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Planning for resiliency in the face of unprecedented environmental change
requires understanding the factors that constrain fishermen'’s capacity to adapt.
Scholars have highlighted numerous factors that may facilitate or constrain
fishermen’s adaptive capacity, but ultimately fishermen act based on their own
perceptions of their ability to respond and adapt to change within their broader
social, environmental, and governance context. Subjective assessments of
adaptive capacity are limited, yet critical, given that in the face of stressors,
people’s actions are facilitated or constrained by their subjective perceptions of
their capacity to take action. Using fishermen interviews and feedback sessions,
we explored fishermen'’s perceptions of constraints on their ability to adapt to
change in two fisheries in the California Current System: California spiny lobster
and California market squid. Our comparative assessment revealed important
similarities and differences with regard to the likelihood that fishermen would
perceive a given factor as a constraint, as well as the extent to which different
domains of adaptive capacity, including diversity and flexibility in livelihood
options, knowledge, and access to physical and financial capital, influence
fishermen’s perceptions of constraints. Constraints relating to fishery
governance, including permit access, fishery regulations, and broader
concerns with fishery management were the most commonly perceived
constraints in both fisheries. Individual-level constraints including mobility
and knowledge of other fisheries and fishing locations were less frequently
cited and significantly more likely to be perceived as constraints by spiny
lobster fishermen than market squid fishermen. Our results highlight the
importance of considering interactions between factors constraining
different elements of adaptive capacity given that the broader governance
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context of fisheries can inhibit individual-level adaptive strategies. Overcoming
barriers to adaptation necessitates planned and participatory governance
processes that strengthen fishermen'’s individual agency and ability to take
meaningful action in the face of change.
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adaptive capacity, constraints, agency, fisheries governance, subjective assessments,

environmental change

1 Introduction

Rapid and unprecedented environmental change is reshaping
ocean ecosystems, dramatically affecting those dependent on
natural resources, and raising concerns regarding how
communities will respond and adapt (Marshall and Marshall,
2007; McClanahan and Cinner, 2011). The degree to which
changes in climate affect human populations varies considerably
across both places and individuals, depending on the local
manifestations of a given stressor (i.e., exposure), the degree to
which people depend on affected resources (i.e., sensitivity), and
on their capacity to adapt to or take advantage of the changes they
experience (i.e., adaptive capacity) (Adger, 2006; Gallopin, 2006;
Cinner et al., 2018). Affected communities and individuals must
respond to both climatic and non-climatic stressors, and
understanding how they respond and their ability and
willingness to adapt is essential for climate adaptation planning.

Scholarship on adaptive capacity seeks to better understand
the conditions that enable individuals or communities to
anticipate and respond to changes, to minimize and recover
from the consequences of change, or take advantage of new
opportunities (Grothmann and Patt, 2005; Gallopin, 2006).
Some scholars identify key underlying determinants of
adaptive capacity as the availability of and access to different
forms of capital, such as natural, human, social, financial, and
physical capital (Adger, 2003; Smit and Wandel, 2006; Hinkel,
2011). However, adaptive capacity is not solely determined by
underlying access to capital (Mortreux and Barnett, 2017;
Cinner et al,, 2018; Green et al,, 2021). It is also contingent on
people’s willingness and capability to convert resources into
effective action, and thus adaptation efforts can be hindered in a
multitude of ways (Coulthard, 2012; Islam et al., 2014a). Other
less tangible domains of adaptive capacity, including governance
and institutions, learning and knowledge, diversity and
flexibility, and agency also play key roles in facilitating or
hindering a social system’s ability to adapt to climate change
(Brown and Westaway, 2011; Bennett et al., 2014; Whitney et al.,
2017; Cinner et al.,, 2018; Green et al., 2021). As such,
conceptualizing adaptive capacity as constrained primarily by
resources and capital can obscure value-laden personal and
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societal limits to adaptation and the ways in which different
strategies are negotiated. In the face of stressors, people typically
act upon their subjective internal perceptions rather than
objective external measures (Grothmann and Patt, 2005; Smith
and Clay, 2010). Thus, subjective assessments of adaptive
capacity deal with perceptions of the adequacy of available
resources and the factors that empower or constrain social
systems or actors to adapt (Adger et al., 2009; Seara et al., 2016).

In the context of fisheries, fishermen have historically
employed multiple strategies to cope with or adapt to variable
conditions including: diversifying fishing portfolios and
targeting multiple species (Anderson et al., 2017; Cline et al.,
2017; Robinson et al., 2020), diversifying fishing grounds (Young
et al,, 2019), altering harvesting techniques (Sievanen, 2014;
Cinner et al., 2015), or exiting a fishery and pursuing
alternative employment (Coulthard, 2009). These strategies fall
under the flexibility domain of adaptive capacity and reflect
options for altering one’s livelihood within fishing or outside the
fishing sector entirely in response to stressors (Cinner et al.,
2018; Oestreich et al., 2019). While the literature concerning
adaptation in commercial fisheries has shown that these
strategies can buffer against environmental uncertainty and
income variability (Kasperski and Holland, 2013), their
feasibility requires a holistic consideration of the costs and
constraints to pursuing them, which will differ amongst
individuals and communities (Islam et al., 2014a; Anderson
et al.,, 2017; Ward et al., 2018; Beaudreau et al., 2019).

Limits and barriers to adaptation emerge as a result of
specific characteristics of the individuals involved, the nature
and scale of the fishery systems involved, and/or the larger
regulatory context within which the systems operate (Moser and
Ekstrom, 2010; Islam et al., 2014b). Prior to changing harvest
locations, times, or targeting species, new information and
knowledge may be needed. Fishermen are typically limited in
where they can fish based on local ecological knowledge, vessel
size or gear type, geographic distance, and costs (Rogers et al.,
2019; Young et al., 2019; Papaioannou et al., 2021). The high
financial capital necessary to augment physical capital (e.g.,
larger vessels or new gear), to purchase additional fishing
permits (assuming they are available), or to travel to more
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distant fishing grounds may limit the viability of pursuing a
given strategy (Stoll et al., 2017). In addition, fishermen’s ability
to diversify is constrained by their regulatory context, including
restrictions on access to licenses and fishing rights, spatial
management measures, jurisdictional boundaries, and at times,
customary territoriality (Murray et al., 2010; Sievanen, 2014).

