
1 

PREPRINT (November 2026) 
 
LED light specifications to reduce marine pollution, mitigate bycatch and increase target 
catch in pelagic longline fisheries 
 
Eric Gilman1,*, Cheng Zhou2, Milani Chaloupka3, Eric Kingma4, Brendan Godley5, Francois 
Poisson6, Daisuke Ochi7 
 
1 Fisheries Conservation Science Group, USA 
2 Shanghai Ocean University, China 
3 Ecological Modelling Services Pty Ltd and Marine Spatial Ecology Lab, School of the 

Environment, University of Queensland, Australia  
4 Hawaii Longline Association, USA 
5 Centre for Ecology and Conservation, University of Exeter, UK and Sharjah Marine Science 

Research Centre, University of Khorfakkan, UAE 
6 MARBEC, IFREMER, IRD CNRS University of Montpellier, France 
7 Fisheries Resources Institute, Japan Fisheries Research and Education Agency, Japan 
* Corresponding author, EGilman@utas.edu.au  
 
Abstract 
Pelagic longline fisheries use millions of single-use chemical lightsticks each year. These 
contribute to plastic and toxic pollution and increase at-risk bycatch. We explored reusable light-
emitting diode and phosphorescent lights as potential replacements. We evaluated candidate 
lights’ potential effects on economic viability, practicality, crew safety and at-risk bycatch rates. 
We measured light properties that are potentially informative predictors of catch rates of target 
and at-risk bycatch species, including peak wavelengths (λmax), wavelength range, flicker rate, 
flicker duration, light level (total radiant power and at λmax), diminution and directionality. We 
compiled and synthesized the sensitivities of species captured in longline fisheries to light 
spectral, temporal and intensity characteristics, which informed defining criteria predicted to 
increase commercial species’ and reduce at-risk bycatch species’ catch rates. For example, to 
include peak spectral sensitivities of pelagic longline target species while avoiding longer 
wavelength peak spectral sensitivities of marine turtles, pelagic sharks and possibly other 
marine megafauna visual predators, we shortlisted lights with λmax between 400-480 nm (violet 
to blue to humans) and with low or no radiant power at longer wavelengths. We assessed 
apparent (submerged) weight and activation mechanism, which are attributes that might affect 
seabird bycatch. Following demonstrations of short-listed lights in three longline fisheries, 
overall, captains preferred smaller and dimmer LED models, preferred water- or pressure-
activation over manual activation, and were ambivalent on preferences for flickering versus 
constant lights. The study identified characteristics of lights that hold high promise for meeting 
objectives for commercial viability, bycatch mitigation, and reducing marine pollution.  
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1. INTRODUCTION 
For centuries fishers have used artificial light to increase their fishing efficiency (Sokimi and 
Beverly 2010; Nguyen and Winger 2018). In the late 1970s, some pelagic longline fisheries, 
primarily shallow-set fisheries targeting swordfish (Xiphias gladius), began using single-use 
chemiluminescent lightsticks (Ito et al. 1998; Ward et al. 2000; Beverly et al. 2003; Watson et al. 
2006; Poisson et al. 2010). Now over 11 million single-use chemical lightsticks are roughly 
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estimated to be used by global shallow-set pelagic longline fisheries annually (Poisson et al. 
2010; Gilman et al. 2017).  

Longline lights might increase catch rates due to the direct attraction of the captured 
species to the lights (i.e., positive phototaxis, an innate behavior response of positive 
displacement along a light gradient, Jekely 2009) or to the attraction and aggregation of their 
prey at the lights (Hazin et al. 2005; Martins and Perez 2006; Ward 2008). Fishing lights might 
simulate disturbed bioluminescent organisms, including bioluminescent prey and bioluminescent 
organisms that attract baitfish and their prey (Witzell 1999; Widder 2002; Letendre et al. 2024). 
Light emitting devices with certain characteristics might increase longline catch rates of some 
at-risk bycatch species, including marine turtles (Wang et al. 2007; Swimmer et al. 2017; Afonso 
et al. 2021), sharks (Bigelow et al. 1999; Poisson et al. 2016; Afonso et al. 2021), seabirds 
(McNamara et al. 1999; Sigurdsson 2023), and odontocetes (Monaghan et al. 2024). Shallow-
set pelagic longline fisheries can have profound impacts on incidentally captured bycatch 
species (Gilman 2011; Wallace et al. 2013; Dias et al. 2019), particularly those with low 
reproductive potential due to long generation lengths, low fecundity and other life history traits 
that make them especially vulnerable to anthropogenic mortality (Musick 1999; Chaloupka 
2002; Forrest and Walters 2009; Pardo et al. 2016; Dulvy et al. 2021).  

Chemical lightsticks used by longline fisheries contribute to plastic and toxic marine 
pollution (Pinho et al. 2009; de Oliveira et al. 2014; Cesar-Ribeiro et al. 2017, 2021). Plastic 
marine debris, including from lighsticks and other abandoned, lost and discarded fishing gear, is 
now globally pervasive and a potential planetary boundary threat, causing myriad adverse 
ecological and socioeconomic effects (Villarrubia-Gomez et al. 2018; Beaumont et al. 2019; 
Gilman et al. 2023). As one example, discarded lightsticks floating on the sea surface with 
attached eggs and biofouling organisms are ingested by at-risk wildlife, including adult 
albatrosses who feed regurgitated biofouled lightsticks to their chicks (Bromhead et al. 2003; 
Gilman et al. 2023; Shruti et al. 2023).  

Lights with light-emitting diodes (LEDs) could potentially replace chemical lightsticks and 
reduce the bycatch of some at-risk species without compromising catch rates of commercial 
species (Hazin et al. 2005; Gianuca et al. 2016). LEDs with rechargeable batteries could reduce 
marine pollution from spent batteries discarded at sea. Reusable, non-toxic phosphorescent 
lights might also hold promise to replace longline chemical lightsticks. Lights with certain photic 
characteristics – including peak wavelengths (λmax, the wavelength where the emission 
spectrum of a light source reaches a maximum), wavelength range, flicker frequency, flicker 
duration, directionality, and light level – could potentially increase pelagic longline catch rates of 
principal market species including billfishes (Xiphioidei) and tuna and tuna-like species 
(Scombroidei) without increasing the bycatch risk of marine megafauna of marine turtles, 
pelagic sharks and possibly other at-risk visual predators (Supplemental Material Section S1).  

Some seabird species are attracted to fishing lights, potentially increasing their local 
abundance, scavenging behavior and catch risk (McNamara et al. 1999; Sigurdsson 2023). 
Scavenging seabirds might associate longline lights with the availability of baited hooks or the 
lights might illuminate and increase bait detection. Water- and pressure-activated lights might 
reduce seabird catch risk relative to lightsticks and manual LED lights by reducing seabirds’ 
detection of the lights and baited hooks during gear setting prior to the activation of the lights. 
Furthermore, compared to chemical lightsticks, which are buoyant, the use of LED light models 
that are negatively buoyant, when attached sufficiently close to baited hooks and with a 
sufficient apparent (submerged) weight, could increase the baited hook sink rate, reducing 
seabird catch risk (Gianuca et al. 2016; Ochi et al 2017; Gilman et al. 2024).  

The underlying mechanism for illuminated pelagic longlines to mitigate megafauna 
bycatch is potentially the opposite of that for gillnets. Adding lights to gillnets reduces 
megafauna bycatch possibly because the lights increase their detection of panels of netting, 
enabling them to avoid capture (e.g., Bielli et al. 2020; Senko et al. 2022; Burgher et al. 2026). 
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Conversely, pelagic longline lights with certain characteristics might reduce at-risk bycatch 
species’ detection or attraction to the gear relative to conventionally used chemical lightsticks. 

This study explored reusable, battery-powered, LED fishing lights and reusable and non-
toxic phosphorescent lights as potential replacements for chemical lightsticks conventionally 
used in some shallow-set pelagic longline fisheries. With an overarching aim of identifying 
fishing light characteristics that are predicted to be commercially viable, mitigate at-risk bycatch, 
and reduce marine pollution, the study objectives were to: 
 
• Identify, through a targeted literature review and synthesis, the sensitivities of commercial 

and at-risk bycatch species of pelagic longline fisheries to light spectral, temporal and 
intensity characteristics; 

• Measure candidate longline fishing lights’ spectral, temporal, spatial and intensity 
characteristics that are potentially informative predictors of catch rates of target and at-risk 
bycatch species, to identify light models that possess characteristics that are predicted to 
increase commercial species’ and reduce at-risk bycatch species’ catch rates; 

• Measure the apparent weight and identify the activation mechanism of candidate light 
models, to identify the most promising models for mitigating seabird bycatch risk; 

• Identify fishers’ preferred fishing light designs to meet their objectives for practicality, 
crew safety and economic viability. 

 
To achieve these objectives, candidate lights were evaluated against a suite of criteria to 

identify those that hold the highest promise for replacing lightsticks by considering predicted 
effects on economic viability, practicality, crew safety, and catch rates of at-risk bycatch species. 
We compiled and synthesized the accumulated evidence of the sensitivities of commercial and 
at-risk bycatch species of pelagic longline fisheries to light spectral, temporal and intensity 
characteristics through a targeted literature review, which informed our definitions of screening 
criteria on light properties of fishing lights to identify models that are predicted to maintain 
acceptable catch rates of commercial species and minimize the bycatch of species of 
conservation concern. Exploratory demonstrations of promising LED light models were 
conducted in three longline fisheries to determine fisher perspectives on their commercial 
viability. Results inform the design of field experiments to compare target and bycatch catch 
rates of alternative light emitting devices and identify priorities for research and development to 
optimize characteristics of pelagic longline fishing lights. Findings promise to contribute to 
reducing marine plastic and toxic debris and improving the conservation status of populations of 
at-risk bycatch species of pelagic longline fisheries.  
 
 
2. Methods 
 
2.1. Literature Review and Synthesis of Light Spectral, Temporal and Intensity 
Sensitivities 
We conducted a targeted literature review to compile and synthesize evidence of light spectral, 
temporal and intensity sensitivities of commercial and at-risk bycatch species of pelagic longline 
fisheries. This included attributes of peak spectral sensitivity (i.e., the wavelength with maximal 
detection or sensitivity, due to peak photon absorption by visual pigment molecules inside of 
photoreceptor cells, Ebrey and Koutalos 2001; Carleton et al. 2020), peak and critical flicker 
fusion frequency (FFF, temporal speed of vision), and light intensity.  Peak FFF refers to the 
FFF with the highest sensitivity, and critical FFF is a limit threshold above which flickering lights 
are detected as steady and dim.  
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2.2. Candidate Lights Assessment and Screening 
We identified candidate fishing lights that are potentially suitable for use in pelagic longline 
fisheries by reviewing websites of commercial fishing gear suppliers and manufacturers, 
contacting longline fishery associations and fishing companies, and by conducting a targeted 
literature review. LED models were shortlisted for potential inclusion in fisheries demonstrations 
if they met the criteria listed below, which apply to both flashing and constant models. Input from 
the fishers that participated in exploratory fishing demonstrations (described below) and the 
results of the light characteristics sensitivities review informed the definitions of the screening 
criteria.  
 
• Have a reported depth rating of ≥150m, making them suitable for most shallow-set pelagic 

longline fisheries (Gilman et al. 2007); 
• Are not too bulky or heavy: Length does not exceed about 30 cm (ca double the length of 

some conventional lightsticks) and the weight (including batteries) in the air < 150g; 
• The peak radiant power (Φe) by wavelength within the 440-480nm wavelength range (blue 

to humans) is the same order of magnitude as Φe at λmax. This wavelength range includes 
the peak spectral sensitivities of principal commercial species while avoiding the range of 
longer wavelength peak spectral sensitivities of at-risk bycatch species, including marine 
turtles and possibly pelagic sharks and seabirds (Section 3.1, Supplemental Material 
Section S1, Table S1); 

• Have a wavelength range that excludes or otherwise has low radiant power per 
wavelength within the wavelength range of ca 555-580 nm (yellow and green to humans), 
where the peak Φe per wavelength within the 555-580nm range is an order of magnitude 
lower than Φe at λmax. This range of longer wavelengths includes the peak spectral 
sensitivities of age classes of some hardshelled marine turtle species that are susceptible 
to longline capture (Results section and Section S1); 

• Are commercially available for bulk orders; 
• The cost for bulk purchases of ≥200 units (excluding shipping and government import 

fees) is (1) < USD$20 per unit for models with replaceable batteries, and (2) <USD$10 for 
LED models with non-replaceable batteries; 

• Total Φe at t0 is ≥50% of the mean of measured lightstick models at t0;  
• Φe at λmax at t0 is ≥50% of the mean of measured lightstick models at t0;  
• Total Φe at t5 days for both LED models with replaceable and non-replaceable batteries and 

at t15 days for models with non-replaceable batteries is at least within an order of magnitude 
of the mean lightstick Φe at t0 (the latter was calculated as the mean of measurements of 
Φe of two units each of four lightstick models at t0); and 

• Have no systematic negative customer reviews on quality. 
 

