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ABSTRACT

Marinefisheries around the globe are increasingly exposed to external drivers of social and
ecological change. Though diversification and flexibility have historically helped marine
resource users negotiate risk and adversity, much of modern fisheries management treats
fishermen as specialists using specific gear types to target specific species. Here we describe the
evolution of harvest portfolios among Pacific Northwest fishermen over 35+ years with explicit
attention to changes in the structure and function of the albacore (Thunnus alalunga,
Scombridae)trollrand pole-and-line fishery. Our analysis indicates that recent social-ecological
changes haverhad heterogenous impacts upon the livelihood strategies favored by different
segments of regional fishing fleets. As ecological change and regulatory reform have restricted
access to a number of fisheries, many of the regional small (< 45 ft) and medium (45-60 ft) boat
fishermen who_centinue to pursue diverse livelihood strategies have increasingly relied upon the
ability toepportunistically target albacore in coastal waters while retaining more of the value
generated by such catch. In contrast, large vessels ( > 60 ft) targeting albacore are more
specialized now than previously observed, even as participation in multiple fisheries has become

increasingly common for this size-class. In describing divergent trajectories associated with the
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albacore fishery, one of the US West Coast’s last open access fisheries, we highlight the diverse
strategies and mechanisms utilized to sustain fisheries livelihoods in the modern era while
arguing that alternative approaches to management and licensing may be required to maintain the

viability of small-scale fishing operations worldwide moving forward.

Keywords: albacore tuna, ecosystem-based fisheries management, fisheries diversification,
harvest portfolios; small-scale fisheries, social-ecological systems,
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1.0 INTRODUCTION

Fisheries are increasingly recognized as complex and adaptive social-ecological systems
(SES) (Pikitehetial., 2004; Perry et al., 2011) in which the exploitation of marine resources is
driven by human'interactions with dynamic environmental and socioeconomic conditions. Those
dependent on fisheries resources must continuously adapt to external drivers of change that
impact the structure and function of the SES in which they are embedded. Just as the ability of
fishing communities to adapt to change is a fundamental part of the culture and ethos that has
enabled theirlong-term persistence (Oestrich et al., 2019), the capacity of SES to reorganize
while maintaining their essential attributes (often referred to as ‘resilience’) is a core concept that
underlies much of modern sustainability science (Folke et al., 2010). Though researchers and
policy makers have recognized the need to move beyond single-species perspectives in pursuit of
holistic and adaptive fisheries management strategies (Fogarty, 2014; Marshall et al., 2018),
related discourse has focused predominantly on ecological food webs while ignoring the social-
ecological linkages and feedbacks informing how fishers participate and shift effort among
fisheries (Fulleret al., 2017; Kroetz et al., 2019).

Knowledge of how people operate in a fishery system can provide insight into how that
system works (Salas & Gartner, 2004). Yet most fisheries management plans, as mandated by
legislation, continue to be based upon consideration of a narrow suite of technical parameters
(Battista et al.,,2018). Where acknowledgement of the human dimensions of marine resource
systems doesseXist, fishers are often treated as uniform elements with little consideration of
heterogeneitysin, goals, strategies, and scales of operation (Salas & Gaertner, 2004; Fulton et al.,
2011). Rather than existing as specialists, using specific gear types to target specific species,
many fishers participate in multiple fisheries within and between years (Addicott et al., 2017).

Decisions concerning how to allocate fishing effort are made in response to changes in species
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abundance and distribution (Finkbeiner, 2015; Cline et al., 2017), shifting regulations (Holland
& Kasperski, 2016; Stoll et al., 2016; Kroetz et al., 2019), and market drivers (Kininmonth et al.,
2017). A failure to acknowledge the complex SES interactions driving the dynamic, multi-
species, multi-gear reality of most fisheries systems has resulted in a focus on discrete biological
and economic.ebjectives rather than sustainable development (Pascoe et al., 2014) and has
limited the scope and effectiveness of many management approaches to-date (Gaertner et al.,
1999; Cunningham et al., 2016; Fuller et al., 2017).

With marine“social-ecological systems increasingly exposed to external threat and pressures
(Kittinger et al., 2013), researchers have argued that diverse and flexible livelihood strategies are
needed to sustain,natural resource dependent individuals and communities (Allison & Ellison,
2001; Cline'et al, 2017). At sea, novel environmental conditions, driven by both long-term
trends and extreme events, have disrupted historical patterns and processes (Pershing et al.,
2019) while on land international institutions and seafood markets have exposed resource users
to the pressures and priorities of distant actors and political systems (Crona et al., 2016; Frawley
et al., 2019a) A¢cross North American fisheries, diverse harvesting portfolios are recognized as
means of reducing exposure to such processes and for mitigating risk and uncertainty (Kasperski
& Holland;2013; Finkbeiner, 2015; Cline et al., 2017; Frawley et al., 2019b). However, many
fishers arewreliant on fewer species now than ever before (Holland & Kasperski, 2016; Stoll et
al., 2016). As markets offer economic incentives to focus on particular local stocks (Anderson et
al., 2017), modern management and licensing regimes have functioned to restrict resource access
and limit fishingieffort (Mansfield et al., 2004).

Here wewsynthesize 35 + years of vessel-level landings data for Oregon and Washington in
order to assess longitudinal changes impacting the fishery system with particular attention to the
trajectory of the US North Pacific albacore troll and pole-and-line fishery. By grounding our
findings in parallel analyses of diverse quantitative (fisheries logbooks, landings, and vessel
registration.databases) and qualitative (fishermen interviews and focus group discussions) data
sources, wed)identify ecological and socioeconomic drivers of change relevant to the SES
system; 2) evaluate their impacts upon the livelihood strategies and harvest portfolios of diverse
user groups; and 3) describe the processes and feedbacks mediating heterogeneous adaptive
responses. This analysis is one of the most holistic and comprehensive investigations to date of

fisheries connectivity across the Pacific Northwest and emphasizes that over the past several
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decades processes of social and ecological change impacting SES systems have been rapid,

intense, and intertwined.

2.0 STUDY SYSTEM

The US_West Coast fishery system is characterized by its high levels of diversity,
productivity;.and variability. The coastal currents and wind-driven upwelling that fuel
productivity in'surface waters are mediated by seasonal cycles and are acutely impacted by
interannual“climate oscillations like the El Nifio-Southern Oscillation and the Pacific Decadal
Oscillation(Jacox et al., 2015). In order to adjust to the fluctuations of individual fisheries, many
fishers across California, Oregon, and Washington have historically targeted diverse species
assemblagesi{(Kasperski & Holland, 2013; Aguilera et al., 2015; Holland & Kasperski, 2016).
However, in response to concerns surrounding declines in landings and revenue within the
historically productive salmon and groundfish sectors, management authorities first began to
restrict fisheries access in the 1970s and 80s by capping the absolute number of licenses and
establishingrgear restrictions (Holland & Kasperski, 2016, Richerson et al., 2017; Warlick et al.,
2018). With'thesdevelopment of catch shares and other quota-based management systems (often
referred to"as, ‘fisheries rationalization”) across the US in the mid-to late 90s (Mansfield, 2004;
Oslon, 201d)°efforts to privatize fisheries continued to gain traction and many inactive or part-
time fishermen were limited to small amounts of catch or gear of limited productivity (Kasperski
& Holland, 2013).

As otherfisheries have become increasingly restricted, the US albacore troll and pole-and-
line fishery hassfémained open access. North Pacific albacore is a highly migratory species
whose range spans the entire North Pacific Basin. Like many other tuna stocks that utilize the
high seas and migrate between the jurisdictions of multiple states, North Pacific albacore are
managed by Regional Fisheries Management Organizations (RFMOs) which share data, monitor
effort, and establish compliance criteria (Nikolic et al., 2017; Seto et al., 2020). After spawning
and early development in the tropical and subtropical waters of the western and central Pacific
(Chen et al.;"2010), juvenile fish undertake transpacific migrations with many entering the
productive coastal waters of the California Current to feed (Ichinokawa et al., 2008; Childers et
al., 2011). Albacore distribution and migratory movements are strongly influenced by regional

oceanographic processes (Laurs & Lynn, 1977; Xu et al., 2017, Nieto et al., 2017; Muhling et al.,
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2019) and the availability of albacore to US West Coast fishing fleets may vary substantially
from year to year. On average, US vessels using surface gears account for ~17% of the total
annual catch of albacore in the Northern Pacific, with the adjacent Canadian surface fleet
reporting <_10 % and Japanese pole-and-line and longline vessels in the Western and Central
Pacific landing.the vast majority (ISC, 2017). Though RFMO members have agreed not to
increase effort above levels observed in the early 2000s, there are currently no limits on the catch
of albacore'inthe'North Pacific (Nikolic et al., 2017).

Throughoeut'the 100+ years of the US albacore fishery’s existence, water temperature has
influenced the latitude at which fish enter coastal waters and become accessible to West Coast
fishermen (€lemens, 1965; Phillips et al., 2014). The location and extent of fishing grounds for
albacore in this region, and other ocean basins in which it is found, are believed to be influenced
by the climate regimes and interannual oceanic oscillations mediating local surface features and
forage communities (Chavez et al., 2003; Phillips et al., 2014). During the fishery’s initial
development and expansion, albacore helped support one of the world’s largest tuna canning
industries insouthern California as the most productive fishing grounds were located between
Baja Californiaand the Columbia River (Clemens, 1965). In recent decades, fishery operations
have been eencentrated off Oregon and Washington, with periodic expansions as far north as
British Columbia and Alaska (Christian & Holmes, 2016). Though US landings have declined
significantly following a post-World War II peak of 33,707 mt in 1950 (Clemens, 1965), the
North Pacific albacore stock was considered healthy as of 2017 (ISC, 2017). Troll and pole-and-
line fishers targeting the stock have been lauded for their use of sustainable and selective gear
types and thesS West Coast albacore fishery has been Marine Stewardship Council certified
since 2007 (Blythe-Skyrme et al., 2012a).

3.0 METHODS

We relied.on methodological triangulation (Olsen, 2004) to achieve our research objectives,
using mixed.amethods from the natural and social sciences in order to integrate quantitative
analyses of diverse fisheries dependent data sources with qualitative data from fishermen
interviews and focus group discussions. Triangulation approaches provide an opportunity to
deepen, widen, and contextualize scientific understanding of study systems (Angelstam et al.,

2013; Bennett et al., 2017) and can help ensure the validity of results when studying marine
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fisheries and other complex systems with both social and ecological domains (Whitney et al.,

2017; Mason et al., 2019).

3.1 Semi-structured interviews and focus group discussions

Qualitative,data obtained from semi-structured interviews and focus group discussions were
used to identify research questions, generate hypotheses, and validate research results. Semi-
structured interviews (Bernard, 2017), carried out over the phone (n=15) and in person (n=7)
between 2017°and 2019, were designed to explore social-ecological drivers of change impacting
the US West Coast albacore fishery. Informants included 19 active or recently active albacore
fishermen and 3uindividuals representing industry organizations. Initial informants were
identified through contact information listed in the 2017 US-Canada Albacore Treaty Agreement
and subsequent respondents were identified through referrals (i.e. snowball sampling; Goodman,
1961). With permission, all phone interviews were digitally recorded and transcribed verbatim.
Data collected during in-person interviews was limited to field notes in order to establish rapport
and facilitate"the exploration of sensitive topics (Rubin & Rubin, 2011). Field notes and
anonymized‘interview transcripts were imported into NVivo qualitative data analysis software
and inductively coded using a grounded theory approach to identify emergent themes (Glaser &
Strauss, 1967; Bernard, 2017) and generate hypotheses which could be tested using quantitative
data. Focus group discussions were held during a stakeholder workshop at the project’s outset
(NOAA/National Marine Fisheries Service (NMFS) Future Seas Workshop, Focus Group 1,
06/2018) and*following the presentation of preliminary research findings to management
authorities (Oregon Department of Fish and Wildlife, Focus Group 2, 11/2019 ; Pacific Fisheries
Management Council (PFMC) High Migratory Species Advisory Subpanel and Management
Team, Focus Group 3, 11/2019) and industry organizations (Oregon Albacore Commission,
Focus Group.4,.11/2019). These focus group discussions were used to guide the analysis and to
identify and.resolve contradictory research findings (Rubin & Rubin, 2011; Nyumba et al.,
2016).