While effective adaptation to climate change requires that
individuals have assets, flexibility, and knowledge, they must also
have the ability to mobilize these elements of adaptive capacity,
which relates to the agency domain of adaptive capacity (Cinner
et al, 2018). Distorted beliefs regarding an individual’s own
ability to respond to and manage climate impacts, whether it
relates to personal traits or to larger regulatory factors, can pose
barriers to adaptation. Despite the importance agency plays in
activating other domains of adaptive capacity (Cinner et al,
2018; Green et al., 2021), this domain is underutilized (Hicks
et al., 2016). An improved understanding of fishermen’s own
perceptions of constraints on their capacity to adapt can assist in
the development of policies that remove barriers to key
adaptation options, promote resilience, and maintain
livelihoods while simultaneously ensuring the sustainability of
resources (Seara et al., 2016).

In this study, we directly engaged with fishermen to better
understand their perceptions of constraints on their capacity to
adapt to change in two diverse fisheries in the California Current
System (CCS): California spiny lobster (Panulirus interruptus) and
California market squid (Doryteuthis opalescens). The CCS is a
highly productive upwelling system, producing and supporting
numerous fisheries (Harvey et al, 2021). It is characterized by
seasonal wind-driven upwelling and high biological productivity
(Garcia-Reyes and Largier, 2012). Climate change projections
indicate a robust and unambiguous signal of future surface
warming in the CCS (Pozo Buil et al., 2021), along with changes
in the timing and intensity of upwelling, which critically affects the
productivity and distribution of marine species from primary
producers to top predators (Checkley and Barth, 2009; Iles et al,,
2012; Xiu et al, 2018; Pozo Buil et al., 2021). Furthermore, although
market squid and spiny lobster rank among the highest value
commercial fisheries in the CCS (NMES, 2018), studies addressing
the adaptive capacity of these fisheries are limited. There are also
notable differences in these fisheries in terms of scale of operations,
seasonality, gear and vessels, regulations, and species’ responses to
climate variability, which can generate dramatically different
adaptation responses and outcomes. We examine how
perceptions of constraints on adaptive capacity vary across these
two fisheries, as well as how characteristics of individual fishermen,
particularly as they relate to assets, flexibility, and agency, influence
the likelihood that they will perceive different factors to be
constraints within each fishery. We situate our findings within
the broader fishery and regulatory context in which fishermen
operate and conclude with a discussion of how interactions between
different domains of adaptive capacity can enhance or negate
broader adaptive capacity within fisheries.
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2 Materials and methods

We employed a comparative research approach in order to
understand constraints on adaptive capacity in California spiny
lobster and California market squid fisheries. Previous fisheries
research has demonstrated the usefulness of the comparative
approach for identifying similarities and differences between
fishery systems (Gaichas et al., 2012; Dey et al., 2016; Murciano
et al., 2021).

2.1 Study fisheries

The California spiny lobster fishery is a relatively small-scale
fishery, with the majority of fishing activity occurring in the
Southern California Bight, from Point Conception to the
California-Mexico border, including some areas surrounding
the offshore Channel Islands (CDFW, 2019) (Figure 1). The
fishing season runs from early October to mid-March each year,
although 80% of a season’s catch is landed between October and
mid-January (CDFW, 2016). There is considerable evidence that
the spiny lobster fishery is enhanced during warm sea surface
temperature (SST) conditions associated with El Nifio events
and the warm phase of the Pacific Decadal Oscillation (Koslow
et al,, 2012). Fishermen operate relatively small boats (mean size
30.5 feet) to deploy baited rectangular traps made of wire or
plastic mesh and set on the bottom (CDFW, 2019). The spiny
lobster stock has been managed using a number of regulations
designed to protect the spawning potential of spiny lobster
including restrictions on: size, season, access (number of
permits), gear type, and total harvest (CDFW, 2016). Marine
protected areas (MPAs) implemented under the Marine Life
Protection Act in 2012, also prohibit take of lobster in certain
locations to increase egg and larval production (Lenihan et al,
2021). The CDFW adopted the California Spiny Lobster Fishery
Management Plan (FMP) in 2016, which put into place a
cohesive management strategy to guide the future sustainable
management of the recreational and commercial lobster
fisheries, as required by the Marine Life Management Act
(CDFW, 2016). The purpose of the FMP was to formalize a
management strategy for spiny lobster that is responsive to
environmental and socio-economic changes and establish a
framework for informed decision-making to achieve a
sustainable fishery integrating the entire ecosystem.

The California market squid fishery is a large-scale industrial
fishery operating over a significantly larger geographic range.
The fishery in California is comprised of northern (centered in
Monterey Bay) and southern components (predominantly in the
Channel Islands vicinity and coastal areas within the Southern
California Bight), with the majority of landings historically
occurring in the southern fishery (Figure 2). The northern
fishery typically operates from April through November, while
the southern fishery operates from October through March
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Map of total California commercial spiny lobster fishery landings (tons) by fishing block from 2000 to 2019 fishing seasons (CDFW Marine
Landings Database System, MLDS). Fishing blocks with less than 15 entries were excluded.
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(CDFW, 2005). Recently, fishing activity has extended into
northern California, Oregon, Washington, and Alaska as a
result of warming ocean temperatures (Chambers, 2016;
Columbia Basin Bulletin, 2018). Market squid fishermen
operate large, high-capacity vessels (mean size 55 feet, mean
capacity 64 tons) alongside lightboats that are used to attract the
squid. Market squid is harvested primarily using roundhaul gear
(e.g., purse seine, drum seine, and lampara nets) with a minor
proportion of seasonal catch coming from brail/dip net gear
(CDFW, 2005). In order to prevent excessive fishing effort
(facilitated by newer, larger, and more efficient vessels) and
allow for critical periods of uninterrupted spawning, the CDFW
developed the Market Squid FMP in 2005, which consists of
several static management measures including: a fixed seasonal
catch limit of 118,000 tons, 2-day weekend closures, light and
gear restrictions, a restricted access program, and monitoring
programs (port sampling and logbooks) (CDFW, 2005). Market
squid populations, and associated catch, fluctuate dramatically
in response to variations in ocean conditions, declining
drastically in unfavorable environments associated with El
Nifo events, characterized by warm SST and low productivity,
and rebound rapidly during favorable conditions associated with
La Nifa events, characterized by cool SST and high productivity
(Reiss et al., 2004; van Noord and Dorval, 2017; Powell
et al., 2022).

