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ABSTRACT

Global fisheries support livelihoods, food security and economies, but the incidental capture of non-target species—termed by-
catch—remains a key conservation challenge. We compiled peer-reviewed published studies to assess metrics used to evaluate
the effectiveness of bycatch reduction technologies and gear modifications (BRTs) for reducing air-breathing marine megafauna
bycatch in global passive fisheries. We assessed 196 studies, including assessments in operational fisheries and controlled ex-
periments, from 114 published articles between 1997 and 2024. These studies tested 28 types of BRTs across five fishing gears.
Changes in bycatch and target catch were assessed in 94.4% and 73% of all studies, respectively. By contrast, only 6.6% of studies
assessed catch value. We identified and evaluated seven fisher-focused metrics that were divided into quantitative and anec-
dotal evidence describing how the application of BRTs affects fishers. Relative to quantitative assessments, 9.2% of all studies
quantified effects on fishing gear, 8.7% quantified BRT cost, 4.1% quantified economic impact, 3.1% quantified fisher safety, 3.1%
quantified BRT ease of use, 2% quantified operational efficiency and 1% quantified fisher perceptions of BRT efficacy. Relative
to anecdotal evidence, 10.7% of all studies reported on ease of use, 7.1% on BRT cost, 6.6% on fisher perceptions of efficacy, 3.1%
on effects on fishing gear, 1.5% on effects on fisher safety and 0.5% on both operational efficiency and economic impact. Across
diverse regions and timeframes, our analysis highlights a persistent lack of fisher-focused metrics in BRT research, emphasising
the need for more holistic evaluations that consider fisher wellbeing.

1 | Introduction 90% of the world's fishers (Béné et al. 2007; Berkes 2001; Virdin
et al. 2023).

Fisheries are ubiquitous throughout the world's oceans and have

a major role in people's food supply, food security and income
(Asche et al. 2015; Basurto et al. 2025). In addition to economic
revenue and nutrition, fisheries are integral to the human cul-
ture and traditions of many coastal communities. Commercial
fisheries are typically sorted into industrial or small-scale de-
pending on the level of mechanisation, geographical location,
access to fishing zones, target species and gear types. While
both types of fisheries contribute comparable amounts to pro-
ducing the world's fish catch, small-scale fisheries employ over
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A prevalent issue common among most (though not all; e.g., har-
poon, troll, pole and line and handline) global fisheries is the
incidental capture of non-target species (i.e., bycatch). In par-
ticular, the bycatch of air-breathing marine megafauna, includ-
ing sea turtles, seabirds and marine mammals, can be extensive
(Alfaro-Shigueto et al. 2010; D'agrosa et al. 2000; Lewison
et al. 2004; Majluf et al. 2002; Peckham et al. 2016; Read
et al. 2006; Senko, White, et al. 2014; Shester and Micheli 2011;
Temple et al. 2021). Bycatch of other organisms, such as bony
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fish, elasmobranchs, sea snakes and invertebrates also occurs
(Boyle et al. 2016; Cook et al. 2022; Morgan et al. 2010; Oliver
et al. 2015; Rao et al. 2021; Van Cao et al. 2014); however, we
focus on air-breathing marine megafauna (i.e., sea turtles, ma-
rine mammals and seabirds) given their globally ubiquitous by-
catch and resulting well-documented population-level impacts
(Peckham et al. 2007, 2008; Mancini et al. 2012; Senko, Mancini,
et al. 2014; Senko, White, et al. 2014; Taylor et al. 2017). Passive
fishing gear such as gillnets, longlines, pound nets, traps and
pots can be especially problematic for air-breathing species since
they are stationary and in many cases, can remain submerged
for extended periods—ranging from hours to even days—
during which species may become entangled or entrapped and
drown. Moreover, these fisheries tend to be prevalent in regions
with limited resources to monitor and manage fisheries bycatch
(Shester and Micheli 2011). Although we focus on passive gear,
mobile gear can also result in bycatch of at risk-species, such
as elasmobranch and sea turtle bycatch in tuna purse-seine
and shrimp trawl fisheries, respectively (Duffy et al. 2019;
Finkbeiner et al. 2011).

Several strategies, such as time-area closures, gear switches, by-
catch quotas and gear modifications, have been used to address
marine megafauna bycatch in both small and industrial-scale
fisheries (Senko, White, et al. 2014). In particular, the develop-
ment of technological and non-technological bycatch reduction
tools (hereafter coupled and referred to as BRTSs) is a promising
approach for mitigating the bycatch of vulnerable marine mega-
fauna species because they address the threat of bycatch across
space and time (Lewison et al. 2014; Senko, White, et al. 2014).
For example, illuminating nets with LED lights or glowsticks
has been shown to reduce sea turtle, seabird, elasmobranch and
cetacean bycatch (Almeida et al. 2017; Bielli et al. 2020; Darquea
et al. 2020; Gautama et al. 2022; Kakai 2019; Mangel et al. 2018;
Ortiz et al. 2016; Senko et al. 2022; Snape et al. 2024; Virgili
et al. 2018; Wang et al. 2013; Wang et al. 2010). Other gillnet
BRTs include acoustic pingers (Barlow and Cameron 2003;
Bordino et al. 2004; Gonener and Bilgin 2009) and echoloca-
tion reflectivity (Kratzer et al. 2020; Kratzer et al. 2021; Mooney
et al. 2007) to reduce marine mammal bycatch in gillnets. In
longline fisheries, converting from J-hooks to circle hooks can
reduce sea turtle bycatch (Reinhardt et al. 2018; Sales et al. 2010;
Watson et al. 2005), and Hookpods have been developed to re-
lease baited hooks at prearranged water depths to mitigate sea-
bird bycatch (Goad et al. 2019; Silva-Costa et al. 2017; Sullivan
et al. 2018). Moreover, there are also non-technical methods
that involve modifying fishers' current fishing gear or using
different fishing techniques, such as reducing the number of
buoys attached to the float line of bottom-set gillnets (Peckham
et al. 2016), modifying fishing bait (Echwikhi et al. 2010;
Swimmer et al. 2005; Watson et al. 2001; Yokota et al. 2009),
night setting, side-setting, adding bird-scaring lines/tori lines
or weighted lines in longline fisheries to reduce seabird bycatch
(Cortes and Gonzalez-Solis 2018; Domingo et al. 2017; Gilman
et al. 2008, 2021; Jiménez et al. 2020; Lokkeborg 2011; Melvin
et al. 2013; Santos et al. 2019).

Despite the promising efficacy of the aforementioned BRTS,
there is a growing body of literature on tradeoffs due to mul-
tispecies conflict that result from these modifications. For ex-
ample, pingers on gillnets have been shown to reduce bycatch

of marine mammals while increasing target catch, which could
lead to overfishing of target species (Gonener and Bilgin 2009).
Although circle hooks have been effective at reducing sea tur-
tle hooking rates, they have also resulted in increases in target
catch of sharks (Andraka et al. 2013; Lima et al. 2023; Sales
et al. 2010). Similarly, the use of an underwater shooter designed
to reduce bycatch of diving seabirds resulted in a 20% increase
in target catch (Gilman et al. 2003). These multispecies conflicts
highlight the need to better understand the potential unintended
consequences of modifying fishing gear.

With the continuing development of BRTs, experimental testing
is required to understand how BRTs perform under diverse fish-
ing conditions and how fisheries operations may be impacted.
To further our understanding of the efficacy and adoption po-
tential of BRTSs, it is imperative to assess metrics not only re-
lated to the use of BRTs during fishing operations, but also their
potential impact on fishers and their livelihoods. For example,
Senko et al. (2022) found that illuminated nets reduced mean
haul back time by over 50% compared to fishing with traditional
nets, while the use of pingers resulted in reduced net damages
compared to nets without pingers (Gonener and Ozdemir 2012).
These findings suggest that BRTs can aid fishers in ways that
may be useful-especially since fishery interactions with marine
megafauna can be costly due to gear damage (Panagopoulou
et al. 2017). In many cases, particularly in small-scale fisheries
of developing nations that often lack adequate bycatch regula-
tions, the integration of BRTs may offer fishers an alternative
way to continue to fish without the restrictions and negative
consequences associated with bycatch (e.g., see Senko, White,
et al. 2014, 2017). Regardless, the extent to which BRTs may
impact fishery operations and fisher outcomes requires further
investigation.

In this paper, we collate peer-reviewed published studies that
tested BRTs on air-breathing marine megafauna (i.e., marine
mammals, seabirds and sea turtles) in passive fisheries world-
wide. Prior reviews have focused on investigating species-
specific BRTs (Bull 2007; Gilman et al. 2010; Hamilton and
Baker 2015), sensory-based BRTs (Lucas and Berggren 2022),
BRTs across fishing gears (Werner et al. 2006) and fisher up-
take of BRTs (Campbell and Cornwell 2008; Suuronen 2022).
Here, we sought to identify what metrics were used to assess
the effectiveness of BRTs for passive fisheries worldwide. As
the development of BRTs presents an opportunity for fisher-
ies to mitigate bycatch, the types of assessments performed
during testing of BRTs can play an important role in their
adoption.

2 | Methods

We conducted a literature review to evaluate information on
assessments of BRTs and gear modifications deployed for air-
breathing marine megafauna in the following passive fisheries:
gillnets, longlines, trammel nets, pots and traps (which include
pound nets). Sea turtles included all seven species (Mazaris
et al. 2017; Murray 2009), seabirds included all of the 414 species
described in Ryan (2018) and marine mammals included ceta-
ceans, pinnipeds (i.e., sea lions, seals and walruses), sirenians
(i.e., manatees and dugongs), sea otters and polar bears (Lewison
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et al. 2014; Northridge et al. 2013; Senko et al. 2020). While we
recognize that bycatch of elasmobranchs, finfish and inverte-
brates is also concerning, we decided to exclude these groups as
they are often targeted or retained in commercial fisheries.

Using Google Scholar and the Consortium for Wildlife Bycatch
Reduction database, the latter of which compiles bycatch reduc-
tion studies according to fishing gear, bycatch species, bycatch
reduction technique and field and non-field studies, we searched
for peer-reviewed articles published between 1997 and 2024
(our last search was conducted on November 1st, 2025). Studies
collected from Google Scholar made up 65.8% (n=75 studies),
while 34.2% (n=39 studies) were found using the Consortium
for Wildlife Bycatch Reduction database. The following terms
were searched independently and then combined using AND/
OR operators: bycatch reduction technolog* OR mitigation* and
gear modifi* OR technolog* (* indicates a wildcard). Alongside
each search term, we also incorporated the relevant fishery of
interest including gillnet, longline, pound net, trammel net, trap
and pot (i.e., gillnet bycatch reduction technology, gillnet gear
modification, longline bycatch reduction technology). We then
included search terms for the taxon of interest including marine
mammal, cetacean, whale, dolphin, porpoise, seal, sea lion, wal-
rus, dugong, manatee, sea cow, sea otter, turtle, crocodile/croc-
odilian, seabird, sea duck and marine bird (i.e., gillnet bycatch
reduction technology marine mammal, longline gear modifica-
tion seabird, pound net bycatch reduction technology sea turtle).
We also cross referenced our studies to those listed in a recent
literature review examining marine megafauna BRTs, finding
no additional studies (i.e., Lucas and Berggren 2022).