3.2 Vessel landings, effort, and price data
Fishery dependent data were used to describe historical changes in albacore fishery

landings and effort in addition to patterns and processes impacting the US West Coast fishery
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system at large. Fishery landings and effort data were obtained from 3 distinct sources: 1) Catch
information reported at the level of individual vessels and fishing trips (1981-2018) via a
landings receipt (i.e. “trip ticket”) database maintained by the Pacific Fisheries Information
Network (PacFIN). These confidential data included the weight (in pounds) and price (in dollars
per pound) of.all species landed during all fishing trips but, due to differences in protocols
related to data sharing and access, were limited to landings made in Oregon and Washington; 2)
US WestCoast, non-confidential annual albacore landings (mt) and effort (# of boats) data
(1981-2018)aggregated annually at the state level, including California, by PacFIN; 3)
Confidential and spatially explicit albacore troll and pole-and-line logbook data recorded daily
(1974-2016)«forUS West Coast and Hawaii fishing vessels provided by NMFS. Though the
percentage of active fishing vessels participating in the logbook program has varied over time,
we do not believe that there is any systematic reporting bias that would have impacted the
relative patterns reported in our analyses (J. Childers, personal communication). To summarize
changes in Catch Per Unit Effort (CPUE) across space and time, catch (# of fish kept) and effort
(fishing hoursywere aggregated annually by 1° x 1° grid cell using the “raster” v2.8 package in
R (Hiymans'& van Etten, 2015) and averaged across each decade. For each decade, we calculated
the geographic centroid of CPUE and its dispersion (i.e. inertia) around the centroid, with
dispersionsealculated as the mean square distance between individual CPUEs and the centroid

CPUE (Bez & Rivoirard, 2000; Woillez et al., 2007; Carroll et al., 2019).

3.3 Fleet charaéterization

Descriptive'vessel information (e.g., length, registration zip code) used to characterize
different segments of the fishing fleet was assigned using multiple data sources. First, using the
United States Coast Guard (USCG) vessel identification number, we generated a list of unique
vessels from.our.database of landings receipts (n=14601 vessels). Then, we sequentially joined
this list to descriptive vessel information obtained from a current registry of Merchant Vessels of
the United States (USCG), the NMFS logbook database, and the PacFIN landings receipt
database. In‘instances where multiple lengths were reported, priority was given to 1) records
maintained by the USCG and 2) the most frequent self-reported values in the NMFS and PacFIN
databases. Vessel size classes were demarcated at 45 ft and 60 ft so that small vessels were those

<45 ft, medium vessels were > 45 ft and < 60 ft, and large vessels were > 60 ft. These cutoff
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values were informed by previous characterizations of the albacore troll fishery (Blythe-Skyrme
et al., 2012a) and other US West Coast Fisheries (PSMFC, 2000) that described heterogeneity in
operations by vessel size class, and were selected based upon approximately equal contributions
to total fisheries tevenue over the study period (small=30.2%, medium=31.7%, large=37.9%).
Owner residence (by US State) was assigned based on the “vessel owner address” zip code
associated with each landings receipt. A residence state was assigned to each vessel in each year
in order to account for cases where vessel ownership changed hands. In the case where multiple
zip codes wereassociated with a given vessel in a given year, we choose the zip code most
frequently teported. Using this method, 92.5% of all vessels reporting landings in OR or WA
were associated'with owners residing in one of those two states while 5.4% were associated with
CA residences and 1.9% were associated with AK residences. To minimize the confounding
effects of landings made by external vessels, only landings records associated with boats
registered in Oregon or Washington were included in our analysis.

To characterize the distribution of vessel size classes for vessels participating in the albacore
fishery acrossidecades and hailing ports for the entire West Coast, we identified and
characterized the'unique list of vessels reporting albacore troll and/or pole-and-line landings in
NMES logbeoks (our only vessel-level data source that was not geographically constrained)
during eachstime period. Hailing ports during the most recent decade (2010-2016) were
identified by joining our list of active vessels to current registries maintained by the USCG and
Inter-American Tropical Tuna Commission (IATTC), enabling us to obtain descriptive
informationf0r'84.8% of the active vessels. It is important to note that vessels are frequently
registered in"ports distant from the town or state where the vessel owner resides. Differences in
vessel lengths among states (WA,OR,CA) and hailing ports were assessed for significance using
ANOVA and a Tukey Honest Significant Differences (HSD) post-hoc test in the R “stats”
package.

3.4 Fisheriesdiversification, participation, and connectivity

To evaluate changes in fisheries diversification, participation, and connectivity, we first
defined fisheries as harvest assemblages caught with specific gear types (Deporte et al., 2012).
We assigned a single fishery (sometimes referred to as a ‘fishing métier’) to each individual

landings receipt in our database (n=2,513,966) based on the dominant (as inferred by revenue)
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combination of landed species assemblage and fishing gear utilized. In order to minimize the
number of unique combinations, species assemblages and gear types were aggregated at the
“Management Group” and “Gear Group” level (as determined by PacFIN). Prior to final métier
assignment, we modified our classification scheme and naming conventions to be consistent with
those US West.Coast fisheries previously identified and described using a multivariate clustering
algorithm (Fuller et al., 2017). More information concerning the relative proportion of individual
species and“gears comprising each identified fishing métier can be found in Supplemental Table
1. Given challeénges associated with identifying owners with multiple vessels, vessels with
multiple owners, and/or changes in vessel ownership over time (Kasperski & Holland, 2013;
Fuller et al. 42017) our efforts to assess the metrics described below primarily concerned vessels

(rather than ‘individuals) operating on annual (rather than interannual) timescales.

3.4.1 Diversification indices

Annual diversification was assessed for different segments of regional fishing fleets using
the Effective®Shannon Index (ESI) as described by Holland and Kasperski (2016). To facilitate
comparison of our results with previous studies (Kasperski & Holland, 2013; Holland &
Kasperski, 2016) we limited diversification analyses to vessels that earned more that $5000
(adjusted forinflation) during any given year. Albacore fishing fleet segments were comprised of
vessels with one or more landings dominated by albacore troll/pole-and-line gear each year. To
examine changes in diversification over time and to evaluate significance, ANOVA and Tukey
HSD tests were'eonducted with diversity values grouped by fleet segment and time period and

the Mann-Whitney U test was used to assess directionality between groups of interest.

3.4.2 Fisheries participation networks

Changes.in fisheries participation and connectivity over time were evaluated by generating
annual “fisheries/participation networks,” (Fuller et al., 2017) in which individual nodes (i.e.
fisheries) aresconnected by participating fishing vessels. In order to facilitate aggregation and
comparison using descriptive statistics and network theoretic metrics, network size was
standardized (Cinner and Bodin, 2010) with annual networks composed of the subset of fisheries
records including the 15 most productive fisheries (i.e. nodes) by revenue across the Pacific

Northwest (defined here as Oregon and Washington) each year. This cutoff point was selected to
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constrain the analysis to landings records representing > 97% of total ex-vessel value for each
subset and to maintain confidentiality for fisheries in which fewer than three vessels participated.
A vessel was deemed to participate in a fishery if it earned more than 20% of its annual income
from that fishery (see Section 4.3 for sensitivity). The edge-weight of the linkages connecting
fisheries nodes.in each participation network was calculated as the number of vessels
participating,in both fisheries in a given year normalized by the total number of active fishing
vessels réporting commercial landings during that year.

In ordertoassess the changes to participation network structure and the role of individual
fisheries over time, we used several network metrics and node-level centrality measures. Node-
level centralitysmeasures identify fisheries of high importance, meaning those that most vessels
participate in‘and obtain revenue from at some point during the year (Fuller et al., 2017). For
each network, node strength was calculated as the sum of all edge-weights connected to a given
node while betweenness centrality was calculated as the number of shortest paths running
through each node (Barthelemy, 2004). In fisheries participation networks, fisheries with larger
node strengththave more connections to other fisheries in the network and/or are part of groups
of fisheries withsstrong shared participation; fisheries with larger betweenness centrality are most
important imthe overall ability of fishers to redistribute their effort (Fuller et al., 2017). At the
network-level used to assess aggregate patterns of fisheries connectivity, network edge-density
measured the proportion of links in a network that are present in relation to the maximum
number of possible links. While edge-density is a useful metric for describing
interconnectédness, it does not account for the number of vessels driving these connections
(Addicott et'aly2017). To assess weighted network connectivity, we relied on average node
strength (sometimes referred to as average weighted degree centrality, see Kroetz et al., 2019 and
Yletyinen et al., 2018) and average edge-weights calculations.

Network.maps used to synthesize quantitative information concerning harvest portfolio
diversity, compeosition, and structure (Cinner & Bodin, 2010) were created by averaging annual
networks acress comparison periods (i.e. decades) of interest. To standardize the nodes included,
annual networks used to construct network maps were composed of the 15 most productive
fisheries across each time period rather than each year. To evaluate the significance and
directionality of changes in network properties between decades of interest, we used the Mann

Whitney U test.
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4.0 RESULTS

4.1 Decadal shifts in albacore distribution and fleet dynamics

The distribution of West Coast albacore fishery landings and effort have been highly
variable across space and time (Figure 1). During the 1970s, the fishery was distributed in
coastal watersfrom British Columbia to Baja California, with the majority of the fleet based out
of Southern"California (Focus Group 1). In the 1980s, the fishery began to shift offshore as its
latitudinal range contracted. By the 1990s the most productive fishing grounds were near 210°
longitude (341,500 km from shore) and substantial, additional fishing effort was reported as far
West as the international dateline. With fishery operations concentrated on the high seas, several
carrier and transport vessels were employed so that fishing vessels could maximize their time on
productive fishing grounds, periodically offloading catch and taking on fuel (Interview 16). In
the 2000s, as offshore catch declined, the longitudinal distribution of effort contracted and in
most recentgyears (2010-2016) fishery effort has once again been concentrated in coastal waters,
now in a localized area proximate to Oregon and Washington. The latitudinal range of CPUE
during this'tame period (2010-2016) was significantly smaller than the long-term average (1974-
2009; mean-difference of 22°; F(; 43y=13, p<0.0001; Figure 1). Though increasing fuel prices
have further incentivized range restricted fishing operations in recent years, fishermen interviews
(Interviews 3, 7, 13) support the notion that these trends were driven by a real though poorly
understood shiftin resource abundance: “For whatever reason, the fish in recent years seem to
be not distributed over as big an area,” (Interview 3).

Spatial shifts in CPUE have had asymmetric impacts on the different components of the
albacore fishing fleet. In the late 1970s the fleet was dominated by small and medium sized
vessels, which.collectively reported 85% of the total catch (Figure 2). Landings peaked at
~23,000 mt.in. 1972 as over 2,000 fishing vessels were active (Focus Group 3). When the fishery
moved offshere, the relative proportion of large boats participating in the fishery increased
alongside their share of landings. The total number of active vessels dropped to a minimum of
179 in 1991 (landing a total of 1654 mt) before rebounding to 837 vessels in 1998 (12628 mt)
with the establishment of high seas operations (Figure 3). Between 1995 and 2015, West Coast

albacore landings were remarkably consistent with the fleet averaging 12,083 mt/year (= S.D
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2091 mt) despite the onshore shift of the early 2000s and progressive declines in fishing effort
(Figure 3). In later years (2010-2016), the relative proportion of small and medium-sized vessels
comprising the albacore fleet (annual average = 644.71 £ 82.61 vessels), and their share of the
catch, again increased as albacore in coastal waters could once again be opportunistically
targeted (Interviews 2, 10). Though recent (2017-2019) logbook data are not yet available,
landings data indicates that catches have fallen by ~40% as compared to the 1995-2015 average
with 7,467 mtlanded in 2017 (495 vessels), 6,950 mt landed in 2018 (434 vessels), and 7,200 mt
in 2019 (471 vessels).

