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ABSTRACT  

   

One of the most pronounced issues affecting the management of fisheries today is 

bycatch, or the unintentional capture of non-target species of marine life. Bycatch 

has proven to be detrimental for many species, including marine megafauna and 

pelagic fishes. One method of reducing bycatch is illuminated gillnets, which 

involves utilizing the differences in biological visual capabilities and behaviors 

between species of bycatch and target fish catch. To date, all studies conducted on 

the effects of net illumination on bycatch and target fish catch have been conducted 

at night. In this study, the effects of net illumination on bycatch, target fish catch, 

and market value during both night and day periods at Baja California Sur, Mexico 

were compared. It was found that i) net illumination is effective (p < 0.05) at 

reducing bycatch of finfish during the day and at night, ii) net illumination at night 

is more effective (p < 0.05) at reducing bycatch for elasmobranchs, Humboldt squid, 

and aggregate bycatch than during the day, iii) time of day did not have an effect (p 

> 0.05) on sea turtle bycatch, and iv) net illumination did not significantly (p > 0.05) 

affect target catch or market value at night or during the day. These results suggest 

that net illumination may be an effective strategy for reducing finfish bycatch in 

fisheries that operate during the day or across 24 h periods, and is especially 

effective for reducing elasmobranch, Humboldt squid, and total bycatch biomass at 

night. 
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CHAPTER 1 

INTRODUCTION 

Fisheries play a critical role in trade, sustaining human livelihoods through 

increased food security and employment, and ocean health on a global scale. Both 

the magnitude and efficiency of global marine fishing fleets have changed drastically 

over time. Over the course of 65 years, the global fishing fleet had expanded from 1.7 

million vessels in 1950 to 3.7 million vessels in 2015 (Rousseau et al., 2019). This 

was largely made possible due to the dramatic 68% increase in motorization of the 

global fleet by the year 2015 (Rousseau et al., 2019). With this increase in efficiency 

followed an increase in exploitation of fished resources. During this same period of 

time from 1950 to 2015, catch per unit effort (CPUE) decreased by a substantial 80% 

for many of the world’s nations (Rousseau et al., 2019). 

One of the most pronounced issues affecting the management of fisheries 

today due to the massive rise in global fishing effort is bycatch, or the unintended 

capture of non-target species. Bycatch accounts for over 40% of total catch in 

fisheries on a global scale and affects a wide range of marine fauna (Davies et al., 

2009). In 1994, there was estimated to be an average of 27 million tons of fish 

discarded as bycatch globally each year in commercial fisheries (Crowder & 

Murawski, 1998). Numbers of this magnitude undoubtedly have important 

population level effects for the affected species and can, also, lead to major changes 

in food webs (Crowder & Murawski, 1998). Although still detrimental to many 

species of fish, bycatch is especially detrimental to many species of marine 

megafauna due to certain life history characteristics such as longer lifespans, late 

maturity, and low reproductive output (Liles et al., 2017; Senko et al., 2014). In fact, 
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bycatch is one of the leading causes of population decline for many taxa of marine 

megafauna including sea turtles, seabirds, and marine mammals which also leads to 

major disruptions in species biodiversity and ecosystem functioning (Hall et al., 

2000; Lewison et al., 2014; Senko et al., 2014). The distribution of bycatch is 

widespread across the globe; however, bycatch intensity differs by region and by 

gear type. The gear type with the highest bycatch intensity amongst sea turtles, 

seabirds, and marine mammals is currently the gillnet (Lewison et al., 2014). 

Bycatch intensity for finfish in gillnets is also very high for certain fisheries, 

including particular ones located in Baja California (Shester & Micheli, 2011).  

