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The advancement of conservation practices in global trawl fisheries has been impeded
in part by a lack of a collective understanding of the most relevant and broad-
scale knowledge-needs, along with the identification of potential barriers to addressing
these knowledge-needs. Using both an online survey and an in-person workshop, we
engaged a diversity of fishing industry stakeholders including scientists, technology
companies, trawl net makers, and fishermen working with North Pacific, United States,
trawl fisheries to identify and prioritize areas in which further knowledge is required
for successful implementation of conservation engineering practices. In addition, we
identified barriers to addressing these knowledge-needs. Knowledge-needs related to
fishing gear performance were identified among the top priorities, including several areas
targeted at improving fishing efficiency that could further advance the sustainability
of well-managed trawl fisheries. To better understand the composition and behavior
of target versus non-target catch, workshop participants identified the importance of
closing data and technology gaps. This highlights areas for potential collaboration
between fishermen, researchers, and technology companies to address research
prioritized by the end-user. Further, results from the workshop emphasized a need
for industry-driven training and workshops focused on elevating fishermen skill for
newer entrants through peer-learning and knowledge-sharing to achieve objectives
like better non-target avoidance and increased fishing efficiency of the target species.
Addressing these prioritized knowledge-needs, by first working toward overcoming
the industry-identified barriers, may aid in increasing uptake of conservation practices,
thereby contributing to the long-term sustainability of these fisheries and associated
social-ecological systems.

Keywords: commercial fishing, fishery management, conservation engineering, human dimensions, stakeholder
participation

INTRODUCTION

Bottom and pelagic trawl fisheries account for over one-third of the global annual fish production
by biomass (Pauly et al., 2020). While this reflects a significant contribution to food security
goals, trawl fisheries receive considerable attention because of their potential impacts on marine
ecosystems (e.g., Hutchings, 1990; Clark et al., 2016). Trawling can result in discard mortality (i.e.,

Frontiers in Marine Science | www.frontiersin.org 1 February 2022 | Volume 9 | Article 800176

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://doi.org/10.3389/fmars.2022.800176
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fmars.2022.800176
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2022.800176&domain=pdf&date_stamp=2022-02-24
https://www.frontiersin.org/articles/10.3389/fmars.2022.800176/full
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-09-800176 February 23, 2022 Time: 10:55 # 2

Murphy et al. Barriers in Conservation Engineering

bycatch) (Kennelly, 1995; Finkbeiner et al., 2011) and can
negatively impact benthic habitats and communities when
ground-gear contacts the seafloor (Althaus et al., 2009;
Grabowski et al., 2014). However, amendments to fishing gear
and practices through conservation engineering approaches (i.e.,
the development, modification, and evaluation of fishing gear,
fishing techniques, and fishing-related technology to mitigate
incidental effects of fishing) can improve the sustainability of
trawling practices by lowering bycatch rates and minimizing
benthic impacts (Broadhurst et al., 2015; Stram and Ianelli, 2015;
Food and Agriculture Organization [FAO], 2020). For example,
bycatch reduction devices aim to increase trawl selectivity by
directing non-target catch away from or through fishing nets by
taking advantage of differences in target versus non-target species
morphology, behavior, and stimuli response (Brewer et al.,
1998). Similarly, improvements in catch efficiency can result in
reduced effort, and therefore, lead to fewer seafloor-gear contact
events and reduced fuel usage, thereby reducing greenhouse
gas emissions and overall environmental impact (Murphy et al.,
2021). These improvements could manifest through several
aspects of trawling, such as reduced benthic interaction, lower
bycatch, decreased discard mortality, and decreased gear loss (i.e.,
derelict or ghost gear, marine debris).

Implementation of these innovative fishing strategies and
technologies by fishermen has been limited despite research
efforts in conservation engineering. This is potentially due to
incorrect incentives, or regulatory, industrial, environmental,
and financial constraints (e.g., Cunningham et al., 2016;
Eayrs and Pol, 2019; Feekings et al., 2019; Murphy et al.,
2021). The motivations of industry could also affect voluntary
uptake of innovative approaches, as well as engagement with
industry in the development and evaluation of conservation
engineering projects (Eayrs and Pol, 2019). Given this diversity
of potential impediments, developing and implementing
conservation-focused innovations to fishing practices require
active collaboration with fishermen, fishery managers, and other
stakeholders in a bottom-up fashion that helps facilitate the
feasibility of developments (Decker et al., 1996; Catchpole and
Gray, 2010; Armstrong et al., 2013; Feekings et al., 2019).