Albacore catches in Pacific Northwest coastal waters increased substantially between 2000
and 2016, yet the harvest reliant upon nearshore waters off Southern California failed to re-
establish. Since the 1980s, both the annual landed weight of albacore (Supplemental Figure 1A)
and the number of vessels reporting albacore landings in California (Supplemental Figure 1B)
has declined precipitously while the opposite has been true in Oregon and Washington. Many
albacore fishermen previously based in Southern California have retired from the fishery or
established pefmanent residence in Oregon or Washington. Those continuing to target albacore
and port their vessels in Southern California now relocate seasonally to the northern fishing
grounds each,summer and land their catch in Oregon and Washington ports (Interviews 3, 16).
Active Southern California-ported vessels are significantly larger than those found in either
Oregon or Washington (p<0.05), primarily driven by large vessels ported in San Diego (p<0.01;
Figure 4; Supplemental Table 2). While owner-operators remain ubiquitous across the PNW, a
number of thelarge albacore fishing vessels ported in Southern California are managed via

corporate ownership structures (Interviews 17, 20, 21).

4.2 Changes in real value of landed albacore over time

Available evidence suggests that the real value (adjusted for inflation using 2005 as a base)
of landed albacore has increased over the past decade as relative abundance has increased in
waters offsher€ Oregon and Washington. Throughout the early history of the fishery, fishermen
sold albacoreralmost exclusively to 3 major companies (Starkist, Chicken of the Sea, and
Bumblebee) operating canneries in Southern California in what was frequently referred to as a
monopolistic market (Interviews 4, 12, and 14). In the late 1990s, these companies began

sourcing tuna from foreign fleets at lower price points and US fishermen were forced to identify
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and develop new markets (Morissey, 2008). Non-profit organizations funded by the industry
(e.g. the Western Fishboat Owners Association and the American Albacore Fishing Association)
have leveraged sustainable seafood certifications and promotional campaigns to reduce the
fleet’s dependence on the market for canned tuna (Interview 16, Focus Group 2). Alternatives
now include local fresh fish markets and a market for sashimi-grade products that must be bled
and blast-frozenat sea. As one fisherman reports, “now the market’s totally changed and we
have like25-30"séparate buyers looking for different quantities and grades,” (Interview 12).
Analysis of'changes in the dock price paid to fishermen in Oregon and Washington since the
1990s (Figure 5) reflect this recent product differentiation. We found a significant increase in
the annual variability of price per pound paid to albacore fishing vessels over time (Mann-
Kendall trend'test, p < 0.01), while significant increases in the price per pound (Mann-Whitney
U test, p < 0.001)were reported during the most recent decade (2010-2018) compared to
previous decades. Such trends were most pronounced amongst large-sized vessels (Figure 5),
who are mote likely to be engaged in the lucrative, though volatile, blast-frozen markets

(Interview I7yFecus Group 2).

4.3 Changessin regional fisheries participation and revenue diversification

The deminant signal in fisheries participation in Oregon and Washington during our study
period was one of steady attrition. The number of total active fishing vessels (irrespective of
gear type or target species) declined significantly (p <.00001) from 4423 in 1981 to 1427 in
2018, at a rate 0f -83.1 vessels/year (= S.E. 5.6). When considering vessel size classes separately,
the largest deeline was observed in the small vessel fleet (from 3342 vessels in 1981 to 927
vessels in 2018; -68.8 vessels/yr + S.E. -13.4; p <.00001) as compared to medium (from 734
vessels in 1981 to, 342 vessels in 2018; -9.4 vessels/yr = S.E. -0.6; p <.00001) and large (from
347 vessels.in. 1981 to 158 vessels in 2018; -4.8 vessels/yr + S.E. -0.4; p <.00001) vessels.
During the samedime period, the relative value of the albacore troll fishery increased
substantially=Between 1981 and 1989 the albacore troll fishery was the 10th most important
fishery by revenue accounting for an average of 2.6% (£ S.D. 2.3%) of annual ex-vessel value in
Oregon and Washington. By 2010-2018 it was the 3" most important fishery, accounting for an
average of 9.8% (+ S.D. 2.1%) of ex-vessel value, trailing only the Dungeness crab

(Metacarcinus magister, Cancridae) pot fishery (42.7% = S.D. 8.9%) and the pink shrimp
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(Pandalus jordani, Pandalidae) trawl fishery (14.6% =+ S.D. 7.5%). Increased accessibility of
albacore in coastal waters (Figure 1) combined with an increase in the real value of landed
albacore products (Figure 5) has resulted in an increase in the relative effort directed towards the
fishery. Even as the total amount of active Pacific Northwest fishing vessels declined, the
percentage of fishing vessels participating in the albacore fishery increased significantly (p
<.0001; Figure 6).

Analysis‘of'changes in revenue diversification over time reveal trajectories of change unique
to PNW vesselsparticipating in the albacore troll fishery (Figure 7). While revenue
diversification has decreased in aggregate following a peak in the late 1990s and early 2000s
(Figure 7A); there were no significant changes across decadal means amongst vessels
participating'in the albacore fishery (one-way ANOVA, F334,=0.63, p = 0.59). These dynamics
appear to be driven by the small vessels (Figure 7B) which comprise the vast majority of
regional fishing fleets. During all decades, small albacore fishing vessels were significantly more
diverse (Mann-Whitney U tests, p <.00001) than small vessels in aggregate and were able to
maintain consistent levels of diversity over time (one-way ANOVA, F(334=0.31, p=10.82). In
contrast, revenue diversity amongst the fleet segments composed of all medium (Figure 7C) and
large-size (Kigure 7D) vessels increased during the initial portion of the study period prior to
stabilizingan'more recent decades. Medium albacore fishing vessels were more diverse than their
size class as a whole during the initial (1980-89; p <.05) and final (2010-2018; p <.01) decades.
In contrast to_small and medium sized albacore fishing vessels, large albacore fishing vessels

became lessddiverse and more specialized than their size-class overall as time progressed.

4.4 Changes in social-ecological system structure and albacore fishery function

Network metrics reveal substantial changes to the function of the albacore fishery in the
PNW and the structure of the broader social-ecological system that are not captured by revenue
diversification statistics alone. Though average annual revenue diversification was not
significantly.different during 1990-1999 as compared to 2010-2018 (Tukey HSD test; p = 0.74),
an examination,of aggregated (i.e. all vessels) fisheries participation networks indicates that
albacore has become an increasingly central component of regional harvest portfolios (Figure 8).

Network density metrics show that cross-fishery participation was higher but less uniform in

2010-2018 as compared to 1990-1999. Without incorporating edge-weights (i.e. the number of
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vessels connecting two fisheries), annual networks were significantly less dense (p <0.05) in
2010-2018 than they were in 1990-1999 (0.26 + S.D 0.19 v. 0.38 £ S.D 0.05). This describes a
decrease in the number of potential connections between fisheries realized in the most recent
decade. Yet average node strength, a metric that incorporates edge-weights, suggests that cross-
fishery participation increased significantly when comparing the same two time periods (0.025 +
S.D 0.004 for. 1990-1999 vs. 0.32 + 0.002 for 2010-2018; p < 0.05). This increase was
accompaniéd by a significantly larger variance in edge-weights (Fligner-Killeen test, p <0.05), as
the links connecting certain pairs of fisheries grew stronger. Qualitatively, edge-weights appear
less uniform in recent years with the links between the albacore troll, chinook troll, and
Dungeness erab'pot fisheries becoming more dominant (Figure 8). The strength of the
connections between these 3 fisheries was referenced repeatedly by our informants (Interviews
14, 13, 10, 5). Though participation in more than one fishery may be increasingly common
amongst Pacific Northwest fishermen, our analysis suggests that the suite of different fisheries
which support diversification has been reduced.

At the nodelevel, average annual albacore node strength increased significantly (p < 0.001)
between 1990-1999 (0.038 + S.D. 0.021) and 2010-2018 (0.091 + S.D. 0.024); during the latter
decade onlysthe node strength of the Dungeness crab pot fishery was higher (0.146 + S.D.
0.013). This“increase suggests that among vessels participating in multiple fisheries, the albacore
troll fishery has become one of most common sources of revenue and that those participating in
the albacore troll fishery participate in a diverse suite of additional fisheries. We also observed
substantial though non-significant increases (p = 0.057) in albacore troll betweenness centrality
over the samestime period (0.131 + S.D. 0.103 for 1990-1999 vs 0.263 + S.D. 0.197 for 2010-
2018), suggesting an increase in the importance of the albacore troll fishery in facilitating the
distribution.of effort across fisheries. Assessing node strength and centrality by decade rather
than by year.to.explore interannual shifts in fisheries participation produced comparable results.
These nodezlevel comparisons support the aggregated network analysis described above in
highlighting the emergence of albacore and a core group of linked fisheries that have enabled the

persistence of diverse livelihoods strategies in the region.

4.5 Heterogenous changes in fisheries connectivity
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Recent changes in the fishery system have impacted different vessel size classes
asymmetrically (Figure 9). Participation networks derived from different fleet segments confirm
that participation in multiple fisheries increased for large and medium fishing vessels throughout
the study period while declines have been observed amongst small vessels since the late 1990s
(per average nede strength, Figure 9A). Trends amongst large vessels appear to be driven by
vessels increasingly using trawl gear to target groundfish and/or pink shrimp during the summer
months (thé’same season during which the albacore fleet is active) before re-rigging to
participate in the'Dungeness crab pot fishery in the winter (Supplemental Figure 2). The
albacore troll fishery plays a comparatively minor role in fisheries connectivity for this segment
of the fleet withrits circumscribed node strength declining following a peak in the late 90s
(Figure 9B)In contrast, albacore node strength increased progressively for small and medium
vessels until 2012-2015 before declining substantially in 2016-2018. Amongst small vessels, this
long-term trend was accompanied by an increase in the relative node strength of the salmon troll
fishery, as the small vessel fishing fleet increasingly adopted troll gear to target both albacore
and salmonswhen faced with substantial declines and restrictions impacting salmon net fisheries
(Figure 9C)» As‘one informant stated, “Salmon used to be the gravy run, but not so much
anymore. IFve had to move on,” (Interview 12). For medium vessels, node strength and
participatienrhas increased for both the albacore troll and Dungeness crab pot fisheries as
groundfish trawl has declined and salmon troll has become increasingly variable (Figure 9D).
Taken together, these trends confirm that as the albacore troll fishery has become an increasingly
important component of a diverse livelihood strategy for small and medium sized vessels even as

large albacotesfishing vessels have trended towards specialization.