Each study was evaluated and filtered using the title and abstract.
We removed cases where BRTs were not specifically employed
to reduce bycatch of air-breathing marine megafauna in passive
fisheries. Given that bycatch can be evaluated in several ways,
such as a reduction in net interactions (e.g., approaching the net,
bycatch probability, bycatch per unit effort, mortality rates), we
included all relevant studies that met our search criteria. Our
synthesis focused on primary research articles and did not in-
clude review papers. We included assessments of BRTs in oper-
ational fisheries (i.e., studies that were conducted with fishers
who were legally fishing; e.g., Ortiz et al. 2016) and field-based
controlled experiments (i.e., studies conducted under controlled
conditions; e.g., Senko et al. 2022). Across these studies, data
were captured ranging from on-board researchers, observer pro-
grams, electronic monitoring and standardised catch models to
experimental trials aimed to test BRT performance under vary-
ing field conditions. However, we did not include studies that
were conducted in a laboratory setting or assessed how an an-
imal interacted with a certain technology or gear modification
strictly from a behavioural standpoint with no interaction with
experimental or actual fishing gear (e.g., see Monteiro-Neto
et al. 2004). Each study in our analysis had to specifically assess
the performance of one or more BRT in order to be included and
we only used studies published in English.

In each study, we collected fishing data (gear type and BRT
used), sampling procedure (methods, number of replicates, ef-
fort) and catch data (target and bycatch species composition,
changes in target and bycatch, catch value and changes in catch
regarding weight, length or condition). Target catch and bycatch

were assessed according to the species or taxonomic group iden-
tified by the study authors. Studies that reported changes in tar-
get catch and effects on other commercial species were included
in our analysis. BRT effects in target catch and other commer-
cial species were reported as mean catch rate, catch rate, or as
quantities not standardised to a rate. We also collected spatial
and temporal information and used the 2022 United Nations
Country Classification to determine if the study was conducted
in a nation with a developing or developed economy (United
Nations 2022).

Changes in bycatch rates, target catch rates and catch value (i.e.,
performance metrics) across BRTs were classified as reduced,
increased, mixed effects (i.e., inconsistent results), diminished
effect over time (i.e., BRT initially showed to be effective, but
decreased over time), an increase in at least one species with a
reduction in at least one species, no change (no significant dif-
ference), no change in at least one species with an increase in at
least one species, no change in at least one species with a reduc-
tion in at least one species or not assessed (the study did not col-
lect enough data to draw a conclusion or no data were collected).
Individual studies could contain multiple target and bycatch
species. When an individual study tested more than one BRT,
or multiple variations of the same BRT, we assessed each exper-
iment separately while keeping the relevant study variables the
same (e.g., fishing gear type, target and bycatch species).

Within each study, we identified any additional assessments re-
lating to how the BRT could impact the fisher, compiling these
findings into a list of fisher-focused metrics (i.e., economic im-
pact, BRT cost, operational efficiency, ease of use, fishing gear
effects, fisher safety, fisher perceptions of BRT efficacy; see
Table 1 for definitions and examples of each fisher-focused met-
ric). After individually reviewing each study and establishing a
final set of fisher-focused metrics, all studies were re-evaluated
to ensure the presence or absence of each metric for quality as-
surance. For BRT studies that included fisher-focused metrics,
we assigned data into quantitative or anecdotal evidence. Each
metric was assigned a ‘yes’ if evidence was reported, or a ‘no’
if absent. To receive a ‘yes’ in quantitative metrics, the study
collected and analyzed data during the BRT experiment (e.g.,
haulback time was recorded and compared among net types).
To receive a ‘yes’ in anecdotal metrics reported feedback, com-
ments, or observations were made by researchers or fishers in-
volved in the BRT study (e.g., fishers stated the BRT was easy to
install). When studies reported multiple findings for the same
metric, the information was counted only once. However, if
studies conducted multiple experiments and reported similar
findings across experiments, we applied the information to each
experiment.

3 | Literature Review Results

3.1 | Overview of Peer-Reviewed Published
Studies Testing BRTs in Global Passive Fisheries

To obtain a comprehensive understanding of a BRT's efficacy,
it is essential to assess a variety of fishery metrics. We observed
three assessments of performance metrics: (1) change in by-
catch; (2) change in target catch; and (3) change in catch value.
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FIGURE1 | Conceptual map displaying all assessment metrics (10) observed and identified across 196 studies evaluating BRTSs for air-breathing

marine megafauna in global passive fisheries from 114 peer-reviewed publications from 1997 to 2024. Two assessment categories were observed: (1)

performance metrics (bycatch rates, target catch rates, and catch value); and (2) fisher-focused metrics (economic impact, BRT cost, operational effi-

ciency, ease of use, effects on gear, fisher safety and fisher perceptions).

Changes in bycatch and target catch were evaluated in 94.4%
and 73% of all experiments, respectively. In contrast, catch value
was examined in only 6.6% of studies. We then identified seven
fisher-focused metrics (see Table 1). We present a conceptual
map outlining all assessment metrics we identified in our re-
view to help guide future experimental studies and evaluations
of BRTs (Figure 1). The following sections provide a detailed dis-
cussion for each metric identified and key findings. The list of
all published studies used in our synthesis can be found in the
Supporting Information (Dataset S1).

Most experiments were on longline fisheries (n =88 for pelagic,
n =24 for demersal, n=1 unspecified), followed by gillnet fish-
eries (n=49 for bottom-set, n=17 for surface-set (drift)), traps
(n=9), pots (n=4) and trammel net fisheries (n=5). Most ex-
periments were conducted in North America (n=>52; 26.5% of
all 196 studies), Europe (n = 51; 26% of all 196 studies) and South
America (n=43; 21.9% of all 196 studies), with the remaining
experiments conducted in Africa (n=18; 9.2% of all 196 stud-
ies), Asia (n=14; 7.1% of all 196 studies), Mediterranean region
(n=38; 4.1% of all 196 studies), open ocean (n=7; 3.6% of all
196 studies) and Australia and Oceania (n=35; 2.6% of all 196
studies; Figure 2). We found a similar number of peer-reviewed
published studies testing BRTs for air-breathing marine mega-
fauna that occurred in developed (n=61) and developing na-
tions (n=47). However, study coverage in developing countries
was uneven, with most studies occurring in a few nations, such
as South Africa, Peru and Brazil, while several major fishing
countries (e.g., India, Thailand, Colombia) had no studies. The
uneven representation among developing countries may be due
to language biases in reporting or logistical constraints, such as
limited resources.

We identified a total of 28 BRTs across the 196 studies from
114 peer-reviewed published studies, 12 of which were

sensory-dependent (Figure 3). Forty-two published studies
reported on more than one BRT experiment, in which each
experiment was assessed separately. Acoustic deterrents
(n=36; 18.4% of all 196 studies) and circle hooks (n =34; 17.3%
of all 196 studies) were employed in most experiments, while
the remaining studies used net illumination (n=20; 10.2%
of all 196 studies), tori lines (n=18; 9.2% of all 196 studies),
weighted lines (n=13; 6.6% of all 196 studies), underwater
shooters (n=9; 4.6% of all 196 studies), bait type (n=38; 4.1%
of all 196 studies), night setting (n =7; 3.6% of all 196 studies),
bait colour change (n=6; 3.1% of all 196 studies), echoloca-
tion (n=6; 3.1% of all 196 studies), net sleeves (n=>5; 2.6% of
all 196 studies), seal-safe net traps (n=>5; 2.6% of all 196 stud-
ies), contrast panels (n=>5; 2.6% of all 196 studies), hook type
(n=4; 2% of all 196 studies), added mesh panels (n=3; 1.5%
of all 196 studies), multi-tool approaches (n=2; 1% of all 196
studies), olfactory deterrents (n =2; 1% of all 196 studies), seal
excluder devices (n=2; 1% of all 196 studies), sea lion excluder
devices (n=2; 1% of all 196 studies), modified monofilaments
(n=1; 0.5% of all 196 studies), buoyless nets (n=1; 0.5% of all
196 studies), hook colour (n=1; 0.5% of all 196 studies), leader
length (n=1; 0.5% of all 196 studies), longline length (n=1;
0.5% of all 196 studies), looming-eyes buoys (n=1; 0.5% of all
196 studies), subsurface net setting (n =1; 0.5% of all 196 stud-
ies), scarybird (n=1; 0.5% of all 196 studies) and side-setting
(n=1;0.5% of all 196 studies; Figure 4; Dataset S1). BRTs were
tested on seabirds (n = 85; 43.4% of all 196 studies), followed by
sea turtles (n =68; 34.7% of all 196 studies) and marine mam-
mals (n=63; 32.1%; of all 196 studies). We were unable to find
studies on crocodilians that met our inclusion criteria. In 17
experiments, BRTs were tested on more than one taxonomic
group. Target catches consisted of bony fish (n=173; 88.3% of
all 196 studies), elasmobranchs (n=49; 25% of all 196 stud-
ies) and crustaceans (n=3; 1.5% of all 196 studies), with 9.7%
(n=19) of studies not specifying target catch.
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FIGURE 2 | Global distribution of findings from 196 BRT studies on air-breathing marine megafauna in global passive fisheries, based on 114

peer-reviewed studies published between 1997 and 2024. The number of studies observed per published paper conducted per country is represented

by different colours.

3.2 | BRT Performance Metrics
3.21 | Changesin Bycatch

BRTs were developed to mitigate capture of non-target spe-
cies. Assessing the extent to which they are able to reduce
bycatch is required to understand their effectiveness. We
found 66.3% (n=130) of studies reported a reduction in air-
breathing marine megafauna bycatch, 18.9% (n = 37) indicated
no change, 5.1% reported mixed results, 5.6% (n=11) did not
assess bycatch, 3.6% (n=7) reported an increase, 2.6% (n=>5)
reported no change in at least one species with a reduction
in at least one species, 1.5% (n=3) reported an increase in at
least one species with a reduction in at least one species, 1%
(n=2) reported diminished effects over time, and 0.5% (n=1)
reported mixed effects. All studies testing night setting (n=7),

net sleeves (n = 5), multi-tool approaches (n = 2), buoyless nets
(n=1), leader lengths changes (n=1), seal excluder devices
(n=2), subsurface net setting (n = 1) and net side-setting (n = 1)
reported a 100% reduction in bycatch (Figure 4a). Similarly,
77.8% (n=38) of studies testing bait type reported a reduction
in bycatch, along with 77.8% (n=18) of studies testing tori
lines, 75% (n=15) testing net illumination, 67.7% (n = 34) test-
ing circle hooks, 66.7% (n=24) testing acoustic deterrents,
66.7% (n=2) testing added mesh panels, 60% (n=23) testing
seal-safe trap nets, 55.6% (n=>5) testing underwater shooters,
53.9% (n=7) testing weighted lines, 50% (n=1) testing olfac-
tory deterrents, 40% (n=2) testing contrast panels and 33.3%
(n=2) testing bait colour (Figure 4a).

