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A Black Sea Bass Centropristis striata that was caught in a trap for American lobster Homarus americanus in the Gulf of Maine. (Photo
credit: Chris Jamison.)

i A ]

© The Author(s) 2025. Published by Oxford University Press on behalf of American Fisheries Society. This is an Open Access article distributed under the terms of the
Creative Commons.Attribution License (https://creativecommons.org/licenses/by/4. 0/), which permits unrestricted reuse, distribution, and reproduction in any medium,
provided the original work is properly cited. ‘IH

'ﬁ

ries.org

.

L'


https://creativecommons.org/licenses/by/4.0/
mailto:sswetz@une.edu

2 « Swetzetal.

ABSTRACT

Climate-driven ocean warming is reshaping marine resource distributions globally. In the U.S. Northeast Shelf (NES) in particular, rising
temperatures are causing economically valuable fish stocks to shift and expand their ranges, presenting challenges for fishermen, resource
managers, and other stakeholders. The Gulf of Maine American lobster Homarus americanus is one affected stock that is expected to continue
its northward and offshore movement. Given Maine’s reliance on its lobster fishery, building climate resilience into the fisheries social-
ecological system (SES) is crucial. Although research on climate resilience in fisheries SESs is increasing, the literature lacks examples of
practicable approaches. Through discussions with NES stakeholders, the expansion of mid-Atlantic Black Sea Bass Centropristis striata into
the Gulf of Maine emerged as a potential diversification opportunity for Maine’s fisheries. This idea draws from a lobster trap bycatch-based
approach used in southern New England. Existing management structures lack the adaptability necessary to provide new, accessible har-
vest opportunities (only 12% of Maine fishermen hold licenses for emerging commercial fisheries). Instead, we propose a social-ecological
management framework that integrates local ecological knowledge, permits sustainable retention of climate-resilient emerging species, and
supports marketing efforts to increase demand for new fisheries. Our work underscores the importance of starting small with emerging spe-
cies. Although we focus on the NES, this approach may be replicated in other regions with similar fisheries SES archetypes.

INTRODUCTION

Fisheries are widely considered “social-ecological systems”
(SESs), comprised of both social and ecological subsystems
that continuously interact across individual, collective, and
governance scales (Ojea et al., 2020). The SES concept recog-
nizes that management problems are generally made up of sys-
tems and subsystems that include resource users (fishermen),
institutions (fisheries management bodies), and rules (the reg-
ulations and collective rules that dictate fishermen’s actions;
O’Higgins et al., 2020).

Climate resilience in the context of fisheries refers to the
capacity of a fishery to cope with climate change impacts (such
as a stock shift) without transforming to a different state (Ojea
et al., 2021). Building climate resilience across all sectors of
the fisheries SES is a major focus area in light of rapid, climate-
driven changes and resource shifts (Eurich et al., 2024), and
growing research has focused on how to effectively manage nat-
ural resources as SESs (Mason et al., 2022; Nuno et al., 2014;
O’Higgins et al., 2020; Virapongse et al., 2016). The traditional
approach to fisheries management and science throughout the
world haslong been based on managinga single speciesinisola-
tion rather than accounting for the dynamic interactions within
the ecosystem as a whole (Hare, 2020; Kasperski et al., 2021).
Because climate-driven changes have challenged existing
management structures, experts in the field of environmental
management, policy, and science have started to call for more
transdisciplinary, innovative management approaches that
integrate both socioeconomic and ecological considerations
(Collins et al., 2011; Hare, 2020; Kasperski et al., 2021; Liu
etal., 2007; Ostrom, 2009; Virapongse et al., 2016). Managing
natural resources as SESs is often referred to as an “SES-based
environmental management approach” (Virapongse et al.,
2016); however, for the purposes of this study, we employ the
term “social-ecological management.”