5.0 DISCUSSION

Over the past several decades, changes in the distribution and abundance of marine
resources have.operated in tandem with catch shares and limited entry licensing regimes to
transform Pagific Northwest fisheries. Market-based reforms have been lauded for slowing the
race to fish and,increasing economic efficiencies (Costello et al., 2008; Birkenbach et al., 2017),
but scholars have warned that they may incentivize capitalization, consolidation, and
specialization (Mansfield, 2004, Hentati-Sundberg et al., 2015; Stoll et al., 2016, Beaudreau et

al., 2019) and raised concerns regarding their deleterious impacts on small-scale fishers and the
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coastal communities they inhabit (Pinkerton & Edwards, 2009; Olsen, 2011). Reductions in
portfolio diversity are of particular concern to those segments of regional fishing fleets that have
historically relied upon flexibility to negotiate system change (Cline et al., 2017) as novel
environmental conditions are increasingly observed across the northeast Pacific (Jacox et al.,
2017). In highlighting changes to the structure and function of albacore troll and pole-and-line
fishery, we demenstrate utility of maintaining open access for resources that are resilient to
harvesting pressure. Indeed, our analysis suggests that the ability to shift effort between fisheries
and opportunistically target certain species may be critical to the continued viability of range-
restricted small-seale fishing operations that were not favored by the initial allocation of fishing
rights. As agcessito many Pacific Northwest fisheries has been progressively restricted, the
albacore troll‘and pole-and-line fishery has functioned as a lifeline to keep many small-scale

operations afloat.

5.1 Regulatory reforms impacting West Coast fisheries

Previous'tesearch asserts that the average level of diversification of fishing vessels across
the US WestiCoast and Alaska has declined since the mid-1980s (Kasperski & Holland, 2013;
Holland &“Kasperski, 2016; Holland et al., 2017) following the establishment of catch shares
and limited-entry licensing. However, such findings are likely sensitive to the subset of vessels
analyzed and the metrics through which diversity is defined and assessed. More specifically,
decisions concerning whether to aggregate using species groupings or fishing métiers (of
particular impottance when considering the collapse and rationalization of the multi-species
groundfish seetor) or whether to integrate Alaska-based vessels and landings (where
specialization associated with the rise of lucrative salmon fisheries is the dominant signal; see
Anderson et. al., 2017) are likely to alter results. While our analysis corroborates the notion that
diversification.has decreased in aggregate across the OR and WA fleet following a peak around
the year 2000 (Holland & Kasperski, 2016), analysis of changes in diversification by vessel-size
class indicates'that this trend is largely driven by significant decreases within the small-vessel
fleet. Indeed; our results suggest that in recent years diversification across medium and large-
sized vessels has stabilized or may even be increasing. These differential responses, assessed
using both network-derived metrics and traditional diversification indices, highlight the

limitations of fleet-aggregated analyses. We hypothesize that such trends can be related to
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increasing capitalization amongst those large and medium-sized vessels that remained active
following fisheries privatization and consolidation, many of which must now participate in
multiple fisheries and operate year-round in order to remain profitable. Indeed, we likely
underestimated diversification for this segment of the fleet as larger vessels are more likely to
land catch and/er participate in fisheries outside of the Pacific Northwest (Kasperski & Holland,
2013). Observeddeclines in diversification amongst smaller fishing vessels may help explain the
pronounéed-attrition observed in this segment of the fishing fleet. Without access to the capital
required to partic¢ipate in multiple fisheries and leverage economies of scale, many small-scale

fishing opetrations are no longer viable.

5.2 Shifting albacore fishery participation and socioeconomics

Acting in concert with regulatory reforms impacting the fishery system at-large, changes in
the distribution of albacore over the past several decades have contributed to increasing
heterogeneity across the different geographic segments of the troll and pole-and-line fleet. When
accessible in"¢oastal waters, albacore represents an important component of diverse harvesting
portfolios amongst the smaller vessels in West Coast fishing fleets. While such trends are recent
across the Pacific Northwest, there is historical precedent in Southern California (Clemens,
1965). In contrast to large vessels participating in other regional fisheries, large vessels
participating in the albacore fishery may be comparatively specialized. But there is evidence to
suggest they.are less geographically constrained and may be less susceptible to episodic shifts in
resource abunidance. Large vessels based in Southern California have remained active despite
significant longitudinal and latitudinal shifts in fishery production over the past 35 years. Indeed,
many larget vessels target albacore year-round, traveling to distant fishing grounds in the South
Pacific each winter-spring before returning to the US West Coast during the summer months
(Childers and. Miller, 2000; Blythe-Skyrme et al., 2012b).

Among tunafisheries worldwide, the US albacore fishery now ranks among the highest
economic performers due to its ability to access high-value markets and its development of
infrastructuréscapable of preserving product quality (McCluney et al., 2019). When faced with
stricter regulations, rising operational costs, and competition from foreign imports, many fishers
began to pursue new methods for engaging with consumers, restaurants, and wholesale buyers

(Brinson et al., 2011; Stoll et al., 2015). Over time the albacore fishing fleet benefited from
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reducing its reliance on canneries and commodity markets and by shifting its focus from volume
to value-added products (Morrissey, 2008). Research demonstrating the high nutritional value,
elevated fat content and low mercury levels of juvenile albacore (Wheeler & Morrissey, 2003)
has stimulated the development of new domestic and international markets. As US industry
organizations;haye leveraged sustainable seafood certifications to secure new markets in Spain
and Japan, small<scale producers increasingly rely upon local gourmet markets and micro-
canning operations across the Pacific Northwest (Morrissey, 2008). By engaging with place-
based initiatives‘that emphasize product quality and sustainability, many regional fishers have
been able tg increase their profitability by capturing more of the value generated by their catch
(Brinson et al.;42011). In addition to economic incentives offered by alternative seafood
marketing programs, many have praised the social benefits derived from increased consumer

awareness and support of the commercial fishing industry (Witter & Stoll, 2017).

5.3 Environmental and ecological drivers impacting the SES system

West Coastifisheries are known for their intrinsic fluctuations, yet there are signs that this
variability may'be increasing across the California Current (Sydeman et al., 2013; Black et al.,
2014). Alongside anomalous oceanographic conditions observed in 2004-2006 (Peterson et al.,
2006) and.2014-2016 (Bond et al., 2015; Jacox et al., 2016), numerous changes to ecosystem
structure and function have been reported (Lindley et al., 2009; Cavole et al., 2016; Sanford et
al., 2019, Walker et al., 2020). Despite landings trending positively in the early 2000s, West
Coast salmon'fisheries were severely restricted during the 2008-2009 and 2016-2017 fishing
seasons amidstspoor run strength and increasingly variable escapement associated with drought,
warm ocean temperatures and limited food availability (Richerson et al. 2017; Satterthwaite et
al., 2019). While salmon runs have been inconsistent, groundfish stocks have recently begun to
recover following several decades of depressed landings attributed to overcapacity and
overfishing (PEMC, 2018). The benefits of this recovery have largely been accrued by large
vessels following the substantial consolidation and attrition of fishing effort which accompanied
the rationalization of the sector (Russel et al., 2016; 2018). In contrast, the Dungeness crab
biomass appears stable (Richerson et al., 2020) and in recent years the fishery has occupied a
central position in regional fisheries participation networks (Fuller et al., 2017), drawing diverse

participants from US West Coast ports and generating the largest total ex-vessel revenue
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558  (Rasmuson, 2013). However, there are mounting concerns regarding the anticipated impacts of
559  ocean acidification (Bednarsek et al., 2020) and hypoxia (Froehlich et al. 2014) on crab stocks
560 and in recent years fishing opportunities have been constrained by harmful algal blooms

561 (Ritzman etal., 2018; Moore et al., 2019) and whale entanglement issues (Santora et al., 2020)
562  associated with,climate variability and change.

563 With juvenile albacore distribution strongly influenced by temperature (Philips et al., 2014;
564  Muhling'et'al’;2019), the northern limit of their distribution in the California Current can extend
565  in warm years (Christian & Holmes, 2016). Indeed, fishermen reported albacore “pushing north”
566  during recent warm-water oceanographic anomalies (Interviews 5, 20), with schools of fish

567 observed offiSoutheast Alaska (Cavole et al., 2016). A northward shift in fishing opportunities
568  could coincide with future projections of favorable thermal habitat (Christian & Holmes, 2016),
569  but studies conducted in other ocean basins have shown that albacore distributions are highly
570 variable and do not always correspond with shifts in oceanographic habitat (Chust et al., 2019).
571  Though mote research is required to determine how interactions between climate, feeding,

572  migration, and'spawning throughout the range of the species in the North Pacific are likely to
573  mediate fishablesbiomass, we would suggest asymmetric impacts are likely across the different
574  segments of-North American fishing fleets.

575

576 5.4 Value of diverse harvesting portfolios

577 Researchers have argued that a reliance on a narrow suite of species is likely to undermine
578 the resilience’offishery SES following perturbation (Steneck et al., 2011; Fuller et al., 2017).
579  Acknowledgingithe importance of diversification in sustaining fisheries livelihoods, fishermen
580 repeatedly referenced the ability of the open access albacore fishery to absorb displaced fishing
581  effort and mitigate risk during interviews and focus groups discussions. As other fisheries have
582  become motre.volatile and/or less accessible over time, the importance of albacore as an

583  “insurance’’.fishery in the harvest portfolio of Pacific Northwest fishers has increased. This trend
584  appears partietilarly evident for small and medium-boat fishers who have been disproportionately
585  impacted by'the transition to limited entry licensing and catch shares in many fisheries (Olson,
586  2011), and who may lack the capacity for geographic redistribution in response to large-scale
587  climatic drivers (Young et al., 2019). Management intervention designed to address declines in

588 albacore landings observed since 2015 should be cognizant of such context as it functions to
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mediate the resulting impacts on different segments of the fishing fleet. Any change in stock
status is likely to be met with calls for increasing regulation, yet we would suggest that open
access and sustainable management need not be mutually exclusive when harvesting costs are
high (Anderson et. al. 2019) and fishing technology is limited to selective and/or time-intensive
extraction methods (i.e. troll and/or pole-and-line gear which target one fish at a time). Indeed,
maintaining the viability of this and other small-scale fisheries moving forward is likely to
require new approaches that value equity and community stewardship rather than the exclusive
mandate to ' maXimize economic efficiency (Pinkerton & Edwards, 2015; Hanich et al., 2018;

Frawley et al., 2019b).

5.5. Implications for transboundary marine resource allocation

The RFMO system used to govern tunas and other transboundary marine resources has
helped to curb overfishing, yet more work remains to be done in order to ensure the equitable
distribution of related social and economic benefits (McCluney et al., 2019). Despite stated
desires to congider issues of equity alongside sustainability, in practice most RFMOs that have
implemented resource allocation schemes to manage stocks have relied heavily on historical
catch and effort levels, tending to favor nations with large-scale, industrial, and/or distant water
fishing fleets"(Seto et al., 2020). While advocates of rights-based fishery management
approaches have argued that the industrial tuna sector may be more technically efficient (Allen,
2010), our work supports the assertion that small-scale, local boats may be better positioned to
harvest local'tesources (Pinkerton & Davis, 2015) and capture the quality-dependent premiums
offered by certain high-end markets (McCluney et al., 2019). Furthermore, there are serious
environmental justice concerns surrounding resource rights allocations that fail to deliver
opportunities for small-scale producers and developing nations already disproportionately
impacted by.climate change (Hanich et al., 2018). Given that maintaining fisheries livelithoods
and food security for these vulnerable user groups is likely to require transferring fishing effort
from reef fishsto tuna and other highly migratory species (Bell et al., 2018), equitable
management'strategies may need to expand access to pelagic fisheries resources rather than

restrict it.

6.0 CONCLUSION
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Diversity is a key property that confers resilience by providing options through which a
system can respond to disturbance (Holling, 1973). In recent years this fundamental ecological
theorem has increasingly been applied to the study of marine fisheries (Finkbeiner, 2015; Cline
et al, 2017).and other coupled human-natural systems (Folke et al., 2010; Biggs et al., 2012;
Barnes et al.,.2019). Across the Pacific Northwest, the open access albacore fishery has helped
many fishers,maintain diverse harvest portfolios even as access to other fisheries has been
restricted” With"vessel ownership and permits increasingly consolidated amongst a limited
number of individuals, communities, and corporations (Russel et al., 2016), the ability to
opportunistically target albacore in coastal waters has been critical for the maintenance of
regional small-seale fishing operations and traditional livelihood approaches.

