critical

13b. Use the best available data and support new research to examine the
associated impacts of changes in fishing effort and yield inside and outside
MPAs on behavior and wellbeing for fishermen, fishing families, and fishing
communities.

Decadal
Review &
Long-Term

High

13c. Form a working group that includes fishermen and fisheries managers
focused on identifying ecological, social, and economic data integration
methods for data from fisheries management and MPAs (also see
recommendation 19).

Long-Term

High

13d. Where practicable, support MPA monitoring programs that can inform
MPA performance and evaluation as well as traditional fisheries
management for managed resources.

Long-Term

High

14a. Identify targets, trajectories, or reference points that indicate
achievement (or not) of MPA goals across domains

Long-Term

Critical

xiv

making that incorporates information
from the ecological, human, and
governance domains

14b. Develop a framework based in decision-science that facilitates
evaluation of tradeoffs among domains and distribution of wellbeing
outcomes (i.e., costs and benefits) among stakeholders.

Long-Term

High

15a. Continue to use modelling studies to evaluate the location and spacing
of MPAs in the Network and the degree to which propagule export from MPAs
can potentially connect MPAs and seed populations outside MPA
boundaries. Incorporate the best available data into MPA evaluations.

Decadal
Review

Critical

15b. Use the best available data to evaluate how connectivity influences the
structure, persistence, and resilience of communities within MPAs across the
Network. Examine whether monitoring studies are designed to generate
information that informs network models and that network models leverage
information generated by monitoring studies.

Decadal
Review

High

15c. Use network models to evaluate whether sufficient protected area exists
within the California MPA Network to protect against severe disturbance
events and provide the resilience needed to facilitate climate change
adaptation and deliver projected MPA-related conservation and fishery
benefits into the future.

Decadal
Review

High

15d. Continue to refine models by incorporating improved (e.g., higher
resolution) ocean circulation information and including parameters such as
larval mortality and behavior, juvenile and adult demography, and spatial
patterns of fishing mortality.

Long-Term

High

15e. Support empirical studies designed to validate connectivity model
predictions concentrating on ‘umbrella’, keystone, and foundation species
and species of commercial and recreational importance.

Long-Term

Medium

16. Improve understanding of the
ecological functions associated with
the MPA Network

16a. Continue to support monitoring studies to explore the diversity of ways
that individual MPAs and the Network can protect and enhance the
functioning of populations, communities and ecosystems.

Decadal
Review

Medium

17. Advance understanding of human
dimensions and governance aspects
of MPAs to determine if social and

17a. Support studies to identify synergistic human and governance effects
that accrue from an ecological functional network and differentiate these
from effects resulting from a collection of individual MPAs.

Long-Term

Medium

NETWORK PERFORMANCE

15. Use and improve network models
to understand the role of connectivity
in MPA and network performance

xv

governance benefits are greater than
the sum of benefits attained from
individual MPAs.
INTEGRATION

18. Support within-domain integration
of evaluation questions

19. Improve opportunities for
integration of fishing and ecological
data
20. Manage California’s MPA Network
as an integrated system consisting of
ecological, human, and governance
domains and recognize
interconnections between these
domains in evaluation and adaptive
management actions.

18a. Compare answers to evaluation questions across multiple ecosystems to
evaluate the generalizability of results and the conclusions based on those
results.

Decadal
Review

Critical

18b. Extend analyses across ecosystems for focal species dependent on
more than one ecosystem to determine the integrated effects of MPA
protection.

Decadal
Review

High

18c. Compare answers to many of the evaluation questions across multiple
human responses and stakeholders, such as communities of interest or place,
to evaluate the generalizability of results and the conclusions based on those
results.

Decadal
Review

High

19a. Invest in new programs (e.g., mobile digital data collection for fisheries,
spatially-explicit online surveys) to collect high spatial resolution data on
fishing effort appropriate for MPA evaluation.

Long-Term

Critical

20a. Incorporate analyses into the decadal review that integrate ecological,
human, and governance domains of the MPA Network.

Decadal
Review

Critical

20b. Support coordination and integration of monitoring efforts within and
across domains, including feasibility of long-term monitoring costs

Long-Term

Critical

20c. Improve communication, engagement, and reporting among
researchers, stakeholders and governing bodies to increase efficiencies and
inform adaptive management decision-making.

Long-Term

High
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INTRODUCTION

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

California’s Marine Life Protection Act (MLPA) became law in 1999 and was implemented
regionally from 2004 to 2012 through an inclusive public-private partnership that involved
stakeholders, science advisors, natural resource managers, and policy-makers (Gleason et al.
2013). The MLPA called for a scientifically designed network of MPAs, which when fully
implemented in 2012, included approximately 16% of state waters in 124 marine protected areas
(MPAs), 59 of which are fully protected no-take MPAs (~10% of state waters), distributed along
California’s more than 1,100-mile scientific studies that expand our understanding of MPAs and
MPA network functions and continue to push the science of MPAs and MPA management
forward.
The six goals articulated in the MLPA (Table 1, CA Fish and Game Code §2853(b)) guided MPA
design during the planning process and continue to serve as a foundation for monitoring and
evaluation efforts. Indeed, the MLPA explicitly addresses the importance of MPA monitoring and
evaluation to facilitate adaptive management (CA Fish and Game Code §§2853(c), 2856(a)).
During the planning process, the goals were translated by science advisors into simple and
tangible guidelines for MPA design including minimum and preferred MPA size, MPA shape,
inclusion of habitats, and spacing between patches of similar protected habitat (Saarman et al.
2013). Regional stakeholder groups used these guidelines to propose specific MPA configurations,
while striving to minimize short term impacts on human users and communities (Fox et al. 2013b).
Through an iterative process, the final MPAs in the Network were chosen from among these
stakeholder-designed MPA configurations.
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Table 1. Goals of the Marine Life Protection Act
To improve the design and management of that system, the commission, pursuant to Section
2859, shall adopt a Marine Life Protection Program, which shall have all of the following goals:
1. To protect the natural diversity and abundance of marine life, and the structure,
function, and integrity of marine ecosystems.
2. To help sustain, conserve, and protect marine life populations, including those of
economic value, and rebuild those that are depleted.
3. To improve recreational, educational, and study opportunities provided by marine
ecosystems that are subject to minimal human disturbance, and to manage these
uses in a manner consistent with protecting biodiversity.
4. To protect marine natural heritage, including protection of representative and unique
marine life habitats in California waters for their intrinsic value.
5. To ensure that California's MPAs have clearly defined objectives, effective
management measures, and adequate enforcement, and are based on sound
scientific guidelines.
6. To ensure that the state's MPAs are designed and managed, to the extent possible, as
a network.
Although stakeholders considered some tradeoffs between MPAs and fishing in MPA planning,
these and other human use considerations, such as traditional, cultural, and subsistence uses by
Tribes, were not explicitly articulated in the MLPA goals (Gleason et al. 2013). Consequently, as the
goals were translated into scientific questions about MPA performance, the human dimensions of
the Network received less attention than the ecological dimensions. As the numbers of MPAs have
increased globally, research suggests that the most ecologically successful MPAs are often those
that are socially successful, because they are designed and managed with consideration of
human dimensions (Christie et al. 2003, Pomeroy et al. 2004, Laffoley et al. 2008, Bennett and
Dearden 2014, Krueck et al. 2019). Thus, monitoring and evaluation that includes a focus on the
human elements of MPAs should be an increasingly high priority for MPA managers.
California’s current MPA Network encompasses tremendous physical, ecological, and human
diversity, extending from the U.S-Mexico border to the Oregon state line and from the mean high
tide line to three nautical miles offshore (including offshore islands but excluding San Francisco
Bay). California’s coastal waters are characterized by the natural complexity of ocean conditions,
which have strong regional as well as more localized effects on its diverse biota. For example, the
cold, southward flowing waters of the California Current have strong effects on ocean climate,
facilitating the upwelling of nutrient-rich water along the northern and central coast. At Point
Conception the California coastline changes orientation, and the Southern California Bight is
characterized by warmer waters and reduced upwelling as the California Current lies farther
offshore. The California Current is a major natural driver of biogeographic differences with a more
southerly, warmer-water biota characterizing coastal habitats south of Point Conception, which
transitions into a more northerly, colder-water biota towards the north (Caselle et al. 2015, Claisse
et al. 2018, Pondella et al. 2019). As a consequence of these distinctive oceanographic conditions
and species compositions, California’s coastline has been divided into three “ecoregions”. These
ecoregions include a southern California region from the U.S.-Mexico border to Point Conception,
a central California region from Point Conception to the mouth of San Francisco Bay, and a
northern California region from the mouth of San Francisco Bay, including the Farallon Islands, to
the Oregon border. In addition to these regional patterns, California waters also are exposed to
natural, temporal cycles in ocean conditions including El Niño events (e.g., Tegner and Dayton
1987, Chavez et al. 2002) and longer-term oceanographic processes driven by the Pacific
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Decadal Oscillation (Newman et al. 2016) and the North Pacific Gyre Oscillation (Parnell et al.
2010, Bell et al. 2020); these produce variable changes in regional ocean temperature and
nutrient concentrations over scales of years to decades with cascading effects on phytoplankton,
seaweeds, invertebrates, birds, and fish.
Beyond regional differences in oceanographic conditions and biota, the three ecoregions are
also differentiated by their coastal human communities: the southern California region is
characterized by expansive urbanized areas (e.g., San Diego, Orange, Los Angeles Counties),
central California by fewer and much smaller cities (e.g., Morro Bay, Monterey, Santa Cruz), and
northern California by even fewer and smaller coastal communities, with the exception of the San
Francisco Bay area. As such, these ecoregions differ markedly not only in their ecological
communities but also in the ways and extent to which humans interact with the coastal ocean
and MPA Network, including coastal fisheries and their cultural, social, and economic importance.
In addition, all three ecoregions are experiencing various manifestations of climate change,
including gradual increases in ocean temperatures and sea level, as well as episodic events such
as the warm-water “blob” of 2014-15 and El Niño of 2015-16 that collectively caused a marine
heatwave (MHW) with substantial impacts to northern California ecosystems. These environmental
changes are having strong influences on how marine species and humans interact with the
coastal ocean and the MPA Network. The naturally occurring oceanographic patterns and
effects of climate change on ocean conditions are fully described and discussed in the “Climate
Resilience and California’s Marine Protected Area Network” report and its Appendix A (Hofmann
et al. 2021).
Given the complexity of the setting for California’s MPA Network, effective monitoring is especially
critical for understanding the ecological and human dimensions of the system, and how they are
changing in the face of climate change. To inform the monitoring process CDFW generated the
MPA Monitoring Action Plan (CDFW and CA OPC 2018) in partnership with California’s Ocean
Protection Council (OPC). The Action Plan was intended to be a living document to guide MPA
monitoring and evaluation and includes as Appendix B a series of measurable questions and longterm monitoring indicators to guide cost-effective management and evaluation of the Network.
This report builds upon the Action Plan and associated questions and complements a companion
report on climate resilience and California’s MPA Network (Hofmann et al. 2021). Here, we address
the charge given our Working Group by using existing scientific knowledge about MPAs and
current best practices in MPA monitoring to 1) clarify and supplement the measurable questions
in the Action Plan, 2) define key terms in the MLPA, 3) suggest methods and approaches for
integrating data into analytical products, 4) discuss approaches for answering network-wide
evaluation questions, and 5) identify significant gaps in the data needed to evaluate MPA and
network performance. We accomplish these tasks by refining and updating Appendix B questions
based on the best available science and the data legacy of the MPA monitoring program. We
contextualize this report around a social-ecological system (SES) framework, which identifies three
major domains (ecological, human, and governance) for monitoring and managing California’s
MPA Network, emphasizes their interactions, and indicates the relevance and importance of
climate change and other factors that influence MPA performance and evaluation. In addition,
we make recommendations and offer approaches for undertaking current and future evaluations
of the MPA Network while stressing the importance of integrating data within and across domains,
and integrative thinking.
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THE APPROACH

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

To approach our charge as laid out in the front matter of this report, we (the Working Group)
began by examining the MLPA goals and the existing MPA evaluation questions from Appendix B
of the Action Plan (CDFW and CA OPC 2018).
To assess the MPA Network’s performance, we must share a common understanding of the six
MLPA goals (Table 1). Toward that end, we identified terms in the MLPA goals that required
clarification, and developed definitions based on consideration of scientific literature, the Action
Plan, and other work by CDFW on the topic. To ensure common understanding, a list of these
terms and their definitions are included in the Glossary at the end of this report along with terms
from the Appendix B evaluation questions and this report.
To complete our charge to provide tractable scientific questions, approaches, and integration
methods and contribute to the 2022 decadal review, we reviewed Appendix B of the Action Plan
in the context of the SES framework and supplement the evaluation questions in the following
ways: 1) we identify which questions are already being answered by ongoing monitoring
programs, and which are not; 2) we suggest tractable sub questions that elucidate assessment
approaches and shared this work with current monitoring principal investigators (PIs); and 3) we
suggest potential data sources, new monitoring tools, and approaches for analyses and
integration for any unaddressed questions. This process of question review revealed gaps in the
existing questions, which were filled with additional scientific questions to better inform evaluation
of the MPA Network. Refinements and extensions of the evaluation questions are provided in
Appendices 1-3 of this report with the goal of clarifying response variables, hypotheses, and
approaches for long-term monitoring PIs and others pursuing answers to these questions. In
addition, we offer suggestions for filling important information gaps in the context of the SES
framework to achieve a more holistic and integrated picture of MPA and network performance.
Lastly, we provide recommendations and associated actionable approaches for future California
MPA monitoring and evaluation efforts, prioritized by the timeframe within which they can be
implemented.
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APPROACHING CALIFORNIA’S MPA NETWORK EVALUATION USING A

SOCIO-ECOLOGICAL SYSTEMS FRAMEWORK

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Because most ecologically successful MPAs are also socially successful having been designed
and managed with human as well as ecological considerations (Laffoley et al. 2008, Ban et al.
2013, Bennett and Dearden 2014, Christie et al. 2017, Krueck et al. 2019), we have framed this
report in the context of an integrated social-ecological system. The SES framework (Figure 1)
describes and highlights key system components, including their linkages, and facilitates
discussion of the data needs for evaluating, understanding, and managing California’s MPA
Network. In addition, the framework acknowledges the need to consider a suite of ‘influencing
factors’ expected to affect MPA and network performance that require attention during the
design of monitoring programs as well as the analysis and interpretation of monitoring data.
The SES framework identifies three domains that comprise the MPA Network: ecological, human,
and governance. These domains represent interconnected components of the system and
support and deliver ecological functions, ecosystem services, and outcomes for humans (positive,
negative, or neutral) as consequences of the MPA Network. Linkages exist among these
components and their elements, within the same domain and across domains, as well as with
external factors that influence their responses. These influencing factors (Table 2) can alter the
ecological, social, and economic variables used to evaluate MPA performance, including how
and when MPAs respond following establishment, and can help explain why responses might differ
among MPAs.
As represented in the SES framework, climate change has a particularly strong influence on
California’s coastal waters and is affecting patterns and processes in all three domains;
understanding the influence of climate change on the ecological, human, and governance
domains is critical to interpreting the results of monitoring studies and evaluating progress of
California’s MPAs towards achieving their goals.
Additional influencing factors are placed in the framework based on their primary domain of
influence. For example, habitat factors will primarily influence MPA performance within the
ecological domain, while knowledge is likely to influence attitudes, perceptions, and behaviors
within the human domain as well as compliance within the governance domain. Fishing, both
past and present, is likely to influence responses and outcomes in both the human and ecological
domains. In addition, not all influencing factors are separate from the system or domain. For
example, outreach and education influence knowledge which in turn influences attitudes and
perceptions. Therefore, some factors are both response variables and influencing factors.
The SES framework has played an important role in structuring the thinking behind this report. By
considering how the goals of the MLPA and the existing questions from Action Plan Appendix B fit
into the SES framework, data gaps and the need for additional questions became apparent. For
example, existing human-centric Appendix B questions focus mostly on behavior for a small subset
of stakeholders with no questions about the role of knowledge or other factors that influence
behavior. Appendix B questions within the ecological domain were more targeted and
comprehensive, but gaps in the area of ecological functions, especially drivers of population and
community change and persistence and larval production and export were revealed, and the
importance of influencing factors in assessing MPA network performance highlighted. The SES also
emphasizes the importance of linkages between domains and integrative thinking to inform
management by improving understanding of the socio-ecological functioning of the MPA
Network.
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Figure 1. A social-ecological system (SES) framework for understanding and evaluating California’s
MPA Network. This framework identifies the three overarching domains of response to MPA
implementation: governance, human, and ecological domains and the elements that respond
within each (shown in orange, yellow and blue boxes, respectively). Numerous external factors
influence multiple elements in the ecological, human and governance domains and how they
respond to MPAs and can complicate MPA evaluations; these are represented as influencing
factors (shown in clouds behind the domains). Climate change is represented as a ubiquitous
influencing factor with impacts on all aspects of the SES. The components within the ecological
domain support a suite of ecological functions and ecosystem services with a variety of human
outcomes (shown in green boxes).

INFLUENCING FACTORS

Multiple factors affect California’s coastal environments and, therefore, are expected to influence
responses within ecological, human and governance domains described in the SES framework
(Figure 1). A working list of these factors is provided in Table 2 with short explanations of their
importance in understanding MPA performance.

CLIMATE CHANGE

Foremost among these factors is climate change. Ocean conditions have changed and continue
to change over large spatial and temporally variable scales along the California coast since the
implementation of the California MPA Network. Although natural variations in environmental
conditions and the ability to accommodate localized major disturbances received consideration
during the design phase, attention was not given to large-scale, anthropogenically-driven
changes in ocean conditions. The effects of changing climate on California’s coastal oceans,
and its biota are more fully addressed in (Hofmann et al. 2021; see Box 1).
Climate change affects all aspects of the social-ecological system and is likely to increase in
prominence in the coming decades. For example, as species’ ranges shift with ocean warming,
there will be consequences for commercial and recreational fisheries and how those stakeholders
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interact with MPAs. Climate change can also influence human relationships with MPAs directly.
For example, sea level rise may alter access points leading to changes in patterns of human use
surrounding MPAs. In addition, terrestrial consequences of climate change, such as water
shortages and extreme wildfires, may alter human population distributions with consequences for
coastal communities. Climate change may also engender anxiety among stakeholders and thus
influence attitudes toward MPAs and other conservation strategies if they are perceived as
mitigation tools (O’Connor et al. 1999, Roberts et al. 2017, Peterson St-Laurent et al. 2018) and lead
to or exacerbate negative attitudes if MPAs are perceived as limiting adaptive capacity for
stakeholders or communities dependent on resource extraction.

OTHER INFLUENCING FACTORS
THE ECOLOGICAL DOMAIN

California’s MPAs are not a homogeneous group; they differ widely in factors known to affect their
ecological performance (Table 2). Such factors include historical and on-going anthropogenic
activities, MPA configuration, and regulatory features that mostly act at the MPA scale. Of
particular importance is fishing because the main management action of the MLPA was to
protect key habitats from direct and indirect effects of fishing in spatially-explicit areas of the
California coast (see Box 2). Multiple studies have identified additional ecological impacts from
consumptive (besides fishing, e.g., souvenir collecting) and non-consumptive (e.g., trampling of
intertidal organisms) anthropogenic activities, point and nonpoint source discharges, oceanlocated infrastructure, and other forms of human influence (Micheli et al. 2016, Mach et al. 2017).
Geographic location, MPA size and dimensions, habitat quantity and quality (including depth
range), connections with sources of larvae/propagules, and the level of protection provided are
also factors known to affect MPA ecological expectations and outcomes.

THE HUMAN DOMAIN

Besides factors that influence the effects of MPAs on ecological resources, the SES framework
(Figure 1) also identifies some of the most prominent factors that are likely to influence human
responses to MPAs; however, this list is not exhaustive and in many cases the same factor (e.g.,
geographic location) influences both ecological and human domains. Besides climate change,
influencing factors that affect the human dimension include:
1) Social factors such as knowledge, attitudes, and stakeholder engagement:
Remote and proximate factors that include economic, governance, cultural, and
social aspects must be considered to understand human responses and their
interacting effects, and to inform adaptive management. Many of these social
factors are measurable human responses to the implementation of MPAs and act
as influencing factors on other responses. For example, a stakeholder’s knowledge
of MPAs as a marine conservation tool may be a direct result of outreach efforts
by CDFW, and thus a human response to MPA governance. Furthermore, the level
of knowledge of MPAs as a marine conservation tool, however obtained, may
affect attitudes, perceptions, and/or behaviors, thus acting as an influencing
factor. These influencing factors are also highly interrelated and must be
disentangled to fully understand how humans are responding to MPAs. Values, for
example, can affect attitudes and perceptions of MPAs and can even affect a
stakeholder’s openness to new knowledge (De Jong et al. 2006). Aligning MPA
goals with social and cultural values, along with transparency in identifying
outcomes can also influence perspectives on MPAs (Chaigneau and Brown 2016).
Stakeholder engagement with management processes requires some initial
knowledge, usually results in enhanced knowledge of MPAs, and has been shown
in some cases to be correlated with more positive attitudes toward and greater
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acceptance of MPAs (Lucrezi et al. 2019, Mason et al. 2020). We define
engagement as a meaningful dialogue between stakeholders and MPA
managers, whereas communication is simply delivery of information, and can be
accomplished through passive or unidirectional formats (e.g., signage, press
releases, videos).
2) Socio-economic and fisheries-related factors:
Historic patterns of fishing can influence the impact of MPA placement with
ramifications for both stakeholder attitudes and populations of fished species and
ecological communities. This is an important consideration as we evaluate
changes over time for both responses. Similarly, the interactions between current
fisheries management and MPAs can affect both human and ecological
responses such as stakeholder attitudes, and the ecological outcomes of MPAs.
Additional factors, including public shoreline access, may influence human
behaviors and perceptions, while also influencing the ecological system through
take, trampling, and congestion. Enforcement activities (ranging from the
presence of wildlife officers, to educational contact, to citations and penalties) are
likely to influence human behaviors and compliance with MPA regulations, which
can, in turn influence the ability of MPAs to protect ecological communities (Cinner
et al. 2018).

THE GOVERNANCE DOMAIN

Like the ecological and human domains, elements of the governance domain also are subject to
influencing factors and some factors that affect the ecological and human domains also affect
the governance domain. For example, the context of institutions, specific laws, history, culture,
access to resources or power, and climate change may all affect governance. The MPA
Network’s success and failures may also be affected by such aspects of governance as leadership
and enforcement of fisheries regulations (Walmsley and White 2003, Christie et al. 2009, Cinner et
al. 2016).
The influence of conflict and compromise are reflected in the governance of valued places. For
example, governance of marine space within the West Coast’s Exclusive Economic Zone is
affected by the often uncoordinated policies and regulations set by myriad agencies from local
to federal. In addition, traditional Indigenous governance and management has yet to be fully
explored and incorporated. The demand for use of California’s marine space is ever growing.
Governance is complicated by the state and country’s appetite for natural resources, including
energy (e.g., wind farms), sand and gravel, fish and shellfish (wild and farm-raised), and recreation.
Governance is also influenced by the values of those designing policy, who are influenced by
their own culture and that of their leaders and followers, as well as economic and other interests.
Gruby et al. (2016) note the influence of groups “(e.g., NGOs, philanthropic organizations, the
private sector, foreign states, national governments, political elites, local people)” as well as
“underlying interests (e.g., conservation, fisheries, geopolitics, sovereignty)” on the creation and
governance of MPAs.

ROLE OF INFLUENCING FACTORS IN STUDY DESIGNS, ANALYSES, AND
INTERPRETATIONS

Because of their importance in determining ecological and human responses, evaluations of
MPAs and answers to Appendix B questions may depend on these influencing factors. Therefore,
understanding their effects is important for designing monitoring studies and interpreting
monitoring results. For example, differences in MPA attributes (size, location, population
connectivity, spatial configuration, level of protection) can cause differences in the direction and
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rate of ecological responses among MPAs. Geographic differences in species composition and
their life history traits will likely influence rates and magnitudes of ecological responses. Similarly,
fishing levels at MPA sites prior to their establishment and outside of MPAs after their establishment
can determine the magnitude, rate, and type of ecological and socio-economic responses.
Therefore, these influencing factors must be taken into account and treated as treatment levels
(e.g., levels of protection, geographic regions) or covariates (e.g., historic and ongoing fishing
pressure, MPA size) in undertaking analyses of performance of MPAs and the MPA Network.
Climate change, including events such as the 2014 to 2016 marine heat wave (MHW) had
extraordinary ecological impacts and severely damaged many of the ecological attributes
targeted for protection in several MPAs. For example, the MHW-associated loss of bull kelp
(Nereocystis luetkeana) along the north coast has essentially eliminated many of the kelp forest
communities designated for MPA protection (Rogers-Bennett and Catton 2019, Beas‐Luna et al.
2020, McPherson et al. 2021). So, despite the ability to control for ocean climate change by
constructing study designs that match environmental conditions in MPAs and unprotected
reference sites, climate change can significantly impact the ability of MPAs to achieve specific
protection goals. Recognition of these impacts is crucial to the interpretation of evaluation studies
and subsequent management actions.
In contrast, influencing factors that operate more on a local scale can not only generate
variability among metrics collected from MPA and unprotected site replicates but confound
analyses when these factors differ inside and outside of MPA boundaries. The following Action
Plan Appendix B question can be used to exemplify this study and analytical issue: “Do focal and
or protected species inside of MPAs differ in size, numbers, and biomass relative to reference sites?”
As indicated, the trajectories of these ecological response variables as well as social response
variables in MPAs and reference sites can be affected by geography, MPA size and configuration,
habitat features, degree of connectivity, past (and, if applicable, current) fishing pressure, level
of protection, and other factors.
Clearly, given the diversity of MPA characteristics, simple answers to Appendix B questions will be
difficult to obtain. Study designs and analytical approaches must lead to careful interpretations
and appropriately account for influencing factors in detecting the effects of protection—an
essential first step for evaluating whether or not MPAs have achieved their goals. In addition,
important influencing factors should be assessed and their effects on MPA outcomes determined.
Understanding changes in ecological and human dimensions will depend on knowledge of
climate driven changes in ocean conditions, so it will be critically important to monitor ocean
parameters (e.g., sea temperature, pH, oxygen content) influenced by climate change at MPArelevant scales. It will also be essential to continue the monitoring of ecological and human
populations and communities to link changes with climate-driven changes in ocean conditions.
The key biological constituents of vulnerable ecosystems also will need to be studied to determine
changes in species distributions and abundances and impacts of sea level rise on important
functional processes such as predator-prey interactions and productivity. In cases where severe
and large-scale changes in ocean conditions resulting from climate change have occurred, MPA
goals and management actions might need to be reconsidered because such changes cannot
be controlled by state MPA managers.
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Recommendations and Approaches:
1.
1a.

2.
2a.

3.
3a.

3b.
3c.

3d.

Integrate influencing factors into evaluation efforts

Continue to incorporate influencing factors including climate change parameters
into ecological and human study designs, data analyses, and interpretations of
MPA performance (e.g., develop shared datasets of environmental, designspecific, and anthropogenic conditions at MPAs and reference sites throughout
the Network to inform evaluation analyses).

Monitor climate and environmental parameters at scales that are
useful for MPA management
Continue to sustain and expand California’s current array of coastal observing
stations and data handling capacities to collect critical data on spatial and
temporal variation in natural ocean parameters at MPA-relevant scales, including
those ocean parameters influenced by climate change.

Improve estimates of fishing effort and other anthropogenic
influences such as visitation, pollution, and infrastructure at MPA
scales

Continue to incorporate into ecological and human study designs, data analyses,
and interpretations of MPA performance the best available data to estimate
fishing effort and frequency at MPAs and reference sites pre- and post-MPA
implementation.
Continue work to identify where existing data are inadequate and focus efforts to
improve fishing data in those areas (also see recommendations 13 and 19).
Use the best available data and continue to incorporate the frequency and
intensity of local anthropogenic influences (e.g., pollution, sedimentation,
trampling) into ecological and human study designs, data analyses, and
interpretations of MPA performance.
Improve the ability to characterize the frequency and intensity of local
anthropogenic pressures at a subset of MPAs and reference sites that are likely to
be influenced by these factors using in situ sensors, cameras, and remote sensing
technologies to provide long-term monitoring data and inform ecological
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4.
4a.
4b.
4c.

5.
5a.
5b.

5c.

forecasting or predictive modeling (e.g., predicting the probability of effects from
land-based activities).

Use evaluations as an opportunity to learn more about the
effectiveness of MPA design guidelines and different MPA designs

Continue to use updated habitat maps to reassess regional habitat availability and
habitat captured within MPAs and within the Network including how stressors may
have altered habitat quality since MPA implementation.
Continue to determine differences in ecological responses (e.g., size and
abundance of fished species) among MPAs that provide different levels of
protection to marine life through allowed take.
Use recent home range movement data and improved models of relationships
between MPA size and protective capacity along with empirical data on the
distribution, abundances, and size profiles of focal mobile species to assess the
efficacy of the science size guidelines used during MPA implementation.

Improve understanding of the factors that influence human responses
to MPAs

Use the best available data and support new research to assess the influence of
social factors (e.g., value orientations, levels and types of knowledge) on people’s
responses to MPAs.
Use the best available data and support new research to assess the influence of
socio-economic and fisheries factors (e.g., the diversity of alternative fishery targets
or non-fishing employment opportunities in a coastal community) on people’s
responses to MPAs.
Use the best available data and support new research to assess the direct and
indirect effects of environmental factors, including climate change, on human uses,
attitudes, perceptions, and aspects of wellbeing related to MPAs.

Photo: Sandra Fogg
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Sidebar 1. Climate change

As changing ocean conditions along the California Current can have extraordinary impacts and
affect many of the ecological attributes targeted for protection in several MPAs, below we briefly
discuss a few key climate stressors. The effects of changing climate on California’s coastal
oceans, specifically as they relate to MPAs in California, is more fully addressed in (Hofmann et
al. 2021)

Ocean warming and Marine Heat Waves

California’s ocean temperatures are increasing. Records taken at the Scripps Institution of
Oceanography show 0.12 °C warming per decade in southern California waters from 1917 to
2017 (Fumo et al. 2020). In addition, severe warming events, referred to as marine heat waves
sensu Hobday et al. (2016), have increased in duration and frequency (Oliver et al. 2018) and
are projected to continue to increase as a result of anthropogenic climate change (Laufkötter
et al. 2020). The ecological effects of MHWs can be especially far-reaching (e.g., Wernberg et
al. 2016), particularly if they impact foundational or keystone species that have a profound
impact on the structure of ecological communities such as the bull kelp (Nereocystis luetkeana)
in Northern California (Rogers-Bennett and Catton 2019). Additionally, warming ocean
temperatures have been implicated in increasing frequencies of harmful algal blooms (HABS)
(Griffith and Gobler 2020), poleward migration of species distributions (Helmuth et al. 2006,
Sanford et al. 2019), increases in the successful invasion of non-native species (Sorte et al. 2010),
and may potentially increase incidences of marine diseases (Raimondi et al. 2002, Eisenlord et
al. 2016, Miner et al. 2018, Harvell et al. 2019, Lonhart et al. 2019, Gravem et al. 2020).

Ocean Acidification and Hypoxia

California’s coastal waters also are experiencing climate-related increases in ocean
acidification and decreases in dissolved oxygen. Changes in dissolved oxygen are being driven
by a complex interplay between physical and biological drivers and are affecting coastal
marine ecosystems (Keller et al. 2010, 2015, Somero et al. 2016), by, for example, causing mortality
of animals that cannot move into more oxygenated waters (Grantham et al. 2004, Chan et al.
2008). Increasing atmospheric carbon dioxide concentration is causing changes in ocean
chemistry and is of concern because the U.S. west coast is naturally characterized by some of
the most acidic coastal waters in the world which, therefore, are vulnerable to additional
anthropogenically-driven acidification (Gruber et al. 2012, Chan et al. 2017, 2019). Changes in
carbonate chemistry resulting from ocean acidification can impact shell-producing species
including their early life stages (Byrne et al. 2011), affect larval fish mortality, metabolism and
behavior, possibly alter predator-prey interactions (Munday et al. 2009, 2010, Cripps et al. 2011,
Kroeker et al. 2013, Watson et al. 2017) and significantly affect the populations and communities
that MPAs are designed to protect (Klinger et al. 2017).
Sea Level Rise
Sea level along the California coast south of Cape Mendocino has risen 10 to 20 cm during the
20th century and is accelerating under all working greenhouse gas emission scenarios with
predicted increases of at least 30 cm by 2050 (Sievanen et al. 2018). Sea level rise will impact
coastal ecosystems, for example habitats bounded landward by cliffs or anthropogenic
structures (Schaefer et al. 2020), by limiting the space available to intertidal organisms, a
phenomenon known as ‘coastal squeeze’ (Pontee 2013). Besides rocky intertidal and sandy
beach ecosystems, declines are predicted in salt marsh areas and the ecosystem services they
provide (Park et al. 1993, Craft et al. 2009).
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Sidebar 2. MPA Fishing Pressure and Impacts of Species’ Life Histories

Theoretical modeling studies (White et al. 2011, 2013b) and studies based on monitoring data
(Nickols et al. 2019, Jaco and Steele 2020) illustrate that the amount of fishing an MPA
experienced prior to MPA implementation determines the magnitude and timescale of the
response of targeted species to MPA implementation. If an area was not historically fished, there
will likely not be an increase in the size or abundance of targeted species after MPA
implementation. Thus, the evaluation question should not be simply, “is there a response to MPA
implementation?” but “should there be a response to MPA implementation?” and if so, “how
large and fast of a change is expected (Kaplan et al. 2019)?” Some CDFW data (i.e., fish ticket,
block summary data, trawl logbooks and Commercial Passenger Fishing Vessel logbook data)
on fishing effort are available and have been used to evaluate spatial-temporal development
of selected California fisheries (Miller et al. 2014, 2017) and to assess fishing pressure prior to MPA
implementation for select MPAs (Jaco and Steele 2020). However, these data are not available
for all species of interest, and on a spatial scale appropriate for evaluating the magnitude of
historical fishing pressure in individual MPAs. Modeling frameworks show promise for estimating
pre-MPA fishing effort (White et al. 2016, Nickols et al. 2019), but are limited to species with a
robust amount of monitoring data. However, a combination of knowledge of access to MPA
areas, monitoring data, and available CDFW data could provide a reasonable estimate of preMPA fishing mortality rates.
Fishing effort post-MPA implementation can also influence the ecosystem responses to MPAs.
When fishing ceases, effort is often spatially redistributed and increased effort can occur outside
MPA boundaries, for example at reference sites (Murawski et al. 2005). However, many factors
are involved in fisher decisions and not all users respond the same way (Cabral et al. 2017).
Changes in fishing regulations outside of MPAs could also change fishing pressure. In addition, it
is possible that poaching occurs within MPAs and that MPA implementation does not effectively
remove fishing pressure (Paddack and Estes 2000). Recently, the COVID-19 pandemic has led to
changing patterns of take, including increased take in intertidal areas. Regardless of the cause,
changes in fishing effort post-MPA implementation can impact responses of fished species both
outside and inside MPAs. As with historical fishing impacts, necessary data to analyze fishing effort
post-MPA implementation are mostly lacking (but see Guenther et al. 2015). Modeling efforts
using size-structure monitoring data have been used to detect poaching in the Channel Islands
MPAs (White et al. 2020) and show promise for some species.
It is well established that species with different life history traits will respond differently to MPA
implementation. Not only does fishing reduce overall population abundance, but also truncates
the size and age structure of fished populations. When fishing pressure is removed, the size/age
structure is expected to recover to that of an unfished population. The magnitude and timing of
recovery will depend on reproductive rates. Long-lived, slow growing, late maturing species will
take longer to recover than species that grow and reproduce faster (Starr et al. 2015). In addition,
dispersal strategies and home range size are important life history factors to consider when
evaluating responses of species to MPA implementation. Species with low dispersal rates and
small home range sizes are expected to show a larger response to MPA implementation than
species with higher dispersal rates and large home range sizes (White et al. 2011).
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Table 2. Selected factors that influence ecological, human, and governance responses to MPAs.
FACTOR
Climate
Change

Pre- and Post
MPA Fishing
Pressure and
Impacts of
Species’ Life
Histories

BRIEF DESCRIPTION
Climate change, driven by greenhouse gas emissions, is changing ocean conditions.
MPA ecological resources and the human interactions related to MPAs will be
impacted by changes in ocean temperature (both mean and extreme events such
as MHWs), ocean chemistry (leading to ocean acidification), hypoxia and sea level.
Climate change will also impact the behaviors, knowledge, attitudes and
perceptions of stakeholders with respect to natural resources (see Box 1).