While active collaboration with stakeholders, including
fishermen, is not a new practice (e.g., Berkes, 2009; Wilberg
et al., 2009; Yochum et al., 2011; Hegger and Dieperink,
2014), collaborations specifically focused on impediments to the
implementation of conservation strategies are less common. In a
study aimed at identifying knowledge-needs to reduce the habitat
impacts of bottom trawling while maintaining sustainable fishing
practices, Kaiser et al. (2016) conducted a multi-step process
of discussions and voting with representatives from fisheries
stakeholder groups distributed across 11 countries. The authors
used these stakeholder-driven prioritizations to develop a list
of questions to support a transition toward the adoption of
best practices for limiting ecological effects to the seabed from
trawl fishing. However, Kaiser et al.’s (2016) study was strictly
intended to provide directions for future research and did not
seek to examine potential barriers to answering the questions.
Identifying these barriers could enable researchers, managers,
and practitioners to deploy resources more efficiently.

Using similar strategies to Kaiser et al. (2016), we conducted a
multi-step stakeholder engagement study to identify knowledge-
needs for conservation engineering research. Additionally, we
extended previous efforts by identifying barriers to addressing
these needs for a diverse range of fisheries stakeholders in the
North Pacific, United States. While we recognize that successful
implementation of new conservation engineering strategies will
require more than the identification of knowledge-needs and
barriers (e.g., psychological factors may limit the uptake of
new strategies; Eayrs and Pol, 2019), this is a critical first
step toward promoting increasingly sustainable trawl fisheries.
Using expert discussions, online surveys, and an in-person
workshop, we worked with scientists, technology companies,
trawl net makers, and fishermen from several North Pacific trawl
fisheries to answer two primary questions: (1) What outstanding
conservation engineering questions (i.e., knowledge-needs) are
most important to the trawl fishing industry in the North
Pacific? (2) What are the barriers to answering these knowledge-
needs? We envision that answering these questions will aid in
the long-term sustainability of these fisheries and associated
social-ecological systems by calling attention to where increased
effort is needed based on industry perspectives. More broadly,
understanding barriers in fisheries contributes to our collective
efforts toward global fisheries sustainability through increased
collaboration with fishermen and their uptake of conservation
engineering solutions.

MATERIALS AND METHODS

All methods and survey tools were approved by the Alaska Pacific
University Institutional Review Board prior to project initiation,
and all surveys included a participant consent form.

Survey Participants
Participants for this study were associated with the Fisheries
Innovation for Sustainable Harvest (F.I.S.H.) Workshop held at
the National Oceanic and Atmospheric Administration (NOAA)
offices in Seattle, WA in 2019, with concurrent remote sessions
in Newport, Oregon, and Kodiak, Alaska. While the F.I.S.H.
Workshop aims to attract diverse fishery participants, the sheer
geographic scope and breadth of fisheries across the North Pacific
prohibit a truly representative sample of fishery participants
from attending. However, participants of the workshop and our
study represented different regional fisheries (e.g., Gulf of Alaska,
GOA; Bering Sea/Aleutian Islands, BSAI), different sizes and
types of vessels (e.g., catcher vessel, catcher processor), and in
their relationships to the fisheries (e.g., net manufacturers, fishing
company managers, captains, crew, fishing technology company
representatives) thereby reducing biases associated with focusing
on only a few sectors or stakeholder groups. As such, the results
of our study should be interpreted in light of the types of fishery
participants present for the workshop. Moreover, the goal of
the workshop was to learn and evaluate challenges in fisheries
science, management, and fishing practices. Given its focus,
the F.I.S.H. workshop presented an ideal opportunity to gather
information on conservation engineering knowledge-needs in
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these fisheries and better understand the barriers preventing
progress in addressing those needs.

Knowledge-Need Identification
Unlike Kaiser et al. (2016), who established knowledge-needs for
conservation engineering at an in-person meeting, we employed
an online survey using the Qualtrics Survey Software Research
Suite (Figure 1). The survey was developed in conjunction with
the F.I.S.H. Workshop steering committee (scientists, trawl gear
manufacturers, fishermen, and fishing industry representatives)
via discussions about the objectives perceived to be most
important to their respective fisheries. The survey contained
questions on 30 separate conservation engineering knowledge-
needs organized into four broad categories: (1) monitoring of
the trawl gear and catch while fishing (e.g., net mensuration);
(2) understanding fish behavior as it relates to fishing (e.g.,
catchability, selectivity); (3) understanding the performance of
gear and fishing practices (e.g., catch-per-unit-effort); and (4)
answering applied questions about the fishing industry that are
related to conservation engineering (Table 1 and Figure 1).
Included in these knowledge-needs were questions related to
safety, acknowledging the close relationship between safety and
fishing gear design and use. Several knowledge-needs were closely
based on items identified in Kaiser et al. (2016). As well as
assisting with survey design, the F.I.S.H. Workshop steering
committee provided guidance to ensure question comprehension
and topic relevancy.

