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Abstract—Despite recent bycatch
mitigation efforts to reduce fishery
effects on populations of pelagic shark
species, commercial fisheries continue
to affect this vulnerable group. The
widespread deployment of natural
baits coupled with the sharp olfaction
of elasmobranchs continues to drive
longline bycatch, regardless of policies
prohibiting retention. We explored the
use of artificial baits for catching tuna
species and minimizing shark bycatch
in a tuna longline fishery off Hawaii.
Assessments of catch performance
were conducted around the Cross Sea-
mount from February 2022 through
April 2023 to test hypotheses that arti-
ficial baits can be used to 1) effectively
catch tuna species and 2) reduce shark
bycatch compared to that with natural
baits. During experimental deploy-
ments, we alternated using baskets of
illuminated artificial baits and those
of natural sardine baits, following ini-
tial tests with different artificial bait
sizes, colors, and illumination sources.
Preliminary catch data from 29 sets
deployed during Phase 1 trials and 45
sets conducted in Phase 2 trials indi-
cate that artificial baits were highly
selective, with catch of only market-
able species and no elasmobranchs.
Although initial tuna catch rates were
lower with artificial baits than with
natural baits, preliminary findings
indicate that further refinement of
artificial bait configurations and light
sources may provide a practical option
to avoid shark interactions during
longline operations.
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Pelagic longlines remain a dominant
gear type for commercial fishing of
tuna species (Scombridae), swordfish
(Xiphias gladius), and other valuable
species worldwide (Watson and Kerstet-
ter, 2006; Gilman et al., 2016). Configu-
rations vary by target species and depth
but generally use hydraulic-powered
spools to deploy and retrieve a monofil-
ament mainline with baited gangions
and surface floats (Sakagawa et al.,
1987; Beverly et al., 2003). Despite the
development of bycatch mitigation mea-
sures over the past 2 decades (reviewed
by Swimmer et al., 2020), longline fish-
eries remain a primary threat to pelagic
sharks and other non-target species
across the Atlantic (Cortés et al., 2010;
Oliver et al.,, 2015), Indian (Temple
et al., 2019), and Pacific (Rice and
Harleyl; Poisson et al., 2019) Oceans.

! Rice, J., and S. Harley. 2013. Updated stock
assessment of silky sharks in the west-
ern and central Pacific Ocean. Scientific

U.S. longline fisheries have increas-
ingly adopted zero-retention policies for
pelagic shark species (Federal Register,
2024a, 2024b; Hutchinson et al., 2024).
However, gear interactions continue to
affect shark populations (Pacoureau
et al., 2021; Worm et al., 2024), partic-
ularly for species with high postrelease
mortality (Coelho et al.,, 2012; Ellis
et al., 2017) or high catch rates (Cam-
pana et al., 2005; Campana, 2016).
Extended soak times of naturally baited
hooks and the acute olfaction of pelagic
sharks continue to drive bycatch, even
among populations in severe decline
(Jordan et al., 2013; Pacoureau et al.,
2021). This is especially concerning
for protected and threatened species
for which bycatch may lead to further
population decline and possibly result

Committee Ninth Regular Session; Pohn-
pei, 6-14 August. West. Cent. Pac. Fish.
Counc., WCPFC-SC9-2013/SA-WP-03, 48
p. [Available from website.]


https://meetings.wcpfc.int/meetings/sc09
mailto:chugey@pier.org
https://doi.org/10.7755/FB.124.1-2.4

34

Fishery Bulletin 124(1-2)

in additional fishery restrictions (Federal Register, 2022;
PIRO?). Operations that do not retain or receive economic
benefits from pelagic shark catches need to identify effec-
tive shark avoidance strategies (Squires and Garcia, 2018;
Booth et al., 2020).