Besides its ecological effects, climate change also affects all aspects of the human
and governance domains, and its effects are likely to increase in prominence in the
coming decades. There are multiple ways in which climate change will affect
human interactions with California’s MPA Network; some may be related to MPA
protection (e.g., mitigation of climate change effects through resistance and
resilience).
The amount of fishing an MPA experienced pre-MPA implementation dictates the
magnitude and timescale of the response. Historic fishing also influences stakeholder
attitudes during MPA design, and may continue to influence stakeholder behaviors,
attitudes and perceptions of MPAs now and into the future. Fishing effort post-MPA
implementation can also influence the responses of ecosystems to MPA
implementation. When fishing effort ceases, effort is often spatially redistributed and
increased effort can occur outside MPA boundaries, for example at reference sites.
Post-MPA implementation, poaching within MPAs, and changes to fishing pressure
outside MPAs can impact species responses and human behaviors, attitudes,
perceptions, and engagement. When fishing pressure is removed via MPA
implementation, the size/age structure of previously fished species is expected to
recover to that of unfished population. The magnitude and timing of recovery will
depend on reproductive rates for some species, and recruitment rates for others. For
species with limited dispersal of young, long-lived, slow growing, late maturing
species will take longer to recover than species that grow and reproduce faster. For
species with long distance dispersal of young, rates of population response are tied
to the recruitment of young produced elsewhere. In addition, species with low
dispersal rates and small home range sizes are expected to show a larger response
to MPA implementation than species with higher dispersal rates and large home
range sizes (see Box 2).

SELECTED REFERENCES
Hofmann et al. 2021;
Ocean Warming: Cornwall
2019, Rogers-Bennett and
Catton 2019, Laufkötter et al.
2020;
Ocean Acidification and
Hypoxia: Byrne et al. 2011,
Gruber et al. 2012, Kroeker et
al. 2013, Somero et al. 2016,
Klinger et al. 2017, Chan et al.
2017, 2019;
Sea Level Rise: Griggs et al.
2017, Sievanen et al. 2018.
Pre-MPA Impacts: White et al.
2011, 2013a, 2016, Kaplan et
al. 2019, Nickols et al. 2019,
Jaco and Steele 2020;
Post-MPA Impacts: Paddack
and Estes 2000, Murawski et
al. 2005, Cabral et al. 2017,
White et al. 2020;
Life history effects:
White et al. 2011, Starr et al.
2015, Kaplan et al. 2019.
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Geographic
Location

Connectivity

Regional and local differences in environmental conditions influence both
ecological and human responses in the Network. MPAs are located in three
ecoregions characterized by their oceanographic conditions. In addition, other
environmental factors (e.g., wave exposure regimes, localized upwelling frequency
and intensity, shore circulation patterns, geomorphology, and proximity to
freshwater inputs) differ spatially. Conditions also vary over time with changes due
to the El Niño Southern Oscillation, Pacific Decadal Oscillation, and North Pacific
Gyre Oscillation. There are also numerous environmental and anthropogenic factors
that operate at more local spatial scales. Some sites are easily accessible, whereas
others are located in remote, difficult-to-access areas. These MPA features have
ecological effects and affect human activities and use patterns. For example, the
southern California ecoregion supports a dense human population, and its coastal
habitats are strongly influenced by anthropogenic factors compared with the
northern California region, which is characterized by smaller population densities
and significantly less urbanization. Rough ocean conditions and few ports, boat
ramps, and other entry points in northern California have dramatic impacts on how
stakeholders interact with MPA ecological resources. Many of these MPAs are
difficult or even dangerous to access many days of the year and activities such as
diving, kayaking, and surfing can be challenging. In contrast, the relatively tranquil
ocean conditions and multiple access points in southern California lend themselves
to a variety of ocean-based activities and make most MPAs comparatively
accessible.
Population persistence within an MPA and the level of larval/propagule connectivity
with other MPAs and unprotected areas will influence both ecological and human
responses and affect ecosystem services and human outcomes. Persistence is
affected by local recruitment and connections to other areas that supply
reproductive propagules. For many species, persistence will require inputs of
propagules from other MPAs, and also unprotected sources. Connectivity depends
on the life history of different species, their biomass, and patterns of ocean
circulation. During MLPA planning, science guidelines provided recommendations
on minimal and optimal distances between patches of like habitat protected in
MPAs to create a network. These guidelines were largely based on a literature survey
of genetic information, observations of distances traveled by propagules, and the
geographic spread of invasive species. New models and empirical methods are
under development that should greatly increase the ability to not only determine
whether MPA connectivity exists in the California Network but also identify which
areas might serve as recruitment sources or sinks.

Regional and Local Variation:
Blanchette et al. 2008, Caselle
et al. 2015, Claisse et al. 2018,
Pondella et al. 2019;
El Nino, Pacific Decadal
Oscillation, and North Pacific
Gyre Oscillation: Tegner and
Dayton 1987, Chavez et al.
2002, Parnell et al. 2010,
Newman et al. 2016, Bell et al.
2020;
Anthropogenic Impacts:
Raffaelli and Hawkins 1999,
Micheli et al. 2016, Mach et
al. 2017.

Kinlan and Gaines 2003,
Hastings and Botsford 2006,
Jones et al. 2007, Gaines et al.
2007, 2010, Moffitt et al. 2011,
White et al. 2021.
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MPA Size and
Dimensions

Habitat
Diversity,
Quantity, and
Quality

MPA
Protection
Level

The size and dimensions of an MPA influences its ability to deliver conservation and
fishery benefits. The total amount of habitat within an MPA will vary with its size and
configuration, which also affects spillover of adults and juveniles into nearby fished
areas (in smaller MPAs with a greater perimeter to area ratio) vs. retention and
protection of adults and juveniles throughout their lifetime (in larger MPAs with
smaller perimeter to area ratios). The size and configuration of an MPA will influence
human and ecological responses and affect ecosystem services and human
outcomes. During the planning process, scientific guidelines on minimum and
optimal MPA sizes were provided based on the home range movements of the
largely residential mobile species most likely to benefit from MPA protection. Since
the Network was created, more research has been done on the home range
movements of mobile species and better models of the relationships between MPA
size and protective capacity, and spillover potential are now available.
MPAs that contain a wide range of habitat types and depths will protect a greater
variety of species and facilitate ecological connectivity among habitats. The
quantity and quality of a habitat type will affect the abundances, diversity, and
ability of species to sustain their populations in the event of a major disturbance.
During MLPA implementation, the diversity and quantity of habitats contained within
each proposed MPA were quantified using the best available technology and
habitat maps were made available to the stakeholder groups developing plans for
the MPA Network; however, much of the shallower water habitat (< 10m depth)
remained unmapped due to technological issues. Recently, a statewide effort has
been undertaken to compile the best available mapping data and use it to estimate
habitat areas in the unmapped nearshore zone through interpolation. Updated and
expanded habitat maps resulting from this effort are now available to CDFW and
monitoring PIs to inform MPA evaluations.
MPAs in the California Network should differ in their ecological and human
responses, ecosystem services, and human outcomes depending on the level of
protection they provide to marine life within their boundaries. The Network was
created as a combination of fully protected no-take MPAs and partially protected
areas that allow some form of extraction. Partially protected areas are thought to
balance conservation with socio-economic benefits, whereas in no-take MPAs the
attainment of conservation goals is generally thought to conflict with fishery benefits.
Literature syntheses have revealed that although highly variable, the conservation
outcomes of partially protected areas are generally greater than areas open to
extraction but significantly less than achieved by no-take MPAs.

Halpern 2003, Claudet et al.
2008, McLeod et al. 2009,
Gaines et al. 2010, Moffitt et
al. 2011.

Carr et al. 2017, Alsterberg et
al. 2017, Lacharité and Brown
2019, Hopkins et al. 2020.

Lester and Halpern 2008,
Salomon et al. 2011, Sciberras
et al. 2013, 2015, Giakoumi et
al. 2017, Sala and Giakoumi
2018, Zupan et al. 2018.
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Social Factors

Socioeconomic
and Fisheries
Factors

Global
Pandemic

Governance
Factors

Education, knowledge, attitudes and perceptions, values, and stakeholder
engagement are social factors that influence human responses to MPAs. Many of
these human responses act as influencing factors on other responses. For example,
a stakeholder’s knowledge of MPAs may be formed externally or internally (e.g.,
result of MPA outreach activities and thus a human response to the MPAs). Values
can affect attitudes and perceptions of MPAs and openness to new knowledge.
Aligning MPA goals with social and cultural values, and transparency in identifying
outcomes can also affect human responses to MPAs.
The context of regional and local economies, historic patterns of fishing and other
uses, access to MPAs and fishing grounds, fisheries management, and enforcement
of MPA regulations are also factors that influence human responses to MPAs. In areas
with robust and diverse economies, fisheries may better adapt to the changes in
fishing patterns associated with MPAs or changes in fisheries management and thus
result in more positive perceptions of MPAs. Availability of tourism infrastructure and
the distribution of financial, human, physical, and social capital also affects human
responses to MPAs, as well as the distribution of benefits and costs related to MPAs.
In many cases, both human and ecological responses to MPAs are influenced by
the same factor. For example, historic patterns of fishing can influence the impact
of MPA placement and ecological responses with ramifications for stakeholder
attitudes and fished species as well as interactions between fisheries.
The COVID-19 pandemic has been an unexpected influencing factor, changing
human behavior related to the MPA Network. Notably, patterns of fishing have
changed with increases in the number and diversity of participants in intertidal
shellfish collection, and changed markets for commercial fish because of diminished
demand by restaurants and increased demand for direct-sales to consumers by
community supported fisheries or other direct marketing. COVID-19 has also
negatively impacted the level of monitoring conducted to evaluate MPA
performance. Future global pandemics are likely to have similarly dramatic and
unexpected impacts on human behavior.
MPA governance is affected by the entire suite of factors that influence ecological
and human responses to MPAs because governance actions take into account
these responses. The context of institutions, specific laws and regulations, traditional
rights holders, history, and culture, are all factors that influence governance.

David 2002, Christie et al.
2003, Pomeroy et al. 2004,
Symes and Phillipson 2009,
Charles and Wilson 2009,
Voyer et al. 2012, McNeill et
al. 2018, Gollan and Barclay
2020.
Bunce et al. 2000, Salz and
Loomis 2004, 2005, Liu et al.
2012, Arias et al. 2015, Davis et
al. 2019, Schadeberg et al.
2021.

Liu et al. 2012, Hathaway
2020, Hill 2020, Sahagun 2020,
Stoll et al. 2020.

Jentoft et al. 2007, Mascia et
al. 2010, Cormier-Salem and
Mainguy 2014, Di Franco et al.
2020, Gollan and Barclay
2020.
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THE ECOLOGICAL DOMAIN

The ecological domain has been a dominant focus of the MLPA since its inception, which is
reflected in the language of the MLPA goals (Table 1), four of which include ecological objectives
(1, 2, 4, and 6) that involve organismal, population, community, and ecosystem responses to MPA
establishment. This emphasis on the ecological domain is reflected in the science guidelines from
the MPA planning phase, the funded long-term monitoring programs, and the focus of many of
the evaluation questions from Appendix B of the Action Plan. This ongoing investment in
ecological monitoring and evaluation in combination with the Network’s geographic scale and
the range of human and environmental conditions it spans, poise California to make an outsized
contribution to global understanding of MPAs and MPA networks as tools for marine conservation.
Beyond contributions to MPA science, the Network and its studies provide added value by
addressing many of the goals and priorities described in CDFW’s Master Plan for MPAs and OPC’s
Strategic Plan while informing conservation and management policies west coast-wide (see Box
3).
Ecological monitoring and evaluation of the Network can make important contributions to MPA
science by 1) documenting the responses of organisms and populations to individual MPAs and
adding these findings to the growing body of global MPA literature; 2) evaluating the more
complex and less well understood community and ecosystem consequences of MPAs; 3)
advancing knowledge of how MPA responses are mediated by influencing factors, especially
climate change; 4) identifying how populations and communities respond to an ecologically
connected MPA network; and 5) providing an opportunity to understand the interdependence
of MPAs and fisheries management and the need to integrate data and develop synergistic
management procedures. Of these contributions, the first two are addressed within this ecological
domain section, but the latter three are addressed in the influencing factors, network, and
governance sections, respectively.
The evaluation questions in Appendix B of the Action Plan were organized by their relationship to
the MLPA goals and related performance objectives. Whereas this linkage of evaluation questions
to goals is valuable, these questions can also be viewed through the SES framework, which helps
to reveal commonalities, emergent questions, and gaps. We therefore structure our examination
of the ecologically-based questions in the context of the SES framework, by separating the
performance of individual MPAs from network performance (discussed in the network section)
and considering population responses, separately from the responses of ecosystems and the
communities associated with them.
Our approach to addressing these questions is threefold: (i) We first considered whether each
question provides sufficient specificity to formulate hypotheses testable with monitoring data and,
if questions would benefit by greater clarification and specificity, we suggest potential refinements
and identified tractable subquestions. Importantly, this process involved direct collaboration with
investigators currently conducting monitoring to simultaneously facilitate their thinking and
development of data analysis procedures. (ii) We considered whether the evaluation would
benefit from supplemental questions, which often function as extensions of existing questions. (iii)
Upon examination, it becomes clear that many of these questions will benefit greatly by
integrating their evaluation across ecosystems. We identify such questions and also address the
importance of integration in the summary section of this report titled “The importance of
integrative thinking”. Ultimately, each of these three objectives as well as the interpretation of the
results of the monitoring studies will benefit further from and require the species and ecosystem
level expertise of the PI’s conducting these studies.
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Refinement of Action Plan Appendix B questions frequently required two objectives: greater
specificity of the response variable being evaluated, and greater specificity of the predicted
response. Below, we present three examples of both forms of refinement for population,
community, and ecosystem-level MPA performance. We also use these examples to illustrate
additional questions, which often extend the existing questions, and when questions would benefit
by integrating the answers across the ecosystems evaluated. Note that we do not add questions
that take into account the many influencing factors identified in the “Influencing factors” section.
As for these examples, analyses that account for these influencing factors, such as conducting
separate analyses for each of the geographic regions or for MPAs of similar level of protection,
apply to the majority of Appendix B questions. For the full set of additional questions that the
Working Group identified for these examples and the other Appendix B questions, see Appendix
1 of this report.

MPA PERFORMANCE

MPA performance in the ecological domain is evaluated by examining the ecological response
to MPA implementation. Within the ecological domain, these responses can be divided into two
groups, those that occur at the individual MPA level, and those responses that are dependent on
a connected network of MPAs. MPA and network performance are inextricably linked because
network responses are dependent on the functioning of the individual MPAs that make up that
Network, but considering MPA and network performance separately provides some clarity. Here
we focus on questions that evaluate the performance of individual MPAs to build a firm foundation
for addressing network performance in subsequent sections of the report.

POPULATION RESPONSES

MPAs, and particularly no-take reserves, have been shown globally to increase the size, density,
and biomass of fished species within their boundaries as compared to reference sites (Lester et al.
2009). These basic expectations of MPA performance were considered during MPA planning and
are amply reflected in the evaluation questions from Appendix B of the Action Plan, including
Questions 1, 4, 6(i), 7, 9(i), 11(i) 20, 23, and 32 where (i) indicates questions that require integration
across domains. Here, we use Question 1 to provide an in-depth example and rationale for the
clarification of a question into tractable sub questions and associated emergent questions:
1. [Original] Do focal and/or protected species inside of MPAs differ in size, numbers, and
biomass relative to reference sites?
The inside-outside comparative approach is a well-established design used in MPA performance
studies, but it requires that such comparisons be made over time to determine how MPAs and
reference sites change relative to one another. Moreover, it should be clear that the predicted
response of populations to MPA protection is that differences in size, number, and overall biomass
of individuals between MPAs and reference areas are predicted to increase. However, the
magnitude and time scale of response to MPA implementation depends on both the amount of
fishing that occurred prior to MPA implementation and levels of fishing outside MPAs after
establishment (White et al. 2013a, Nickols et al. 2019, Jaco and Steele 2020). It needs to be
recognized that if fishing intensity increases outside MPA boundaries, the likelihood for differences
in population metrics increases with exclusively inside-outside comparisons of fished species (see
Caselle et al. 2015).
We also consider the necessity to make the response variable associated with this question more
explicit. First, it is important to note that because of sampling differences, each of these metrics
(size, number, biomass) must be addressed as separate questions and hypotheses, and require
further refinement. For example, “size” pertains to the body size of individuals in a population (e.g.,
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mean, median, or size distribution). Similarly, the more relevant measure of the number of
individuals is their density (number of individuals per unit area) or in cases such as most
macroalgae and colonial invertebrates where the number of individuals cannot be quantified,
the percent cover of occupied substratum. Biomass is an important metric that combines both
density and size but is more destructive and costly to obtain. Further refinement also leads to more
explicit questions such as, “Does the difference in density (or cover, size, or biomass) of a focal
and/or protected species between MPAs and reference areas increase over time?” It is also
important to clarify that “focal” and “protected” species are explicitly identified in the Action Plan
as priorities for the state, but that investigators funded to conduct these analyses should identify
additional focal species relevant to each ecosystem.
Question 1 also provides an example of several emergent questions. For example, an overall
objective of an MPA is for protected populations to increase larval production that can replenish
populations inside and outside the MPA, including other MPAs. For many species, individual size,
number, and biomass can be used in conjunction with size-fecundity relationships to estimate the
larval production of a population. Thus, an emergent question is “Does the difference between
MPAs and reference areas in larval production of a focal and/or protected species increase over
time?” Another perceived benefit of MPAs for populations is an increase in genetic diversity, by
reducing the potential impacts of fishing mortality on selected members of the population
(Fernández‐Chacón et al. 2020). Thus, another emergent question is “Does the difference
between MPAs and reference areas in genetic diversity of a focal and/or protected species
increase over time?” In addition to increases in individual size, age is a very important population
metric, necessitating the question “Does the difference between MPAs and reference areas in
the age structure of populations of a focal and/or protected species increase over time?” Like
our example with density, the size and age of individuals in a population can be characterized in
multiple ways (e.g., mean, median, size, or age distribution), with the chosen metric leading to
different specific hypotheses. In addition, some metrics such as biomass can be compared not
only for an individual population but also for an aggregation of species, “Does the difference
between MPAs and reference areas in overall biomass of focal and/or protected species increase
over time?” Because we would predict that this response would be greater for fished versus
unfished species, we could also ask “Does the difference between MPAs and reference areas in
overall biomass of fished species increase over time relative to species that are not fished?” Thus,
refinements and extensions of Question 1 include:
1. [Original] Do focal and/or protected species inside of MPAs differ in size, numbers, and
biomass relative to reference sites?
1a.
Does the difference between MPAs and reference sites in the size of individuals of a
focal and/or protected species increase over time?
1b.
Does the difference between MPAs and reference sites in density (or proportionate
cover) of a focal and/or protected species increase over time?
1c.
Does the difference between MPAs and reference sites in biomass of a focal and/or
protected species increase over time?
1d.
[Extension] Does the difference between MPAs and reference sites in larval production
of a focal and/or protected species increase over time?
1e.
[Extension] Does the difference between MPAs and reference sites in genetic diversity
of a focal and/or protected species increase over time?
1f.
[Extension] Does the difference between MPAs and reference sites in the size and age
structure of populations of a focal and/or protected species increase over time?
1g.
[Extension] Does the difference between MPAs and reference sites in overall biomass
of focal and/or protected species increase over time?
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1h.

[Extension] Does the difference between MPAs and reference sites in overall biomass
of fished species increase over time relative to species that are not fished?

In addition, most of these questions provide greater insight into how populations and species are
responding to MPAs if they are addressed across multiple ecosystems. For example, Question 4
asks “Do the abundance, size/age structure, and/or diversity of predator and prey species differ
inside MPAs or outside areas of comparable habitat?” This question focuses either on the response
of both focal and non-focal predators to changes in the abundance of focal (i.e., fished) prey
species, or the response of both focal and non-focal prey species to changes in the abundance
of focal (i.e., fished) predators. The importance of this question is not specific to any particular
ecosystem, but instead is relevant to all ecosystems in which predator or prey species are subject
to fishing mortality. A more insightful and robust answer requires integrating the answer to this
question across all ecosystems. With integration across ecosystems, we can evaluate how
common observed responses are and for what types of predators and prey species (e.g., what
trophic levels) the predicted responses are detected.

COMMUNITY AND ECOSYSTEM RESPONSES

The more complex responses of communities and ecosystems to MPAs are globally less well
documented than population responses, but expectations are that by protecting the elements of
the ecosystems, MPAs will support greater biodiversity than reference sites (Lester et al. 2009),
larger species populations with larger individuals (Baskett and Barnett 2015) and by extension
increase resistance and resilience to disturbances, species invasions, and other perturbations
(Hamilton and Caselle 2015, and others cited in Carr et al. 2017, Caselle et al. 2018, Eisaguirre et
al. 2020). Several questions in Appendix B (Questions 2, 3, 5, 21, 22, and 24) focus on community
and ecosystem-level responses to the establishment of an MPA. Some of these questions also
need more specificity for developing testable hypotheses and informing the design and metrics
used in assessment. Here, we use Question 2 as an example to provide a rationale for the
refinement of a question and the development of associated emergent questions. Question 2 asks
“Does functional diversity differ in MPAs relative to reference sites?” Addressing this question
requires clarification of what is meant by “functional diversity”, which involves at least two distinct
levels of response, both within and among functional groups. A species’ function(s) characterizes
how it influences other species, and in doing so, how it influences the structure and functioning of
communities and ecosystems. Species that share similar functions are categorized in the same
functional group. The criteria for defining a functional group is variable, but for invertebrates, fishes
and other animals the most common are based on diet, feeding method, and mobility (e.g.,
mobile detritivores). In contrast, macrophyte (macroalgae and sea grasses) functional groups
have historically been categorized on the basis of form-function relationships. This is because
macrophytes of different forms (e.g., expansive and finely dissected blades, filaments, crusts)
demonstrate different productivities and susceptibility to herbivory (Littler and Littler 1980, Steneck
and Dethier 1994) and also harbor different assemblages of invertebrates. Importantly, increased
diversity both within and among functional groups is thought to enhance the resilience of
communities and ecosystems and their functioning (e.g., overall primary and secondary
productivity). By reducing the size of fished populations, fishing might either increase or decrease
species diversity within a functional group or the relative abundances or diversity of functional
groups depending on the ecological role of the fished species. Hence, the general prediction of
MPA performance is that the difference between MPAs and reference areas in species diversity
within a functional group or the relative abundances or diversity of functional groups will increase
over time, but how these parameters change will be specific to the abundance and ecological
role of the fished species.
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2. [Original] Does functional diversity differ in MPAs relative to reference sites?
2a.
Does the difference between MPAs and reference sites in species diversity within any
given functional group increase over time?
2b.
Does the difference between MPAs and reference sites in the diversity of functional
groups increase over time?
As with most of the ecological questions, the answer to this question is more robust and insightful
when compared across ecosystems. Such comparisons can determine whether functional groups
exhibit similar differences between MPAs and reference areas over time and, if so, which
functional groups and metrics are best used to describe and interpret such MPA-related changes.
Question 3 provides another example of question refinement; “Do MPAs that include multiple
habitat types harbor higher species abundance or more diverse communities than those that
encompass a single habitat type or less diverse habitat?” This question includes the confusing term
“species abundance”, which could be interpreted as either the abundance of any given species,
or as the number (abundance) of species, which is more commonly thought of as species richness.
To clarify the intent of the question, the Working Group reached out to CDFW staff involved in
drafting the original question for insight. This revealed that the intent with the term “species
abundance” was to ask about the abundance of any given species, with a focus on species that
might benefit from an ecotone or interface between two habitats. This led to the clarification, “Is
there a positive relationship between the density (cover or biomass) of any given focal species
and habitat diversity across MPAs of similar protection levels?”
The second part of the question, which revolves around “diverse communities” can also benefit
from clarification, since there are two distinct scales for this ecological response and its assessment.
The first involves recognition that particular species inhabit particular habitats, and an increase in
the number of habitats within an MPA should increase the number of protected species. The
protection of biodiversity is a central goal of the MLPA and why the Network incorporated habitat
representation as a key design criterion. To answer this question and test the hypothesis that
species diversity increases with habitat diversity within an MPA involves testing for a positive
relationship between species diversity and habitat diversity across MPAs of similar protection levels.
The second important role of habitat diversity recognizes that species can use multiple habitats
over their lifetime and benefit in many ways from the presence of multiple habitat types they can
access. Here the question pertains to how species diversity within a particular habitat (e.g., deep
rocky reef, kelp forest) is related to the diversity of habitats within an MPA. Testing this hypothesis
involves sampling across MPAs of similar protection level to determine if the species diversity within
a particular habitat increases with the number of habitats in those MPAs. Thus, Question 3 can be
further clarified and posed as three testable hypotheses as follows.
3. [Original] Do MPAs that include multiple habitat types harbor higher species abundance or
more diverse communities than those that encompass a single habitat type or less diverse
habitat types?
3a.
Is there a positive relationship between the density (cover or biomass) of any given
focal species and habitat diversity across MPAs of similar protection levels?
3b.
Is there a positive relationship between species diversity and habitat diversity across
MPAs of similar protection levels?
3b.
Is there a positive relationship between species diversity within a habitat/ecosystem
and habitat diversity across MPAs of similar protection levels?
Like many of the ecological questions, a more robust and insightful answer will involve
comparisons across multiple ecosystems (i.e., sandy beach, rocky intertidal, kelp forest, etc.) to
determine their general applicability to MPA protection.
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Recommendations and Approaches:
6.
6a.
6b.
6c.

Continue to invest in understanding the ecological dimensions of
MPAs.

Continue to use the evaluation questions from the Action Plan as clarified and
extended in Appendix 1 of this report to guide MPA evaluation efforts.
Maintain communication between CDFW and long-term monitoring investigators
to ensure that the evaluation questions presented in this report are appropriately
addressed as part of evaluation efforts.
Continue to improve and extend evaluation questions and invest in long term
monitoring of the ecological domain to advance understanding of the ecological
aspects of MPA performance and linkages between these and influencing factors,
including climate change.

Sidebar 3: MPAs and Performance Evaluation Studies Provide Added Values

California’s investment in both the MLPA Network and its monitoring and evaluation program is
also being realized by their contributions to informing management and conservation policies
beyond evaluating MPA performance. Examples include:

Climate Change - MPA monitoring studies in the rocky intertidal and kelp forest ecosystems
have quantified ecological responses to both gradual trends in ocean warming and the 20142016 marine heatwave. The broad geographic scope of these surveys has revealed latitudinal
shifts in species ranges and community composition, and how these responses vary along the
entire state (e.g., Beas‐Luna et al. 2020). Monitoring in the rocky intertidal, on sandy beaches,
and in estuaries have identified ecosystem responses to sea level rise.
Invasive Species - MPA monitoring studies have identified the patterns and rates of spread of
invasive species (e.g., invasive algae) in the rocky intertidal and kelp forest ecosystems along
the California coast.
Status of Species of Concern - MPA monitoring in the rocky intertidal has contributed to

tracking the status of black abalone, Haliotis cracherodii, populations along the state.
Monitoring in both the rocky intertidal and kelp forests has quantified the continued loss of
Pycnopodia, informing the recent proposal to list this species with the IUCN. Monitoring on sandy
beaches has quantified the distribution and abundance of the Western Snowy Plover.
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Sidebar 3 (Continued)
Disease - MPA monitoring throughout the state identified the pattern and rate of spread of the

Sea Star Wasting Disease in both the rocky intertidal and kelp forest ecosystems. The community
characterizations by these surveys documented the community-level impacts of the loss of the
ochre star, Pisaster ochraceus, in the rocky intertidal and the giant sunstar, Pycnopodia
helianthoides, in kelp forests.

Fisheries - MPA monitoring in the surf zone, kelp forests, on deeper rocky reefs and through
collaborative fisheries research have informed fisheries management in a variety of ways. They
have contributed to the stock assessments of a number of finfish and invertebrates (e.g., the red
abalone recreational fishery), produced life history data to inform fisheries models, and deeper
rocky reef surveys identify the impacts of fishing gear. Monitoring data have also informed
CDFW’s Enhanced Status Reports of commercial and recreational species.

Human Dimensions - Focus groups with commercial fishermen are revealing how challenging

MPAs can be for the industry, but also suggest the importance of outreach and education
targeting fishermen to update them on what benefits are being derived from the MPA Network.
They also offer ideas about the importance of fishing to coastal communities and how local and
state governments can better support fishermen.

Ecological Processes - Through time, surveys of rocky intertidal and kelp forest ecosystems

that differ in their community structure inside and outside of MPAs have revealed the ecological
mechanisms that facilitate ecological resilience (e.g., rates of larval recruitment and
replenishment, diversity of important functional groups).

Informing Other Regulatory Agencies - MPA monitoring provides data that inform
management decisions by other state and federal management agencies, including the
evaluation of Areas of Biological Significance; oil spill and coastal erosion impact evaluation in
the rocky intertidal and sandy beaches; the success of environmental mitigation programs;
monitoring in estuaries has assisted California State Parks in establishing their Estuary
Management Initiative and informed the California Coastal Commission of bar-built estuary
mouth breaching impacts and guidance. Monitoring data also provide information addressing
ocean-related goals and priorities described in OPC’s Strategic Plan.
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THE HUMAN DOMAIN

While a few aspects of the human domain are addressed in the MLPA goals and MPA Monitoring
Action Plan, there has been comparatively little focus on the human domain in MPA monitoring
and evaluation to date. Two of the MLPA goals (Goal 2 and 3) point towards understanding
information about consumptive and non-consumptive human use. The Action Plan does identify
a number of key performance measures and metrics to understand aspects of the human domain
and inform network evaluation, some of which are included in baseline and long-term monitoring
projects (e.g., MPA Watch, which uses volunteers to monitor both consumptive and nonconsumptive human use of coastal resources in MPAs; EcoTrust studies of commercial fishermen
behaviors and attitudes), and Appendix D of the Action Plan discusses some approaches for
monitoring human dimensions. However, while this is a good start, there are many ways that
humans affect and are affected by MPAs, and a more rigorous, evidence-based approach
informed by an SES framework will improve monitoring for MPA Network evaluation over the longterm.
Reviewing the Appendix B questions in the context of the SES framework reveals the limitations of
the existing questions to elucidate the breadth and depth of the human relationship with
California’s MPA Network. While human ecology and related social science has long been a
subject of research, its application to analyses of MPA has evolved relatively recently. The field of
SES research began to generate substantial publications in the mid 2000s (Colding and Barthel
2019), and the importance of viewing MPA effectiveness and management through an SES lens
began appearing in the literature after the implementation of California’s MPA Network (Ban et
al. 2013, Picone et al. 2020). However, Indigenous worldviews have incorporated a more holistic
social-ecological perspective into managing ecosystems for millennia (Berkes 2008, 2012, Simpson
2014, Tiakiwai et al. 2017, Diggon et al. 2020), providing further emphasis on the importance of
incorporating Tribes into aspects of governance and monitoring for MPA Network evaluation.
Viewing the human dimensions of California’s MPAs through an updated SES framework
generates numerous new questions, which can be addressed by a more integrated research and
monitoring program, informed by multiple ways of knowing and “two-eyed seeing” (Alexander et
al. 2019, Reid et al. 2021).
The MLPA goals most explicitly address ecological responses to MPAs, although several of the
goals involve some human dimensions (e.g., fisheries, recreation, education, and research).
During the MPA planning process, input on aspects of the human dimensions of MPAs was elicited
through public participation, especially through the creation of regional stakeholder groups
(RSGs), that played an important role in MPA planning. As distinct from the more generic term
stakeholder used elsewhere in this report to refer to anyone with an interest in MPAs, RSGs
engaged in MPA planning were made up of individuals officially appointed by the MLPA Initiative
and carefully chosen to represent a variety of consumptive (e.g., commercial and recreational
fishers) and non-consumptive interests (e.g., whale watchers, birders, conservation NGOs), as well
as governance representatives (e.g., California Native American Tribes, state and federal
management agencies). Indeed, the MLPA planning process was one of the most stakeholderinvolved processes in the history of California’s environmental policy implementation, and yet it
fell short of expectations by some for inclusivity, consultation with Tribes, and consideration of
human outcomes. From 2004 to 2012, the RSGs used science-based MPA design guidelines
derived from the MLPA’s ecological goals to propose specific MPA configurations, while striving
to minimize negative impacts on human users and communities (Fox et al. 2013b). Through an
iterative and transparent public process, the final MPAs in the Network were adopted from among
these stakeholder-designed MPAs by the California Fish and Game Commission. It is important to
note, however, that while the public participation process is important, it does not substitute for
human dimensions research.
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The RSGs explicitly considered tradeoffs among stakeholders’ objectives (e.g., consumptive vs
non-consumptive use) in MPA design, but these considerations are not articulated in the MLPA
goals (Gleason et al. 2013) and only the fisheries-related economic trade offs were formally
evaluated (White et al. 2013b). Consequently, much of the human dimensions knowledge
amassed during MPA planning has not been carried into the present evaluation phase.
Furthermore, studies of public hearings elsewhere suggest that, “Extensive involvement is not
synonymous with meaningful public input” (Gregory 2000).
The human dimensions literature suggests that public hearings and processed-based stakeholder
engagement should be supplemented with research that is focused on diverse stakeholders and
combines qualitative and quantitative methods to effectively evaluate the human dimensions of
MPAs (Barclay et al. 2017). In many instances, human dimensions data hold critical information to
explain why particular changes are occurring. Cinner et al. (2009) highlight the critical importance
of human dimensions for both the design and performance of MPAs, and other studies show
compliance with MPA regulations appears to be related to complex social interactions rather
than simply enforcement (Pollnac et al. 2010). This in turn has critical implications for how
monitoring and evaluation programs are designed to inform the adaptive management of MPAs.
Christie, et al. (2003) offer a succinct essay on the complexity and importance of measuring MPA
success by considering both biological (e.g., biodiversity) and social success (e.g., equity and
wellbeing). Evaluating whether MPAs are meeting social goals needs specific metrics and
associated targets to be defined and operationalized in context of the social-ecological
framework presented here, requiring a rigorous social science research and monitoring program.