A link to the online survey was sent on December 3rd,
2019 to attendees of the 2017 and 2018 F.I.S.H. Workshops
(approximately 40 and 100 attendees, respectively) and
individuals who expressed interest in or registered for the

2019 Workshop. In addition, workshop steering committee
members and participants were encouraged to share the survey
link with other members of the fishing industry who might not
have been targeted.

Survey participants were asked to rate the importance of
each of the 30 knowledge-needs by selecting from a Likert-scale;
‘not at all important,’ ‘slightly important,’ ‘moderately important,’
‘very important,’ ‘extremely important,’ or ‘we already know
enough about this question.’ Specifically, we prefaced this section
of the survey by informing participants that we would like
“to understand the trawling engineering questions you would
most like answered.” In addition, four of the knowledge-needs
included a set of follow-up questions to further refine our
understanding of the participants’ views (Table 1). At the end of
the survey, participants were offered an opportunity to describe
any other pertinent knowledge-needs not listed in the survey and
were queried on basic demographic information.

Data were screened for partial responses (i.e., participants
that did not enter fishery information or answer knowledge-
need questions), and quantitative values were assigned to each
Likert-scale response as ‘not at all important’ = 0, ‘slightly
important’ = 1, ‘moderately important’ = 2, ‘very important’ = 3,
and ‘extremely important’ = 4. These scores were used to a)
explore variation within and among fishery and industry groups
in the perceived importance of knowledge-needs, and b) select
the seven knowledge-needs based on the pre-workshop online
survey for further focus during an in-person session held at
the 2019 F.I.S.H. Workshop (Table 1 and Figure 1). For each
knowledge-need, counts of ‘we already know enough about
this question’ were used to gauge whether a knowledge-need
was an appropriate candidate for the workshop. Given the

FIGURE 1 | Summary of primary study objectives and methods. The panel on the left represents methods used to generate a list of prioritized knowledge-needs
using an online survey. The panel on the right represents methods used during the F.I.S.H. Workshop to collect information related to the barriers inhibiting progress
in achieving top knowledge-needs.
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TABLE 1 | List of all knowledge-needs and their associated categories presented in the pre-workshop online survey, and an indication of those selected for the in-person
workshop (* knowledge-need was selected for the workshop; ** knowledge-need was selected for the workshop, but an additional series of questions helped refine the
knowledge-need).

Category Knowledge-need text Additional questions

Monitor What is the abundance, weight, and size composition of the target
species catch?

Monitor What is the abundance, weight, and size composition of the non-target
species catch?

Monitor What is the abundance, weight, and size composition of the excluded
target species?

Monitor What is the abundance, weight, and size composition of the excluded
non-target species?

Monitor What is the shape of the trawl under tow? How important is understanding the shape of the following trawl components
while under tow? (a) doors, (b) ground-gear, (c) headrope, (d) footrope, (e)
intermediate, (f) excluder, (g) cod-end

Monitor What is the trawl’s position relative to the seabed?

Monitor What is the shape of the trawl and position relative to the seabed in
real-time (live)?

Monitor* What is the catch and excluded catch in real-time (live)?

Behavior* What is the relationship between fish behavior and trawl-capture? How important is understanding the following elements of fish behavior? (a)
swimming (style, speed, endurance), (b) sensing (vision, smell, hearing), (c)
response (diving, hiding, evading), (d) associations (solitary, schooling, species
mixing)

Behavior Are there non-contact stimuli (e.g., lasers, light, sound) that could herd
fish and move them into a net that could replace conventional trawl
components?

Behavior What is the target species’ behavior in front of the trawl?

Behavior What is the target species’ behavior in the trawl?

Behavior What is the non-target species behavior in front of the trawl?

Behavior What is the non-target species behavior in the trawl?

Performance** Is the gear doing what I want? How important is understanding the following aspects of gear performance?
(a) fuel efficiency, (b) max target species catch-per-unit-effort (CPUE), (c)
non-target species avoidance, (d) minimizing gear damage and loss, (e) safety

Performance What is the relationship between gear-seabed interactions and adverse
impacts on benthic species?

Performance What effect does gear configuration have on fuel efficiency?

Performance What effect do fishing practices have on fuel efficiency?

Performance What effect does gear configuration have on target species catch rates
(i.e., catch-per-unit-effort)?

Performance* What effect do fishing practices have on target species catch rates (i.e.,
catch-per-unit-effort)?

Performance** What effect does gear configuration have on non-target species
avoidance?

Performance What effect do fishing practices have on non-target species avoidance?

Performance What effect does gear configuration have on gear damage and loss?

Performance What effect do fishing practices have on gear damage and loss?

Performance What effect does gear configuration have on safety?

Performance* What effect do fishing practices have on safety?

Applied** Can a better understanding of monitoring gear, fish behavior, and/or
gear performance information lead to improved fishery outcomes?