Climate-resilient fisheries SESs generally apply adaptive and
transformative approaches to address challenges, such as ocean
warming and species range shifts, rather than coping within
the fishery’s “status quo” (Ojea et al., 2020). For example, cli-
mate adaptation strategies include fisheries diversification,
supplementing income with non-fishing work, and changing
gear use (McClenachan et al., 2020; Ojea et al., 2020; Stoll
et al.,, 2017), but the literature suggests that a diverse fishery
portfolio is the strongest adaptation strategy (Le Bris et al.,
2018; McClenachan et al., 2020; Stoll et al., 2017; Young et al.,

2019). The development of new markets for range-shifting
species, along with adaptive co-management, could improve
climate resilience within the fisheries SES (Ojea et al., 2020).
Existing regulatory frameworks and the extensive, complex
processes involved in fisheries management limit the expedi-
ence of establishing new commercial fisheries from emerging
species. However, commercial utilization of unintentionally
caught emerging species in existing fisheries presents a promis-
ing approach to fisheries diversification in regions experiencing
rapid, climate-driven change.

The U.S. Northeast Shelf (NES) region (Figure 1) is one
of the fastest warming marine environments in the world
(McHenry et al.,, 2019; Saba et al., 2016). Between 1960 and
2014, NES ocean temperatures increased approximately 2°C,
and they are expected to continue warming through the 21st
century (Brickman et al,, 2021; Kleisner et al,, 2016, 2017;
McHenry et al,, 2019; Mills et al., 2013; Pershing et al., 2016).
The Gulf of Maine (GOM) in particular is warming faster
than 99% of the world’s oceans (Pershing et al., 2016), caus-
ing an extended duration of warm summer sea temperatures
(Slesinger et al., 2021). Because colder winter temperatures
are a limiting factor for habitat suitability in the GOM, sea
temperature is expected to play a critical role in future species
distributions (Hare et al., 2016; Kleisner et al., 2017; Pershing
etal, 2021). As temperatures have warmed, several economi-
cally valuable NES fish stocks have shifted or expanded their
spatial distributions beyond their historical ranges (Kleisner
etal,, 2016; Slesinger et al., 2021).

Here, we examine pathways of fisheries resilience through
the lens of two NES species that are being impacted by warm-
ing waters: the American lobster Homarus americanus and
Black Sea Bass (BSB) Centropristis striata. For American lob-
ster, the 21st century has seen favorably warming waters and
tidal mixing in the GOM, creating optimal conditions for
recruitment and population growth (Goode et al., 2019) and
coinciding with a 61% increase in commercial landings in
Maine between 1997 and 2018 (Maine Department of Marine
Resources, 2025a). Over the same period, southern New
England (SNE) waters warmed such that lobster recruitment
and juvenile habitat availability were diminished, correspond-
ing with a decrease in the region’s commercial landings by a
staggering 88% (Atlantic States Marine Fisheries Commission
[ASMFC], 2020a). Maine lobster generates approximately
US$1 billion annually, supporting the livelihoods of roughly
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Figure 1. The U.S. Northeast Shelf region.

5,000 commercial lobster license holders and an additional
4,000 jobs throughout the supply chain (Donihue & Tselikis,
2018; Wallace & Colgan, 2023; Zou et al., 2021). In 2023, the
lobster fishery contributed 76% of the value and nearly 50%
of the total weight of Maine’s commercially harvested marine
resources (Maine Department of Marine Resources, 2024,
2025b). Other economic contributions from the state’s lobster
fishery are more difficult to quantify. Research by the Maine
Office of Tourism indicated that over 25% of surveyed summer
visitors and 40% of surveyed fall visitors in 2021 traveled to the
state in order to consume lobster (Maine Office of Tourism,
2022; Waterman, 2022).

Despite the GOM’s lobster “goldilocks” zone, where waters
are warm enough for juveniles to thrive but cold enough
for larval survival, climate models of mean GOM sea sur-
face temperature and bottom temperature have projected
increases of 1.1-2.4°C and 1.5-2.1°C, respectively, by 2050
(Brickman et al., 2021). A 1-2°C increase in temperature in
the GOM by 2050 could cause the lobster stock to decrease
in abundance by 42-62% (Le Bris et al., 2018), sending the
fishery into levels of production equivalent to its scale around
the year 2000, when landings were roughly 50% of their cur-
rent levels (Pershing et al., 2021). Lobster stress indicators in
the GOM in recent years suggest that the stock may already
be experiencing increasingly stressful conditions, including
high water temperatures (ASMFC, 2020a). The GOM stock
of American lobster is projected to shift its distribution in a
northerly and offshore direction, where stressful conditions
may be less prevalent (Kleisner et al., 2017; Pershing et al.,
2021). Given the lobster fishery’s economic value, declines in
the GOM’s lobster stock could lead to substantial economic
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fallout. As such, it is important to develop approaches for
reducing the industry’s vulnerability to rapid, climate-driven
change.