We also explored two designs of phosphorescent rectangular prisms visible to humans as 
cyan, with model names “Tab” and “Glostick” (UV Paqlite 2025a,b), and a phosphorescent 
lightstick “Scooblite”, which is commercially available only in what is visible to humans as green 
(UV Paqlite, 2025c). While we predicted that the Scooblite would not meet the criterion on 
having a sufficiently low Φe per wavelength in the 555-580 nm range, we included it in the light 
measurements to determine whether the unique design of this phosphorescent light met other 
criteria. These phosphorescent lights are non-toxic and have persistent organic luminescence 
through absorbing and releasing light energy (Van der Heggen et al. 2022). We measured the 
light characteristics of the phosphorescent lights to determine how their initial and diminution of 
radiant power compare to conventional chemical lightsticks. As with reusable LED lights, to be 
considered for inclusion in demonstrations, the phosphorescent light models also had to meet 
the first six criteria listed above for LED lights. We also applied the same thresholds as LED 
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lights for: total Φe at t0 and Φe per wavelength at λmax at t0. Furthermore, for diminution, the 
phosphorescent lights had to have a total Φe at 6, 12, 18 and 24 hours that is ≥50% of the 
mean total Φe of measured lightstick models at these same durations from activation (noting 
however that the duration of the pelagic longline gear soak varies substantially by fishery, from 
<5 hours to >20 hours; e.g., Ward et al. 2004; Gilman et al. 2008).  

In addition to measuring the above characteristics to inform short-listing, we also assessed 
lights for the following additional characteristics to support captains’ evaluations:  
 
• What is the relative degree of directionality and which directions have relatively high light 

intensity? 
• What is the light’s true weight (in air) and apparent weight (submerged in water) and how 

will this affect where and how fishers would attach it to the gear?  Apparent weight was 
measured using a hanging scale accurate to 1g with lights submerged in seawater; 

• Are they water- or pressure (depth)-activated or manually activated?  
• Are they flashing or continuous? If flashing, what is the flash rate and flash duration?  
• What is the light level (total and at λmax)? 
• What are the dimensions of the light and how will this affect where and how fishers attach 

it to the gear?  
• How might the shape, size, apparent weight, and where on the gear fishers would attach 

the model affect the action (movement in the water) of baited hooks? 
• For models with replaceable batteries, is it practical to replace the batteries and to 

maintain the LED (e.g., grease and periodically replace an O-ring)? 
• Is the light easy to attach and remove from the gear? 

 
2.3. Measurement of Light Properties 
We measured the following intensity, spectral, spatial, and temporal light properties of five 
candidate LED and three phosphorescent lights, and of four chemical lightsticks commonly used 
in the longline fisheries that participated in demonstrations (discussed in the following section):  
• Radiant power (Φe, mW, also referred to as radiant flux), the total, integrated radiant 

power emitted over the entire measured spectral range, at t0; 
• Φe by wavelength (mW nm-1), which enables identifying λmax and wavelength range; 
• Diminution of total Φe at 5 and 15 days for LEDs, and every 3 hours over 1 day for the 

conventional lightstick and phosphorescent lights; 
• Directionality, measured as irradiance (Ee, radiant power per unit area, mW m-2) (i.e., total 

irradiance over the entire measured spectral range) at t0 at an orientation of 0°, 45° and 
90° relative to the light sensor (Karlsen et al. 2021; Cerbule et al. 2025);  

• Flicker frequency (Hz), for flashing LED models; and 
• Flash duration, for flashing LED models. 

 
We used radiometric units, which are appropriate for studies on animals with a spectral 

sensitivity that differs from humans. We did not use photometric units which are weighted 
according to human’s spectral sensitivity and are restricted to the subset of the electromagnetic 
spectrum that is visible to humans (Yochum et al. 2024).  

Measurements were obtained for two units each of the short-listed LED models and of the 
chemical lightsticks for Φe at t0 and Φe per wavelength at t0. Mean values and 95% CIs are 
reported for these estimates. Other assessed light properties for the LED lights and lightsticks 
were obtained from a single unit. A single unit of the phosphorescent lights were used for all 
light characteristic measurements. Only new lights were measured because used lights might, 
for example, have scratched housings that could reduce their transparency, and used lights that 
use non-replaceable batteries would have reduced light levels. We used new alkaline batteries 
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of the same brand in all LED models that use replaceable batteries (including models that can 
also be used with lithium batteries). Phosphorescent lights were exposed to direct sunlight for 
four hours prior to light measurements. Water- and pressure-activated LED models were 
activated using copper wire.  

We used Wondershare Filmora X video editor software to measure the LED flicker rate and 
LED flash duration to the nearest 0.03s (30 frames per second) (Wondershare 2021).  

We used an Everfine High Accuracy Array Spectroradiometer sensor model HAAS-2000 to 
measure light properties (wavelength accuracy < 0.2 nm, wavelength repeatability < 0.1 nm, 
and stray light ≤0.5%; Everfine 2024a). We used the spectroradiometer sensor in an Everfine 
Integrating Sphere model R98_V3 (2m diameter, luminous power uncertainty=2.3%, correlated 
color temperature (CCT) uncertainty =18 K, Everfine 2024b), which eliminates the influence of 
the angle and position of the light source within the sphere. The integrating sphere provided a 
spatially mixed measurement of wavelength-resolved radiant power (Φe), where multiple 
reflections from the diffusely reflecting sphere walls produce a spatially mixed and 
approximately uniform radiation field at the sensor port. See Maucoski et al. (2022) for an 
example of the use of an integrating sphere to produce a “Gold Standard reference value” for 
Φe output in dentistry research. We used a spectroradiometer sensor in the integrating sphere 
to measure the spatially-average, integrated, total Φe and Φe by wavelength, and the 
diminution of total integrated Φe over a wavelength range of 380-780 nm. Total integrated Φe 
was calculated as the sum of wavelength-resolved Φe over the measured wavelength range 
(Johnsen 2012; Yochum et al. 2024).  

We measured directionality at t0 using the Everfine Spectroradiometer sensor (not within an 
integrating sphere), adapting the methods of Karlsen et al. (2021) and Cerbule et al. (2025). We 
measured Ee (mW m-2) and Ee per wavelength (mW m-2 nm-1) at t0 (with new batteries) over 
380-780nm with lights oriented at 0°, 45° and 90° relative to the sensor’s probe, where 0° is with 
the light parallel to and thus pointing at the probe, and 90° is perpendicular to the probe. We 
attached lights to a tripod to adjust the light angle. Directional testing was not conducted for 
chemical lightsticks nor phosphorescent lights because their Ee levels were below the sensor 
detection limit. LED lights were positioned 40 cm from the spectroradiometer sensor’s probe. 
Based on the dimensions of the LED light models that we tested, the required minimum 
measurement distance was 40 cm. A light source needs to be far enough from the detector to 
be measured as a point source rather than a surface or 3D object. If the sensor is too close, 
the measurements will be inaccurate due to the physical size and geometric angles of the 
emitting surface – this is especially the case for lights with a narrow beam. A general, 
conservative rule is that the measurement distance should not be less than 15 times the 
maximum dimension of the light-emitting aperture.  

The sensor continuously collected data at a sampling frequency of 250 Hz, which is faster than 
the highest flickering rate and shortest flash duration of the LED models that we tested, enabling the 
sensor to capture the properties of the flashes. For flashing models, in order to capture a value 
close to the peak irradiance during a flash, we used the maximum observed irradiance value 
among 10 successive readings displayed by the sensor. Measurements were obtained directly 
from the sensor and not from data logged to a computer in order to avoid the computer’s slow 
display refresh rate and data transfer speeds.  
 
2.4. Exploratory Fishing Demonstrations 
Exploratory fishing demonstrations of short-listed light models were conducted in three shallow-
set pelagic longline fisheries: the US central north Pacific Ocean Hawaii-based swordfish 
longline fishery, the Australian east coast Southern bluefin tuna (Thunnus maccoyii) longline 
fishery, and the La Réunion, France swordfish longline fishery. These fisheries conventionally 
use chemical lightsticks and have bycatch of species of conservation concern (BioInspecta 
2025; Control Union 2025, 2026). These three fisheries predominantly use green lightsticks but 
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occasionally use other colors. Globally, pelagic longline swordfish fisheries have been reported 
to most frequently use green or blue-green chemical lightsticks (Hazin et al. 2005; Afonso et al. 
2021). A total of six captains fished with the candidate LED lights during a total of 96 sets.  

Upon completing the demonstration fishing, we conducted a survey of the captains to 
obtain their perspectives on the commercial viability (practicality, crew safety and economic 
viability) of fishing with the five candidate LED lights relative to their conventional chemical 
lightsticks. We adapted a fisher survey form used in previous gear technology longline 
demonstrations (Gilman et al. 2022). Most survey questions used a 5-level Likert-type response 
scale with ‘no apparent difference’ as the neutral anchor. The survey also collected information 
on reasons for captains’ decisions on whether they plan to continue using any of the trialed LED 
models and identified additional information that the captains would want to support a more 
informed decision. 
 
 
3. RESULTS 
 
3.1. Light Spectral, Temporal and Intensity Sensitivities 
Supplemental Material Section S1 presents results of the literature review on longline 
commercial and bycatch species’ sensitivities to light’s spectral, temporal and intensity 
properties. Wavelengths between ca 400-480 nm (perceived as violet to blue by humans) 
includes most peak spectral sensitivities of swordfish and other commercial species such as 
bigeye tuna (Thunnus obesus) and yellowfin tuna (T. albacares) (Section S1, Table S1) and also 
contains the bioluminescence λmax in blue water pelagic systems of ca 475 nm (Widder 2002, 
2010; Letendre et al. 2024). This wavelength range might avoid the range of longer wavelengths 
of peak spectral sensitivities of species of pelagic sharks and pelagic seabirds, and of adult, 
sub-adult and large juvenile marine turtles (Section S1). These are the age classes of marine 
turtles that are susceptible to pelagic longline capture, which also have the largest effect on 
population viability (Heppell 1998; Chaloupka 2002, 2003; Lewison and Crowder 2007; Baez et 
al. 2013). For instance, the peak spectral sensitivity for green (Chelonia mydas) and loggerhead 
(Caretta caretta) turtles is ca 555-580 nm (yellow to humans) and is 500 nm (cyan or greenish-
blue to humans) for leatherback turtles (Dermochelys coriacea) (Section S1). However, the 
entire spectra detected by leatherback turtles overlaps that of swordfish and istiophorid 
billfishes, particularly at night (Section S1), and so adjusting fishing light wavelength peaks and 
range to provide a potential bycatch mitigation solution will be more challenging for leatherbacks 
than for hardshelled marine turtles such as loggerheads.  

There is limited information on the spectral sensitivities of species of pelagic seabirds 
and elasmobranchs that are captured in pelagic longline fisheries (Section S1). The wedge-
tailed shearwater (Puffinus pacificus), a procellariform seabird species exposed to pelagic 
longline bycatch for which estimated retinal spectral sensitivity was found, has peak and 
secondary peak sensitivities over a broad range of 406-566 nm (violet to green to humans) 
(Table S1), overlapping with commercial teleost species. However, the peak spectral 
sensitivities of four pelagic shark species (blue Prionace glauca, common thresher Alopias 
vulpinus, great white Carcharodon carcharias, shortfin mako Isurus oxyrinchus) range from 492 
to 518 nm (cyan to green to humans) (Section S1). Thus, as with hardshelled marine turtles, 
fishing lights with a wavelength range limited to ca 400-480 nm might enable peak detection by 
longline commercial teleost species while avoiding the peak spectral sensitivities of some 
pelagic sharks. However, the peak spectral sensitivity values estimated for mesopelagic sharks 
are closer to the values of longline commercial teleosts. No estimates of peak spectral 
sensitivity were identified for the main epipelagic sharks (silky Carcharhinus falciformis and 
oceanic whitetip C. longimanus) nor main ray species (pelagic stingray, Pteroplatyrgon violacea) 
captured in global pelagic longline fisheries (Gilman 2011). Section S1 reviews cone (brighter, 
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daytime) condition peak spectral sensitivity values under mesopic and photopic conditions, and 
rod scotopic, low light, nighttime condition and cone brighter condition peak spectral sensitivity 
values of coastal and demersal sharks, which might serve as a proxy for epipelagic 
elasmobranchs.  