How important is achieving the following fishery outcomes? (a) catching the full
target species allocation, (b) fewer fishery restrictions (closures, gear
regulations, non-target catch limits), (c) increased profit (higher CPUE, reduced
costs), (d) reduced risk (non-target catch limit flexibility, increased safety, lower
regulatory uncertainty)

Applied How can information and data gathered by fishermen (e.g., video
footage, temperature data, etc.) be made more useful for managers?

Applied How can we build and maintain healthy collaborations and trust
between industry, scientists, and managers?

Applied How do trawl designs and operational practices influence the way
industrialized fishing is perceived by the public in general?

Some knowledge-needs featured an additional set of clarification questions (listed under the column ‘sub-questions’). Knowledge-needs that referenced ‘excluded
species’ refer to fish that are directed away from the trawl using various techniques and bycatch reduction devices.
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non-normality of importance scores for the knowledge-needs,
medians were the primary metrics (followed by mean score) used
to help select the top-ranking items.

Barriers to Knowledge-Needs
Barriers to informing the top seven knowledge-needs ascertained
from the pre-workshop survey were identified and characterized
through in-person breakout groups and surveys at the F.I.S.H.
Workshop at NOAA’S Alaska Fisheries Science Center in Seattle,
WA, on December 17th, 2019 (Figure 1). Following a brief
presentation on the research goals and instructions, workshop
participants were separated into five breakout groups of 5-
10 individuals. Participants selected their group, but were
encouraged to sit with people they did not know. Those
participating from the two satellite locations (Newport, Oregon
and Kodiak, Alaska) formed groups locally and were connected
through video conference.

Within each breakout group, a trained moderator from the
research team facilitated a discussion in which group members
were asked to identify potential barriers preventing further
understanding of each of the seven top knowledge-needs.
Up to ten barriers were discussed for each knowledge-need.
Following the group discussions, each participant was given
a paper survey that asked them to rate the degree to which
each barrier identified by their group obstructs its respective
knowledge-need. Answer options followed a Likert-scale, and
responses were later quantified as ‘not at all’ = 0, ‘slightly’ = 1,
‘moderately’ = 2, ‘very’ = 3, to ‘extremely’ = 4, or ‘I don’t
know/does not apply to me.’ Responses for ‘I don’t know/does
not apply to me’ were tallied. In addition, the paper survey
included two questions about the fisheries and industries in
which they participate (e.g., Western Gulf of Alaska bottom
trawl catcher vessel; Bering Sea/Aleutian Islands mid-water trawl
catcher vessel (AFA), net company, researcher, etc.) and their
role in these fisheries or industries (options included: chief
executive officer, company owner/vessel owner, president/vice
president, fleet manager, government affairs, vessel operations
manager, business analyst/executive, compliance officer, chief
engineer, engineer, primary vessel master/primary skipper, first
mate/night skipper, relief skipper, factory manager, purser, deck
boss, deck crew). Participants could make multiple selections for
both questions and enter in text answers under an ‘other’ option.

After screening the survey data for errors (e.g., workshop
attendees missed a barrier, entered a barrier not discussed by the
group), all barriers discussed in the break-out groups (n = 256)
were sorted into eleven categories created independently by three
members of the research team. Two research team members
independently assigned each barrier to a single category,
and disagreements were resolved by a third team member.
Barrier descriptions identified by break-out groups (i.e., before
categorization by the research team) are also used to provide
additional context when relevant.

To assess which barriers were identified most frequently
during the workshop, two counts were performed; (1) The
number of break-out groups (out of a total of 7) that discussed
a barrier category for each knowledge-need (e.g., if a barrier
category was discussed by 5 of 7 break-out groups for a particular

knowledge-need, it was assigned a count of 5), and (2) The
number of break-out groups in which an individual barrier
category was discussed was aggregated across all knowledge-
needs. Barriers identified at the workshop were considered
to have inherent importance as they were self-identified by
workshop participants instead of ranking from a pre-identified
list. Likert-scale scores representing the perceived strengths
of barriers in preventing advancement toward addressing
knowledge-needs were then assessed for areas of agreement and
importance. Barriers were considered to have high agreement
and importance if they had a minimum score of 2 (moderately
preventative or greater) and a median score ≥ 3 (very
preventative or greater). Statistical tests were not performed
between stakeholder groups, as participants could select multiple
options for fishing attribute questions (e.g., in which fisheries they
participate) such that we could not compare responses between
distinct groups.