To date, mitigation efforts have largely focused on
monofilament leaders and spatial avoidance of areas with
high shark encounter rates (Gilman et al., 2016; Swim-
mer et al., 2020; Hutchinson et al., 2024). However, inter-
actions with non-retained sharks can impose substantial
financial costs through gear damage, bait loss, and time
spent handling, untangling, and replacing gear (Gilman
et al., 2007; Mitchell et al., 2023). Consequently, shark
avoidance practices may provide direct benefits and incen-
tives to no-retention fisheries by reducing gear loss, bait
competition, and the risk of injury for crewmembers (Gil-
man et al., 2007; Ward et al., 2008).

Given that pelagic sharks rely on olfaction to locate prey
(Tester, 1963), the use of artificial baits that eliminate scent
from longline gear has been identified as a potential avoid-
ance strategy (Jordan et al., 2013). Results from previous
studies of artificial baits generally include lower catch rates
for target species, with limited assessments of bycatch rates
for elasmobranchs (Koyama, 1959; Januma et al., 1999).
However, such studies have been limited and primarily
focused on artificial baits with some form of repurposed nat-
ural product (e.g., squid liver and fish byproduct) or attrac-
tant embedded into the bait (Lgkkeborg, 1991; Januma
et al., 1999; Lgkkeborg et al., 2014).

Artificial baits that incorporate scents may not deter
species with strong olfactory capabilities. Lgkkeborg et al.
(2014) emphasized the need to design artificial baits for
specific target species, and Jordan et al. (2013) noted
their potential for reducing shark bycatch. Previous work
has highlighted the importance of species-specific sen-
sory and physiological traits in driving feeding behavior
(Kawamura et al., 1981; Mejuto et al.®). For visually ori-
ented target species, such as the bigeye tuna (Thunnus
obesus) and swordfish, which possess highly developed
ocular systems, vision likely plays a central role in prey
detection (Carey, 1982; Block, 1986).

Given the global importance of longline fisheries and
ongoing shark interactions, bait modification as an avoid-
ance strategy warrants further investigation. Bait type
influences selectivity in pelagic longline catches (Gilman
et al., 2020), yet artificial baits remain comparatively under-
studied for bycatch reduction (Erickson et al., 2000; Poisson
et al., 2016). The objective of this study was to assess the
selectivity and catch performance of artificial baits in the
Hawaii-based shortline fishery targeting bigeye tuna.

2 PIRO (Pacific Islands Regional Office). 2023. Fishing restric-
tions related to sharks: compliance guide, 9 p. Int. Fish. Div,,
Pac. Isls. Reg. Off., Natl. Mar. Fish. Serv., NOAA, Honolulu, HI.
[Available from website.]

3 Mejuto, J., U. Auton, and M. Quintans. 2005. Visual acuity and
olfactory sensitivity in the swordfish (Xiphias gladius) for the
detection of prey during field experiments using the surface
longline gear with different bait types. Collect. Vol. Sci. Pap.
ICCAT 58:1501-1510. SCRS/2004/152. [Available at website.]

Methods and materials

Research trials were conducted between February 2022
and April 2023 aboard a 15-m fishing vessel based out
of Kailua-Kona, Hawaii. The F/V Vicious Cycle is part of
a small fleet of multi-gear vessels based in the Hawai-
ian Islands that primarily targets juvenile bigeye tuna
around the Cross Seamount (18°42’N, 158°18'W), which is
located approximately 225 km southwest of Kailua-Kona
and rises to a depth of approximately 350 m (Itano, 2004).
This small-boat fleet catches tuna species using a vari-
ety of types of hook-and-line gear, including trolling, pole
and line, and handline (Itano?; Glazier et al.®). One of the
fishing gears that was specifically developed for targeting
tuna species near the summit of the productive seamount
is a shortline, which has a configuration similar to that
of a deep-set longline but is limited to a horizontal dis-
tance of 1 nautical mile on a monofilament mainline with
approximately 100 hooks (NMFS®).