The BSB is a commercially and recreationally valuable
migratory fish species found in the northwest Atlantic Ocean.
The northeast continental shelf stock of BSB historically
ranged from Cape Hatteras, North Carolina, to Cape Cod,
Massachusetts. Inrecent decades, BSB have experienced arapid
range expansion into the GOM, which is predicted to continue
into the future (Bell et al., 2015; Hare et al., 2016; McBride
etal.,2018; McMahan et al., 2020; Northeast Fisheries Science
Center, 2020; Pershing et al., 2021; Slesinger et al., 2021). In
fact, landings within the stock’s northern subunit, which
extends from Hudson Canyon through the GOM, more than
tripled between 2011 and 2021 and comprised 68% of commer-
cial BSB landings in 2021 (ASMFC, 2020b, 2023).

In Massachusetts, lobstermen are able to capture opportuni-
ties from emerging species in a small way. Commercial lobster
permit holders may land finfish that are incidentally caught in
their lobster trapsif (1) the weight of the bycatch does not exceed
that of the landed lobsters on that trip and (2) they also hold the
permit to harvest the bycaught species. Other measures regulat-
ing the bycatch fishery also apply, including quota allocations
and minimum fish sizes. The regulations still require those land-
ing this bycatch to maintain the landed species’ fishery-specific
permit, but they can land the species without holding the spe-
cies-specific pot/trap permit (e.g., a BSB fish pot permit). A rule
such as this represents some effort in facilitating opportunities
for lobstermen to harvest emerging species.

This study employs qualitative social science research meth-
odologies to investigate the impacts of shifting and expanding
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fish stocks on the NES fisheries SES. In particular, we sought
to understand climate resilience and adaptive capacity in this
SES. The Methods section outlines the data collection process,
which involved focus groups and semi-structured interviews
grounded in established social science research methodologies.
Findings are presented in a combined Results and Discussion
section to allow for the integration of participant quotations
alongside interpretive analysis. This format supports a contex-
tualized understanding of the data by situating stakeholder per-
spectives within the broader discourse on fisheries governance
and climate adaptation. We conclude with recommendations
to enhance climate resilience and adaptive capacity within the
NES fisheries SES while also acknowledging methodological
limitations and considerations for future research.

METHODS

This study utilized an interpretivist research paradigm to
capture stakeholder concerns, observations, and perceived
opportunities as ocean conditions and species’ ranges change.
Semi-structured interviews with fishermen from the GOM
(n=4) and SNE (n=6) were conducted to understand their
observations, the challenges that they face, and any opportu-
nities that they foresee from climate-driven changes. A focus
group with fisheries managers (n=>5) was also conducted to
provide insight into fisheries governance in the context of cli-
mate-driven changes. Using exploratory qualitative research
methods to obtain participantinsights, experiences, and obser-
vations informed our understanding of climate resilience and
adaptive capacity in the NES fisheries SES, particularly con-
cerning the shift and expansion of commercially important fish
stocks.

Questions posed to participants during the focus group
and interviews (approved by the University of New England
Institutional Review Board, project number 1221-23) varied
slightly across the three groups but focused on five major topics:

1. changes observed or noticed over the course of their
careers;

2. shifting and expanding stocks in the region;

3. challenges and opportunities presented by these changes;

4. barriers to taking advantage of potential opportunities;
and

S. concerns for the future.

Participants were also asked about the regulation in
Massachusetts that allows lobster harvesters to land finfish inci-
dentally caught in their traps, as it relates to emerging species
and increasing fishery portfolio diversity for harvesters.

Eligibility criteria for subjects were as follows:

« Fisheries managers must work for an agency or fishery man-
agement council (a regional body comprised of managers
and stakeholders that develop fishery management plans
and other specific management measures) in the NES
region, including state, federal, or interstate agencies, and
must possess at least 1 year of experience.

« Gulf of Maine commercial fishermen must fish in GOM
waters out of Maine, New Hampshire, or Massachusetts.