2.2 Data collection

Semi-structured interviews were conducted with owners and
operators of vessels participating in the commercial California
market squid and California spiny lobster fisheries during the
2017-2019 fishing seasons (see Supplementary Material for
relevant interview questions). Interview subjects were primarily
identified at fishing docks and by snowball sampling, later
supplemented with a contact list from the CDFW. Interviews for
both fisheries consisted of closed-ended, open-ended, and multiple-
choice questions. We used a series of yes/no questions to examine
whether fishermen experienced a pre-defined list of constraints to
adaptive capacity, including permit access, regulations, mobility,
knowledge of other locations, and knowledge of other fisheries.
They were also provided the opportunity to add additional
constraints to this pre-defined list, and to elaborate and explain
their responses for each identified constraint. The interviews also
included a series of multiple-choice and open-ended questions
concerning fishermen’s access to assets or capital, as well as
diversity and flexibility that might influence the likelihood of
experiencing a given constraint. The interviews lasted
approximately 60 minutes, and any personally identifiable
information was removed from interviews prior to analysis.

Interviews with spiny lobster fishermen were conducted with
the goal of surveying as many active fishermen as possible. Permit-
holding fishermen were considered ‘active’ if the fisherman
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participated in the fishery (landed and reported catch) in at least
one of the previous three fishing seasons (i.e., 2014-15, 2015-16,
2016-17) based on a list of permits and landings data obtained from
CDFW. Interviews were conducted at major southern California
fishing ports in San Diego, Orange County, Los Angeles, and Santa
Barbara or by phone (based on fishermen’s preference). A total of
88 lobster fishermen were interviewed, representing 59% of total
active fishermen during the interview period.

Interviews were conducted with active market squid
fishermen with the goal of surveying an owner or boat
operator representing as many active squid vessel permits as
possible. Vessel permits were considered ‘active’ if the vessel
participated in the fishery (landed and reported catch) in at least
one of the previous three fishing seasons (i.e., 2014-15, 2015-16,
2016-17) based on a list of permits and landings data obtained
from CDFW. Interviews were conducted at Ventura Harbor, the
primary landing port for squid, as well as non-port locations or
by phone (if preferred or if fishermen were based outside of
southern California). A total of 54 squid fishermen were
interviewed, representing 48% of total active vessels (both
squid and squid lightboat) during the interview period.

2.3 Data analysis

After reviewing and familiarizing ourselves with the
interview data, open-ended responses were coded using an
iterative, inductive approach (Maguire and Delahunt, 2017).
We identified an initial list of themes pertaining to the nature
and context of each constraint for each fishery individually.
Initial codes were reviewed and refined for internal consistency
and to reduce overlap across themes. After identification of
themes, fishermen’s responses to perceived constraints were
analyzed using descriptive statistics (frequency, mean, and
standard deviation). In order to determine whether the
likelihood of experiencing a given constraint was associated
with fishery-specific, demographic, or socio-economic
characteristics, we used inferential statistics within the R
environment (R Core Team, 2020). T-tests were selected under
the assumption that both samples are random, independent, and
come from normally distributed populations (confirmed using
the Shapiro-Wilk test) with unknown but equal variance. If
samples were not normally distributed, we used the Wilcoxon
Rank Test. When dealing with categorical data, we used the two-
proportion z-test to determine if the proportions of categories in
two group variables significantly differed from each other.

2.4 Fishermen feedback sessions
As a supplement to the interviews, we engaged groups of

knowledgeable fishery participants in a series of feedback
sessions. Those who had participated in the survey were
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recruited based on an opt-in question at the end of the survey
(asking fishermen if they wanted to participate), and some
fishermen were recruited by word-of-mouth at the harbor for
the market squid feedback session. Preliminary findings were
presented during the feedback sessions to invite discussion,
validate results, and address additional questions that emerged
from our preliminary data analysis.

The market squid feedback session was held in November
2019 with 11 fishermen in Ventura, CA, the primary port for
squid and where most fishermen are based during that time in
the fishing season. Detailed notes were taken throughout the
session. Due to the pandemic, spiny lobster fishermen feedback
sessions were conducted via Zoom, and thus in much smaller
groups. For these meetings, we attained verbal consent for audio
recording of the meeting into written transcriptions. A total of
eight spiny lobster fishermen participated in three different
sessions held in April and May 2021. Participants included
fishermen from San Diego, Newport, and Santa Barbara.

3 Results and discussion

Planning for resiliency in light of ongoing climate change
requires understanding and addressing the factors that constrain

10.3389/fmars.2022.1028280

fishermen’s capacity to adapt. Our study focused on subjective
assessments, or fishermen’s own perceptions of constraints to
their adaptive capacity. This focus has been noted for its
importance, given that people act based on their own
perceived capacity, regardless of what might be considered
more objective measures of their adaptive capacity (Seara
et al., 2016).