Recommendations and Approaches:
7.
7a.
7b.

7c.

Address human dimension questions and invest in improving
understanding the human dimensions of MPAs.

Continue to evaluate existing human dimensions research against the evaluation
questions in this report (Appendix 2) to determine what the best available data
can and cannot inform.
Convene a human dimensions advisory team of trained natural resource social
scientists across multiple disciplines including sociologists, social psychologists,
economists, anthropologists, geographers, political scientists, and legal scholars to
update the Action Plan to include a more comprehensive approach to human
dimensions research and monitoring, considering the recommendations made in
this report.
Determine a process to identify, prioritize, and fund specific research projects that
will accomplish human dimensions research goals and generate the necessary
data for future MPA monitoring and evaluation.
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THE HUMAN DIMENSIONS OF MPA PERFORMANCE

Our integrated socio-economic approach to evaluating the human dimensions of MPA and MPA
Network performance has three components: 1) the relevant human stakeholders including rights
holders, communities of interest and communities of place that act within the system; 2) the
responses of these stakeholders to MPA management actions and the marine environment; and
3) the factors that influence human responses vis a vis MPAs. Human responses include changes
in behavior such as fishing and other use, communication, engagement (i.e., dialogue between
stakeholders and managers) and compliance with MPA regulations. Additional responses that are
important to consider are changes in wellbeing, including economic, social, and cultural aspects,
perceptions, attitudes, and knowledge. They are tightly linked to both the governance and
ecological domains as well as ecosystem services and the distribution of outcomes and equity
(Figure 1). With respect to influencing factors, the actions and interactions of the MPA socialecological system occur in the context of factors that influence aspects of the three domains.
These outside factors, including aspects of the larger social, cultural, and economic contexts that
arise at local, regional, and global scales, such as local and regional economies or educational
opportunities, are important to consider when evaluating the responses in the human domain. We
describe and provide input on each of these dimensions in the following sections.
Specifying stakeholders, communities of interest, and communities of place: One key step in
evaluation and adaptive management of the MPA Network is to clearly specify the relevant
stakeholders, including rights holders, communities of interest and communities of place that
affect or are affected by MPAs. While the MLPA planning process engaged a suite of stakeholders
in the design and initial implementation of the Network of MPAs in California (Klein et al. 2008,
Gleason et al. 2010, Fox et al. 2013a, Sayce et al. 2013), the diverse set of actors was not
comprehensive, and their charge was to design the MPA Network, not to inform ongoing
evaluation of MPA effectiveness. Thus, in considering the list of humans that are relevant to MPA
performance in a social-ecological context, we must look beyond those stakeholders that
engaged in MPA planning and develop programs to assess the interactions between humans and
MPAs more broadly. Throughout this section, we will use the term stakeholders for consistency with
the literature, but define it to refer broadly to anyone with any interest in MPAs, which, since MPAs
are a public trust resource, includes any member of the public within the state of California.
A major challenge in specifying stakeholder groups is that stakeholders are not homogeneous,
even within particular categories or geographic locations. For example, the commercial fishing
industry is characterized by diverse people, vessel sizes, gear types, species sought, fishing
methods and practices, and ownership. In addition, there are significant differences in
management across fisheries and locales. Similarly, California’s coastal communities are
economically and socially diverse, and individuals within them vary in their perceptions, attitudes,
knowledge and values. All of these factors affect behaviors, engagement, and regulatory
compliance within California’s MPA Network.
One group that is often overlooked regardless of whether or not they are engaged in fishing are
the Tribes. In many areas they are keepers of Indigenous traditional knowledge (ITK) and have
values and practices that must be considered. Further, Tribes are rights holders and should be
engaged as such (Gray et al. 2017). Although Tribes fit within our definition of stakeholders as Tribal
people, individuals and groups, they have relationships with the coast, ocean and MPAs and are
clearly important to the evaluation and adaptive management of the MPAs and the MPA
Network, they also have a unique and separate governmental status and consequently a
different relationship with CDFW than any other group. Consistent with CDFW’s policy of
government-to-government consultation with Tribes, we reserve the majority of our discussion of
the Tribes for the governance domain section of this report, while acknowledging that Tribal
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people are an important component of the human domain with behaviors, attitudes, knowledge,
and wellbeing that influence and are influenced by the interconnected social-ecological system.
As an initial exercise the Working Group identified a list of stakeholders that provide an example
of ways to be more inclusive and more clearly define the relevant communities of interest and
place for evaluation and adaptive management of the MPA Network. This list is not intended to
be exhaustive, but should identify broad categories of stakeholders that are networked in
communities of interest, and communities of place. These, with descriptive examples, could serve
as starting points for future human dimensions research.
Examples of stakeholders or communities of interest:
□ Local Institutions: community leaders; museums, aquaria, educational research institutions,
ocean-based NGOs; scientists and researchers
□ Governance bodies: Tribal governments; state agencies and associated policy-makers;
local governments; federal agencies; elected officials
□ Non-consumptive users and supporting ocean-dependent businesses: coastal residents
including retirees; public recreators including pleasure boaters, kayakers, wildlife watchers,
surfers, divers, beachgoers and others; commercial tourism operators including wildlife
watching operations, kayak guides and others; coastal businesses supporting nonconsumptive activities and tourism including dive shops, surf shops, restaurants, souvenir
shops, and others
□ Ocean-dependent industry: seafood processing; aquaculture; alternative energy;
desalination
□ Consumptive users and supporting ocean-dependent businesses: commercial fishermen;
recreational fishermen; shoreside businesses supporting consumptive users including bait
& tackle shops, gear manufacturers, fuel docks, and others
Examples of communities of place:
□ Coastal residents & non-coastal residents
□ Cities and towns with and without fishing ports
□ Counties: coastal v. non-coastal counties
□ Region (geographical area): north coast, north central coast, SF Bay area, central coast,
south coast
□ Proximity to MPA(s): towns or cities that are close (far) from MPA sites
Many of the questions developed by CDFW to inform evaluation of the MPA Network (Appendix
B) identify stakeholders based on a subset of behavior, such as a consumptive or nonconsumptive user of the marine space, but neither clearly define nor consider other stakeholders
that may affect and be affected by policy decisions. In addition to the examples of stakeholders
categorized above, there are others that cross categories. For example, ports and fuel depots are
important to both consumptive and non-consumptive users. The questions in Appendix B are
mostly geared towards commercial and recreational fishers and non-consumptive recreational
users (that are not clearly defined). To some degree, the “general” public is considered but again
not clearly defined; further understanding of how those members of the public define their
relationship with the marine space and knowledge of what influences their understanding,
perceptions, and access would better inform adaptive management. For example, there are
questions about the economic effects of MPA placement, with a focus on commercial and
recreational fishing, but these could be modified to include economic effects on coastal
communities or non-consumptive users (e.g., eco-tourism operators, other ocean-dependent
marine industries, or related support businesses) to determine who bears the costs or receives
benefits associated with these areas. Furthermore, other communities of interest or communities
of place are likely to have different values, knowledge, attitudes and perceptions that influence
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their compliance with MPA regulations as well as their communication and engagement with MPA
adaptive management.
Recently, typologies of stakeholders have been developed for marine management (Elliott 2014,
Newton and Elliott 2016) and may be useful for helping to refine the relevant groups of
stakeholders in this ongoing adaptive management process. One way forward is to engage focus
groups of stakeholders and community members, possibly drawing from the MPA Collaborative
Network (“MPA Collaborative Network: Empowering Coastal Communities” 2018) to co-develop
a typology that is more inclusive of the diverse suite of social actors that exist in California.
Furthermore, since the inception of the MLPA process, aspects of equity, diversity, intersectionality,
and inclusion have evolved to be more in the forefront of society in general and of scientific
research and natural resource management more specifically (Christie et al. 2017). Indigenous
people and people of color and/or of lower economic status are often marginalized and their
access to marine resources and ocean spaces and associated wellbeing is often not considered
by decision-making processes (Bennett et al. 2018, Malin et al. 2019). Though not exclusively MPArelated, this can lead to poverty traps and social issues within coastal communities and linked
urban environments and undermine the desired management outcomes.
An opportunity exists to better consider and incorporate the concerns of the diversity of interested
parties into MPA management and marine management more generally. Toward this goal, we
pose two new monitoring questions under the subheading “Changes in Behavior” that begin to
address the inclusiveness of the MPA Network. By more clearly defining and engaging diverse
communities of interest and place, CDFW can more clearly and collaboratively define the key
questions and identify influencing factors to create an evaluation framework that will better inform
effective and inclusive policy development, outreach, education and engagement, science and
research, and enforcement and compliance.

Recommendations and
Approaches:
8.

Identify the best approaches to
expand consideration of the diversity
of humans with an interest in MPAs
and MPA management.

8a.

Consult with a human dimensions advisory
team (7b) to determine the best way to
identify a broad spectrum of stakeholders
and communities to engage in monitoring
and research as it relates to adaptive
management of MPAs and the MPA Network.
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EVALUATING HUMAN RESPONSES TO MPA NETWORK IMPLEMENTATION

Humans are affected by and respond to marine management, changes in the marine
environment, and other related social, economic, and cultural factors in a number of ways that
can further influence the social-ecological system. It is important to clarify and define the different
dimensions of the human response to MPA Network implementation to evaluate how well the
Network is meeting both its ecological and social goals. We have characterized aspects of the
human system that are important to consider for adaptive management of the MPA Network into
four general categories: (a) changes in behavior, including fishing and other use, communication
and engagement, and compliance; (b) changes in wellbeing, including economic, social, and
cultural aspects; (c) changes in attitudes and perceptions; and, (d) changes in knowledge. We
emphasize that these aspects are intertwined and will influence each other and the overall socialecological system.
Because California’s Network of MPAs is an innovative approach, there is relatively little literature
that is directly applicable to issues associated with human dimensions of the Network. However,
research on the human dimensions of large-scale MPAs offers important insights including: ignoring
human dimensions initially can negatively affect long-term conservation especially in light of the
complex web of relationships between stakeholder groups and individual/groups of MPAs;
ongoing monitoring is essential; social impacts and perceptions vary across groups; transparency
and participation is key (Gray et al. 2017, Christie et al. 2017). Also, critical points to consider are
1) the MPA Network encompasses marine space that is dynamic and variable, and 2) the
connection and correspondence between the diverse stakeholders and individual MPAs/Network
is multifaceted and complex.

CHANGES IN BEHAVIOR

Implementation and management of the MPA Network can lead to changes in human behavior
by different stakeholders. Here we interpret behavior broadly to include fishing and other use, but
also communication and engagement with management processes, as well as compliance with
MPA regulations. To understand the social behavior related to the MPA Network, we must
understand not only how stakeholders have changed their use of the marine environment in and
around MPAs, but the level to which different stakeholder groups are engaged in a meaningful
dialogue with managers about MPAs, how they communicate with other stakeholders, including
researchers and managers, and the level of compliance with MPA regulations. All of these aspects
of behavior can influence perceptions about the value of the Network, acceptance of
regulations associated with MPAs and the MPA Network, wellbeing outcomes, as well as
ecological outcomes within and outside MPA footprints (e.g., larval export, adult spillover).
The original questions in Appendix B address changes in use, not other types of behavior, and
focus on only a subset of stakeholders (commercial and recreational fishers, researchers,
educators, and non-consumptive recreational users) with little consistency in the types of
questions asked for each group. In the original questions, there is a specific focus on the
displacement and reduction of commercial and recreational fishing effort with the
implementation of the MPA Network. But non-consumptive users also may shift their behavior and
use of the marine environment with the implementation of MPAs (Sanchirico et al. 2002, Milazzo
et al. 2002). For example, non-consumptive recreational users may increase their use of MPAs if
they perceive that the MPAs are beneficial to their outdoor experience (Wahle 2014). Use of
marine space is connected to many other factors within the human-ecological system. For
example, members of the commercial fishing sector may be displaced to other locations and shift
their effort (Mangi et al. 2011).
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Alternatively, tourism may increase in the MPAs, or commercial passenger fishing vessel operators
may diversify their business to include non-extractive activities, such as wildlife viewing tours.
Furthermore, human dimensions research in Oregon reveals that certain stakeholders may be
more (or less) likely to engage in collaborative research projects, provide comment in public
meetings, or otherwise engage with MPA management because of how they perceive the MPAs
and the process by which they were created (ODFW 2020). These changes in engagement may
be due to several factors, such as perceptions of legitimacy of MPAs as conservation tools,
perception of the socio-economic costs or benefits to different groups, or perceptions of fairness
in the governance process (Bennett et al. 2019).
Using the SES framework as our guide, we sought to broaden the questions to ask about changes
in a variety of behaviors, not only use, and to ask those questions across a diversity of stakeholders,
communities of interest and communities of place. Here we articulate a short list of questions
about behavior that should be assessed across as many stakeholder groups as possible. We
address compliance in detail within the governance domain section, so although compliance is
an element of behavior, we do not pose specific questions about compliance in this section. This
list of questions represents new questions proposed by the Working Group (question numbers with
the “N” prefix).
N1.
N2.
N3.
N4.
N5.
N6.

Which stakeholder groups are accessing MPAs and adjacent non-MPA reference sites?
Has use of MPAs and reference sites changed over time, and why?
How do the demographics of those who use MPAs and reference sites compare to
state demographics?
Are there groups that disproportionately access or don't access MPAs and reference
sites, and why?
What stakeholders engage with CDFW and the MPA management program, how do
they engage, and why?
How does CDFW communicate with stakeholders about MPAs, which stakeholders do
they reach, and is the communication effective?

These questions effectively contain all of the behavior-related questions within Appendix B, albeit
with less specificity, and expand upon the existing questions to encompass more types of behavior
and a more diverse array of stakeholders. For example, the original Question 14, “Are researchers
accessing MPAs, and has research increased over time in MPAs?” is a specific version of Questions
N1 and N2 above, focused on researchers. In Appendix 2 we list the newly conceived questions
above, show how some of the original Appendix B questions fit within them, and articulate more
specific examples of each broad question that could guide future monitoring and evaluation. We
anticipate that any social science research group that may take on these questions in the future
will further refine and specify them to guide their research.
Note that Questions N3 and N4 seek answers about how use of MPAs is distributed across the
population, which could shed light on how equitably the outcomes of MPAs, including potential
benefits, are distributed. Answers to these questions could highlight groups that currently do not
access MPAs or their benefits and provide direction for future outreach and education efforts to
engage a broader array of stakeholders with the MPA Network. Similarly, Questions N5 and N6
could help identify the stakeholders that do and don’t engage with MPA management processes,
evaluate the effectiveness of CDFW’s communication with different stakeholder groups, and
reveal effective avenues for outreach to underrepresented groups.
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Recommendations and Approaches:
9.
9a.

Improve understanding of changes in human behavior related to
MPAs

Use the best available data and support new monitoring efforts to examine a
diversity of human behaviors related to the MPA Network including uses of MPAs
and reference sites, compliance with MPA regulations, and engagement and
communication with CDFW’s management program.

CHANGES IN WELLBEING
The establishment of MPAs and MPA networks can lead to positive, negative or neutral changes
in multiple aspects of human wellbeing, including economic, social, and cultural dimensions.
Direct economic benefits or costs to fisheries and fishing-dependent businesses are the most
commonly considered economic outcomes of MPAs, but we advocate broadening this view to
consider both direct and indirect economic outcomes for a diversity of stakeholders and
communities. We also suggest that economic outcomes are just one aspect of human wellbeing
and that other social, cultural and spiritual outcomes that may not be reflected in economics
should be considered among the consequences of MPAs, both for current and future generations.
Finally, the ecosystem services provided by MPAs should be considered among the human
outcomes of MPAs with consequences to wellbeing that can be assessed even if placing
economic valuation on them is challenging.
Direct economic benefits and costs to commercial and recreational fisheries may be due to
changes in fishing regulations, changes in revenue per unit of fishing effort, or in effort and cost
per unit of fish caught. These economic costs may be a direct result of fishing regulations or MPA
implementation, where benefits may be due to increased recruitment of juveniles, increased sizes
and age of adults leading to significant increases in eggs and larvae, and movement of adults
from MPAs (spillover) (Silva et al. 2015) and costs may be due, for example, to loss of known and
productive fishing ground and searching for new areas, fishing longer/differently, higher fuel costs
associated with fishing more distant areas or crowding. Other stakeholders may also see changes
in direct economic outcomes from MPAs, related to increased (or decreased) visitation to MPAs
(e.g., tourism operators or bait shops). Furthermore, there may be changes in indirect economic
outcomes to various stakeholders, related to supply or demand for goods and services (e.g.,
changes in infrastructure use patterns (Pomeroy 2002) local real estate prices or availability of fresh,
local seafood). With any of these economic outcomes, there remains the challenge of
disentangling the effects of the MPAs from a number of other influencing factors, such as market
conditions, fuel prices, technological changes, competition for space by other industries, among
others.
While economic indicators of wellbeing, such as revenue and income, have been partially
recognized and evaluated in relation to MPAs (Davis et al. 2019), there is increasing recognition
of the importance of including a broader and more multi-faceted approach to evaluating human
wellbeing when evaluating conservation interventions (Woodhouse et al. 2015, Hicks et al. 2016),
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including not only the present, but also future generations. Despite the nascent development of
accepted definitions and frameworks, there is increasing agreement in the literature that
wellbeing encompasses both objective and subjective elements and that there exist three
general aspects to wellbeing: material wellbeing (e.g., housing, income, livelihoods), quality of life,
and relational wellbeing (e.g., community networks, tangible and intangible connections to
nature). These established, multidimensional elements have a number of indicators that can be
drawn upon (Hicks et al. 2016, Breslow et al. 2016, 2017). In addition, there are such intangibles as
an increased sense of danger when forced to fish farther from shore or an aversion to fishing close
to others when MPAs cause compaction or crowding at the boundaries or other areas that remain
open. While acknowledgement of the importance of considering these dimensions exists (Bennett
et al. 2017), there has been limited empirical research on the influence of conservation on multiple
aspects of human wellbeing and the complex set of interactions that take place, but there is a
growing body of work that can be built upon.

Photo: Gerick Bergsma

Recommendations and Approaches:
10.
10a.

10b.
10c.
10d.

Improve understanding of how human wellbeing is affected by MPAs,
including economic, social, and cultural wellbeing.

Continue to use the best available socio-economic data to assess the impacts of
MPAs on fishing and engage fishing communities in validating these assessments
and improving data collection, metrics, and analyses (also see recommendation
13).
Continue to use the best available data to conduct economic assessments of the
impacts of MPAs that go beyond the proximal impacts to the fishing community
and include broader assessments of the economic health of coastal communities.
Continue to use a fully participatory process to identify relevant dimensions of
social and cultural wellbeing and a set of valid indicators/metrics that capture the
outcomes of the MPA Network for stakeholders and communities.
Using appropriate frameworks, develop approaches for collecting data and
evaluating changes across multiple dimensions of human wellbeing with input from
social science experts.
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We propose the following questions to address changes to wellbeing:
N7.

What are the direct and indirect economic consequences of MPAs for relevant
stakeholders and coastal communities?
How have MPAs affected dimensions of social and cultural wellbeing for relevant
stakeholders and coastal communities?

N8.

These simplified questions encompass the questions originally posed in Appendix B that address
economic and other aspects of wellbeing, including parts of Question 8, which addresses
changes to fisheries, Question 12, which asks about the economic impacts of MPA placement,
and parts of Question 17, which asks about the value of edge effects to recreational consumptive
users. Because Questions 8 and 17 involve aspects of both the ecological and human response
to MPAs, they are also integrative questions that are addressed as well in the integration section
below. In Appendix 2 we list the newly conceived questions above, show how some of the original
Appendix B questions fit within them, and articulate more specific examples of each broad
question that could guide future monitoring and evaluation. We anticipate that any social
science research group that may take on these questions in the future could further refine and
specify them.

CHANGES IN ATTITUDES AND PERCEPTIONS
People’s values, knowledge, and experiences shape their attitudes and perceptions. In turn
values, attitudes, and perceptions can influence people’s behavior and interactions with marine
space (Schultz et al. 2005, Leiserowitz 2006, Milfont et al. 2006), and their support for the MPA
Network and management actions (Charles and Wilson 2009, Chaigneau and Brown 2016,
McNeill et al. 2018). Furthermore, individuals may value the Network but oppose certain
management regulations, actions, or decisions. Efforts to define and evaluate attitudes and
perceptions for all stakeholders should incorporate aspects of what drives those changes and
how those changes in turn influence human behaviors and perceptions of wellbeing. Examples of
the types of variables that can significantly influence perceptions of and attitudes towards
establishment and management of MPAs include the following taken from McClanahan et al.
(2005):
□
□
□
□
□

The perceived costs and benefits that may accrue from MPA establishment,
Awareness and knowledge of MPA objectives and rules that govern the use of marine and
coastal resources,
Participation in and perceived legitimacy of the process of establishment,
Dependency on marine and coastal activities, and
Demographic variables (e.g., wealth, education, age).

In addition, ongoing communication about the effects of MPAs based on the long-term
monitoring projects and reports on compliance can affect attitudes and perceptions.
Appendix B already has a broad question about knowledge, attitudes, and perceptions (Question
18, “How are knowledge, attitudes, and perceptions regarding the MPAs changing over time?”)
We chose to separate the question about knowledge from that about attitudes and perceptions,
as these may be influenced in different ways. We also considered that the perceived value of
MPAs and desire to visit them is important relative to adjacent non-MPA areas and to assess how
MPA designation may contribute to these perceptions. Thus, we have developed two questions
to guide study of attitudes and perceptions:
18a.

Have attitudes towards and perceptions of individual MPAs and the MPA Network as
a whole by stakeholders changed over time and why?
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N9.

Is there a difference in the perceived value of, and desire to visit MPAs as compared
to non-MPA reference sites?

As before, we list the above questions in Appendix 2, show how the original Appendix B questions
fit within them, and articulate more specific examples of each broad question that could guide
future monitoring and evaluation. We anticipate that any social science research group that may
take on these questions in the future could further refine and specify them.

CHANGES IN KNOWLEDGE
Knowledge of the MPA Network and the costs and benefits of MPAs can influence people’s
perceptions, attitudes, and behaviors, including compliance with regulations. Outreach and
education activities are generally focused on increasing knowledge of MPAs with the goal of
changing attitudes and ultimately behavior (Leisher et al. 2012). There are, however, a variety of
outreach and education strategies, from signage, to on-site educators at common access points,
to engagement of stakeholders in collaborative or citizen MPA monitoring. Knowing which
strategies have the greatest impact on knowledge could be helpful for CDFW to prioritize
resources in support of effective outreach and education efforts. A number of citizen science
organizations (e.g., fisheries trusts, ReefCheck, California Cooperative Fisheries Research Program
(CCFRP), Long-term Monitoring Program and Experiential Training for Students (LiMPETS), and
others) gather data for ecological monitoring and raise awareness about the MPA Network. For
example, recent work by CCFRP surveyed volunteer anglers and found that angler opinions
toward MPAs were more positive after participating in the CCFRP and that the likelihood of that
response was even higher for volunteers that participated for longer (Mason et al. 2020).
Determining what people know, and how they obtain and process information can further inform
approaches for outreach and education, a key aspect of adaptive management of the MPA
Network. Here we propose two questions about stakeholder knowledge; we delve into greater
detail about the adaptive management implications of knowledge in the governance domain
where we discuss outreach, education, and stakeholder engagement in dialogue with
management.
18b.
18c.

Has knowledge of MPAs by stakeholders changed over time and why?
How does stakeholder knowledge of MPAs influence attitudes toward and perceptions
of MPAs?

Recommendations and Approaches:
11.
11a.
11b.

Improve understanding of changes in attitudes, perceptions, and
knowledge related to MPAs and how these factors influence one
another

Continue to use the best available data and support new research to determine
the attitudes toward and perceptions of MPAs by different stakeholder groups, and
how and why they change over time.
Continue to use the best available data and support new research to determine
knowledge of MPAs, expectations of MPA performance, and how these factors
influence behaviors, attitudes, and perceptions by different stakeholder groups,
and how and why these change over time.
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DATA GAPS IN THE HUMAN SYSTEM AND PRIORITIZATION OF MONITORING
EFFORTS
While human dimensions were considered in the original design and establishment of the MPA
Network, on-going monitoring projects heavily favor ecological concerns. Only one long-term
monitoring project focused on human dimensions is on-going (Ecotrust) and that is focused
principally on commercial fishing stakeholders with some attention to commercial passenger
fishing vessel operators. While the Action Plan included some limited human dimensions metrics,
without more detailed information, refined questions, and priorities, it’s difficult to successfully fund
individual projects to generate the needed data for evaluation and monitoring of the California
MPA Network. Additionally, volunteer groups or citizen science programs require guidance to
ensure their efforts result in valuable data. For example, MPA Watch (mpawatch.org) is a
coordinated network of citizen science programs around the state that train volunteers to collect
data on different types of consumptive and non-consumptive use in MPAs, but the data are
largely observational. Structured, scientifically sound interviews could be used to collect data to
help address some of the social science questions listed above, though assistance in interpreting
results with attention to validity and reliability would be needed. As yet no formal social science
monitoring of the diverse stakeholders noted above has yet been undertaken. Furthermore, the
evaluation and monitoring of individual MPAs and the Network is hampered by a lack of data
about relevant stakeholders at a comparable scale.
Example from Oregon: There are many resources both within the state of California and elsewhere
in the Pacific Northwest to guide California as it navigates the development of a human
dimensions research agenda and monitoring program for the California MPA Network. Applied
social science research and guidance are detailed in the Marine Life Management Act (MLMA)
Socio-Economic Guidance and the Work Plan. Universities in California, Oregon, and Washington
have social science departments that focus on topics such as natural resource economics,
changes in behavior, and attitudes, perceptions and knowledge related to natural resource
policy. Even within CDFW there may be an economist associated with another program that
could provide valuable input from an agency perspective. Oregon has a state-led marine
reserves program with a human dimensions monitoring program that has several lessons learned
that may be of use for California.
The legislation that established the Oregon Department of Fish and Wildlife (ODFW) Marine
Reserve program mandated and allocated resources for a human dimensions monitoring
program to monitor Oregon’s five marine reserve sites. Oregon’s monitoring program began in
2010, and while smaller in scope than the California MPA Network, focuses on many of the same
research questions (behaviors, aspects of wellbeing, knowledge, attitudes, perceptions)
recommended in this report. The development of the human dimensions research agenda in
Oregon was guided by an advisory team of social scientists from universities in Oregon; such an
advisory team still provides guidance and advice to the human dimensions monitoring program
to this day. ODFW invested in a formal position to lead and coordinate the human dimensions
monitoring program. The diverse fields of research that contribute to a human dimensions
research agenda and monitoring program are too much for one person to tackle alone without
a full research team behind them. Therefore, ODFW relies on collaborative partners outside the
agency to address such multifaceted research and monitoring.
There are many qualified social scientists in California’s higher education system, and elsewhere,
who could help develop a California MPA human dimensions research agenda and monitoring
program (e.g., Recommendation 8). In particular for the primary step of forming an advisory group,
several California universities have social science programs focusing on aspects of natural
resources, and would have faculty and researchers that could provide valuable advice to CDFW.
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The Pacific Southwest Research Station of the US Forest Service also has a strong program in
natural resource social sciences and would provide valuable input to an advisory group that
could potentially build upon land-sea connections in California.
The first task of the advisory group is to define the human dimensions research agenda and
monitoring program as it relates to the California MPA Network, considering the mandate from
the MLPA, supporting documents and recommendations from this report. Once this is
accomplished the advisory group and/or someone delegated by CDFW can determine a way
forward for selecting smaller research projects that will meet the goals of the research agenda
while generating the necessary data in support of human dimensions monitoring and evaluation.
Many of the recommendations in the human dimensions section of this report are broad in nature
and further refinement and prioritization of research questions, stakeholder groups, and methods
will be required as specific projects are identified to meet human dimensions goals of the
California MPA Network. Identifying and prioritizing smaller projects to accomplish research
agenda goals could take a variety of forms including a grant or request for proposals (RFP) process,
a CDFW appointed science administrator, or the creation of a co-op agreement with a willing
university.
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THE GOVERNANCE DOMAIN
Governance is a broad concept that refers to the exercise of economic, political and
administrative authority and includes the processes and institutions through which “[individuals]
and groups articulate their interests, exercise their legal rights and obligations, and mediate their
differences. Natural resource governance is influenced by “formal and informal arrangements,
institutions and mores” that guide the use of the resources and the environment (Juda 1999).
Coastal and ocean governance in the US is complicated by the multiple layers of federal and
state agencies with legal authority, Native American Tribal nations with reserved rights and/or
jurisdiction over some ocean spaces and resources, as well as other interested parties and
stakeholders (Center for American Progress 2017). Here we discuss the importance of viewing
MPAs in the broader context of coastal governance and management then focus on the specifics
related to adaptive management of California’s MPA Network.

MPAS IN THE BROAD CONTEXT OF COASTAL GOVERNANCE
Because governance of coastal areas is complicated by multiple layers of interest and jurisdiction,
effective governance of MPAs requires consideration of this governance context including
coordination across governance or management entities. For example, “the MPA Master Plan
acknowledges the separate, sovereign status of Indian Tribes as co-equal users, managers, and
stewards of marine species.” Also, “the Master Plan commits the California Department of Fish and
Wildlife to “meaningful consultation” with Tribes and their governments” (Berkey and Williams 2019)
on proposed projects that have the potential to impact Tribes. At times, Tribes may opt for informal
meetings rather than official consultations. Cooperation and communication between Tribal and
state decision-makers as well as consultation is encouraged by the state.
Neither the government-to-government relationship nor the reserved rights of the Tribes were
initially recognized by the state during the establishment of California’s Network of MPA. Due to
the advocacy of Tribal nations, particularly the Kashia Pomo in the North Central Coast Region,
this governmental relationship, consultation requirement, and recognition of the unique rights and
uses by Tribes came to be recognized during the north coast MPA planning process (Berkey and
Williams 2019). In some instances, exemptions to MPA take restrictions for Tribes are written into
MPA regulations to allow Tribes to participate in traditional harvesting.
Fisheries management provides another example of a complex governance context with the
potential to impact the functioning of MPAs; fished species are managed at different geographic
scales by federal and state management entities with consequences for the populations of fished
species. Also, at the federal level, shipping activities, mineral rights, and Department of Defense
training operations, and protections afforded by National Marine Sanctuaries can impact the
functioning and management of MPAs. At a regional scale, California water boards manage
freshwater resources and runoff to marine waters that could impact MPAs. At the local scale, city
and county governments make decisions about land use and development, regulation of tourism
and supporting industries, and coastal access that can have profound impacts on MPAs. In fact,
the need for a team to address some of the issues that arise from these overlapping layers of
governance, was first identified in the Marine Managed Areas Improvement Act (MMAIA, CA
Public Resources Code §§36600-36900). In 2014 the California Secretary of Natural Resources
convened the MPA Statewide Leadership Team in 2014 (CA Public Resources Code §36800), with
Tribal representation added in 2018. This team, which is composed of representatives from state
and federal agencies, Tribes, philanthropic groups, and non-governmental organizations (NGOs),
is tasked with ensuring communication, collaboration, and coordination among entities with an
interest in MPA management. Understanding and managing these layers of overlapping and
sometimes conflicting governance that influence MPAs is the subject of marine spatial planning
57

(MSP) efforts around the world and extends far beyond the scope of the MPA Statewide
Leadership Team or this report. However, we call out two areas where we think managing MPAs
in this broader context is essential: California Native American Tribes and Tribal communities, and
fisheries management.