While the primary goal of these studies is to reduce bycatch
using innovative tools and modifications, several studies found
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FIGURE 3 | Timeline overview of 114 peer-reviewed published studies between 1997 and 2024 testing the efficacy of BRTs for air-breathing ma-

rine megafauna in global passive fisheries.

no changes in bycatch when using BRTs. For example, single
studies testing looming-eye buoys and modified monofila-
ments reported no changes in bycatch (Figure 4a). Similarly,
no changes in bycatch were reported in 66.7% (n=4) of exper-
iments testing modified bait colour, 50% (n=3; 1, respectively)
testing echolocation and olfactory deterrents, 46.2% (n=6) test-
ing weighted lines, 40% (n=2) testing seal-safe trap nets, 25%
(n=1) testing hook types, 20.6% (n=7) testing circle hooks,
15% (n=13) testing net illumination, 13.9% (n=15) testing acous-
tic deterrents and 11.1% (n=2; 1, respectively) testing tori lines
and underwater shooters (Figure 4a). In other studies, reported
increases in bycatch were found when using BRTs. The single
study testing longline lengths reported an increase in bycatch,
as did 25% (n=1) of studies testing hook type, 20% (n=1) test-
ing contrast panels, 11.1% (n=1) testing underwater shooters,
10% (n=2) testing net illumination and 5.6% (n=1) testing tori
lines (Figure 4a). No changes in at least one bycatch species with
a reduction in at least one bycatch species was reported in the
single scarybird study, 33.3% (n=1) testing added mesh panels
and 5.6% (n=2; 1, respectively) testing acoustic deterrents and
underwater shooters. An increase in at least one bycatch spe-
cies with a reduction in at least one bycatch species was reported
in 11.1% (n=1) of studies testing underwater shooters and 5.5%
(n=2) testing acoustic deterrents (Figure 4a). Mixed effects
were reported in 5.5% (n=1) of studies testing tori lines and di-
minished effects of BRTs over time were reported in 50% (n=1)
of sea lion excluder device studies (Figure 4a).

3.2.2 | Changes in Target Catch
Implementing BRTs in fishing activities may alter fishers' target

catch. We found 43.4% of all BRT studies reported no change in
target catch rates, 16.6% reported mixed results, 9.1% reported

an increase in at least one target species with a reduction in at
least one target species, 8.7% reported a reduction, 7.7% reported
an increase, 3.1% reported no change in at least one target spe-
cies with an increase in at least one target species, 1% reported
no change in at least one target species with a reduction in at
least one target species and 27% studies did not assess target
catch. Seal excluder devices (n=2), buoyless nets (n=1), leader
length (n=1), looming-eyes buoys (n=1), scarybird (n=1),
subsurface net setting (n=1) and net side setting (n=1) all re-
ported no change in target catch rates compared to control nets
(Figure 4b). In remaining studies, no change in target catch was
reported in 90% (n = 18) of experiments testing net illumination,
84.6% (n=11) testing weighted lines, 80% (n =4) testing seal-safe
trap nets, 66.7% (n=4) testing echolocation, 52.8% (n=19) test-
ing acoustic deterrents, 50% (n = 2;2;1, respectively) testing hook
type, sea lion exclusion devices and olfactory deterrents, 44.4%
(n=4) testing underwater shooters, 33.3% (n=1) testing added
mesh panels, 20% (n =1) testing net sleeves, 16.7% (n=1) testing
bait colour, 14.3% (n=1) testing night setting, 12.5% (n=1) test-
ing bait type, 11.8% (n=4) testing circle hooks and 5.6% (n=1)
testing tori lines (Figure 4b).

Few studies showed an increase in target catch when using
BRTs, including the single study on modified monofilaments.
Additionally, 16.7% (n=1) of studies testing bait colour reported
an increase in target catch, 13.9% (n=>5) in testing acoustic de-
terrents, 12.5% (n=1) testing bait type, 11.8% (n=4) testing cir-
cle hooks and 11.1% (n=2;1, respectively) in testing tori lines
and underwater shooters (Figure 4b). Alternatively, several BRT
studies reported a reduction in target catch, such as 80% (n=4)
of studies testing net sleeves, 66.7% (n=2) testing added mesh
panels, 50% (n =1) testing sea lion excluder devices, 25% (n=2;1,
respectively) testing bait type and hook type, 20% (n=1;1, re-
spectively) in testing contrast panels and seal-safe trap nets,
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FIGURE4 | Results overview of the three performance metrics assessed for marine megafauna BRTs (n=196) using passive fishing gear in global
fisheries from peer-reviewed published studies published between 1997 and 2024 (n =114). Comparisons of reported study results for change in by-
catch (A), target catch (B) and catch value (C) are provided for each BRT (bycatch reduction technology or modification) identified. We list the BRTs
based on the greatest number of experiments to the fewest in each assessment type. Changes are reported in colour as increased (green), reduced
(red), mixed effects (pale purple), diminished effect over time (gold), increase in at least one species with a reduction in at least one species (light
blue), no change in at least one species with an increase in at least one species (purple), no change in at least one species with a reduction in at least

one species (yellow), no change (dark grey) or not assessed (light grey) corresponding to each metric type.

16.7% (n=1) testing echolocation and 11.8% (n=4) testing circle
hooks (Figure 4b). An increase in at least one target species with
a reduction in at least one target species was reported in 41.2%
(n=14) studies testing circle hooks, 25% (n=2;2, respectively)
testing bait type and hook type and 14.3% (n=1) testing night
setting (Figure 4b). No change in at least one target species with
an increase in at least one target species was reported in 10%
(n=2) of studies testing net illumination, 7.7% (n=1) testing
weighted lines, 5.9% (n=2) testing circle hooks and 2.8% (n=1)
testing acoustic deterrents (Figure 4b). No change in at least one
target species with a reduction in at least one target species was
reported in 5.6% (n=2) of studies testing acoustic deterrents
(Figure 4b).

3.2.3 | Changes in Catch Value

Evaluating effects on catch value can help understand the po-
tential economic impact of fishing with a given BRT. However,
unlike catch rates (see paragraph above), we found only 6.6%
of BRT studies assessed changes in catch value: 5.1% reported
no change, 1% reported an increase and 0.5% reported a reduc-
tion. Of these studies, 30% (n=6) of net illumination experi-
ments reported no change and 5% (n=1) reported an increase
(Figure 4c). Notably, one net illumination study found a 15% sig-
nificant increase in target fish catch value (Gautama et al. 2022).
Additionally, 8.3% (n=3) of acoustic deterrent experiments
also reported no change, and 2.8% (n=1) reported an increase
(Figure 4c). The single study testing scarybird, a device repre-
senting a bird of prey shape, found no change in catch value. In
contrast, the buoyless net study reported a reduction in catch
value (Peckham et al. 2016; Figure 4c). We also found that 15.8%
(n=31) of all studies reported a change in the state of fish catch
weight, size or condition.

3.3 | Fisher-Focused Metrics in Assessments
of BRTs

In addition to evaluating BRT performance metrics, we identi-
fied additional metrics that could provide insight into how BRTs
impact fishers. For each fisher-focused metric identified, we
made the distinction between quantitative and anecdotal eval-
uations in BRT experiments. For quantitative assessments, 9.2%
quantified effects on fishing gear, 8.7% of experimental studies
quantified BRT cost, 4.1% quantified the economic impact, 3.1%
quantified fisher safety, 3.1% quantified BRT ease of use, 2%
quantified operational efficiency and 1% quantified fishers' per-
ception of BRT efficacy (Figure 5). For anecdotal evidence, 10.7%
of experimental studies reported on the ease of use, 7.1% on BRT
cost, 6.6% on fisher perceptions of efficacy, 3.1% on effects on

fishing gear, 1.5% on effects on fisher safety and 0.5% on both
operational efficiency and economic impact (Figure 5). Below,
we highlight each identified fisher-focused metric assessed in at
least one of the studies we reviewed in our analysis.

3.3.1 | Economic Impact

Understanding the broader economic impact of fisheries is es-
sential for assessing how fishers' annual profits and cost esti-
mates may evolve over time by adopting BRTs. For example, in
some pinger studies, researchers calculated net profit changes
by comparing control and treatment nets, allowing them to eval-
uate whether adopting pingers would be beneficial for their par-
ticular fishery (Gonener and Ozdemir 2012; Mangel et al. 2013).
Insights can also be gained into the potential savings a fishery
can achieve by reducing net damage caused by bycatch (Allman
et al. 2021).

3.3.2 | BRT Cost

Information on BRT cost is critical because it allows for in-
formed considerations regarding how accessible a given BRT
can be for fishers. Net illumination and pinger studies reported
high investment and maintenance costs (Allman et al. 2021;
Bielli et al. 2020; Mangel et al. 2013; Ortiz et al. 2016; Senko
et al. 2022; Wang et al. 2010). For example, in one study, illu-
minated nets were reported to require an investment cost of
about 2000 USD for a 2km gillnet (Bielli et al. 2020). Fisher
investment costs can potentially be offset with positive eco-
nomic changes; for example, nets with pingers yielded higher
profitability compared to control nets in one study (Gonener
and Ozdemir 2012). BRTs, however, can also involve simple
gear modifications that are cost-effective. For example, buoy-
less nets were reported to be less expensive than traditional
nets given the reduced number of buoys needed on the float
line of a gillnet (Peckham et al. 2016).

3.3.3 | Operational Efficiency

Although operational efficiency can be impacted by a variety of
fishing factors, we specifically focused on changes in the han-
dling and processing of catch and bycatch while using BRTs. One
study reported an increase in operational efficiency when using
illuminated gillnets by reducing the time needed to retrieve and
disentangle both catch and bycatch (Senko et al. 2022). Another
study reported that reduced haulback time can benefit fishers
during poor weather conditions that make fishing more chal-
lenging (Suuronen et al. 2006).
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reviewed studies published between 1997 and 2024 (n=114). We report both quantitative and anecdotal evidence for each of the seven fisher-focused
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3.3.4 | Ease of Use

For effective fishery implementation, BRTs may require the in-
volvement of scientific experts and external resources, while oth-
ers can be applied through relatively simple modifications. For
example, it was reported that buoyless nets required no training
or additional equipment since they are fished in the same way as
traditional nets (Peckham et al. 2016). When testing illuminated
gillnets, researchers reported that LEDs were relatively easy to
clip onto existing gillnet float lines and required no training for
adoption (Senko et al. 2022). Easy and affordable installation
was also reported when testing sea lion excluder devices in pot
fisheries as the design is adaptable (Campbell et al. 2008).

BRTs may also impose additional challenges during fishing
operations. Adding acrylic spheres on gillnets to enhance
echolocation reflectivity was reported to be labor intensive
and acrylic spheres may not always be accessible for global use
(Kratzer et al. 2021). Other studies reported BRTs can be dif-
ficult to work with given higher gear entanglement with sub-
strates along the seafloor or the gear itself (Kratzer et al. 2021;
Peckham et al. 2016). In longline studies, testing of tori lines
and weighted lines often resulted in frequent line entanglement
(Dietrich et al. 2008; Jiménez et al. 2020; Melvin et al. 2013,
2014). Researchers evaluating the impact of dyed bait for re-
ducing seabird bycatch noted its impracticality due to the addi-
tional time required for bait preparation (Gilman, Brothers, and
Kobayashi2007). Similar challenges were reported in circle hook
studies, where fishers noted greater difficulty in dehooking sea
turtles with circle hooks compared to J-hooks in addition to the

challenge of hooking bait on circle hooks (Gilman, Kobayashi,
et al. 2007; Piovano, Basciano, et al. 2012; Piovano et al. 2009).