The impacts'of climate change on the distribution, abundance and diversity of marine
species are predicted to be profound (Cheung et al., 2010), as are the implications for coastal
fishing communities (Rogers et al., 2019). It has been argued that modern management and
licensing regimes may be unable to respond to anticipated, large-scale ecological shifts (Reedy,
2008), and that*high specialization with respect to target species is likely to result in higher
vulnerability*torextreme events (Kluger et al., 2019). Likewise, recent trade disputes (Gephart et.
al., 2019) and emergent public health crises (Bennett et. al., 2020) have emphasized the
connectionsbetween the flexibility required to navigate political and economic instability and the
resilience of fisheries livelihoods. Alongside a desire to promote diverse and flexible harvesting
strategies, the need to move beyond traditional, single species management approaches has
grown increasingly urgent. Portfolio approaches to managing fisheries can reduces barriers to
diversificationsthat may help maintain opportunity and choice for fishers faced with mounting
risk and ungertainty (Beaudreau et al., 2019). Applied research dedicated to such aims must
continue to,work to transcend disciplinary boundaries, embrace complex systems thinking, and
address the social-ecological linkages that inform how fishers participate and shift effort among
fisheries (Marshall et al., 2018; Barnes et al., 2019). Climate variability and change represent
significant challenges for many marine SES worldwide, but they also present opportunities to
reform and récast existing management structures with explicit attention to restoring the
connections between people, places, and ecosystems while supporting sustainable and equitable

development.

This article is protected by copyright. All rights reserved



651

652

653
654
655
656
657
658
659

660
661

662

663
664
665
666
667
668
669
670
671

672
673
674
675
676
677
678
679
680
681
682
683

ACKNOWLEDGMENTS

THF was supported by the California Sea Grant State Fellows program. The research team at-large was supported
by the Future Seas project, funded by the NOAA Climate Program Office’s Coastal and Ocean Climate Applications
program and the NMFS Office of Science and Technology (NA170AR4310268). We would like to thank members
of the commefcial fishing industry for participating in interviews, workshops, and focus group discussions; John
Childers and Yuhong'Gu for HMS logbook data provision; Jenny Suter, Brad Stenberg, Robert Ryznar, Corey Niles,
and Justin Ainsworth and PACFIN for landings data provision, and Jameal Samhouri for thoughtful comments on an

earlier draft of the'manuscript.

DATA AVAILABILITY STATEMENT

Vessel-level landings and logbook data, collected by the Pacific Fisheries Information Network (PACFIN) and the
NOAA National'Marine Fisheries Service, are confidential U.S. government data. The raw data cannot be made
public, under the Magnuson—Stevens Fishery Conservation and Management Reauthorization Act of 2006, section
402 (b), 16 UrSiC=1881a. To request access to US West Coast vessel-level landings data please contact Jenny Suter
(JSuter@psmfe.com). To request access to US Highly Migratory Species albacore logbook data please contact John

Childers (John.Childers@noaa.gov). Descriptive vessel information was obtained through the two data sources

referenced above and publicly available vessel registries (accessed online) maintained by the Inter-American

Tropical Tuna Commission (www.iattc.org) and the US Coast Guard (https://www.dco.uscg.mil/).

This article is protected by copyright. All rights reserved


mailto:JSuter@psmfc.com
mailto:John.Childers@noaa.gov
http://www.iattc.org
https://www.dco.uscg.mil/

684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699

700

701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717

REFERENCES

Addicott, E. T., Kroetz, K., Reimer, M. N., Sanchirico, J. N., Lew, D. K., & Huetteman, J. (2019). Identifying the
potential.for cross-fishery spillovers: A network analysis of Alaskan permitting patterns. Canadian Journal of
Fisheries and Aquatic Sciences, 76, 56-68. https://doi.org/10.1139/cjfas-2017-0550

Aguilera, S. E., Cole, J., Finkbeiner, E. M., Le Cornu, E., Ban, N. C., Carr, M. H., ... & Kittinger, J. N. (2015).
Managing ‘small-scale commercial fisheries for adaptive capacity: insights from dynamic social-ecological
drivers of change in Monterey Bay. PLoS One, 10, ¢0118992. https://doi.org/10.1371/journal.pone.0118992

Allen, R. (2010). International management of tuna fisheries: Arrangements, challenges and a way forward (p. 57).
Rome: Food and Agriculture Organization.

Allison, E. H., & Ellis, F. (2001). The livelihoods approach and management of small-scale fisheries. Marine
Policy, 25;377-388. https://doi.org/10.1016/S0308-597X(01)00023-9

Anderson, C.M¢, Krigbaum, M. J., Arostegui, M. C., Feddern, M. L., Koehn, J. Z., Kuriyama, P. T, ... & Fuller, A.
(2019). How.commercial fishing effort is managed. Fish and Fisheries, 20, 268-285.
https://doi.org/10.1111/faf.12339

Anderson, S. C., Ward, E. J., Shelton, A. O., Adkison, M. D., Beaudreau, A. H., Brenner, R. E., ... & Williams, B.
C. (2017). Benefits and risks of diversification for individual fishers. Proceedings of the National Academy of
Sciences, 114, 10797-10802. https://doi.org/10.1073/pnas.1702506114

This article is protected by copyright. All rights reserved


https://doi.org/10.1139/cjfas-2017-0550
https://doi.org/10.1371/journal.pone.0118992
https://doi.org/10.1016/S0308-597X(01)00023-9
https://doi.org/10.1111/faf.12339
https://doi.org/10.1073/pnas.1702506114

718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753

Angelstam, P., Elbakidze, M., Axelsson, R., Dixelius, M., & Toérnblom, J. (2013). Knowledge production and
learning for sustainable landscapes: Seven steps using social—ecological systems as laboratories. Ambio, 42,
116-128. https://doi.org/10.1007/s13280-012-0367-1

Barthelemy, M. (2004). Betweenness centrality in large complex networks. The European Physical Journal B, 38,
163-168:

Barnes, M.L., Bodin, O., McClanahan, T.R., Kittinger, ].N., Hoey, A.S., Gaoue, O.G. & Graham, N.A. (2019).
Social-ecologiceal alignment and ecological conditions in coral reefs. Nature Communications, 10, 2039.
httpsi//deizerg/L0.1038/s41467-019-09994-1

Battista, W., Kelly, R. P., Erickson, A., & Fujita, R. (2018). Fisheries Governance Affecting Conservation
Outcomes’in the United States and European Union. Coastal Management, 46, 388-452.
https://doi.org/10.1080/08920753.2018.1498711

Beaudreau, AgH {Ward, E. J., Brenner, R. E., Shelton, A. O., Watson, J. T., Womack, J. C., ... & Williams, B. C.
(2019). Thirtysyears of change and the future of Alaskan fisheries: Shifts in fishing participation and
diversification in response to environmental, regulatory and economic pressures. Fish and Fisheries, 20, 601-
619. httpsi//doi.org/10.1111/faf.12364

Bednarsek, N, Feely, R. A., Beck, M. W., Alin, S. R., Siedlecki, S. A., Calosi, P., ... & Nezlin, N. P. (2020).
Exoskeletontdissolution with mechanoreceptor damage in larval Dungeness crab related to severity of present-
day ocean acidification vertical gradients. Science of The Total Environment, 716, 136610.
https://doirorg/10.1016/j.scitotenv.2020.136610

Bell, J. D., Albert, J.,' Amos, G., Arthur, C., Blanc, M., Bromhead, D., ... & James, P. A. (2018). Operationalising
access to oceanic fisheries resources by small-scale fishers to improve food security in the Pacific
Islands®*Marine Policy, 88, 315-322. https://doi.org/10.1016/j.marpol.2017.11.008

Bernard, H. R. (2017). Research methods in anthropology: Qualitative and quantitative approaches (4t ed.).
Rowman & Littlefield.

Bennett, N. J., RothyR., Klain, S. C., Chan, K., Christie, P., Clark, D. A., ... & Greenberg, A. (2017). Conservation
social science:/Understanding and integrating human dimensions to improve conservation. Biological
Conservationy205, 93-108. https://doi.org/10.1016/j.biocon.2016.10.006

Bennett, Nads; Einkbeiner, E. M., Ban, N. C., Belhabib, D., Jupiter, S. D., Kittinger, J. N., ... & Christie, P. (2020).
The COVID=19 Pandemic, Small-Scale Fisheries and Coastal Fishing Communities. Coastal Management, 48,
336-347=httpsi//doi.org/10.1080/08920753.2020.1766937

Bez, N., & Rivoirard, J. (2000). Indices of collocation between populations. In D. M. Checkley, J. R. Hunter, L.
Motos, & CaD-von der Lingen (Eds.), Workshop on the Use of Continuous Underway Fish Egg Sampler
(CUFES).for mapping spawning habitat of pelagic fish (pp. 48—52). GLOBEC Reports.

Biggs, R., Schliiter, M., Biggs, D., Bohensky, E. L., BurnSilver, S., Cundill, G., ... & Leitch, A. M. (2012). Toward
principles for enhancing the resilience of ecosystem services. Annual Review of Environment and

Resources, 37,421-448. https://doi.org/10.1146/annurev-environ-051211-123836

This article is protected by copyright. All rights reserved


https://doi.org/10.1038/s41467-019-09994-1
https://doi.org/10.1080/08920753.2018.1498711
https://doi.org/10.1111/faf.12364
https://doi.org/10.1016/j.scitotenv.2020.136610
https://doi.org/10.1016/j.marpol.2017.11.008
https://doi.org/10.1016/j.biocon.2016.10.006
https://doi.org/10.1080/08920753.2020.1766937

754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789

Birkenbach, A. M., Kaczan, D. J., & Smith, M. D. (2017). Catch shares slow the race to fish. Nature, 544, 223-226.
https://doi.org/10.1038/nature21728

Black, B.A., Sydeman, W.J., Frank, D.C., Griffin, D., Stahle, D.W., Garcia-Reyes, M., Rykaczewski, R.R., Bograd,
S.J. and Peterson, W.T. (2014). Six centuries of variability and extremes in a coupled marine-terrestrial
ecosystems.Science, 345, 498-1502.

