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• To understand how environmental variability travels through, and is 
dampened or amplified by, linked social and ecological processes in 
fisheries systems on the U.S. West Coast.

• To explore how more integrated management of fisheries can be used 
to increase resilience and human benefits derived from West Coast 
commercial fisheries. 

• To engage disparate parts of the fishery management community in 
development and application of the research and modeling tools 
needed to implement ecosystem-based fishery management.

Project Objectives
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Figure 1: Ex-vessel revenues by species group as a percentage of total West 
Coast ex-vessel revenues from 1981 to 2014
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The share of revenues attributed to different species groups across the entire West Coast, as well as for individual communities and fishermen, has varied substantially over recent decades and can even change substantially year-over-year 

The governance of fishery resources in the CCLME is accomplished through a complex mixture of federal and state management, as well as international treaties for a handful of straddling stocks. Although some species groups are managed under a single management plan (e.g., more than 90 species in the Pacific groundfish fishery), most species are managed individually, often with independent management by each state, despite significant biological and economic connections across states. Narrow mandates, high transaction costs of cooperation, and scarcity of funding have resulted in research programs and management plans that are sometimes insular and fail to account for the interdependence of fisheries. 
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Vessels with 2014 Non-whiting 
Goundfish Revenue >$5K

Figure 2: Shares of total 2014 West Coast fishery revenue 
by species group for fleets of vessels with (a) non-whiting 
groundfish; (b) dungeness crab; and  (c) salmon revenues 
over $5000
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Overlap in participation further heightens interconnections between many fisheries. Many West Coast fishermen participate in multiple fisheries, moving between them throughout the year, and adapting their participation in response to changes in relative profitability, spatial distributions, and regulations. A combination of natural, regulatory, spatial and technological factors may make participation in certain fisheries highly complementary (e.g., asynchronous variability in abundance or accessibility), while participation in other combinations is incompatible. Variations in the recruitment, growth, natural mortality, and spatial distributions of targeted fish species directly affect the catch rates and harvest costs of fishermen and so the benefits they receive from participating in fisheries. Of the 2,030 fishing vessels with 2014 West Coast fishing revenue over $25,000, 765 earned more than $5,000 in at least two fisheries 



• Do differential recruitment/growth/distribution responses to 
environmental conditions make it possible for fishers to form robust 
portfolios of fisheries?

• How do biological fluctuations interact with management, economic and 
social/psychological factors to influence the adaptive flow of effort across 
fisheries in these portfolios?

• How do these adaptations feed back to the variability and robustness of 
the system? 
• Do fisher’s adaptations moderate or exacerbate exogenous fluctuations?  
• How does/could management alter this relationship?

• Can an understanding of the dynamics of this system of fisheries 
enable managers to anticipate and mitigate shocks to the system?

Some “Big Picture” Questions
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Figure 3: A conceptual model of the CCLME as a CNH. Marine species respond heterogeneously to environmental variability, leading to synchrony and asynchrony. Species are pursued by fishermen in multiple fishing communities with distinct targeting practices. Fishermen are influenced by economic incentives and management but also by community-reinforced social factors. Management is influenced by participation of fishermen and the status of species.   

Dynamics within natural systems: We will model the population dynamics of fish and shellfish species and species groups, including those most important to West Coast fisheries. We will investigate the variability and synchrony across stocks, their tendency to create ecological portfolios, and assess to what extent these patterns are explained by variability in environmental conditions. We will utilize this knowledge to develop spatial (coarse scale) population dynamics models. 

Dynamics within human systems: Our system consists of individual fishermen within fishing communities that allocate their fishing effort across space, time, and multiple fisheries. A central focus is to model the fishing effort dynamics within this system. Our hypothesis is that the determinants of these effort dynamics include, but are not limited to, myopic comparisons of expected profits. We also hypothesize that the breadth, flexibility, and attractiveness of fishermen’s non-fishing economic opportunities will shape participation patterns. We expect non-pecuniary factors, such as intrinsic satisfaction from fishing, as well as the strength of their social capital and identity within the fishing community, to influence preferences for fishing relative to other activities, shaping the nature of the communities themselves. We will leverage a socioeconomic survey and fishery data to model participation across a portfolio of linked fisheries (including non-fishing alternatives) that integrates pecuniary and non-pecuniary motivations of fishing behavior. 