RESULTS

Knowledge-Need Identification
We received a total of 54 usable responses to the pre-workshop
online survey (i.e., surveys were complete or near-complete).
Participant demographics and attributes are detailed in Table 2.
A complete list of knowledge-needs and associated scores
identified in the survey can be found in Supplementary Table S1.
In general, survey respondents identified knowledge-needs
related to trawl gear performance as most important (Table 3).
Four knowledge-needs with median scores of 4 were selected
for inclusion at the in-person workshop. Three additional
knowledge-needs, each with a median score of 3 and a high
relative mean, were also selected for inclusion.

Given that four knowledge-needs were tied with median
scores of 3 and mean scores of 3.3, conversations with the
steering committee helped to refine the final selection to ensure
their applicability to workshop participants and to select a
manageable number of knowledge-needs to discuss during the
workshop. There was low variance among different stakeholder
groups, and no individual group believed a top knowledge-
need was of low importance (Supplementary Figure 1). This
agreement suggested that the selected knowledge-needs were
relevant across multiple stakeholder groups. Knowledge-needs
with sub-categories (e.g., Is the gear doing what I want; Table 1)
were further refined by sub-category, except for the knowledge-
need – What is the relationship between fish behavior and
trawl-capture? In this case, summary statistics were similar
across sub-categories, so all sub-categories were included in the
final knowledge-need description for the workshop. Only four
individuals identified knowledge-needs not listed in the survey.

Barriers to Knowledge-Needs
A total of 62 workshop attendees submitted usable responses
to the workshop survey on barriers to the conservation
engineering knowledge-needs. Participant demographics were
generally similar between the pre-workshop online survey and
workshop in-person survey (Table 2). However, more researchers

Frontiers in Marine Science | www.frontiersin.org 5 February 2022 | Volume 9 | Article 800176

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-09-800176 February 23, 2022 Time: 10:55 # 6

Murphy et al. Barriers in Conservation Engineering

TABLE 2 | Respondent demographics and fishery/industry groups for the
pre-workshop online survey and during the in-person workshop.

Pre-workshop online
survey (total

respondents = 54)

Workshop in-person
survey (total

respondents = 62)

Gender

Female 2 6

Male 51 56

Fishery vessel

catcher-processor 23 26

catcher-vessel 28 34

Mothership 8 10

Fishery region

BSAI 43 38

central GOA 21 23

western GOA 14 19

other fishery 6 9

Other

net company 3 7

Researcher 1 4

technology company 3 11

trade association 1 1

Role type

Boat 34 23

Company 22 16

Other 8 28

For demographic and attributes questions, survey participants were able to select
multiple options, so column totals can sum to higher than the number of total
participants. Stakeholders that did not work on-board vessels could still be
classified as being associated with a particular fishery vessel or fishery region if
they selected that they were associated with that fishery (e.g., a fishing company
employee that represents specific vessel types, or a technology company engineer
that works directly with vessels in specific fisheries).

and individuals associated with technology and trawl net
manufacturing companies were present at the F.I.S.H Workshop
than completed the online survey. This was expected as we aimed
to focus knowledge-needs on the fishing industry’s perspective.

During the workshop, 256 barriers were discussed and
sorted into 11 categories (see Supplementary Materials
for the complete list of barriers: barrier_data.csv). Barrier
categories (with the number of times each category was
discussed in break-out groups) were fishermen skill, experience,
knowledge (39); regulations, management design (39); scientific
knowledge, data gaps (36); technology (32); cost (28); vessel
attributes, gear attributes, fishing attributes (24); fishermen
behavior, communication (20); uncontrollable abiotic, biotic
environmental/physical variables (14); economics (12); time
(7); and impacts to fishermen (5) (Figure 2). Four barrier
categories were identified as impeding all seven knowledge-
needs (technology; scientific knowledge, data gaps; fisherman
skill, experience, knowledge; and cost); three barrier categories
were identified as impeding six of the seven knowledge-needs
(vessel attributes, gear attributes, fishing attributes; regulations,
management design; and fishermen behavior, communication);
and three barrier categories were identified as impeding five
of the seven knowledge-needs (uncontrollable abiotic, biotic

environmental/physical variables; time; and economics). Only one
barrier category (impacts to fishermen) was identified as impeding
less than five (2) of the seven knowledge-needs (Figure 2).

Exploration of Likert-scale scores representing the perceived
strengths of barriers in preventing advancement toward
addressing of knowledge-needs revealed several barriers that
were, on average, perceived to be at least ‘very’ influential
(median score ≥ 3 and minimum score ≥ 2). For example,
all stakeholder groups reported median scores of 3 or higher
for technology, cost, and fishermen behavior, communication as
impediments to understanding how to maximize catch rates.
Similarly, all stakeholder groups indicated that technology and
fishermen skill, experience, knowledge are ‘very’ preventative
in efforts to understand how to monitor catch and excluded
catch in real-time. Finally, vessel attributes, gear attributes,
fishing attributes were universally identified as important
barriers to understanding the Safety knowledge-need. All
barrier-by-knowledge-need combinations for each stakeholder
group are presented in the Supplementary Materials
(barriers_summary.csv).