CALIFORNIA’S NATIVE AMERICAN TRIBES
Federally and state recognized Tribes have an official government-to-government relationship
with the U.S. government and California state government (Brown 2011). According to Executive
Order B-10-11, “the state of California recognizes and reaffirms the inherent right of these Tribes to
exercise sovereign authority over their members and territory.” The order goes on to state that
“Agencies and departments shall permit elected officials and other representatives of Tribal
governments to provide meaningful input into the development of legislation, regulations, rules,
and policies on matters that may affect Tribal communities.” That policy was reaffirmed with
Executive Order N-15-19 (Newsome 2019).
Marine resources, including deep-sea and nearshore fisheries, marine mammals, shellfish, and
seaweeds continue to support the lifeways of California’s Tribes. Seasonal travel to camp on the
coast, as well as trade and uses of marine resources extending far inland demonstrate the
extensive inter-Tribal social networks connected to the ocean. While property ownership was not
common, exclusive use rights to specific fishing grounds (as well as hunting and other foodcollecting areas) existed in the past among some Tribes, and these traditions continue today.
The state of California did not have a formal process for consulting with Tribal governments when
the MLPA was implemented. The lack of attention to the interests of California Tribes and Tribal
communities finally drew statewide attention in 2010. Through strong advocacy, significant
engagement, and pressure, Tribal leadership, community members, and representatives worked
with CDFW and the Fish and Game Commission to find solutions other than litigation to address
Tribal interests. Ultimately, the state demonstrated an acknowledgement of the unique
considerations distinct to California Tribes, and created a regulatory provision that provided an
exemption from MPA-specific area and take regulations for individual federally-recognized Tribes
within their ancestral areas.
The state included traditional ecological knowledge (TEK) or Indigenous traditional knowledge
(ITK) of important resources and habitats in the North Coast MPA Baseline Monitoring Program
(Van Pelt et al. 2017). The acknowledgement of the importance of ITK was also included in the
Action Plan and was a foundational consideration in the development of the Tribal Marine
Stewards Network.
The Tribal Stewards Program, funded by the state, will help with gathering ITK and supporting Tribal
community educational needs. Among the topics that may be illuminated are the Tribes’ use and
cultural value of marine resources in California, and how they have been affected by the MPA
regulations, whether behavior has changed, whether traditional harvest has changed, what their
perceptions are, whether MPAs have affected their wellbeing, and whether they are satisfied with
the MPAs and the Tribal exemptions. Tribes may also note if they are seeing ecological
improvements where MPAs are located. Equally important and previously overlooked are the
Tribes’ cultural or non-use values associated with their history, heritage, and identity to the ocean
(Jobstvogt et al. 2014). Non-use values may include altruistic values (maintaining the site for others),
bequest values for future generations, and/or existence values for other species (Balmford et al.
2008). The collaboration with Tribes will provide opportunities to explore these and other
considerations.

58

It is critical that the state ensure the protection of unique Tribal uses, acknowledgement of their
continued responsibility to care for ancestral areas, and recognition of the unceded aboriginal
rights of Tribes to coastal and nearshore waters, all of which should be considered in the decadal
evaluation of MPAs.

Recommendations and Approaches:
12.

12a.

12b.
12c.
12d.

Continue to identify opportunities for meaningful engagement and
collaboration between Tribes and the state on MPA monitoring,
evaluation, and adaptive management. The Tribes should be
considered true partners with the state in these efforts.

Use the best available data and support additional collaborative research to
understand the impacts of MPAs on Tribal use of the coast and ocean (including
by assessing the effectiveness of current Tribal take exemptions) as well as the
cultural and ecological benefits of Tribal stewardship, and use these results in MPA
evaluation efforts.
Conduct listening sessions and other outreach as appropriate to identify Tribal
priorities for MPAs. Develop pathways for ensuring that these priorities are elevated
in MPA monitoring, evaluation, and adaptive management.
Continue the Tribal Marine Stewards Network pilot project and increase efforts by
including additional coastal Tribes throughout the state.
Explore ways in which Indigenous Traditional Knowledge (ITK) can be captured and
shared in a respectful, appropriate manner in collaboration with the Tribe,
community, or culturally knowledgeable people providing ITK.

INTEGRATION OF MPAS AND FISHERIES MANAGEMENT
Management falls under the rubric of governance and focuses on how the goals articulated by
governance are to be met. In the case of California’s MPAs, management is the responsibility of
CDFW, but can be strongly influenced by the objectives, policies, and management decisions of
other management entities. These influences can be observed in both the ecological and human
domains, and it was recognition of the interconnections between protecting ecological
communities and fisheries management efforts that led to the MLPA. By focusing on the protection
of California’s coastal habitats and biota, the MLPA complements the MLMA, which requires an
ecosystem-based approach instead of concentrating management actions on individual species
fisheries. However, in an effort to ensure that both the MLPA and MLMA could provide robust
ecosystem protection on their own, the planning processes for the two acts deliberately excluded
consideration of protections provided by the other. The resulting system of MPAs and fisheries
management provides a rich opportunity to study the poorly understood synergy between MPAs
and fisheries management. Furthermore, because MPAs are affected by fishing activities in and
outside their boundaries, fisheries management regulations (both past and present) are among
the key influencing factors to consider when evaluating the ecological performance of MPAs and
the MPA Network. The Pacific Fishery Management Council, the National Marine Fisheries Service,
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CDFW and the California Fish and Game Commission, and the California legislature are the
primary entities that share fisheries management and other regulatory responsibilities for the living
marine resources in state and federal waters off California. The results of their resource monitoring
and assessment efforts inform decisions regarding regulations such as allowable catches of fish
populations, which in turn drive the level of fishing activities that take place throughout the coastal
marine ecosystem. Thus, trends in fishing effort, fishing mortality and total catches outside of (and
often adjacent to) MPAs are influenced by the MPAs themselves, but are driven to a considerably
greater degree by the scientific analyses and management decisions of other management
entities.
The goals and objectives of MPA networks and fisheries management overlap in their contributions
to biodiversity conservation, ecosystem-based fisheries management, and the human dimensions
associated with each. In social, economic, and ecological contexts, networks of MPAs and
fisheries are inextricably linked and therefore are best managed as an integrated system. For
example, the increased larval production generated across a network can enhance the
resilience of fished populations, while sustainable fishing outside MPAs enhances the resilience of
populations and communities within MPAs. However, there are substantial barriers to integrating
MPA and fisheries management.
As noted by a National Research Council (NRC) panel on MPAs (NRC 2001) the complexity of
jurisdictional responsibility for managing marine resources in general can create barriers to the
development and implementation of coordinated policies for managing living marine resources.
Such barriers are most readily apparent for fisheries management efforts, as federally-managed
fisheries along the U.S. west coast do not explicitly take the California MPA Network into
consideration with respect to management philosophy, practice and implementation, nor with
respect to the science products that inform management decisions. Because California fishermen
often participate in—and depend on—a mix of both federally- and state-managed fisheries to
enable them to cope with variable resource availability, any lack of coordination between the
two management regimes, particularly in response to climate volatility, may lead to additional
management challenges (Thomson 2015, Richerson and Holland 2017, Holland and Leonard 2020).
Understanding both the challenges and contributions of the statewide Network of MPAs to
California’s fisheries, and how these fisheries may respond to this Network, is necessary for
improving fishery management strategies. MPAs are expected to result in various biological,
ecological, and socioeconomic effects within and adjacent to their boundaries, with broad
implications for the management of California’s marine fisheries.
These implications can lead to some tensions among management approaches and objectives
for fisheries resources. Most current fisheries management approaches, particularly for federally
managed species, are largely based on constraining total allowable catches. These total
allowable catches are in turn informed by stock assessment models—statistical models that
estimate population abundance, demographic structure, and a sustainable level of yield. Spatial
closures like MPAs complicate current approaches to stock assessments by increasing spatial
heterogeneity in abundance and size or age structure of fished stocks. The more effective MPAs
are at protecting populations within them, the more traditional assessment approaches will be
biased or more uncertain as a result of this increased heterogeneity, particularly if such models
lack data from within the MPAs themselves (Punt and Methot 2004, Field et al. 2006, Berger et al.
2017). As most of the stocks that are protected by MPAs are relatively data-poor nearshore species,
more informative data are needed to parameterize more complex, spatially-explicit models.
In addition to the impacts on the science products that inform management, fisheries managers
need to know the social and economic impacts of MPAs to fisheries participants and behavior.
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No-take or restricted MPAs can displace or reduce fishing effort, increasing costs and travel time
if, for example, fishermen have to travel a greater distance from port or their residences. For
commercial fishermen, if economic (i.e., market) conditions are sufficiently favorable to
compensate for increased costs (e.g., fuel), this may have little effect on their economic
outcomes but could have social wellbeing consequences (e.g., if anxiety or danger increases
with the effort to find new productive grounds; if they have to be away from home longer; or if
they perceive that their ability to adapt to other influencing factors may be limited). Furthermore,
small-scale fishermen could be disadvantaged if their vehicles or boats are not capable of
traveling the longer distances. To date, these types of consequences of the Network have not
received much attention and the direction (positive or negative) and magnitude of the Network
on the social (including fishing behavior) and economic impacts (e.g., yield and quality of catch)
will vary markedly across the regions and the diversity of California’s fisheries.
Integrating (or at least reconciling) MPA and fisheries management is critical to maximizing human
and ecological benefits from the MPAs, but this integration poses substantial challenges. A more
detailed discussion of such integration is included in Appendix 4, including trade-offs and
interactions among management systems and assumptions, identification of areas in which the
MPA Network and the other fisheries management entities either complement or contradict each
other with respect to the assumptions and the processes that support fisheries governance. One
common thread that emerged from discussions of integrating MPA and fisheries management is
the lack of spatially-explicit fisheries data—especially data appropriate for individual MPAs and
reference sites—to address and answer evaluation questions. In addition, of the datasets that do
exist, there has been relatively limited analysis conducted. There is clearly an opportunity and a
need for the state to invest in the development of analyses using available data, rigorously
evaluate the applicability of these datasets, and build upon them with new programs that collect
and analyze higher-resolution spatially-explicit data.

Recommendations and Approaches:
13.
13a.
13b.
13c.
13d.

Advance integration of MPAs and fisheries management

Use the best available qualitative and quantitative data and support new research
to examine changes in the distribution and magnitude of fishing effort and yield
inside and outside of MPAs.
Use the best available data and support new research to examine the associated
impacts of changes in fishing effort and yield inside and outside MPAs on behavior
and wellbeing for fishermen, fishing families and fishing communities.
Form a working group that includes fishermen and fisheries managers focused on
identifying ecological, social, and economic data integration methods for data
from fisheries management and MPAs (also see recommendation 19).
Where practicable, support MPA monitoring programs that can inform MPA
performance and evaluation as well as traditional fisheries management for
managed resources.
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INFORMING ADAPTIVE MANAGEMENT
Key to effective governance of California’s MPA Network is effective management of the MPAs
themselves. The MLPA specifically mentions the importance of effective management and
adequate enforcement in Goal 5; “To ensure that California's MPAs have clearly defined
objectives, effective management measures, and adequate enforcement, and are based on
sound scientific guidelines.” The MLPA also specifies that the MPA Management Program shall
include provisions for adaptive management, which is defined as “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” (CA Fish and Game Code §2852(a)).
Recognizing the importance of strong oversight and a process to implement the MLPA, the MPA
Management Program compartmentalized the core elements of successful MPA programs from
around the world: policy and permitting; enforcement and compliance; outreach and education;
and research and monitoring. The combination of these elements provides a robust process for
adaptive management that seeks to improve management and enable learning and coursecorrection based on monitoring and evaluation, as well as lessons learned throughout ongoing
management. In addition, these elements are a direct reflection of the six goals and requirements
of the MLPA and were designed to ensure California’s MPA Network is adaptively managed and
informed by engaged partnerships (CDFW 2016).
We address these four core elements of adaptive management below, with special attention to
those that should be informed by the decadal review.

POLICY PERMITTING AND REGULATION
The policy and permitting element of the MPA Management Program is guided by regulatory
authority, management, and policy that interact to facilitate the design, implementation, and
adaptive management of the MPA Network to achieve the goals of the MLPA. These components
are led by the FGC, CDFW, and OPC, respectively (CDFW 2016). As such, this entire report is
designed to inform the policy and permitting arm of the MPA Management Program.

ENFORCEMENT AND COMPLIANCE
Globally, achieving high levels of compliance with MPA regulations has proven to be a challenge.
Lack of compliance can be classified as either intentional or unintentional. Intentional noncompliance, or poaching, is likely to be subject to penalties and possibly incentives, but may not
be easily remedied with education and outreach. Community outreach programs, however, can
effectively build trust and raise awareness and motivation. For example, in terrestrial protected
areas when communities were given opportunities for action and control, social pressure against
poaching increased (Steinmetz et al. 2014). A study from British Columbia, Canada showed that
poaching, while damaging, makes up a small fraction of non-compliant behavior in MPAs
(Lancaster et al. 2015). The majority of non-compliant behavior in this study was reported (by the
users) as unintentional and stemming from a lack of knowledge of MPA boundaries, regulations,
etc. This type of non-compliance is likely to be most amenable to correction through outreach,
education, and stakeholder engagement in management processes.
Although there are clear distinctions between intentional and unintentional non-compliance,
practically speaking, it can be very difficult to disentangle the two. Here we present a short list of
questions that could help CDFW identify patterns of compliance, distinguish poaching from
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unintentional non-compliance, and identify potential management actions to increase
compliance. This list of questions represents a mix of new questions proposed by the Working
Group (question numbers with the “N” prefix) and questions that were already included in
Appendix B.
N10.
29a.
29b.

What is the level of compliance with MPA regulations by stakeholder groups?
How has compliance changed over time since MPA implementation?
What factors (e.g., penalties, wildlife enforcement, warden presence) influence
differences in compliance within and among MPAs?

OUTREACH, EDUCATION, AND STAKEHOLDER ENGAGEMENT
Outreach and education efforts can influence unintentional non-compliance as well as provide
a means to communicate with stakeholders about MPAs and engage them in MPA management.
These efforts can take a variety of forms, from signage to direct contact with the general public,
to working with citizen science groups. CDFW conducts public outreach and education primarily
through printed and digital information about MPAs, and through enforcement contacts or other
CDFW representatives informing fishers of regulations and restrictions at boat ramps, docks,
beaches, and other access points. Partner organizations coordinate and collaborate with CDFW
to develop regulatory signage and interpretive panels at popular access points to inform visitors
about MPAs. Many tourist destinations, such as parks, aquaria, and museums also provide
information about local MPAs through signage and docents, so educating these docents about
MPAs is valuable. Businesses that depend on consumptive and non-consumptive tourism (tackle
shops, wildlife tour operators) may also share information about MPAs with their clients. Some
citizen science and collaborative monitoring programs such as the CCFRP, Long-term Monitoring
Program and Experiential Training for Students (LiMPETS), and ReefCheck California may also
provide a valuable avenue for sharing information about MPAs and may engage stakeholders in
MPA science and management in a meaningful long-term way. Given these various avenues of
outreach and education and the expense associated with them, determining how these efforts
influence compliance, as well as foster interest in stewardship and increase knowledge about
California’s ocean ecosystems could be valuable to CDFW going forward.
N11.
N12.

How do outreach and education activities influence compliance with MPA regulations
by stakeholders?
How do outreach and education activities influence knowledge, attitudes, and
perceptions of MPAs by stakeholders?

RESEARCH AND MONITORING
Research and monitoring are key ways that information about MPA performance is collected,
assessed, and ultimately fed back into adaptive management actions. Consequently, it is critical
that the MPA monitoring program is adequate to answer the questions necessary for adaptive
management. Appendix B contains two questions that address the performance of the
monitoring program and the MPA Monitoring Action Plan that directs that monitoring program
(CDFW and CA OPC 2018).
25.
26.

[Refined] Are efforts to collect long-term monitoring data coordinated sufficiently to
help evaluate MPA Network performance?
[Refined] Does the MPA Monitoring Action Plan produce sufficient information to
evaluate Network performance and inform adaptive management?

Ultimately adaptive management will entail making decisions about whether or not individual
MPAs and the Network as a whole are meeting their goals and identifying appropriate actions to
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improve goal achievement if necessary. This decision-making will likely occur based on the
outcome of current and future evaluations, and thus is strongly dependent on the quality of the
evaluation information available, including monitoring data and evaluation questions. Making
assessments about goal achievement also requires understanding what constitutes meaningful
change to different aspects of the MPA Network social-ecological system and evaluating
tradeoffs and the distribution of costs and benefits among stakeholders (equity). To inform whether
the MPA Network is meeting its goals requires evaluation of the goals and associated questions in
relation to targets or trajectories of change across multiple elements within and across domains.
This can be done in a variety of ways, including setting reference points based on ecological or
social baselines, effect sizes, or thresholds (Samhouri et al. 2012), or asking people their tolerance,
acceptance, or desire for conditions that may arise from the MPAs and MPA Network (Samhouri
et al. 2011). To support this, research programs can help identify targets and reference points and
evaluate the simultaneous responses of multiple aspects of the social-ecological system to MPA
Network management actions, as suggested in the integration section below. Additionally,
identifying influencing factors and their impacts is key to understanding why the MPA Network
may or may not be meeting its goals or achieving its targets. Making adaptive management
decisions in a robust framework that is informed by the ecological, human, and governance
domain dimensions of MPAs will be key to the long-term success of the Network.

Photo: Brian Hawkins

Recommendations and Approaches:
14.
14a.
14b.

Work to establish a framework for adaptive management decisionmaking that incorporates information from the ecological, human,
and governance domains

Identify targets, trajectories, or reference points that indicate achievement (or not)
of MPA goals across domains
Develop a framework based in decision-science that facilitates evaluation of
tradeoffs among domains and distribution of wellbeing outcomes (i.e., costs and
benefits) among stakeholders.
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NETWORK PERFORMANCE

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

MPA establishment across the globe has increased considerably since the MLPA became law and
there are now MPAs in most of the world’s coastal oceans. Most of these MPAs have either been
designed to achieve individual protection goals or to attain their goals and to be managed as a
collection of individual MPAs; few MPA systems were planned to function as actual networks.
Although MPA networks have been defined as consisting of an organized group of individual
MPAs that operate in a cooperative and synergistic manner (Laffoley et al. 2008, Meehan et al.
2020), there are two primary ecological expectations for MPA networks: 1) they generate
conservation and fishery benefits that exceed the sum of those provided by their constituent MPAs
(Grorud-Colvert et al. 2014), and 2) these additional benefits accrue from the mutual
replenishment of populations located in MPAs in the Network and to populations interspersed
between them (Botsford et al. 2014, Green et al. 2014, Carr et al. 2017). Thus, individual MPAs are
ecologically connected via the dispersal of reproductive propagules and in some cases the
movements of juveniles or adults (e.g., Jones et al. 2007, Laffoley et al. 2008, Carr et al. 2017).
The design of the California MPA Network was based on scientific considerations known to affect
MPA network performance (Gaines et al. 2010, Botsford et al. 2014) such as MPA size, spacing,
and habitat representation with the goals of enhancing spatial protection of benthic and mobile
populations, increasing the likelihood of ecological connectivity between MPA sites, and
capturing the full diversity of resident species (Saarman et al. 2013). California’s MPA Network
stands as one of the largest scientifically designed MPA networks in the world and has received
global recognition for its implementation process and its ongoing role in advancing our
understanding of how MPAs can achieve desired conservation and fishery outcomes. As it exists,
the California coastal MPA Network has been described as a ‘connectivity network’ (GrorudColvert et al. 2014), with goals of maximizing conservation benefits while minimizing areas
excluded from fishing and other forms of take, including scientific research (Saarman et al. 2018).
Evaluation of the performance of the California MPA Network must begin with determinations of
whether the expectations derived from ecological connectivity are being met, i.e., greater
benefits are being achieved compared with those generated by individual MPAs alone and
population replenishment in and outside MPAs is occurring from the spread of reproductive
propagules and juveniles produced by protected sources within MPA boundaries. The six MLPA
goals (Table 1) focus on ecological expectations for the California MPA Network; however, as
depicted in the SES framework (Figure 1) it is also important to consider MPA outcomes from the
perspective of the human and governance domains and to develop integrated assessment tools
that address social-ecological and management effectiveness (Picone et al. 2020). How are
human activities, perceptions, and behavior being influenced by the large collection of MPAs
that now provide protection for 16% of California’s coastal waters? How is state management
working to ensure that the MLPA goals are being met and the expected ecological benefits are
being realized? And, are effects on the human and governance domains different in an
ecologically-connected MPA network from those that would be realized by a collection of
individual MPAs?
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ECOLOGICAL DOMAIN
The ecological benefits of an MPA network depend on the development inside individual MPAs
of more abundant species populations consisting of larger, older, and more fecund individuals,
which export reproductive propagules (animal larvae and algal spores) that replenish populations
in and outside MPA boundaries. These expectations for species populations scale-up to
community level attributes, resulting for example in greater diversity of species, diversity of
functional groups, and functional group redundancy, characteristics known to enhance
community resistance and resilience. However, these population and community level outcomes
of protection take time to develop, and for full network functionality need to occur in multiple
MPAs distributed across the spatial scales required to achieve population-level connectivity. For
example, for demographic responses to be realized across a network, populations first need to
increase in number, age and size to increase larval production, then successful dispersal of young
among MPAs is dependent on ephemeral environmental conditions conducive for larval survival
and delivery to recipient populations. Therefore, the ability to quantify the ecological contributions
of MPAs to the Network and to measure MPA network properties will slowly accrue over years as
protected populations move towards expected demographic outcomes.
Unlike evaluation of the effects of individual MPAs for which there are numerous studies (e.g.,
Halpern 2003, Russ et al. 2004, Lester et al. 2009, Pelc et al. 2010, Kaiser et al. 2011, Baskett and
Barnett 2015), assessments of the connectivity and connectivity-derived benefits of MPA networks,
including resistance and resilience to major disturbance events (e.g., Wagner et al. 2007, Blowes
and Connolly 2012, White et al. 2020), are more challenging. Evaluations of the degree to which
an MPA network’s ecological benefits are attained will largely be dependent on: 1) increases in
the reproductive output of protected populations resulting from increases in species abundances,
size, age, and fecundity; 2) persistence of these protected populations inside individual MPA
boundaries; 3) the realized connectivity of populations between MPA sites and in unprotected
areas through propagule (e.g., eggs, spores, larvae) dispersal; 4) the availability of suitable habitat
in Network MPAs and unprotected areas receiving exported propagule inputs; and 5) the
frequency, intensity, and extent of the disturbance regime. Therefore, evaluation of the degree
to which California’s MPAs are functioning as a network, must include assessments of these factors.
The first two factors are being addressed by multiple on-going monitoring studies designed to
identify ecological changes in MPAs and non-MPA reference sites, and relevant questions are
included in the section titled “Population responses”. These studies will provide information on the
abundance, size, age, and fecundity of species in and outside MPAs and gain insight into their
persistence. Assessments of recent habitat data will increase knowledge of how suitable habitat
is distributed throughout the Network (Young and Carr 2015), and gathering information on the
disturbance regime, connectivity, and MPA spacing will allow assessments of the buffering
capacity of the Network against catastrophic events (Wagner et al. 2007, White et al. 2020)
thereby examining the fourth and fifth factors. Determining the third factor, realized connectivity
between MPA and non-MPA sites in the Network, is a critical prerequisite to evaluating ecological
functioning of the Network and is poorly understood. Therefore, the ability to evaluate
performance of California’s MPA Network hinges upon improved understanding of the degree of
connectivity between MPA and non-MPA sites throughout the Network based on a combination
of empirical and modelled data on population and community characteristics.
Ecological responses to the MPA Network can be classified as either population or ecosystem
responses. Population responses include demographic changes resulting from patterns of
connectivity across the Network, whereas ecosystem responses refer to how ecological
communities respond to connectivity across the Network. Community responses include the
composition and relative abundance of species that occur as a consequence of differences in
the relative rates of connectivity among species. For example, MPAs with higher connectivity (i.e.,
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influx of propagules) of a greater number of species from other MPAs may support more diverse
communities and recover faster after a catastrophic event. The combination of long-term
ecological monitoring and the connectivity model in which the state has already invested will
provide insights into both population and ecosystem responses to the MPA Network.

POPULATION RESPONSES TO THE NETWORK
The operational premise of California’s MPA Network is that individual MPAs separated
geographically have been sited to be connected by the movements of propagules exported
from one MPA site to another. This export not only is predicted to provide an influx of recruits
throughout MPAs making up the California Network but also to seed unprotected areas open to
fishing. In fact, as pointed out by Goñi et al. (2010), most MPA Network benefits to fisheries are
expected to come from the export of propagules, although benefits also can be realized from
the dispersal of juveniles and adults that move from individual MPAs to surrounding areas where
they become available to fisheries.
There are several questions in Action Plan Appendix B that address the network performance with
respect to populations through movement of propagules (e.g., larvae), juveniles, and adults. For
example, two questions that emerged from the original Question 1, 1d and 1e, ask about how
population responses in MPAs translate to the ecological functions of larval export and biodiversity
respectively.
1d.
1e.

[Extension] Does the difference between MPAs and reference areas in larval
production of a focal and/or protected species increase over time?
[Extension] Does the difference between MPAs and reference areas in genetic
diversity of a focal and/or protected species increase over time?

In addition, question 24 probes the resistance of communities within MPAs to the spread of invasive
species.
24. [Original] Do MPAs limit the spread of invasive species?
24.
[Refined] Is the rate of invasion (i.e., increase in population size) of invasive species
lower in MPAs compared to reference areas?
Question 10 asks about spillover of adults into fisheries, while Questions 34, 36, and 39 address larval
connectivity and its consequences. These questions do not clarify the approach to evaluate
network performance, although CDFW and OPC have funded connectivity modeling work to
answer most network-related questions. Here we present two examples of questions from
Appendix B that address population responses to the Network with rephrasing to more clearly
articulate hypotheses and emergent questions.
10. [Original] What is the rate and distribution of adult spillover of targeted fishery species from
MPAs into adjacent areas?
10a.
Is adult abundance of targeted fishery species higher in areas adjacent to MPAs than
areas farther from MPAs? (distribution of adult spillover)
10b.
How has adult abundance of targeted fishery species changed over time in
relationship to distance from MPAs? (rate of adult spillover)
10c.
[Extension]: How does adult spillover vary with species density inside MPAs?
By rephrasing question 10 we make clear the hypothesis that adults of targeted species will be
more abundant closer to MPA boundaries if there is adult spillover. We also separate the questions
about the distribution and rate of adult spillover. Finally, with question 10c, we get at why spillover
may vary across species or MPAs by asking how spillover varies with species density inside MPAs.
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These questions can be evaluated by spatially designed surveys or from fisheries catch data (e.g.,
Russ et al. 2004).
34. [Original] What are the demographic effects of siting MPAs in larval source or sink locations,
and how do demographic responses to MPAs contribute to larval production and connectivity?
34a.
What are the metapopulation dynamic consequences of siting MPAs in locations
associated with high larval export vs. high larval import?
34b.
How does MPA siting affect the value or contribution (in terms of metapopulation
growth rate or resilience) of that MPA to the MPA Network?
34c.
How do demographic responses of populations within MPAs contribute to larval
production?
34d.
How do demographic responses of populations within MPAs contribute to larval
connectivity?
Question 34 focuses on the demographic consequences of connectivity and presents as a
complex multi-part question. First, rather than using the terms “source” or “sink” locations, which
can be misleading, we use the terms “high larval export” vs. “high larval import” and note that
these are not mutually exclusive. Second, we clarify that there are two types of demographic
effects of MPAs that are of interest in this question: first metapopulation dynamics across the
Network may be influenced by MPA siting (Questions 34a-b) and second, demographic responses
within individual MPAs may contribute to larval production and connectivity (Questions 34c-d).
Potential approaches for answering these network-level questions about California’s MPA
Network can be categorized into: a) theoretical studies that rely on models and simulations and
b) empirical studies that quantify directly (larval production and transport numbers and realized
or actual patterns of recruitment into resident populations) or indirectly through inference (gene
flow and genetic differentiation or microchemical signatures). Ultimately, greatest progress
towards answering these network-level ecological-connectivity questions will depend on
iteratively integrating data collected from empirical studies with model outputs (Burgess et al.
2014). One such model continues to be developed with support of CDFW and OPC (Carr et al.
2020).

THEORETICAL MODELLING STUDIES
Because of the expectation of greater abundances, sizes, and fecundity of targeted species,
MPAs should serve as significant exporters of propagules (Baskett and Barnett 2015, Marshall et al.
2019) but propagule dispersal from one MPA to another can be very difficult to directly detect
(Goñi et al. 2010, Watson et al. 2010, Christie et al. 2010, Johnson et al. 2018, Baetscher et al. 2019).
Consequently, theoretical modelling approaches have become tools of choice for evaluating
population connectivity among MPAs (Watson et al. 2010). With knowledge of the status of
populations inside MPAs, estimates can be made of the quantity of reproductive output
produced, a parameter necessary to quantitatively model export. Such models commonly treat
propagules as Lagrangian particles carried passively by ocean currents, for example by
incorporating Regional Ocean Modeling System (ROMS) data and species-specific knowledge of
pelagic duration of young life history stages. Such models can be empirically parameterized to
account for spatial and temporal differences in ocean circulation patterns and the reproductive
periodicities and spawning characteristics of modeled species. When combined with habitat
data and MPA spacing, empirically informed connectivity models can provide estimates of the
supply of propagules that can recruit to suitable habitat inside MPAs (where they serve to replenish
protected populations) and outside MPAs (where they can contribute to fished populations).
These models also can enable assessments of the degree to which the Network might provide
buffering capacity against catastrophic disturbance events (Wagner et al. 2007, White et al. 2020).
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Theoretical models, however, have their limitations. Larvae of many fishes and invertebrates, even
those with lengthy pelagic durations, don’t behave as passively carried particles and can be
retained locally prior to settlement (Warner et al. 2000, Baetscher et al. 2019). In addition,
adjustments must be made for largely unknown but spatially and temporally variable rates of
larval mortality and advection from appropriate settlement habitat during their transport.
Integrating empirical data that enable model parameterization to address larval behavior and
spatial and temporal dynamics of larval mortality and advection will ultimately improve the ability
to ecologically evaluate actual MPA network performance.
Modelling studies will continue to provide the best evidence of the degree to which MPAs are
connected via propagule transport and the degree to which this connectivity can potentially
replenish populations in MPAs constituting the Network given their size, location, and spacing.
Moreover, modelling studies will be informed by improved information on population persistence
and reproductive output and finer scale understanding of spatial and temporal variations in
ocean circulation systems from on-going ecological and oceanographic monitoring work.
Therefore, modelling studies present the best available means now and in the near future for
evaluating: 1) whether the California MPA Network is likely producing benefits that exceed those
representing the sum of its individual MPA parts, and 2) the degree to which MPA sites are
potentially connected through propagule dispersal.
Clearly, modelling studies are and will be for some time critical tools for evaluating connectivity
between MPAs. As knowledge becomes available, adjustments can be made in model
parameters to improve resolution and predictability by including finer scale information on ocean
circulation, and accommodating larval mortality, larval behavior, the demographics of juveniles
and adults (including spatial patterns of fishing mortality), and the localized physical
oceanographic processes that affect advection and retention. Because modelling studies shed
light on connectivity among MPAs, they can also be used to evaluate the location and spacing
of MPAs in the Network and the degree to which the MPA Network likely provides protection
against catastrophic disturbances. Lastly, the results of modelling studies can provide insight into
the degree to which propagule export (and adult spillover) from MPAs contribute to populations
outside MPA boundaries and enhance opportunities for fishermen to extract targeted species.

EMPIRICAL STUDIES
An important next step will be to expand from a theoretical understanding of site connectivity
within California’s MPA Network towards one that incorporates more data from empirical studies
and then to use these data to improve model performance. Studies of the quantity of recruits
received by individual MPA sites in the Network can be performed and matched to model
predictions. Such studies can be difficult to perform for many taxa and although important for
model validation also leave open the question of the source of recruits. Genetic studies have
been widely used to assess population connectivity in terrestrial and marine systems and can
advance understanding of connectivity patterns beyond the modelling stage (Marti-Puig et al.
2013, Jenkins and Stevens 2018), but have only rarely been used to evaluate connectivity within
MPA networks. Genetic studies can indirectly determine between-population connectivity by
quantifying gene flow and genetic differentiation and be used to shed light on the origins of
individuals recruiting into a population (Truelove et al. 2015, Jenkins and Stevens 2018).
Recent developments in detecting genetic relatedness of parental source populations and
recruits can more directly estimate patterns of connectivity and retention across MPAs (e.g.,
Planes et al. 2009, Christie et al. 2010, Pujolar et al. 2013, Johnson et al. 2018, Baetscher et al. 2019).
Coupled with ocean circulation models, these empirical studies can help explain patterns of
connectivity, provide a broader framework for evaluating MPA connectivity, and a means for
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validating model predictions. Although much less applied compared with genetic-based
investigations, microchemical studies, for example of fish otoliths and invertebrate statoliths, also
can be used to assess origins and destinations of organisms based on trace element profiles (e.g.,
Zacherl 2005). However, a downside to these approaches is the expense of collecting, preparing,
and processing samples and measuring genetic features and microchemical profiles.
Studies of recruitment of individuals into populations residing within MPA boundaries will contribute
information needed to validate model predictions. Genetic studies probably hold the most
promise because genetic studies can also provide information on the sources of newly recruited
individuals. However, the costs of performing recruitment and genetic studies probably limit their
ability to be widely employed today as monitoring tools. Therefore, recruitment and genetic
studies should be selectively used to validate model predictions with prioritization for key species—
particularly ‘umbrella’ (Jenkins and Stevens 2018), keystone, and foundation species known to be
of greatest importance to the integrity of marine ecosystems—and species of commercial and
recreational importance.