Experimental sets were primarily deployed around the
Cross Seamount (Fig. 1) by using a 28-in hydraulic-powered
longline spool (Super Mini Spool’, Lindgren-Pitman, Pom-
pano Beach, FL) containing a 3.5-mm monofilament main-
line. With a gear configuration similar to but shallower
than that described by Itano (2004), each set consisted of
4 baskets of hooks suspended between 5 incompressible
floats (16 kg) that collectively extended approximately
1.8 km (1 nautical mile) in length (Fig. 2). Baskets of nat-
urally baited hooks were alternated with those of illumi-
nated artificial baits, with an overall average of 23 hooks/
basket for both bait types. The use of alternating bait type
on baskets was designed to reduce the scent from natural
baits on adjacent baskets of artificial baits. Baskets with
natural baits consisted of 6-m monofilament gangions
(diameter: 2.0 mm) rigged with stainless-steel longline
clips and 16/0 ringed, stainless-steel circle hooks baited
with frozen Pacific sardine (Sardinops sagax) (average
size: ~15 cm in fork length [FL] and 50 g in weight) to
emulate the federally regulated deep-set tuna longline
fishery in Hawaii. For baskets with artificial baits, the
same hook size and type and gangion configuration was
used, rigged with artificial squid (Mold Craft Products
Inc., Pompano Beach, FL), 15-22 cm in size and in either
the glow or pearl color, with the addition of multicolor (i.e.,

4 Ttano, D. G. 1998. Hawaii offshore handline fishery: a seamount
fishery for juvenile bigeye tuna, WP 44, 13 p. Secr. Pac. Com-
munity, Noumea, New Caledonia. [Working paper given at the
11th Meeting of the Standing Committee on Tuna and Billfish,
in Honolulu, on 30 May—6 June.] [Available from website.]

5 Glazier, E., J. Shackeroff, C. Carothers, J. Stevens, and R. Scalf.
2009. A report on historic and contemporary patterns of change
in Hawaii-based pelagic handline fishing operations—final
report. School Ocean Earth Sci. Tech., SOEST Publ. 09-01;
Joint Inst. Mar. Atmos. Res., JIMAR Contrib. 09-370, 78 p. Univ.
Hawaii Manoa, Honolulu, HI. [Available from website.]

6 NMFS (National Marine Fisheries Service). Marine mammal
protection: Hawaii shortline fishery. [Web page, last updated 27
February 2024.]

7 Mention of trade names or commercial companies is for identi-
fication purposes only and does not imply endorsement by the
National Marine Fisheries Service, NOAA.
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Figure 1

Map showing the locations where 74 experimental shortline sets were conducted around the
Hawaiian Islands from February 2022 through April 2023 aboard the F/V Vicious Cycle. Size and
color of circles indicate the number of sets conducted at those locations. EEZ=exclusive economic
zone.
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Figure 2
Diagram of approximate shortline gear configuration with interspersed baskets of artificial and
natural baits used in gear trials conducted around the Cross Seamount in Hawaii between Febru-
ary 2022 and April 2023.
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through April 2023.

Figure 3

Photographs of hook bins containing different experimental gear configurations used
to examine the use of artificial baits to avoid capture of sharks in a tuna longline fish-
ery in Hawaii: gangions with (A) artificial baits and (B) natural baits rigged with 16/0
ringed circle hooks for Phase 1 trials following retrieval of gear during the daytime
and gangions with (C) internally illuminated artificial baits and (D) natural baits for
Phase 2 trials pictured at night prior to deployment. Phase 1 trials were conducted from
February through November in 2022, and Phase 2 trials occurred from November 2022

spectrum) clip-on or inserted illumination sources (Fig. 3).
Multicolor illumination sources were battery-powered,
underwater lights that intermittently cycled through the
color spectrum.

For each set, data on deployment times, gear configura-
tion, and number of hooks per basket were recorded along
with vessel position and sea-surface temperature. Hook
depths (measured to the nearest of 0.5 m at 30-s intervals),
water temperature (measured to the nearest 0.1°C), sink
rates, and strike depths were recorded with electronic data
storage tags (Cefas G5 DST, Cefas Technology, Lowestoft,
United Kingdom) that were intermittently clipped onto
the mainline adjacent to gangions during the set. Upon
hauling back the gear, all tuna in the catch were measured
to the nearest 1 cm and recorded by species, hook position,
and basket type for comparisons of data between experi-
mental deployments with artificial and natural baits and
previously published sources. Weight—length relationships
for bigeye tuna and yellowfin tuna (Thunnus albacares)
were used to convert between FL and weight (Uchiyama
and Kazama®).