Given the geographic proximity of market squid and spiny
lobster fisheries, both are exposed to similar climatic, regulatory,
and socio-economic stressors. However, inherent differences
between the fisheries, including the scale of operation,
management policies, vessels, and gear, influence fishermen’s
perceptions of constraints to adaptation and thus adaptation
outcomes. We found that fishermen participating in both the
squid and lobster fisheries perceived regulatory and governance
related constraints as influencing their capacity to adapt to
future change, in particular: 1) limited access to additional
fishery permits, 2) restrictive fishery regulations, and 3)
broader concerns with fishery management processes
(Figure 3). Factors related to individual fishermen’s knowledge
or ability to act, including 1) limited mobility or 2) knowledge of
other locations and fisheries, were also seen as constraining
adaptation in both fisheries, although to a lesser extent
(Figure 3). Each of these factors was expressed in different

604

404

Percent of fishermen

204

0 L

*%

T T
Access to Regulations

permits

T T
Broader fishery | | Distance able
mgmt. concerns

Governance & regulatory constraints

T
Knowledge of

T
Knowledge of
other fisheries

to travel other locations

|
Individual-level constraints

Adaptive capacity constraints

. Squid D Lobster

FIGURE 3

Percent of market squid fishermen (n = 54) and spiny lobster fishermen (n = 88) who stated that each factor constrained their capacity to adapt
to future change. * Statistically significant difference between the proportion of fishermen in each fishery (z = 2.16, p = 0.015). ** Statistically
significant difference between the proportion of fishermen in each fishery (z = 2.78, p = 0.003)
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ways across the two fisheries, as well as amongst individuals
within each fishery, highlighting the importance of comparative
assessments of adaptive capacity both within and
between fisheries.

While there were significant differences between the two
fisheries in the proportion of fishermen who perceived mobility
or knowledge of other locations to be constraints, the proportion
of fishermen who cited regulatory and governance-related
constraints was similar in each fishery. Furthermore,
fishermen’s access to individual assets (financial and physical
capital), and their flexibility within and across fisheries,
influenced their perceptions of constraints. In both fisheries,
fishermen who had less financial capital and less diversity and
flexibility in livelihood options were more likely to perceive
certain factors as constraints (Table 1). For lobster fishermen,
physical capital (smaller boat size) also increased the likelihood
of fishermen perceiving a constraint (travel and distance), and

10.3389/fmars.2022.1028280

for squid fishermen, learning/knowledge (in the form of years of
fishing experience) was associated with greater likelihood of
perceiving regulations as a constraint.

Although all of these factors have been cited as important for
adaptive capacity in fisheries (Whitney et al., 2017; Cinner et al.,
2018), our results demonstrate that the extent to which each of
these influences fishermen’s perceptions of constraints is fishery-
dependent. Furthermore, our results suggest that the broader
governance context may limit fishermen’s agency and their
ability to take advantage of assets such as large vessels, mobile
gear, and knowledge of additional species and fishing grounds. If
fishermen view regulatory and management structures and
policies as inflexible and feel that they are unable to influence
fishery governance processes, they may perceive themselves as
limited in their ability to adapt, in spite of high ‘objective’ levels
of adaptive capacity associated with individual access to capital,
learning/knowledge, and flexibility.

TABLE 1 Results from significance tests (two-proportion z-test and Wilcoxon signed rank test) showing factors associated with perceived

constraints in each fishery.

Constraint Variable Adaptive capacity Fishery Test sta- p- Value associated w/
domain tistic  value constraint
Inability to obtain or Access to/reliance on alternative income Diversity/flexibility Market z=217  0.015* No
access permits (non-fishing) (Y or N) squid
Spiny z =257 0.005 Yes
lobster >
Household income category (< $150,000 or >  Financial capital Market z=0.53 0.297
$150,000) squid
Spiny z =199 0.023 * < $150,000
lobster
Additional fishing permits held (Y or N) Diversity/flexibility Market z =2.05 0.02 * No
squid
Spiny 2=201  0022* No
lobster
Strict Years fishing (in respective fishery) Learning/knowledge Market W =186 0.001 Longer duration
regulations squid o
Spiny W =970 0.189
lobster
Household income category (< $150,000 or >  Financial capital Market z =138 0.084
$150,000) squid
Spiny 2=242 0008 < $150,000
lobster e
Type of permit held (light boat/brail or Financial capital Market z=201  0.022* Light boat/brail
vessel/seine) squid
Distance able to travel Household income category (< $150,000 or >  Financial capital Spiny z=208 0.019* < $150,000
$150,000) lobster
Vessel size (< 30 ft or > 30 ft) Physical capital Spiny z=299 0.001 <30 ft
lobster ex
Knowledge of other Household income category (< $150,000 or >  Financial capital Spiny z =263 0.004 < $150,000
locations $150,000) lobster b
Resource dependence (< 60% or > 60% of Diversity/flexibility Spiny z =354 0.0002 > 60% of total annual
total annual income) lobster ek income
Vessel size (< 30 ft or > 30 ft) Financial & physical Spiny z =281 0.002 <30 ft
capital lobster >

Significance tests were only conducted if at least 30% of fishermen in each fishery cited a given constraint. * p value < 0.05, ** p value < 0.01, *** p value < 0.001.
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3.1 Institutional influences on adaptive
capacity (governance and regulations)

3.1.1 Ability to access or obtain permits

In order to sustainably manage fisheries and halt or prevent
stock declines, fisheries in the U.S. and internationally have been
subject to increasingly restrictive regulatory measures including:
limited access or catch share programs, fishery closures, quota
reductions, and MPAs (Murawski et al., 2000; Roberts et al.,
2005; Costello et al., 2008; Mora et al., 2008; O’Keefe et al., 2014).
While this regulatory context has been critical to preventing
overfishing and rebuilding U.S. fish stocks (NOAA Fisheries,
2021), it also constrains fishermen’s actions and access to
fisheries in which they participate, as well as complimentary
fisheries in which they may wish to participate. We found that
63% of squid fishermen and 50% of lobster fishermen cited the
ability to obtain permits for other fisheries as a factor that
limited their ability to adapt to future change (Figure 3). There
was consensus among fishermen in both fisheries that the high
cost and limited availability of permits reduce the number of
different fisheries that they can potentially access (Figure 4).
Indeed, given the large number of limited entry fisheries and
high cost of entry for most fisheries on the U.S. West Coast,
permit-related constraints have been documented to affect
nearly all fishermen and fisheries operating within this region
(Holland and Kasperski, 2016; Richerson and Holland, 2017;
Frawley et al., 2021).