Different flicker rates and flicker durations of flashing lights might also have different 
degrees of attraction and detection capabilities by principal commercial species of longline 
fisheries, marine turtles, and possibly some pelagic elasmobranchs (Section S1). At low light 
levels, marine turtles have substantially lower flicker sensitivity than billfishes (Table S1). Turtles 
may detect rapidly flickering lights as constant and dimmer, reducing the lights’ visibility to turtles 
relative to a non-flickering, constant light of the same light level (Fritsches and Warrant 2006; 
Johnsen 2006; Crognale et al. 2008). However, peak and critical FFF increase with increasing 
water temperature and light intensity, and under bright conditions during the daytime and near 
the surface, marine turtles as well as epipelagic fishes have a higher flicker rate sensitivity than 
swordfish and other mesopelagic species (Fritsches et al. 2005; Fritsches and Warrant 2006). 
But with low light levels, green and loggerhead turtles are most responsive to lights with 
relatively low flicker rates of between 16 and 24 Hz and leatherback turtles to flicker rates of 
between 4 and 12 Hz (Table S1). Leatherbacks have a particularly low flicker sensitivity, where 
fishing lights with a flicker rate >16 Hz would be detected as flickering by swordfish, which hunt 
fast-moving prey, but not leatherbacks, presenting a potentially effective mitigation approach for 
this turtle species (Fritsches et al. 2005; Crognale et al. 2008). Lohmann et al. (2006) found that 
a captive juvenile loggerhead turtle was attracted to a 45 Hz LED light while in a small tank and 
in the dark, indicating that loggerhead turtles can still detect lights that are flickering faster than 
their critical FFF limit, at least when in close proximity. This suggests that lights flickering faster 
than a critical flickering detection level might reduce but not eliminate marine turtle detection 
and attraction.  

We found no estimates of peak or critical FFF values for any species of pelagic sharks. 
Critical FFF values for coastal and demersal sharks range from 10 to 44 Hz, and peak flicker 
sensitivity might fall in the range of ca 1-5 Hz (Gruber 1969; McComb et al. 2010; Kalinoski et 
al. 2014; Hart and Collin 2015; Ryan 2016). Temporal resolution might be lower in mesopelagic 
shark species with predominantly nocturnal foraging than shallow-habitat sharks (McComb et al. 
2010). Based on peak and critical FFF values for coastal and demersal shark species, as with 
marine turtles, lights with sufficiently high flicker rates might reduce elasmobranch detection, 
especially for mesopelagic sharks, relative to constant or slower flickering lights. However, 
chemiluminescent and phosphorescent lightsticks do not flicker, and unfortunately commercially 
available flashing LED fishing lights flicker at rates that are substantially below the critical and 
limit threshold FFF above which it appears constant and dimmer to marine turtles or pelagic 
elasmobranchs (Table S1).  

Somerville et al. (2026) found no difference in interaction rates of a coastal, demersal 
shark species (small-spotted catshark Scyliorhinus canicular) between 4 Hz and continuous 
LED lights. Ryan et al. (2017) found that 5 to 10 Hz LED lights with wavelengths visible to 
humans as white had a repellent effect on benthic, coastal shark species, but no effect on the 
behavior of white sharks (Carcharodon carcharias). The flicker rates used in these studies were 
likely below sharks’ critical FFF and probably closer to their peak flicker sensitivity (Gruber 1969; 
McComb et al. 2010; Kalinoski et al. 2014; Hart and Collin 2015; Ryan 2016), and it is unclear 
which factors (λmax, intensity, flicker rate) caused the observed aversive response of the benthic, 
coastal shark species or lack of response by white sharks. In general, higher trophic level 
species and age classes of sharks might exhibit more bold behavior and be attracted to novel 
stimuli such as bright and flashing lights relative to lower trophic level predator-averse 
individuals (Ryan et al. 2017).  

Marine turtles are less capable of detecting low light intensities relative to swordfish and 
istiophorid billfishes (Fritsches and Warrant 2006). Dimmer lights might reduce turtle catch risk 
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but it is unclear what effect this has on catch rates of commercial species and other at-risk 
bycatch species. For example, apex predators with bold behaviors might be more likely to be 
attracted to novel stimuli such as bright and flickering lights relative to lower trophic level 
species and age classes with stronger traits for shyness, and species with low-light, scotopic 
vision might exhibit a stronger aversive response to fishing lights with high intensity at certain 
wavelengths relative to species with photopic vision (Ryan et al. 2017). 
 
3.2. Assessments of Shortlisted Lights and Conventional Lightsticks 
Some key characteristics varied amongst the five LED light models and three phosphorescent 
lights that were shortlisted after screening over 100 candidate models (Tables 1a, 1b, S2a, 
Section S2) and amongst the conventionally used chemical lightsticks (Tables 1b, S2b).  

The phosphorescent lights did not meet several of the screening criteria (Tables 1b, 2b). 
All three of the phosphorescent lights had too low Φe upon activation, too low Φe at λmax upon 
activation, too high peak Φe per wavelength within the 555-580 nm wavelength range, and 
diminution was too fast over 24 hours.  

The Catch All and ProGlow Ultrabright LED models had a primary λmax visible as blue to 
humans and secondary peaks in the violet/UV range, and the blue UltraGlo chemical lightstick 
(used in the Australia fishery) had a peak in the violet/UV range and secondary peak in blue 
(Figures 1 and 2, Table 1a,b). The Gloweez pink chemical lightstick had a λmax in the violet/UV 
range and secondary peaks visible as red and blue to humans, and the Gloweez green lightstick 
had a peak visible as green to humans and secondary peak in the violet/UV range (Figure S3, 
Table 1b). The ProGlow Superbright, DYP-100 and SY-66 LED models had single λmax visible as 
blue to humans and no secondary peaks (Figures 1 and S1, Table 1a). The green chemilures 
superclips chemical lightstick had a single λmax visible as green to humans (Figure 2, Table 1b). 
The two phosphorescent lights identified by the manufacturer as being blue had peaks visible to 
humans as cyan (blue-green) (Figure S2, Table 1b). The phosphorescent Scooblite had a λmax 
visible as green to humans (Figure S2, Table 1b). The DYP-100 and SY-66 LED models had an 
order of magnitude higher Φe than the Catch All and the two ProGlow models (Table 1a).  

The short-listed LED lights met all of the diminution screening criteria (Table 2a), while 
the phosphorescent light models did not meet any of these criteria (Table 2b). The chemical 
lightsticks, which are typically discarded after 1 or 2 sets, had reductions in Φe over 24 hours of 
between 38% to >99% (Table 2b). Catch All, the one LED with non-replaceable batteries, had a 
reduction in Φe of 55% over 15 days, while the 4 LED models that use replaceable batteries 
had reductions of between 51% and 93% over 15 days (Table 2a). The FishTek Superbright 
model, despite being described by the manufacturer as being dimmer than the Ultrabright 
model, had higher Φe at all three measured points in time (Table 2a). But, as predicted by the 
manufacturer, Ultrabright had a 69% faster diminution over 15 days (51% and 86% reductions in 
Φe for the Superbright and Ultrabright models, respectively, Table 2a). 

Of the five LED models used in the demonstrations, the Catch All did not meet the 
definition used here for multi-directionality of having the same order of magnitude of total Ee at 
0o, 45o and 90o (Table S3). The other four LED models met this criterion on multi-directionality 
(Table S3).  
 
3.3. Fisher Perspectives Derived from Exploratory Fishing Demonstrations 
The six captains that participated in the exploratory fishing demonstrations provided their 
perspectives on the practicality, safety and economic viability of alternative LED light models 
relative to conventional lightsticks. In addition to the captains’ survey responses summarized in 
Table 3, the captains provided the following additional perspectives from their trials of the LED 
lights: 
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• Two captains preferred flashing over constant LED lights, one preferred constant, and 
three were unsure. 

• Two captains preferred LED models that are brighter but with a shorter battery life and 
would attach these models far from the hook, and four preferred dimmer LEDs with a 
longer battery life.  

• One captain found that the contacts of the water-activated DYP-100 quickly rusted, and 
one found the same issue with the ProGlow models.  

• Two captains noted that occasionally a small proportion of ProGlow lights did not 
immediately turn on following immersion in water. One captain noted that occasionally 
the ProGlow models would remain on following retrieval likely due to their recessed 
contact points retaining water.  

• Three captains were unable to use the collar on the ProGlow models because their 
branchline diameter is too large. These captains attached these and the CatchAll lights 
with rubber bands, which is the same methods that they use to attach chemical 
lightsticks.  

• Four captains attached the larger and brighter DYP-100 and SY-66 LED models far from 
the hook (either at the upper end of the branchline or on the mainline, ca 15 m from the 
hook) and attached the smaller and dimmer Catch All and ProGlow models close to 
hooks (between ca 0.8 m and 3.5 m). One of these four captains attached some of the 
larger LED models far from and some close to hooks. Reasons for attaching larger lights 
far from the hook included wanting to avoid: (1) altered action of baited hooks, (2) 
increased safety risk to crew from flybacks of a large object, (3) reduced commercial 
species catch rates from having a large object near the hook, (4) increased shark 
interactions (catch rates and bite-offs) - which reduces commercial catch - from having a 
relatively bright light close to hooks, and (5) interference with a “spider” grapple-like 
device (also referred to as a “tuna missile”) that fishers use to land large catch. The tuna 
missile is attached to a heavy line and slides down the leader of the branchline, where it 
clamps onto the head of the fish so that the crew can then haul the fish up using the 
heavy line, reducing the risk of losing the catch due to the leader breaking (Beverly et al. 
2003). This captain found that only the larger and not the smaller LED models 
obstructed his use of the tuna missile. One captain attached all LED models far from 
hooks, and one captain attached all LED models close to hooks.  

• One captain preferred smaller LED models because they could potentially be left on the 
branchlines when stored in bins, if done properly to avoid tangles, which would save 
crew time.  

• All six captains prefer water-activated over manually activated LED lights because they 
are more convenient. Crew do not have to reduce their hook setting rate or take time 
during the haulback to turn the lights on and off. Two captains commented that a 
pressure-activated model would be preferable over water-activation because it would 
eliminate problems with corrosion of water-activated contact points, and problems with 
the ProGlow models remaining on following retrieval.  

• Two captains believed that the SY-66 model and one captain believed that both the SY-
66 and DYP-100 had higher shark catch and bite-off rates than the other LED models 
and their conventional lightsticks due to being relatively brighter. One captain believed 
that all LED models had higher shark catch and bite-off rates than lightsticks.  

 
 
4. DISCUSSION AND CONCLUSIONS 
The study identified models of LED fishing lights that possess characteristics that are preferred 
by pelagic longline fishers and are predicted to mitigate the bycatch of at-risk species. A small 



11 

proportion of assessed LED fishing light models met our screening criteria on bycatch mitigation 
and commercial viability. LED models are needed that meet requirements for practicality, safety, 
economic viability and bycatch mitigation that are both affordable and commercially available to 
global shallow-set longline fisheries.  

We discuss captains’ perspectives and identify research and development priorities to 
address information gaps as well as to augment LED longline fishing lights’ designs to meet 
objectives for commercial viability and bycatch mitigation. In Section S4 we discuss additional 
research priorities of collateral ecological effects of light pollution from brighter longline fishing 
lights, seabird density and catch rate responses to brighter lights, and considerations for 
defining a control and replicates for field experiments of alternative longline fishing lights.  
 
Fishing light wavelength peak and range 
There is an extremely limited evidence base of species-specific responses to pelagic longline 
fishing light λmax and wavelength ranges, comprised of mechanistic physiological studies 
(Section S1) and a single longline field trial (Afonso et al. 2021). This available, limited 
information suggests that changing from green lightsticks to violet to blue lights might reduce 
the bycatch of hardshelled turtles and some pelagic sharks but with an economic cost tradeoff 
(Section S1; Afonso et al. 2021; Somerville et al. 2026). Blue lights are expected to increase 
target species catch rates relative to not using a light, but possibly not to the extent of green 
lights (Section S1, Afonso et al. 2021).  

Two LED models included in the fishing demonstrations as well as the Gloweez ‘blue’ 
lightstick had dual λmax  in the violet and blue wavelength ranges. The other three LED models 
had single peaks in the blue range (Table 1). Catch rates of a larger number of commercial 
species might be higher with lights with multiple λmax in the UV, violet and blue wavelength 
ranges than lights with a single peak within this wavelength range, based on mechanistic 
physiological studies on peak spectral sensitivities (Table S1). Field trials are needed to test 
this.  