Processes through which natural systems affect human systems: We hypothesize that changes in resource profitability and accessibility are primary determinants of fishing effort and thus the catch and income derived by fishermen. We will develop an integrated ecological-economic model to examine how environmental variability influences the abundance and distribution of targeted species, and hence the effort, realized profits and non-pecuniary benefits to fishermen located across fishing communities. 

Processes through which human systems affect natural systems: Fishing is the primary source of adult mortality for several CCLME species and thus a key determinant to population size, distribution and viability. Dungeness crab, and some other species, are heavily exploited, with within-season depletion of legal sized fish. For some species such as several endangered salmon species, even relatively low fishing mortality rates have an important impact on population viability and dynamics. We will utilize our integrated ecological-economic model to understand the feedbacks between fishing effort and fish population variability – with a particular focus on whether fishing amplifies or dampens natural variability and how it affects synchrony.





• Theme 1: Linking Environmental Variability to Marine 
Species’ Recruitment and Distribution

• Theme 2: Psychological and Social Benefits and Drivers of 
Fishery Participation

• Theme 3: Linking Stock Status, Regulation and Social 
Motivations to Fisher Behavior

• Theme 4: Model Integration

Research Themes
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Theme 1: How are California Current species’ population dynamics driven by climate variability? Do populations with correlated population dynamics share similar characteristics?  Can portfolios strategies reduce variation in fishing income for individual and communities?

Theme 2: What is the importance of non-pecuniary benefits associated with fishery participation ? What important is seafood kept for personal use and what roles does it play?  How do identity and personal tastes for fishing as an activity impact job satisfaction and motivation and to participate in fisheries?  How does fishery related social capital for individual and communities relate to participation

Theme 3:  Can cross-participation, seasonal movement between fisheries., and entry-exit, be explained in term of substitutability and complementarity of different fisheries? How do non-pecuniary factors and identity effect participation decisions? How do non-fishery income opportunities and sources affect participation?  

Theme 4: How do exogenous shocks that directly affect one fishery travel through the fishery system? How is this affected by regulations that restrict access and movement across fisheries and how does this affect system dynamics? Do factors that create inertia in participation t stabilize fisheries or undermine resilence? How are system dynamics affected by social changes that affect social capital and identity at the individual and community level?







• How does climate variability affect recruitment, growth, and 
distribution of key target species

• To what extent are California Current species’ population dynamics 
synchronized?

• Is synchrony driven by climate variability? 
• Do populations within synchronous groups share similar 

characteristics?

Theme 1: Linking Environmental Variability to Marine 
Species’ Recruitment and Distribution

Presenter
Presentation Notes
In addition, climate operates across a wide range of time-scales, from transient extreme events (e.g., the strong 1997-1998 El Niño, the current North Pacific “warm blob”) to multi-decadal climate regimes that alternate between high and low productivity (Bond et al. 2015; Hare and Mantua 2000; Overland et al. 2010; Schwing et al. 2010). Synchrony may depend critically on the time scale of analysis, with species synchronous at some frequencies but asynchronous at others. Dungeness crab exhibit 10-year cycles, for example (Botsford et al. 1994; Higgins et al. 1997). Hypothesis 1.1: Groups of species within the California Current exhibit synchrony at characteristic frequencies.

Hypothesis 1.2: Climate variability helps explain the dynamics of synchronous groups of species.
An alternative hypothesis is that climate strongly influences the dynamics of individual populations of the same and different species, but shared influences do not lead to synchronous dynamics (e.g., through differences in life histories, age structure, and other factors). 

Question 3: Do populations within synchronous groups share similar characteristics? Generally, diversity allows the creation of portfolios of weakly correlated or asynchronous populations (Braun et al. In press; Schindler et al. 2010), which suggests that lack of diversity can create synchrony. Because life history strategy affects how populations filter the environment (Botsford et al. 2014; Yatsu et al. 2008), we expect synchronous groups to share life history characteristics. However, we still understand little about what kinds of diversity are most important for favoring or disfavoring synchrony and asynchrony. Hypothesis 1.3: Synchronous groups share similar traits, while asynchronous groups differ in characteristic traits.