COMMUNITY AND ECOSYSTEM RESPONSES TO THE NETWORK
Three questions in Appendix B apply to how the MPA Network might benefit ecological
communities within the ecosystems across the Network. The answers to these questions will require
the integration of the ecosystem monitoring studies with the population and community
connectivity model being developed for network evaluation. The network connectivity model will
provide estimates of the levels of connectivity across the Network for focal species. Monitoring
data will provide descriptions of community structures based on species composition and
abundances, the persistence of these communities over time, and the magnitude, trajectories,
and rates of recovery experienced by these communities following perturbations. These findings
can then be compared with model estimates of connectivity to relate the connectivity of focal
species to resistance and resilience of ecological communities across monitored ecosystems.
Two aspects of ecosystem-level responses include: 1) the structure of the community (species and
relative abundances) within a recipient MPA resulting from the level of connectivity of multiple
species from other areas, including other MPAs, and 2) the persistence of that community structure
over time. Community structure within an MPA should reflect the relative rates of propagule influx
of species from other MPAs and unprotected populations. Moreover, the structure of communities
in MPAs characterized by higher rates of propagule influx should be more persistent and less
variable compared with less connected MPA communities. Thus, Question 35 can be rephrased
more explicitly as:
35. [Original] How does the distance and larval contribution between a source MPA and sink MPA
influence the ecosystem response inside the sink MPA?”
35a.
How does the larval contribution between an origin and destination MPA influence the
structure of ecological communities inside the destination MPA?
35b.
How does the larval contribution between an origin and destination MPA influence the
dynamics, including persistence, of ecological communities inside the destination MPA?
Reproduction in many species, including commercially and recreationally important invertebrates
(e.g., Levitan et al. 1992, Hobday et al. 2000) and fishes (e.g., Keith and Hutchings 2012, Saha et
al. 2013) are strongly subjected to Allee effects—reduced breeding success at low population
densities—and are particularly vulnerable to catastrophic events that reduce populations to
numbers insufficient for successful breeding. MPAs can engender greater resistance in ecological
communities by protecting larger, older individuals, which are less susceptible to disturbance
events (Micheli et al. 2012). Because reproductive output scales hyperallometrically for many fish
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species (Marshall et al. 2019), MPAs can increase the rate and likely recovery (resilience) of
disturbance impacted communities by exporting large numbers of propagules from undisturbed
MPA sites that can replenish populations in disturbed areas. Recovery can be accelerated if the
impacted MPA is positioned to receive propagules from adjacent protected but unimpacted
habitat and this benefit can be extended to areas outside MPA boundaries (e.g., Micheli et al.
2012, Aalto et al. 2019). Hence, the degree of connectivity among individual MPAs will also
influence resistance to and the rate of recovery after that community experiences a perturbation
(e.g., climatic event or oil spill). How the combined levels of propagule influx of constituent species
influence the resistance (i.e., the ability to resist change in community parameters) and the
resilience (i.e., rate and likelihood of recovery after a perturbation) of a community within an MPA
is captured in Questions 5 and 37. However, community resistance and resilience also may be
driven by the degree of self-replenishment of species constituting that community, which raises
an additional question. Modifications to Questions 5 and 37 have been made to now include
consideration of both the nature and timing of recovery (resilience) as well as resistance.
5. [Original] Does the nature or timing of recovery of natural communities from disturbance
events differ in different types of MPAs relative to outside areas?
5a.
Does the nature of recovery of natural communities from disturbance events differ in
MPAs relative to outside reference sites?
5b.
Does the timing of recovery of natural communities from disturbance events differ in
MPAs relative to outside reference sites?
5c.
Does the nature of recovery of natural communities from disturbance events differ in
MPAs with different levels of protection?
5d.
Does the timing of recovery of natural communities from disturbance events differ in
MPAs with different levels of protection?
5e.
[Extension] Do MPAs contribute to the recovery of impacted ecosystems?
37. [Original] Are MPAs with higher connectivity more resilient to sudden environmental
disturbance as compared to more isolated MPAs with higher self-retention?
37a.
Do high-connectivity populations and communities within MPAs have greater
resilience to spatially discrete short-term disturbances than low-connectivity
populations?
37b.
Do populations and communities with greater self-recruitment in MPAs exhibit greater
resilience to spatially discrete short-term disturbances than populations with less selfrecruitment?
Besides enhancing recovery from disturbance events, MPA networks also can mitigate the
impacts of climate change (McLeod et al. 2009, 2012, Carr et al. 2017). Although much is known
about designing MPAs to convey conservation and fishery benefits, much less attention has been
given to addressing the threats and impacts of climate change (McLeod et al. 2009). And, as
pointed out by Green et al. (2014) there are often conflicting outcomes in MPA network design
concerning conservation goals, fisheries benefits, and climate change adaptation. To achieve an
integrated network design that works to advance these three outcomes, Green et al. (2014)
proposed that the following categories should be addressed: 1) habitat representation; 2) risk
spreading; 3) protection of critical, special and unique areas; 4) incorporation of connectivity; 5)
allowance of time for recovery; 6) adapting to changes in climate and ocean chemistry; and, 7)
minimizing and avoiding local threats. It is also well known that a crucial response of species to a
changing climate is to shift their geographic or depth distribution, thereby tracking environmental
conditions.
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In addition, by protecting the integrity of ecosystems with the spacing required for successful larval
connectivity, including estuaries and other coastal nursery habitats, networks of MPAs distributed
along latitudinal gradients can facilitate the redistribution of species in the face of climate change
(Carr and Hazen 2019). With the exception of climate change, the design categories proposed
by Green et al. (2014) were considered during the implementation of the California MPA Network.
However, it is now recognized that changing ocean climate and chemistry represent an
increasingly serious threat to California’s coastal marine ecosystems and that adaptation to
climate change should be built into MPA network designs.
An example of how the California MPA Network might address climate change is through the
incorporation of ecological refugia with properties more resistant or resilient to ocean climate
change. Such refugia might include areas (Green et al. 2014): 1) containing populations with a
past history of withstanding environmental change; 2) with populations subject to historically
variable ocean conditions; and, 3) where there is the availability of habitat for local range
expansion driven by sea level rise. However, the scientific guidelines for the design of the California
MPA Network did not directly take into account these or other such considerations.
Lastly, in response to threats posed by localized catastrophic disturbances, Allison et al. (2003)
pointed out the need for additional reserve area to be built into MPA network design as an
insurance factor, underscoring the principle that resilience (the likelihood and rate of recovery)
will be a function of the distance of impacted sites from sources of propagules. The design of the
California MPA Network included the replication of protected habitat among MPAs within a
biogeographic region and the spacing of MPAs to likely achieve connectivity with the belief that
these features will buffer MPAs from major disturbances. However, the scientific guidelines for
implementing the California MPA Network did not include a multiplier for reserve area to serve as
insurance against severe disturbance events as suggested by Allison et al. (2003).

Recommendations and Approaches:
15.
15a.

15b.

15c.

15d.

Use and improve network models to understand the role of
connectivity in MPA and Network performance

Continue to use modelling studies to evaluate the location and spacing of MPAs
in the Network and the degree to which propagule export from MPAs can
potentially connect MPAs and seed populations outside MPA boundaries.
Incorporate the best available data into MPA evaluations.
Use the best available data to evaluate how connectivity influences the structure,
persistence, and resilience of communities within MPAs across the Network.
Examine whether monitoring studies are designed to generate information that
informs network models and network models leverage information generated by
monitoring studies.
Use network models to evaluate whether sufficient protected area exists within the
California MPA Network to protect against severe disturbance events and provide
the resilience needed to facilitate climate change adaptation and deliver
projected MPA-related conservation and fishery benefits into the future.
Support empirical studies designed to validate connectivity model predictions
concentrating on ‘umbrella’, keystone, and foundation species and species of
commercial and recreational importance.
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15e.

16.
16a.

Continue to refine models by incorporating improved (e.g., higher resolution)
ocean circulation information and including parameters such as larval mortality
and behavior, juvenile and adult demography, and spatial patterns of fishing
mortality

Improve understanding of the ecological functions associated with
the MPA Network

Continue to support monitoring studies to explore the diversity of ways that
individual MPAs and the Network can protect and enhance the functioning of
populations, communities and ecosystems.

HUMAN AND GOVERNANCE DOMAINS
Although the literature on the ecological expectations and outcomes for MPAs is expansive, less
attention has been given to understanding the human dimensions and best governance
practices. Yet, research suggests that organizational and social not biological or physical factors
are important determinants of MPA success (Kelleher and Recchia 1998, McClanahan 1999,
Mascia 2003, Bennett et al. 2017, Krueck et al. 2019, Di Franco et al. 2020). And, in addition to
limited understanding of the human dimensions of MPAs, governance shortcomings (insufficient
participation, communication, and transparency) and capacity shortages (inadequate staff and
budgets, enforcement, and ineffective management procevsses) also can impede MPAs from
achieving their goals (Di Franco et al. 2016, 2020, Gill et al. 2017). Therefore, understanding of the
human and governance dimensions of MPAs is limited, not only for individual MPAs but clearly for
designed MPA networks. In contrast, ecologists have for some time been examining how networks
might generate benefits beyond those expected of collections of individual MPAs (e.g., Murray et
al. 1999). The synergistic human and governance effects that occur following implementation of
a functional, ecological MPA network remain fertile grounds for study.
Effects of California’s MPA Network on aspects of the human domain likely depend greatly on the
ecological response resulting from the collection of MPAs functioning as a network. If the Network
multiplies the ecological benefits of single MPAs (and these benefits are broadly and clearly
communicated), stakeholders may experience mitigation of the perceived and actual costs
attributable to individual MPAs. However, if there are no perceived ecological benefits of the
Network, stakeholders may weigh the costs and respond negatively, and their responses might
vary from area to area. Research has shown that local perspectives are highly important for
understanding the social impacts of MPAs (Gollan and Barclay 2020) and engaging local people
is crucial for obtaining support for MPAs and other conservation initiatives (Di Franco et al. 2020).
Hence, given the oceanographic and ecological differences across California’s bioregions, the
attitudes, perceptions, and activities of local stakeholders towards MPAs are expected to vary
regionally and need to be understood regionally.
The fact that the MPAs are part of a larger interconnected network also could change
perceptions of their importance, permanence, and costs and benefits. In the context of the
Network, the value of an individual MPA to a stakeholder may not be simply the ability of that
MPA to generate spillover of adult fish or non-consumptive diving opportunities. The perceived
value of the MPA may also be related to its network contribution, role in providing refugia from
take-related impacts, and larval supply to MPA and non-MPA areas. In addition, the degree to
which California’s MPA Network confers resistance and resilience to disturbance events and
climate change may be valued by stakeholders engaged in consumptive and non-consumptive
uses of coastal and ocean resources.
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Perhaps a unique feature engendered by the California MPA Network is the development of a
statewide human network of stakeholders, communities of interest, and communities of place that
was created following MLPA implementation. One example of this human network is the MPA
Collaborative Network which includes 14 collaboratives that span the entire California coastline.
The vision of these collaboratives is to “encourage civic engagement in local resource
management to ensure the health and sustainability of our natural and social environments''
(“MPA Collaborative Network: Empowering Coastal Communities” 2018). Each of these
collaboratives has a member composition that reflects the regional differences across the state,
and they are all working on projects to increase knowledge, engagement, and compliance with
respect to MPAs. If lessons learned from one collaborative are shared with other collaboratives in
the state, this human knowledge network may prove to be resources with value beyond the sum
of its parts.

Photo: Surfrider Foundation

Recommendations and Approaches:
17.
17a.

Advance understanding of human dimensions and governance
aspects of MPAs to determine if social and governance benefits are
greater than the sum of benefits attained from individual MPAs.
Support studies to identify synergistic human and governance effects that accrue
from an ecological functional network and differentiate these from effects resulting
from a collection of individual MPAs.
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THE IMPORTANCE OF INTEGRATIVE THINKING

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

As illustrated by the SES framework (Figure 1), integrative thinking is key to understanding the many
ways in which humans and ecological communities will respond to MPAs, how to evaluate
change in these dimensions, and how management can respond to changes effectively.
Throughout the discussion of ecological, human, and governance domains, we have emphasized
the importance of interconnections among domains, influencing factors, and integration of results
across species, ecosystems, and human communities to develop a more holistic understanding
of MPA performance. Within-domain integration, for example, asking the same question across
multiple species, ecosystems or stakeholders has already been discussed in the domain-specific
sections above, so discussion in this section is brief and focuses on far more challenging, and
potentially more rewarding, cross-domain integration where answers to questions depend on
information from multiple domains. Evaluation of the costs and benefits of the MPA Network will
necessarily need to consider multiple ecological and human dimensions in a decision framework
that can look at tradeoffs among valued components, including considerations of what is
meaningful change to different stakeholders.

WITHIN-DOMAIN INTEGRATION
ECOLOGICAL DOMAIN

While analyzing monitoring data from individual MPAs and reference sites enables focused
evaluation of the performance of an MPA of particular interest, the benefit of a monitoring
program spanning the Network—across regions and ecosystems—is the ability to draw
conclusions of broader inference. For example, integration across multiple MPAs of similar (i.e.,
replicates) or different design criteria (e.g., size, spacing, levels of protection) or environmental
conditions (e.g., across geographic regions) provides managers with greater insight as to how
these factors influence the ecological consequences of MPAs, leads to more robust conclusions
about MPA performance, and can advance overall understanding of how MPAs achieve
conservation goals. Integrating these and other influencing factors with performance assessments
of multiple MPAs will provide much greater insight regarding their interaction with MPA
performance.
Another aspect of integration in the ecological domain is the insight gained by integrating
evaluation questions and answers across ecosystems. Ecologists strive to develop higher level
understanding of patterns and processes in the structure and functioning of populations and
communities, i.e., to identify generalities that extend beyond those revealed by a single
ecosystem or area. Answers to almost all the evaluation questions that pertain to the ecological
consequences of MPAs are more robust when evaluated across multiple ecosystems (i.e.,
monitoring programs). A key question is whether the identified ecological consequences of MPAs
in one ecosystem are mirrored in others. For example, are the life history traits of species that
respond more quickly to MPAs in the rocky intertidal shared across other ecosystems (e.g.,
Questions 7a-c)? Do the functional groups that exhibit stronger responses to MPAs in kelp forests
do so in other ecosystems (e.g., Questions 2a-b)? Are there structural and functional responses to
MPAs that are shared across all of the ecosystems monitored? And, can these common MPA
outcomes lead to more advanced models of MPA expectations for the Network as a whole?
Another important element of integration is that of empirical monitoring studies with network
evaluation models. This integration should ensure that monitoring studies are designed to inform
models created to assess network performance, and that these network models incorporate
information generated by monitoring studies. This integration pertains to network performance
evaluation questions (e.g., Questions 34a-d, 35a-b, 37a-b, and 39).
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Another form of integration within the ecological domain is assessing focal species data across
ecosystems and regions (e.g., Questions 1a-h and 32a-b). The monitoring studies offer an
opportunity to assess the degree to which focal species depend on different ecosystems to sustain
their populations. For example, some species might spend their adult life in deeper rocky or
pelagic habitats but require shallow coastal kelp forests or protected estuarine waters as nursery
grounds during earlier life history stages.
Most of the ecological evaluation questions can benefit from these forms of integration, which
are addressed within the ecological domain section and shown in Appendix 1. In some cases,
such within-domain integration is suggested through refinement or logical extension of the original
questions from Appendix B.
The richness of the monitoring data provides an unparalleled opportunity to advance MPA
science and explore common responses to MPA implementation. Additional analyses that require
integration across the Network include seeing how level of protection, MPA size, number of
habitats within an MPA, and other attributes impact MPA performance.

HUMAN DOMAIN
Paralleling the importance of integrative thinking in the ecological domain, such comparative
scrutiny of the outcomes of the various MPAs with human use in mind could result in insights that
help explain MPA performance. Once established, a human dimensions monitoring program
spanning the Network - across regions and stakeholders - also enhances the ability to draw
conclusions of broader inference. For example, integration of human dimensions data across
multiple MPAs of similar (i.e., replicates) or different (e.g., size, spacing, levels of protection) design
criteria or environmental conditions (e.g., across geographic regions) provides managers with
greater insight into how these factors influence human behaviors, people’s relationships and
perceptions of nature and support for various natural resource policies. Such integration leads to
greater insight into how and why MPAs achieve conservation goals.
Social scientists strive to develop higher level understanding of patterns and processes in the
structure and functioning of human populations and communities, i.e., to identify generalities that
extend beyond those revealed by a single human response or stakeholder group. Insights gained
from integration across human domain responses and or stakeholders will highlight the
commonalities that link to MPA performance and conservation outcomes. A key question is
whether the identified human consequences of MPAs in one stakeholder group such as a
community of interest (e.g., commercial fishing) or community of place (e.g., North Coast) are
mirrored in others. For example, integrating monitoring data about human behaviors, knowledge,
attitudes and perceptions of MPAs across multiple groups in the North Coast may reveal why
compliance or citizen-science research is high in certain MPAs but not others. These
commonalities would provide a broader lens to explore the linkages to ecological and
conservation outcomes across the Network.

GOVERNANCE DOMAIN
Understanding the effect of complex governance structures and processes associated with MPAs
clearly requires integrative thinking since MPA management issues vary widely across California’s
MPA Network. Integration of fisheries and MPA management is one important example of
governance integration that is discussed above (and in Appendix 4), but there are many other
ways in which management integration could contribute to more effective MPAs. At the level of
the evaluation questions, integration across groups of stakeholders or MPAs is also important to
understanding the effectiveness of specific management measures. For example, Question N10,
which asks about compliance with MPA regulations, should be assessed for a variety of relevant
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stakeholder groups and results should be integrated to find commonalities among the groups. This
type of integrative thinking may point to more or less effective management strategies for
achieving compliance with the MPA regulations.

Recommendations and Approaches:
18.
18a.
18b.
18c.

Support within-domain integration of evaluation questions

Compare answers to evaluation questions across multiple ecosystems to evaluate
the generalizability of results and the conclusions based on those results.
Extend analyses across ecosystems for focal species dependent on more than one
ecosystem to determine the integrated effects of MPA protection.
Compare answers to many of the evaluation questions across multiple human
responses and stakeholders, such as communities of interest or place, to evaluate
the generalizability of results and the conclusions based on those results.

CROSS-DOMAIN INTEGRATION
The original goals of the MLPA emphasize biological conservation benefits to be realized by a
network of MPAs. However, during implementation of the MLPA and in the following years, it
became clear that human dimensions must be strongly integrated with efforts to protect
ecological communities if MPAs are to be successful. Moreover, understanding the interactions
between human interests and the ecology of marine communities is the key to effective
governance. Ecological changes drive changes in human interactions with California’s coastal
biota and environments. In addition, changes in the intensity and diversity of human activities
impact the structure and functioning of ecological communities. Governing bodies must address
feedback between these two domains to manage MPAs effectively. Therefore, as illustrated by
the SES framework (Figure 1), there is a need to think collectively and integratively about the
ecological, human, and governance domains to develop full and holistic understanding of the
expectations and performances of MPAs. The interconnections between these three domains are
emphasized in this report and underscore the importance of integrative thinking in evaluating the
performance of California’s MPA Network and Management Program. Integrating across systems
is not an easy task. Scale mismatches can complicate integration, and there are challenges in
integrating different data types (e.g., qualitative vs quantitative data). However, integration
presents an opportunity to develop approaches for explicitly linking domains that will ultimately
improve management.
There are a number of evaluation questions posed in Appendix B that require integration across
governance, human, and ecological domains. These questions are presented in Appendix 3 and
many of them relate to fisheries but may approach the issue from either a human or ecological
perspective. There are also questions that require integration across governance and ecological
domains to assess the effectiveness of management strategies. Finally, there is a question (broken
out into three parts) about ecosystem services that approaches the potential benefits of MPAs to
humans more broadly.

77

INTEGRATIVE QUESTIONS ON FISHERIES
Questions 6, 9, and 36 are examples of questions that examine the relationship between
ecological performance of MPAs and fisheries from an ecological perspective. As such, these
questions pose similar integration challenges in that they require information on fishing effort or
mortality at scales that are relevant to individual MPAs and to the ecological responses within
those MPAs. For example, Question 6 asks “How does spatial variability in fishing effort and fishing
mortality rates prior to and after MPA implementation affect the abundance and/or size/age
structure of harvested species in MPAs?” We refined this question to clarify that comparisons would
be made between MPAs and to separate pre- and post-MPA fishing effort as well as changes in
abundance from changes in size/age structure. However, these clarifications do little to address
the most serious challenge associated with answering this type of integrative question; most of the
fishing data that exist are at spatial scales too coarse for linkages to individual MPAs.
6. [Original] How does spatial variability in fishing effort and fishing mortality rates prior to and
after MPA implementation affect the abundance and/or size/age structure of harvested
species in MPAs?
6a.
Are differences in the magnitude of change in abundance of focal species in response
to MPA establishment related to differences between MPAs in the level of pre-MPA
fishing mortality (or effort)?
6b.
Are differences in the magnitude of change in size/age structure of focal species in
response to MPA establishment related to differences between MPAs in the level of
pre-MPA fishing mortality (or effort)?
6c.
Are differences in the magnitude of change in abundance of focal species in response
to MPA establishment related to differences between MPAs in the level of MPAadjacent fishing mortality (or effort)?
6d.
Are differences in the magnitude of change in size/age structure of focal species in
response to MPA establishment related to differences between MPAs in the level of
MPA-adjacent fishing mortality (or effort)?
When fisheries-related questions are approached from the human perspective, the challenges
with data availability and scale mismatches are no less daunting. For example, Question 8, which
asks about the relationship between MPAs and changes to the distribution and magnitude of
nearshore fishing, is complicated by the coarse block scale at which much of the fisheries data
are collected, which cannot readily reveal effort or yield changes due to specific MPAs.
Furthermore, as described in the human domain section above, fisheries are complex and the
non-MPA factors that influence human decisions about where, when, and how much to fish must
be considered to understand what aspects of the changes to fisheries are actually a result of
MPAs. Although Question 8 could be addressed completely within the human domain, we have
classified it as an integrative question because it could be informed by ecological data in the
absence of well-resolved spatial data on fisheries. Modeling approaches show promise for
estimating pre-MPA fishing effort if informed by sufficient ecological data (White et al. 2016, Nickols
et al. 2019). Our attempts to clarify and disentangle Question 8 are illustrated below.
8.

[Original] What is the relationship between MPAs and the displacement, compaction, and
concentration of nearshore fishing efforts? Did overall fishing effort/mortality rates and yield
change since MPA implementation?
8a.
Did the distribution of fishing effort change following MPA implementation?
8b.
Did overall fishing effort/mortality rates and yield change following MPA
implementation?
8c.
[Extension] What are the fisheries related economic changes that accompany
changes in the distribution of fishing effort/mortality following MPA implementation?
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Recommendations and Approaches:
19.
19a.

Improve opportunities for integration of fishing and ecological data

Invest in new programs (e.g., mobile digital data collection for fisheries, spatiallyexplicit online surveys) to collect high spatial resolution data on fishing effort
appropriate for MPA evaluation.

INTEGRATIVE QUESTIONS ON GOVERNANCE AND MANAGEMENT
There are two evaluation questions from Appendix B (questions 11 and 38) that require integration
across ecological and governance domains, which pose many of the same challenges as
integration across ecological and human domains. Question 11 asks about the relative
effectiveness of MPAs and traditional fisheries management at maintaining sustainable fisheries.
To refine this question, we articulated two comparisons that could be made: the sustainability of
fisheries before and after MPA implementation, and the sustainability of fisheries more and less
likely to be influenced by MPAs.
11. [Original] Is the Implementation of MPAs as a habitat-based approach to marine fisheries
management more or less effective in maintaining sustainable fisheries than traditional
management strategies such as limiting harvest in a non-spatially explicit manner?
11a.
Is catch more sustainable for a targeted fishery species before or after MPA
implementation?
11b.
Is catch more sustainable for fishery species deemed likely to benefit from California's
MPAs than for species that are less likely to be influenced by the MPAs?
While these question refinements may be clarifying, efforts to answer them must still contend with
the challenges posed by mismatches in the spatial scales of fisheries data and MPAs.

CASE STUDY: INTEGRATING DATA TO EVALUATE GOAL 3:
IMPROVING RECREATIONAL OPPORTUNITIES
A robust understanding of California MPA Network performance requires consideration of data
and analyses across the domains of the SES Framework. Goal 3 of the MLPA provides a useful
example to explore this concept in a concrete way. For example, Goal 3 of the MLPA states “To
improve recreational, educational and study opportunities provided by marine ecosystems that
are subject to minimal human disturbance”. For this case study, we will focus on the objective, to
“improve recreational opportunities,” with the implication that similar thinking could be applied
to understanding changes to educational and study opportunities. The definition of “improvement”
is necessarily dependent on the perspective of the stakeholder (Table 3). The factors that lead to
that perception of improvement could lie in the ecological, human or governance domains.
Furthermore, consideration of evidence across SES domains could also be used to evaluate the
objective(s) of Goal 3 at a broader, more comprehensive level. For example, from pre- to postMPA establishment do ecological data show improvements in the condition of habitats in MPAs
and do diver perceptions of habitat conditions pre- to post- MPA establishment also support the
same conclusions?
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There are several evaluation questions (from Appendix B) that address some aspects of how
recreational opportunities may be changing, within and near MPAs (Questions 15, 16, 17, and 19,
Appendix 2), but the format of individual questions does not lend itself to a more holistic picture
of what constitutes an improved recreational experience for each community of interest, what
might influence that experience, and how a researcher would determine if the experience had
improved due to MPAs.
To fully evaluate the performance of California MPAs in relation to Goal 3 requires not only a
comprehensive investigation of the responses/performance measures but also consideration of
the possible reasons for improvement (or lack thereof). These influencing factors may stem from
all three domains and illustrate the links of the SES Framework showing the relationships among
domains.
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Table 3: Case study on evaluating improvement in recreational opportunities with some examples of communities
of interest, their potential definitions of improvement indicating what would entail an improved recreational
opportunity associated with the CA MPA Network, possible metrics to provide evidence of such an improvement;
and influencing factors that may affect outcomes and interpretation of data related to metrics.
Goal 3: To improve recreational opportunities provided by marine ecosystems that are subject to minimal human disturbance
Community of
Interest
Recreational
Nonconsumptive
Divers

Potential definitions of
improvement
Improved habitat
condition;
More diverse marine
species;
Perception of improved
habitat condition or more
diverse species
Increased access to MPAs
for diving
Reduced activity of other
marine users perceived to
affect experience

Recreational
Fisherman

Stable or improved catch;
Better conditions for next
generation

Indicators of improvement
Ecological:
□ Changes in habitat from
ecological surveys
□ More diverse species
observations
Human:
□ Changes in perception of
species diversity within MPAs
□ Changes in perception of
habitat condition in MPAs
□ Increases in diving in MPAs
□ Perceptions of stable or
improved enjoyment of
recreational activity
Ecological:
□ More fish; bigger fish
□ Recreationally targeted stocks
stable/improving/rebuilt

Influencing factors
Ecological:
□ Connectivity
□ Trophic interactions
□ Oceanographic conditions
Human:
□ Increased knowledge of MPAs
□ Personal or cultural values
Governance:
□ Outreach & education efforts
□ Improved monitoring
□ Improved enforcement

Ecological:
□ Historical fishing pressure
□ Environmental conditions
Human:
□ Increased knowledge of MPAs
□ Conservation value orientation
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Coastal
Resident

Government
Agency

Fewer tourism impacts;
Protection or
maintenance of local
ocean viewscape

Improved stock status for
recreationally targeted
species
Increased recreational
fishing license sales
Increased revenue

Human:
□ Increasing CPUE
□ Perceptions of stable or
improved enjoyment of
recreational activity
□ Changes in perception of
ecosystem services & human
benefits for future generations

Governance:
□ Outreach and education efforts
□ Improved enforcement
□ Change in fishing regulations

Ecological:
□ Changes in habitat condition
from ecol. surveys;
□ Changes in density; age/size
structure/biomass of fish species

Human:
□ Change in community
demographics
□ Change in perception or value or
ecosystem services & human
benefits
□ Attitudes towards tourism

Human:
□ Changes in tourist behavior
(visitation)
□ Perception of ocean
viewscape
Ecological:
□ Stable or increase in
abundance estimates for
recreationally targeted species
□ Stable or increase in
abundance with fishery
independent monitoring efforts
Human:
□ Increase recreational
boats/users in MPAs or at
access points

Governance:
□ Change in regulations that restrict
access or development
Ecological:
□ Historical fishing pressure on
recreational species
□ Environmental conditions
Human:
□ Perceived benefits of MPAs
□ Economic conditions in state/region
Governance:
□ Changes in recreational fishing
regulations that influencer access &
opportunity
□ Improved monitoring
□ Enforcement efforts
□ Increased communication &
outreach
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Governance:
□ Change in number of licenses
permitted;
□ Changes in revenue from
license sales
Tourism
Operator (e.g.,
Kayak Business)

Marine Supply
Store

Increased participation by
tourists
Increased revenue

Increased revenue
Increased opportunities to
diversify

Human:
□ Increases in number of tourists
renting kayaks/participating;
□ Increases in revenue to sector;
□ Reduced use by marine
activities that influence access
or enjoyment
□ Perceptions of stable or
improved business conditions
related to MPAs

Ecological:
□ Changes in species abundance and
diversity;
□ Environmental conditions;
□ Historical and current human
pressures;

Human:
□ Changes in demand for
recreational fishing or other
recreational supplies
□ Perceptions of stable or
improved business conditions
related to MPAs

Ecological:
□ Changes in species abundance or
diversity
Human:
□ Perceived benefits of MPAs by
recreational sector;
□ Conservation value orientation;
□ Economic conditions in state/region

Human:
□ Perceived benefits of MPAs
□ Economic conditions in state/region

Governance:
□ Changes in fishing or boating
regulations
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This example also demonstrates the need to consider multiple aspects of the human and
ecological domains when evaluating a specific goal and associated questions. This approach
should also be applied to multiple goals to evaluate tradeoffs among objectives and
perspectives using multiple lines of evidence across domains to evaluate the MPA Network in
a more holistic manner. Undoubtedly, MPA network evaluation will reveal tradeoffs among
stakeholders in the delivery of costs and benefits, and across goals and objectives. Adaptive
management will need to contend with these tradeoffs using deliberate, legitimate
stakeholder processes and decision science tools.

INTEGRATION OF RESEARCH AND MONITORING
An area of integration that has not yet been discussed is the integration of monitoring efforts.
The state continues to invest in ensuring communication and coordination across ecological
monitoring programs, but this type of integration is less well developed across the human
dimensions monitoring efforts, and integration across ecological, physical, and human
monitoring programs poses an ongoing challenge. The MPA Watch program provides an
example of where future integration across monitoring efforts could improve our ability to
evaluate the MPA Network. MPA Watch is a coordinated network of citizen science programs
that use volunteers to collect data on human activities in MPAs. This dataset represents a
potentially valuable, but largely underutilized resource. However, the program should be
reviewed in relation to key questions developed here, determine whether the data are robust,
and whether it is being implemented to address key influencing factors to ensure its relevance
for MPA evaluation. For example, are data being collected to allow for comparison of MPAs
with reference sites with similar features (e.g., access, biophysical features)? If the observational
power of the MPA Watch program were integrated within a more comprehensive social
science research program, it could have a larger impact on our understanding of the human
dimensions of MPAs. Furthermore, improved coordination and integration between human and
ecological monitoring could help to answer pressing questions about why MPAs may differ in
their ecological response, for example, identifying whether low compliance with MPA
regulations is occurring and to what degree. Integration between biological and physical
monitoring is also important and is largely discussed within the section on ecological influencing
factors. Although links between the physical properties of the ocean (e.g., temperature, pH,
etc.) and ecosystem responses are well accepted, the challenge of obtaining these physical
data at the scale relevant to ecological monitoring of MPAs should not be underestimated.
We discuss approaches for integrating information across domains and dealing with the
challenges posed by mismatches in scale in multiple sections of the report, but it bears
mentioning here that these efforts to integrate could be eased with improved coordination
between monitoring programs within and across domains throughout the monitoring period.
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Recommendations and Approaches:
20.

20a.
20b.
20c.

Manage California’s MPA Network as an integrated system
consisting of ecological, human, and governance domains and
recognize interconnections between these domains in evaluation
and adaptive management actions.

Incorporate analyses into the decadal review that integrate ecological, human,
and governance domains of the MPA Network.
Support coordination and integration of monitoring efforts within and across
domains, including feasibility of long-term monitoring costs.
Improve communication, engagement, and reporting among researchers,
stakeholders and governing bodies to increase efficiencies and inform adaptive
management decision-making.

ECOSYSTEM SERVICES
Ecosystem services by definition must be assessed with cross-domain integration. Ecosystem
services are the benefits people derive from nature (Corvalán et al. 2005) and support human
wellbeing through direct and indirect processes (Leenhardt et al. 2015). They represent the
relationship between nature and humans. The flow of ecosystem services arises from ecosystem
functions that arise from biophysical structures and processes (Liquete et al. 2013). The delivery
of ecosystem services leads to individual and societal outcomes, both tangible and intangible,
across multiple aspects of human wellbeing. MPAs are a management tool used to support
and potentially enhance the delivery of marine ecosystem services (Fletcher et al. 2011,
Leenhardt et al. 2015, Pascal et al. 2018), including provisioning, regulating, cultural and
supporting services (Corvalán et al. 2005). Assessing the changes in delivery of ecosystem
services from conservation interventions including MPAs can be challenging. One approach is
cost benefit analysis that uses valuation methods (Balmford et al. 2008, UNEP 2010, Pascal et al.
2018, Gregr et al. 2020). This approach is useful particularly for provisioning services and some
regulating services that can be accounted for using monetary valuation. Other data and
approaches are needed for evaluating the delivery of other ecosystem services, particularly
regulating, supporting, and other non-monetary provisioning services such as subsistence
fishing and most cultural services. For example, social media data can be used to evaluate
cultural ecosystem services in coastal areas (Ruiz-Frau et al. 2020). The original evaluation
questions posed in Appendix B contained a single question about ecosystem services (Question
13). In refining the question, we break it down into steps: first considering the ecosystem services,
independent of their value; then addressing any changes to those services that could be
resulting from MPAs; and finally assigning both economic and socio-cultural values to those
services.
13. [Original] What is the value of the ecosystem services provided by California MPAs?
13a.
What are the ecosystem services provided by ecosystems represented in the MPA
Network?
13b.
How has the flow of these ecosystem services changed following MPA
implementation?
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13c.
13d.

What are the short- and long-term economic values of these services?
What are the short- and long-term social and cultural values of these services?

Assessing and valuing ecosystem services is a complex undertaking, and one that extends far
beyond the scope of this report, and the realm of the existing monitoring and evaluation
programs associated with California’s MPA Network. Although a full evaluation of the
ecosystem services arising from MPAs may be challenging, a key step forward is the acquisition
of ecological and social data needed for this evaluation. Therefore, we recommend
integration of monitoring, evaluation, and management efforts to facilitate the collection of
data that can be used for such an integrated assessment.