Black, B. A., Sydeman, W. J., Frank, D. C., Griffin, D., Stahle, D. W., Garcia-Reyes, M., ... & Peterson, W. T.
(2014). Six centuries of variability and extremes in a coupled marine-terrestrial ecosystem. Science, 345, 1498-
1502 shttpsi/fdoi.org/10.1126/science.1253209

Blythe-Skyrme, R.E., Bartoo, N., & Laurs, M. (2012a). American Albacore tuna Fishing Association, North Pacific
albacoredunapole & line and troll/jig fishery, Public Certification Report. Retrieved from
https://fishesies.msc.org/en/fisheries/aafa-and-wfoa-north-pacific-albacore-tuna/

Blythe-Skyrme, R:E: Bartoo, N., & Laurs, M. (2012b). American Albacore tuna Fishing Association, North Pacific
albacore tunapole & line and troll/jig fishery. Public Certification Report. Retrieved from
https://fisheries.msc.org/en/fisheries/aafa-and-wfoa-south-pacific-albacore-tuna/

Bond, N.A., Cronin, M.F., Freeland, H. & Mantua, N. (2015). Causes and impacts of the 2014 warm anomaly in the
NE Pacific. Geophysical Research Letters, 42, 3414-3420. https://doi.org/10.1002/2015GL063306

Brinson, A., Fee, MY ., & Rountree, B. (2011). Direct marketing strategies: the rise of community supported
fishery programs. Marine Policy, 35, 542-548. https://doi.org/10.1016/j.marpol.2011.01.014

Carroll, G., Holsman, K. K., Brodie, S., Thorson, J. T., Hazen, E. L., Bograd, S. J., ... & Willis-Norton, E. (2019). A
review-of methods for quantifying spatial predator—prey overlap. Global Ecology and Biogeography, 28, 1561-
1577. httpsi/doi.org/10.1111/geb.12984

Cavole, L."M.,; Demko, A. M., Diner, R. E., Giddings, A., Koester, 1., Pagniello, C. M., ... & Zill, M. E. (2016).
Biological impacts of the 2013-2015 warm-water anomaly in the Northeast Pacific: winners, losers, and the
future. Qceanography, 29, 273-285. https://doi.org/10.5670/oceanog.2016.32

Chavez, F. P.,RyanyJ., Lluch-Cota, S. E., & Niquen, M. (2003). From anchovies to sardines and back: multidecadal
change injthe Pacific Ocean. Science, 299, 217-221. https://doi.org/10.1126/science.1075880

Chen, K. S., Crone;P. R., & Hsu, C. C. (2010). Reproductive biology of albacore Thunnus alalunga. Journal of Fish
Biologys 775:119-136. https://doi.org/10.1111/j.1095-8649.2010.02662.x

Cheung, WeaWaglsam, V. W., Sarmiento, J. L., Kearney, K., Watson, R. E. G., Zeller, D., & Pauly, D. (2010).
Large-scalerredistribution of maximum fisheries catch potential in the global ocean under climate
change. Global Change Biology, 16, 24-35. https://doi.org/10.1111/j.1365-2486.2009.01995.x

Chust, G., Goikoetxea, N., Ibaibarriaga, L., Sagarminaga, Y., Arregui, I., Fontan, A., ... & Arrizabalaga, H. (2019).
Earliermigration and distribution changes of albacore in the Northeast Atlantic. Fisheries Oceanography, 28,
505-516. https://doi.org/10.1111/fog.12427

Childers, J. & Miller, F. R. (2000). Summary of the 1999 US north and south Pacific albacore troll fisheries.
Retrieved from https://repository.library.noaa.gov/view/noaa/25826/noaa_ 25826 DS1.pdf

This article is protected by copyright. All rights reserved


https://doi.org/10.1126/science.1253209
https://fisheries.msc.org/en/fisheries/aafa-and-wfoa-north-pacific-albacore-tuna/
https://fisheries.msc.org/en/fisheries/aafa-and-wfoa-south-pacific-albacore-tuna/
https://doi.org/10.1002/2015GL063306
https://doi.org/10.1016/j.marpol.2011.01.014
https://doi.org/10.1111/geb.12984
https://doi.org/10.5670/oceanog.2016.32
https://doi.org/10.1126/science.1075880
https://doi.org/10.1111/j.1095-8649.2010.02662.x
https://doi.org/10.1111/j.1365-2486.2009.01995.x
https://doi.org/10.1111/fog.12427
https://repository.library.noaa.gov/view/noaa/25826/noaa_25826_DS1.pdf

790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826

Childers, J., Snyder, S., & Kohin, S. (2011). Migration and behavior of juvenile North Pacific albacore (Thunnus
alalunga). Fisheries Oceanography, 20, 157-173. https://doi.org/10.1111/j.1365-2419.2011.00575.x

Christian, J. R., & Holmes, J. (2016). Changes in albacore tuna habitat in the northeast Pacific Ocean under
anthropogenic warming. Fisheries Oceanography, 25, 544-554. https://doi.org/10.1111/fog.12171

Clemens, H.Bi & Craig, W.L. (1965). An analysis of California’s albacore fishery. Resources Agency of California,
Departmentiof Fish and Game.

Cline, T. J., Schindler, D. E., & Hilborn, R. (2017). Fisheries portfolio diversification and turnover buffer Alaskan
fishing communities from abrupt resource and market changes. Nature Communications, 8, 1-7.
https://dei.org/10.1038/ncomms 14042

Cinner, J. E., &Bodin, O. (2010). Livelihood diversification in tropical coastal communities: a network-based
approachito.analyzing ‘livelihood landscapes’. PloS one, 5. https://doi.org/10.1371/journal.pone.0011999

Costello, C., Gaines;)S.D. & Lynham, J. (2008). Can catch shares prevent fisheries collapse? Science, 321, 1678-
1681. https://doi.org/10.1126/science.1159478

Crona, B. L., Daw, T, M., Swartz, W., Norstrom, A. V., Nystrom, M., Thyresson, M., ... & Troell, M. (2016).
Maskedjdiluted and drowned out: how global seafood trade weakens signals from marine ecosystems. Fish
and Fisheries, 17, 1175-1182. https://doi.org/10.1111/faf.12109

Cunningham,iS§Bennear, L. S., & Smith, M. D. (2016). Spillovers in regional fisheries management: Do catch
shares cause leakage? Land Economics, 92, 344-362. https://doi.org/10.3368/1¢.92.2.344

Deporte, N., Ulrichy/C., Mahévas, S., Demanéche, S. & Bastardie, F. (2012). Regional métier definition: a
comparative investigation of statistical methods using a workflow applied to international otter trawl fisheries
in the North.Sea. ICES Journal of Marine Science, 69, 331-342. https://doi.org/10.1093/icesjms/fsr197

Fuller, E.C.(2016)=People, fishing and the management of a human-dominated ecosystem. Doctoral dissertation,
Princeton University. Retrieved from https://dataspace.princeton.edu/handle/88435/dsp01c821gn260

Fuller, E. C., Samhouri, J. F., Stoll, J. S., Levin, S. A., & Watson, J. R. (2017). Characterizing fisheries connectivity
in maringsSocial—ecological systems. /CES Journal of Marine Science, 74, 2087-2096.
https://doi.org/10.1093/icesjms/fsx128

Fulton, E. A., SmithgzA. D., Smith, D. C., & van Putten, I. E. (2011). Human behaviour: the key source of
uncertainty in fisheries management. Fish and Fisheries, 12, 2-17. https://doi.org/10.1111/j.1467-
2979.2010.00371.x

Finkbeiner, EaMu(2015). The role of diversification in dynamic small-scale fisheries: lessons from Baja California
Sur, Mexico. Global Environmental Change, 32, 139-152. https://doi.org/10.1016/j.gloenvcha.2015.03.009

Folke, C., Carpenter; S.R., Walker, B., Scheffer, M., Chapin, T. & Rockstrom, J. (2010). Resilience thinking:
integrating resilience, adaptability and transformability. Ecology and Society, 15.

Fogarty, M. J. (2014). The art of ecosystem-based fishery management. Canadian Journal of Fisheries and Aquatic
Sciences, 71, 479-490. https://doi.org/10.1139/cjfas-2013-0203

Frawley, T. H., Finkbeiner, E. M., & Crowder, L. B. (2019a). Environmental and institutional degradation in the
globalized economy. Ecology and Society, 24. https://doi.org/10.5751/ES-10693-240107

This article is protected by copyright. All rights reserved


https://doi.org/10.1111/j.1365-2419.2011.00575.x
https://doi.org/10.1111/fog.12171
https://doi.org/10.1038/ncomms14042
https://doi.org/10.1371/journal.pone.0011999
https://doi.org/10.1126/science.1159478
https://doi.org/10.1111/faf.12109
https://doi.org/10.1093/icesjms/fsr197
https://doi.org/10.1093/icesjms/fsx128
https://doi.org/10.1111/j.1467-2979.2010.00371.x
https://doi.org/10.1111/j.1467-2979.2010.00371.x
https://doi.org/10.1016/j.gloenvcha.2015.03.009
https://doi.org/10.1139/cjfas-2013-0203

827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861

Frawley, T. H., Crowder, L. B., & Broad, K. (2019b). Heterogeneous perceptions of socio-ecological change among
small-scale fishermen in the Central Gulf of California: implications for adaptive response. Frontiers in
Marine Science, 6, 78. https://doi.org/10.3389/fmars.2019.00078

Froehlich, H. E., Essington, T. E., Beaudreau, A. H. & Levin, P. S. (2014). Movement patterns and distributional
shifts of Dungeness crab (Metacarcinus magister) and English sole (Parophrys vetulus) during seasonal
hypoxia. Estuaries and Coasts, 37, 449-46. https://doi.org/10.1007/s12237-013-9676-2

Gaertner, D., Pagavino, M., & Marcano, J. (1999). Influence of fishers’ behaviour on the catchability of surface tuna
schools insthe;Venezuelan purse-seiner fishery in the Caribbean Sea. Canadian Journal of Fisheries and
Aquatic'Sciences, 56, 394-406. https://doi.org/10.1139/f98-191

Gephart, J.A.,Frochlich, H.E. & Branch, T.A. (2019). Opinion: To create sustainable seafood industries, the United
States needs. abetter accounting of imports and exports. Proceedings of the National Academy of
Sciencesgl 16,9142-9146. https://doi.org/10.1073/pnas.1905650116

Glaser, B., & Strauss, A. (1967). Discovering grounded theory. Aldine.

Goodman, L."A.(1961). Snowball sampling. The annals of mathematical statistics, 148-170.

Hanich, Q., Wabnitz, C. C., Ota, Y., Amos, M., Donato-Hunt, C., & Hunt, A. (2018). Small-scale fisheries under
climate ¢hange in the Pacific Islands region. Marine Policy, 88, 279-284.
https://deiverg/10.1016/j.marpol.2017.11.011

Hentati-Sundberg, J., Hjelm, J., Boonstra, W. J., & Osterblom, H. (2015). Management forcing increased
specializationsin a fishery system. Ecosystems, 18, 45-61. https://doi.org/10.1007/s10021-014-9811-3

Hijmans, R.J. & van Etten, J. (2016). raster: Geographic data analysis and modeling. R package version, 2(8).

Holland, D. S., & Kasperski, S. (2016). The impact of access restrictions on fishery income diversification of US
West' Coastifishermen. Coastal Management, 44, 452-463. https://doi.org/10.1080/08920753.2016.1208883

Holland, D. S., Speir, C., Agar, J., Crosson, S., DePiper, G., Kasperski, S., ... & Perruso, L. (2017). Impact of catch
shares onidiversification of fishers’ income and risk. Proceedings of the National Academy of
SciencesAT4@35), 9302-9307. https://doi.org/10.1073/pnas.1702382114

Holling, C.S.(1973). Resilience and stability of ecological systems. Annual review of ecology and systematics, 4, 1-
23.