Fishermen may fish in state or federal waters and may
fish for any target species. Subjects must possess at least
10 years of experience and should be actively fishing or
recently retired (<3 years).

o Southern New England commercial fishermen must
fish in SNE waters out of Connecticut, Rhode Island, or
Massachusetts. Fishermen may fish in state or federal waters
and may fish for any target species. Subjects must possess at
least 10 years of experience and should be actively fishing or
recently retired (<3 years).

Recruitment of fisheries manager participants was con-
ducted by identifying individuals employed by management
agencies in the NES region as determined from agency web-
sites. Potential subjects were contacted via email. In some
cases, the chain referral or “snowball sampling” method was
utilized, whereby participants provided the contact informa-
tion of another staff member within their agency that would be
willing to participate. Conversations with fisheries managers
occurred over Zoom in March 2022.

To obtain GOM and SNE commercial fisherman partici-
pants, we identified fishermen by contacting relevant experts
in the field with connections to the fishing industry, such as
cooperative researchers and individuals with a commercial fish-
ing background. Several fisheries organizations in the region
were also contacted. These experts and organizations provided
contact information for potential participants who were then
recruited via email or phone. Snowball sampling was employed
to obtain additional participants. Participants with at least 10
years of experience in commercial fisheries were identified in
order to gather information on changes that they have observed
over time. Discussions with fishermen occurred over the phone
in February and March 2022.

All conversations were recorded and transcribed for data
analysis using Otter.ai Web-based software (Otter.ai, 2025).
Raw data (transcripts) were grouped and analyzed by group
(GOM fishermen, SNE fishermen, and NES fisheries manag-
ers). Data were organized into subgroupings (“chunks”) by
using the chunking method. Chunks represented the themes
that were initially gleaned from preliminary data review and
analysis. Chunks were then separated into clusters during the
initial data coding process. This process was repeated several
times to reduce the number of clusters into a final set of codes
organized in a codebook. Codes, which represent major themes
that emerged from the data, were derived from the data (induc-
tive) and from the research questions themselves (deductive).

Qualitative analysis methods were employed to derive the
major themes (codes) that emerged within each population
(Given, 2008). Informed consent was obtained from partici-
pants prior to collecting data. Data collected through conver-
sations with participants are confidential to protect individual
participants and per the requirements of the University of New
England’s Institutional Review Board protocol.

The term “fisherman” herein is used to describe an individual
who commercially harvests marine resources. This term is used
for all gender identities and does not exclusively refer to male
harvesters. We employ this term out of respect to the fishermen
that prefer it over other terms, such as “fisher” or “fisherwoman”
(in the case of a female harvester).
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RESULTS AND DISCUSSION

Analysis of qualitative data obtained through the focus group
and interviews revealed three central themes: climate vulner-
ability, climate resilience and adaptation, and social-ecological
management in the fisheries SES.

Climate vulnerability

Discussions with several Maine fishermen highlighted their
concern regarding the lack of fishery diversity in the state,
viewing it as a limitation to adapting to climate-driven
changes. One harvester described Maine’s lobster fishery as
“a single point of failure,” explaining that “the regulations in
Maine have squeezed fishermen into this box of lobstering,
and if the lobster fishery crashes in Maine, Maine fishing’s
done.” Maine-based fishermen overwhelmingly acknowl-
edged the stress caused by the limited number of accessible
fisheries in the GOM. One fisherman noted that for many
people in Maine, “you’re either a lobsterman or you're a car-
penter.” Most of the Maine harvesters that we spoke with rec-
ognized that while other major fisheries exist, such as Bluefin
Tuna Thunnus thynnus and Atlantic sea scallop Placopecten
magellanicus, they do not serve as sufficient fall-back options
because of their short seasons, limited access permits, quota,
or harvest reliability.

Fisheries managers highlighted similar perspectives. One
fisheries manager described their concern about the lack
of fisheries diversity in Maine, emphasizing how the state
is “so dependent on lobster.” Another fisheries manager
believed that regulations typically make it hard for fisher-
men to adapt to change through participation in other fish-
eries because they “lock people into a certain way of doing
things and then things are kind of built up around that.”
As of 2014, just 12% of Maine’s commercial fishermen held
licenses for emerging commercial species that were projected
to increase in the future (Stoll et al., 2017). Managers also
expressed the difficulty associated with managing fisheries to
preserve abundance and ecosystem health while also main-
taining viable opportunities for fishermen and the broader
industry. Fishermen and fisheries managers alike believed
that this was partially due to a lack of adaptive management
practices. Managers explained that the existing management
structure in the NES region is not designed to handle shifting
and expanding stocks. The fisheries managers that we spoke
with highlighted three major factors limiting their capacity
to provide responsive management actions:

1. Managers are bound by prescriptive procedures and poli-
cies that limit their ability to respond to climate-driven
changes.