Bycatch was largely ignored by scientists conducting stock assessments for a 

long period of time; however, this is now an integral factor in the managing of many 

fisheries. There have been many different strategies implemented in attempt to 

mitigate the bycatch of marine fauna. Bycatch limits, time-area closures, buy-outs, 

and modifications made to fishing gear are just some of these strategies that have 

been tested. Gear modifications have been identified as having the most potential 

out of all four strategies when it comes to effectively reducing the bycatch of sea 

turtles, seabirds, and marine mammals (Senko et al., 2014). Not only are gear 

modifications generally more successful at reducing bycatch, but they are also useful 

because they do not redistribute the effects of bycatch elsewhere and are the 

preferred method by many fishermen (Senko et al., 2014). There are over 50 unique 

gear modifications that have been developed and tested including acoustic 

pingers/alarms, electromagnetic deterrents, excluder devices, and the illumination of 

nets (Werner et al., 2006).  
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The use of illuminated nets, specifically, as a bycatch reduction strategy is 

useful as it involves utilizing the differences in biological visual capabilities and 

behaviors of certain taxa of bycatch and target fish catch. In one review of various 

studies conducted in order to assess the visual cues of pelagic fishes and sea turtles, 

it was found that the two taxa differ in spectral sensitivity and in capabilities to 

sense UV light (Southwood et al., 2008). Sea turtles are better able to differentiate 

between colors and, unlike many pelagic fishes, are able to detect light in the UV 

spectrum (Southwood et al., 2008). Drawing from this knowledge, there have been 

multiple studies conducted on the effects of ultraviolet illumination of gillnets on sea 

turtle bycatch (Virgili et al., 2018; Wang et al., 2013). This strategy was also utilized 

to test the effects of illuminated gillnets on the bycatch of other taxa such as 

elasmobranchs and seabirds, as well (Jordan et al., 2013; Mangel et al., 2018). In 

each of these studies, the results concluded that the illuminated nets decreased the 

bycatch of marine megafauna while maintaining current levels of target fish catch 

(Jordan et al., 2013; Mangel et al., 2018; Virgili et al., 2018; Wang et al., 2013). 

This paper introduces a study involving the use of green light-emitting diode 

(LED) illuminated gillnets in reducing bycatch of multiple taxa of marine fauna in 

Baja California Sur, Mexico. This particular study differs from other similar studies 

in one major way. To date, all studies done on the effects of any variation of net 

illumination on bycatch of marine fauna have been conducted only during the night. 

Thus, this is the first study that has aimed to compare the effects of net illumination 

on bycatch during the night and during the day. Specifically, the purpose of this 

study was to assess the effectiveness of net illumination on bycatch, target catch, 

and market value between periods of day and night. 
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CHAPTER 2 

METHODOLOGY 

Study Site 

This study was conducted in the Gulf of Ulloa, along the Pacific coast of Baja 

California Sur, Mexico. The location was chosen as it is home to a tightly knit 

community of fishers and is also a global hotspot for many taxa of marine 

megafauna and pelagic fishes. The California Current System, located within the 

Pacific Ocean off the Baja California Peninsula, is a known hotspot for economically 

and ecologically important species such as whales, sea birds, sharks, and sea turtles 

(Wingfield et al., 2011). What makes this location so favorable to these higher 

trophic levels is the unique combination of geomorphological and physical 

oceanographic features that are present. The merging of frontal structures created 

by warm water converging with newly upwelled cold water along with positive wind-

stress curl promotes dense populations of red crabs, thereby promoting high prey 

abundances in the region (Gómez-Gutiérrez et al., 2000; Wingfield et al., 2011). 

 

Study Design and Data Collection 

Local fishers were contracted to hand-build nets with a height of 6.1 m, a 

mesh size ranging from 18 to 22 cm, and a length ranging from 153 to 199 m. These 

specifications, and the materials used, were chosen in order to match those of the 

local gillnet fleet. During the summer of 2012, a total of 32 net pairs were deployed 

during the day beginning at sunrise, and 28 net pairs were deployed during the 

night beginning at sunset. Each net pair consisted of an illuminated net being 

connected to a control net of similar size with a 200 m rope (Fig. 1). After soaking for 
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8 to 12 h per deployment from sunrise to sunset (daytime) and sunset to sunrise 

(nighttime), each net pair was retrieved. Green light-emitting diodes (LEDs) 

powered by AA batteries were clipped to the treatment nets at every 10 m along the 

float line. The control nets were given the same treatment but with inactive LEDs. 

Each net pair was set in highly productive halibut and rockfish fishing grounds at a 

depth ranging from 10.9 m to 43.9 m. In order to control for site effects, each net pair 

was fished in a different location. 