8 Uchiyama, J. H., and T. K. Kazama. 2003. Updated weight-on-
length relationships for pelagic fishes caught in the central

Experimental gear trials were grouped into 2 phases,
split by a major mechanical breakdown of the vessel that
delayed trials over a 5-month period between June and
November 2022. During the initial phase of trials, 29 sets
were deployed by using artificial baits approximately 6 m
from an external multicolor light that was clipped onto
the mainline adjacent to gangions and cycled through the
entire color spectrum. In addition to an external multi-
color light clipped adjacent to the leader, Phase 2 trials
incorporated a multicolor illumination source that was
inserted inside each artificial bait. Data were separated
by phase and compared between deployments with artifi-
cial and natural baits to assess catch and catch-per-unit-
of-effort statistics.

Results

Collectively, 74 sets were conducted over 36 d on 8 research
cruises, resulting in a total of 6665 hooks deployed, 3355

North Pacific Ocean and bottomfishes from the Northwestern
Hawaiian Islands. NOAA, Natl. Mar. Fish. Serv., Pac. Isls. Fish.
Sci. Cent. Admin. Rep. H-03-01, 34 p. [Available from website.]


https://repository.library.noaa.gov/view/noaa/4789
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hooks with natural baits and 3310 hooks with artificial
baits. Phase 1 trials included 29 sets, with 1486 hooks
with natural baits and 1489 hooks with artificial baits,
and Phase 2 trials encompassed 45 sets, with 1869 hooks
with natural baits and 1821 hooks with illuminated (mul-
ticolor) artificial baits (Table 1).

Deployment details

The duration of gear deployment for each shortline set
(4 baskets) ranged from 20 to 27 min (mean: 24 min [stan-
dard deviation (SD) 3]), with a mean time for each bas-
ket of 6 min. A maximum of 116 hooks were deployed per
set, with an equivalent mean of 23 hooks/basket [SD 2.8].
Sets occurred adjacent to the seamount summit between
midnight and 0400 Hawaii Standard Time (10 h behind
Greenwich Mean Time), with an average soak time of
7.1h [SD 1.9]. Tuna catch occurred across the entire range
of hook positions between floats. Hook depths ranged from
15 to 215 m (Fig. 4). Maximum hook depth and sink rates
varied between sets, with a sink rate of approximately
2.6 m/min for hooks that settled at depths >100 m. Sea-
surface temperatures ranged from 23.6°C to 26.2°C, and
water temperature at depths >100 m ranged from 16.2°C
to 22.7°C.

Catch of target species
Overall, tuna catch rates remained low across trials with

a total of 43 individuals (13 bigeye tuna and 30 yellowfin
tuna) caught during Phase 1 and 23 fish (13 bigeye tuna

and 10 yellowfin tuna) caught during Phase 2 (Table 1).
Catch rates for bigeye tuna were lower on artificial baits
than on natural baits during Phase 1 (1 versus 12 fish,
respectively) but increased to a comparable level during
Phase 2 (7 versus 6 fish, respectively). Three individ-
uals were caught on the artificial bait configuration
used during Phase 1, whereas approximately 30% of the
tuna (6 fish) landed during Phase 2 trials were caught
on illuminated artificial baits, along with 4 individuals
that were lost prior to boating and did not contribute
to catch records (Fig. 5). Collectively, more bigeye tuna
(70%) than yellowfin tuna (30%) were caught on arti-
ficial baits, but bigeye tuna accounted for just 34% of
the total tuna catch on circle hooks baited with Pacific
sardine. The sizes of captured individuals were compa-
rable between these 2 target species, with bigeye and
yellowfin tuna ranging in size from 69 to 124 cm (mean:
96 cm FL [SD 15]) and from 61 to 132 cm (mean: 90 cm
FL [SD 18]), respectively.