HUMAN OUTCOMES AND EQUITY
As noted above, assessment and valuation of ecosystem services is complicated. Nevertheless,
in the SES framework (Figure 1) we illustrate the human outcomes of MPAs as flowing from
ecosystem services and directly from the interactions of humans with MPAs in the human
domain. Those outcomes include commonly considered economic costs or benefits, but also
less recognized social and cultural outcomes. How equitably (or not) the outcomes of MPAs
are distributed among individuals, stakeholders, and communities of place is likely to influence
people’s perceptions of MPAs as well as their engagement with management processes. The
distribution of costs and benefits can influence the perceived legitimacy of the MPA Network
and support for management efforts (Di Franco et al. 2016, Dehens and Fanning 2018, Pita et
al. 2020). Therefore, it is important to evaluate the distribution of the benefits and costs of MPAs,
including multiple aspects of economic, social, and cultural equity. As a small step toward this
end, we propose two questions within the human domain: N3. How do the demographics of
those who use MPAs and reference sites compare to state demographics? and N4. Are there
groups that disproportionately access or don't access MPAs and reference sites, and why? The
demographic questions should help identify potential areas of inequity by revealing diversity in
the fishing industry (commercial and recreational) and coastal communities. The “why” portion
of the question should elicit differences in social impacts and perceptions, cultural values and
knowledge. For example, what is considered equitable vis a vis social impact for small-scale,
day fishermen may be radically different for large trip boats and vice versa. Similarly, the
diversity identified may affect economic analyses, and this should be reflected in the answers
to the questions about economic and other aspects of wellbeing; N7. What are the direct and
indirect economic consequences of MPAs for relevant stakeholders and coastal communities?
and N8. How have MPAs affected dimensions of social and cultural wellbeing for relevant
stakeholders and coastal communities? Opportunity costs considering the immediate and the
long-term changes in options (or reduction in the possibility of flexibility) due to MPAs will likely
differ according to a wide-range of characteristics of the fishing and/or coastal communities.
Typically, it is the less powerful (e.g., vessel crew or employees and small business owners) who
suffer negative impacts or inequitable distribution of (or access to) benefits flowing from
ecosystem services (e.g., Gustavsson et al. 2014). The consequences can lead to fractures
within human communities and/or between neighboring communities. If the structures of
communities change, relationships among people change and dominant values may also shift.
In order to track cost and/or benefit to humans, it is important to understand the trade-offs
among stakeholders’ objectives. Cultural values, perceptions and attitudes, as well as
knowledge, play a role in wellbeing that is associated with individuals, families, groups, and
communities. Ultimately, MPA network evaluation should measure outcomes of the MPAs and
the Network, determining whether and what benefits are being achieved by whom and
whether and what costs are borne and by whom. What values should be supported, what the
future of communities should be, and who should decide are essential questions for adaptive
management of California’s MPAs and MPA Network.
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APPENDIX 1: TABLE OF QUESTIONS FROM THE ECOLOGICAL DOMAIN

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

MLPA
Goal

Question #

Questions from Appendix B of the Action Plan that fall within the ecological domain are presented here with proposed wording
changes that either refine the questions to more clearly specify response variables and predicted responses, or extend the
questions to additional topics of interest for MPA evaluation. Rationale for these question changes are presented, along with
potential considerations to be taken into account during analyses. The final column indicates those questions that have been
proposed to be addressed by ongoing monitoring programs, and which programs proposed to address them.

Original
Question

Question
Refinement or
Extension

Rationale for
Question
Changes

Considerations

MPA PERFORMANCE- POPULATIONS
G1

1a

G1

1b

[Original]
Do focal
and/or
protected
species
inside of
MPAs differ
in size,
numbers,
and
biomass
relative to
reference
sites?

[Refined] Does the
difference between
MPAs and
reference sites in
the size of
individuals of a
focal and/or
protected species
increase over time?

[Refined] Does the
difference between
MPAs and
reference sites in
density (or
proportionate
cover) of a focal
and/or protected

Clarify,
rephrase,
and focus
the question.
Focus
question on
trajectories in
the size of
individuals of
focal and/or
protected
species.
Focus
question on
trajectories in
the
abundances
(density or
cover) of
focal and/or

Proposed
to be
Addressed
by
Ongoing
Monitoring
Programs

Inside-outside response ratio trajectories over
time.
Multiple ways to measure size can be explored:
mean, median, distribution, upper quartile,
proportion above minimum fished size, etc.
Might look at individual species or aggregate by
fished/unfished species.
Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)

Inside-outside response ratio trajectories over
time.
Might look not just at total density, but density of
mature individuals or those greater than the
minimum fished size.
Might look at individual species or aggregate by
fished/unfished species.
Would benefit from pre- and post-MPA

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)
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species increase
over time?

protected
species.

establishment fishing data for MPAs and adjacent
reference sites.

Inside-outside response ratio trajectories over
time.
Requires species-specific size-biomass
relationships.
Might look not just at total biomass, but biomass
of mature individuals or those greater than the
minimum fished size.
Might look at individual species or aggregate by
fished/unfished species.
Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Requires species-specific size-fecundity
relationships or biomass of mature individuals for
relative larval production.
Might look at individual species or aggregate by
fished/unfished species.
Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Requires a measure of genetic diversity.
Might look at individual species or aggregate by
fished/unfished species.
Would benefit from pre- and post-MPA

G1

1c

[Refined] Does the
difference between
MPAs and
reference sites in
biomass of a focal
and/or protected
species increase
over time?

Focus
question on
trajectories in
the biomass
of focal
and/or
protected
species.

G1

1d

[Extended] Does
the difference
between MPAs and
reference sites in
larval production of
a focal and/or
protected species
increase over time?

Extend
question to
include the
ecological
function of
larval export.

G1

1e

[Extended] Does
the difference
between MPAs and
reference sites in
genetic diversity of
a focal and/or

Extend to
include the
ecological
function of
genetic
biodiversity.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)
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protected species
increase over time?
G1

1f

G1

1g

G1

1h

[Extended] Does
the difference
between MPAs and
reference sites in
the size and age
structure of
populations of a
focal and/or
protected species
increase over time?
[Extended] Does
the difference
between MPAs and
reference sites in
overall biomass of
focal and/or
protected species
increase over time?
[Extended] Does
the difference
between MPAs and
reference sites in
overall biomass of
fished species
increase over time
relative to species
that are not fished?

establishment fishing data for MPAs and adjacent
reference sites.
Extend
original size
question to
consideratio
n of
population
demographi
cs.

Inside-outside response ratio trajectories over
time.
Similar to 1a except looking at populations of
individual species and groups of species.
Might look at individual species or aggregate by
fished/unfished species.
Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)

Extend
original
biomass
question to
an
aggregation
of all focal
and/or
protected
species.
Extend
original
biomass
question to
aggregations
of all fished
and unfished
species.

Inside-outside response ratio trajectories over
time.
Similar to 1c except looking at overall biomass of
focal or protected species.
Might look at individual species or aggregate by
fished/unfished species.
Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)

Inside-outside response ratio trajectories over
time.
Similar to 1c except looking at overall biomass of
fished vs. unfished species.
Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)
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G1

4a

G1

4b

[Original]
Do the
abundanc
e, size/age
structure,
and/or
diversity of
predator
and prey
species
differ inside
MPAs, or
outside
areas of
comparabl
e habitat?

[Refined] Does the
difference between
MPAs and
reference sites in
the density of
predators whose
prey are fished
increase over time?

[Refined] Does the
difference between
MPAs and
reference areas in
the density of prey
whose predators
are fished increase
over time?

Clarify that
the focus of
this question
is the
relationship
between
predators
and their
specific prey
and how
MPAs can
alter this
relationship
by reducing
fishing
mortality.
Focus
question on
the density of
predators
whose prey
are fished.
Focus
question on
the density of
prey whose
predators
are fished.

Inside-outside response ratio trajectories over
time.
Might look at individual species or aggregate by
fished/unfished predator species whose prey are
fished.
Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)

Inside-outside response ratio trajectories over
time.
Might look at individual species or aggregate by
fished/unfished prey species whose predators are
fished.
Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)
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G1

4c

[Refined] Does the
difference between
MPAs and
reference sites in
the size/age
structure of
predators whose
prey are fished
increase over time?

Extend
original
predator/pre
y density
question to
include
size/age
structure.

Inside-outside response ratio trajectories over
time.
Multiple ways to consider size/age structure.
Might look at individual species or aggregate by
fished/unfished species.
Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)

G1

4d

Extend
original
predator/pre
y density
question to
include
size/age
structure.

Inside-outside response ratio trajectories over
time.
Multiple ways to consider size/age structure.
Might look at individual species or aggregate by
fished/unfished species.
Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)

G1

4e

[Refined] Does the
difference between
MPAs and
reference sites in
the size/age
structure of prey
whose predators
are fished increase
over time?
[Refined] Does the
difference between
MPAs and
reference sites in
the diversity of
predators whose
prey are fished
increase over time?

Extend
original
predator/pre
y density
question to
include
diversity
consideratio
ns.

Inside-outside response ratio trajectories over
time.
Calculation of predator diversity and prey
diversity (possibly species richness, evenness, and
diversity indices).
Use biomass or density of each species to
calculate taxonomic diversity of either predators
or prey.
Might look at individual species or aggregate by
fished/unfished species.
Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)
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G1

4f

G2

7a

[Original]
How do
species
differ in
their rate of
response to
MPA
implement
ation?

[Refined] Does the
difference between
MPAs and
reference sites in
the diversity of prey
whose predators
are fished increase
over time?

Extend
original
predator/pre
y density
question to
include
diversity
consideratio
ns.

[Refined] How does
the mean rate of
response in
abundance and
size/age structure
differ among
species?

Clarify the
analytical
design of
MPAreference
site
comparisons
over time to
include
specific
response
variables.

Inside-outside response ratio trajectories over
time.
Calculation of predator diversity and prey
diversity (possibly species richness, evenness, and
diversity indices).
Use biomass or density of each species to
calculate taxonomic diversity of either predators
or prey.
Might look at individual species or aggregate by
fished/unfished species.
Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Multiple ways to consider size/age structure.
Would benefit from abundance and size/age
structure data for targeted species pre-MPA
establishment where available. Might look at
individual species or aggregate by
fished/unfished species.
Would benefit greatly from pre- MPA
establishment fishing data for MPAs and adjacent
reference sites.
Would benefit from fundamental life history
information associated with population growth
rates, including home range size and rates of
propagule recruitment, to explain differences in
species response rates.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
IOOS)
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G2

7b

[Extended] How do
changes in
abundance and
size/age structure
differ among
species? (assess
within an MPA)

Extend
question to
include
consideratio
n of absolute
changes in
abundance
and size/age
structure
among
examined
species.

G2

7c

[Extended]: Are
differences in rate
of species
responses to MPA
establishment
related to life
history (longevity,
homerange,
dispersal distances)
or demographic
variables?

G3

20a

Extend
question to
include
consideratio
n of life
history
differences
and
demographi
c variables
among
examined
species.
Clarify the
analytical
design to
include
specific
response
variables.
Focus
question on
size and age

[Original]
Are the
size/age
structure of
recreation
ally valued
species
increasing
in MPAs
over time?

[Refined] Has the
difference between
MPAs and
reference areas in
the size/age
structure of
recreationally
fished species
increased over
time?

Inside-outside response ratio trajectories over
time.
Multiple ways to consider size/age structure.
Might look at individual species or breakout by
fished/unfished species.
Would greatly benefit from pre- MPA
establishment fishing data for MPAs and adjacent
reference sites.
Would benefit from fundamental life history
information associated with population growth
rates, including home range size and rates of
propagule recruitment, to explain differences in
species response rates.
Inside-outside response ratio trajectories over
time.
Might look at individual species or breakout by
fished/unfished species.
Would benefit greatly from pre- MPA
establishment fishing data for MPAs and adjacent
reference sites.
Would benefit from fundamental life history
information associated with population growth
rates, including home range size and rates of
propagule recruitment, to explain differences in
species response rates.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
IOOS)

Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Multiple ways to consider size/age structure.
Might look at individual species or breakout by
fished/unfished species.
[This question is the same as Question 1a but
applied to particular species.]

Yes (InterT,
KF, ROV,
Beach,
CCFRP,
IOOS &
Estuaries)

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
IOOS)
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structure of
recreationall
y fished
species.

G3

20b

G3

20c

[Refined] Has the
difference between
MPAs and
reference areas in
the mean size of
recreationally
fished species
increased over
time?
[Extended] Has the
difference between
MPAs and
reference areas in
the size/age
structure of
culturally valued
species increased
over time? (nonconsumptive
species)

Focus
question on
mean size of
recreationall
y fished
species.

Extend
question to
focus on size
and age
structure of
unfished
culturally
valued
species.

Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Might look at individual species or breakout by
fished/unfished species.
[This question is the same as Question 1a but
applied to particular species.]
Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Multiple ways to consider size/age structure.
Might look at individual species or breakout by
fished/unfished species.
[This question is the same as Question 1a but
applied to particular species.]

Yes (InterT,
KF, ROV,
Beach,
CCFRP,
IOOS &
Estuaries)

Yes (InterT,
KF, ROV,
Beach,
CCFRP,
IOOS &
Estuaries)
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G3

20d

G4

23a

G4

23b

[Original]
Have
endangere
d species
and/or
culturally
significant
species
benefited
from the
presence
of
California's
MPAs?
(See list of
endangere
d and
culturally
significant
species in
column D
of notes
tab)

[Extended] Has the
difference between
MPAs and
reference areas in
the mean size of
culturally valued
species increased
over time? (nonconsumptive
species)
[Refined] Has the
difference between
MPAs and
reference areas in
the abundance of
endangered
species increased
over time?

[Refined] Has the
difference between
MPAs and
reference areas in
the abundance of
culturally significant
species increased
over time? (e.g.
species used by the
Tribes)

Extend
question to
focus on
mean size of
unfished
culturally
valued
species.

Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Might look at individual species or breakout by
fished/unfished species.
[This question is the same as Question 1a but
applied to particular species.]

Yes (InterT,
KF, ROV,
Beach,
CCFRP,
IOOS &
Estuaries)

Clarify the
analytical
design to
include
specific
response
variables.
Focus
question on
abundance
of
endangered
species.
Focus
question on
abundance
of culturally
significant
species.

Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Likely evaluate by individual species.
[This question is the same as Question 1b but
applied to particular species.]

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)

Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Likely evaluate by individual species.
[This question is the same as Question 1b but
applied to particular species.]

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)
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G4

23c

G4

23d

G5

32a

[Original]
Do State
Marine
Reserve
(SMR)/Stat
e Marine
Conservati
on
Area(SMC
A) clusters
provide
greater
protection
than standalone
SMRs?

[Refined] Has the
difference between
MPAs and
reference areas in
the size/age
structure of
endangered
species increased
over time?
[Refined] Has the
difference between
MPAs and
reference areas in
the size/age
structure of
culturally significant
species increased
over time? (e.g.
species used by the
Tribes)
[Refined] Is there an
increase over time
in the difference
between MPAs and
reference sites in
abundance
(density, cover,
biomass) of focal
species and if so is
the difference in
combined
SMR/SMCA clusters
greater than in
stand-alone MPAs
of similar size and
protection?

Focus
question on
size/age
structure of
endangered
species.

Focus
question on
size/age
structure of
culturally
significant
species.

Clarify the
analytical
design to
include
specific
response
variables.
Focus
question on
abundance
of focal
species.

Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Multiple ways to consider size/age structure.
Likely evaluate by individual species.
[This question is the same as Question 1a but
applied to particular species.]
Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Multiple ways to consider size/age structure.
Likely evaluate by individual species.
[This question is the same as Question 1a but
applied to particular species.]

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)

Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Test for differences in responses between standalone MPAs and clusters.
Might look at individual species or aggregate by
fished/unfished species.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Rec CPUE)

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)
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32b

32c

[Refined] Is there an
increase over time
in the difference
between MPAs and
reference sites in
size/age structure
of focal species
and if so is the
difference in
combined
SMR/SMCA clusters
greater than in
stand-alone MPAs
of similar size and
protection?
[Refined] Is there an
increase over time
in the difference
between MPAs and
reference sites in
abundance
(density, cover,
biomass) of focal
species and if so
are there
differences
between SMR and
SMCAs of similar
size?

Focus
question on
size/age
structure of
focal
species.

Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Multiple ways to consider size/age structure.
Might look at individual species or aggregate by
fished/unfished species.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Rec CPUE)

Extend
question to
consider
differences in
abundances
of focal
species
between
SMRs and
SMCAs.

Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Might look at individual species or breakout by
fished/unfished species.
Consider using "level of protection" for SMCAs.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Rec CPUE)
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32d

[Refined] Is there an Extend
increase over time
question to
in the difference
consider
between MPAs and differences in
reference sites in
size/age
size/age structure
structure of
of focal species
focal species
and if so and if so
between
are there
SMRs and
differences
SMCAs.
between SMR and
SMCAs of similar
size?
MPA PERFORMANCE – COMMUNITIES & ECOSYSTEMS

Would benefit from pre- and post-MPA
establishment fishing data for MPAs and adjacent
reference sites.
Inside-outside response ratio trajectories over
time.
Multiple ways to consider size/age structure.
Might look at individual species or breakout by
fished/unfished species.
Consider using "level of protection" for SMCAs.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Rec CPUE)

G1

2a

Would benefit from pre- and post-MPA
establishment diversity and fishing data for MPAs
and adjacent reference sites.
Inside-outside response ratio trajectories over
time.
Multiple ways to calculate diversity (species
richness, evenness, or diversity indices).
Multiple ways to consider functional group
categorization.
Might look at fished/unfished species where
appropriate.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)

G1

2b

Would benefit from pre- and post-MPA
establishment diversity and fishing data for MPAs
and adjacent reference sites.
Inside-outside response ratio trajectories over
time.
Multiple ways to calculate diversity (species
richness, evenness, or diversity indices).
Multiple ways to consider functional group
categorization.

Yes (InterT,
KF, ROV,
Beach,
CCFRP &
Estuaries)

[Original]
Does
functional
diversity
differ in
MPAs
relative to
reference
sites?

[Refined] Does the
difference between
MPAs and
reference sites in
species diversity
within any given
functional group
increase over time?

[Refined] Does the
difference between
MPAs and
reference sites in
the diversity of
functional groups
increase over time?

Clarify the
analytical
design to
include
specific
response
variables.
Focus
question on
diversity
within
functional
groups.
Focus
question on
the diversity
of functional
groups.
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Might look at fished/unfished species where
appropriate.
G1

3a

G1

3b

[Original]
Do MPAs
that
include
multiple
habitat
types
harbor
higher
species
abundanc
e or more
diverse
communiti
es than
those that
encompass
a single
habitat
type or less
diverse
habitat
types?

[Refined] Is there a
positive relationship
between the
density (cover or
biomass) of any
given focal species
and habitat
diversity across
MPAs of similar
protection levels?

[Refined] Is there a
positive relationship
between species
diversity and
habitat diversity
across MPAs of
similar protection
levels?

Clarify the
analytical
design to
include
specific
response
variables.
Focus
question on
density
(cover or
biomass) of
focal
species.
Focus
question on
species
diversity.

Inside-outside response ratio trajectories over
time.
Requires data on habitat diversity of appropriate
scale.
Might look at fished/unfished species where
appropriate.
Multiple ways to calculate habitat diversity
(richness or diversity).
Could benefit from pre- and post-MPA
establishment density data for MPAs and
adjacent reference sites.
Test for relationship (regression) between species
abundance and richness or diversity of habitats
across MPAs.
Inside-outside response ratio trajectories over
time.
Requires data on habitat diversity of appropriate
scale.
Might look at fished/unfished species where
appropriate.
Multiple ways to calculate species and habitat
diversity (richness or diversity).
Could benefit from pre- and post-MPA
establishment diversity data for MPAs and
adjacent reference sites.
Test for relationship (regression) between species
richness or diversity and diversity of habitats
across MPAs.

Yes (InterT,
KF, ROV,
Beach &
CCFRP)

Yes (InterT,
KF, ROV,
Beach &
CCFRP)
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G1

3c

G1

5a

G1

5b

Does the
nature or
timing of
recovery of
natural
communiti
es from
disturbanc
e events
differ in
different
types of
MPAs
relative to
outside
areas?

[Refined] Is there a
positive relationship
between species
diversity within a
habitat/ecosystem
and habitat
diversity across
MPAs of similar
protection levels?

Focus
question on
species and
habitat
diversity.

[Refined] Does the
nature of recovery
of natural
communities from
disturbance events
differ in MPAs
relative to outside
reference sites?

Clarify the
analytical
design to
include
specific
response
variables.
Focus
question on
the nature of
community
recovery.
Focus
question on
the rate of
community
recovery.

[Refined] Does the
timing of recovery
of natural
communities from
disturbance events
differ in MPAs
relative to outside
reference sites?

Inside-outside response ratio trajectories over
time.
Requires data on habitat diversity of appropriate
scale.
Might look at fished/unfished species where
appropriate.
Multiple ways to calculate species and habitat
diversity.
Could benefit from pre- and post-MPA
establishment diversity data for MPAs and
adjacent reference sites.
Inside-outside response ratio trajectories over
time.
Might look at fished/unfished species and their
community roles where appropriate.
Would benefit from pre- disturbance community
level data for MPAs and adjacent reference sites.
Consider definition and metrics of recovery.

Yes (InterT,
KF, ROV,
Beach &
CCFRP)

Inside-outside response ratio trajectories over
time.
Might look at fished/unfished species and their
community roles where appropriate.
Would benefit from pre- disturbance community
level data for MPAs and adjacent reference sites.
Consider definition and metrics of recovery.

Yes (InterT,
KF, ROV,
CCFRP,
IOOS &
Estuaries)

Yes (InterT,
KF, ROV,
CCFRP,
IOOS &
Estuaries)

117

G1

5c

G1

5d

G1

5e

G4

21

[Refined] Does the
nature of recovery
of natural
communities from
disturbance events
differ in MPAs with
different levels of
protection?
[Refined] Does the
timing of recovery
of natural
communities from
disturbance events
differ in MPAs with
different levels of
protection?
[Extended] Do
MPAs contribute to
the recovery of
impacted
ecosystems?

[Original] Have unique habitats
been adequately represented
and protected by the current
distribution and designation of
MPAs?

Focus
question on
the nature of
community
recovery and
level of
protection of
MPAs.
Focus
question on
the rate of
community
recovery and
level of
protection of
MPAs.
Focus
question on
the
community
recovery in
impacted
ecosystems.

Inside-outside response ratio trajectories over
time.
Might look at fished/unfished species and their
community roles where appropriate.
Would benefit from pre- disturbance community
level data for MPAs and adjacent reference sites.
Consider definition and metrics of recovery.

Yes (InterT,
KF, ROV,
CCFRP,
IOOS &
Estuaries)

Inside-outside response ratio trajectories over
time.
Might look at fished/unfished species and their
community roles where appropriate.
Would benefit from pre- disturbance community
level data for MPAs and adjacent reference sites.
Consider definition and metrics of recovery.

Yes (InterT,
KF, ROV,
CCFRP,
IOOS &
Estuaries)

Inside-outside response ratio trajectories over
time.
Might look at fished/unfished species and their
community roles where appropriate.
Would benefit from pre- disturbance community
level data for MPAs and adjacent reference sites.
Consider the nature of impacted ecosystem and
definition of recovery.

Yes (InterT,
KF, ROV,
CCFRP,
IOOS &
Estuaries)

No changes

Consider definition of unique habitats.
Requires spatial data on distribution of unique
habitats.

Yes (ROV,
IOOS,
Estuaries &
Connectivit
y)
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G4

22

G4

24

[Original]
Does the
abundanc
e or quality
of habitat
(geologic,
oceanogra
phic,
biogenic)
increase or
remain the
same
within an
MPA?
[Original]
Do MPAs
limit the
spread of
invasive
species?

[Refined] How has
the abundance or
quality of habitat
(geologic,
oceanographic,
biogenic) changed
within MPAs?

Clarify and
rephrase the
question for
greater
specificity.

Consider definition of habitat quality.
Requires spatial data on distribution of geologic,
oceanographic and biogenic habitats.

Yes (InterT,
KF, ROV,
Beach,
Estuaries &
Connectivit
y)

[Refined] Is the rate
of invasion (i.e.
increase in
population size) of
invasive species
lower in MPAs
compared to
reference areas?

Clarify and
rephrase the
question for
greater
specificity.

Requires identification of invasive species and
their abundances in and outside of MPAs.
Inside-outside response ratio trajectories over
time.
Might look at fished/unfished species and their
community roles where appropriate.
Would benefit from historical data on species
abundances for MPAs and adjacent reference
sites.

Yes (KF,
ROV,
Beach &
Estuaries)

Clarify, focus,
and rephrase
the question.
Focus
question on
spatial
differences in
spillover with
reference to
MPAs.

Requires data on targeted fishery species across
a spatial gradient representing distance from
MPAs.
Could look at mean rate of movement of tagged
animals both directions across MPA boundaries to
test for net directional movement, or cohort
analysis of untagged animals.
Might look at fished/unfished species

Yes
(CCFRP)

NETWORK PERFORMANCE - POPULATIONS
G2

10a

[Original]
What is the
rate and
distribution
of adult
spillover of
targeted
fishery
species
from MPAs

[Refined] Is adult
abundance of
targeted fishery
species higher in
areas adjacent to
MPAs than areas
farther from MPAs?
(distribution of adult
spillover)
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G2

10b

G2

10c

G6

34a

into
adjacent
areas?

[Refined] How has
adult abundance
of targeted fishery
species changed
over time in
relationship to
distance from
MPAs? (rate of
adult spillover)
[Extended]: How
does adult spillover
vary with species
density inside
MPAs?

[Original]
What are
the
demograp
hic effects
of siting
MPAs in
larval
source or
sink
locations,

[Refined] What are
the
metapopulation
dynamic
consequences of
siting MPAs in
locations
associated with
high larval export
vs. high larval
import?

Focus
question on
abundances
of fishery
species
(spillover)
over time in
relation to
distance
from MPAs.
Focus
question on
variations in
spillover of
fishery
species as a
function of
density inside
MPAs.
Clarify, focus,
and rephrase
the question.
Focus
question on
areas of high
larval export
and low
larval import.

Requires time series data on targeted fishery
species across a spatial gradient representing
distance from MPAs.
Might look at aggregate fished and unfished
species.

Yes
(CCFRP)

Requires density data on targeted fishery species
inside MPAs and also across a spatial gradient
representing distance from MPAs.
Might look at aggregate fished and unfished
species.

Yes
(CCFRP)

Requires data on the demographics of species.
Requires data on degree of larval export and
import.
Multiple ways to collect and analyze
demographic data.
Consider the number of populations to be
analyzed and efficacy of larval production and
range of larval distribution.
Iterative integration of empirical and modeling
studies is recommended when possible.

Yes (InterT,
IOOS &
Connectivit
y)
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G6

34b

G6

34c

and how
do
demograp
hic
responses
to MPAs
contribute
to larval
production
and
connectivit
y?

[Refined] How does
MPA siting affect
the value or
contribution (in
terms of
metapopulation
growth rate or
resilience) of that
MPA to the MPA
network?

Focus
question on
contributions
of specific
MPAs to the
network
based on
connectivity
expectations
.

[Refined] How do
demographic
responses of
populations within
MPAs contribute to
larval production?

Focus
question on
how
population
demographi
cs affect
larval export
in specific
MPAs.

Requires time series data the demographics of
species in order to calculate growth rate.
Requires data on degree of larval export and
import.
Multiple ways to collect and analyze
demographic data.
Consider the number of populations to be
analyzed and efficacy of larval production and
range of larval distribution.
Data from multiple MPAs required to estimate the
value of an individual MPA.
Iterative integration of empirical and modeling
studies is recommended when possible.
Requires data on the demographics of species
and how these demographics change in relation
to MPA protection.
Consider inside and outside MPA responses.
Requires data on degree of larval production as
a function of population demography.
Multiple ways to collect and analyze
demographic data.
Consider the number of populations to be
analyzed.
Data from multiple MPAs required to estimate the
value of an individual MPA.

Yes (InterT,
IOOS &
Connectivit
y)

Yes (InterT,
IOOS &
Connectivit
y)

121

G6

34d

G6

39

[Original]
Do MPAs
with higher
connectivit
y have
lower
variability in
population
trends
compared
to more
isolated
MPAs?

[Refined] How do
demographic
responses of
populations within
MPAs contribute to
larval connectivity?

Focus
question on
how
population
demographi
cs in specific
MPAs affect
larval
connectivity
in the
network.

[Refined] Do highconnectivity
populations within
MPAs have lower
temporal variability
compared to lowconnectivity
populations within
MPAs?

Clarify, focus,
and rephrase
the question.

Requires data on the demographics of species.
Consider inside and outside MPA responses.
Requires data on degree of larval production as
a function of population demography.
Requires data on connectivity among assessed
MPAs.
Multiple ways to collect and analyze
demographic data.
Consider the number of populations to be
analyzed.
Data from multiple MPAs required to estimate the
value of an individual MPA.
Iterative integration of empirical and modeling
studies is recommended when possible.
Requires time series data on species populations
(abundance, demographics) and related data
on the magnitude of connectivity for these
populations within an MPA.
Consider inside and outside MPA responses.
Requires data on degree of larval import to
population within an MPA.
Multiple ways to collect and analyze
demographic data.
Consider the number of populations to be
analyzed.
Data from multiple reference sites and MPAs
required to estimate the role of connectivity and
larval supply in structuring populations within an
individual MPA.
Iterative integration of empirical and modeling
studies is recommended when possible.

Yes (InterT,
IOOS &
Connectivit
y)

Yes (InterT,
IOOS,
Estuaries &
Connectivit
y)
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NETWORK PERFORMANCE - ECOSYSTEMS
G6

35a

G6

35b

[Original]
How does
the
distance
and larval
contributio
n between
a source
MPA and
sink MPA
influence
the
ecosystem
response
inside the
sink MPA?

[Refined] How does
the larval
contribution
between an origin
and destination
MPA influence the
structure of
ecological
communities inside
the destination
MPA?

Clarify, focus,
and rephrase
the question.
Focus
question on
structural
attributes of
ecological
communities
inside an
MPA.

[Refined] How does
the larval
contribution
between an origin
and destination
MPA influence the
dynamics, including
resilience, of
ecological
communities inside
the destination
MPA?

Clarify, focus,
and rephrase
the question.
Focus
question on
the dynamics
of ecological
communities,
including
their
resilience,
inside an
MPA.

Requires data on the structure of ecological
communities and related data on the magnitude
of connectivity of populations in these
communities from one MPA to another.
Consider inside and outside MPA responses.
Requires data on degree of larval export from
one MPA and degree of larval import to a
destination MPA.
Consider the number of populations within the
community to be sampled.
Data from multiple MPA pairs required to
estimate the role of connectivity and larval
supply in structuring communities within a
destination MPA.
Iterative integration of empirical and modeling
studies is recommended when possible.
Requires data on the structure of ecological
communities and related data on the magnitude
of connectivity of populations in these
communities from one MPA to another.
Consider inside and outside MPA responses.
Requires data on degree of larval export from
one MPA and degree of larval import to a
destination MPA.
Consider the number of populations within the
community to be sampled.
Consider method of measuring and expressing
resilience.
Data from multiple MPA pairs required to
estimate the role of connectivity and larval
supply in structuring communities within a
destination MPA.
Iterative integration of empirical and modeling
studies is recommended when possible.

Yes (InterT,
IOOS &
Connectivit
y)

Yes (InterT,
IOOS &
Connectivit
y)
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G6

37a

[Original]
Are MPAs
with higher
connectivit
y more
resilient to
sudden
environme
ntal
disturbanc
e as
compared
to more
isolated
MPAs with
higher selfretention?

[Refined] Do highconnectivity
populations within
MPAs have greater
resilience to
spatially discrete
short-term
disturbances than
low-connectivity
populations?

Clarify, focus,
and rephrase
the question.
Focus
question on
the resilience
of ecological
communities
in response
to short term
spatially
discrete
disturbances.

Requires data on the populations and related
data on the magnitude of connectivity of
populations from one MPA to another.
Consider inside and outside MPA responses.
Consider obtaining demographic data on
populations of interest.
Requires data on degree of larval export from
one MPA and degree of larval import to a
destination MPA.
Consider the number of populations to be
sampled.
Consider method of measuring and expressing
resilience.
Data from multiple MPA pairs required to
estimate the role of connectivity and larval
supply in structuring populations within a
destination MPA.
Iterative integration of empirical and modeling
studies is recommended when possible.

Yes (InterT,
KF, ROV,
CCFRP,
IOOS,
Estuaries &
Connectivit
y)
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G6

37b

[Refined] Do
populations with
greater selfrecruitment in MPAs
exhibit greater
resilience to
spatially discrete
short-term
disturbances than
populations with
less selfrecruitment?

Focus
question on
the role of
selfrecruitment
in MPAs and
resilience in
response to
short term
spatially
discrete
distrubances.

Requires data on the populations and related
data on the magnitude of connectivity of
populations and the proportion of recruitment
within an MPA (self-recruitment) and from one
MPA to another.
Consider Inside and outside MPA responses.
Consider obtaining demographic data on
populations of interest.
Requires data on degree of larval export from
one MPA and degree of larval import to a
destination MPA and amount of self-recruitment
within an MPA.
Consider the number of populations to be
sampled.
Consider method of measuring and expressing
resilience.
Data from multiple MPA pairs required to
estimate the role of connectivity and larval
supply in structuring populations within a
destination MPA.
Iterative integration of empirical and modeling
studies is recommended when possible.

Yes (InterT,
KF, ROV,
CCFRP,
IOOS,
Estuaries &
Connectivit
y)
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APPENDIX 2: TABLE OF QUESTIONS FROM THE HUMAN AND GOVERNANCE DOMAINS

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Proposed
Human and
Governance
Questions

Rationale for
Question
Changes

Considerations

Subquestion #

Question #

Questions posed in this report that fall within the human and governance domains are presented here. Some questions
are newly proposed (indicated as [New]), while others originate in Appendix B of the Action Plan with some wording
refinements or extensions. Rationale for these question changes are presented, along with potential considerations to
be taken into account during analyses. As many of the human and governance questions from Appendix B of the
Action Plan were narrowly focused on specific stakeholder groups, these are indicated as "Example subquestions". The
final column indicates those questions that have been proposed to be addressed by ongoing monitoring programs,
and which programs proposed to address them.
Example Subquestions
from Action Plan
Appendix B and Beyond

HUMAN DOMAIN

Proposed
to be
Addressed
by
Ongoing
Monitoring
Programs

CHANGES IN BEHAVIOR AND USE
N1

[New] Which
stakeholder
groups are
accessing MPAs
and adjacent
non-MPA
reference sites?

MPA and
coastal
access is of
interest across
a diversity of
stakeholder
groups, and
this broadens
the scope to

Potential data sources will depend on
the stakeholder group in question:
- MPA watch data could provide
information about some user groups
and will be especially useful if there is
adequate data from non-MPA
reference sites.
- Scientific collecting permit data (from
CDFW) should reveal information about
research inside and outside MPAs, but

14

[Original] Are researchers
accessing MPAs, and has
research increased over
time in MPAs?

No

14a

[Refined] Are researchers
accessing MPAs?

No
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N2

[New] Has use
of MPAs and
reference sites
changed over
time, and why?

include that
diversity.

there may be spatial mismatches, and
only consumptive research that results
in take of organisms will be reflected in
these data.
- Surveys could also prove useful here.
- There is likely a need for new data
collection efforts to answer this
question.

N1a

[New] Are coastal
residents (and non-coastal
residents) accessing
MPAs? For what types of
activities?

No

Changes in
use of MPAs
and
reference is of
interest across
a diversity of
stakeholder
groups; this
unites a
number of
similar
questions from
Appendix B to
ask broadly
about
changes in
use.

Assessing changes in use over time is
especially challenging due to
differences in the quantity and quality
of use data available from different
time periods.
Metrics of use should be carefully
considered, will depend on
characteristic of the source data, and
should consider influencing factors
(e.g., ease of access, weather, etc.);
this is especially true with respect to
changes over time.
Unless the "why" is analyzed, there is no
way to determine what caused
changes over time.