A longline field trial of longline LED fishing lights found that LEDs with a λmax of 525 nm 
(green to humans) had higher catch rates of target billfishes and tunas as well as of bycatch 
species of blue sharks and marine turtles relative to a LED with a 465 nm λmax (blue to humans) 
(Afonso et al. 2021). However, there might have been confounding by other potentially 
informative predictors of catch rates that differed between the two LED lights other than λmax that 
were not reported by Afonso et al. (2021), such as wavelength range and Φe. Changing from a 
green to a blue light to reduce bycatch of some at-risk marine turtle and pelagic shark species 
might entail an economic cost tradeoff: blue lights might increase target species catch rates 
relative to not using a light, but possibly not to the extent of green lights.  

The findings from Afonso et al. (2021) and mechanistic studies of spectral sensitivities 
(Section S1) suggest that, for some commercial longline species, the overlap or mismatch 
between peak spectral sensitivity and λmax might be a weak predictor of catch risk. While a 
species’ wavelength of peak spectral sensitivity indicates a strong ability to detect a light source 
emitting light at that wavelength, the ability to detect that wavelength does not necessarily mean 
that will trigger a behavioral response of attraction to the light and increased catch risk on the 
longline hook more so than with lights with λmax that differs from their peak sensitivity. For 
example, a species with peak detection of a wavelength perceived by humans as green might 
also detect wavelengths visible to humans as blue, and for some reason might be more 
attracted to blue than green lights. In this hypothetical case, a fishing light with a blue peak 
wavelength and with a wavelength range that includes green could increase the catch risk of 
that species relative to using a light with a green peak. Predictors that affect the attraction and 
aggregation of prey species, such as light properties that simulate characteristics of 
bioluminscent prey, might be more important predictors of longline catch risk than peak spectral 
sensitivity. Given the limited evidence base of which single factors are important explanatory 
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predictors of catch risk on different longline lights, including λmax, it is a priority to obtain much 
stronger, direct evidence by conducting numerous randomized, controlled field trials across 
variable conditions and by conducting robust meta-syntheses, discussed in the Conclusions 
section below.  
 
Size and light intensity 
Overall, captains preferred smaller and dimmer LED models. Captains were split and a few 
were ambivalent on how the five LED models affected catch rates of commercial species 
relative to their lightsticks, including on adjacent branchlines without lights. Half of the captains 
predicted that dimmer, flashing, smaller models, which most captains attached close to hooks, 
had higher catch rates of commercial species than lightsticks and four captains preferred the 
dimmer and smaller LED models to the brighter and bulkier LED models. Most captains 
attached the two larger LED models, which also happened to be the brightest, with an order of 
magnitude higher Φe at t0 than the smaller LED models (Table 1a), far from baited hooks. 
Reasons included to avoid: affecting the action of the terminal tackle, reducing commercial 
species catch rates from having a very bright and large object near the hook, interfering with 
catch retrieval, and increasing safety risks to crew. Lights that are larger and heavier (in air) 
pose a risk to crew safety from terminal tackle flybacks during gear haulback (ACAP, 2024). 
Some captains perceived that the LED SY-66, which had the highest Φe (Table 1a), had the 
highest shark bite-offs and captures. This is consistent with findings of Denamur and Rowe 
(2020) who found that Australian longline fishers perceived brighter lights increased shark 
attraction and bite-offs.  

It is a research priority to assess the effects of light intensity on catch rates of at-risk and 
commercial species. Dimmer lights might reduce turtle catch risk (Fritsches and Warrant, 2006) 
but there is a lack of evidence of the effect of Φe on catch rates of other species (Section S1). It 
is also not well understood what affect Φe of fishing lights has on the attraction of prey of 
pelagic longline commercial and bycatch species, which might be an important predictor of 
catch risk for some species.  

We included measurements of each fishing light’s Φe (integrated, total radiant power) 
using an integrating sphere, eliminating the influence of the angle and position of the light 
source within the sphere, which is a gold standard reference value (e.g., Maucoski et al. 2022). 
This radiometric property measurement has not been consistently employed in previous fishing 
light bycatch mitigation research (Yochum et al. 2024).  
 
Flicker frequency and duration 
Captains were split or ambivalent on preferences for a flickering or constant light. Flashing lights 
that closely simulate disturbed, flickering bioluminescent organisms might have higher catch 
rates for some species relative to constant lights (Widder 2002; Hazin et al. 2005; Letendre et 
al. 2024). Flickering lights might have higher catch rates of some commercial species and might 
reduce marine turtle catch risk relative to continuous lights (Widder 2002; Lohmann et al. 2006; 
Letendre et al. 2024).  

None of the LED models, however, had flicker rates that exceed marine turtles’ critical 
FFF (Table S1). It is therefore a priority to develop fishing lights that flicker at rates that exceed 
the critical FFF above which the lights appear constant and dimmer to marine turtles. Flashing 
LED models might have a longer battery life than continuous models (Yochum et al. 2024), 
which would be considered as part of life cycle and economic analyses, discussed below.  

The effect of flicker duration is another light property of flickering LED lights with an 
unknown effect on species-specific longline catch rates. The underlying mechanisms of 
detection and attraction to lights of different flicker duration are also not well understood, which 
might be related to the bioluminescence flash rates of prey and of organisms that attract baitfish 
and their prey (Widder 2002).  
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Directionality 
The effect of light directionality on species-specific catch rates in longline fisheries is not 
understood. For example, does the relatively low directionality of the Catch All LED model cause 
lower detection by predators and prey and lower catch rates of certain species relative to 
models with broader directionality?  

Directionality of Ee might not change linearly when rotating some models of lights. 
Therefore, measuring Ee only at a few selected orientations as we did in this study and as 
conducted in previous assessments of fishing lights (Karlsen et al. 2021) might not provide the 
clearest basis for comparing directionality between models. Furthermore, directionality might not 
be an important predictor of catch rates when fishers fasten lights to the gear in a manner that 
allows for a large degree of movement, such as attaching a light with a clip and swivel.  
 
Apparent weight, activation method and seabird bycatch mitigation 
All five LED models included in the fishing demonstration were negatively buoyant and four 
were water-activated (Table 1a). However, discussed above, most captains were only willing to 
attach the smaller and dimmer LED models close to hooks. The smaller Catch All and the 
bulkier DYP models have similar apparent weights, while the smaller ProGlow has an apparent 
weight in between the two bulkier models (Table 1a). Research is needed to determine whether 
there is a net benefit to seabirds from placing LED lights close to hooks. Attaching negatively 
buoyant LED lights close to hooks is expected to increase the baited hook sink rate, reducing 
seabird catch risk, noting that seabird bycatch in longline fisheries is problematic mainly at 
higher latitudes (Gianuca et al. 2016; Ochi et al. 2017; Gilman et al. 2024). But light might also 
attract seabirds to the area where baited hooks are being deployed (McNamara et al. 1999; 
Sigurdsson 2023), increasing their catch risk. It is unclear which mechanism has a stronger 
effect on the catch risk of different seabird species.  

The captains preferred water-activation over manual activation. Some captains believe 
pressure (depth)-activated LEDs (such as produced by Lindgren-Pitman, which was not short-
listed due to exceeding the cost criterion) would overcome issues identified with the water-
activated models of corroding contact points, inconsistently turning off following retrieval, and 
possibly the need to rinse with freshwater. Water- and pressure-activated lights might reduce 
seabird catch risk relative to manually-activated lights. Some seabird species are attracted to 
fishing lights (McNamara et al. 1999; Sigurdsson 2023). Scavenging seabirds might learn to 
associate lights with the presence of baited hooks or the lights might illuminate and increase 
their visual detection of baited hooks. Relative to lightsticks and LEDs that are manually 
activated by crew prior to setting, water-activated lights might reduce seabird catch risk during 
nighttime setting, and pressure-activated lights might reduce seabird catch during both night 
setting and nighttime hauling. During setting, the water- and pressure-activated lights would limit 
illumination of baited hooks to when water-activated lights contact the water and when pressure-
activated lights reach their programmed depth. During hauling, pressure-activated lights would 
turn off before baited hooks reach the surface, potentially reducing detection by some seabird 
species. It might also be more convenient for use by crew by not having to manually turn the 
lights on and off.  
 
Phosphorescent and fluorescent lights and biodegradable lightsticks 
The phosphorescent lights did not meet our assessment criteria, suggesting that they might 
have too low a light level and have too rapid diminution for effective use in pelagic longline 
fisheries. Phosphorescent lights have substantial economic and practicality benefits: they are 
reusable likely with a long lifetime, rechargeable with ambient and artificial light, and are 
relatively inexpensive. It is a research priority to determine if a phosphorescent light with higher 
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radiant power with slow diminution can be designed to at least match that of conventional 
chemical lightsticks, and with optimal wavelength peaks and range, size and apparent weight.  

There is existing luminescent fishing gear, such as phosphorescent beads and 
fluorescent lures used by recreational fishers (Lokkeborg et al. 2014; Radinger et al. 2026), and 
longline sliding weights with a luminescent nylon (polyamide) coating that are reported by the 
manufacturer to glow for up to six hours (e.g., FishTek Marine 2026a; Fishing International 
2026). These warrant investigation for their potential to replace lightsticks. A single-use 
biodegradable, non-toxic, chemiluminescent yellow lightstick with the model name Lume is 
under development (Lux Bio 2025), also warrants investigation as a potential replacement to 
conventional chemical lightsticks. Lume uses enzymes to produce chemiluminescence that 
mimics the chemical reactions of bioluminescence, and uses a biodegradable housing (Lux Bio 
2025).  
 
Life cycle and economic analyses 
Captains were split or ambivalent on whether the costs for the Catch All and the two ProGlow 
LED models are acceptable, while most captains found the DYP-100 and SY-66 models to be 
too expensive. Some captains plan to continue to use the Catch All and ProGlow models. One 
captain who already uses the SY-66 intends to begin to also use the DYP-100. Longer-term 
assessments are needed to determine the durability and practicality of these LED models. 

Comprehensive life cycle assessments and economic cost-benefit analyses of changing 
from conventional chemical lightsticks to LED fishing lights are needed to determine whether 
LED lights with certain properties would have a smaller environmental footprint and lower 
economic cost than conventional lightsticks. For example, research is needed to determine how 
much CO2 and other greenhouse gases are emitted during the production process for one LED 
light and batteries compared to the equivalent number of lightsticks that would be used over the 
life of that LED light (Nguyen and Winger, 2018). A comparison of the environmental impact 
across the full life cycles of conventional lightsticks and LED lights and batteries, including 
environmental impacts from the acquisition of materials, production of each component, and 
supply chain carbon footprint would be instrumental for informing whether certain LED models 
are improvements over the status quo. LED models that use replaceable batteries, that can be 
used with rechargeable batteries, have a long battery life, are durable and long-lasting, and can 
be recycled at end-of-life are examples of characteristics that might minimize their adverse 
environmental effects.  
 An economic assessment could account for the initial outlay cost of the lights and LED 
batteries if replaceable, ongoing costs to replace batteries if relevant, and ongoing costs to 
replace end-of-life, damaged and lost lights. The latter point would need to account for whether 
the model is predicted to increase shark bite-offs relative to lightsticks. The assessment could 
determine whether more durable but more expensive models are more or less economically 
preferrable to less durable and less expensive models, if all other parameters were equal (which 
would enable evaluating the suitability of the screening criterion on cost used in this study). 
Diminution rates (Table 2a) would inform estimates of battery replacement rates or light 
replacement rates for disposable models. Another consideration is whether the model can be 
used with rechargeable batteries. The assessment would also need to account for effects on 
commercial species catch rates and sizes; effects on rates of depredation (the removal or 
damage of catch and bait from fishing gear) of commercial catch and bait by sharks, 
odontocetes and squids; and costs from gear damage such as from a change in terminal tackle 
bite-off rates by sharks. Furthermore, changes in costs resulting from modified fishing effort and 
the amount of purchased expendables such as fuel, bait and gear and salaries for crew in 
response to a change in catch rates and value would need to be accounted for in the 
assessment.  
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 The assessment could also evaluate the environmental and economic impacts of the 
fate of end-of-life lights and of disposable and rechargeable batteries. This includes both when 
the unwanted lights are batteries are disposed of as prescribed by port waste reception 
facilities, and when abandoned, lost or discarded at sea.  
 
Rechargeable versus disposable batteries 
While having the potential to reduce waste, environmental impacts and human health impacts 
relative to single-use batteries (Parsons 2006; Dolci et al. 2016), using rechargeable batteries in 
LED fishing lights might require several years of use for an operator to recoup the higher initial 
outlay costs. Rechargeable batteries are more expensive than disposable alkaline batteries and 
require recharging devices. Rechargeable batteries experience diminished capacity and power 
with repeated cycles of discharging and recharging, and eventually, after several hundred cycles 
of use, reach end-of-life (Parsons 2006).  