 

Figure 1 

Schematic of Experimental Design 

 

Note. Experimental design showing pairing between control and illuminated nets 

used in this study. Drawings are not to scale. 
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For the purposes of this study, bycatch was defined as any species that were 

either not retained in these fisheries or their take was prohibited during the period 

of study. All bycatch and target catch were binned in their respective species groups 

where they were then recorded and weighed. The taxa of bycatch captured in this 

study included loggerhead turtles (Caretta caretta), elasmobranchs (i.e. sharks, 

rays, and skates), Humboldt squid (Dosidicus gigas), and finfish (i.e. bony fish). The 

taxa of target catch captured in this study included California halibut (Paralichthys 

californicus), various grouper species, and other finfish (finfish other than halibut 

and grouper). Other variables that were also included were aggregate BPUE (every 

taxonomic bycatch group combined), marine megafauna BPUE (i.e. turtles, 

elasmobranchs, and squid), number of sea turtles BPUE, and aggregate CPUE (all 

taxonomic catch groups combined). Sea turtles were the only group in which the 

number of individuals captured was recorded in addition to them being weighed. 

Bycatch rates, or bycatch per unit effort (BPUE), were determined for each 

taxon and each net via the following formula: BPUE = kg of bycatch group/ ([net 

length/100 m] x [net soak time/12 h]). Similarly, target catch rates, or catch per unit 

effort (CPUE), were determined for each taxon and each net via the following 

formula: CPUE = kg of target catch group/ ([net length/100 m] x [net soak time/12 

h]). Market value was included as a variable in this study as well in order to 

determine the effect of the illuminated nets on catch value of target fish. Market 

value rates, or market value per unit effort (MVPUE), was determined for total 

target catch rates of each net via the following formula: MVPUE = USD of target 

fish caught/ ([net length/100 m] x [net soak time/12 h]). 
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Data Analysis 

Rates between control and illuminated nets during the day and at night were 

compared separately using a Wilcoxon matched-pairs signed-rank test for each 

variable (each species or taxonomic group of bycatch and target catch, or market 

value) using the ‘wilcox.test’ function from the ‘stats’ package (R Core Team, 2020). 

All statistical analyses were conducted using a significance level of 0.05.  
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CHAPTER 3 

RESULTS 

Descriptive Summary 

  Throughout the duration of the experiment, aggregate BPUE totaled 4,034 

kg. The total bycatch biomass per taxonomic group was 830, 789, 401, and 2,015 kg 

for elasmobranchs, finfish, Humboldt squid, and sea turtles, respectively. The 2,015 

kg of sea turtles accounted for 90 individuals, all of which were loggerheads. 

Aggregate CPUE totaled 383 kg throughout the study. The total biomass per 

taxonomic group was 279, 20, and 83 kg for halibut, grouper, and finfish other than 

halibut and grouper, respectively. Market value MVPUE of aggregate target fish 

totaled 1,026 USD. Species composition for each taxonomic group per net type and 

time of day are also provided (Figure 2). 
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Figure 2 

Species Composition Charts 

  

Note. Pie charts demonstrating species composition for bycatch and target fish catch for each combination of time of day 

and net type. 
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Bycatch Rates 

For aggregate bycatch, there was a 15% decrease in BPUE in illuminated 

nets (mean BPUE = 40.2 ± 10.5 s.e.) during the day (n = 32 paired sets) as compared 

to the control nets (mean BPUE = 47.3 ± 11.6 s.e.) during the day (n = 32 paired sets, 

P = 0.6645; Fig. 3, Table 1). At night (n = 28 paired sets), aggregate BPUE was 

significantly lower in the illuminated nets (mean BPUE = 11.9 ± 2.29 s.e.) as 

compared to control nets (mean BPUE = 32.1 ± 4.85 s.e.) at night (n = 28 paired sets, 

P = 0.0003814; Fig. 3, Table 1), representing a 63% decrease in the aggregate 

bycatch rate.  