3.3.5 | Fishing Gear Effects

Assessing how BRTs affect fishing gear provides researchers
and fishers the opportunity to gauge the potential benefits or
issues that may arise when using them. Acoustic deterrent de-
vices designed to reduce dolphin bycatch experienced lower in-
tensities of sea lion predation (Bordino et al. 2004) and a 69.8%
reduction in net damages compared to control nets (Gonener
and Ozdemir 2012). A limited number of studies systematically
quantified gear damages when fishing with BRTs. For example,
gear damage frequency was evaluated by testing trap-net mod-
ifications with different netting materials and by counting the
number of holes in the net panels of trammel nets (Ceciarini
et al. 2023; Suuronen et al. 2006). Fishing gear effects can also
include changes in bait retention; for example, use of an under-
water setting chute resulted in a 20.6% reduction in bait loss,
suggesting potential cost savings for fishers (Gilman et al. 2003).
Further, fishers reported that BRTs like LED lights on surface-
set (drift) nets may help prevent collisions with other vessels that
destroy their gear (Allman et al. 2021).

3.3.6 | Fisher Safety

Fishers are often exposed to many types of risk and work long
hours under shifting weather conditions. For example, Allman
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et al. (2021) reported that fishers recognised the safety benefits
of using illuminated gillnets because there was reduced leather-
back turtle bycatch that could overturn their boat. In weighted
line studies, researchers quantified flyback incidents, as fishing
crews are frequently at risk of injuries caused by the line snap-
ping (Melvin et al. 2014; Santos et al. 2019). Similarly, safety
concerns were raised when testing tori lines in relation to de-
ployment and retrieval (Gilman et al. 2021; Sato et al. 2016).

3.3.7 | Fisher Perceptions of Efficacy

Fisher perceptions of the usability and efficacy of BRTs pro-
vide valuable information on their adoption potential. We
found two studies that conducted formal interviews with fish-
ers during BRT experiments. In a circle hook study that inter-
viewed 50 fishers, 8% of fishers were in favour of shifting to
16/0 circle hooks during the summer when sea turtle inter-
actions are higher, which then increased to 38% if there were
economic incentives included (Piovano, Basciano, et al. 2012).
When testing an underwater shooter, feedback from the cap-
tain and fishing crew was collected, with reports indicating
that the technology improved bait retention and reduced sea-
bird interactions—factors that made them more inclined to
adopt it (Gilman et al. 2003). Fishers testing illuminated gill-
nets believed the tool was useful and helped to reduce sea tur-
tle bycatch (Kakai 2019; Wang et al. 2013). Similarly, fishers
testing pingers indicated that they would be more inclined to
use the technology if it also helped minimise sea lion depreda-
tion (Bordino et al. 2002).

4 | Discussion
4.1 | Performance Metrics

Assessing fishery performance metrics (e.g., changes in by-
catch, target catch and catch value) is essential for determining
whether a given BRT can be effectively applied in a given fishery.
Our analysis revealed that most BRT studies evaluated changes
in bycatch, where nearly 70% reported an observed reduction in
bycatch. While most BRTs are designed to be species or taxon
specific, certain BRTs may not always be ideal for fisheries
that interact with multiple taxonomic groups of bycatch spe-
cies. When developing or refining BRTSs, it is crucial to consider
that most fisheries often interact with multiple bycatch species
rather than one species (Bielli et al. 2020; Domingo et al. 2012;
Jiménez et al. 2019; Moreno et al. 2008; Robertson et al. 2018).
For instance, assessments of certain BRTs, including net illu-
mination, net sleeves and underwater shooters revealed that
these emerging BRTs can reduce bycatch of multiple taxonomic
groups, which can be beneficial for fishers (Bielli et al. 2020;
Goetz et al. 2011; Moreno et al. 2008; Senko et al. 2022; Sullivan
et al. 2018). Our findings also highlight the importance of eval-
uating potential multispecies conflicts (i.e., a BRT that reduces
bycatch of one species while increasing bycatch or target catch
of another species) when assessing the efficacy of BRTs, espe-
cially when they pertain to at-risk species. Further investigation
into how BRTs can be adapted or combined to reduce bycatch, as
well as understand the effects across multiple taxonomic groups,
is warranted (Senko et al. 2022).

While BRTs may be effective in reducing bycatch, assessing how
they impact fishers' target catch rate is equally important. BRTs
that negatively affect target catch are likely to be a major bar-
rier to adoption. While an increase in catch rates via BRTs can
be beneficial for fishers and encourage higher adoption, future
research should also consider the extent of the potential impact
on fish stocks populations if catch increases are significantly
higher. In a well-managed fishery, higher catch rates can reduce
operation costs, but a lack of adequate management can lead
to unsustainable fishing. Similarly, while fisheries may target
multiple fish species that yield differences in catch rates when
testing BRTs, further investigation into tailoring BRTs for fish-
ers’ preferred catches—particularly high-value target species—
could help address challenges associated with mixed catch rate
results.

Given that approximately half of the studies we reviewed took
place in developing countries, understanding potential changes
in market prices for these regions should be of interest for re-
searchers and practitioners. All fisheries rely on the profits
generated by the sale of their catch; thus, it is imperative to in-
corporate assessments of catch value in future studies. Positive
economic changes resulting from using BRTs have been high-
lighted in fisher interviews as an important factor for adoption
that can encourage uptake of BRTs if shown to be maintained or
increased (Piovano, Basciano, et al. 2012).

4.2 | Fisher-Focused Metrics

Throughout our review, we identified and evaluated seven addi-
tional assessment metrics that can be incorporated into experi-
ments to gain deeper insights into how BRTs impact the fishers
who use them. While performance metrics were widely assessed
throughout BRT studies, inclusion of fisher-focused metrics was
comparatively low. Yet, assessing fisher-focused metrics may
offer additional valuable insights into the applicability, eco-
nomic and social impacts of BRTs. Along with evaluating catch
rates and market value, assessing the economic impacts of BRTs
can help understand the potential changes in annual profits or
revenue fluctuations that help fishers make informed decisions
about adopting BRTs.

Similarly, incorporating assessments of BRT costs is crucial to
further understand their financial impact on fishers, including
affordability. High cost of BRTs can limit opportunities for vol-
untary adoption, as challenges in production and distribution
can drive up their overall expense. It can become difficult for
fishers to attain and also maintain the BRT without subsidies
(Pascoe et al. 2010; Squires and Garcia 2013), which may create
disparities among fishers who may be interested in using BRTs.
To help promote and facilitate BRTs adoption, emphasis can be
put on improving or developing additional BRTs that allow fish-
ers to modify their existing fishing gear at no extra cost (or ide-
ally at reduced operating costs). Performing these assessments
can help ensure that BRTs are both effective in reducing bycatch
and also economically viable for fishers to use long-term.

We identified a diverse range of BRTs varying in different types
of technological complexity and design modifications. BRTs that
are relatively easy to install and maintain can provide fishers

12

Fish and Fisheries, 2026

85UB01 7 SUOLLLOD AT [ded! dde Uy Aq pauenob ae il VO ‘85N JO 3N oy Akeiqi 18Ul UO 8|1 LD (SUONIPUOD-PUE-SWBIALID"AB| 1M Afe.d1jBu [Uo//Sty) SUORIPUOD pue SWLB | 8U 89S *[9202/T0/0€] Uo AriqiTauliuo &M * boy AlsieAlun alels BuoziY - 03uss assar Aq 8900L"Je)/TTTT OT/I0p/L0d"A8 | im Ake.d Ul |uo//:Sdiy wouy papeojumod ‘0 ‘6.62.9%T



with different levels of experience the opportunity to fish more
sustainably. Laborious and complex BRTs can leave fishers
feeling unsure as to how to properly install, use, or respond to
technical issues that may ultimately discourage fishers from
continuing its use (Duarte et al. 2019). Given the wide variety
of fishing gear types, future research should explore the appli-
cability and compatibility of specific BRTs with fishers' gear, as
BRTs may not always be transferable across different gear types
or environments (Nguyen et al. 2013).

For fishers, changes in operational efficiency, including im-
proved handling and sorting time, can be important factors to
encourage fisher use of BRTs (Senko et al. 2022). Trawl fish-
ers found turtle excluder devices beneficial, as they improved
handling and sorting times, expediting the fishing process
(Alessandro and Antonello 2010; Sala et al. 2011; Vasapollo
et al. 2019). Minimising time spent retrieving and sorting catch
reduces the physical effort required to haul and clean nets as
well as potentially improving catch quality and reducing waste
(Senko et al. 2022). In fisheries with high marine mammal by-
catch, fishers often report that cetaceans and other large verte-
brates cause extensive net damage that can be costly for fishers to
repair (Buscaino et al. 2009; Lauriano et al. 2004; Panagopoulou
et al. 2017). Assessments of fishing gear effects when using
BRTs, including changes in net damage, bait loss and gear loss,
can provide useful information that benefit fishers. For instance,
fishers may be more inclined to adopt BRTs if they demonstrate
reduced net damage, as fishers will be able to experience lower
repair costs, extend the lifespan of their fishing gear and have
more efficient fishing operations. Additionally, if BRTs allevi-
ate common risks associated with fishing activities, fishers may
be more willing to adopt them. Assessing the impacts of BRTs
on fisher safety can reveal potential usage hazards, including
how to properly address or prevent BRT malfunctions and allow
researchers the opportunity to instill social responsibility and
enhance safe working conditions for fishers.

4.3 | Recommendations and Caveats
for Developing Comprehensive Assessments
of BRTs

Our study included primary literature to capture detailed as-
sessments of BRTs that could answer our research questions
through specific study designs, methods and results. This ap-
proach ensured that BRTs were evaluated based on empirical
evidence as opposed to secondary interpretations in synthesis
papers. However, we acknowledge that limiting our search to
individual BRT studies narrows the broader context often pro-
vided in synthesis research. Meta-analytic syntheses are useful
in estimating pooled effects of various BRTs and can enhance
generalizability. Synthesis studies can clarify conflicting find-
ings among BRTs, which are relatively common when assess-
ing certain BRTs, such as circle hooks and pingers (Andraka
et al. 2013; Gonener and Bilgin 2009; Lima et al. 2023). More
recently, net illumination studies have been shown to reduce sea
turtle bycatch, but to date, have been relatively ineffective for
seabird mitigation (Field et al. 2019; Senko et al. 2025). It is also
important to consider that BRT performance may vary under
different conditions. For example, assessing BRTs in controlled
experiments may differ when applied in real fishing conditions

(Cox et al. 2007). Inadvertently, BRTs that work well in exper-
imental settings may introduce unintended consequences for
fishers, underscoring the need to evaluate BRTs across multiple
study approaches.

It is imperative that BRTs undergo various stages of experimen-
tal testing not only to understand how to successfully reduce
bycatch, but to understand subsequent impacts on fishery opera-
tions and fisher wellbeing. We found that most BRT studies have
largely concentrated on assessing changes in bycatch and target
catch, where these metrics may serve as the first indicators in
determining whether a given BRT will be effective under actual
fishing conditions. Prioritisation of performance metrics may
derive from BRTs being specifically created to address fisheries
bycatch and prevent a negative effect on catch rates that may dis-
courage fisher uptake of BRTs (Steins et al. 2023). Maintaining a
narrow focus with assessments only on bycatch and target catch
rates after the efficacy of the BRT has been established may in-
dicate a potential bias toward resource management objectives
and not fisher livelihoods. Yet, information learned from by-
catch rates can help determine additional assessment metrics
fishers may consider valuable, including operational efficiency
and quantifying reductions in net damage.