Because rechargeable batteries have a lower capacity and shorter battery life compared 
to disposable alkaline batteries (Parsons 2006; Dolci et al. 2016), fishers would have to 
recharge and replace rechargeable batteries more frequently than they would need to replace 
disposable batteries. Making LEDs that can undergo bulk and rapid wireless recharging of 
batteries through electromagnetic induction while at-sea could make the use of rechargeable 
batteries more convenient (e.g., the FishTek SharkGuard is capable of induction charging when 
stored in branchline storage bins, FishTek Marine 2026a). This would, however, likely result in 
an uncompetitively high cost for the LED lights with induction charging capacity in addition to the 
induction chargers (personal communication, Robert Enever, FishTek, 7 May 2025). If 
management authorities required the use of only LEDs with rechargeable batteries and created 
broad fishing industry demand, this could incentivize the development at scale of affordable 
induction charge-capable LED fishing lights.  
 
Conclusions and next steps 
Results from the exploratory fishing demonstrations and literature review identified 
characteristics of fishing lights that meet objectives for practicality, safety, economic viability and 
bycatch mitigation. Findings also inform the design of field experiments to assess target and 
bycatch catch rates and identify priorities for research and development to optimize fishing light 
characteristics. These findings, combined with some longline fisheries having partially (e.g., 
Australian bluefin tuna and eastern tuna and billfish fisheries) or completely (e.g., Japan Kesen-
numa swordfish longline fishery) transitioned from using lightsticks to LED lights, suggest that 
LED lights hold promise for replacing single-use lightsticks.  

Most captains preferred water- or pressure-activated models, which might reduce 
seabird access and bycatch risk. Captains also preferred dimmer models and perceived a very 
bright LED model to have increased shark interactions. Most captains attached only smaller and 
dimmer LED models close to hooks, where they contribute to mitigating seabird bycatch by 
increasing hook sink rates, and were concerned that attaching bulkier and brighter LED models 
close to hooks would affect the action of the terminal tackle, increase safety risks to crew, 
reduce commercial species catch rates, and interfere with catch retrieval. One captain preferred 
smaller LED models because crew could leave them on branchlines when stored in bins. Most 
captains plan to continue using some of the assessed LED models.  

There was low risk of bias from captains intentionally providing false responses 
because the expert elicitation study component did not collect sensitive data such as on the 
bycatch of protected and at-risk species or production of marine litter. However, the in-depth 
exploratory demonstrations derived fisher perspectives from a very small sample size of six 
captains of three pelagic longline fisheries. Conducting additional exploratory trials of alternative 
LED models in a broader range of pelagic longline fisheries by a larger number of fishers by 
following a probability sampling design would provide stronger certainty of the generalizability 
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and representativeness of responses by reducing the risk of various sources of bias of expert 
elicitation surveys (e.g., from undercoverage, nonresponse, and prevailing paradigm bias, Choi 
and Pak 2005; Brick 2011; Sarstedt et al. 2018; Downes and Carlin 2020) and might identify 
preferred characteristics that are specific to any unique fishing operations of individual fisheries.  

The study identified research and development priorities to address information gaps 
and augment LED longline fishing lights’ designs to better meet objectives for commercial 
viability and bycatch mitigation: 
 

• Stronger evidence, including through randomized, controlled field trials and meta-
analytic syntheses, is needed to determine commercial and bycatch species’ catch rate 
responses to various light spectral, temporal, intensity and spatial properties of longline 
fishing lights, including total Φe, single and various combinations of λmax, Φe at λmax, 
wavelength range, directionality, flicker frequency versus constant, and flash duration. 
LED lights with flicker rates ca >16Hz that exceed the critical FFF of marine turtles 
(Table S1) currently are not commercially available. It is a priority to develop LED 
longline fishing lights that flicker at rates that reduce marine turtle detection.  

• Phosphorescent lights have several economic and practicality benefits but require 
research and development to provide higher Φe and slower diminution to make them 
suitable for longline fisheries. A biodegradable chemical lightstick (Lux Bio 2025) is 
under development and holds promise to replace toxic lightsticks.  

• Comprehensive life cycle assessments and economic cost-benefit analyses are needed 
to determine whether LED lights with certain characteristics would have a smaller 
environmental footprint and lower economic cost than conventional lightsticks.  

• While having the potential to reduce waste, environmental impacts and human health 
impacts of single-use batteries (Parsons 2006; Dolci et al. 2016), rechargeable batteries 
might require several years of use to provide an economic benefit and are less practical 
for fishers. Bulk and rapid wireless induction recharging of LED fishing lights could 
address practicality costs but might only be cost-effective with broad uptake. 

• Research is needed to determine whether using brighter LED lights in place of dimmer 
lightsticks would exacerbate collateral effects of underwater light pollution, including 
altering ecological processes and behavior of pelagic species (Section S4).  

• Evidence is needed to determine the effects on the local abundance and catch rates of 
seabirds of using negatively buoyant and brighter LED lights in place of buoyant and 
dimmer conventional lightsticks, and of the distance between lights and baited hooks 
(Section S4). 

• While attaching lights >1m from the hook, especially small models with streamlined 
shapes, might have minimal effect on the action of baited hooks, additional research is 
needed to investigate this.  

 
Tuna and other relevant regional fisheries management organizations have not adopted 

management measures on pelagic longline light emitting devices (CCSBT 2026; GFCM 2025; 
IATTC 2026; ICCAT 2026; IOTC 2026; WCPFC 2026). While there is strong evidence of 
increased catch rates of both commercial species and at-risk marine megafauna bycatch in 
response to the use of longline fishing lights (McNamara et al. 1999; Ward et al. 2000; Watson 
et al. 2006; Poisson et al. 2010, 2016; Swimmer et al. 2017; Afonso et al. 2021; Sigurdsson 
2023; Monaghan et al. 2024), a substantially more robust evidence base is needed to determine 
which individual light characteristics are meaningful explanatory predictors of species-specific 
catch rates and could be managed to effectively mitigate bycatch rates of species of 
conservation concern while augmenting catch rates of principal market species.  
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Additional individual randomized, controlled field trials, the gold standard of individual 
studies, as well comparative experiments and quasi-experimental studies of observational data 
(Gilman and Chaloupka 2023) are needed. See Section S4 for considerations for designing the 
control and replicates in fishing light experiments. Once sufficient evidence has accumulated 
from individual field studies, then meta-analytic synthesis studies would provide the most robust 
and generalizable findings. Results from a single study might be context-specific and lack 
external validity - the results from a single study might not be applicable under different 
conditions (Deaton and Cartwright 2018). By synthesizing estimates from a mixture of 
independent and context-specific studies, the overall estimated effect from meta-syntheses is 
generalizable and relevant over diverse settings (Pfaller et al. 2018). These field studies and 
meta-syntheses are needed to assess a broad range of individual predictors of catch rate 
responses and to assess fishing light factors affecting commercial viability.  

Our study identified lights that hold high promise for meeting objectives for commercial 
viability, bycatch mitigation, and reducing toxic and plastic marine pollution from pelagic longline 
fisheries. LED fishing lights promise to meet the economic, social and ecological components of 
the triple-bottom-line, providing a powerful addition to the fisheries bycatch mitigation toolbox.  
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Table 1. Characteristics of short-listed LED lights (Table 1a) and short-listed phosphorescent lights and chemical lightsticks (Table 
1b). Characteristics are categorized by main objective that they are predicted to effect. λmax=wavelength where the emission 
spectrum of a light source reaches a maximum; Φe=radiant power; Hz=hertz, number of cycles per second.  
 
Table 1a. LED lights. 

Characteristic Threshold 
Light modela 

Catch All 
deep drop 
blue 

ProGlow 
Superbright 
blue 

ProGlow 
Ultrabright 
blue 

DYP-100 blue SY-66 blue 

Light category no threshold LED LED LED LED LED 
       
Bycatch mitigation - marine turtles           

λmax b (nm) no threshold 468, 382 465 465, 382 455 456 

λmax color visible to humans b violet to blue, 1 or more 
peak in blue blue, violet blue blue, violet blue blue 

Φe at λmax, t0 (mW nm-1) c ≥4.9*10-3  d 9.6*10-3 

(±4.8*10-3) 
2.2*10-2 

(±3.9*10-3) 
2.9*10-2 

(±2.6*10-2) 
3.1*10-1 

(±2.9*10-2) 1.1 (±0) 

Peak Φe per wavelength in 
440-480nm range ≥10% Φe 
per wavelength at λmax? 

yes yes yes yes yes yes 

Peak Φe per wavelength 
within 555-580nm range t0 
(mW nm-1) 

≤ 10% Φe per wavelength 
at λmax t0 

1.8*10-4 
(±1.7*10-4) 0 (±0) 2.4*10-4 

(±5.9*10-5) 
6.3*10-4 

(±2.7*10-4) 1.7*10-3 (±0) 

Φe t0 (mW) d,e ≥3.25*10-1 3.7*10-1 
(±2.8*10-1) 

4.8*10-1 
(±1.4*10-1) 

7.5*10-1 
(±4.9*10-1) 7.9 (±8.8*10-1) 25.0 (±0) 

Multidirectional: Total 
irradiance when parallel, 
45o and perpendicular to 
the sensor probe are within 
one order of magnitude 

no threshold no yes yes yes yes 

Flicker rate (Hz) or constant no threshold 0.67 1.50 1.55 constant 1.57 
Flash duration (s) no threshold 0.03 0.33 0.33 constant 0.23 
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Bycatch mitigation - seabirds, and crew safety     

Activation method no threshold water contact water contact water contact water contact manual 
Weight in air (LEDs including 

batteries) (g) < 150g 37 46 46 128 110 
Apparent weight (in seawater, 

LEDs including batteries) 
(g) 

no threshold 12 18 18 13 26 

       
Economic viability       

Cost per unit, ≥200 units, 
USD (excluding shipping 
and customs) 

< USD$20 reusable; 
<USD$10 single-use 7.79 5.00 5.00 17.25 8.30 

Replaceable batteries? no threshold no yes yes yes yes 
 
Table 1b. Phosphorescent lights and conventionally used chemical lightsticks. Values shaded grey did not meet the specified 
threshold. 

Characteristic Threshold 
Light modela 

Paqlite GloStick 
blue Paqlite Tab blue Paqlite 

Scooblite 
Chemilures 

green 
Gloweez 

green 
Gloweez 

pink 
Gloweez 

blue 

Light category no threshold Phosphorescent Phosphorescent Phosphorescent Chemical 
lightstick 

Chemical 
lightstick 

Chemical 
lightstick 

Chemical 
lightstick 

         
Bycatch mitigation - marine turtles               

λmax (nm) b no threshold 492 491 522 518 530, 380 380, 636, 
436 380, 450 

λmax color visible to humans b violet to blue, 1 or 
more peak in blue 

cyan (blue-
green) 

cyan (blue-
green) green green green, violet violet, red, 

blue violet, blue 

Φe at λmax, t0 (mW nm-1) c ≥4.9*10-3  d 2.0*10-3 3.0*10-4 9.4*10-4 1.2*10-2 
(±2.2*10-1) 

1.2*10-2 
(±0) 

7.5*10-3 
(±0) 

7.2*10-3 
(±0) 

Peak Φe per wavelength in 
440-480nm range ≥10% 
Φe per wavelength at 
λmax? 

yes yes yes yes no no yes yes 

Peak Φe per wavelength 
within 555-580nm range t0 
(mW nm-1) 

≤ 10% Φe per 
wavelength at λmax t0 3.3*10-4 3.7*10-5 6.1*10-4 6.5*10-3 

(±1.3*10-2) 
7.5*10-3 

(±0) 
2.3*10-4 

(±3.9*10-5) 
4.1*10-4 

(±0) 
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Φe t0 (mW) d,e ≥3.25*10-1 1.3*10-1 1.8*10-2 7.8*10-2 8.0*10-1 
(±1.6) 

9.3*10-1 
(±0) 

3.4*10-1 
(±0) 

5.3*10-1 
(±0) 

                  
Bycatch mitigation - seabirds, and crew safety       

Activation method no threshold continuous continuous continuous manual manual manual manual 
Weight in air (LEDs including 

batteries) (g) < 150g 12 4 32 13 7 6 6 
Apparent weight (in 

seawater, LEDs including 
batteries) (g) 

no threshold 0<x<1 0<x<1 6 <0 <0 <0 <0 

          
Economic viability         
Cost per unit, ≥200 units, 

USD (excluding batteries, 
shipping, customs import 
fee) 

< USD$20 reusable; 
<USD$10 single-

use 
3.38 6.15 8.87 0.48 0.15 0.15 0.15 

a See Supplemental Material Section S2 for additional details on the light models. 
b If multiple values for λmax are listed, then they are listed from highest values. 
c Mean and 95% CIs reported for models where 2 units were measured, otherwise the value from measurement of a single unit is reported. 
d Threshold is 50% of the mean of the 4 conventionally used chemical lightsticks. 
e Both flashing and constant models underwent the same measurement method for total, integrated radiant power. 
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Table 2. Diminution of short-listed LED lights (Table 2a), and of phosphorescent lights and conventionally used chemical lightsticks 
(Table 2b). λmax=wavelength where the emission spectrum of a light source reaches a maximum; Φe=radiant power. Φe 
measured over the wavelength range 380-780nm.  
 