• How do personal tastes for fishing vs. socially influenced identity serve as a 
motivation for participation in fisheries? 

• What role does seafood retained for personal use play in fishing 
households and communities and how does it affect participation in 
particular fisheries?

• What role do non-fishery sources of income play in fishing households? 
• Mail survey of 2800 current participants in West Coast commercial fisheries 

(50% response rate)
• Key Focus: non-pecuniary and indirect motivations for fishery participation 

Theme 2: Psychological and Social Benefits 
and Drivers of Fishery Participation
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Akerlof and Kranton model of the economics of identity.  One’s social comparison group defines one’s socially-constructed “identity” and with it comes certain norms of behavior.  Acting in a manner that is dissonant with these norms causes disutility. These norms may sustain behaviors (or slow adjustment) that are inconsistent with profit maximization or following one’s own individual interests. 

Hypothesis 2.1: We are able to distinguish between personal tastes for fishing vs. socially influenced identity as a motivation for participation in fisheries. 
Hypothesis 2.2: The strength of identity as a fisherman is positively related to the degree of connectivity of the associated fishing communities (both at home and on the water), and the length of time the individual has been involved in fishing, but inversely related to the strength of ties outside of the fishing community. 
Hypothesis 2.5: We hypothesize that those communities that are more dependent on fisheries overall will exhibit more evidence of fisheries-oriented social capital. 
Hypothesis 2.7: We hypothesize that communities with higher levels of social capital related to fishing will tend to have reduced inter-annual variability in fishing revenues. 



Participation Survey
• Sent to all recently active West Coast Commercial fishers
• Questions to measure social capital and job satisfaction 
• Non pecuniary benefits from and motivations for fishing 

including catch kept for personal use
• Preference for fishing over alternative employment
• Role of fishing in overall household income 
• Over 1400 responses that can be used create ancillary 

data for modeling fishery participation behavior
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• Discrete choice random utility models of fishery 
choice, entry/exit

• Improve on standard single-fishery models 
• Capture substitutability and complementarity of 

participation in various fisheries 
• Explore how individual-specific characteristics 

influence choices (e.g., non-pecuniary 
motivations, alternative income sources, and 
group or community membership)

Theme 3: Linking Stock Status, Regulation and Social 
Motivations to Fisher Behavior

Presenter
Presentation Notes
Research within this theme will focus on understanding the dynamics of fishermen’s participation in CCLME fisheries in response to 1) environmentally-driven fluctuations in the abundance or availability of target fish stocks; 2) changes in fishery regulations that affect alternative fishing portfolios and the capacity to adapt to natural and market conditions through movement between fisheries; and 3) heterogeneity in outside opportunities, fishing skill, and the relative strength of economic vs. non-economic social factors in driving fishing motivation. 

Theme 3:  Can cross-participation, seasonal movement between fisheries., and entry-exit, be explained in term of substitutability and complementarity of different fisheries? How do non-pecuniary factors and identity effect participation decisions? How do non-fishery income opportunities and sources affect participation?  

Most models of fishery participation have failed to address the complex reality in many systems, including the CCLME, that fishermen may participate in multiple fisheries across the season, and the decision of which fisheries to participate in – or whether to sit out fishing entirely – are likely highly interdependent. Therefore, understanding the adaptive responses of fishermen to variations in productivity and availability across multiple fish stocks, and the role of regulation in shaping these responses, requires a modeling approach where fishermen select across a portfolio of fisheries. 

Substituability or complementarity may ccme about because of sequencing effects that are natural or regulatory in nature (derbies may create complementarities) or because of gear/capital configurations. 

Both economic and non-economic factors will play a strong role in modeling the non-fishing alternative.  We will use survey questions about outside employment (and its flexibility), fraction of household income from fishing, etc. Fishers with strong social capital or personal satisfaction bonus will be more slow to exit fishing or a particular fishery. 