Incidental catch

No elasmobranchs were caught on artificial baits during
Phase 1 or 2, and 7 elasmobranchs, including 3 protected
species, were caught on natural baits over the course of
the study (Table 1). All catch of species not targeted by
longline operations (elasmobranchs and teleosts com-
bined) occurred on natural baits, with the exception of
1 escolar (Lepidocybium flavobrunneum), known as walu
in Hawaii, caught on an artificial bait during Phase 2.
The majority (69%) of this incidental catch was discarded

Table 1

Composition of catch recorded for 29 experimental longline sets conducted during Phase 1 trials from February through November
in 2022 and for 45 additional sets conducted in Phase 2 trials from November 2022 through April 2023. Trials were used to test
the effects of bait type, natural bait of Pacific sardine (Sardinops sagax) versus illuminated artificial baits, in a shortline fishery in
Hawaii around the Cross Seamount.

Species captured Phase 1 Phase 2
Common name (alternate) Scientific name Natural Artificial Natural Artificial
Bigeye tuna Thunnus obesus 12 1 7 6
Yellowfin tuna Thunnus albacares 28 2 9 1
Dolphinfish Coryphaena hippurus 0 0 1 0
Brilliant pomfret (monchong) Eumegistus illustris 0 0 6 0
Great barracuda (kaku) Sphyraena barracuda 0 0 1 0
Escolar Lepidocybium flavobrunneum 0 0 2 1
Oilfish Ruvettus pretiosus 3 0 4 0
Snake mackerel Gempylus serpens 2 0 1 0
Longnose lancetfish Alepisaurus ferox 1 0 0 0
Pelagic stingray Pteroplatytrygon violacea 1 0 0 0
Blue shark Prionace glauca 1 0 1 0
Shortfin mako Isurus oxyrinchus 0 0 1 0
Silky shark Carcharhinus falciformis 0 0 1 0
Smooth hammerhead Sphyrna zygaena 0 0 1 0
Oceanic whitetip shark Carcharhinus longimanus 0 0 1 0
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Figure 4
Depth profiles for 16 data storage tags (A13512—-A18662) affixed to a shortline set conducted around the
Cross Seamount off Hawaii on 27 April 2023. Depths are for hooks on 4 baskets that alternated between
natural baits, Pacific sardine (Sardinops sagax), and artificial baits. The profile for tag A13513 indicates a
strike from a yellowfin tuna (Thunnus albacares), 86 cm in fork length, on basket 2 at a depth of 95 m at
0642 Hawaii Standard Time. The gray shaded area indicates nighttime hours.

Figure 5

Photographs of 2 examples of heavily twisted monofilament gangions from experimental
shortline sets conducted around the Cross Seamount in Hawaii: (A) a gangion on which
a bigeye tuna (Thunnus obesus), 113 cm in fork length, was caught, with the fish nearly
shedding an artificially baited 16/0 circle hook following numerous circles around the
mainline on 27 April 2023 and (B) a gangion that became severely twisted from a fish
continuously circling on the line prior to shedding a 16/0 circle hook with a 15-cm artifi-
cial bait on 18 February 2022.
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upon capture, but fish of some species were retained to
be sold at market. Discarded catch included 3 escolar,
6 oilfish (Ruvettus pretiosus), 3 snake mackerel (Gempy-
lus serpens), 1 longnose lancetfish (Alepisaurus ferox), and
1 pelagic stingray (Pteroplatytrygon violacea), as well as
individuals of 5 species of pelagic sharks, including 1 oce-
anic whitetip shark (Carcharhinus longimanus), 1 smooth
hammerhead (Sphyrna zygaena), 1 silky shark (C. falci-
formis), 1 shortfin mako (Isurus oxyrinchus), and 2 blue
sharks (Prionace glauca). Other species caught on natu-
ral baits that were retained for sale at market included
1 dolphinfish (Coryphaena hippurus), also known as mahi
mahi; 6 brilliant pomfret (Eumegistus illustris), known as
monchong in Hawaii; and 1 great barracuda (Sphyraena
barracuda), known as kaku in Hawaii.