For marine megafauna BPUE, there was a 12% decrease in BPUE in 

illuminated nets (mean BPUE = 34.9 ± 10.0 s.e.) during the day (n = 32 paired sets) 

as compared to the control nets (mean BPUE = 39.8 ± 11.4 s.e.) during the day (n = 

32 paired sets, P = 0.7605; Fig. 3, Table 1). At night (n = 28 paired sets), megafauna 

BPUE was significantly lower in the illuminated nets (mean BPUE = 7.31 ± 2.32 

s.e.) as compared to control nets (mean BPUE = 23.2 ± 4.70 s.e.) at night (n = 28 

paired sets, P = 0.003479; Fig. 3), representing a 68% decrease in the marine 

megafauna bycatch rate.  

There was a 26% decrease in elasmobranch BPUE in illuminated nets (mean 

BPUE = 9.43 ± 7.78 s.e.) during the day (n = 32 paired sets) as compared to the 

control nets (mean BPUE = 12.8 ± 8.34 s.e.) during the day (n = 32 paired sets, P = 

0.155; Fig. 3, Table 1). Elasmobranch BPUE was significantly lower in the 

illuminated nets (mean BPUE = 0.19 ± 0.13 s.e.) at night (n = 28 paired sets) as 

compared to the control nets (mean BPUE = 4.09 ± 1.31 s.e.) at night (n = 28 paired 
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sets, P = 0.003483; Fig. 3, Table 1), representing a 95% decrease in the 

elasmobranch bycatch rate.  

For finfish, BPUE was significantly lower in the illuminated nets (mean 

BPUE = 5.27 ± 1.65 s.e.) during the day (n = 32 paired sets) as compared to control 

nets (mean BPUE = 7.53 ± 2.19 s.e.) during the day (n = 32 paired sets, P = 0.02613; 

Fig. 3, Table 1), representing a decrease of 30% in the finfish bycatch rate. Finfish 

BPUE was also significantly lower in illuminated nets (mean BPUE = 4.64 ± 0.79 

s.e.) at night (n = 28 paired sets) as compared to control nets (mean BPUE = 8.91 ± 

2.61 s.e.) at night (n = 28 paired sets, P = 0.0009657; Fig. 3, Table 1), representing a 

decrease of 48% in the finfish bycatch rate.  

There was a 77% decrease in Humboldt squid BPUE in the illuminated nets 

(mean BPUE = 0.87 ± 0.46 s.e.) during the day (n = 32 paired sets) compared to the 

control nets (mean BPUE = 3.75 ± 2.72 s.e.) during the day (n = 32 paired sets, P = 

0.1775; Fig. 3, Table 1). At night (n = 28 paired sets), Humboldt squid BPUE was 

significantly lower in illuminated nets (mean BPUE = 1.43 ± 0.73 s.e.) compared to 

control nets (mean BPUE = 7.59 ± 3.32 s.e.) during the night (n = 28 paired sets, P = 

0.02997; Fig. 3, Table 1), representing an 81% decrease in the Humboldt squid 

bycatch rate.  

For loggerhead turtle BPUE (biomass), there was a 6% increase in the 

illuminated nets (mean BPUE = 24.6 ± 5.25 s.e.) during the day (n = 32 paired sets) 

compared to control nets (mean BPUE = 23.2 ± 5.31 s.e.) during the day (n = 32 

paired sets, P = 0.7544; Fig. 3, Table 1). At night (n = 28 paired sets), there was a 

51% decrease in loggerhead BPUE (biomass) in illuminated nets (mean BPUE = 5.69 
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± 2.08 s.e.) compared to the control nets (mean BPUE = 11.5 ± 3.63 s.e.) at night (n = 

28 paired sets, P = 0.1874; Fig. 3, Table 1).  

Similarly, for the number of loggerhead turtles there was an 8% increase in 

BPUE in illuminated nets (mean BPUE = 0.74 ± 0.15 s.e.) during the day (n = 32 

paired sets) as compared to control nets (mean BPUE = 0.68 ± 0.16 s.e.) during the 

day (n = 32 paired sets, P = 0.7282; Table 1). At night (n = 28 paired sets), there was 

a 50% decrease in BPUE for number of loggerheads in illuminated nets (mean 

BPUE = 0.17 ± 0.06 s.e.) as compared to control nets (mean BPUE = 0.34 ± 0.11 s.e.) 

at night (n = 28 paired sets, P = 0.1874; Table 1).  