Diversity and flexibility in livelihood options and access to
financial capital influenced whether fishermen perceived their
ability to obtain or access additional permits as a constraint
(Table 1). The high cost of entry disproportionately impacts
fishermen in lower income brackets given that obtaining access
to fishing rights and associated permits requires high financial
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7

55.0%
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capital. This corresponds with our finding that lobster fishermen
in lower income brackets (annual household income below
$150,000) were significantly more likely to perceive access to
additional permits as a constraint than those in higher income
brackets (annual household income $150,000 or more)
(Table 1). Moreover, we found that both squid and lobster
fishermen were more likely to perceive access to permits as a
constraint if they did not already hold additional permits due to
their limited availability, regardless of whether they could afford
the expense (Table 1). Access to permits in limited entry or
quota-regulated fisheries is also likely to limit newer entrants to
fishing as an occupation, given that permits and quota are
typically initially allocated based on historical participation
and catch (Bertheussen et al., 2021). Although access to non-
fishing sources of income was correlated with whether or not
fishermen perceived access to additional permits as a constraint,
the direction of the relationship differed between fisheries. While
squid fishermen who relied on alternative sources of income (as
opposed to those solely dependent on fishing for income) were
significantly less likely to perceive their ability to obtain or access
additional permits as constraining their adaptive capacity, the
opposite was the case for lobster fishermen (Table 1). This
suggests greater complexity in these relationships possibly
related to the level of dependence on alternative income
sources or potentially other factors we did not test for.

3.1.2 Regulatory constraints

Fishermen from both the squid (57%) and lobster (66%)
fisheries cited fishery regulations as constraining their capacity
to adapt to future change (Figure 3). However, the specific
regulations that were cited as constraining adaptive capacity
varied by fishery (Figure 5). For squid fishermen, closures and
quota reductions in other fisheries were a frequently cited

15.8%

Availability
(limited entry)

15.8%

68.4%

Themes from open-ended responses from fishermen who chose to elaborate on the ability to access or obtain permits as a constraint to
adaptive capacity. (A) indicates the percent of responses from market squid fishermen who chose to elaborate (n=20) and (B) indicates the
percent of responses from spiny lobster fishermen who chose to elaborate (n=19). Each theme is labeled in the pie chart and hashing indicates

overlap between two adjacent themes.
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Themes from open-ended responses from fishermen who chose to elaborate on regulatory-based constraints to adaptive capacity. (A) indicates the
percent of responses from market squid fishermen who chose to elaborate (n=24) and (B) indicates the percent of responses from spiny lobster
fishermen who chose to elaborate (n=51). Each theme is labeled in the pie chart and hashing indicates overlap between two adjacent themes.

regulatory constraint (Figure 5A). While access to multiple
permits is often cited as increasing fishermen’s flexibility, and
thus overall ability to adapt to environmental change (Aguilera
et al., 2015; Cinner et al., 2018; Young et al., 2019), closures or
quota reductions in alternative fisheries may negate the benefit
of holding additional permits. Squid fishermen historically have
shifted effort among coastal pelagic finfish species (i.e., Pacific
sardine, Pacific and jack mackerel, and northern anchovy) in
response to fluctuations in resource availability or demand
associated with climate, market, and regulatory changes
(Pomeroy et al., 2002; Aguilera et al., 2015). Coastal pelagic
finfish permits are the most frequently held additional permit for
market squid fishermen (Powell et al., 2022) due to their
overlapping ranges, and overlapping requirements for gear,
vessels, and personnel (Pomeroy et al, 2002). Despite the
interconnectedness of these fisheries and the flexibility it
historically afforded fishermen, recent closures of the sardine
fishery, an overall decrease in market value, and quota
reductions now undercut the advantages of having this permit,
meaning the most complementary and commonly held
additional permit no longer increases flexibility (Powell
et al., 2022).

One fisherman who commented on the implications of
recent fishery closures stated, “It’s dangerous to have all your
eggs in one basket. We’ve always had another fishery to move to,
and sardine helped us stay afloat. Now there’s nothing else you
can do.” These closures and quota reductions not only reduce
fishermen’s flexibility to shift target species, but they have also
led to much higher effort and competition within the squid
fishery, evidenced by one fisherman who stated, “I was involved
in many fisheries, but it’s all gone to hell. I can’t make any
money. Salmon’s not very good, sardine’s closed ... we’re getting

Frontiers in Marine Science

09

squeezed and having to spend more time in squid.” Although
only a few lobster fishermen cited low quotas in other fisheries as
a constraint to their adaptive capacity (Figure 5B), one fisherman
specifically commented on the loss of opportunity and flexibility
in the face of larger regulatory constraints, stating, “It used to be
that rock cod was a fill-in fishery for slow lobster seasons, but the
quota is now so low you may as well toss the permit. Someone
with the knowledge, boat, and gear for another fishery often
can’t even use it because of issues like this with quota being
lowered and lowered.”

Over half of squid fishermen and the majority of lobster
fishermen who elaborated on regulatory constraints specifically
cited MPAs as constraining their capacity to adapt to future
change (Figure 5). Fishermen perceived MPAs to reduce their
adaptive capacity by restricting their access to fishing locations,
and in many cases displacing them from traditional harvesting
grounds (Charles and Wilson, 2009; Moreno-Sanchez et al.,
2013). Displacement associated with MPAs has been
documented to lead to overcrowding and social tension,
increased travel costs to new fishing grounds, and increased
time spent ‘learning’ new fishing areas (Murray et al., 2010;
Bennett and Dearden, 2014; Guenther et al., 2015). Furthermore,
nearly all of the respondents who elaborated on MPAs as a
constraint expressed their dissatisfaction with the
implementation process as well as the chosen locations for the
protected areas. As one lobster fisherman stated, “I am not okay
with the way managers did it and the way areas were chosen.
They took some of the best fishing away from us, and they didn’t
do it fairly. They changed meeting dates and nobody was able to
show up. They got people that don’t even fish to represent people
from the islands.” Another fisherman said, “MPAs are killing us.
The best and most productive areas were taken away. MPAs took
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all the reefs and left us sand. Everything that closed hurt us or
was our habitat.”