DISCUSSION

We identified relevant knowledge-needs for conservation
engineering innovation in North Pacific, United States trawl
fisheries and barriers to addressing these knowledge-needs.
These results provide direction for future initiatives that aim to
achieve sustainability goals. While most knowledge-needs were
perceived to hold at least moderate importance, we recommend
that all listed knowledge-needs be considered viable research
tracks, but with an emphasis on those identified as being of the
highest relative importance. As such, we focus the following
discussion on the top knowledge-needs and most important
barriers, noting that significant overlap exists between many
topics such that informing one knowledge-need may also aid
in understanding another. Additionally, it is likely that changes
in management and the environment, plus advancements
in technology, could alter industry priorities, necessitating
revisitation of knowledge-needs in the future.

Fish Behavior: What Is the Relationship
Between Fish Behavior and Trawl
Capture?
Participants identified understanding fish behavior as it relates
to trawl capture as an important knowledge-need, and all
breakout groups identified scientific knowledge, data gaps as a
barrier to informing this need (Figure 2). Knowledge about
fish behavior (and differences among species) is essential to
fishing success and improving fishing gear selectivity to avoid
non-target species (Wardle, 1986; He, 2011). This necessitates
greater knowledge of target versus non-target fish behavior.
For example, innate differences in the herding behavior of
compressiform (i.e., laterally compressed body) versus fusiform
fishes (i.e., torpedo shaped body) have enabled trawl net designs
that selectively catch fish with different body morphologies
(Ryer, 2008). Catching and avoiding species with similar
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FIGURE 2 | Bar plots of barriers to knowledge-needs in trawl conservation engineering. Barriers of like categories were combined to create a single score for each
category, creating 11 ‘barrier categories’ (y-axis). The x-axis represents the number of break-out groups (range 1-7, out of 7) that identified a barrier within the barrier
category on the y-axis. Plots are separated by the seven knowledge-needs discussed at the workshop. The “All Combined” plot (bottom-right, highlighted by a red
box) depicts the number of times each barrier category was identified under the seven knowledge-needs combined (range 1 – 7). Note, three break-out groups were
unable to complete the ‘Fishing Practices’ knowledge-need due to time constraints.

body morphology (e.g., when target and non-target fish are
both compressiform; Lomeli et al., 2021) may necessitate
a more sophisticated net design or approach that accounts
for nuanced behavioral differences between the fish species.
Addressing this knowledge-need requires collaborations among
fishermen, researchers (e.g., physiologists, fish behaviorists), and
the fishing/gear manufacturing industries to conduct applied
research that is both scientifically robust and sufficiently
applied (e.g., conducted under realistic fishing conditions)
(Pol and Eayrs, 2021).

Real-Time: What Is the Catch and
Excluded Catch in Real-Time (Live)?
Significant strides have been made over the last decade to
capture imagery and video of trawl performance underwater,
as is evidenced by the number of available ‘off the shelf ’
camera systems and use of cameras in conservation engineering
research and by the fishing industry (e.g., Noack et al., 2019;
Sokolova et al., 2021). This includes advancements in wireless
monitoring systems (e.g., Notus Electronics Ltd.) and in making
camera units sufficiently rugged for use on trawl nets and
allowing for live video streaming (e.g., Simrad FX80). Results
of the workshop suggest that advancements in technology that
allow for real-time awareness of gear performance and fish
behavior would be highly sought-after and would similarly
address other knowledge-needs around these topics. This was
corroborated by a workshop break-out group that identified
real-time information as a barrier to the knowledge-need

Fish behavior. However, a substantive impediment is the
cost associated with purchasing, deploying, and maintaining
the units that supply real-time information to the vessel’s
wheelhouse. All break-out groups identified cost as a barrier
during the workshop. To date, real-time data comes at a
high cost, in part due to the frequent use of a dedicated
wire between the camera unit and wheelhouse in addition
to the camera system. Costs associated with systems that
provide real-time information (e.g., purchasing and deploying
the hardware) and the requisite time investment (e.g., learning,
troubleshooting, and maintenance) can be prohibitive for some
vessels. Technological advancements are projected to reduce
these costs, but we recommend that technology companies
collaborate with fishermen across several diverse fisheries to
ensure that fishermen can adopt new systems with different
budgets and vessel constraints. We also highlight this as an
opportunity for technology companies to partner with the fishing
industry to capitalize on current advancements in technology to
develop new innovative solutions.