Given the importance of maintaining fishers' catch (Hall and
Mainprize 2005), we found surprisingly few BRT studies incor-
porating assessments of catch value. In some cases, the lack of
catch value assessments may be due to target catch rates serv-
ing as a proxy for potential changes in market value (Gilman
et al. 2003; Mangel et al. 2013). However, even anecdotal in-
formation from fishers could provide a valuable proxy on catch
value. Assessments of catch value can help understand the prof-
itability of fishing with BRTs, since catch rate results may not al-
ways translate to catch value if there are discrepancies between
the capture of high and low value species. Results for catch
value assessments are often based on particular species and the
location of the study, which often make assessments and wider
applicability challenging. However, to assess catch value, prior
studies have tracked the market price assigned to commercial
species by local buyers (Wang et al. 2010), or by conducting mar-
ket surveys with local fishers (Peckham et al. 2016).

Fisher perceptions of BRTs are often assumed rather than sys-
tematically measured, which can undermine how well we
understand the efficacy of BRTs from fishers' point of view
(Campbell and Cornwell 2008). We identified evidence of seven
fisher-focused metrics that can be of interest for fishers consid-
ering using BRTs, offering insights beyond general performance
changes (Figure 1). To improve adoption potential, where pos-
sible, future BRT studies should include fishery efficiency and
human wellbeing metrics in assessments of BRTs. While in-
corporating all available fisher-focused assessments may be
challenging, prioritising the most beneficial and relevant fisher-
focused metrics for a given fishery will likely be valuable.

Future research can also examine how perceptions of fishers and
scientists may differ with respect to the use of BRTs. Assessing
fisher attitudes on fishing technologies can disclose potential
inequities, cultural shocks and community norms researchers
may be unaware of (Jenkins 2022). Offering fishers opportuni-
ties to actively participate and voice their opinions throughout
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the study design and experimentation of BRTs can help foster a
sense of ownership in the research.

Compliance with alternative bycatch management measures,
such as BRTs, may rely on voluntary adoption by fishers, which
is often influenced by commercial costs and how the tool per-
forms relative to traditional fishing practices (Cox et al. 2007;
Suuronen 2022). When voluntary compliance is low, adoption
depends on the strength of the fishery's management framework
and the ability to instill an effective monitoring regime for that
particular bycatch reduction measure (Kirby and Ward 2014).
Fisheries with weak monitoring, control, surveillance and en-
forcement capacities, along with inadequate incentives for com-
pliance, face greater risk of noncompliance.

To develop solutions that effectively address conservation issues
and enhance people’s livelihoods, studies must encompass a
broad range of assessment metrics often extending beyond basic
scientific expertise. The inclusion of fisher-focused metrics in
BRT studies can be enhanced with the collaboration of a diverse
scientific team. Interdisciplinary collaboration with social sci-
entists, psychologists, anthropologists and economists can help
identify the appropriate assessments to further our knowledge
of the impacts and adoption potential of BRTs. For example, in-
formation that may be difficult to quantify in the field can be
supplemented by conducting structured interviews with partic-
ipating fishers. While several interviews with fishers have been
conducted exploring the limitations of BRTs (Duarte et al. 2019;
Jenkins and Garrison 2013; Steins et al. 2023), these assessments
do not have to be independent of fishery trials. Interviews with
fishers can occur before, during or after the conclusion of the
experiment, prompting fishers to immediately reflect on their
experiences while giving researchers the opportunity to iden-
tify potential setbacks and achievements (Gilman et al. 2003;
Piovano, Basciano, et al. 2012). Identifying factors that matter
most to fishers can serve as a foundation for developing more
meaningful and effective assessment of BRTs by integrating the
human dimension into scientific objectives.

5 | Conclusion

Based on the findings of our review, we compiled a conceptual
map of possible assessment metrics researchers can use to help
improve how to evaluate BRTs that meet both scientific and fisher
needs. We found that the majority of BRT studies in our review
centered on assessing two major performance metrics (i.e., by-
catch and target catch rates), while comparatively fewer studies
included assessments of catch value and the seven fisher-focused
metrics. Yet, assessment metrics do not have to be mutually ex-
clusive and can be used to inform additional relevant metrics.
Moving forward, BRT projects should consider including a vari-
ety of assessment metrics that provide insight into the efficacy of
reducing bycatch and how well it aligns or benefits fisher needs.
We recognize that incorporating numerous assessment metrics
may be challenging and often unfeasible given the conditions of
the fishery or the research timeline and aims; however, it may be
beneficial for researchers to consider discussing what metrics fish-
ers consider most valuable. Researchers can use fisher feedback
to develop more robust and comprehensive assessments that fully
evaluate the socioeconomic implications of fishing with BRTSs.

While it is commonly known that enhancing fishing performance
can incentivize fishers to use BRTs, diffusion of innovation em-
phasizes the need for innovation to also align with people's beliefs
and values for successful implementation (Tookes et al. 2023).
We recommend that researchers, practitioners, managers and
decision-makers consider possible advantages and repercussions
fishers may experience with BRT use and implementation that
can be fostered by including fisher-focused assessments. Doing
so emphasizes the importance of interdisciplinary approaches by
combining conservation science with technologies that meet eco-
logical, social, economic and human wellbeing needs.

Acknowledgements

We would like to thank Avery Kruger and Aileen Ferrales for their
contributions to data collection. We also thank John Wang for inspir-
ing this paper as well as the three reviewers who provided insightful
feedback that substantially improved the final manuscript. Author C.V.
is supported by the National Science Foundation Graduate Research
Fellowship (Grant 2233001) and the School of Life Sciences at Arizona
State University.

Data Availability Statement

The data that supports the findings of this study are available in the
Supporting Information of this article.

References

Alessandro, L., and S. Antonello. 2010. “An Overview of Loggerhead
Sea Turtle (Caretta caretta) Bycatch and Technical Mitigation Measures
in the Mediterranean Sea.” Reviews in Fish Biology and Fisheries 20, no.
2:141-161.

Alfaro-Shigueto, J., J. C. Mangel, M. Pajuelo, P. H. Dutton, J. A.
Seminoff, and B. J. Godley. 2010. “Where Small Can Have a Large
Impact: Structure and Characterization of Small-Scale Fisheries in
Peru.” Fisheries Research 106, no. 1: 8-17.

Allman, P., A. Agyekumhene, and L. Stemle. 2021. “Gillnet Illumination
as an Effective Measure to Reduce Sea Turtle Bycatch.” Conservation
Biology 35, no. 3: 967-975.

Almeida, A., A. Ameryk, B. Campos, et al. 2017. “Study on Mitigation
Measures to Minimise Seabird Bycatch in Gillnet Fisheries European
Commission.” Executive Agency for Small and Medium-Sized
Enterprises (EASME) Brussels. https://www.zotero.org/google-docs/?
RXRSwN.

Andraka, S., M. Mug, M. Hall, et al. 2013. “Circle Hooks: Developing
Better Fishing Practices in the Artisanal Longline Fisheries of the
Eastern Pacific Ocean.” Biological Conservation 160: 214-224.

Asche, F., M. F. Bellemare, C. Roheim, M. D. Smith, and S. Tveteras.
2015. “Fair Enough? Food Security and the International Trade of
Seafood.” World Development 67: 151-160.

Barlow, J., and G. A. Cameron. 2003. “Field Experiments Show That
Acoustic Pingers Reduce Marine Mammal Bycatch in the California
Drift Gill Net Fishery.” Marine Mammal Science 19, no. 2: 265-283.

Basurto, X., N. L. Gutierrez, N. Franz, et al. 2025. “Illuminating the
Multidimensional Contributions of Small-Scale Fisheries.” Nature 637:
1-10.

Béné, C., G. Macfadyen, and E. H. Allison. 2007. Increasing the
Contribution of Small-Scale Fisheries to Poverty Alleviation and Food
Security. Food & Agriculture Org.

Berkes, F. 2001. Managing Small-Scale Fisheries: Alternative Directions
and Methods. IDRC.

14

Fish and Fisheries, 2026

85UB01 7 SUOLLLOD AT [ded! dde Uy Aq pauenob ae il VO ‘85N JO 3N oy Akeiqi 18Ul UO 8|1 LD (SUONIPUOD-PUE-SWBIALID"AB| 1M Afe.d1jBu [Uo//Sty) SUORIPUOD pue SWLB | 8U 89S *[9202/T0/0€] Uo AriqiTauliuo &M * boy AlsieAlun alels BuoziY - 03uss assar Aq 8900L"Je)/TTTT OT/I0p/L0d"A8 | im Ake.d Ul |uo//:Sdiy wouy papeojumod ‘0 ‘6.62.9%T


https://www.zotero.org/google-docs/?RXRSwN
https://www.zotero.org/google-docs/?RXRSwN

Bielli, A., J. Alfaro-Shigueto, P. D. Doherty, et al. 2020. “An Illuminating
Idea to Reduce Bycatch in the Peruvian Small-Scale Gillnet Fishery.”
Biological Conservation 241: 108277.

Bordino, P., S. Kraus, D. Albareda, et al. 2002. “Reducing Incidental
Mortality of Franciscana Dolphin Pontoporia blainvillei With Acoustic
Warning Devices Attached to Fishing Nets.” Marine Mammal Science
18, no. 4: 833-842.

Bordino, P., S. Kraus, D. Albareda, and K. Baldwin. 2004. “Acoustic
Devices Help to Reduce Incidental Mortality of the Franciscana Dolphin
(Pontoporia blainvillei) in Coastal Gillnets.” Scientific Committee of the
International Whaling Commission, Sorrento. https://www.zotero.org/
google-docs/?RXRSwWN.

Boyle, K., M. J. Kaiser, S. Thompson, L. G. Murray, and P. F. Duncan.
2016. “Spatial Variation in Fish and Invertebrate Bycatches in a Scallop
Trawl Fishery.” Journal of Shellfish Research 35, no. 1: 7-15.

Bull, L. S. 2007. “Reducing Seabird Bycatch in Longline, Trawl and
Gillnet Fisheries.” Fish and Fisheries 8, no. 1: 31-56. https://doi.org/10.
1111/j.1467-2979.2007.00234.x.

Buscaino, G., G. Buffa, G. Sara, et al. 2009. “Pinger Affects Fish Catch
Efficiency and Damage to Bottom Gill Nets Related to Bottlenose
Dolphins.” Fisheries Science 3, no. 75: 537-544.

Cambie, G., R. Muifio, J. Freire, and T. Mingozzi. 2012. “Effects of Small
(13/0) Circle Hooks on Loggerhead Sea Turtle Bycatch in a Small-Scale,
Italian Pelagic Longline Fishery.” Bulletin of Marine Science 88, no. 3:
719-730.

Campbell, L. M., and M. L. Cornwell. 2008. “Human Dimensions of
Bycatch Reduction Technology: Current Assumptions and Directions
for Future Research.” Endangered Species Research 5, no. 2-3: 325-334.

Campbell, R., D. Holley, D. Christianopoulos, N. Caputi, and N. Gales.
2008. “Mitigation of Incidental Mortality of Australian Sea Lions in the
West Coast Rock Lobster Fishery.” Endangered Species Research 5, no.
2-3:345-358.

Ceciarini, 1., E. Franchi, F. Capanni, et al. 2023. “Assessment of
Interactive Acoustic Deterrent Devices Set on Trammel Nets to Reduce
Dolphin-Fishery Interactions in the Northern Tyrrhenian Sea.”
Scientific Reports 13, no. 1: 20680.

Cook, P, J. E. Hawes, J. V. Campos-Silva, and C. A. Peres. 2022.
“Human-Wildlife Conflicts With Crocodilians, Cetaceans and Otters in
the Tropics and Subtropics.” PeerJ 10: €12688.