Lobster fishermen who elaborated on regulatory constraints
as limiting their capacity to adapt to future change also cited the
new Fishery Management Plan (FMP) (Figure 5B). Nearly all of
these fishermen expressed their dissatisfaction with the new trap
limit (300 per season) and the allowance of permit stacking.
Whether or not fishermen saw the new trap limit as a constraint
varied based on their scale of operation. Larger-scale operators
felt disproportionately impacted by the new, lower trap limit,
stating that it is too restrictive for larger vessels that have greater
trap capacity. Some of these fishermen commented on the loss of
opportunity associated with the lower limit, stating, “The new
trap limit inhibits ambition and money you can make,
[reducing] production potential for good, established
fishermen. We should have the right to work harder if we
want to, to get more reward.” Conversely, smaller-scale
operators, who generally fish less than 300 traps per season,
felt that the allotment was unnecessarily high and will lead to an
unsustainable number of traps in the water. Furthermore,
fishermen felt that permit stacking only favors the wealthier
individuals and will lead to excessive trap neglect, evidenced by
one fisherman’s comment: “I am not okay with stacking. It’s
becoming an arms race. It lets the rich get richer. It’s classist and
unfair, and it’s not even realistic to service that many traps.”

Within each fishery, different types of factors including
access to financial capital and fishery-specific knowledge
influenced whether fishermen perceived certain management
measures as constraining their capacity to adapt to future change
(Table 1). For squid fishermen, we found that those holding brail
permits (as opposed to those holding vessel/seine permits) were
more likely to perceive within-fishery regulations such as quota
as a constraint (Table 1), likely due to differences in vessel
capacity and the timing of harvesting associated with each type
of permit (Hennessey, 2013). We also found that those who had
more years of participation in the commercial fishery (ie.,
greater experience and knowledge) were more likely to feel
constrained by fishery regulations (Table 1). Given that
fisheries in California have undergone substantial and
increasingly restrictive regulatory changes over the last several
decades, fishermen who have participated in the fishery for
longer have experienced dramatic changes in the regulatory
context, whereas newer entrants may accept the current
regulatory regime as the status quo.

For lobster fishermen, those in lower income brackets (with
lower financial capital) were more likely to perceive fishery-
specific regulations as a constraint than those in higher income
brackets (Table 1). Given that MPAs were a frequently cited
regulatory constraint, this relationship could be related (in part)
to financial costs associated with MPAs such as increased travel
expenses or loss of income (typically short-term) from restricted
access (Davis et al., 2019), both of which disproportionately
impact individuals with lower financial capital. The permit
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stacking allowance in the new FMP was another frequently
cited regulatory constraint that benefits only fishermen who
can afford multiple permits. Thus, those in lower income
brackets would not have access to the same opportunity and
may be more likely to perceive this as a constraint.

3.1.3 Broader concerns with
fishery governance

Both market squid and spiny lobster fishermen were given
the option to list additional constraints that limited their
adaptive capacity and were not represented by the pre-defined
constraint categories provided during the interviews. Forty-three
percent of squid fishermen and 42% of lobster fishermen cited
additional constraints, all of which were related to broader
concerns with fishery governance (Figure 3). The majority of
fishermen in each fishery specifically mentioned mistrust in
management entities and limited fishermen representation and
input in decision-making as constraints (Figure 6). Mistrust in
authorities also stemmed from fishermen’s perceptions of a lack
of science-based management as well as a perception of
insufficient fishing regulations. One squid fisherman stated,
“We want net depth restrictions please. Ban cable purse and
require rib line. Managers don’t listen to us. We need changes to
save the resource or we’re going to lose it.” Another squid
fisherman who commented on his general mistrust in
management and lack of input in decision-making said, “I
inherently don’t trust CDFW. They get way too carried away
with everything. MPAs, all these regulations, they’re just shoved
down our throats. If we manage to get a say, it’s once they’ve
already made the big decisions so our opinion doesn’t really
matter.” For lobster fishermen, concerns with fishery
management included both the commercial and recreational
sectors of the fishery (Figure 6B). Lobster fishermen expressed
similar sentiments regarding mistrust and exclusion from
decision-making, with one stating, “I really get the feeling that
our input as fishermen isn’t valued by managers or scientists. At
the hearings, your voice isn’t heard. I would like to see a higher
value placed on fishermen’s intrinsic knowledge. Management
needs to talk to fishermen one-on-one, work directly with us, not
just top-down process of acknowledgement.”

Both squid and lobster fishermen who perceived
management of their respective fishery as a constraint to their
ability to adapt also mentioned the lack of enforcement of
existing fishing regulations, including spatial and temporal
management measures, gear restrictions, permitting issues, and
size limits (specifically poaching of undersized lobster). Weak or
inconsistent enforcement of local rules can exacerbate mistrust,
diminish perceived legitimacy in local rules and policy-makers,
and perpetuate non-compliance, all of which constrain
fishermen’s adaptive capacity (Islam et al., 2014b; Rohe et al,
2017). For many lobster fishermen, their concerns about
poaching and the loss of access to fishing areas were
exacerbated by perceptions that rules are unequally enforced
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Themes from open-ended responses from fishermen who chose to elaborate on broader concerns with fishery governance and its effects on
adaptive capacity. (A) indicates the percent of responses from market squid fishermen who chose to elaborate (n=23) and (B) indicates the
percent of responses from spiny lobster fishermen who chose to elaborate (n=37). Each theme is labeled in the pie chart and hashing indicates

overlap between two adjacent themes.

between the recreational and commercial fisheries. Nearly all
lobster fishermen who discussed their concerns with
management of the recreational fishery commented on the
perceived widespread poaching due to weak enforcement and
regulation, particularly in MPAs and lobster nurseries or in
reference to size or bag limits, which directly impacts the
commercial fishery via removal of the breeding stock. For
example, one fisherman who commented on the management
of the recreational fishery said, “It is so poorly managed. They
kill more than we do. Hoop netters are going wild, catching 8Ib
lobsters in the bay and catching tons of undocumented ones ...
everybody sees and knows. Why is nothing being done?
Enforcement is not paying attention.” Another lobster
fisherman who discussed the perceived lack of enforcement
said, “Our biggest problem is Fish & Game’s [CDFW’s] lack of
manpower to enforce their regulations. All of the veteran guys
are very frustrated with the lack of enforcement and low fines
and penalties for taking of shorts. We need stronger penalties to
incentivize compliance.”