Maximize Catch Rates: Is the Gear Doing
What I Want to Maximize Catch-Rates?
Most pre-workshop online survey participants expressed the
importance of understanding if their gear is doing what they want
and prioritized understanding how their gear is performing to
maximizing catch rates. Previous work with fishermen from two
of the fisheries represented at the F.I.S.H. workshop suggested
that the advancement of strategies and techniques to increase
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target catch (i.e., catch-per-unit-effort) has many benefits,
such as increased profits, shorter fishing trips, and lowered
fuel usage (Murphy et al., 2021). While these improvements
clearly benefit the fishermen and fishing companies, more rapid
fulfillment of harvest quotas would also likely result in less
total benthic contact, which has been a focus of arguments
for ecosystem-based management (Crowder et al., 2008), and
reduced opportunities for interactions with non-target catch.
Workshop results highlighted limitations in both technology
and fishermen skill, experience, knowledge as being primary
barriers (Figure 2). Again, the ability of fishermen to capture
real-time information was explicitly identified in a break-out
group as a barrier, here in relation to understanding how gear
influences catch rates. The repeated mention of and focus on
real-time technology confirmed that this should be a point of
emphasis for future research and development. The suggestions
around fishermen skill, experience, knowledge highlight the
importance of inter-generational transmission of knowledge and
training. During workshop break-out groups, several fishermen
discussed the apparent decline in skill and knowledge over
time, with younger fishermen lacking the expertise necessary
to maintain high catch rates relative to those older or more
experienced. Often coined the ‘graying of the fleet,’ shifting
demographics across many United States fisheries indicate a
need for new training (by way of informal knowledge transfer
and/or courses) and time at sea to help lessen the fishing learning
curve for younger fishermen (Donkersloot and Carothers, 2016;
Johnson and Mazur, 2018).

Gear Configuration: What Effect Does
Gear Configuration Have on Non-Target
Species Avoidance?
Similar to the knowledge-need maximize catch-rates, six out
of seven breakout groups identified fishermen skill, experience,
knowledge as limiting their ability to understand the effect of gear
configuration on non-target species avoidance. Note that this
barrier was discussed by at least one break-out group for all seven
knowledge-needs, highlighting the value of maintaining skilled
fishermen and mentoring newer fishermen in the operational and
technical aspects of fishing. One potential strategy to address this
barrier is to establish industry-driven training and workshops
focused on elevating fishermen skills through peer learning and
knowledge-sharing. These training sessions could be hosted or
co-hosted by industry and academic partners. Currently, training
sessions with commercial fishermen focus on safety protocols and
best practices, which management agencies sometimes require
(e.g., Lincoln and Conway, 1999; Casey et al., 2018). Our results
demonstrate a need to expand the goals of training sessions to
include knowledge and techniques for fishermen to harvest their
catch efficiently, such as by manipulating gear configuration to
improve non-target species avoidance and maximizing use of
technology currently installed on the vessel or readily available.
Training could be further supported by providing opportunities
for fishermen to learn about gear design and use at a flume tank.
Including both new entrants and experienced fishermen in these
training sessions could foster the passage of information between

generations of fishermen, potentially building inter-generational
relationships that maintain essential knowledge and skills.

In five of seven break-out groups, barriers related to
regulations and management design were identified as inhibiting
the knowledge-need, Gear configuration. One break-out group
summarized this barrier as “regulatory gear constraints” (e.g.,
mandated gear type or design) and another group as “regulatory
process (e.g., exempted fishing permits) not in sync with fishing
reality” (Supplementary materials; barrier_data.csv). These
results suggest that dynamic fishing conditions (e.g., shifting
species distributions), coupled with various gear restrictions,
may create barriers for fishermen to avoid bycatch or develop
new strategies under exempted fishing permits. Therefore, we
recommend that research be conducted, such as via social science
methods (e.g., Murphy et al., 2021), to characterize the tradeoffs
associated with gear and other regulations to minimize the
likelihood of unintended environmental consequences.

Safety: What Effect Do Fishing Practices
Have on Safety?
In the pre-workshop online survey, fishery representatives agreed
on the importance of further exploring the effects of fishing
practices on safety. Consistently identified barriers included
regulations, management design and fishermen skill, experience,
knowledge. Previous research has also indicated that social
factors, including the culture on-board fishing vessels, may
contribute to the challenging nature of the uptake of new safety
measures (Weil et al., 2016). While efforts have worked to
reduce the race-to-fish through better fishing incentives such as
fishery rationalization (e.g., allocation of catch shares; Hilborn,
2007), which involves various strategies to reduce the race-to-
fish, several break-out groups indicated that the race-to-fish
(categorized under regulations, management design) still exists
and is a primary barrier to improving safety. Others believed
that requirements to discard non-target fish limited their ability
to enhance safety by altering fishing practices (i.e., by reducing
captain capacity to test new strategies for improving safety).

TABLE 3 | Finalized knowledge-needs for the in-person workshop and
corresponding shortened names used throughout this manuscript.