2. The inherent sense of geography built into the fisheries
management system makes it challenging to respond to
stocks that shift or expand outside their historical range.

3. The prolonged processes required for making manage-
ment changes prevent those actions from being tempo-
rally responsive.

As stock distributions change, fisheries managers find that
balancing fishing access between communities at either end of
a stock’s shifting or expanding range is a substantial challenge,
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as stock availability may decline in areas with historical depen-
dence on the fishery. Managers generally acknowledged that
existing approaches to managing quotas and assessing stocks
may not be sustainable under future conditions.

Southern New England fishermen expressed concerns for
their Maine counterparts. They believed that Maine fishermen
will soon face the same challenges and frustrations they have
experienced in recent years as stock distributions have changed
in their waters. Referring to the expansion of BSB, one SNE
harvester explained that if Maine fishermen “don’t have the
quota, they’re going to be just as frustrated as we were.” This
fisherman believed that there is a great opportunity for harvest-
ing emerging species in Maine, but they emphasized the chal-
lenges with overcoming existing barriers in order to actualize
these opportunities. They expressed some optimism that the
Maine Department of Marine Resources often does the best it
can for the commercial fishing community; however, they rec-
ognized that it would still be a challenge for fisheries managers
in Maine due to coastwide quota allocations.

Fisheries managers and harvesters also commented onalack
of timeliness in fisheries science and management that has only
been exacerbated by rapid, unprecedented change. One fish-
eries manager stated that under normal circumstances,
always at least a year behind on the data.” They also cited a lack
of resources and funding as an additional constraint in staying
up to date on climate-driven stock changes. Managers empha-
sized the substantial challenges facing fisheries management
due to the mounting costs of data collection and the increas-
ing need to understand more about an ever-changing ecosys-
tem. The SNE harvesters that we spoke with elaborated on
this shared perspective, explaining their belief that scientists
and fisheries managers are constantly working to “catch up”
to understand changes in species distributions that fishermen
have already observed. Fishermen associated this lag between
ecological changes and scientific understanding with lost har-
vest opportunities that could otherwise help to diversify their
fishing portfolios.

we’re

Adaptive capacity and resilience to climate-driven changes

Some of the fishermen and fisheries managers that we spoke
with believed that the emergence of BSB in the GOM could
present opportunities to the industry. In the mid-Atlantic and
SNE, the BSB retains strong commercial value, averaging over
$3.25 per pound from 2011 to 2021 (National Marine Fisheries
Service, 2024a), and SNE fishermen reportedly sell their catch
for $4.00 per pound and even more for larger fish. Despite the
value of BSB, fishermen and fisheries managers emphasized
barriers to actualizing potential opportunities. They primar-
ily highlighted regulatory- and management-related barriers,
including quota allocation, permitting, and trip limits. These
discussions repeatedly arrived at the theme of bycaught emerg-
ing species, particularly BSB. Conversations focused on how
the increased abundance of BSB in SNE has led to substantial
bycatch in both lobster pots and fishing trawls. Dead commer-
cial discards of BSB have increased during the past several years
due to low trip limits relative to stock abundance coupled with
BSB susceptibility to barotrauma (ASMFC, 2021; Northeast
Fisheries Science Center, 2020; Zemeckis et al., 2020). The
SNE fishermen expressed considerable frustration over this
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phenomenon, emphasizing the waste caused by low trip limits
and other regulatory measures. Harvesters described discard-
ing hundreds to thousands of pounds of BSB caught in trawls,
the majority of which they believed would not survive. They
felt that landing the bycaught fish would be less wasteful than
discarding the fish, with one fisherman explaining, “We’re
killing it all, so just let us catch what we're catching. We’re not
going to target it; it’s going to be a bycatch.” Maine fishermen
also reported catching BSB in their lobster traps. According to
one GOM fisherman, about 10 years ago harvesters started to
observe BSB “in abundance,” with up to five fish in every trap
in the mid-coast region.