Cortes, V., and J. Gonzalez-Solis. 2018. “Seabird Bycatch Mitigation
Trials in Artisanal Demersal Longliners of the Western Mediterranean.”
PLoS One 13, no. 5: e0196731.

Cox, T. M., R. L. Lewison, R. Zydelis, L. B. Crowder, C. Safina, and
A. J. Read. 2007. “Comparing Effectiveness of Experimental and
Implemented Bycatch Reduction Measures: The Ideal and the Real.”
Conservation Biology 21, no. 5: 1155-1164.

D'agrosa, C., C. E. Lennert-Cody, and O. Vidal. 2000. “Vaquita Bycatch
in Mexico's Artisanal Gillnet Fisheries: Driving a Small Population to
Extinction.” Conservation Biology 14, no. 4: 1110-1119.

Darquea, J. J., C. Ortiz-Alvarez, F. Cordova-Zavaleta, et al. 2020.
“Trialing Net Illumination as a Bycatch Mitigation Measure for Sea
Turtles in a Small-Scale Gillnet Fishery in Ecuador.” Latin American
Journal of Aquatic Research 48, no. 3: 446-455.

Dietrich, K. S., E. F. Melvin, and L. Conquest. 2008. “Integrated Weight
Longlines With Paired Streamer Lines-Best Practice to Prevent Seabird
Bycatch in Demersal Longline Fisheries.” Biological Conservation 141,
no. 7:1793-1805.

Domingo, A., S. Jiménez, M. Abreu, R. Forselledo, and O. Yates. 2017.
“Effectiveness of Tori Line Use to Reduce Seabird Bycatch in Pelagic
Longline Fishing.” PLoS One 12, no. 9: e0184465.

Domingo, A., M. Pons, S. Jiménez, P. Miller, C. Barceld, and Y. Swimmer.
2012. “Circle Hook Performance in the Uruguayan Pelagic Longline
Fishery.” Bulletin of Marine Science 88, no. 3: 499-511.

Duarte, D. L., M. K. Broadhurst, and L. F. Dumont. 2019. “Challenges
in Adopting Turtle Excluder Devices (TEDs) in Brazilian Penaeid-Trawl
Fisheries.” Marine Policy 99: 374-381.

Duffy, L. M., C. E. Lennert-Cody, R. J. Olson, C. V. Minte-Vera, and S. P.
Griffiths. 2019. “Assessing Vulnerability of Bycatch Species in the Tuna
Purse-Seine Fisheries of the Eastern Pacific Ocean.” Fisheries Research
219: 105316.

Echwikhi, K., I. Jribi, M. N. Bradai, and A. Bouain. 2010. “Effect of Type
of Bait on Pelagic Longline Fishery-Loggerhead Turtle Interactions in
the Gulf of Gabes (Tunisia).” https://www.zotero.org/google-docs/?
RXRSwN.

Field, R., R. Crawford, R. Enever, et al. 2019. “High Contrast Panels
and Lights Do Not Reduce Bird Bycatch in Baltic Sea Gillnet Fisheries.”
Global Ecology and Conservation 18: e00602.

Finkbeiner, E. M., B. P. Wallace, J. E. Moore, R. L. Lewison, L. B.
Crowder, and A. J. Read. 2011. “Cumulative Estimates of Sea Turtle
Bycatch and Mortality in USA Fisheries Between 1990 and 2007.”
Biological Conservation 144, no. 11: 2719-2727.

Fjalling, A., M. Wahlberg, and H. Westerberg. 2006. “Acoustic
Harassment Devices Reduce Seal Interaction in the Baltic Salmon-
Trap, Net Fishery.” ICES Journal of Marine Science 63, no. 9:
1751-1758.

Gautama, D. A., H. Susanto, M. Riyanto, R. I. Wahju, M. Osmond, and
J. H. Wang. 2022. “Reducing Sea Turtle Bycatch With Net Illumination
in an Indonesian Small-Scale Coastal Gillnet Fishery.” https://www.zo-
tero.org/google-docs/?RXRSwN.

Gilman, E., C. Boggs, and N. Brothers. 2003. “Performance Assessment
of an Underwater Setting Chute to Mitigate Seabird Bycatch in the
Hawaii Pelagic Longline Tuna Fishery.” Ocean and Coastal Management
11, no. 46: 985-1010.

Gilman, E., N. Brothers, and D. R. Kobayashi. 2007. “Comparison of
Three Seabird Bycatch Avoidance Methods in Hawaii-Based Pelagic
Longline Fisheries.” Fisheries Science 73, no. 1: 208-210.

Gilman, E., M. Chaloupka, A. Ishizaki, et al. 2021. “Tori Lines Mitigate
Seabird Bycatch in a Pelagic Longline Fishery.” Reviews in Fish Biology
and Fisheries 31, no. 3: 653-666.

Gilman, E., J. Gearhart, B. Price, et al. 2010. “Mitigating Sea Turtle By-
Catch in Coastal Passive Net Fisheries.” Fish and Fisheries 11, no. 1:
57-88.

Gilman, E., D. Kobayashi, and M. Chaloupka. 2008. “Reducing Seabird
Bycatch in the Hawaii Longline Tuna Fishery.” Endangered Species
Research 5, no. 2-3: 309-323.

Gilman, E., D. Kobayashi, T. Swenarton, N. Brothers, P. Dalzell, and
I. Kinan-Kelly. 2007. “Reducing Sea Turtle Interactions in the Hawaii-
Based Longline Swordfish Fishery.” Biological Conservation 139, no.
1-2:19-28.

Goad, D., I. Debski, and J. Potts. 2019. “Hookpod-Mini: A Smaller
Potential Solution to Mitigate Seabird Bycatch in Pelagic Longline
Fisheries.” Endangered Species Research 39: 1-8.

Goetz, S., M. Laporta, J. Martinez Portela, M. B. Santos, and G. J.
Pierce. 2011. “Experimental Fishing With an “Umbrella-And-Stones”
System to Reduce Interactions of Sperm Whales (Physeter macrocepha-
lus) and Seabirds With Bottom-Set Longlines for Patagonian Toothfish
(Dissostichus eleginoides) in the Southwest Atlantic.” ICES Journal of
Marine Science 68, no. 1: 228-238.

Gonener, S., and S. Bilgin. 2009. “The Effect of Pingers on Harbour
Porpoise, Phocoena phocoena Bycatch and Fishing Effort in the Turbot

Fish and Fisheries, 2026

15

85UB01 7 SUOLLLOD AT [ded! dde Uy Aq pauenob ae il VO ‘85N JO 3N oy Akeiqi 18Ul UO 8|1 LD (SUONIPUOD-PUE-SWBIALID"AB| 1M Afe.d1jBu [Uo//Sty) SUORIPUOD pue SWLB | 8U 89S *[9202/T0/0€] Uo AriqiTauliuo &M * boy AlsieAlun alels BuoziY - 03uss assar Aq 8900L"Je)/TTTT OT/I0p/L0d"A8 | im Ake.d Ul |uo//:Sdiy wouy papeojumod ‘0 ‘6.62.9%T


https://www.zotero.org/google-docs/?RXRSwN
https://www.zotero.org/google-docs/?RXRSwN
https://doi.org/10.1111/j.1467-2979.2007.00234.x
https://doi.org/10.1111/j.1467-2979.2007.00234.x
https://www.zotero.org/google-docs/?RXRSwN
https://www.zotero.org/google-docs/?RXRSwN
https://www.zotero.org/google-docs/?RXRSwN
https://www.zotero.org/google-docs/?RXRSwN

Gill Net Fishery in the Turkish Black Sea Coast.” Turkish Journal of
Fisheries and Aquatic Sciences 9: 151-157.

Gonener, S., and S. Ozdemir. 2012. “Investigation of the Interaction
Between Bottom Gillnet Fishery (Sinop, Black Sea) and Bottlenose
Dolphins (Tursiops truncatus) in Terms of Economy.” Turkish Journal of
Fisheries and Aquatic Sciences 12, no. 1: 115-126.

Hall, S. J., and B. M. Mainprize. 2005. “Managing By-Catch and
Discards: How Much Progress Are We Making and How Can We Do
Better?” Fish and Fisheries 6, no. 2: 134-155. https://doi.org/10.1111/j.
1467-2979.2005.00183.x.

Hamilton, S., and G. B. Baker. 2015. “Review of Research and
Assessments on the Efficacy of Sea Lion Exclusion Devices in Reducing
the Incidental Mortality of New Zealand Sea Lions Phocarctos hookeri
in the Auckland Islands Squid Trawl Fishery.” Fisheries Research 161:
200-206.

Jenkins, L. D. 2022. “Power, Politics, and Culture of Marine
Conservation Technology in Fisheries.” Conservation Biology 36, no. 3:
€13855. https://doi.org/10.1111/cobi.13855.

Jenkins, L. D., and K. Garrison. 2013. “Fishing Gear Substitution to
Reduce Bycatch and Habitat Impacts: An Example of Social-Ecological
Research to Inform Policy.” Marine Policy 38: 293-303.

Jiménez, S., A. Domingo, H. Winker, et al. 2020. “Towards Mitigation
of Seabird Bycatch: Large-Scale Effectiveness of Night Setting and Tori
Lines Across Multiple Pelagic Longline Fleets.” Biological Conservation
247:108642.

Jiménez, S., R. Forselledo, and A. Domingo. 2019. “Effects of Best
Practices to Reduce Seabird Bycatch in Pelagic Longline Fisheries
on Other Threatened, Protected and Bycaught Megafauna Species.”
Biodiversity and Conservation 28, no. 13: 3657-3667. https://doi.org/10.
1007/s10531-019-01842-4.

Kakai, T. M. 2019. “Assessing the Effectiveness of LED Lights for the
Reduction of Sea Turtle Bycatch in an Artisanal Gillnet Fishery-A Case
Study From the North Coast of Kenya.” Western Indian Ocean Journal
of Marine Science 18, no. 2: 37-44.

Kirby, D.S.,and P. Ward. 2014. “Standards for the Effective Management
of Fisheries Bycatch.” Marine Policy 44: 419-426.

Kratzer, I. M., I. Schifer, A. Stoltenberg, et al. 2020. “Determination
of Optimal Acoustic Passive Reflectors to Reduce Bycatch of
Odontocetes in Gillnets.” https://www.zotero.org/google-docs/?
RXRSwN.

Kratzer, I. M. F., M. E. Brooks, S. Bilgin, et al. 2021. “Using Acoustically
Visible Gillnets to Reduce Bycatch of a Small Cetacean: First Pilot Trials
in a Commercial Fishery.” Fisheries Research 243: 106088.

Lauriano, G., C. M. Fortuna, G. Moltedo, and G. N. Di Sciara. 2004.
“Interactions Between Common Bottlenose Dolphins (Tursiops
Truncatus) and the Artisanal Fishery in Asinara Island National Park
(Sardinia): Assessment of Catch Damage and Economic Loss.” Journal
of Cetacean Research and Management 6, no. 2: 165-173.

Lewison, R. L., L. B. Crowder, A. J. Read, and S. A. Freeman. 2004.
“Understanding Impacts of Fisheries Bycatch on Marine Megafauna.”
Trends in Ecology & Evolution 19, no. 11: 598-604.

Lewison, R. L., L. B. Crowder, B. P. Wallace, et al. 2014. “Global
Patterns of Marine Mammal, Seabird, and Sea Turtle Bycatch Reveal
Taxa-Specific and Cumulative Megafauna Hotspots.” Proceedings of the
National Academy of Sciences of the United States of America 111, no.
14: 5271-5276.