Many squid fishermen who elaborated on broader concerns
with fishery management discussed the influx of out-of-state
fishery participants (primarily from Alaska) as well as the
increasing corporate ownership of vessels and subsequent
monopolization of the industry (Figure 6A). One squid
fisherman who commented on the more aggressive fishing
style of the recent out-of-state entrants and subsequent
increased competition for fishery resources stated, “Our fishery
changed last year with all the new Alaska guys entering the
fishery. These are heavy weather fishermen, fishing any weather,
any time, and it’s pushing us to fish in more dangerous
conditions. The fishery is so aggressive now. They want every
squid.” In regards to increasing corporate ownership of the fleet,
fishermen were concerned about the impact of this trend on
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profit to operators, particularly when a single corporation
controlled both fishing permits and processors. As one
fisherman stated, “Traditional Italian families buy up all the
boats and permits. Employees end up with no say on the price
and we can’t go on strike. No competitive action is available in
reaction to price collusion. Having permit holders and
processors as one is a monopoly. Processors should never own
boats.” Several lightboat captains also discussed the implications
of corporate ownership of vessels in regards to their inability to
unionize and strike.

3.2 Individual-level constraints
on adaptive capacity: Mobility
and knowledge

Both squid (22%) and lobster (40%) fishermen cited the
distance they are able to travel for fishing as limiting their
capacity to adapt, although the proportion of lobster fishermen
who listed this as a constraint was significantly greater than that
of squid fishermen (Figure 3). Of the market squid fishermen
who elaborated on this constraint, the majority cited the limited
infrastructure for offloading, processing, and cold freezer storage
in northern ports where the fishery has recently expanded as
constraining factors (Figure 7A). It is important to note that at
the time of the interviews, squid fishermen were limited by the
distance they were able to travel due to a lack of offloading
infrastructure in the most northern range of the fishery. Due to
the high perishability of squid once it is caught, specialized
offloading, processing, and cold freezer storage facilities are
needed within an 8 to 10 hour travel range from the place it is
caught. However, with the more recent increasing use of mobile
pumps and proposed investment into new industrial scale
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Themes from open-ended responses from fishermen who chose to elaborate on travel/mobility-related constraints to adaptive capacity.

(A) indicates the percent of responses from market squid fishermen who chose to elaborate (n=11) and (B) indicates the percent of responses
from spiny lobster fishermen who chose to elaborate (n=17). Each theme is labeled in the pie chart and hashing indicates overlap between two
adjacent themes. Note that half of fishermen cited limited infrastructure in northern regions alone and an additional 16.7% cited that along with
uncertainty in trans-state fishery boundaries (e.g., Oregon, Washington, Alaska).

infrastructure (Bates & Hildebrand, 2018), insufficient
infrastructure is now less likely to pose a significant constraint
to mobility in the squid fishery. Other squid fishermen who
elaborated on this constraint mentioned: personal reasons such
as age, family, or place attachment, travel expenses such as fuel
and trucking, and uncertainty regarding trans-jurisdictional
fishery boundaries as constraints to mobility. Of the spiny
lobster fishermen who elaborated on this constraint, about half
of respondents cited personal reasons such as age, health, family,
place attachment, while others cited small vessel size and
restrictive gear and travel expenses as constraints to the
distance they are able to travel for fishing (Figure 7B).

Both squid (13%) and lobster (34%) fishermen also cited
knowledge of other locations as limiting their capacity to adapt,
although the proportion of lobster fishermen who listed this as a
constraint was significantly greater than that of squid fishermen
(Figure 3). Of the fishermen who elaborated on their limited
knowledge of other locations as a constraint, all market squid
fishermen and the majority of spiny lobster fishermen discussed
the importance of local ecological knowledge for fishing and the
difficult and time-consuming learning curve associated with
obtaining this knowledge (Figure 8). Lobster fishermen who
elaborated on this constraint also referenced the territorial
nature of the fishery as a related constraint, referring to social
etiquette, shaming, and conflict if they moved into the
established zones of other fishermen.

Differences in the nature and scale of the two fisheries may
explain the notable differences in the proportion of fishermen in
each fishery who perceived the distance they are able to travel for
fishing and knowledge of other locations as constraints. Squid
fishermen operate large industrial-scale vessels capable of
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extensive travel, whereas lobster fishermen operate much
smaller vessels with limited ranges. In addition, the spiny
lobster fishery operates with fixed gear, and space is “marked”
or occupied, reducing the likelihood that another fisherman will
fish that space (Wilson et al., 2013; Guenther et al., 2015). As a
result, lobster trap fisheries are notoriously territorial and
fishermen typically have limited knowledge of locations outside
their specific territories. Furthermore, lobster fishermen do not
anticipate net benefits from increasing their range or shifting
fishing grounds large distances due to unsuitable habitat and
environmental conditions beyond the current range of the fishery
in the California Bight. For squid fishermen, however, high
mobility is a requirement due to dramatic species range shifts
associated with cyclical ENSO-related climate variability (Powell
et al,, 2022). Recently observed temperature-driven northward
shifts in market squid distribution (Chasco et al, 2022) also
indicate that fishermen will need to continue to expand their
fishing grounds and travel farther up the coast to continue to
participate in the squid fishery in the future. Squid fishermen’s
ability and past experiences travelling substantial distances to
harvest squid all contribute to observed differences in individual-
level constraints between the two fisheries.