The SNE and GOM fishermen indicated thatlanding bycatch
would either be an effective approach to develop emerging fish-
eries from species undergoing range shifts or simply be a way
to diversify and increase their income. Some Maine harvesters
felt that this would be a beneficial way to grow a BSB fishery
in the future, particularly because the species is often targeted
with and caught in traps in the mid-Atlantic region—a valuable
synergy with the American lobster fishery. In general, fisher-
men and NES fisheries managers indicated substantial interest
in accessing and developing new commercial fisheries, even at
small scales. According to one fisherman, “If people are allowed
to go catch something, they will try it.”

Since2010,landings of BSB caughtas bycatchin Massachusetts
lobster traps have increased over sevenfold, from approximately
1,200 1b in 2010 to over 9,000 Ib in 2020, while total landings
of BSB in Massachusetts over the same period only tripled, in
correspondence with quota increases. Further, the annual value
from bycatch per harvester rose by over 400% between 2010 and
2020 from just $315 to approximately $1,600 (data provided by
the Massachusetts Division of Marine Fisheries). This added
revenue from bycatch can aid in covering mounting fuel and bait
costs or can even help with financial burdens typically covered
inatraditional workplace, such as healthcare. One Maine fisher-
man noted that if they could land BSB bycatch, it might amount
to $2,000 at the end of the year. In the U.S. lobster fishery, where
each fishing vessel is its own small, independent business, the
fisherman explained, “That’s a big deal for me.”

Although commercial harvest of bycaught BSB in Maine
waters would contribute to the state’s allocation of the stock’s
quota for the entirety of the Atlantic coast (<1%), the Maine
lobstermen that we spoke with indicated that interest in a BSB
bycatch fishery would start small and likely would not exceed
current availability. One harvester believed that although the
lobster fishery remains profitable in Maine, it is imperative to
look towards emerging fisheries for the future. Maine fishermen
generally hoped that there will be a slow progression towards
fishing other species rather than a dramatic shift. As BSB con-
tinue to expand into the GOM, Maine fishermen are poised to
capitalize on the small but valuable opportunity to diversify
their fishing portfolios and increase their resilience to rapid,
climate-driven changes. Fishermen and fisheries managers
expressed the importance of marketing emerging fisheries in
order to adapt to changing regional fisheries portfolios. One
Maine fisherman discussed a marketing collaborative in which
Maine seafood industry professionals travel to the U.S. Pacific
coast to teach chefs and other food industry professionals how
to cook and serve lobster. They stated that the collaborative has

helped to grow the market demand for lobster in other regions
of the United States, adding value to the industry. Approaches
such as this were viewed as a potential opportunity for local
market development of emerging species, such as BSB.

The NES region’s squid fishery represents an example of
stakeholder-driven efforts to increase demand for underuti-
lized and emerging species. As groundfish landings declined in
the NES during the 1990s, the federal government encouraged
harvesters to target squid due to its abundance. Ultimately, gov-
ernment-supported marketing efforts, investments in process-
ing infrastructure, and incentives for restauranteurs increased
the demand for squid in the region (Davis et al., 2023; Frank,
2014). Applying a similar effort to Maine-caught BSB could
increase demand and aid in fishery development.

Social-ecological management

Data gaps and time lags described by stakeholders highlighted
the potential benefits of gathering and applying data from har-
vesters on the water to generate management approaches that
balance ecological and social considerations. Conversations with
fishermen revealed a strong desire to participate more in fisher-
ies science and management. Harvesters generally believed that
their local ecological knowledge and on-the-water observations
of climate-driven changes could help to fill data gaps in fisheries
science. In fact, research suggests that community-level adapta-
tion to change in fisheries may be more likely with fishermen
that are engaged in management processes (McClenachan et al.,
2020). Programs such as the Commercial Fisheries Research
Foundation’s BSB research fleet serve as successful examples of
social-ecological managementin the fisheries SES. Independent
fishing captains comprise the research fleet and collect data on
individual BSB length, sex, and disposition throughout SNE and
into the mid-Atlantic (Heimann et al., 2023). Heimann et al.
(2023) demonstrated the research fleet’s effective collection of
robust fishery-dependent data and the ongoing integration of
those data into the North Atlantic BSB stock assessment and,
ultimately, management decisions. Employing a similar indus-
try-participating research initiative in the GOM would help to
enhance the understanding of the stock’s ongoing expansion,
potentially assisting in the development of a feasible bycatch
fishery in a region of low fisheries diversity.