Discussion

In this study, we explored approaches to avoid capture
of pelagic sharks on longline gear by testing the use of
illuminated artificial baits in the Hawaii shortline fish-
ery. Although data are limited, findings reveal that both
bigeye and yellowfin tuna were caught on illuminated
artificial baits and that no elasmobranchs were caught
on them. Catch rates for these target species were higher
on natural baits, but catch rates for bigeye tuna on artifi-
cial baits increased to levels comparable to those observed
with natural baits during Phase 2 trials. These results
indicate that artificial baits may help reduce shark catch
in longline fisheries, particularly with further refine-
ment of bait configurations for fishery-specific conditions.
However, because of the limited number of sets and the
restricted ranges of bait types, sizes, colors, and illumina-
tion tested, additional work is needed. Experimentation
on a larger scale may help build on these findings and
improve longline selectivity while reducing gear effects on
shark populations.

Location and deployment protocols

The location and gear used in this study were chosen to
reflect the size and scale of the Hawaii-based shortline
fishery, allowing cost-effective testing under conditions
comparable to the deep-set tuna longline fishery. However,
data collection was limited by the smaller footprint of the
fishery that targeted juvenile tuna using diverse methods,
including trolling, ika-shibi (a nighttime subsurface hand-
line technique), jigging, dangling (pulling by hand a trolling
surface gear), and palu ahi (a daytime subsurface handline
technique) (Glazier et al.?). Catches may vary widely in the
Cross Seamount fishery, with juvenile tuna recruiting to
different gear types depending upon fish size and ocean con-
ditions (Itano, 2004). Although multiple factors contributed
to the limited catch rates observed in this study, findings
provide useful insights for advancing artificial bait testing
and shark bycatch mitigation research. Additional trials on
shortline vessels or larger pelagic longline operations are
needed to better evaluate artificial bait performance.

Bait type

Bait type has been shown to significantly influence
catch rates and selectivity in longline fisheries world-
wide (Kumar et al., 2016). Understanding how different
bait types affect catch composition, gear efficiency, and
postrelease mortality is important for improving fishing
operations and management practices (Diaz and Serafy,
2005; Gilman et al., 2020). Shark conservation has been
an emphasis in recent changes to U.S. longline operations
(Federal Register, 2024b), with avoidance and mitigation
now a management priority (PIRO%). However, avoiding
areas with high shark abundance can also reduce catch
of target species, making some approaches difficult for
fishing operations to adopt broadly (Gilman et al., 2007).
Given the acute sensory capabilities of pelagic sharks,
reducing or eliminating olfactory cues from baited hooks
remains a promising strategy to reduce bycatch while
supporting sustainable fishing objectives (Januma et al.,
2003; Gilman et al., 2007; Jordan et al., 2013).

Because no elasmobranchs were caught on artificial
baits in this study (Table 1), findings suggest that sub-
stituting traditional baits with illuminated artificial baits
may be an effective strategy to collectively reduce interac-
tions with pelagic sharks, including species of special con-
cern, such as the oceanic whitetip shark (Federal Register,
2018; Rigby et al., 2019). This approach may also reduce
economic losses associated with gear damage, bait depre-
dation, and time spent releasing animals and rigging gear.
Bait costs represent a substantial portion of longline oper-
ating expenses, particularly in the deep-set longline fleet
based out of Hawaii, which deploys over 65,000,000 baited
hooks annually (Ito'?).

Rising bait cost was a primary motivation for the vol-
untary use of artificial baits on shortline sets aboard the
F/V Vicious Cycle prior to the initiation of research trials.
Long-term trip costs may be reduced by substituting arti-
ficial baits, although cost-effectiveness is largely depen-
dent upon their lifespan (Kawamura et al., 1981). In the
absence of regulatory requirements, economic consider-
ations remain a key factor in support for any future volun-
tary use of artificial baits in longline operations.