Responses to change are based not only on the nature of a
fishery itself, but also on what individuals and communities
participating in the fishery value, their history, and their
attachment to particular places (Hidalgo and Hernandez, 2001;
Devine-Wright, 2013). As evidenced from both interviews and
follow-up sessions, harvesting lobster requires specialized local
ecological knowledge of bottom benthic habitat as well as trap
placement, which increases investment in learning and
attachment to fishing in a particular place. Lobster fishermen
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Themes from open-ended responses from spiny lobster fishermen who chose to elaborate on locational knowledge-related constraints to
adaptive capacity (n=16). Responses by market squid fishermen (n = 5) are not displayed as a pie chart given that 100% of fishermen who

elaborated cited the importance of local ecological knowledge.

frequently change where they set traps based on storms and
weather, local conditions, and seasonal patterns, and acquisition
of this specialized local knowledge in variable environments
requires a significant investment of time (Wilson et al., 2013).
The long-term investment associated with acquisition of local
ecological knowledge, coupled with the territorial nature of the
fishery, make it more challenging for fishermen to fish for lobster
in new locations.

Financial capital, physical capital, and individual-level
constraints on adaptive capacity are inter-related (Young et al.,
2019), which was corroborated by the associations we found
between smaller vessel size, lower income, and a higher
likelihood that lobster fishermen perceived the distance they
are able to travel for fishing as well as their knowledge of other
locations as constraints to adaptive capacity (Table 1). Although
high mobility has been shown to buffer fishing communities
from the effects of environmental change (Sievanen, 2014;
Young et al., 2019; Fisher et al., 2021), in order to expand or
move into new fishing grounds, fishermen may need larger,
longer-range fishing vessels, which requires access to financial
and physical capital. In addition, there are typically higher fuel
costs to power larger vessels and to travel farther, compounding
the challenges faced by fishermen with limited financial
resources. Even if fishermen have sufficient financial capital
and/or large fishing vessels, they could still be limited in their
ability to diversify fishing grounds and travel beyond their
current range if they did not possess the local ecological
knowledge necessary to fish successfully in new locations.
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Furthermore, we found that lobster fishermen with high
resource dependence (> 60% of annual income) were more
likely to perceive limited knowledge of other locations as a
constraint (Table 1). Actors who participate in more than one
fishery interact with different parts of the marine environment
and have multiple perspectives that can enhance broader
knowledge about the system and other fishing locations (Stoll,
2017; Frawley et al., 2019). In this case, high dependency on a
single fishery resource may lead to increased specialization,
limited knowledge of other species and/or locations, and thus,
lower capacity to diversify and adapt (Daw et al., 2012; Blythe
et al., 2014).

Knowledge of other fisheries was the least commonly cited
constraint in both fisheries. Nine percent of squid fishermen and
15% of lobster fishermen stated that they were limited by their
knowledge of other fisheries (Figure 3). Although neither group
of fishermen chose to elaborate specifically on this constraint,
several fishermen indicated that they would switch fisheries but
given their limited knowledge of other fisheries, it is not a viable
option. Ultimately, even if fishermen were knowledgeable about
other fisheries, limited access to permits and/or fishery closures
constrain their ability to switch fisheries.

4 Conclusion

Attention to the interactions between factors constraining
different elements of adaptive capacity is critical for effective
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adaptation planning and for ensuring continued resiliency in the
face of future change. Our results demonstrate that some
characteristics that have been shown to enhance adaptive
capacity may be constrained by pressures inhibiting other
aspects of adaptive capacity. In the squid and lobster fisheries,
we found that governance and regulatory constraints are viewed
as the most significant factors constraining fishermen’s adaptive
capacity. Although individual-level constraints including
mobility and knowledge are relevant, they were viewed as less
important in the face of a highly constraining regulatory
environment. Even if fishermen have assets, flexibility, and
knowledge, effective adaptation requires that they have the
power and ability to mobilize these domains of adaptive
capacity to actively shape their future (Brown and Westaway,
2011; Coulthard, 2012; Cinner et al., 2018).

Certain factors including fishermen’s engagement and
representation in decision-making, trust in management and
institutions, and perceptions of risk all influence fishermen’s
perceptions of their own agency and thus which adaptation
strategies they can or will pursue (Cinner et al., 2015; Frawley
et al., 2019b). Studies have shown that fishermen who do not
participate in decision-making generally have limited agency to
influence resource governance and are least able to respond and
adapt to negative changes (Cinner et al., 2015; Mortreux and
Barnett, 2017; McClenachan et al., 2019). Furthermore, resource
users feel less prepared to handle future challenges when
perceived levels of trust are low, and they have little incentive
to adapt unless they believe that their input is valued and their
adaptive actions can produce desired outcomes (Bandura, 2000;
Dressel et al.,, 2020). Given that low levels of trust in
management, as well as limited input in decision-making, were
commonly cited constraints amongst fishermen in both fisheries,
it is likely that many fishermen have low perceptions of their
own agency in the face of governance and regulatory constraints,
creating a substantial barrier to adaptation.

Overcoming the complex and multifaceted barriers to
adaptation necessitates planned and participatory adaptation
strategies. Given that governance and institutional dimensions
of adaptive capacity, the dimensions over which fishermen have
the least control, are perceived as inhibiting their capacity to
adapt, this highlights an opportunity for enhanced resilience
through participatory governance processes to strengthen
fishermen’s individual agency and ability to meaningfully act
in the face of change (Stoll et al., 2017). Although many studies
highlight how fishery management is ignoring, or cannot
accommodate, climate change (Pershing et al., 2015), it is
evident that fishery management decisions are actively
structuring where and how communities can adapt (Suatoni,
2020; MAFMC and ASMFC, 2021). As such, attention to
adaptive capacity in management decision-making and
acknowledgement of the multiple ways regulatory policies can
enhance or constrain adaptation is increasingly important with
ongoing climate change.
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