Using industry participants to acquire timely, fishery-
dependent data may indeed help in developing a BSB fishery
in the GOM. Commercial lobstermen are required to submit
daily landings reports to the relevant state management body.
Incorporating a way to report bycatch data for each trip would
generate valuable data on shifting and expanding stocks. For
example, reports may ask harvesters whether they observed
certain species on that trip, establishing a formal documenta-
tion process for shifting and expanding stocks of interest. As
the BSB continues to expand its range and increase in produc-
tivity, landings data may indicate that the species is present in
the GOM at an abundance that allows for the development of
a fishery. Because the development of a BSB fishery in Maine
is limited by quota allocations, these data may help the state
to acquire more quota, thereby aiding in the fishery’s growth.

It is also important to consider access to emerging species
like BSB outside of the American lobster fishery. As new species
emerge, there is an opportunity for developing management
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frameworks that promote equitable access to marine resources.
Here, we present an opportunity specific to lobster industry
participants accessing BSB bycatch, but this should not be
the only emerging species opportunity considered—particu-
larly for species like the BSB, which supports an important
recreational fishery in its traditional range (National Marine
Fisheries Service, 2024).

Limitations

Limitations to this study include its small sample size and
potential biases taken in the processes of coding and asking
questions during interviews and the focus group. Gulf of Maine
fishermen all participated in the Maine lobster fishery, of which
there are approximately 5,000 license holders; our sample
represents nearly 0.1% of that population. This small sample
size means that we may have excluded valuable and different
perspectives to inform our research. The same can be said for
the other two participant groups; the small sample sizes may
introduce biases and limit our research. However, this research
was exploratory and serves to stimulate further investigation
on this topic. Continuing this research with additional subjects
would provide a more robust data set.

Interview and focus group questions were intended to be
open-ended and exploratory, but we acknowledge the potential
biases in how questions were asked. During the coding process,
biases may have been introduced by our own conceptual frame-
works; to mitigate potential biases, we used strategies including
memo-writing, peer debriefing, and relying heavily on partici-
pant quotations to ensure that the findings were grounded in
data and not overly shaped by our expectations or interests.

CONCLUSIONS

This work suggests that participatory, adaptive, social-
ecological management practices may widely appeal to fish-
eries SES stakeholders while also increasing the system’s
adaptive capacity and climate resilience. Conversations
highlighted the importance of utilizing a systemic approach
to increasing climate resilience in the fishing industry. Our
research finds that any initiative aimed at augmenting cli-
mate resilience in the fishing industry should be integrated
into fisheries management at the SES level and must be sup-
ported by both fishermen and managers to increase adaptive
capacity. This research leads to three recommendations for
improving climate resilience in fisheries SESs experiencing
changes in species distributions:

1. Integration of local ecological knowledge and landings
data for emerging species to help fill data gaps and under-
stand rapid changes in species distributions, as well as
develop adaptive management responses that include
critical SES stakeholders;

2. cooperative facilitation of opportunities presented by
emerging species, specifically through sustainable reten-
tion of climate-resilient bycaught species in lobster traps,
as well as direct targeting by other small-scale harvest
methods (e.g., hook and line); and

3. marketing collaboratives and efforts to increase demand
for and aid in development of emerging fisheries.
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It is important to understand the case-by-case differences in
fisheries SES archetypes across the globe (Eurich et al., 2024).
Specific implementation strategies will vary depending on the
fisheries, communities, management strategies, and species
involved, therefore necessitating involvement with key stake-
holders throughout the process. Whether the community is on
the leading or tailing edge of a stock shift or expansion, main-
taining a diverse fishing portfolio emerges as a critical compo-
nent of a climate-resilient fisheries SES. Further research into
concrete, practicable approaches for increasing the diversity of
species landed across cases that builds on these findings will
increase our understanding of best practices for climate resil-
iency in the fisheries SES.
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