Table 2a. Diminution of short-listed LED lights. 

Characteristic Threshold 
Light model a 

Catch All bullet 
deep drop blue 

FishTek ProGlow 
Superbright blue 

FishTek ProGlow 
Ultrabright blue 

DYP-
100 blue 

SY-66 
blue 

Φe t0 (mW) ≥3.25*10-1 5.1*10-1 5.5*10-1 5.0*10-1 8.3 25.0 
Φe t5 days (mW)  ≥6.5*10-2 b 4.0*10-1 4.6*10-1 2.5*10-1 3.6 5.8 
Φe t15 days (mW) ≥6.5*10-2 b,c 2.3*10-1 2.7*10-1 7.0*10-2 2.9 1.7 

 
Table 2b. Diminution of phosphorescent lights and conventionally used chemical lightsticks. Values shaded grey did not meet the 
specified threshold. 

Characteristic Threshold 
Phosphorescent light modela Chemical lightstick modela 

Paqlite GloStick 
blue Paqlite Tab blue Paqlite 

Scooblite 
Chemilures 

green 
Gloweez 

green 
Gloweez 

pink 
Gloweez 

blue 

Φe t0 (mW) ≥3.25*10-1 1.3*10-1 1.8*10-2 7.8*10-2 1.6 9.3*10-1 3.4*10-1 5.3*10-1 
Φe t6 hours (mW) ≥1.3*10-1 1.3*10-2 4.6*10-3 8.7*10-3 1.5*10-1 3.3*10-1 2.8*10-1 2.6*10-1 
Φe t12 hours (mW) ≥9.2*10-2 2.1*10-3 2.3*10-3 2.3*10-3 5.6*10-2 2.3*10-1 2.3*10-1 2.2*10-1 
Φe t18 hours (mW) ≥7.9*10-2 0.0 0.0 0.0 1.4*10-2 2.0*10-1 2.1*10-1 2.1*10-1 
Φe t24 hours (mW) ≥7.8*10-2 0.0 0.0 0.0 7.1*10-3 2.0*10-1 2.1*10-1 2.1*10-1 

a See Supplemental Material Section S2 for additional details the light models. 
b Threshold is mean of 2 measurements each of the 4 chemical lightsticks (see Table S2).  
c Threshold applies to single-use LEDs with non-replaceable batteries. 
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Table 3. Summary of six longline captains’ perspectives on the practicality, safety and economic 
viability of alternative LED light models. Questions 3 through 12 are relative to fishing with 
conventionally used chemical lightsticks. N=number of respondents.  

Question 
LED model 

Catch All deep 
drop blue flash 

ProGlow blue 
flasha 

DYP-100 blue 
constant SY-66 blue flash 

If some were 
damaged or 
malfunctioned, 
what was the 
cause? 

None damaged 
(N=6) 

None damaged 
(N=2) 

None damaged 
(N=4) 

None damaged 
(N=5)  

 Very few 
damaged, cause 
not known (N=2)  

Very few 
damaged, cause 
not known (N=1) 

Very few 
damaged, cause 
not known (N=1) 

 Shark bites (N=1)  
 

 

 Corrosion of 
contact points 
(N=1) 

Corrosion of 
contact points 
(N=1) 

 

Did you leave 
the LED lights 
attached to 
branchlines 
when stored in 
bins or remove 
them after each 
haul? 

 
Both (N=1)  

  
 

Remove after each 
haul (N=5) 

Remove after each 
haul (N=6) 

Remove after each 
haul (N=6) 

Remove after each 
haul (N=6) 

Effect on 
building 
branchlines 

  Slightly easier 
(N=5, clip on 
instead of attach 
with rubber bands) 

Slightly easier 
(N=5, clip on 
instead of attach 
with rubber bands)  

No difference 
(N=3, attach with 
rubber bands or 
tape)  

No difference 
(N=3, attach with 
rubber bands or 
collar) 

No difference 
(N=1, both clip on) 

No difference 
(N=1, both clip on) 

Slightly more 
difficult (N=3, 
attach two points 
instead of a single 
point on a 
lightstick, attach 
with rubber bands 
instead of clipping 
lightsticks, an 
additional 
component to 
crimp) 

Slightly more 
difficult (N=3, 
attach with rubber 
bands instead of 
clipping lightsticks) 

  

Effect on 
number of 
branchlines that 
can be stored in 
a bin 

No difference 
(N=5, removed 
before storing) 

No difference 
(N=6, removed 
before storing) 

No difference 
(N=6, removed 
before storing) 

No difference 
(N=6, removed 
before storing) 

 
No difference 
(N=1, left some on 
branchlines coiled 
in bins) 
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Effect on 
frequency of 
gear tangling in 
bins 

No difference 
(N=4, removed 
before storing)  

No difference 
(N=6, removed 
before storing) 

No difference 
(N=6, removed 
before storing) 

No difference 
(N=6, removed 
before storing) 

Slightly more 
frequent (N=1, left 
some on 
branchlines coiled 
in bins) 

   

Effect on setting 

  Slightly easier 
(N=4, less time to 
attach)  

Slightly easier 
(N=4, less time to 
attach) 

No difference 
(N=3)  

No difference 
(N=3) 

No difference 
(N=1) 

No difference 
(N=1) 

Slightly more 
difficult (N=3, more 
time to attach) 

Slightly more 
difficult (N=3, more 
time to attach)  

Slightly more 
difficult (N=1, the 
lights are bulky 
attached close to 
hooks) 

Slightly more 
difficult (N=1, the 
lights are bulky 
attached close to 
hooks) 

Effect on hauling 

  Slightly easier 
(N=4, less time to 
remove)  

Slightly easier 
(N=4, less time to 
remove) 

No difference 
(N=3) 

No difference 
(N=3)  

No difference 
(N=1)  

No difference 
(N=1) 

Slightly more 
difficult (N=3, more 
time to remove) 

Slightly more 
difficult (N=3, more 
time to remove) 

Slightly more 
difficult (N=1, the 
lights are bulky 
attached close to 
hooks) 

Slightly more 
difficult (N=1, the 
lights are bulky 
attached close to 
hooks) 

Effect on crew 
safety 

No difference 
(N=2, retrieve 
branchlines in a 
way that avoids 
flybacks coming 
on deck, attached 
far from hooks) 

No difference 
(N=2, retrieve 
branchlines in a 
way that avoids 
flybacks coming 
on deck, attached 
far from hooks) 

No difference 
(N=5, attached far 
from hooks, 
retrieve 
branchlines in a 
way that avoids 
flybacks coming 
on deck)  

No difference 
(N=5, attached far 
from hooks, 
retrieve 
branchlines in a 
way that avoids 
flybacks coming 
on deck) 

Slightly less safe 
(N=4, increased 
risk to crew from 
flybacks as the 
light is 
bigger/heavier) 

Slightly less safe 
(N=4, increased 
risk to crew from 
flybacks as the 
light is 
bigger/heavier) 

Slightly less safe 
(N=1, increased 
risk to crew from 
flybacks as the 
light is 
bigger/heavier 
attached close to 
hooks) 

Slightly less safe 
(N=1, increased 
risk to crew from 
flybacks as the 
light is 
bigger/heavier 
attached close to 
hooks) 

Effect on rate of 
damage and 
loss of terminal 
tackle or other 
gear 
components 

No difference 
(N=5)  

No difference 
(N=4) 

No difference 
(N=4) 

No difference 
(N=2) 

Slightly more 
frequent (N=1, 
increased shark 
captures and bite-
offs) 

Slightly more 
frequent (N=2, 
collar pinches the 
branchline, 
increased shark 
captures and bite-
offs) 

Slightly more 
frequent (N=2, 
increased shark 
captures and bite-
offs) 
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   Much more 
frequent (N=4, 
increased shark 
captures and bite-
offs) 

Effect on catch 
rates of 
commercial 
species 

Slightly higher 
(N=3)  

Slightly higher 
(N=3) 

Slightly higher 
(N=1) 

Slightly higher 
(N=1) 

No difference 
(N=1)  

No difference 
(N=1) 

No difference 
(N=2) 

No difference 
(N=2) 

Not sure (N=1)  Not sure (N=1) Not sure (N=2) Not sure (N=1) 
Slightly lower 
(N=1) 

Slightly lower 
(N=1) 

Slightly lower 
(N=1) 

Slightly lower 
(N=1)   

   Much lower (N=1) 

How did the 
LED light affect 
catch rates on 
immediately 
adjacent 
branchlines 
without lights? 

Slightly higher 
(N=2)  

Slightly higher 
(N=2) 

Slightly higher 
(N=1) 

Slightly higher 
(N=2) 

No difference 
(N=2)  

No difference 
(N=2) 

No difference 
(N=2) 

No difference 
(N=1) 

Not sure (N=2) Not sure (N=1)  Not sure (N=2) Not sure (N=2)  
Slightly lower 
(N=1) 

Slightly lower 
(N=1) 

 

   Much lower (N=1) 

Is the cost for 
the LED model 
acceptable? 

Acceptable (N=1)  Acceptable (N=1) Acceptable (N=1) Acceptable (N=1) 
Not sure (N=2)  Not sure (N=3)  Not sure (N=1) 
Slightly too 
expensive (N=2)  

Slightly too 
expensive (N=1) 

 Slightly too 
expensive (N=1) 

Much too 
expensive (N=1) 

Much too 
expensive (N=1) 

Much too 
expensive (N=5) 

Much too 
expensive (N=3) 

Do you plan to 
continue to use 
the LED model? 

Yes (N=3, might 
increase 
commercial catch 
relative to 
lightsticks, might 
be a cost-effective 
replacement for 
lightsticks) 

Yes (N=3, might 
increase 
commercial catch 
relative to 
lightsticks, might 
be a cost-effective 
replacement for 
lightsticks, likes 
that it can be used 
with rechargeable 
batteries)  

Yes (N=1, it is 
similar to the SY-
66, already used 
by this respondent, 
and about the 
same price from a 
local supplier) 

Yes (N=1, already 
used by this 
respondent) 

Undecided (N=2)  Undecided (N=1) Undecided (N=1) Undecided (N=1)  
No (N=1, might not 
improve or might 
reduce commercial 
catch relative to 
lightsticks, might 
increase shark 
captures and bite-
offs) 

No (N=2, might not 
improve or might 
reduce commercial 
catch relative to 
lightsticks, might 
increase shark 
captures and bite-
offs, corrosion of 
the contact points) 

No (N=4, too 
expensive, might 
reduce commercial 
catch relative to 
lightsticks, might 
increase shark 
captures and bite-
offs, corrosion of 
the contact points) 

No (N=4, too 
expensive, might 
reduce commercial 
catch relative to 
lightsticks, might 
increase shark 
captures and bite-
offs) 

a Responses for the ProGlow Superbright and Ultrabright models were identical and therefore a single 
record is provided for the two models. 
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FIGURE CAPTIONS 
 
Figure 1. Total, uniform spectral power distribution from spectroradiometer measurements within 
an integrating sphere of LED fishing lights. Y-axis of radiant power (Φe) by wavelength is 
normalized to a scale of 0 to 1. (a) Catch All Tackle bullet blue flashing, 1.0=1.2*10-2 mW nm-1, 
Φe at t0=5.1*10-1 mW (total Φe across the measured spectrum); and (b) FishTek ProGlow 
Superbright blue flashing, 1.0=2.4*10-2 mW nm-1, Φe at t0=5.5*10-1 mW.  
 
Figure 2. Total, uniform spectral power distribution from spectroradiometer measurements within 
an integrating sphere of two chemical lightsticks. Radiant power (Φe) by wavelength is 
normalized to a scale of 0 to 1. (a) green Chemilures Superclips, used by a US north central 
Pacific Ocean swordfish longline fishery, 1.0=2.3*10-2 mW nm-1, Φe at t0=1.6 mW (total Φe 
across the measured spectrum); and (b) blue UltraGlo Universal Deep/Surface Light Stick, one 
of three types of lightsticks used by an Australian south Pacific southern bluefin tuna longline 
fishery, 1.0=7.2*10-3 mW nm-1, Φe at t0=5.3*10-1 mW.  
 