Lima, F. D., H. Parra, R. B. Alves, et al. 2023. “Effects of Gear
Modifications in a North Atlantic Pelagic Longline Fishery: A Multiyear
Study.” PLoS One 18, no. 10: e0292727.

Lokkeborg, S. 2011. “Best Practices to Mitigate Seabird Bycatch in
Longline, Trawl and Gillnet Fisheries—Efficiency and Practical
Applicability.” Marine Ecology Progress Series 435: 285-303.

Lucas, S., and P. Berggren. 2022. “A Systematic Review of Sensory
Deterrents for Bycatch Mitigation of Marine Megafauna.” Reviews in
Fish Biology and Fisheries 33, no. 1: 1-33. https://www.zotero.org/googl
e-docs/?RXRSwN.

Majluf, P., E. A. Babcock, J. C. Riveros, M. A. Schreiber, and W. Alderete.
2002. “Catch and Bycatch of Sea Birds and Marine Mammals in the
Small-Scale Fishery of Punta San Juan, Peru.” Conservation Biology 16,
no. 5: 1333-1343.

Mancini, A., V. Koch, J. A. Seminoff, and B. Madon. 2012. “Small-
Scale Gill-Net Fisheries Cause Massive Green Turtle Chelonia Mydas
Mortality in Baja California Sur, Mexico.” Oryx 46, no. 1: 69-77.

Mancini, P. L., L. Bugoni, T. Neves, D. S. Monteiro, and S. C. Estima.
2009. “The Effect of Light Toriline on Seabird By-Catch and Fish Catch
Rates in the Pelagic Longline Fishery Off Southern Brazil.” Collect. Vol.
Sci. Pap. ICCAT 64, no. 7: 2499-2507.

Mangel, J. C., J. Alfaro-Shigueto, M. J. Witt, D. J. Hodgson, and B. J.
Godley. 2013. “Using Pingers to Reduce Bycatch of Small Cetaceans in
Peru's Small-Scale Driftnet Fishery.” Oryx 47, no. 4: 595-606.

Mangel, J. C., J. Wang, J. Alfaro-Shigueto, et al. 2018. “Illuminating
Gillnets to Save Seabirds and the Potential for Multi-Taxa Bycatch
Mitigation.” Royal Society Open Science 5, no. 7: 180254.

Mazaris, A. D., G. Schofield, C. Gkazinou, V. Almpanidou, and G.
C. Hays. 2017. “Global Sea Turtle Conservation Successes.” Science
Advances 3, no. 9: e1600730. https://doi.org/10.1126/sciadv.1600730.

Melvin, E. F., T. J. Guy, and L. B. Read. 2013. “Reducing Seabird
Bycatch in the South African Joint Venture Tuna Fishery Using Bird-
Scaring Lines, Branch Line Weighting and Nighttime Setting of Hooks.”
Fisheries Research 147: 72-82.

Melvin, E. F.,, T. J. Guy, and L. B. Read. 2014. “Best Practice Seabird
Bycatch Mitigation for Pelagic Longline Fisheries Targeting Tuna and
Related Species.” Fisheries Research 149: 5-18.

Monteiro-Neto, C., F. J. C. A. Vila, T. T. Alves-Jr, et al. 2004.
“Behavioral Responses of Sotalia fluviatilis (Cetacea, Delphinidae) to
Acoustic Pingers, Fortaleza, Brazil.” Marine Mammal Science 20, no.
1:145-151.

Mooney, T. A., W. W. Au, P. E. Nachtigall, and E. A. Trippel. 2007.
“Acoustic and Stiffness Properties of Gillnets as They Relate to Small
Cetacean Bycatch.” ICES Journal of Marine Science 64, no. 7: 1324-1332.

Moreno, C. A., R. Castro, L. J. Mtjica, and P. Reyes. 2008. “Significant
Conservation Benefits Obtained From the Use of a New Fishing Gear
in the Chilean Patagonian Toothfish Fishery.” CCAMLR Science 15, no.
1: 79-91.

Morgan, A., J. Carlson, T. Ford, et al. 2010. “Temporal and Spatial
Distribution of Finfish Bycatch in the US Atlantic Bottom Longline
Shark Fishery.” Marine Fisheries Review 72, no. 2: 34.

Murray, K. T. 2009. “Characteristics and Magnitude of Sea Turtle
Bycatch in US Mid-Atlantic Gillnet Gear.” Endangered Species Research
8, no. 3:211-224.

Nguyen, V. M., S. M. Larocque, L. J. Stoot, N. A. Cairns, G. Blouin-
Demers, and S.J. Cooke. 2013. “Perspectives of Fishers on Turtle Bycatch
and Conservation Strategies in a Small-Scale Inland Commercial Fyke
Net Fishery.” Endangered Species Research 22, no. 1: 11-22.

Northridge, S. M. D. S., D. Waples, and A. J. Read. 2013. “To Ping or Not
to Ping: The Use of Active Acoustic Devices in Mitigating Interactions
Between Small Cetaceans and Gillnet Fisheries.” Endangered Species
Research 19, no. 3: 201-221.

Oliver, S., M. Braccini, S. J. Newman, and E. S. Harvey. 2015. “Global
Patterns in the Bycatch of Sharks and Rays.” Marine Policy 54: 86-97.

Ortiz, N., J. C. Mangel, J. Wang, et al. 2016. “Reducing Green Turtle
Bycatch in Small-Scale Fisheries Using Illuminated Gillnets: The Cost
of Saving a Sea Turtle.” Marine Ecology Progress Series 545: 251-259.

16

Fish and Fisheries, 2026

85UB01 7 SUOLLLOD AT [ded! dde Uy Aq pauenob ae il VO ‘85N JO 3N oy Akeiqi 18Ul UO 8|1 LD (SUONIPUOD-PUE-SWBIALID"AB| 1M Afe.d1jBu [Uo//Sty) SUORIPUOD pue SWLB | 8U 89S *[9202/T0/0€] Uo AriqiTauliuo &M * boy AlsieAlun alels BuoziY - 03uss assar Aq 8900L"Je)/TTTT OT/I0p/L0d"A8 | im Ake.d Ul |uo//:Sdiy wouy papeojumod ‘0 ‘6.62.9%T


https://doi.org/10.1111/j.1467-2979.2005.00183.x
https://doi.org/10.1111/j.1467-2979.2005.00183.x
https://doi.org/10.1111/cobi.13855
https://doi.org/10.1007/s10531-019-01842-4
https://doi.org/10.1007/s10531-019-01842-4
https://www.zotero.org/google-docs/?RXRSwN
https://www.zotero.org/google-docs/?RXRSwN
https://www.zotero.org/google-docs/?RXRSwN
https://www.zotero.org/google-docs/?RXRSwN
https://doi.org/10.1126/sciadv.1600730

Panagopoulou, A., Z. A. Meletis, D. Margaritoulis, and J. R. Spotila.
2017. “Caught in the Same Net? Small-Scale Fishermen's Perceptions of
Fisheries Interactions With Sea Turtles and Other Protected Species.”
Frontiers in Marine Science 4: 180.

Pascoe, S., J. Innes, D. Holland, et al. 2010. “Use of Incentive-Based
Management Systems to Limit Bycatch and Discarding.” International
Review of Environmental and Resource Economics 4, no. 2: 123-161.

Peckham, S. H., D. M. Diaz, A. Walli, G. Ruiz, L. B. Crowder, and W. J.
Nichols. 2007. “Small-Scale Fisheries Bycatch Jeopardizes Endangered
Pacific Loggerhead Turtles.” PLoS One 2, no. 10: e1041.

Peckham, S. H., J. Lucero-Romero, D. Maldonado-Diaz, et al. 2016.
“Buoyless Nets Reduce Sea Turtle Bycatch in Coastal Net Fisheries.”
Conservation Letters 9, no. 2: 114-121.

Peckham, S. H., D. Maldonado-Diaz, V. Koch, et al. 2008. “High
Mortality of Loggerhead Turtles due to Bycatch, Human Consumption
and Strandings at Baja California Sur, Mexico, 2003 to 2007.”
Endangered Species Research 5, no. 2-3: 171-183.

Piovano, S., G. Basciano, Y. Swimmer, and C. Giacoma. 2012.
“Evaluation of a Bycatch Reduction Technology by Fishermen: A Case
Study From Sicily.” Marine Policy 36, no. 1: 272-277.

Piovano, S., Y. Swimmer, and C. Giacoma. 2009. “Are Circle Hooks
Effective in Reducing Incidental Captures of Loggerhead Sea Turtles
in a Mediterranean Longline Fishery?” https://www.cabidigitallibrary.
org/doi/full/10.5555/20093327672.

Rao, C., S. Dsouza, T. Gupta, M. Manoharakrishnan, and A. S. Lobo.
2021. “Fisheries Induced Shift in Sea Snake Community Assemblages
Along the Konkan Coast, India.” Aquatic Conservation: Marine and
Freshwater Ecosystems 31, no. 9: 2402-2411.

Read, A. J., P. Drinker, and S. Northridge. 2006. “Bycatch of Marine
Mammals in US and Global Fisheries.” Conservation Biology 20, no. 1:
163-169.

Reinhardt, J. F., J. Weaver, P. J. Latham, et al. 2018. “Catch Rate and
At-Vessel Mortality of Circle Hooks Versus J-Hooks in Pelagic Longline
Fisheries: A Global Meta-Analysis.” Fish and Fisheries 19, no. 3:
413-430.

Robertson, G., P. Ashworth, P. Ashworth, et al. 2018. “Setting Baited
Hooks by Stealth (Underwater) Can Prevent the Incidental Mortality
of Albatrosses and Petrels in Pelagic Longline Fisheries.” Biological
Conservation 225: 134-143.

Ryan, P. G. 2018. “Entanglement of Birds in Plastics and Other Synthetic
Materials.” Marine Pollution Bulletin 135: 159-164.

Sala, A., A. Lucchetti, and M. Affronte. 2011. “Effects of Turtle Excluder
Devices on Bycatch and Discard Reduction in the Demersal Fisheries of
Mediterranean Sea.” Aquatic Living Resources 24, no. 2: 183-192.

Sales, G., B. B. Giffoni, F. N. Fiedler, et al. 2010. “Circle Hook
Effectiveness for the Mitigation of Sea Turtle Bycatch and Capture
of Target Species in a Brazilian Pelagic Longline Fishery.” Aquatic
Conservation: Marine and Freshwater Ecosystems 20, no. 4: 428-436.

Santos, R. C., A. Silva-Costa, R. Sant'Ana, et al. 2019. “Improved Line
Weighting Reduces Seabird Bycatch Without Affecting Fish Catch in
the Brazilian Pelagic Longline Fishery.” Aquatic Conservation: Marine
and Freshwater Ecosystems 29, no. 3: 442-449.

Sato, N., N. Katsumata, K. Yokota, T. Uehara, I. Fusejima, and H.
Minami. 2016. “Tori-Lines With Weighted Branch Lines Reduce
Seabird Bycatch in Eastern South Pacific Longline Fishery.” Aquatic
Conservation: Marine and Freshwater Ecosystems 26, no. 1: 95-107.
https://doi.org/10.1002/aqc.2492.

Senko, J., L. D. Jenkins, and S. H. Peckham. 2017. “At Loggerheads Over
International Bycatch: Initial Effects of a Unilaterally Imposed Bycatch
Reduction Policy.” Marine Policy 76: 200-209.