• Build set of bioeconomic models for major 
fisheries (groundfish, Dungeness crab, salmon, 
pink shrimp, albacore): linking  exogenous drivers 
of productivity to linked fisheries with multi-fishery 
participation models

• Use models to explore how exogenous shocks to 
the fishery system propagate through the system, 
and how management actions – particularly entry 
restrictions - affect the dynamics of the system.

• Can management systems and fishing strategies 
(e.g., diversification with specific portfolios) 
reduce variability of income for individuals and 
communities?

• Can these models provide information to help 
managers anticipate and react to shocks to 
improve biological and social outcomes?

Theme 4: Model Integration



Acquire or estimate historical biomass 
and recruitment for salmon, Dungeness 
crab, albacore, groundfish, and pink 
shrimp stocks

Survey fishermen to 
determine motivations for 
participation

Construct models of salmon, Dungeness crab, 
groundfish, albacore and pink shrimp fisheries 
linked by participation model

Understand how climate or 
economic shocks affect fisheries 
directly and indirectly as a result 
of fishing participation decisions

Identify fishing portfolios for 
individuals or communities that 
reduce variation in income

Year 1 
&2

Year 2 & 3

Year 4

Hold workshop with fishery 
managers and industry 
stakeholders to seek input on 
research design

Hold workshop with fishery 
managers and industry to 
consider the results of model 
simulation scenarios

Presenter
Presentation Notes
In year 1 of the project we will primarily be collecting or synthesizing data that will feed into modeling work and analysis later in the project. We will conduct a mail survey of fishermen and also conduct interviews with fishermen to get information about what motivates their decisions to fish in particularly fisheries and move between them. Also in the first year we will construct time series of biomass and recruitment for several fisheries of interest along with time series of data on climate and ocean conditions. For many species time series of biomass and recruitment already exist and can be acquired from existing stock assessments and databases like the RAM Legacy stock assessment database. For other fisheries, such as crab and pink shrimp, we will need to estimate time series of historical biomass and recruitment. 

In year 2 of the project we will analyze the time series data on fish stock productivity and ocean conditions to identify correlations of productivity with climate and ocean conditions and also whether and why some fish stocks’ productivity varies synchronously or asynchronously.  We will also use the data from the survey of fishermen, in conjunction with fish ticket data, to estimate statistical models of individual fishing participation choices with a particular focus on how participation decisions in one fishery are linked to participation in other fisheries.

In year 3 of the project we will use the information and models gathered and estimated in years 1 and 2 to construct a set of models of key West Coast fisheries including ocean salmon fisheries, Dungeness crab, albacore, the groundfish fishery, and pink shrimp. We will link these models with the participation model that will determine effort levels in each fishery.

In year 4 of the project we will use the meta-model to explore scenarios in which events impact one or more fisheries directly. This will include  changes in climate and ocean conditions that affect fishery productivity and also economic shocks such a large input or output price changes. We will explore how these outside influences affect fisheries directly, but also how they indirectly affect other fisheries by influencing fishing participation choices in those fisheries (e.g. causing fishermen to divert effort from a fishery experiencing poor recruitment or not fishing at all that year and thus reducing effort in other fisheries). We will also use the model to explore what types of fishing portfolios, for individuals or ports, result in lower (or higher variation in income) and how that is impacted by fishery management decisions and constraints on individuals’ participation and movement between fisheries. 

The project has funding to support two workshops with state and federal fishery managers and industry stakeholders. An initial one-day workshop to be held in the first year will explain the overall research plan and seek input on the research questions and modeling scenarios. This will provide an opportunity to verify the assumptions underlying model design and investigate the quality of data to support parameterization of the model. By engaging with stakeholders early on, we will ensure that the research is relevant to their needs, which will help promote buy-in and uptake of the research findings. In the initial months of the fourth year, when the integrated multi-fishery model has been developed, a second two-day workshop will reconvene this group to interactively consider the results of model simulation scenarios. This workshop will provide feedback on whether the integrated model results are plausible when there is sufficient time remaining to adapt the model or policy/environmental change scenarios as needed. 
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