14b

[Refined] How has MPA
use by researchers
changed over time?
[Original] Has the
magnitude and variety of
recreational/educational
use increased over time in
MPAs?
[Refined] Has the
magnitude and variety of
recreational use in MPAs
changed over time?
Why?
[Refined] Has the
magnitude and variety of
educational use in MPAs
changed over time?
Why?
[Original] How has nonconsumptive use and
enjoyment of marine
ecosystems changed
since MPA
implementation? Has the
public's perceived value
or desire to visit the areas
where the MPAs have

No

Potential data sources will depend on
the stakeholder group in question:
- MPA Watch could provide
information about some user groups.
- "Big data" techniques should be
considered including using social
media to quantify tourism and
recreation uses in MPAs and other
areas (e.g., Wood et al. 2013).
- Scientific collecting permit data (from
CDFW) should reveal information about

15

15a

15b

16

Yes (CDFW
nonconsumpti
ve)

Yes (CDFW
nonconsumpti
ve)
Yes (CDFW
nonconsumpti
ve)
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research inside and outside MPAs, but
there may be spatial mismatches, and
only consumptive research that results
in take of organisms will be reflected in
these data.
- Surveys could also prove useful here.
- There is likely a need for new data
collection efforts to answer this
question.

N3

N4

N5

[New] How do
the
demographics
of those who
use MPAs and
reference sites
compare to
state
demographics?
[New] Are there
groups that
disproportionat
ely access or
don't access
MPAs and
reference sites,
and why?
[New] What
stakeholders
engage with
CDFW and the
MPA
management

been implemented
changed due to their
presence?

16a

[Refined] How has nonconsumptive use of
marine ecosystems (in
MPAs) changed since
MPA implementation?

Yes (CDFW
nonconsumpti
ve)

This focuses
on how
equitably (or
not) use of
MPAs is
distributed
across
California's
citizens.
This focuses
on why MPA
use may not
be equitably
distributed.

Existing census data are already
collected at various spatial scales to
summarize state demographics, and
this could be compared to
demographic data gathered from
those who use MPAs.

No

Comparison of state demographics
and demographics of MPA users will be
key to answering this question.
The "why" question is essential for
evaluation and to know what action to
take to encourage more equitable
MPA use.

No

This focuses
on
engagement
as a
conversation
between

Focused qualitative research is
needed.
CDFW may have records from public
meetings that could be mined for
information about stakeholder
participation/engagement and might

N5a

[New] What recreational
non-consumptive users
enage with CDFW and the
MPA management
program, how do they
engage, and why?

Possibly
(CDFW)
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N6

program, how
do they
engage, and
why?

stakeholders
and
managers
and seeks to
identify
factors that
are
correlated
with
stakeholder
engagement

[New] How
does CDFW
communicate
with
stakeholders
about MPAs,
which
stakeholders do
they reach, and
is the
communication
effective?

This focuses
on
communicati
on as a oneway
transmission
from CDFW to
stakeholders
and seeks to
identify the
effectiveness
of different
strategies for
different
stakeholder
groups.

CHANGES IN WELLBEING
N7

[New] What are
the direct and
indirect
economic
consequences
of MPAs for

Economic
consequence
s of MPAs are
of interest
across a
diversity of

provide insight into the some of the
concerns about how stakeholder
engagement did or did not work and
provide a foundation for future
research.
In the Ecotrust monitoring project,
reponses in the focus groups summaries
offer some information, but do not fully
answer these questions. Advisory
groups could be surveyed to learn
whether they are representative of
other users and stakeholders.
CDFW almost certainly has records of
public outreach and communication
strategies, including investments in
those strategies. To understand
effectiveness, those data must be
connected to stakeholder responses.
This could be an interesting project for
a graduate student in policy and/or
communication.

N5b

[New] What stakeholders
on the North coast
engage with CDFW and
the MPA management
program, how do they
engage, and why?

Possibly
(CDFW)

N5a

[New] How does CDFW
communicate with the
conservation community
about MPAs, and is the
communication effective?
[New] How does CDFW
communicate with
coastal residents about
MPAs and is the
communication effective?

Possibly
(CDFW)

Socio-economic focused research is
needed, which could include both
gathering new data or using existing
secondary data sources. Broadening
the current focus from fishing
stakeholders to the broader coastal

12

[Original] What are
economic effects of MPA
placement; specifically,
distance from ports and
location relative to fishing
grounds?

Yes
(CCFRP,
Ecotrust &
Rec CPUE)

N5b

Possibly
(CDFW)
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relevant
stakeholders
and coastal
communities?

N8

[New] How
have MPAs
affected
dimensions of
social and
cultural
wellbeing for
relevant
stakeholders
and coastal
communities?

stakeholder
groups, and
this broadens
the scope to
include that
diversity.

Wellbeing
consequence
s of MPAs are
of interest
across a
diversity of
stakeholder
groups, and
this broadens
the scope to
include social
and cultural
(noneconomic)
wellbeing and
a diversity of
stakeholders.
CHANGES IN ATTITUDES AND PERCEPTIONS
18a
[Refined] Have
This focuses
attitudes
on changing
towards and
attitudes
perceptions of
towards and
individual MPAs perceptions
and the MPA
of MPAs

community and other communities of
interest is needed. Existing monitoring
programs may allow assessment of
(mostly) direct economic
consequences of MPAs, but additional
research is likely needed to assess
indirect consequences.

12a

Wellbeing is a fairly recent
consideration. NOAA social scientists
have taken the lead in research on this
topic and likely have information of use
for California.

8d

While the existing monitoring projects
do elicit some changing attitudes and
perceptions toward MPAs, they are
focused on a small subset of
stakeholders, and this focus should be
broadened. Understanding changing

18

12b

[Refined] What are the
economic costs and
benefits of MPA
placement for relevant
user groups? (examples
distance from ports and
locations relative to fishing
grounds, diversity of
livelihoods in the
community)
[Extended] What are the
fisheries-related changes
to dimensions of social
and cultural wellbeing?
[Extended] How has MPA
placement affected
dimensions of social and
cultural wellbeing for
relevant user groups?

[Original] How are
knowledge, attitudes, and
perceptions regarding the
MPAs changing overtime?

Possibly
(Rec CPUE)
No

Yes
(CCFRP,
Ecotrust &
CDFW nonconsumpti
ve)
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network as a
whole by
stakeholders
changed over
time and why?

across a
diversity of
stakeholders,
thus uniting
several
questions from
Appendix B.

attitudes and perceptions will require a
project or two specifically focused on
recreational and/or non-consumptive
users.

19

19a

19b

19c

N9

[New] Is there a
difference in
the perceived
value of, and
desire to visit
MPAs as
compared to
non-MPA
reference sites?

This focuses
on whether
perceptions
of MPAs drive
changes in
behavior,
including MPA
access and
use.

Answering these questions will probably
require a focused qualitative research
project. Selection of appropriate nonMPA reference sites relative to human
visitation will be key to answering this
question.

16b

16c

[Original] Are nonconsumptive recreational
experiences in areas
subject to reduced fishing
improving? What are the
attitudes and perceptions
of users and their
recreational experience
and how has that
changed over time?
[Refined] Are nonconsumptive recreational
experiences in MPAs
improving?
[Refined] How have the
attitudes of nonconsumptive users
towards MPAs changed
over time?
[Refined] How have the
perceptions of the
recreational experience in
MPAs among nonconsumptive users
changed over time?
[Refined] How has
enjoyment of marine
ecosystems (in MPAs) by
non-consumptive users
changed since MPA
implementation?
[Refined] Has the
perceived value of, and
desire to visit MPA areas
changed over time?
(evaluate by user group)

Yes (CDFW
nonconsumpti
ve)

Yes (CDFW
nonconsumpti
ve)
Yes (CDFW
nonconsumpti
ve)
Yes (CDFW
nonconsumpti
ve)
Yes (CDFW
nonconsumpti
ve)
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19d

18b

[Refined] Has
knowledge of
MPAs by
stakeholders
changed over
time and why?

18c

[Extended] How
does
stakeholder
knowledge of
MPAs influence
attitudes
toward and
perceptions of
MPAs?

MANAGEMENT DOMAIN
N10

[New] What is
the level of
compliance
with MPA
regulations by
stakeholder
groups?

[Extended] How do nonconsumptive recreational
experiences in MPAs
compare to experiences
in adjacent non-MPA
areas?

Possibly
(CDFW
nonconsumpti
ve)

This
refinement of
question 18
focuses on
changing
knowledge of
MPAs across a
diversity of
stakeholders.
This
refinement of
question 18
focuses on
how
knowledge of
MPAs
influences
attitudes and
perceptions.

As with all the questions pertaining to
change vis a vis human use, the lack of
"pre-MPA" knowledge makes
comparison reliant on stakeholder's
memories. Qualitative analysis can
help reveal knowledge, attitudes, and
perceptions.

Yes
(CCFRP,
Ecotrust &
CDFW nonconsumpti
ve)

Answering this question will probably
require a focused qualitative research
project.

Possibly
(CCFRP,
Ecotrust &
CDFW nonconsumpti
ve)

Broadens
question to
ask about
MPA
compliance
across a
diversity of
stakeholders.

Analysis of non-compliant use data
(e.g., from MPA Watch or similar) and
enforcement actions supplemented
with qualitative research among
different stakeholder groups may
reveal differing levels of compliance by
stakeholder group.

27

27

[Original] Is monitoring of
human activity and
enforcement adequate
for preventing illegal take
in MPAs?
[Refined] Is current wildlife
enforcement capacity
adequate for preventing
illegal take in MPAs?

No

No
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29a

[Refined] How
has compliance
changed over
time since MPA
implementation
?

Refinement of
question 29
focuses on
changes in
compliance.

29b

[Refined] What
factors (e.g.
penalties,
wildlife
enforcement,
warden
presence)
influence
differences in
compliance
within and
among MPAs?

Refinement of
question 29
focuses on
the factors
that influence
compliance.
This unites
several
questions from
Appendix B in
a simple and
informative
way.

Analysis of non-compliant use data
(e.g., from MPA Watch or similar) and
enforcement actions may reveal
changes in the levels of compliance
over time. Changing enforcement
policies (e.g., warnings vs. citations)
could complicate analyses.
This could be an interesting project for
a graduate student in law/ criminal
justice.
Analysis of non-compliant use data
(e.g., from MPA Watch or similar) and
enforcement actions supplemented
with qualitative research among
different stakeholder groups may
reveal differing levels of compliance in
MPAs across the Network. Considering
the influencing factors that correlate
with those differences may help inform
CDFW about what incentives or
enforcement actions have the largest
influence on compliance.

29

[Original] How has the
level of compliance
changed over time since
the MPAs were first
implemented and what
factors influence variation
in compliance within and
among MPAs?

No

28

[Original] Do penalties for
non-compliance deter
users from violating
regulations?
[Refined] How do
penalties influence
compliance with MPA
regulations?
[Extended] What types of
penalties have the largest
influence on compliance?
[Extended] What
management actions are
most likely to increase
compliance?
[Original] Does locating a
boat ramp or other
access point affect the
level of enforcement and
compliance with MPA
regulations?
[Refined] How does the
accessibility of an MPA
(nearby boat ramp or
other access point) relate

No

28a

28b
28c

30

30

No

No
No

Possibly
(Rec CPUE)

Possibly
(Rec CPUE)
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to warden presence and
compliance?
31

31
33a

33b

N11

N12

[New] How do
outreach and
education
activities
influence
compliance
with MPA
regulations by
stakeholders?
[New] How do
outreach and
education
activities
influence
knowledge,
attitudes, and
perceptions of

This focuses
on the
influence of
outreach and
education
activities on
compliance
with MPA
regulations.
This focuses
on the
influence of
outreach and
education
activities on
knowledge of
MPAs.

Research to answer this question would
likely need to connect specific
outreach and education activities
(e.g., signage, information kiosks,
wildlife enforcement officer contact,
park docent activities) with user
compliance data, both spatially and
temporally.
A focused survey could shed light on
this (possibly integrate some questions
into IPCC survey). This work should build
on CDFW's ongoing efforts to evaluate
communication tools to different
groups and any research efforts should
be connected to answering question
N6.

29e

[Original] Are there
incentives that can help
reduce noncompliant
behavior inside MPAs?
[Refined] Do incentives
influence compliance with
MPA regulations?
[Original] Does the level of
compliance differ
between SMRs and
SMCAs?
[Extended] Does
compliance differ for
MPAs with different levels
of protection?
[Extended] How is
knowledge of MPA
regulations related to
compliance?

No

No
No

No

No

No
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MPAs by
stakeholders?

25

26

[Refined] Are
efforts to collect
long-term
monitoring data
coordinated
sufficiently to
fully evaluate
MPA Network
performance?
[Refined] Does
the MPA
Monitoring
Action Plan
produce
sufficient
information to
evaluate
Network
performance
and inform
adaptive
management?

Minor wording
changes for
clarity.

Minor wording
changes for
clarity.

Comprehensive answers to these
related questions would likely require a
review of the MPA Management
Program. Recommendations and
approaches provided in this report
indicate areas of opportunity to
improve the effectiveness of MPA and
Network evaluation and better inform
adaptive management.

25

[Original] Are efforts to
collect long-term
monitoring data
coordinated sufficiently
such that cohesive
conclusions can be
formed about MPA
Network performance?

Yes (InterT,
KF, ROV,
Beach,
CCFRP,
Ecotrust &
Estuaries)

26

[Original] Does the MPA
Monitoring Action Plan
produce sufficient
information that enables
the evaluation of Network
performance and informs
adaptive management?

Yes (InterT,
KF, ROV,
CCFRP,
IOOS &
Estuaries)
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APPENDIX 3: TABLE OF INTEGRATIVE

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

MLPA
Goal

Question #

Questions from Appendix B of the Action Plan that integrate across domains are presented here with proposed wording
changes that either refine the questions to more clearly specify response variables and predicted responses, or extend
the questions to additional topics of interest for MPA evaluation. Rationale for these question changes are presented,
along with potential considerations to be taken into account during analyses. The final column indicates those
questions that have been proposed to be addressed by ongoing monitoring programs, and which programs proposed
to address them.

Original Question

Question
Refinement or
Extension

Rationale for
Question
Changes

Considerations

FISHERIES INTEGRATION - ECOLOGICAL PERSPECTIVE
G2

6a

[Original] How does
spatial variability in
fishing effort and
fishing mortality
rates prior to and
after MPA
implementation
affect the
abundance and/or
size/age structure
of harvested
species in MPAs?

[Refined] Are
differences in the
magnitude of
change in
abundance of
focal species in
response to MPA
establishment
related to
differences
between MPAs in
the level of preMPA fishing
mortality (or effort)?

Clarify that the
focus of this
question is on
changes
resulting from
fishing effort and
fishing mortality
rates. Focus
question on
changes in
abundance due
to fishing effort
and fishing
mortality prior to
MPA
establishment.

Requires fishing effort or take data
inside of MPAs and at reference sites
both pre- and post-MPA
establishment. Would benefit from
abundance data pre-MPA
establishment where available.
Test for relationship (regression)
between spatial variability in pre-MPA
fishing effort or fishing mortality rates
versus abundance of harvested
species.
IPM can enable use of ecological
timeseries
Might look at individual species or
aggregate by fished/unfished species.

Proposed
to be
Addressed
by
Ongoing
Monitoring
Programs

Yes (CCFRP
& Rec
CPUE)
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G2

6b

G2

6c

G2

6d

[Refined] Are
differences in the
magnitude of
change in size/age
structure of focal
species in response
to MPA
establishment
related to
differences
between MPAs in
the level of preMPA fishing
mortality (or effort)?
[Refined] Are
differences in the
magnitude of
change in
abundance of
focal species in
response to MPA
establishment
related to
differences
between MPAs in
the level of MPAadjacent fishing
mortality (or effort)?
[Refined] Are
differences in the
magnitude of
change in size/age
structure of focal
species in response
to MPA
establishment

Focus question
on changes in
size/age
structure due to
fishing effort and
fishing mortality
prior to MPA
establishment.

Requires fishing effort or take data
inside of MPAs and at reference sites
both pre- and post-MPA
establishment. Would benefit from
size/age structure data pre-MPA
establishment where available.
Might look at individual species or
aggregate by fished/unfished species.
Multiple ways to consider size/age
structure.

Yes (CCFRP
& Rec
CPUE)

Extend original
question to
examine effects
of level of MPAadjacent fishing
effort and fishing
mortality on
abundance
changes
following MPA
establishment.

Requires fishing effort or take data
inside of MPAs and at reference sites
both pre- and post-MPA
establishment. Would benefit from
abundance of targeted species data
pre-MPA establishment where
available.
Might look at individual species or
aggregate by fished/unfished species.

Yes (CCFRP
& Rec
CPUE)

Extend original
question to
examine effects
of level of MPAadjacent fishing
effort and fishing
mortality on
size/age

Requires fishing effort or take data
inside of MPAs and at reference sites
both pre- and post-MPA
establishment.
Might look at individual species or
aggregate by fished/unfished species.
Multiple ways to consider size/age
structure.

Yes (CCFRP
& Rec
CPUE)
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G2

9a

G2

9b

[Original] Do
differences in
fishing distribution,
magnitude, and
mortality rates prior
to MPA
implementation
affect changes in
the abundance
and/or size/age
structure of
populations of
focal species within
MPAs relative to
reference sites over
time?

related to
differences
between MPAs in
the level of MPAadjacent fishing
mortality (or effort)?
[Refined] Is there a
relationship
between the
relative change in
abundance of
focal species inside
and outside of
MPAs and the level
of fishing mortality
(or effort) prior to
MPA
establishment?

structure
changes
following MPA
establishment.

Clarify the
analytical design
of MPAreference site
comparisons
over time to
include specific
response
variables.
Focus question
on abundance
changes of focal
species and
fishing mortality
and/or effort.

Requires pre- and post-MPA
establishment fishing data for MPAs
and adjacent reference sites and
inside-outside response ratio
trajectories over time.
Test for relationship (regression)
between abundance of focal species
and the rate of pre-MPA fishing effort
or mortality.
Might look at individual species or
aggregate by fished/unfished species.

Yes (ROV,
CCFRP,
IOOS &
Rec CPUE)

[Refined] Is there a
relationship
between the
relative change in
size/age structure
of focal species
inside and outside
of MPAs and the
level of fishing
mortality (or effort)
prior to MPA
establishment?

Focus question
on size/age
structure
changes of focal
species and
fishing mortality
and/or effort.

Requires pre- and post-MPA
establishment fishing data for MPAs
and adjacent reference sites and
inside-outside response ratio
trajectories over time.
Test for relationship (regression)
between size/age structure of focal
species and the rate of pre-MPA
fishing effort or mortality.
Multiple ways to consider size/age
structure.
Might look at individual species or
breakout by fished/unfished species.

Yes (ROV,
CCFRP,
IOOS &
Rec CPUE)
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G6

36a

G6

36b

[Original] How does
the level of
connectivity and
larval supply from
an MPA to areas
outside of MPAs
affect fisheries?

[Refined] Does the
degree of
connectivity and
magnitude of larval
supply from an MPA
to a fished (nonMPA) site support
additional potential
fisheries yield at the
fished site?

Clarify, focus,
and rephrase
the question.
Focus question
on role of an
MPA in
contributing
larvae to an
unfished
reference sites
and increasing
fisheries yield.

[Extended] Does
the degree of
connectivity and
magnitude of larval
supply from fished
(non-MPA) sites to
an MPA influence
the structure and
dynamics of
populations within
an MPA?

Extends question
to focus on role
of a fished areas
in contributing
larvae to an
MPA and
influencing its
population
demographics
and dynamics.

Requires data on species
demographics and related larval
production inside an MPA.
Consider inside and outside MPA
responses.
Requires data on connectivity
between MPA and adjacent assessed
MPAs.
Multiple ways to collect and analyze
demographic data.
Consider the number of populations
to be analyzed.
Data from multiple MPAs required to
estimate the value of an individual
MPA.
Iterative integration of empirical and
modeling studies is recommended
when possible.
Requires data on species
demographics and related larval
production outside an MPA.
Consider inside and outside MPA
responses.
Requires data on connectivity
between adjacent unprotected
reference site and MPA.
Multiple ways to collect and analyze
demographic data.
Consider the number of populations
to be analyzed.
Data from multiple reference sites and
MPAs required to estimate the value
of an unprotected site to an individual
MPA.
Iterative integration of emipiral and

Yes (IOOS,
Estuaries,
Connectivit
y)

Yes (IOOS,
Estuaries,
Connectivit
y)
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modeling studies is recommended
when possible.

FISHERIES INTEGRATION - HUMAN PERSPECTIVE
G2
8a
[Original] What is
[Refined] Did the
the relationship
distribution of
between MPAs and fishing effort
the displacement,
change following
compaction, and
MPA
concentration of
implementation?
nearshore fishing
efforts? Did overall
fishing
effort/mortality
rates and yield
change since MPA
implementation?
G2
8b
[Refined] Did
overall fishing
effort/mortality
rates and yield
change following
MPA
implementation?

Separate, clarify,
and rephrase
the question.
Focus question
on changes in
the distribution of
fishing since MPA
implementation.

Requires pre-MPA and post-MPA
fishing distributional data for areas
adjacent to MPAs expressed as fishing
effort.
Focus can be on individual MPAs or
groups of MPAs.

Possibly
(Rec CPUE)

Focus question
on changes in
fishing effort and
mortality rates
since the MPA
implementation.

Requires pre-MPA and post-MPA
fishing data for areas adjacent to
MPAs, including fishing effort, and
catch (mortality) data.
Could look at individual species to
compare effort/mortality rates.
Focus can be on individual MPAs or
groups of MPAs.

Possibly
(Rec CPUE)
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G2

8c

G3

17a

[Original] Are
recreational
consumptive users
able to mitigate
short-term costs of
displacement from
MPAs by
conducting
activities along the
edge of MPAs? Will
there be long-term
benefits from the
edge effect?

[Extended] What
are the fisheriesrelated economic
changes that
accompany
changes in the
distribution of
fishing
effort/mortality
following MPA
implementation?

Extend question
to address the
fisheries-related
economic
changes related
to changes in
fishing
distribution and
fishing
effort/mortality
since MPA
implementation.

[Refined] Are
recreational
consumptive users
fishing the edges of
MPAs?

Separate, clarify,
focus, and
rephrase the
question.
Focus question
on the amount
and distribution
of recreational
consumptive use
(effort/take) in
areas
immediately
adjacent to
MPAs following
MPA
implementation.

Requires pre-MPA and post-MPA
fishing data for areas adjacent to
MPAs, including fishing effort, and
catch (mortality) data.
Requires data that translate catch
into economic metrics, including
changes in costs related to fishing
(e.g., travel time, vehicle or vessel
operation, fishing effort, etc.), value of
catch to fishermen (e.g., market
prices, handling costs, etc.).
Could look at individual species to
compare translation of catch into
economic metrics.
Focus can be on individual MPAs or
groups of MPAs.
Requires post-MPA data on patterns
of recreational consumptive use for
areas adjacent to MPAs, including
fishing distribution, effort, and catch
(mortality) data.
Would benefit from similar pre-MPA
data to determine changes resulting
from MPA implementation.
Could look at changes in recreational
consumptive users for individual
species.
Focus can be on individual MPAs or
groups of MPAs.

Possibly
(Rec CPUE)

Possibly
(Rec CPUE)
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G3

17b

[Refined] Is
recreational take
from MPA edges
similar to historical
take from the
MPAs?

Focus question
on changes in
recreational
consumptive use
(effort/take) in
areas
immediately
adjacent to
MPAs following
MPA
implementation.

G3

17c

[Refined] Based on
current patterns,
are edge effects
likely to provide
long term benefits
to consumptive
recreational users?

Focus question
on identifying
benefits
(economic,
social) to
consumptive
recreational
users from
changes in use
(effort/take) in
areas
immediately
adjacent to
MPAs following
MPA
implementation,
including the
time course for

Requires pre- and post-MPA data on
patterns of recreational consumptive
use for areas adjacent to MPAs,
including fishing distribution, effort,
and catch (mortality) data.
Also requires effort/catch data for
MPA prior to establishment to
determine changes resulting from
MPA implementation.
Requires ability to categorize and
measure forms of consumptive
recreational use.
Could look at changes in recreational
consumptive users for individual
species.
Focus can be on individual MPAs or
groups of MPAs.
Requires time series post-MPA data on
patterns of recreational consumptive
use for areas adjacent to MPAs,
including fishing distribution, effort,
and catch (mortality) data.
Requires definition of 'beneifts' (e.g.,
well-being, economics, etc.) and time
course attributed to 'long-term'.
Requires ability to categorize and
measure forms of consumptive
recreational use.
Would benefit from similar pre-MPA
data to determine changes resulting
from MPA implementation.
Could look at changes in recreational
consumptive users for individual
species.
Focus can be on individual MPAs or
groups of MPAs.

Possibly
(Rec CPUE)

Possibly
(Rec CPUE)
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obtaining these
benefits.

G3

17d

[Extended] Do
recreational
consumptive users
percieve benefits
from MPA edge
effects?

G3

17e

[Extended] How
does recreational
consumptive use of
MPAs that prohibit
commercial use
differ from MPAs
that don't make this
distinction?

Extend the
question to focus
on whether
consumptive
recreational
users identify
benefits
(economic,
fishing success,
well being) from
changes in use
(effort/take) in
areas
immediately
adjacent to
MPAs following
MPA
implementation.
Extend the
question to focus
on determining
whether
differences exist
as a function of
level of
protection in the
activities
(effort/take) and
benefits
(economic,
fishing success,

Requires post-MPA data on
perceptions of benefits obtained by
recreational consumptive use for
areas adjacent to MPAs.
Requires definition of 'beneifts' (e.g.,
well-being, economics, etc.).
Requires ability to categorize and
measure forms of consumptive
recreational use.
Would benefit from time series data
and from pre-MPA data to determine
changes resulting from MPA
implementation.
Could look at changes in recreational
consumptive users for individual
species.
Focus can be on individual MPAs or
groups of MPAs.
Requires post-MPA data on patterns
of recreational consumptive use for
areas within and adjacent to MPAs,
including fishing distribution, effort,
and catch (mortality) data for MPAs
that do and do not allow commercial
take.
Requires ability to categorize and
measure forms of consumptive
recreational use.
Would benefit from time series data
and from pre-MPA data to determine
changes resulting from MPA

Possibly
(Rec CPUE)

Possibly
(Rec CPUE)
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GOVERNANCE AND MANAGEMENT INTEGRATION
G2

11a

[Original] Is the
Implementation of
MPAs as a habitatbased approach to
marine fisheries
management more
or less effective in
maintaining
sustainable fisheries
than traditional
management
strategies such as
limiting harvest in a
non-spatially
explicit manner?

[Refined] Is catch
more sustainable
for a targeted
fishery species
before or after MPA
implementation?

wellbeing) of
consumptive
recreational
users in areas
within and
immediately
adjacent to
MPAs. Question
focuses on MPAs
that do and do
not allow
commercial use.

implementation.
Could look at changes in recreational
consumptive use for individual
species.
Focus can be on individual MPAs or
groups of MPAs.
Would benefit from comparisons that
include no-take MPAs as well as MPAs
that allow recreational but not
commercial use.

Clarify, focus,
and rephrase
the question.
Focus question
on the whether
catch is more
sustainable for a
targeted fishery
following MPA
implementation.

Requires pre- and post-MPA data on
fishing distribution, effort, and catch
(mortality) data for targeted fishery
species for MPAs and reference sites.
Inside-outside response ratios over
time.
Requires setting of time to answer
sustainability question. This also means
having time series of historical fishing
data for targeted species before and
after MPA establishment.
Requires ability to identify targeted
species and treat these individually
and collectively.
Could look at fished and unfished
species.
Focus can be on individual MPAs or
groups of MPAs.

No
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G2

11b

G6

38

[Original] How do
other stressors
impact the
management of
MPAs over time?

[Refined] Is catch
more sustainable
for fishery species
deemed likely to
benefit from
California's MPAs
than for species
that are less likely to
be influenced by
the MPAs?

Focus question
on the whether
catch is more
sustainable for
fished species
likely to benefit
from MPA
protection
following MPA
implementation.

[Refined] How do
non-fishing stressors
impact the
management of
MPAs over time?

Clarify, focus,
and rephrase
the question.

Requires pre- and post-MPA data on
fishing distribution, effort, and catch
(mortality) data for species likely to
benefit from MPA protection for MPAs
and reference sites.
Inside-outside response ratios over
time.
Requires setting of time to answer
sustainability question. This also means
having time series of historical fishing
data for species likely to benefit
before and after MPA establishment.
Requires ability to identify species
likely to benefit and treat these
individually and collectively.
Could look at fished and unfished
species.
Focus can be on individual MPAs or
groups of MPAs.
Requires identification and
measurement of non-fishing stressors
and link the distribution and
magnitude of these stressors with
management considerations/actions.
Would benefit from pre- and postMPA metrics for non-fishing stressors for
MPAs and reference sites.
Inside-outside response ratios over
time.
Requires identification of what
constitutes management actions.
Might want to treat non fishing
stressors collectively as well as
individually.
Focus can be on individual MPAs or
groups of MPAs.

No

Yes (InterT,
KF, ROV,
Beach,
CCFRP,
IOOS, &
Estuaries)
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ECOSYSTEM SERVICES
G2

13a

[Original] What is
the value of the
ecosystem services
provided by
California MPAs?

[Refined] What are
the ecosystem
services provided
by ecosystems
represented in the
MPA network?

Clarify, focus,
and rephrase
the question.
Focus question
on identifying
and quantifying
(or some
qualitative
metric) of the
ecosystem
services
provided by
MPAs in the MPA
network.

Requires identification and
quantification (or some qualitative
metric) of ecosystem services as a
function of each ecosystem for MPAs
in the MPA network.
Requires ability to categorize and
measure (quantitatively or
qualitatively) forms of ecosystem
services.
Would benefit from time series data
and from pre-MPA and post-MPA
data to determine changes in
ecosystem services resulting from MPA
implementation.
Would benefit from comparable data
for ecosystems outside MPA
boundaries.
Focus can be on individual MPAs or
groups of MPAs.
Would benefit from comparisons that
include no-take MPAs as well as MPAs
that allow some form of take.
To fully answer question, requires
multiple lines of data collection and

Yes
(CCFRP,
Estuaries)
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translation of data into 'ecosystem
service' metrics.
G2

13b

[Refined] How has
the flow of these
ecosystem services
changed following
MPA
implementation?

Focus question
on how the
identified
ecosystem
services
provided by
MPAs in the MPA
network have
changed
(quantitatively or
qualitatively)
since MPA
implementation.

Requires identification and
quantification (or some qualitative
metric) of ecosystem services as a
function of ecosystem for MPAs in the
MPA network.
Requires ability to categorize and
measure (quantitatively or
qualitatively) forms of ecosystem
services.
Requires time series data from preMPA and post-MPA establishment to
determine changes in ecosystem
services resulting from MPA
implementation.
Would benefit from comparable data
for ecosystems outside MPA
boundaries.
Focus can be on individual MPAs or
groups of MPAs.
Would benefit from comparisons that
include no-take MPAs as well as MPAs
that allow some form of take.
To fully answer question, requires
models parameterized by multiple
lines of data collection and translation
of data into 'ecosystem service'
metrics.

Yes
(CCFRP,
Estuaries)
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G2

13c

[Refined] What are
the short- and longterm economic
values of these
services?

Focus question
on determining
the short and
long-term
economic values
of the ecosystem
services
provided by
MPAs in the MPA
network
following MPA
implementation.

Requires identification and
quantification (or some qualitative
metric) of ecosystem services as a
function of ecosystem for MPAs in the
MPA network.
Requires ability to categorize and
measure (quantitatively or
qualitatively) forms of ecosystem
services and to translate these
services into economic metrics.
Requires definition of 'short-term' and
'long-term'.
Would benefit from time series data
from pre-MPA and post-MPA
establishment to determine changes
in ecosystem services resulting from
MPA implementation.
Would benefit from comparable data
for ecosystems outside MPA
boundaries.
Focus can be on individual MPAs or
groups of MPAs.
Would benefit from comparisons that
include no-take MPAs as well as MPAs
that allow some form of take.
To fully answer question, requires
models parameterized by multiple
lines of data collection and translation
of data first into 'ecosystem service'
and then into economic metrics.

Yes
(CCFRP,
Estuaries)
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13d

[Refined] What are
the short and long
term social and
cultural values of
these services?

Focus question
on determining
the short and
long-term sociocultural values of
the ecosystem
services
provided by
MPAs in the MPA
network
following MPA
implementation.

Requires identification and
quantification (or some qualitative
metric) of ecosystem services as a
function of ecosystem for MPAs in the
MPA network.
Requires ability to categorize and
measure (quantitatively or
qualitatively) forms of ecosystem
services and to relate these services to
socio-cultural (attitude, behavior,
perception, etc.) values.
Requires definition of 'short-term' and
'long-term'.
Would benefit from time series data
from pre-MPA and post-MPA
establishment to determine changes
in socio-cultural values related to
ecosystem services resulting from MPA
implementation.
Would benefit from analyses of
comparable socio-cultural and
ecosystem services data for
ecosystems outside MPA boundaries.
Focus can be on individual MPAs or
groups of MPAs.
Would benefit from comparisons that
include no-take MPAs as well as MPAs
that allow some form of take.
To fully answer question, requires
models parameterized by multiple
lines of data collection and translation
of data first into 'ecosystem service'
and then the relationship of these
services to socio-cultural values.