Shortened
Name

Knowledge-Need Full Text

Safety What effect do fishing practices have on safety?

Fishery
Outcomes

Can a better understanding of monitoring gear, fish
behavior, and/or gear performance information lead to
improved fishery outcomes, specifically related to catching
the full target species allocation?

Gear
Configuration

What effect does gear configuration have on non-target
species avoidance?

Maximize Catch
Rates

Is the gear doing what I want to maximize catch-rates?

Real-Time What is the catch and excluded catch in real-time (live)?

Fish Behavior What is the relationship between fish behavior and trawl
capture?

Fishing
Practices

What effect do fishing practices have on target species
catch?
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This is corroborated by other research where participants of
the Bering Sea bottom trawl fleet in Alaska specified safety
concerns associated with the process of discarding still-alive
bycatch while on-deck (Murphy et al., 2021). This also highlights
the importance of considering the effect on vessel safety when
evaluating modifications to fishing gear or operations as a
way to reduce bycatch or other incidental fishing impacts. In
addition, similar to the discussion on Gear configuration, this
is a topic that could be valuable to include in inter-generational
discussions and training.

Fishing Practices: What Effect Do
Fishing Practices Have on Target
Species Catch?
Three break-out groups were unable to complete this knowledge-
need due to time constraints during the workshop and
three of the remaining four groups discussed barriers in
the categories regulations, management design, and fishermen
behavior, communication. Again, the race-to-fish was mentioned
and under the barrier fishermen behavior, communication, several
groups discussed the competitiveness and lack of communication
among fishermen. Collectively, these findings suggest that intra-
fishery competition still exists despite efforts to rationalize
and reduce derby-style fishing through catch-share programs
for many United States fisheries (Birkenbach et al., 2017).
Another break-out group highlighted that some fishermen are
“resistant to change,” thereby inhibiting achievement of the
fishing practices knowledge-need. The willingness of fishermen
to change behavior is an important factor contributing to an
individual’s adaptive capacity to changes in the fishery (Marshall
and Marshall, 2007). Moreover, our results support the notion
that efforts to improve the resilience of fisheries should consider
the psychological and behavioral aspects of affecting positive
change. In addition, this suggests that competition can be a
motivating factor to incentivize change.

Fishery Outcomes: Can a Better
Understanding of Monitoring Gear, Fish
Behavior, and/or Gear Performance
Information Lead to Improved Fishery
Outcomes?
Prioritization of the comprehensive knowledge-need, Fishery
outcomes, demonstrates the integrated nature of the other
knowledge-needs identified by our study. As a result, efforts
to overcome barriers for one knowledge-need may effectively
facilitate a better understanding of other knowledge-needs
as well. For example, workshops to train newer fishermen
could lead to improved fishery outcomes, enhance safety,
and help fishermen better configure their gear to avoid non-
target species (knowledge-needs; Fishery outcomes, Safety, Gear
configuration, respectively).

CONCLUSION

By fostering active and collaborative discussion among fisheries
stakeholders, this study identified top knowledge-needs and

barriers to implementing conservation technologies and practices
in trawl fishing in the North Pacific, United States. The
top knowledge-needs (Table 3) reflect what we would expect:
fishermen want to catch more fish and fish more efficiently, and
that meeting conservation goals will require an understanding
of how fishermen perceive the tradeoffs associated with
improving sustainability versus catch efficiency (not that they
are mutually exclusive). Overcoming barriers to addressing
these knowledge-needs and, ultimately, implementing practical
solutions to meet large-scale sustainability goals will require
shared knowledge and responsibility. An important caveat
to these findings, however, is that closing knowledge gaps
does not guarantee progress toward or uptake of sustainable
solutions, nor does it mean we cannot or should not continue
to improve upon current strategies. The ultimate actions
and decisions of fishermen and fishery managers may be
influenced by exogenous political factors, for instance, or
psychological and attitudinal variables that alter the perceived
benefits and costs of implementing particular conservation
engineering strategies (Ajzen, 1991). We aim to increase ultimate
uptake of conservation engineering solutions by highlighting
knowledge-needs and barriers that were identified by the end
user, fishermen.

Based on our results, we recommend collaborative efforts
to remove barriers to address the top knowledge-needs
that include fishermen, company representatives, managers,
researchers, and technical experts. We also highlight the
importance of inter-generational knowledge transfer in
the fishing industry, the timely opportunity for technology
developers, and the importance of evaluating the role
of regulations and safety when developing conservation
engineering solutions. Similarly, additional investigation is
needed to better understand the voluntary adoption and
economics of conservation engineering. Finally, while this
study was focused regionally and by gear type, we feel that the
lessons learned can be applied more generally in considering
how to capitalize on conservation engineering tools and
resources and move forward in innovation for the betterment of
global fisheries.
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