 

Figure 3 

Mean BPUE per Category of Bycatch 

 

Note. Mean values for bycatch, BPUE, for each combination of time of day and net 

type ± standard error. 
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Target Fish Catch & Market Value Rates 

For aggregate CPUE, there was a 19% increase in illuminated nets (mean 

CPUE = 4.06 ± 2.11 s.e.) during the day (n = 32 paired sets) as compared to control 

nets (mean CPUE = 3.30 ± 1.46 s.e.) during the day (n = 32 paired sets, P = 0.7282; 

Fig. 4, Table 1). At night (n = 28 paired sets), there was a 6% increase in aggregate 

CPUE in illuminated nets (mean CPUE = 2.70 ± 0.84 s.e.) as compared to the control 

nets (mean CPUE = 2.55 ± 1.07 s.e.) at night (n = 28 paired sets, P = 0.8961; Fig. 4, 

Table 1).  

For halibut CPUE, there was a 25% increase in illuminated nets (mean 

CPUE = 3.54 ± 2.10 s.e.) during the day (n = 32 paired sets) compared to the control 

nets (mean CPUE = 2.64 ± 1.34 s.e.) during the day (n =32 paired sets, P = 0.2635; 

Fig. 4, Table 1). Halibut CPUE was 14% higher in illuminated nets (mean CPUE = 

1.56 ± 0.68 s.e.) at night (n = 28 paired sets) compared to control nets (mean CPUE = 

1.34 ± 0.58 s.e.) at night (n = 28 paired sets, P = 0.6356; Fig. 4; Table 1).  

There was a decrease of 25% in grouper CPUE in illuminated nets (mean 

CPUE = 0.03 ± 0.03 s.e.) during the day (n = 32 paired sets) as compared to the 

control nets (mean CPUE = 0.04 ± 0.03 s.e.) during the day (n = 32 paired sets, P = 

1.00; Fig. 4, Table 1). At night (n = 28 paired sets), there was a decrease of 18% for 

grouper CPUE in illuminated nets (mean CPUE = 0.28 ± 0.14 s.e.) as compared to 

control nets (mean CPUE = 0.34 ± 0.18 s.e.) at night (n = 28 paired sets, P = 0.7998; 

Fig. 4, Table 1).  

There was a 20% decrease in other finfish CPUE in the illuminated nets 

(mean CPUE = 0.49 ± 0.20 s.e.) during the day (n = 32 paired sets) compared to the 

control nets (mean CPUE = 0.61 ± 0.28 s.e.) during the day (n = 32 paired sets, P = 
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0.9499; Fig. 4, Table 1). Other finfish CPUE experienced a 2% decrease in the 

illuminated nets (mean CPUE = 0.85 ± 0.36 s.e.) at night (n = 28 paired sets) 

compared to the control nets (mean CPUE = 0.87 ± 0.51 s.e.) at night (n = 28 paired 

sets, P = 1.00; Fig. 4, Table 1).  

For market value MVPUE, there was a 31% increase in illuminated nets 

(mean MVPUE = 12.0 ± 6.30 s.e.) during the day (n = 32 paired sets) as compared to 

control nets (mean MVPUE = 8.29 ± 4.10 s.e.) during the day (n = 32 paired sets, P = 

0.1541; Fig. 5, Table 1). Market value MVPUE experienced a 6% increase in 

illuminated nets (mean MVPUE = 6.91 ± 2.49 s.e.) during the night (n = 28 paired 

sets) as compared to control nets (mean MVPUE = 6.52 ± 2.52 s.e.) during the night 

(n = 28 paired sets, P = 0.8617; Fig. 5, Table 1). 