ISC. (2017). Stock assessment of albacore tuna in the North Pacific Ocean in 2017. Retrieved from
https://www.wepfc.int/node/29522

Ichinokawa, Mez€ean, A. L., & Takeuchi, Y. (2008). Transoceanic migration rates of young North Pacific albacore,
Thunnus alalunga, from conventional tagging data. Canadian Journal of Fisheries and Aquatic Sciences, 65,
1681-1691_https://doi.org/10.1139/F08-095

Jacox, M. G Fiechter, J., Moore, A. M., & Edwards, C. A. (2015). ENSO and the California Current coastal
upwelling response. Journal of Geophysical Research: Oceans, 120 , 1691-1702.
https://doi.org/10.1002/2014JC010650

This article is protected by copyright. All rights reserved


https://doi.org/10.3389/fmars.2019.00078
https://doi.org/10.1007/s12237-013-9676-2
https://doi.org/10.1139/f98-191
https://doi.org/10.1073/pnas.1905650116
https://doi.org/10.1016/j.marpol.2017.11.011
https://doi.org/10.1080/08920753.2016.1208883
https://doi.org/10.1073/pnas.1702382114
https://doi.org/10.1139/F08-095
https://doi.org/10.1002/2014JC010650

862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897

Jacox, M.G., Hazen, E.L., Zaba, K.D., Rudnick, D.L., Edwards, C.A., Moore, A.M. & Bograd, S.J. (2016). Impacts
of the 2015-2016 EI Nifio on the California Current System: Early assessment and comparison to past events.
Geophysical Research Letters, 43, 7072-7080. https://doi.org/10.1002/2016GL069716

Jacox, M. G., Alexander, M. A., Mantua, N. J., Scott, J. D., Hervieux, G., Webb, R. S., & Wemer, F. E. (2017).
Forcing 'of mulfiyear extreme ocean temperatures that impacted California current living marine resources in
2016. Bulletimof the American Meteorological Society, 99, S27-S33. https://doi.org/10.1175/BAMS-D-17-
0119.1

KasperskigS. sé&Helland, D. S. (2013). Income diversification and risk for fishermen. Proceedings of the National
Academy.of Sciences, 110,2076-2081. https://doi.org/10.1073/pnas.1212278110

Kininmonth, S¢ Crona, B., Bodin, O., Vaccaro, 1., Chapman, L. J., & Chapman, C. A. (2017). Microeconomic
relationships bétween and among fishers and traders influence the ability to respond to social-ecological
changes an a‘small-scale fishery. Ecology and Society, 22. https://doi.org/10.5751/ES-08833-220226

Kittinger, J. NuyFinkbeiner, E. M., Ban, N. C., Broad, K., Carr, M. H., Cinner, J. E., ... & Fujita, R. (2013).
Emerging frontiers in social-ecological systems research for sustainability of small-scale fisheries. Current
OpiniontimEnvironmental Sustainability, 5, 352-357. https://doi.org/10.1016/j.cosust.2013.06.008

Kluger, L.C.,Scotti, M., Vivar, 1. and Wolff, M. (2019). Specialization of fishers leads to greater impact of external
disturbancerEvidence from a social-ecological network modelling exercise for Sechura Bay, northern Peru.
Ocean & Coastal Management, 179, 104861. https://doi.org/10.1016/j.ocecoaman.2019.104861

Kroetz, K., ReimeryM. N., Sanchirico, J. N., Lew, D. K., & Huetteman, J. (2019). Defining the economic scope for
ecosystem-based fishery management. Proceedings of the National Academy of Sciences, 116, 4188-4193.
https://doi.org/10.1073/pnas. 1816545116

Laurs, M. R:j& Lynn, J. (1977). Seasonal migration of North Pacific albacore, Thunnus alalunga, into North
American coastal waters: distribution, relative abundance, and association with Transition Zone
waters. Fishery Bulletin, 75.

Lindley, S.T., Grimes, C.B., Mohr, M.S., Peterson, W.T., Stein, J.E., Anderson, J.J., ... & Ferguson, J.W. (2009).
What caused the Sacramento River fall Chinook stock collapse? Retrieved from
https://repesitory.library.noaa.gov/view/noaa/3664/noaa_3664 DS1.pdf

Mansfield, B.(2004). Neoliberalism in the oceans: “rationalization,” property rights, and the commons
question..Geoforum, 35, 313-326. https://doi.org/10.1016/j.geoforum.2003.05.002

Marshall, K.Nelsevin, P.S., Essington, T.E., Koehn, L.E., Anderson, L.G., Bundy, A., ... & Houde, E. (2018).
Ecosystem-based fisheries management for social-ecological systems: renewing the focus in the United States
with next genefation fishery ecosystem plans. Conservation Letters, 11, e12367.
httpsi//doi.org/10.1111/conl. 12367

Mason, J. G., Alfaro-Shigueto, J., Mangel, J. C., Brodie, S., Bograd, S. J., Crowder, L. B., & Hazen, E. L. (2019).
Convergence of fishers' knowledge with a species distribution model in a Peruvian shark fishery. Conservation

Science and Practice, 1, ¢13. https://doi.org/10.1111/csp2.13

This article is protected by copyright. All rights reserved


https://doi.org/10.1002/2016GL069716
https://doi.org/10.1175/BAMS-D-17-0119.1
https://doi.org/10.1175/BAMS-D-17-0119.1
https://doi.org/10.1073/pnas.1212278110
https://doi.org/10.1016/j.cosust.2013.06.008
https://doi.org/10.1016/j.ocecoaman.2019.104861
https://doi.org/10.1073/pnas.1816545116
https://doi.org/10.1016/j.geoforum.2003.05.002
https://doi.org/10.1111/conl.12367
https://doi.org/10.1111/csp2.13

898 McCluney, J. K., Anderson, C. M., & Anderson, J. L. (2019). The fishery performance indicators for global tuna
899 fisheries. Nature Communications, 10, 1-9. https://doi.org/10.1038/s41467-019-09466-6
900 Moore, S.K., Cline, M.R., Blair, K., Klinger, T., Varney, A. & Norman, K. (2019). An index of fisheries closures

901 due to harmful algal blooms and a framework for identifying vulnerable fishing communities on the US West
902 CoasteMarinePolicy, 110, 103543, https://doi.org/10.1016/j.marpol.2019.103543

903 Morrissey, M I7(2008). Global resources and market impacts on US Pacific Northwest fisheries. Globalizations, 5,
904 195-210, https://doi.org/10.1080/14747730802057571

905 Muhling, B:, S#Brodie, M. G. Jacox, O. Snodgrass, H. Dewar, D. Tommasi, ... & J. Childers. (2019). Dynamic
906 habitat use,of albacore and their primary prey species in the California Current System, CalCOFI Reports, 60,
907 79-93

908 Nieto, K., Xu, ¥apTeo, S. L., McClatchie, S., & Holmes, J. (2017). How important are coastal fronts to albacore
909 tuna (Thunnus alalunga) habitat in the Northeast Pacific Ocean? Progress in Oceanography, 150, 62-71.

910 https://doi.org/10.1016/j.pocean.2015.05.004

911 Nikolic, N., Morandeau, G., Hoarau, L., West, W., Arrizabalaga, H., Hoyle, S., Nicol, S. J., Bourjea, J., Puech, A.,
912 Farley, J. H., and Williams, A. J. (2017). Review of albacore tuna, Thunnus alalunga, biology, fisheries and
913 management. Reviews in Fish Biology and Fisheries, 27, 775-810. https://doi.org/10.1007/s11160-016-

914 9453-y

915 Nyumba, T., Wilson; K., Derrick, C. J., & Mukherjee, N. (2018). The use of focus group discussion methodology:
916 Insights from two decades of application in conservation. Methods in Ecology and Evolution, 9, 20-32.

917 https://doikerg/10.1111/2041-210X.12860

918 Oestreich, WK, Frawley, T.H., Mansfield, E.J., Green, K.M., Green, S.J., Naggea, J., Selgrath, J.C., Swanson, S.S.,
919 Urteaga, J., White, T.D. & Crowder, L.B. (2019). The impact of environmental change on small-scale fishing
920 communities: moving beyond adaptive capacity to community response. In A.M. Cisneros-Montemayor, W.L.
921 Cheung & Y. Ota (Eds.), Predicting Future Oceans (pp. 271-282). Elsevier. https://doi.org/10.1016/B978-0-
922 12-817945-1.00027-7

923 Olsen, W. (2004). Methodological triangulation and realist research. In B. Carter & C. New (Eds.), Making Realism
924 Work: Realist Social Theory and Empirical Research (pp.121 -134). London: Routledge.

925 Olson, J. (2011). Understanding and contextualizing social impacts from the privatization of fisheries: An

926 overview. Ocean & Coastal Management, 54, 353-363. https://doi.org/10.1016/j.ocecoaman.2011.02.002
927 Pacific States Marine Fisheries Commission (PSMFC). (2000). Description of the U.S. West Coast Commercial
928 Fishing Fleet and Seafood Processors. Retrieved from https://www.psmfc.org/efin/docs/fleetreport.pdf
929 Pacific Fishery Management Council (PFMC). (2018). Status of the Pacific coast groundfish fishery: Stock

930 Assessmentand Fishery Evaluation. Retrieved from https://www.pcouncil.org/documents/2019/01/status-of-
931 the-pacific-coast-groundfish-fishery-stock-assessment-and-fishery-evaluation-description-of-the-fishery-
932 revised-january-2019.pdf

This article is protected by copyright. All rights reserved


https://doi.org/10.1038/s41467-019-09466-6
https://doi.org/10.1016/j.marpol.2019.103543
https://doi.org/10.1080/14747730802057571
https://doi.org/10.1016/j.pocean.2015.05.004
https://doi.org/10.1111/2041-210X.12860
https://doi.org/10.1016/B978-0-12-817945-1.00027-7
https://doi.org/10.1016/B978-0-12-817945-1.00027-7
https://doi.org/10.1016/j.ocecoaman.2011.02.002

933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969

Pascoe, S., Brooks, K., Cannard, T., Dichmont, C. M., Jebreen, E., Schirmer, J., & Triantafillos, L. (2014). Social
objectives of fisheries management: What are managers' priorities? Ocean & Coastal Management, 98, 1-10.
https://doi.org/10.1016/j.ocecoaman.2014.05.014

Perry, R.I., Ommer, R.E., Barange, M., Jentoft, S., Neis, B. & Sumaila, U.R. (2011). Marine social-ecological
responses. to environmental change and the impacts of globalization. Fish and Fisheries, 12, 427-450.
https://doisorg/10.1111/.1467-2979.2010.00402.x

Pershing, A. Ji; Record, N. R., Franklin, B. S., Kennedy, B. T., McClenachan, L., Mills, K. E., ... & Wolff, N. H.
(2019). Challenges to natural and human communities from surprising ocean temperatures. Proceedings of the
National Academy of Sciences, 116, 18378-18383 https://doi.org/10.1073/pnas.1901084116

Peterson, W.Tg Emmett, R., Goericke, R., Venrick, E., Mantyla, A., Bograd, S.J., ... & Barlow, J. (2006). The state
of the California Current, 2005-2006: warm in the north, cool in the south. California Cooperative Oceanic
Fisheries'Investigations Report, 47, 30.

Phillips, A. J.,'€iannelli, L., Brodeur, R. D., Pearcy, W. G., & Childers, J. (2014). Spatio-temporal associations of
albacore CPUEs in the Northeastern Pacific with regional SST and climate environmental variables. /CES
Journal'of Marine Science, 71, 1717-1727. https://doi.org/10.1093/icesjms/fst238

Pikitch, E.K.,/Santora, C., Babcock, E.A., Bakun, A., Bonfil, R., Conover, D.O., ... & Houde, E.D. (2004).
Ecosystem=based fishery management. Science, 305, 346-348. https://doi.org/10.1126/science.1098222

Pinkerton, E. & Edwards, D.N. (2009). The elephant in the room: the hidden costs of leasing individual transferable
fishing quotassMarine Policy, 33, 707-713. https://doi.org/10.1016/j.marpol.2009.02.004

Pinkerton, E., & Davis, R. (2015). Neoliberalism and the politics of enclosure in North American small-scale
fisheries. Marine Policy, 61, 303-312. https://doi.org/10.1016/j.marpol.2015.03.025

Rasmuson, E#K=(2013). The biology, ecology and fishery of the Dungeness crab, Cancer magister. In Advances in
marine biology (Vol. 65, pp. 95-148). Academic Press.