FIGURES 
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S1. Spectral and Flicker Frequency Temporal Sensitivities of Marine 
Turtles, Large Pelagic Teleosts, Pelagic Sharks and Pelagic Seabirds 
Table S1 summarizes the maximum spectral sensitivities (λmax), the peak or maximum flicker 
fusion frequency (FFF) sensitivities (i.e., the FFF with the highest sensitivity), and critical (i.e., 
limit threshold above which flickering lights are detected as steady and dim) FFF sensitivity of 
adult marine turtle, commercial teleost, pelagic shark, and pelagic seabird species that are 
captured in shallow-set pelagic longline fisheries. Estimates are derived from various 
approaches such as microspectrophotometry (MSP) and electroretinography (ERG) methods, 
measured for various age classes, and measured at various light levels and temperatures.  
 
Table S1. Synthesis of estimates of maximum spectral sensitivity (λmax), maximum flicker fusion 
frequency (FFF), and critical FFF for species of marine turtles, commercial teleosts, pelagic 
sharks, and pelagic seabirds that are susceptible to capture in shallow-set pelagic longline 
fisheries.  

Species λmax (nm) Peak FFF (Hz) Critical FFF (Hz) Citations 
 
Marine Turtles 

Green 555, 580 10 30, 36, 40-57 
Levenson et al. 2004; Eckert et al. 
2006; Fritsches and Warrant 2006; 
Southwood et al. 2008 

Leatherback 500, 509, 600 5 16 Eckert et al. 2006; Crognale et al. 
2008 

Loggerhead 520, 580 8-16 40 Levenson et al. 2004; Johnsen 
2006 

 
Pelagic Marine Teleosts 
Bigeye tuna 485 No estimate 12, 23, 34a Fritsches et al. 2005; Fritsches and 

Warrant 2006 
Dolphinfish No estimate No estimate 81 Fritsches and Warrant 2006 
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Species λmax (nm) Peak FFF (Hz) Critical FFF (Hz) Citations 
Pacific bluefin tuna 479, 474-494 No estimate No estimate Matsumoto et al. 2009, 2011 

Striped marlin 436, 488, 525, 
531 No estimate 56 Fritsches et al. 2003; Fritsches and 

Warrant 2006; Johnsen 2006 
Southern bluefin tuna No estimate No estimate 35 Fritsches and Warrant 2006 

Swordfish 434 No estimate 32, 38, 50b Fritsches et al. 2005; Fritsches and 
Warrant 2006 

Yellowfin tuna 426, 483, 485 No estimate 38, 79, 80c 
Loew et al. 2002; Fritsches et al. 
2005; Fritsches and Warrant 2006; 
Southwood et al. 2008 

 
Pelagic Sharks 
Blue 503, 518d No estimate No estimate Hart et al. 2025 
Common thresher  492, 505d No estimate No estimate Hart et al. 2025 
Great white  501, 503d No estimate No estimate Hart et al. 2025 
Shortfin mako  501, 503d No estimate No estimate Hart et al. 2025 
 
Pelagic Seabirds 
Wedge-tailed 
shearwater  502e No estimate No estimate Hart 2004; Hart and Vorobyev 

2005 
a In addition to the influence of light levels, bigeye tuna critical FFF values vary by temperature, for 

instance with a critical FFF of 12 Hz at 15oC and 23 Hz at 22oC (Fritsches et al. 2005). 
b Swordfish maintain eye and brain temperatures between 19 and 28oC. In addition to the influence of 

light levels, limit FFF varies by temperature with for example a critical FFF of 20 Hz at 19oC and >50 Hz 
at 25oC at daytime 100m depth light levels (Fritsches et al. 2005).  

c Estimated critical FFF of 38 Hz at 22oC at daytime 100m depth light levels (Fristches et al. 2005).  
d Rod λmax: 503 nm for blue, great white and shortfin mako sharks and 404 nm for common thresher 

shark. Cone λmax: 518 nm for blue shark, 492 nm for common thresher shark, and 501 nm for great 
white and shortfin mako sharks.  

e Value is rod λmax which had the highest absorbance of rod and cone λmax. Cone λmax = 406 nm, 450 nm, 
503 nm, and 566 nm (Hart 2004). 

 
Implications for Pelagic Longline Bycatch Mitigation 
• Wavelengths between ca 400-480 nm (perceived as violet to blue by humans) includes the 

maximum spectral sensitivity (λmax) of swordfish and other pelagic longline commercial 
teleost species such as bigeye and yellowfin tunas and avoids the longer wavelength 
range of λmax of adult, sub-adult and large juvenile marine turtles. The λmax for green and 
loggerhead turtles is ca 555-580 nm, perceived as yellow by humans, and 500 nm for 
leatherback turtles, perceived as cyan or greenish-blue by humans (Loew et al. 2002; 
Levenson et al. 2004; Eckert et al. 2006; Fritsches et al. 2003; Fritsches and Warrant 
2006; Wang et al. 2007; Crognale et al. 2008; Southwood et al. 2008). The λmax of 
commercial species of pelagic longline fisheries, including swordfish, tunas and istiophorid 
billfishes, are within the range of 426 to 531 (visible to humans as violet, blue, cyan and 
green), corresponding to wavelengths that penetrate below 50m, but most of their λmax 
values are within the violet to blue range (Table S1).  

• The spectra detected by leatherback turtles is similar to and overlaps with that of swordfish 
and other billfishes, particularly at night. As a result, adjusting lightstick/LED wavelength to 
provide a bycatch mitigation solution would be more challenging for leatherbacks than for 
hardshelled turtles.  

• At low light levels, marine turtles have substantially lower flicker sensitivity than billfishes. 
Turtles may detect rapidly flickering lights as steady and dimmer, reducing the lights’ 
visibility to turtles relative to a non-flickering, steady light of the same light level (Fritsches 
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and Warrant 2006; Johnsen 2006; Crognale et al. 2008). In dim light, green and 
loggerhead turtles are most responsive to lights with relatively low flicker rates of between 
16 and 24 Hz and leatherback turtles to flicker rates of between 4 and 12 Hz (Eckert et al. 
2006; Crognale et al. 2008). LEDs flickering between 16 and 32 Hz would be difficult for 
adult leatherback turtles to detect as flickering but would be seen as flickering by swordfish 
(Fritsches et al. 2005; Crognale et al. 2008).  

• Flicker fusion frequency sensitivity increases with increasing temperature and light 
intensity. Under bright conditions and near the surface, marine turtles and epipelagic 
fishes have a higher flicker rate sensitivity than swordfish and other mesopelagic species 
(Fritsches et al. 2005; Fritsches and Warrant 2006).  

• Marine turtles have lower optical sensitivity than billfishes – turtles are less capable of 
detecting low light intensities relative to swordfish and istiophorid billfishes (Fritsches and 
Warrant 2006; Southwood et al. 2008).  

• Witherington and Bjorndal (1991) observed hatchling loggerheads to have an aversion to 
560 to 600 nm light. Wang et al. (2007) found captive-reared juvenile loggerheads were 
attracted to peak 548 nm (perceived as yellow by humans) lightsticks and peak 595 nm 
(perceived as orange by humans) LED lights. However, much of the spectral emissions of 
these two lights found by Wang et al. (2007) to attract juvenile loggerheads falls outside of 
the narrow spectral range found to elicit an aversion response by hatchlings. A light with 
wavelengths that fall within the narrow spectral range determined by Witherington and 
Bjorndal (1991) to repel loggerhead hatchlings might also repel older age classes of some 
turtle species without repelling commercial fishes, and requires testing.  

• Estimates of the scotopic (low light, nighttime) conditions rod λmax values of four pelagic 
shark species (blue Prionace glauca, common thresher Alopias vulpinus, great white 
Carcharodon carcharias, and shortfin mako Isurus oxyrhinchus) are between 503-505 nm 
(green to humans) and cone (brighter, daytime) conditions λmax values ranged from 492 to 
518 nm (cyan to green to humans) (Hart et al. 2025). Based on limited information on the 
spectral sensitivity of pelagic elasmobranchs that are captured in pelagic longline fisheries, 
their λmax range includes wavelengths visible to humans as cyan and green. Thus, as with 
hardshelled marine turtles, the use of fishing lights with a wavelength range of ca 400-480 
nm might enable peak detection by longline commercial teleost species while avoiding the 
peak spectral sensitivity of some pelagic sharks. However, the λmax estimated for 
mesopelagic sharks are closer to the λmax values of commercial teleosts relative to 
hardshelled turtles and therefore this bycatch mitigation approach might have a smaller 
effect on shark catch risk than for hardshelled turtles.  

• The λmax of rod visual pigments in elasmobranchs might be correlated with the spectrum of 
light available at their habitat depth. Species that predominantly occur in shallow waters or 
are active during the daytime have rod scotopic (low light, nighttime) condition λmax values 
mainly in the wavelength range visible as green to humans. Predominantly deeper habitat 
or nocturnally-active species have blue-shifted, shorter wavelength rod λmax values (either 
because this is suitable for the light conditions of their habitat and nocturnal activity or 
because it matches the spectral peaks of bioluminescence) (McComb et al. 2010; 
Kalinoski et al. 2014; Hart et al. 2006, 2011, 2025). In general, deeper-habitat 
mesopelagic and bathypelagic species typically possess vision optimized for extreme 
sensitivity in low light environments, and have poor or no color sensitivity (e.g., Douglas et 
al. 1998). Cone (brighter, daytime) condition λmax values under mesopic and photopic 
conditions shift into longer wavelengths (mainly in the range that is green to humans) (Hart 
et al. 2011). While few estimates of λmax values for pelagic sharks were available, and no 
estimates for the main epipelagic sharks (silky Carcharhinus falciformis and oceanic 
whitetip C. longimanus) nor main ray species (pelagic stingray, Pteroplatyrgon violacea) 
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captured in global pelagic longline fisheries (Gilman 2011) to evaluate these hypothesized 
general patterns, the large body of literature on peak spectral sensitivity of coastal and 
demersal sharks provides a basis for predictions for epipelagic elasmobranchs. Rod λmax 
values of coastal and demersal sharks range from 470 to 530 nm (blue to green to 
humans) and cone λmax values range from 518 to 561 nm (green to humans) (Tamura and 
Niwa 1967; Niwa and Tamura 1975; Cohen and Gruber 1985; Crescitelli et al. 1985; 
Cohen 1990; Crescitelli 1991; Gacic et al. 2006; McComb et al. 2010; Kalinoski et al. 
2014; Hart et al. 2011, 2025).  

• Based on peak and critical FFF values for coastal and demersal shark species (reviewed 
in the article Results section), as with marine turtles, lights with sufficiently high flicker rate 
might reduce elasmobranch detection, especially for mesopelagic species. However, no 
commercially available LED lights have sufficiently fast flashing rates to achieve this.  

• Based on only spectral sensitivity estimates for a single pelagic seabird species that is 
susceptible to pelagic longline bycatch, seabirds might be able to detect light emitting 
devices across most of the visible spectrum, from violet to yellow to humans. Seabirds 
scavenging from pelagic longline vessels might learn that the presence of a lightstick or 
LED light indicates the presence of baited hooks or the light might illuminate and increase 
seabirds’ visual detection of terminal tackle.  

• Characteristics of fishing lights other than species-specific detectability such as due to 
λmax, flicker rate, and irradiance might also affect the species selectivity of longline catch, 
such as effects on attracting and aggregating prey species, and degree of simulating 
characteristics of their prey. 
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S2. Fishing Light Characteristics 
Table S2a provides information on the characteristics of short-listed LED models and phosphorescent lights and Table S2b provides 
details for conventionally employed lightsticks. The Chemilures superclips lightstick and the Gloweez lightstick were used by Hawaii-
based and Australian vessels that participated in the LED light demonstration, respectively. We did not measure light characteristics 
of two lightsticks (visible to humans as blue and green) used by the La Réunion longline fishery. The La Réunion vessel that 
participated in the LED light demonstration uses a generic model, purchased from a local supplier who imports the lightsticks from 
Korea, for which the manufacturer could not be identified. 

Table S2. Characteristics of short-listed LED and phosphorescent lights (Table S2a), and conventionally-employed chemical 
lightsticks (Table S2b).  