 

Figure 4 

Mean CPUE per Category of Target Fish Catch 

 

Note. Mean values for target catch, CPUE, for each combination of time of day and 

net type ± standard error. 
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Figure 5 

Mean MVPUE of Aggregate Target Fish Catch 

 

 

Note. Mean values for market value, MVPUE, of target catch for each combination 

of time of day and net type ± standard error. 
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Table 3 

Comparison of Control and Illuminated Nets per Time of Day 

   Day Night 

Category Response Unit Control  Illuminated  % Change P-value Control  Illuminated  % Change P-value 

Aggregate BPUE 
kg per 100 m X 

12 hrs 
47.3 ± 11.6 40.2 ± 10.5 -15 0.6645 32.1 ± 4.85 11.9 ± 2.29 -63 0.0003814 

Marine Megafauna BPUE 
kg per 100 m X 

12 hrs 
39.8 ± 11.4 34.9 ± 10.0 -12 0.7605 23.2 ± 4.70 7.31 ± 2.32 -68 0.003479 

Elasmobranchs BPUE 
kg per 100 m X 

12 hrs 
12.8 ± 8.34 9.43 ± 7.78 -26 0.155 4.09 ± 1.31 0.19 ± 0.13 -95 0.003483 

Finfish BPUE 
kg per 100 m X 

12 hrs 
7.53 ± 2.19 5.27 ± 1.65 -30 0.02613 8.91 ± 2.61 4.64 ± 0.79 -48 0.0009657 

Humboldt squid BPUE 
kg per 100 m X 

12 hrs 
3.75 ± 2.72 0.87 ± 0.46 -77 0.1775 7.59 ± 3.32 1.43 ± 0.73 -81 0.02997 

Sea turtles (biomass) BPUE 
kg per 100 m X 

12 hrs 
23.3 ± 5.31 24.6 ± 5.25 5 0.7544 11.5 ± 3.63 5.69 ± 2.08 -51 0.1874 

Sea turtles (# turtles) BPUE 
kg per 100 m X 

12 hrs 
0.68 ± 0.16 0.74 ± 0.15 8 0.7282 0.34 ± 0.11 0.17 ± 0.06 -50 0.1874 

Aggregate CPUE 
kg per 100 m X 

12 hrs 
3.30 ± 1.46 4.06 ± 2.11 19 0.7544 2.55 ± 1.07 2.70 ± 0.84 6 0.8961 

Halibut CPUE 
kg per 100 m X 

12 hrs 
2.64 ± 1.34 3.54 ± 2.10 25 0.2635 1.34 ± 0.58 1.56 ± 0.68 14 0.6356 

Grouper CPUE 
kg per 100 m X 

12 hrs 
0.04 ± 0.03 0.03 ± 0.03 -25 1.00 0.34 ± 0.18 0.28 ± 0.14 -18 0.7998 

Other finfish CPUE 
kg per 100 m X 

12 hrs 
0.61 ± 0.28 0.49 ± 0.20 -20 0.9499 0.87 ± 0.51 0.85 ± 0.36 -2 1.00 

Market value MVPUE 
USD per 100 m 

X 12 hrs 
8.29 ± 4.10 12.0 ± 6.30 31 0.1541 6.52 ± 2.52 6.91 ± 2.49 6 0.8617 

 
Note. Mean BPUE, CPUE, and MVPUE ± standard error in control vs. illuminated nets during the day and at night. 

Negative percent change values indicate that the mean value was lower in the illuminated nets as compared to the 

control nets. P-values signify whether or not there was a significant difference between corresponding mean values for 

control vs illuminated during the day and at night. Significant values are indicated in bold. 
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   CHAPTER 4 

DISCUSSION 

Significant decreases in bycatch in illuminated nets at night were found for 

aggregate BPUE, marine megafauna BPUE, finfish BPUE, elasmobranch BPUE, 

and Humboldt squid BPUE with 63%, 68%, 48%, 95% and 81% reductions, 

respectively. Significant decreases in bycatch in illuminated nets during the day 

were found for finfish with a 30% reduction. There were no significant differences for 

target catch or market value during the day or at night. Although reductions 

differed between taxonomic groups, the overall aggregate BPUE was reduced by 15% 

in illuminated nets during the day and by 63% in illuminated nets at night, as 

mentioned. Aggregate CPUE was increased by 19% in illuminated nets during the 

day and by 6% in illuminated nets at night. Market value MVPUE increased by 31% 

in illuminated nets during the day and by 6% in illuminated nets at night.  