Senko, J., A. Mancini, J. A. Seminoff, and V. Koch. 2014. “Bycatch and
Directed Harvest Drive High Green Turtle Mortality at Baja California
Sur, Mexico.” Biological Conservation 169: 24-30.

Senko, J., E. R. White, S. S. Heppell, and L. R. Gerber. 2014. “Comparing
Bycatch Mitigation Strategies for Vulnerable Marine Megafauna.”
Animal Conservation 17, no. 1: 5-18.

Senko, J. F., S. E. Nelms, J. L. Reavis, B. Witherington, B. J. Godley, and
B. P. Wallace. 2020. “Understanding Individual and Population-Level
Effects of Plastic Pollution on Marine Megafauna.” Endangered Species
Research 43: 234-252.

Senko, J. F., S. H. Peckham, D. Aguilar-Ramirez, and J. H. Wang.
2022. “Net Illumination Reduces Fisheries Bycatch, Maintains Catch
Value, and Increases Operational Efficiency.” Current Biology 32, no.
4:911-918.

Senko, J. F.,, J. Wang, K. M. Burgher, et al. 2025. “Harnessing Solar
Energy to Reduce Sea Turtle Bycatch.” Conservation Letters 18, no. 5:
el3151.

Shester, G. G., and F. Micheli. 2011. “Conservation Challenges for Small-
Scale Fisheries: Bycatch and Habitat Impacts of Traps and Gillnets.”
Biological Conservation 144, no. 5: 1673-1681.

Silva, R. D., J. T. Dealteris, and H. O. Milliken. 2011. “Evaluation of a
Pound Net Leader Designed to Reduce Sea Turtle Bycatch.” https://
aquadocs.org/handle/1834/26269.

Silva-Costa, A., T. Neves, C. Marques, D. Gianuca, S. Winnard, and O.
Yates. 2017. “The Performance of Hookpods Under Commercial Fishing
Conditions in the Brazilian Pelagic Longline Fleet. ACAP-Eighth
Meeting of the Seabird Bycatch Working Group. SBWG8-Doc-INF08,
Wellington, New Zealand.” https://www.zotero.org/google-docs/?
RXRSwN.

Snape, R. T., D. Beton, A. C. Broderick, L. C. Omeyer, and B. J. Godley.
2024. “Flashing NetLights Reduce Bycatch in Small-Scale Fisheries of
the Eastern Mediterranean.” Fisheries Research 272: 106919.

Squires, D., and S. M. Garcia. 2013. “Ecosystem-Level Impacts of
Fisheries Bycatch on Marine Megafauna: Biodiversity Conservation
Through Mitigation, Policy, Economic Instruments, and Technical
Change. Report of an IUCN-CEM-FEG Scientific Workshop October.”
https://ebcd.org/wp-content/uploads/2014/11/353-Squires_et_Garci
a-2014-_Mitigating_ecosystem_level _impacts_of bycatch-FEG_Meeti
ng_report.pdf.

Steins, N. A., A. L. Mattens, and M. Kraan. 2023. “Being Able Is Not
Necessarily Being Willing: Governance Implications of Social, Policy,
and Science-Related Factors Influencing Uptake of Selective Gear.”
ICES Journal of Marine Science 80, no. 3: 469-482.

Sullivan, B. J., B. Kibel, P. Kibel, et al. 2018. “At-Sea Trialling of the
Hookpod: A ‘One-Stop'mitigation Solution for Seabird Bycatch in
Pelagic Longline Fisheries.” Animal Conservation 21, no. 2: 159-167.

Suuronen, P. 2022. “Understanding Perspectives and Barriers That
Affect Fishers' Responses to Bycatch Reduction Technologies.” ICES
Journal of Marine Science 79, no. 4: 1015-1023.

Suuronen, P., A. Siira, T. Kauppinen, R. Riikonen, E. Lehtonen, and H.
Harjunpii. 2006. “Reduction of Seal-Induced Catch and Gear Damage
by Modification of Trap-Net Design: Design Principles for a Seal-Safe
Trap-Net.” Fisheries Research 79, no. 1-2: 129-138.

Swimmer, Y., R. Arauz, B. Higgins, et al. 2005. “Food Color and
Marine Turtle Feeding Behavior: Can Blue Bait Reduce Turtle
Bycatch in Commercial Fisheries?” Marine Ecology Progress Series
295:273-278.

Taylor, B. L., L. Rojas-Bracho, J. Moore, et al. 2017. “Extinction Is
Imminent for Mexico's Endemic Porpoise Unless Fishery Bycatch Is
Eliminated.” Conservation Letters 10, no. 5: 588-595.

Fish and Fisheries, 2026

17

85UB01 7 SUOLLLOD AT [ded! dde Uy Aq pauenob ae il VO ‘85N JO 3N oy Akeiqi 18Ul UO 8|1 LD (SUONIPUOD-PUE-SWBIALID"AB| 1M Afe.d1jBu [Uo//Sty) SUORIPUOD pue SWLB | 8U 89S *[9202/T0/0€] Uo AriqiTauliuo &M * boy AlsieAlun alels BuoziY - 03uss assar Aq 8900L"Je)/TTTT OT/I0p/L0d"A8 | im Ake.d Ul |uo//:Sdiy wouy papeojumod ‘0 ‘6.62.9%T


https://www.cabidigitallibrary.org/doi/full/10.5555/20093327672
https://www.cabidigitallibrary.org/doi/full/10.5555/20093327672
https://doi.org/10.1002/aqc.2492
https://aquadocs.org/handle/1834/26269
https://aquadocs.org/handle/1834/26269
https://www.zotero.org/google-docs/?RXRSwN
https://www.zotero.org/google-docs/?RXRSwN
https://ebcd.org/wp-content/uploads/2014/11/353-Squires_et_Garcia-2014-_Mitigating_ecosystem_level_impacts_of_bycatch-FEG_Meeting_report.pdf
https://ebcd.org/wp-content/uploads/2014/11/353-Squires_et_Garcia-2014-_Mitigating_ecosystem_level_impacts_of_bycatch-FEG_Meeting_report.pdf
https://ebcd.org/wp-content/uploads/2014/11/353-Squires_et_Garcia-2014-_Mitigating_ecosystem_level_impacts_of_bycatch-FEG_Meeting_report.pdf

Temple, A. J., E. Westmerland, and P. Berggren. 2021. “By-Catch Risk
for Toothed Whales in Global Small-Scale Fisheries.” Fish and Fisheries
22,n0. 6:1155-1159.

Tookes, J. S., T. Yandle, and B. Fluech. 2023. “The Role of Fisher
Engagement in the Acceptance of Turtle Excluder Devices in Georgia's
Shrimping Industry.” ICES Journal of Marine Science 80, no. 3: 407-416.

United Nations. 2022. World Economic Situation and Prospects 2022.
United Nations.

Van Cao, N., N. Thien Tao, A. Moore, et al. 2014. “Sea Snake Harvest in
the Gulf of Thailand.” Conservation Biology 28, no. 6: 1677-1687.

Vasapollo, C., M. Virgili, A. Petetta, G. Bargione, A. Sala, and A.
Lucchetti. 2019. “Bottom Trawl Catch Comparison in the Mediterranean
Sea: Flexible Turtle Excluder Device (TED) vs Traditional Gear.” PLoS
One 14, no. 12: e0216023.

Virdin, J., G. Nico, N. Franz, et al. 2023. “Small-Scale Fisheries
Contributions to Economic Value and Livelihoods.” In Illuminating
Hidden Harvests: The Contributions of Small-Scale Fisheries to
Sustainable Development, 81-126. Food and Agriculture Organization
of the United Nations.

Virgili, M., C. Vasapollo, and A. Lucchetti. 2018. “Can Ultraviolet
Illumination Reduce Sea Turtle Bycatch in Mediterranean Set Net
Fisheries?” Fisheries Research 199: 1-7.

Wang, J., J. Barkan, S. Fisler, C. Godinez-Reyes, and Y. Swimmer. 2013.
“Developing Ultraviolet Illumination of Gillnets as a Method to Reduce
Sea Turtle Bycatch.” Biology Letters 9, no. 5: 20130383.

Wang, J. H., S. Fisler, and Y. Swimmer. 2010. “Developing Visual
Deterrents to Reduce Sea Turtle Bycatch in Gill Net Fisheries.” Marine
Ecology Progress Series 408: 241-250.

Watson, J., D. Foster, S. Epperly, and A. Shah. 2001. “Experiments in
the Western Atlantic Northeast Distant Waters to Evaluate Sea Turtle
Mitigation Measures in the Pelagic Longline Fishery.” Report on
Experiments Conducted in 2003. https://www.zotero.org/google-docs/?
RXRSwN.

Watson, J. W., S. P. Epperly, A. K. Shah, and D. G. Foster. 2005. “Fishing
Methods to Reduce Sea Turtle Mortality Associated With Pelagic
Longlines.” Canadian Journal of Fisheries and Aquatic Sciences 62, no.
5:965-981.

Werner, T., S. Kraus, A. Read, and E. Zollett. 2006. “Fishing Techniques
to Reduce the Bycatch of Threatened Marine Animals.” Marine
Technology Society Journal 40, no. 3: 50-68.

Yokota, K., M. Kiyota, and H. Okamura. 2009. “Effect of Bait Species
and Color on Sea Turtle Bycatch and Fish Catch in a Pelagic Longline
Fishery.” Fisheries Research 97, no. 1-2: 53-58.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Data S1: faf70068-sup-0001-DataS1.
xIsx.

18

Fish and Fisheries, 2026

85UB01 7 SUOLLLOD AT [ded! dde Uy Aq pauenob ae il VO ‘85N JO 3N oy Akeiqi 18Ul UO 8|1 LD (SUONIPUOD-PUE-SWBIALID"AB| 1M Afe.d1jBu [Uo//Sty) SUORIPUOD pue SWLB | 8U 89S *[9202/T0/0€] Uo AriqiTauliuo &M * boy AlsieAlun alels BuoziY - 03uss assar Aq 8900L"Je)/TTTT OT/I0p/L0d"A8 | im Ake.d Ul |uo//:Sdiy wouy papeojumod ‘0 ‘6.62.9%T


https://www.zotero.org/google-docs/?RXRSwN
https://www.zotero.org/google-docs/?RXRSwN

	A Global Review of Bycatch Reduction Technology Assessments: Revealing Gaps in Fisher-Focused Metrics
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	3   |   Literature Review Results
	3.1   |   Overview of Peer-Reviewed Published Studies Testing BRTs in Global Passive Fisheries
	3.2   |   BRT Performance Metrics
	3.2.1   |   Changes in Bycatch
	3.2.2   |   Changes in Target Catch
	3.2.3   |   Changes in Catch Value

	3.3   |   Fisher-Focused Metrics in Assessments of BRTs
	3.3.1   |   Economic Impact
	3.3.2   |   BRT Cost
	3.3.3   |   Operational Efficiency
	3.3.4   |   Ease of Use
	3.3.5   |   Fishing Gear Effects
	3.3.6   |   Fisher Safety
	3.3.7   |   Fisher Perceptions of Efficacy


	4   |   Discussion
	4.1   |   Performance Metrics
	4.2   |   Fisher-Focused Metrics
	4.3   |   Recommendations and Caveats for Developing Comprehensive Assessments of BRTs

	5   |   Conclusion
	Acknowledgements
	Data Availability Statement
	References