Catch performance

Although catch rates for target species on artificial baits
were lower than those on natural baits, the capture of both
bigeye and yellowfin tuna during this study confirms that
both species can be caught with artificial baits deployed
on commercial longline gear. Catch of bigeye and yellowfin
tuna on artificial baits at depths below 200 m in this study

9 PIRO (Pacific Islands Regional Office). 2022. Hawaii pelagic
longline fishing: regulation summary, 12 p. Sustain. Fish. Div,,
Pac. Isls. Reg. Off., Natl. Mar. Fish. Serv., NOAA, Honolulu, HI.
[Available from website.]

07t0, R. 2023. The Hawaii and California-based pelagic longline
vessels annual report for 1 January—31 December 2022. NOAA,
Natl. Mar. Fish. Serv., Pac. Isls. Fish. Sci. Cent., PIFSC Data
Rep. DR-23-29, 23 p. [Available from website.]


https://en.wikipedia.org/wiki/Alepisaurus_ferox
https://media.fisheries.noaa.gov/2022-07/hawaii-longline-reg-summary.pdf
https://doi.org/10.25923/a3sp-n045
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supports the notion that tuna species have a high level
of visual acuity, as proposed by Kawamura et al. (1981).
In addition, the absence of any shark catch on artificial
baits and the capture of 6 elasmobranch species on natu-
ral baits indicate that olfactory senses are predominant in
the foraging activities of pelagic sharks and rays (Tester,
1963).

Although tuna species are highly visual predators, they
also have an acute olfactory system (Atema et al., 1980;
Mejuto et al.?). The effectiveness of palu (chum) in tuna
fisheries based in Hawaii indicates that olfaction plays
an important role in stimulating feeding (Boggs and Ito,
1993), and chumming with natural bait (i.e., anchovy) has
been shown to increase tuna catch rates on both handline
and trolled gear (Boggs and Ito, 1993; Itano and Holland,
2000). Prior studies indicate that both vision and olfac-
tion contribute to prey detection and final attack for tuna
and billfish species (Atema et al., 1980; Mejuto et al.®).
Incorporating scent into artificial baits may improve
tuna catch rates, but further research is needed to deter-
mine whether natural or synthetic odors enhance perfor-
mance and affect shark conservation outcomes (Gilman
et al., 2020).

Kawamura et al. (1981) proposed that the visual percep-
tion of movement was also an important aspect of feeding
in tuna species and suggested that low catch rates could
be expected on stationary artificial baits affixed to long-
line gear. It was proposed that movement induced from
wave action on surface floats would not be sufficient to
induce longline bait movement at depth, but rather would
be absorbed along the catenary curve of a deep-set long-
line (Kawamura et al., 1981). Based on data recorded with
depth sensors in this study, artificial baits descended at
a rate of up to 4 m/min during the 60-min period follow-
ing deployment and ascended at a rate of up to 20 m/min
upon gear retrieval (Fig. 4); however, the number of bait
strikes associated with periods of significant gear move-
ment could not be determined.

Gear configuration

If tuna were hooked early in the set and continued swim-
ming in circles, gangions often became severely twisted
and kinked when the inline swivel failed to function as
intended (Fig. 5). Twisted leaders resulted in some tuna
being lost near the boat as hook tension changed during
hauling. Incorporating a swiveled hook within the artifi-
cial bait may have reduced twisting and limited the num-
ber of tuna that were lost on artificial baits during the
study (Fig. 5). Hook type may have also influenced catch
rates, as J hooks have been reported to improve capture
efficiency for artificial baits and trolled lures (Cooke et al.,
2012; Rudershausen et al., 2012) and circle hooks may
reduce retention when bait ingestion is insufficient to set
the hook (Serafy et al., 2012).