Reedy, K. (2019). The last cowboys: keeping open access in the Aleut groundfish fishery of the Gulf of Alaska.
MaritimesStudies, 18, 31. https://doi.org/10.1007/s40152-018-0108-6

Richerson, K:;:& Holland, D. S. (2017). Quantifying and predicting responses to a US West Coast salmon fishery
closure. I€ESJournal of Marine Science, 74, 2364-2378. https://doi.org/10.1093/icesjms/fsx093

Richerson, K.;'Punt, A. E., & Holland, D. S. (2020). Nearly a half century of high but sustainable exploitation in the
Dungeness.crab (Cancer magister) fishery. Fisheries Research, 226, 105528.
https://deizerg/10.1016/j.fishres.2020.105528

Ritzman, J., Brodbeck, A., Brostrom, S., McGrew, S., Dreyer, S., Klinger, T. & Moore, S.K. (2018). Economic and
socioculturaldmpacts of fisheries closures in two fishing-dependent communities following the massive 2015
US West Coast harmful algal bloom. Harmful Algae, 80, 35-45. https://doi.org/10.1016/j.hal.2018.09.002

Rogers, L.A., Griffin] R., Young, T., Fuller, E., Martin, K.S. & Pinsky, M.L. (2019). Shifting habitats expose fishing
communities to risk under climate change. Nature Climate Change, 9, 512-516.
https://doi.org/10.1038/s41558-019-0503-z

Rubin, H.J. & Rubin, 1.S. (2011). Qualitative interviewing: The art of hearing data (3rd ed.). Sage Publications.

This article is protected by copyright. All rights reserved


https://doi.org/10.1016/j.ocecoaman.2014.05.014
https://doi.org/10.1111/j.1467-2979.2010.00402.x
https://doi.org/10.1073/pnas.1901084116
https://doi.org/10.1093/icesjms/fst238
https://doi.org/10.1016/j.marpol.2009.02.004
https://doi.org/10.1016/j.marpol.2015.03.025
https://doi.org/10.1007/s40152-018-0108-6
https://doi.org/10.1093/icesjms/fsx093
https://doi.org/10.1016/j.fishres.2020.105528
https://doi.org/10.1016/j.hal.2018.09.002

970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005

Russell, S. M., Arias-Arthur, A., Sparks, K., & Varney, A. (2016). West coast communities and catch shares: the
early years of social change. Coastal Management, 44, 441-451.
https://doi.org/10.1080/08920753.2016.1208864

Russell, S. M., Oostenburg, M. V., & Vizek, A. (2018). Adapting to catch shares: Perspectives of West Coast
groundfish trawl participants. Coastal Management, 46, 603-620.
https://doizorg/10.1080/08920753.2018.1522491

Salas, S., & Gaertner, D. (2004). The behavioural dynamics of fishers: management implications. Fish and
Fisheriess:55:153-167. https://doi.org/10.1111/j.1467-2979.2004.00146.x

Sanford, E., Sones, J. L., Garcia-Reyes, M., Goddard, J. H., & Largier, J. L. (2019). Widespread shifts in the coastal
biota of northern California during the 2014-2016 marine heatwaves. Scientific Reports, 9, 1-14.
https://doi.org/10.1038/s41598-019-40784-3

Santora, J.A.,Mantua, N.J., Schroeder, 1.D., Field, J.C., Hazen, E.L., Bograd, S.J., ... & Lawson, D. (2020). Habitat
compression and ecosystem shifts as potential links between marine heatwave and record whale
entanglements. Nature Communications, 11, 1-12. https://doi.org/10.1038/s41467-019-14215-w

Satterthwaite JWiHZ, Andrews, K.S., Burke, B.J., Gosselin, J.L., Greene, C.M., Harvey, C.J., ... & Sobocinski, K.L.
(2019). Ecological thresholds in forecast performance for key United States West Coast Chinook salmon
stocks. ICESJournal of Marine Science, 77, 1503-1515. https://doi.org/10.1093/icesjms/fsz189

Seto, K., Galland, G. R., McDonald, A., Abolhassani, A., Azmi, K., Sinan, H., ... & Hanich, Q. (2020). Resource
allocationvin transboundary tuna fisheries: A global analysis. Ambio, 1-18. https://doi.org/10.1007/s13280-020-
01371-3

Steneck, R.S., Hughes, T.P., Cinner, J.E., Adger, W.N., Arnold, S.N., Berkes, F., ... & Olsson, P. (2011). Creation
of a gildedtrap'by the high economic value of the Maine lobster fishery. Conservation Biology, 25, 904-912.
https://doi.org/10.1111/j.1523-1739.2011.01717.x

Stoll, J. S., Dubik, B. A., & Campbell, L. M. (2015). Local seafood: rethinking the direct marketing
paradigmeEcology and Society, 20. http://dx.doi.org/10.5751/ES-07686-200240

Stoll, J. S., Beitl, C.M., & Wilson, J. A. (2016). How access to Maine’s fisheries has changed over a quarter
century: Fhesrcumulative effects of licensing on resilience. Global Environmental Change, 37, 79-91.
https://doi.org/10.1016/j.gloenvcha.2016.01.005

Sydeman, W.J., Santora, J.A., Thompson, S.A., Marinovic, B. & Lorenzo, E.D. (2013). Increasing variance in North
Pacific climatewelates to unprecedented ecosystem variability off California. Global Change Biology, 19,
1662-1675. https://doi.org/10.1111/gcb.12165

Yletyinen, J., Hentafi-Sundberg, J., Blenckner, T. & Bodin, O. (2018). Fishing strategy diversification and fishers'
ecological dependency. Ecology and Society, 23. https://doi.org/10.5751/ES-10211-230328

Young, T., Fuller, E.C., Provost, M.M., Coleman, K.E., St. Martin, K., McCay, B.J. & Pinsky, M.L. (2019).
Adaptation strategies of coastal fishing communities as species shift poleward. ICES Journal of Marine

Science, 76, 93-103. https://doi.org/10.1093/icesjms/fsy140

This article is protected by copyright. All rights reserved


https://doi.org/10.1080/08920753.2016.1208864
https://doi.org/10.1080/08920753.2018.1522491
https://doi.org/10.1111/j.1467-2979.2004.00146.x
https://doi.org/10.1038/s41598-019-40784-3
https://doi.org/10.1038/s41467-019-14215-w
https://doi.org/10.1093/icesjms/fsz189
https://doi.org/10.1111/j.1523-1739.2011.01717.x
https://doi.org/10.1016/j.gloenvcha.2016.01.005
https://doi.org/10.1111/gcb.12165
https://doi.org/10.1093/icesjms/fsy140

1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025

1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039

Walker Jr, H. J., Hastings, P. A., Hyde, J. R., Lea, R. N., Snodgrass, O. E., & Bellquist, L. F. (2020). Unusual
occurrences of fishes in the Southern California Current System during the warm water period of 2014—
2018. Estuarine, Coastal and Shelf Science, 236, 106634. https://doi.org/10.1016/j.ecss.2020.106634

Warlick, A., Steiner, E., & Guldin, M. (2018). History of the West Coast groundfish trawl fishery: Tracking
socioeconomic/characteristics across different management policies in a multispecies fishery. Marine
Policy, 9339=21. https://doi.org/10.1016/j.marpol.2018.03.014

Wheeler, S.C. & Morrissey, M.T. (2003). Quantification and distribution of lipid, moisture, and fatty acids of West
Coastalbacoere tuna (Thunnus alalunga). Journal of Aquatic Food Product Technology, 12, 3-16.
https://dei.org/10.1300/J030v12n02 02

Whitney, C. Kej Bénnett, N. J., Ban, N. C., Allison, E. H., Armitage, D., Blythe, J. L., ... & Perry, L. (2017).
Adaptiveieapacity: from assessment to action in coastal social-ecological systems. Ecology and Society, 22.
https://dei.ofg/10.5751/ES-09325-220222

Witter, A. & Stoll, 4 (2017). Participation and resistance: Alternative seafood marketing in a neoliberal era. Marine
Policy, 80, 130-140. https://doi.org/10.1016/j.marpol.2016.09.023

Woillez, M., Poulard, J. C., Rivoirard, J., Petitgas, P., & Bez, N. (2007). Indices for capturing spatial patterns and
their evglution in time, with application to European hake (Merluccius merluccius) in the Bay of Biscay. ICES
Journal of Marine Science, 64, 537-550. https://doi.org/10.1093/icesjms/fsm025

Xu, Y., Nietof K\, Teo, S. L., McClatchie, S., & Holmes, J. (2017). Influence of fronts on the spatial distribution of
albacore tunay(Thunnus alalunga) in the Northeast Pacific over the past 30 years (1982-2011). Progress in
Oceanography, 150, 72-78. https://doi.org/10.1016/j.pocean.2015.04.013

FIGURE LEGENDS

Figure 1. North Pacific albacore catch per unit effort (total fish/total hours aggregated by 1° x 1°
degree grid cells) averaged across each decade, as reported in US troll and pole-and-line albacore
fleet logbooks. Centre of gravity and inertia of small (blue; <45 ft) and large (red; > 60 ft) vessel

fishing effortrare'shown for each decade. Figure appears in colour in the online version only.

Figure 2. Contribution (by decade) of vessel size classes to A) the composition of the US
albacore troll and pole-and-line fleet across the entire US West Coast and B) the capture of
albacore (as inferfed by # of fish landed) by this fleet. Due to a high attrition in effort across the
study period, values have been normalized (reported by specified size class/reported by all size
classes) prior to plotting. Data was sourced from NMFS logbooks. Figure appears in colour in

the online version only.
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Figure 3. Time series of total US West Coast North Pacific albacore troll and pole-and-line
fishery landings (black) and effort (red). Data was sourced from non-confidential PACFIN

records. Figure appears in colour in the online version only.

Figure 4. Density plots showing the distribution of vessels lengths of the troll and pole-and-line
fishery (2010-20165,as inferred by NMFS logbook entries) by hailing port for the 4 ports with the
most reported vessels in California (n=101) , Oregon (n=184) , and Washington (n=160) . The
dashed line'in each plot represents the mean vessel length (44.95 + S.D. 13.69) across states and
ports for vessels active in the North Pacific albacore fishery (n=839). A two-way ANOVA
indicates California has significantly larger vessels (p<0.05), with post-hoc analyses showing
that vessel lengths in San Diego are significantly larger than all other ports shown (p<0.01).

Figure appears in colour in the online version only.

Figure 5. Boxplot displaying the median values and distribution of data points for both small ( <
45 ft) and large (> 60 ft vessels) of the price per pound (adjusted for inflation) for which
albacore was'sold to buyers in Oregon and Washington each year. Data was sourced from
individual,"eenfidential PACFIN landings receipts. Figure appears in colour in the online version

only.

Figure 6. Time series depicting changes in the proportion of active PNW fishing vessels
participating’in the North Pacific albacore troll and pole-and-line fishery over time. Figure

appears in coloutr in the online version only.

Figure 7. Changes in annual revenue diversification over time (as grouped by decade) for
different vesselsize classes. In each panel, revenue diversification is assessed for the all vessels
in the specified:size class and only vessels of the specified size class reporting landings
dominated by‘troll or pole-and-line caught albacore tuna. Figure appears in colour in the online

version only.

Figure 8. Summary networks for comparison decades of interest. Node size and edge-weight

thickness in each summary network represent averages across all annual networks in the
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timespans specified. For each annual network, edge-weight thickness was determined as the
number of active vessels participating (earning > 20% of total fisheries revenue) in each pair of
fisheries normalized by the total number of active vessels across all fisheries while node size was

determined by node strength. Figure appears in colour in the online version only.

Figure 9. Time series depicting changes in fisheries participation network structure and the
strength 6f €omponent nodes as related to vessel size class. A) Changes in average annual node
strength (n=15)*for networks composed exclusively of all, small, medium, and large sized
vessels. B) Changes in the node strength of the albacore troll fishery over time for networks
composed exclusively of all, small, medium, and large-sized vessels. C) Changes in node
strength for the 4 most variable fisheries (throughout the entire time series) across networks
composed exclusively of small vessels. D) Changes in node strength for the 4 most variable
fisheries across networks composed exclusively of medium vessels. The corresponding time
series for large vessels can be found in Supplemental Figure 2. Figure appears in colour in the

online version'only.
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