Table S2a. LED and phosphorescent lights. 
Characteristic Light model 

Light category LED LED LED LED LED phosphorescent phosphorescent phosphorescent 

Manufacturer Catch All Tackle FishTek 
Marine 

FishTek 
Marine 

Dongyang
Engineering Co Marine Delta UV Paqlite UV Paqlite UV Paqlite 

Model 
Bullet Deep Drop 
Strobe Lights with 

glow head 
flashing blue 

ProGlow 
Superbright 
blue flash 

ProGlow 
Ultrabright 
blue flash 

DYP-100 blue SY-66 blue UV blue 
GloStick Tab blue Scooblite 6" 

Lowest wavelength (nm) with 
radiant power per wavelength >0 <380 430 <380 <380 <380 424 454 463 

Highest wavelength (nm) with 
radiant power per wavelength >0 >780 529 >780 >780 >780 752 579 670 

Attachment method thread line collar or ring collar or ring clip eye or ring eye eye eye 

Dimensions (cm) 8x2x2 9.1x2.7x1.4 9.1x2.7x1.4 11.7x5.5x5.5 13.6x4.0x4.0 8.89X1.91x1.27 5.1x2.54x0.635 15.24x1.625 

Can be used with replaceable 
lithium batteries? NA yes yes not reported no NA NA NA 

Size of replaceable batteries NA AAA AAA AA AA NA NA NA 

Number of replaceable batteries NA 2 2 2 2 NA NA NA 

Reported depth rating (m) 600 1000 1000 700 300 not reported not reported not reported 

https://drive.google.com/file/d/1oGneA6cefxM9QYUlEBVVq6--foOxHvOg/view?usp=sharing


Page 6 

Table S2b. Chemical lightsticks. 
Characteristic Light model 

Manufacturer World Plastics Gloweez International Gloweez International Gloweez International 

Model Chemilures 
superclips 6" green 

Gloweez 4" Green ISO 
9001 UltraGlo Universal 
Deep/Surface Light Stick 

Gloweez 4" Pink ISO 
9001 UltraGlo Universal 
Deep/Surface Light Stick 

Gloweez 4" Blue ISO 
9001 UltraGlo Universal 
Deep/Surface Light Stick 

Lowest wavelength (nm) with radiant 
power per wavelength >0 383 <380 <380 <380 

Highest wavelength (nm) with 
radiant power per wavelength >0 >780 >780 >780 >780 

Method to attach to branchlines clip or rubber band clip or rubber band clip or rubber band clip or rubber band 

Dimensions (cm) 15.5x1.2x1.2 11.5x1.0x1.0 11.5x1.0x1.0 11.5x1.0x1.0 

Reported depth rating (m) not reported 990 990 990 
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Five short-listed LED fishing lights, from left to right as listed in Table S2a: CatchAll Bullet Deep Drop, ProGlow Superbright with a 
locking collar, ProGlow Ultrabright with a ring, DYP-100 with a clip, and SY-66 with a ring.  
 
The following are links to three short video clips show the ProGlow and DYP-100 LED models when deployed on pelagic longline 
branchlines: 

• Proglow with baited hook and baitfish 
• DYP100 with baited hook 
• DYP100 with baited hook and striped marlin strike 

 

https://drive.google.com/file/d/17wlx3Y4ZbYEIkg-IqRQD6rfV56o9DO23/view?usp=sharing
https://drive.google.com/file/d/1UeGHnOFBT8a54bb1jF07jdERknXdqViU/view?usp=sharing
https://drive.google.com/file/d/1lafddF9WDYH1lUFdhYmNHw2zszItUcjt/view?usp=sharing
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S3. Results of Measurements of Fishing Light Directional and Spectral 
Properties 
Table S3 presents the results of measurements of directionality of five short-listed LED models.  
 
Table S3. Directionality of five short-listed LED models, assessing total irradiance Ee (mW m-2) 
and irradiance Ee per wavelength (mW m-2 nm-1) at t0 (with new batteries) over a wavelength 
range of 380-780nm with the light oriented at 0o (light pointing towards the spectroradiometer 
sensor probe), 45o and 90o (perpendicular to the spectroradiometer sensor probe), using an 
Everfine High Accuracy Array Spectroradiometer HAAS-2000.  

Measurement 
Catch All 
deep drop 
blue flash 

ProGlow 
Superbright 
blue flash 

ProGlow 
Ultrabright 
blue flash 

DYP-100 
blue 

constant 
SY-66 

blue flash 

0o total irradiance, t0 (mW m-2) 5.7*10-3 3.1*10-4 3.7*10-4 3.8*10-3 2.6*10-3 

45o total irradiance, t0 (mW m-2) 3.0*10-4 3.2*10-4 8.4*10-4 4.1*10-3 1.1*10-2 

90o total irradiance, t0 (mW m-2) 1.5*10-4 2.1*10-4 2.7*10-4 1.1*10-3 2.5*10-3 

Is multi-directional, such that the total 
irradiance at t0 of each measured 
orientation are within one order of 
magnitude? 

no yes yes yes yes 

Peak wavelength(s) λmax (nm) of all three 
orientations 464 464 464 455 457 

Irradiance at peak wavelength mW m-2 nm-1 

of all three orientations 2.2*10-4 1.2*10-5 3.4*10-5 1.7*10-4 4.8*10-4 

Orientation with highest irradiance at peak 
wavelength 0o 45o 45o 45o 45o 

 
Figures S1, S2 and S3 show the absolute, spatially-averaged spectral measurements of radiant 
power (Φe) by wavelength (mW nm-1) from measurements within an integrating sphere. These 
three figures show the peak wavelength(s) λmax and wavelength range measured between 380 
to 780 nm for the unit of each model that is included in Tables 1 and S1 for which diminution 
was assessed. Figure S1 presents results for three of the LED light models, with new batteries, 
that were included in fishery demonstrations, Figure S2 presents results for three 
phosphorescent lights immediately following four hours of charging in direct sunlight, and Figure 
S3 presents results for two of the conventional chemical lightsticks upon activation (t0) that are 
used in the Australian east coast bluefin tuna longline fishery.  
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Figure S1. Total, uniform spectral power distribution from spectroradiometer measurements 
within an integrating sphere of LED fishing lights. Y-axis of radiant power (Φe) by wavelength is 
normalized to a scale of 0 to 1. (a) FishTek ProGlow Ultrabright blue flashing, 1.0=1.5*10-2 mW 
nm-1, Φe at t0=5.0*10-1 mW (the total radiant power across the measured spectrum); (b) 
Dongyang Engineering Co. DYP-100 blue constant, 1.0=3.2*10-1*10-1 mW nm-1, Φe at t0=8.3 
mW; and (c) SY-66 blue constant, 1.0=1.1 mW nm-1, Φe at t0=25.0 mW. 
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Figure S2. Total, uniform spectral power distribution from spectroradiometer measurements 
within an integrating sphere of three phosphorescent lights. Y-axis of radiant power (Φe) by 
wavelength is normalized to a scale of 0 to 1. (a) UV Paqlite blue GloStick, 1.0=2.0*10-3 mW 
nm-1, Φe at t0=1.3*10-1 mW (the total radiant power across the measured spectrum); (b) UV 
Paqlite Tab blue, 1.0=3.0*10-4 mW nm-1, Φe at t0=1.8*10-2 mW; and (c) UV Paqlite Scooblite 6 
inch, 1.0=9.4*10-4 mW nm-1, Φe at t0=7.8*10-2  mW. 
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Figure S3. Total, uniform spectral power distribution from spectroradiometer measurements 
within an integrating sphere of two conventional chemical lightsticks that are used in the 
Australian east coast bluefin tuna longline fishery. Y-axis of radiant power (Φe) by wavelength is 
normalized to a scale of 0 to 1. (a) Gloweez 4" Pink ISO 9001 UltraGlo Universal Deep/Surface 
Light Stick, 1.0=7.5*10-3 mW nm-1, Φe at t0=3.4*10-1 mW (the total radiant power across the 
measured spectrum); and (b) Gloweez 4" Green ISO 9001 UltraGlo Universal Deep/Surface 
Light Stick, 1.0=1.2*10-2 mW nm-1, Φe at t0=9.3*10-1 mW. 
 
 
S4. Information Gaps and Research Priorities 
This section discusses additional research and development priorities, expanding on the 
Discussion and Conclusions section of the article.  
 
Cumulative, collateral, adverse impacts of longline artificial lights: There is limited 
understanding of the cumulative indirect impacts of pelagic longline artificial lights on the 
ecological processes and behavior of pelagic species, including on predator-prey interactions, 
diurnal depth and geospatial distributions, residence time at the illuminated fishing gear, and 
disruption to schooling. Using brighter LED lights in place of dimmer lightsticks might 
exacerbate any underwater light pollution effects of pelagic longline fisheries. Longline lights 
might alter pelagic species’ ecological processes and behavior, such as altering schooling 
behavior, altering the diel vertical migration cycles of pelagic predators and their prey and 
attracting or repelling species from adjacent areas (Davies et al. 2014; Nightingale et al. 2006). 
Longline lights might alter predator-prey interactions by causing facilitated predation of live 
released catch and increased predation risk of nocturnal foraging prey by diurnal and 
crepuscular predators (Gilman et al. 2013; Davies et al. 2014; Marangoni et al. 2022). Scotopic 
species (low ambient light, e.g., nocturnal and mesopelagic and bathypelagic species) could 
experience protracted or permanent visual impairment from close exposure to very bright 
artificial lights (Magel et al. 2017). The use of brighter longline lights or with other light 
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characteristics might contribute to fisheries-induced evolution if the lights cause selective fishing 
mortality within populations based on heritable physiological, morphological and behavioral 
traits (Heino et al. 2015, Hollins et al. 2018).  
 
Seabird bycatch response to brighter pelagic longline lights: It is a research priority to 
determine how the use of brighter LED lights in place of dimmer lightsticks by pelagic longline 
fishing vessels affect long-term seabird catch rates, including effects on predictors that might 
explain seabird catch risk, including long-term seabird density at fishing vessels and seabird 
scavenging and competitive behavior (Gilman et al. 2021). Similar to the effect of discarding 
offal, spent bait and dead discarded catch to distract scavenging seabirds away from baited 
hooks (Abraham et al. 2009; Pierre et al. 2012; Gilman et al. 2021), the use of fishing lights 
when attached sufficiently far from baited hooks might have a positive short-term benefit of 
reducing seabird catch rates. But in the long-term, fishing lights might increase the local 
abundance of seabirds scavenging from fishing vessels and increase seabird catch rates 
relative to vessels that do not use lights, and the use of brighter LED lights in place of dimmer 
conventional lightsticks might result in higher seabird densities attending vessels. However, very 
bright fishing lights could reduce the density of some seabird species attending longline fishing 
vessels. Exposure to artificial light causes disorientation and an avoidance response in some 
seabird species under certain circumstances such as at breeding colonies, with a stronger 
avoidance response to shorter wavelengths (blue and green as visible to humans) than longer 
wavelengths (red to humans) and to higher light intensity (Syposz et al., 2021; Atchoi et al., 
2024). It is unclear, however, how this observed response translates to responses of seabird 
species scavenging from pelagic longline vessels using LED fishing lights with Φe (radiant 
power) within the range of the LED models assessed here (0.4 to 25 mW, Table 1a) given that 
albatrosses and potentially other pelagic seabird species are attracted to and not repelled by 
longline branchlines containing green lightsticks (McNamara et al. 1999) (Φe of 0.8 to 0.9 mW, 
Table 1b).  
 
Control and replicates: Additional field experiments are needed to improve the evidence base 
on longline catch rate responses to individual characteristics of fishing lights. Employing 
systematic treatment assignment (a form of probability-based sampling) might be preferable to a 
‘simple randomization’ or haphazard design (Gilman and Chaloupka, 2023). A replicate of 
sections of gear within a set (e.g., multiple ‘baskets’ of branchlines between two floats) is 
appropriate due to the potential influence of branchlines with treatment LEDs or lightsticks on 
the catch response of adjacent branchlines.  

In controlled field experiments of fishing light treatments, the control should be 
inactivated LED fishing lights and/or inactivated or spent conventional chemical lightsticks. 
Including gear without lights, and including conventionally-used lightsticks might also provide 
important pseudo-controls. However, gear with no lights attached might cause responses that 
are substantially different from gear with lights (both on and inactivated/spent), and therefore 
inactivated/spent lights would be a proper control. For example, some bycatch reduction 
devices used in pelagic longline fisheries when attached very close to baited hooks reduced 
catch rates of some species, potentially due to the visual detection of the device (e.g., fishing 
weights Gilman et al., 2022, and an electrical shark deterrent, WPRFMC, 2026). Attaching a 
light close to longline hooks might cause changes in species-specific catch rates relative to gear 
without lights due directly or indirectly (e.g., prey attraction) to the energy emission or other 
underlying mechanism such as being attracted or repelled to the detection of the object. 
Therefore, including replicates with inactivated/spent lights as a control, in addition to no lights 
or conventionally used lightsticks as pseudo controls, can provide conclusive evidence of 
responses to energy emitted from fishing lights.  
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