Yes
(CCFRP,
Estuaries)
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APPENDIX 4: MANAGING AN MPA NETWORK AND FISHERIES AS AN
INTEGRATED SYSTEM

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Networks of marine protected areas (MPAs) are uniquely embedded across a landscape of
commercial, recreational, and artisanal fisheries. This spatial integration provides MPA and
fisheries managers with unique opportunities to leverage the conservation and sustainability
goals of each to the benefit of the other. Although the management goals and objectives of
MPA networks and fisheries appear distinct, there is extensive overlap in their contributions to
biodiversity conservation, ecosystem-based management, and the ways that humans interact
with the ocean environment. In social, economic, and ecological contexts, networks of MPAs
and fisheries are inextricably linked and, therefore, are best managed as an integrated system.
The Marine Life Management Act (MLMA) of 1998 is California’s primary framework for
managing the State’s commercial and recreational fisheries using an adaptive management
approach. Although the framework includes ecosystem-based considerations to achieve the
primary goal of resource sustainability, it recognizes that fishery conservation and management
measures alone were inadequate to address broad ecosystem protection. Hence, the Marine
Life Protection Act (MLPA) was adopted one year later mandating an improved system of
MPAs managed as a statewide network to protect marine life, habitats, and ecosystems (Wertz
et al. 2011).
Understanding both the challenges and contributions of the MPA network to California’s
fisheries, and how these fisheries might respond to MPA protection, is necessary for the
development of effective fishery management strategies. While only a few of the MPAs within
this network have specific fishery resource objectives, the MPAs are expected to result in various
ecological and socioeconomic effects within and adjacent to their boundaries. As such, the
California MPA network is likely to have broad implications for the management of California’s
marine fisheries. As a consequence, many commercial and recreational fishermen have raised
concerns about the expected effects of the MPA network on fish populations and have called
for the need to adaptively manage fisheries in response to MPA effects on fishery yields.
Therefore, MPA monitoring must be designed to not only determine the conservation benefits
of the MPA network but also to specifically address MPA-fishery questions for managers to
optimally balance ecosystem protections and their impacts on fisheries (Wertz et al. 2011).
How do MPA and fisheries management interact?
Defining the management nexus between the MLMA and MLPA is not straightforward because
their management objectives are not fully in alignment, which can lead to conflicts between
management approaches. Most current fisheries management approaches, particularly for
species co-managed by federal and state agencies (such as groundfish, salmon and coastal
pelagic species), are largely based on constraining total allowable catches.These total
allowable catches are in turn informed by stock assessment models, i.e. statistical models that
approximate population abundance and demographic structure and a yield level that should
be sustainable based on estimates (or proxy estimates) of the compensatory responses of
stocks to projected levels of fishing. For fisheries that are federally managed, states can
implement more restrictive management, but not less restrictive management measures. Given
existing federal law and the coastwide nature of fishery management plans and stock
assessments, it is not feasible at this time to replace the current fisheries management
approach (annual catch limits based on stock assessment) for one exclusively based on MPA
restrictions on fishing.
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However, there have been a few limited examples where MPA monitoring has informed stock
assessment, such as the inclusion of CCFRP relative abundance, length and age data in the
most recent PFMC assessment of the gopher/black and yellow rockfish complex. However, the
patchy temporal and spatial resolution of these data limit their utility (most years only central
California data were available, an unacceptable situation for assessing a stock with a broader
geographic distribution). In addition, a few attempts have been made to develop conceptual
models that use catch rate or relative abundance data from inside and outside MPAs as an
alternative to traditional stock assessments, particularly for data limited species such as
nearshore groundfish (McGilliard et al. 2011, Babcock and MacCall 2011). While approaches
that incorporate MPA collected data remain largely conceptual, some of the time series
currently being collected to inform MPA evaluations could be appropriate cornerstones for
building such approaches. Clearly, in the foreseeable future data collected from MPAs will
become a valuable asset to stock assessment efforts and fishery managers, and fisheries
management would benefit from a more integrated approach that leverages the
conservation attributes of MPAs.
Besides protecting fished species, spatial closures (e.g., no-take marine reserves) also affect
quota-based fisheries management by complicating stock assessments. This is because spatial
closures generally increase the spatial heterogeneity in abundance and size or age structure
of fished stocks. Therefore, the more effective MPAs are at protecting populations within them,
the greater the likelihood that traditional stock assessment approaches will be biased or made
more uncertain (Punt and Methot 2004, Field et al. 2006, Berger et al. 2017), particularly if such
models lack abundance time series and demographic data collected within MPAs. While there
has been some research to better understand how spatial closures (and other spatially explicit
processes that reduce fishing) can bias traditional stock assessment models, the best solutions
are generally more data-intensive, spatially explicit models (McGilliard et al. 2015, Berger et al.
2017, Punt 2019). However, many California fish stocks protected by MPAs are data poor,
thereby constraining the ability to parameterize the needed more complex and spatially
explicit models.
Separate from impacts to fish stocks and their assessments, fisheries managers need to
understand the social and economic impacts of MPAs on commercial and recreational
fisheries. Therefore, fisheries managers benefit from information on how fishermen are
responding to both the actual and the perceived impacts of the MPA network, and how their
observations or perceptions alter how they make decisions about where, and whether, to fish.
For example, no-take or restricted MPAs can displace fishing effort, increasing costs and travel
time if fishermen have to travel a greater distance from their home port or residence to fish. If
economic (i.e., market) conditions are favorable for commercial fishermen, this may not affect
their economic benefits; however, displaced fishing effort can have social wellbeing
consequences (e.g., if they have to be away from home longer or experience greater hazards
to fish) for both commercial and recreational fishermen. Furthermore, small-scale fishermen,
including artisanal fishers, could be disadvantaged by MPAs if their boats and vehicles are not
capable of safely or economically traveling longer distances. Also, it may be that fishing the
line on an MPA may be more appealing than motoring around the MPA to get to open habitat
on the other side even if there is no indication that catch rates are any (or much) better. In
dynamic spatial closures to protect juvenile anchoveta off the coast of Peru, it was
demonstrated (albeit unpublished) that some closures can have the counterintuitive effect of
increasing juvenile anchoveta catch, because vessels fishing areas with low anchoveta
densities moved to closed areas to “fish the line” (and often increase catch rates, but also
increase catch rates of juveniles).
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To date, these consequences of California’s MPA network have not received much attention,
yet the direction (positive or negative) and magnitude of the social (e.g., fishermen wellbeing
and behavior) and economic (e.g., yield and quality of catch) impacts of the MPA network
will vary markedly across the diversity of California’s fisheries. Three of the few studies to
evaluate how California MPAs have influenced fishery yield and distribution is of the lobster
fishery of the Northern Channel Islands. The earliest study (Kay et al. 2012) concluded that
lobster abundance and size responded positively within MPAs, but that these responses were
insufficient to enhance yield or concentration of fishing effort in MPA-adjacent areas. In fact,
fishing effort declined in close proximity to MPAs relative to trends in areas farther removed
(Guenther et al. 2015). However, a more recent study (Lenihan et al. 2021) found greater buildup of lobsters within MPAs relative to unprotected areas, and greater increases in fishing effort
and total lobster catch, but not CPUE, in fishing zones containing two MPAs versus those without
MPAs. The authors concluded that a 35% reduction in fishing area resulting from MPA
designation was compensated for by a 225% increase in total catch after 6-years at that local
spatial scale. Such studies of other MPAs and fisheries are critical to understanding the various
consequences of MPAs, and how MPA impacts vary among fisheries and across geographic
regions. However, datasets with the appropriate resolution to robustly evaluate shifts in the
spatial distribution of fishing effort and catch rates are rare throughout most California waters
and for most California fisheries.

Recommendation: Support studies that evaluate the social and economic
influences of MPAs on coastal commercial, recreational, and artisanal fisheries
likely to be most influenced by MPAs. These studies should be designed to
identify the mechanisms underpinning the responses of these fisheries and how
and why they vary geographically.
How MPA management, monitoring, and evaluation inform fisheries management
The most critical need for both spatial management and traditional fisheries management is
robust data on the relative abundance and size structure of species populations. If data are
not available within MPAs, this can impact the ability to monitor and model populations; the
best modelling arises when there are robust fishery independent data obtained throughout the
range of a given stock’s distribution (both within and outside of MPAs and areas closed to
fishing). Monitoring studies generate estimates of the density and size structure of fished species
inside and outside of MPAs and, therefore, provide information not only on MPA performance
but also to support fisheries management by supplementing status estimates in fishery stock
assessments. There is also the ability to use information from inside MPAs to directly establish
rules for harvest limits, but there is mixed evidence from theoretical studies for the potential
success of such approaches (McGilliard et al. 2011, Babcock and MacCall 2011). Some statemanaged shellfish fisheries, like Dungeness crab, are managed using a “3S” approach to limit
take of individuals based on sex, size, and season. By collecting data on unfished populations,
MPA monitoring can help index fishing-induced changes in these and other demographic
parameters for these largely unassessed but highly valuable stocks.

Recommendation: Monitoring studies should generate estimates of the density
and size structure of fished species inside and outside of MPAs to supplement
estimates of stock status in fishery stock assessments and to inform CDFW’s
Enhanced Status Reports of commercial and recreational species.
Similar to demographic data, MPA monitoring studies can also generate life history data that
can inform fisheries management. For example, abundance estimates of different life stages
can describe the ecosystems or habitats species recruit to, occur in, and move among during
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their life spans, including the temporal patterns in these dynamics. These data identify a species’
habitat requirements and improve understanding of its “essential fish habitat”. The collection
of age data from within MPAs can also provide key demographic information and may provide
the opportunity to more robustly estimate key life history parameters such as reproductive
output, growth, and natural mortality (Garrison et al. 2011).

Recommendation: Monitoring studies should record the timing and occurrence
of life stages of fishery species, among other life history information, that
identifies their association with different habitats and ecosystems. These data
should be made available to fisheries managers, including CDFW’s Enhanced
Status Reports of commercial and recreational species.
MPA surveys can identify ecological responses to changing environmental conditions,
including changes in ecosystem productivity and a changing global climate, by annually
monitoring the condition of individual organisms and the dynamics of populations,
communities, and ecosystems. This information can reveal the exposure, sensitivity, and
adaptability of organisms, populations, and ecosystems that can potentially inform
management harvest decisions and climate vulnerability assessments. These observations and
relationships are most robust when environmental data are collected consistently and
concurrently (i.e., annually) and at the same locations where ecological data are collected.
By estimating or providing information about ecosystem-wide changes in productivity and
population responses to such changes, MPA monitoring can help characterize and track
population carrying capacity. A research frontier in stock assessment, not yet widely adopted
into current fisheries management in the U.S., focuses on the concept of dynamic unfished
biomass (dynamic B0; Sibert et al. 2006, Berger 2019). In short, this is the idea that the carrying
capacity of a population is not static, but rather varies with fluctuations in abiotic (e.g.,
temperature, oxygen; habitat quality) and biotic (e.g., abundance of competitors, predators)
factors. Evaluation of trends in the biomass of target species within MPAs can be related to
variations in these factors, potentially allowing stock assessments to provide improved estimates
of dynamic B0 over time. However, the value of MPA-based indices in stock assessments will
depend in part on spatial variability in recruitment, as well as movement and dispersal patterns
of assessed populations, within and outside of MPAs.

Recommendation: Monitoring studies should include observations of organismal
condition and population, community, and ecosystem dynamics as they relate
to changing environmental conditions, to potentially inform stock assessments
for fisheries management, improve decision-making on harvest adjustments,
and inform climate vulnerability evaluations.
Comparisons of fished populations (abundance, size structure, life history characteristics,
genetic diversity, etc.) and the state and condition of communities and ecosystems exposed
to different levels of fishing morality and types of fishing (i.e. no-take SMRs and limited-take
SMCAs) can reveal the effects of the level of spatial protection on populations and
communities. Moreover, these data can be used to estimate larval production and generate
spatial and temporal recruitment signals for fished species that can inform demographic
connectivity models. Such connectivity models can not only be used to evaluate the
performance of the MPA network but also can provide estimates of regional stock dynamics.
By incorporating realistic estimates of the spatial and temporal patterns of fishing mortality,
these models can estimate spatial patterns of stock dynamics across the MPA network and
adjacent fished areas.
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Recommendation: Monitoring studies should be designed to leverage the
opportunity to compare population and ecosystem responses to different levels
and types of fishing mortality across the different types of MPAs (i.e., SMRs and
SMCAs).
Recommendation: Monitoring studies should include estimates of annual rates
of larval production and recruitment of fished species, which can inform
demographic connectivity models that provide fisheries managers with
estimates of the regional contributions of MPAs and the MPA network to
replenishment of fished stocks. These demographic connectivity models should
be shared with fisheries biologists to evaluate contributions of MPAs and the
MPA network to estimates of regional stock dynamics.
Monitoring studies should also be designed to collect information on biotic and abiotic habitat
features important to species subjected to commercial, recreational, and artisanal fishing.
Visual surveys that identify crucial habitat and the impacts of fishing on abiotic (e.g., disruption
of soft-bottom, destruction of hard-bottom) and biotic (e.g., loss of habitat-forming,
foundational species) attributes of deep rock and soft-bottom habitats inside and outside of
MPAs can identify the impacts of fishing gear and inform management actions to prevent such
impacts. Such surveys can also identify crucial habitat for populations of interest, including
recruitment sites and habitats that serve as nursery grounds.

Recommendation: Ecosystem surveys should include observations and records
of important abiotic and biotic features inside and outside of MPAs to
determine whether nursery and other critical habitats are being protected and
to identify the potential impacts of fishing gear.
In addition to larval connectivity, key data gaps for informing both MPA and fisheries
management models are data on species’ dispersal and movement. Monitoring studies that
estimate annual rates of juvenile and adult emigration from MPAs, and the spatial extent of
home range movements near MPA boundaries (so-called “spillover”) will inform fisheries
managers of the level of localized enhancement in the abundance and size of fished species
in the vicinity of an MPA. Because where spillover adjacent to MPA boundaries is high, there
will likely be more intense fishing, leading to a need for enhanced enforcement and efforts to
obtain compliance with fishing regulations.

Recommendation: Studies should be undertaken to estimate annual rates of
juvenile and adult emigration from MPAs, and home range movements near
MPA boundaries. These studies should be designed to test for the contribution
via spillover of individual MPAs as well as the MPA network to fish stocks sought
after by commercial, recreational, and artisanal fishermen.
Monitoring studies can evaluate how the structure and functioning of communities and
ecosystems respond to changes in species populations protected from fishing mortality.
Comparison of species abundance and ecosystem attributes between MPAs and reference
sites outside MPAs can help inform ecosystem-based fisheries management (EBFM), a new
federal policy in the U.S., by identifying how fishing mortality of one or more species affects
wider community and ecosystem responses. The EBFM specifically calls for enhanced
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understanding of trade-offs within an ecosystem and maintenance of resilient ecosystems.
MPAs provide insight into ecological tradeoffs (e.g., if predators are not fished, how large a
prey population can be sustained?). They also provide for resilience under the EBFM Policy
definition, by maintaining “core ecosystem structure, biodiversity, production, energy flow, and
functioning.” (Denit 2016). However, similar to using MPA data on unfished populations to inform
fishery stock assessments, such comparisons are complicated by larval inputs from fished areas
on the state of communities and ecosystems within MPAs.

Recommendation: Monitoring studies should be designed to identify both the
population responses of fished species to protection by MPAs and the
community and ecosystem-wide responses within MPAs to the protection of
these species.

HOW FISHERIES INFLUENCE AND ENHANCE MPA MANAGEMENT
Effective fisheries management is a prerequisite for MPAs to meet their conservation goals.
Populations within MPAs are largely replenished by larvae produced by the much larger fished
populations occupying areas outside MPA boundaries. Therefore, both the magnitude and the
spatial patterns of fishing will influence the replenishment of populations within MPAs. Fishing
gear and practices that damage fish habitat also reduce the potential contribution of these
larger fished stocks to the replenishment of populations within MPAs. Rates of fishing mortality
in close proximity to MPAs can also influence the conservation value of MPAs and the
contribution made by these MPAs to fisheries. For example, heavy fishing along the boundary
of an MPA can increase density-dependent emigration rates of older life stages from MPAs,
drawing down populations within MPAs, thereby simultaneously reducing their conservation
value while increasing MPA contributions to localized fishery yields.

HOW FISHERIES INFORM ECOLOGICAL EVALUATIONS OF MPA PERFORMANCE
Fisheries management actions and the information generated by fisheries management
practices are fundamentally important to the evaluation of MPA effectiveness. At the broadest
spatial scale, knowledge of fisheries management actions and rates of fishing mortality greatly
influence expectations of the condition (size and size structure) for fished populations inside
and outside MPAs. For example, groundfish fisheries were highly constrained during the 20022010 period, particularly for shelf rockfish, so predicted differences in the condition of groundfish
stocks inside and outside MPAs should be much different from those before and after that
period. Similarly, knowledge of the geographic status of stocks informs predictions of the
potential contributions of MPAs and the MPA network to the replenishment of fished stocks.

Recommendation: Studies should be undertaken to downscale stock
assessment results and stock status estimates (e.g., fully exploited, rebuilding,
etc.) in order to characterize the expected contributions of fished areas and
MPAs to larval replenishment of populations in the MPA network.
At smaller spatial scales, the design of ecological performance studies often involve
comparisons of ecological metrics (e.g., species density and size structure, biomass, taxonomic
and functional group diversity) inside MPAs compared with “reference” sites outside MPAs over
time (e.g., Caselle et al. 2015). An implicit assumption of this design is that the “reference” areas
outside MPAs are representative of the level of fishing mortality experienced by populations
and communities in the area surrounding that MPA or multiple MPAs. Knowledge of fishing effort
or mortality in reference areas and the areas they represent is critical to both testing that
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assumption and interpreting the data generated from these comparison-based analyses
(Moffitt et al. 2013).
Similarly, knowledge of take immediately outside an MPA’s boundary (fishing the line) can
provide MPA managers with estimates of species emigration or spillover rates from MPAs. These
rates can be considered when estimating population responses to MPAs and in estimating their
contributions to local fishery yield.
Rates of fishing mortality or effort at individual MPAs prior to their establishment greatly influence
the time course and magnitude of the response of populations and, by extension, communities
and ecosystems to the establishment of an MPA (Jaco and Steele 2020). In combination with
demographic models (White et al. 2016, Kaplan et al. 2019, Nickols et al. 2019), these predicted
responses inform reasonable expectations of the ecological consequences of MPAs; they
provide context and constraints on the expected responses in ecological metrics of
populations, communities, and ecosystems to MPA establishment. These fishing data also are
needed for comparisons inside and outside MPAs to evaluate MPA performance. Fishing effort
and mortality data are most useful if collected at the lowest level of taxonomic resolution and
at an MPA-scale of spatial resolution. Such information will also inform the spatial distribution of
fishing effort in a coast-wide demographic connectivity model for assessing MPA network
performance. However, most traditional fisheries programs do not collect data at the
appropriate spatial resolution to inform MPA management questions. Nevertheless, in select
cases available data are likely to provide insights into fishing effort and mortality, particularly
resulting from recreational fishing where onboard observer data are being collected for CPFV
fisheries. A careful comparison of research and data needs for both the assessment universe
and the MPA management/evaluation universe will reveal broad overlap- and as the data
improve, the ability to model spatially will improve as well - and this will inform both fishery and
MPA management efforts.

Recommendation: Fisheries management should provide estimates of fishing
effort and mortality at MPA sites prior to and after their establishment, including
within MPAs that allow fishing, and at monitoring (“reference”) sites outside of
MPAs. Strong fisheries management programs generate highly valuable
demographic data and life history information for fished species. This
information is also critical for understanding interpreting differences in species
responses to MPAs (Kaplan et al. 2019).
Recommendation: Fisheries management should generate and disseminate life
history data (age, size, maturity, length-weight, length-fecundity, etc.) that can
inform demographic connectivity models used to evaluate MPA network
performance. These data are also useful in estimating biomass and larval
production from length-based visual surveys (divers and ROVs).
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APPENDIX 5: GLOSSARY OF KEY TERMS

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

TERMS DEFINED FROM IN THE MLPA GOALS
One element of the working group's charge is to provide scientific definitions of select terms in
the MLPA goals to support decadal management reviews. The terms below were selected and
defined by the working group using a combination of existing definitions, supporting literature,
and expert judgement.
Abundance: The total number of individual organisms, quantity of biomass, or amount (usually
percentage) of covered substratum present in a given area (modified from CDFW and CA OPC
2018).
Adequate Enforcement: A combination of law enforcement, education and outreach activities
that reduce non-compliance with MPA regulations to a sufficiently low level that MPAs are
effective at protecting living marine resources (informed by Davis and Moretti 2005, Reef
Resilience Network 2020).
Biodiversity: A component and measure of ecosystem health and function. It is the number
and genetic richness of different individuals within a population of a species, of populations
found within a species range, of different species found within a natural community or
ecosystem, and of different communities and ecosystems found within a region. Humans are
also an integral part of biodiversity and derive ecosystem services including sustenance and
physical and psychological wellbeing (modified from CDFW 2018, CDFW and CA OPC 2018).
Ecosystem: The physical and climatic features and all the living and dead organisms in an area
that are interrelated in the transfer of energy and material, which together produce and
maintain a characteristic type of biological community. Marine ecosystems can be particularly
complex due to the vastness of the marine environment, the large number of organisms, and
the intricacies of the physical, chemical, biological, and social processes involved (modified
from CDFW 2016, CDFW and CA OPC 2018).
Ecosystem function: The processes through which the constituent living and nonliving
components of an ecosystem change and interact, including biological, geochemical, and
physical processes (informed by CDFG 2008, GEO BON 2014).
Ecosystem integrity: The condition of an ecosystem that preserves its components (ecosystem
structure) and the functional relationships between them (ecosystem function) in the face of
an external disturbance (modified from De Leo and Levin 1997, Dorren et al. 2004).
Ecosystem structure: The spatial arrangement of the living and nonliving components of an
ecosystem (modified from Kaufmann et al. 1994, CDFG 2008).
Effective (MPA) management: Management that achieves the goals of the MPA(s). Effective
management requires learning, communicating lessons, and developing and carrying out
targeted research and development projects that can support monitoring and inform
adaptive management to meet the Marine Life Protect Act goals (modified from CDFW 2016).
Intrinsic value: One component of the Total Economic Value Framework that includes aspects
of ecosystems and their constituent parts which have value in their own right, including their
biological and genetic diversity and the essential characteristics that determine an
ecosystem’s integrity, form, functioning, and resilience, independent of human uses.
Challenging and controversial to measure as there are multiple methods but no agreed upon
standard. Potential methods include willingness to pay, willingness to accept, willingness to sell
and choice experiments (informed by Krutilla 1967, NZ Resource Management Act 1991 §2(1),
Fisher et al. 2008).
Minimal human disturbance: Human disturbance is the amount of change/disruption humans
cause and a measure of the vulnerability of resources to a variety of harmful human activities
such as noise and light pollution, habitat trampling, increased nutrient discharge, artificial
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coastline hardening, plastic pollution, climate change and more. Minimal human disturbance
would reflect the state where these disturbances are eliminated or highly reduced (modified
from US EPA 2014).
Marine protected area network: A collection of individual marine protected areas connected
by larval dispersal operating cooperatively and synergistically, at various spatial scales, and
with a range of protection levels, in order to fulfill ecological aims more effectively and
comprehensively than individual sites could alone. The network will also display social and
economic benefits, though the latter may only become fully developed over long time frames
as ecosystems recover (modified from WCPA and IUCN 2007).
Natural diversity: The species richness of a community, ecosystem, and other natural area when
protected from, or not subjected to, human-induced change (modified from CDFW 2016).
Natural heritage: Natural features, geological and physiographical formations and delineated
areas that constitute the habitat of threatened species of animals and plants and natural sites
of value from the point of view of science, conservation, human cultural interest, or natural
beauty. It includes nature parks and reserves, zoos, aquaria and botanical gardens. "Natural
heritage" is also what we inherit from the earth, includes ecosystem services, and an element
of past, present, and future generations (modified from UNESCO 1972).
Objectives: Objectives provide quantitative support and expression for goals when written with
specific, measurable, assignable, realistic, and time-bound criteria (Doran 1981). (Note: In the
MLPA planning phase, objectives were treated as "sub-goals" or smaller steps toward a larger
goal as defined by the MLPA. Here we aim to be more specific.)
Representative marine life habitats: Marine habitats found in California's state waters, and the
ecosystems they support. Identified for protection in the MLPA planning process (e.g., rocky
intertidal, sandy beach, shallow and deeper rocky reef) (modified from CDFW 2016).
Sound scientific guidelines: Guidelines for how to design MPAs to achieve their stated goals
based on multidisciplinary and transdisciplinary science, including social science, according to
a consensus among the panel of experts appointed to develop these guidelines (modified
from CDFG 2008, CDFW 2018).
Unique marine life habitats: A habitat that is unique (or singular) within a region due to a rare
combination of physical and/or biological components (informed by Roff and Taylor 2000,
CDFW 2016).

OTHER KEY TERMS
The additional terms below were selected and defined by the Working Group to clarify how
these terms were used throughout the report. These terms were defined by a combination of
existing definitions, supporting literature, and expert judgement.
Adaptive management: With regard to the marine protected areas, adaptive management is
a management policy that seeks to improve management of biological resources, particularly
in areas of scientific uncertainty, by changing it based on lessons learned. 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 (modified from CDFW and CA OPC 2018, CA
Fish and Game Code §2852(a)).
Age structure (of a population): The distribution of individuals in a population based on their
age. Contrast in age structure over space and time provides insights into impacts of fisheries or
other mortality sources relative to natural mortality rates (modified from Gotelli 2008).
Attitudes (regarding MPAs): Research on stakeholder attitudes, beliefs, perceptions and
preferences related to MPA issues examines the underlying motivations that may influence
stakeholders’ preferences, choices and actions. As such, understanding the attitudes and
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perceptions of stakeholders towards MPAs could help predict the likely behavior towards this
management tool (modified from Wahle et al. 2003, Pita et al. 2011).
Catch data: Data collected by fishermen or fisheries biologists that provides insight into the
abundance (in numbers or mass), catch rates (see CPUE), species composition, or other
demographic information for fish or invertebrates removed from the ecosystem as a result of
fishing activity (informed by CDFW 2018).
Compliance: The behavior of people who follow the rules, or rule adherence. Crucial to
understanding compliance is the underlying motivation of behavioral responses to regulations
(including economic and normative factors) (informed by Arias 2015, Bergseth and Roscher
2018, Bergseth 2018).
Concentration (of fishing effort): Changes in the distribution of fishing effort resulting from
displacement of effort previously distributed within MPAs, such that effort is concentrated (less
diffuse) in remaining open areas (informed by Murawski et al. 2005).
Connectivity (demographic): An exchange of individuals among local populations that can
influence population demographics and dynamics. It can include: Exchange of offspring
between populations through larval dispersal; Recruitment of juveniles and survival of these
juveniles to reproductive age; Any large-scale movement of juveniles and adults between
locations (informed by Sale et al. 2010).
Connectivity (ecosystem): Linking of places or populations through movement of organisms,
nutrients, pollutants or other items between them (informed by Sale et al. 2010).
Connectivity (population): The movement of organisms from place to place (e.g., among
reserves) through dispersal or migration (NRC 2001).
Consumptive: Activities that result in removal of resources such as recreational and commercial
fisheries, seaweed harvesting, shell collecting (informed by CDFW 2018).
Consumptive recreation: Recreational activities that result in the removal of or harm to natural
or cultural resources such as fishing, beachcombing, clam digs, and shell collecting (modified
from NOAA ONMS 2021).
Cultural uses (of ecosystems): The non-material benefits that people obtain from ecosystems
through spiritual enrichment, cognitive development, reflection, recreation, and aesthetic
experience, including, for example, knowledge systems, social relations, and aesthetic values.
They may also be seen as 'cultural benefits', as they directly relate to changes in human welfare
(informed by Manley et al. 2019).
Displacement (of fishing effort): The changes in fishing behavior and patterns that could occur
in response to new management measures (Vaughan 2017).
Disturbance: A discrete event, either natural or human induced, that causes a change in the
existing condition of an ecological system (informed by Kaufmann et al. 1994, as “ecosystem
disturbance” in CDFG 2008).
Ecosystem service: Ecosystem services are the benefits (physical and psychological wellbeing)
people obtain from ecosystems. These include provisioning services, such as food and water;
regulating services, such as flood and disease control; cultural services, such as spiritual and
cultural benefits; and supporting services, such as nutrient cycling, that maintain the conditions
for life on Earth (Blackhart et al. 2005).
Educational use: Use of MPAs for formal academic instruction, informal interpretive programs,
cultural and ceremonial activities, or other educational activities (Title 14: CA Code of
Regulations §650).
Fishing effort: The amount of time and fishing power to harvest fish, invertebrates, or plants,
whether by individuals or vessels. For vessels fishing power includes gear size, boat size, and
horsepower. Used to calculate catch per unit effort (informed by CDFW 2018).
Focal species: Species identified in the MPA Monitoring Action Plan as priority indicators for
monitoring and evaluating MPAs in California and those that investigators have identified
specific to ecosystems of study (CDFW and CA OPC 2018).
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Habitat: The living place of an organism or community characterized by the resources and
conditions present, including the physical, chemical and biological properties (informed by
Krausman 1999, CDFG 2008, CDFW 2016, 2018).
Habitat diversity: The range of habitats present in a region (informed by Alsterberg et al. 2017).
Habitat quality (oceanographic, geologic, biogenic): The ability of the environment to provide
conditions appropriate for individual and population persistence (Krausman 1999)
Human dimensions (of MPAs): The social, economic, cultural, and institutional aspects of MPAs
which encompasses the state or change of human behavior, economic outcomes, and
stakeholder attitudes, perceptions, or knowledge (informed by Charles and Wilson 2009).
Knowledge: Understanding or information about a subject gained via experience or study,
either by a single person or people generally (McIntosh 2013).
Larval connectivity: The linkage among discontinuous ‘local’ or subpopulations of a single
species that results from the movement of individuals from one group to another (Carr et al.
2017).
Larval production: Spawning and creation of larvae (modified from Meekan et al. 1993).
Larval supply: The number of larvae reaching a settlement site or appropriate adult habitat
(modified from Jenkins and Hawkins 2003).
Long-term monitoring: Repeated field-based empirical measurements that are collected
continuously and then analyzed for an extended period of time to aid in understanding social
and ecological trends and changes over time (modified from Lindenmayer and Likens 2010).
Mortality rate (fishing mortality): Denoted by F, which stands for the fishing mortality rate in a
particular stock. It is roughly the proportion of the fishable stock that is caught in a year. It is also
a measurement of the rate of removal from the population by fishing (modified from Blackhart
et al. 2005).
Mortality (natural): Removal of fish from a population due to causes unrelated to fishing, such
as predation, diseases and other natural factors, or pollution. Denoted as “M” in fisheries stock
assessment models (CDFW and CA OPC 2018).
Natural community: A distinct, identifiable, and recurring association of plants and animals that
are ecologically interrelated (CDFG 2008, CA Fish and Game Code §2702(d)).
Non-consumptive use: Activities that do not include removal of resources such as photography,
whale watching, diving, surfing, etc. (modified from CDFW 2018).
Perceived value: The value or worth of a product or service based on an individual or group's
point of view, rather than its actual price (modified from Cambridge business English dictionary
2011)
Perception (regarding MPAs): The way an individual observes, understands, interprets, and
evaluates a referent object, action, experience, individual, policy, or outcome. There are four
categories of stakeholder perceptions that might influence local support for conservation—
perceptions of ecological effectiveness, social impacts, good governance, and management
(Bennett 2016).
Population: All the individuals of a species living within a specific area (informed by Clark et al.
2018).
Protected species: Species identified in the MPA Monitoring Action Plan as Special Status
Species (CDFW and CA OPC 2018).
Recovery: Sustained increase in the attributes of the system that provide lasting ecological and
social value. At a minimum, recovery entails the return of population viability and ecological
function (Ingeman et al. 2019).
Reference site: A sampling site outside of a MPA that is used to compare metrics to evaluate
consequences of the MPA. Reference sites preferably differ only in the level of a regulated
activity (e.g. some form of fishing) and are otherwise very similar in all other respects (e.g.
habitat and other environmental conditions) (informed by CDFW and CA OPC 2018).
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Resilience: The capacity of an ecosystem to absorb recurrent disturbances or shocks and
adapt to change while retaining essentially the same function and structure (McClanahan et
al. 2012, CDFW 2018). The ability of a coupled social-ecological-economic system and its
components to absorb stressors and disturbance through resistance and/or recovery of core
function, structure, and provision of services (Hofmann et al. 2021).
Self-retention (of larvae): The ratio of locally produced settlement to settlement from all origins
(Lett et al. 2015).
Spacing (of MPAs): Recommended spacing to facilitate dispersal and connectedness of
important bottom dwelling fish and invertebrates among MPAs (CDFG 2008 pg. 39, CDFW 2016
pg. A-35).
Species diversity: The number of different species in a particular area (species richness)
weighted by some measure of abundance such as number of individuals or biomass (Bynum
2009).
Spillover (adult): Two types of spillover from MPAs can exist: ecological spillover and fishery
spillover. Ecological spillover is the net movement of fish biomass from non-fished areas into
fished areas. This may happen when a species exhibits density-independent movement such
as home range behavior, ontogenetic shifts with increasing age, or when high densities inside
MPAs lead to competition for scarce resources, causing some individuals to leave MPAs in
search of food or shelter. Fishery spillover is the proportion of fish biomass available to a fishery
given existing regulations and access constraints. This is most likely to occur when the rate of
emigration from MPAs is low enough that MPAs provide some refuge from fishing, but high
enough that a certain proportion of the population exit the MPA into fishable areas (CDFW
2018 pg. D-3).
Stakeholders: Stakeholders refer broadly to anyone with any interest in MPAs, which, since MPAs
are a public trust resource, includes any member of the public within the state of California.
The term "stakeholders'' is widely used in management and in the scientific literature but has
sometimes emphasized those with economic interest in MPAs. As this report defines
stakeholders more expansively, we include communities of interest and communities of place
in its definition (working group definition).
Sustainable fishery: a) Continuous replacement of resources, taking into account fluctuations
in abundance and environmental variability; and b) Securing the fullest possible range of
present and long-term economic, social, and ecological benefits, maintaining biological
diversity, and in the case of fisheries management based on maximum sustainable yield,
providing for a fishery that does not exceed optimum yield (informed by CDFW 2018).
Take (including incidental take): Hunt, pursue, catch, capture, kill, or attempt to hunt, pursue,
catch, capture, or kill (CA Fish and Game Code §86) as well as collecting, handling, marking,
manipulating, or conducting other procedures on wildlife, whether wildlife are released or
retained in possession (Title 14: CA Code of Regulations §650).
Traditional ecological knowledge (TEK) or Indigenous traditional knowledge (ITK): While no
single definition of TEK/ITK is universally accepted, it has been described as 'a cumulative body
of knowledge, practice, and belief, evolving by adaptive processes and handed down
through generations by cultural transmission, about the relationship of living beings (including
humans) with one another and with their environment' (Berkes 2008, CDFW 2016 pg. 6).
Wellbeing: A state of being with others and the environment, which arises when human needs
are met, when individuals and communities can act meaningfully to pursue their goals, and
when individuals and communities enjoy a satisfactory quality of life (Armitage et al. 2012).
Gollan and Barclay (2020) present seven aspects of wellbeing: 1) environment; 2) health and
safety; 3) social connections; 4) education and knowledge; 5) culture and heritage; 6)
governance; and 7) local economy.
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