Artificial bait size may have influenced catch perfor-
mance, as larger baits may better match the 16/0 hook
size used in this study and in deep-set longline fisheries

targeting large tuna (29-40 kg; Ito and Machado'?!). Small
artificial baits were predominantly used in this study to
target juvenile tuna, with the sizes of fish in catches com-
parable to fish sizes reported for the Cross Seamount fish-
ery (bigeye: 71-94 cm FL; yellowfin: 63-94 cm FL; Itano®).
Tuna size and abundance around the Cross Seamount
have been reported to fluctuate seasonally and interannu-
ally, possibly contributing to the differences in catch num-
ber and size observed in this study (Itano, 2004).

Catch rates for target species on both natural and arti-
ficial baits were more comparable during Phase 2 trials,
when protocols shifted to the use of artificial baits with
internal illumination that cycled through the color spec-
trum, than during Phase 1 trials. Considering the high
level of variability observed across trials, additional
research is needed to determine if the elevated tuna catch
rates may be more attributable to illumination source or
other variables. Results from recent work indicate that the
color of illumination sources can influence rates of both
target and incidental catch (Afonso et al., 2021); however,
additional work is needed to better assess the factors that
contribute to improved catch performance.

Conclusions

Findings from this study indicate that replacing natural
(finfish) baits with illuminated artificial baits can elim-
inate or substantially reduce incidental catch of elasmo-
branchs. However, use of natural baits produced higher
catch rates for target species, indicating that further
refinement of artificial bait configurations is needed.
Future work should evaluate bait types alongside hook
design, rigging practices, and illumination to improve
effectiveness. Although this study was limited in scope,
results indicate that more effective artificial bait config-
urations likely exist for tuna fisheries. Scaling trials to
larger or multi-vessel operations, combined with broader
testing across configurations, will help improve artificial
bait performance. Once improved configurations are iden-
tified, economic analyses will be essential to evaluating
their feasibility and the potential level of commercial
adoption.

Resumen

A pesar de los recientes esfuerzos por reducir los efectos
de la pesca sobre las poblaciones de especies de tiburones
pelagicos, las pesquerias comerciales siguen afectando a
este grupo vulnerable. El uso generalizado de carnadas
naturales, combinado con el agudo sentido del olfato de los
elasmobranquios, sigue provocando capturas incidentales
en la pesca palangrera, a pesar de las regulaciones que

HT1to,R.Y., and W. A. Machado. 1999. Annual report of the Hawaii-
based longline fishery for 1998. NOAA, Natl. Mar. Fish. Serv.,
Southwest Fish. Sci. Cent., Honol. Lab., Southwest Fish. Sci.
Cent. Admin. Rep. H-99-06, 62 p. [Available from website.]
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prohiben su retencién. Hemos estudiado el uso de carna-
das artificiales para la captura de atunes y la disminucién
de la captura incidental de tiburones en una pesqueria de
palangre corto frente a las costas de Hawai. Entre febrero
de 2022 y abril de 2023 se a cabo evaluaciones de las cap-
turas en los alrededores del monte submarino Cross con el
fin de probar las hipétesis de que las carnadas artificiales
pueden utilizarse para 1) capturar eficazmente especies
de atin y 2) reducir la captura incidental de tiburones
en comparacién con las carnadas naturales. Durante los
lances experimentales, alternamos el uso de canastas con
carnadas artificiales iluminadas y otras con carnadas
naturales de sardina, tras realizar pruebas iniciales con
diferentes tamarnos, colores y fuentes de iluminacion de las
carnadas artificiales. Los datos preliminares de capturas,
obtenidos de 29 lances realizados durante los ensayos de
la fase 1y de 45 lances en los ensayos de la fase 2, indican
que las carnadas artificiales fueron muy selectivos, ya que
solo se capturaron especies comerciales y ningtin elasmo-
branquio. Aunque las tasas iniciales de captura de atin
fueron menores con carnadas artificiales que con carnadas
naturales, los resultados preliminares indican que perfec-
cionar las configuraciones de las carnadas artificiales y de
las fuentes de luz podria constituir una opcién practica
para evitar las interacciones con tiburones durante las
operaciones de palangre.
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