There have been studies identifying illuminated nets set at night as an 

effective bycatch reduction strategy for multiple taxa of marine life, such as sea 

turtles and sea birds, while maintaining target catch (Bielli et al., 2020; Mangel et 

al., 2018; Ortiz et al., 2016; Wang et al., 2010). The study presented here confirms 

these findings as it, also, concluded that gillnets illuminated by LEDs achieved 

significant reductions in bycatch for multiple taxa during the night without 

significantly affecting the rates of target catch species or their market value. There 

have not, however, previously been any studies to demonstrate the effectiveness of 

the illuminated nets on bycatch, target catch, and market value during the day as 

this is the first study of its kind.  
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There are many factors, both biological and environmental, that play a role in 

the visual capabilities of different marine organisms. As depth increases in aquatic 

environments, available light is restricted to wavelengths in the range of blue to 

green and yellow depending upon water turbidity (Horch et al., 2008; Sverdrup & 

Kudela, 2019). Because of the exponential attenuation of light in water, the 

percentage of solar energy reaching depths of 20 meters can be as low as 20 percent 

even in the clearest of marine waters (Sverdrup & Kudela, 2019). In coastal habitats 

where the water is often much less clear, the transmission of light varies not only 

with depth, but also with fluctuations in dissolved organic matter and 

concentrations of particulates (Horch et al., 2008). Here, in turbid coastal waters, 

the percentage of solar energy transmitted to depths of 20 meters can be as low as 

only 1 percent (Sverdrup & Kudela, 2019). Even without the array of environmental 

factors that may impact an organism’s vision, biological visual capabilities already 

vary greatly from species to species (Marshall, 2017; Nguyen & Winger, 2019). 

Studies have indicated that sea turtles rely primarily on visual cues in 

searching for food, and these capabilities likely have an effect on interactions 

between sea turtles and different types of fishing gear (Southwood et al., 2008; 

Swimmer et al., 2005; Wang et al., 2007, 2010). Loggerhead turtles, the only species 

caught in this particular study, are one species of sea turtle that is known to possess 

the capability of detecting green light (Horch et al., 2008; Wang et al., 2007). 

Although it has been demonstrated that certain age classes of loggerheads are 

attracted to wavelengths of green light as in Wang et al. (2007), it is thought that 

the LEDs are still better able to alert the turtles to the presence of the nets, 

therefore, decreasing the likelihood of entanglement within them (Wang et al., 
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2010). The study presented here found there to be no significant difference in 

loggerhead BPUE between control and illuminated nets at night, however, other 

studies have found evidence to suggest otherwise, indicating that the results here 

could be due to chance or possibly certain environmental factors that were not 

measured in this study. The lack of a significant difference between control and 

illuminated nets at night could also be due to the number of turtles that interacted 

with the nets at night. It is possible that the number of turtles interacting with the 

nets was too low to draw an accurate conclusion from, with 17 in the control nets 

and 9 in the illuminated nets, as was the case in Gilman et al. (2010). 

This study also concluded that loggerhead BPUE did not differ between 

control and illuminated nets during the day. In fact, loggerhead BPUE was actually 

slightly higher in the illuminated nets during the day. Loggerheads primarily forage 

for food during the daytime near the ocean surface where they often encounter a 

broad spectrum of wavelengths of light (Horch, 2008). Because of this wide range of 

wavelengths present during the day, it is possible that the LED lights were not 

intense enough for the eyes of the loggerheads to sense, as was hypothesized by 

Wang et al. (2007). Studies testing out different intensities of LED lights would 

provide further information on the visual capabilities of loggerhead sea turtles 

under photopic conditions and the effects of these lights on the ability of the turtles 

to avoid interactions with the nets. Additionally, these studies should also be carried 

out in fisheries where there are known to be interactions between fishing gear and 

species of sea turtles other than loggerheads to test for differences in visual 

capabilities amongst different species. 
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Elasmobranch BPUE was significantly lower in the illuminated nets 

compared to the control nets at night. Elasmobranch BPUE did not experience a 

significant difference between the illuminated and control nets during the day, 

however. Elasmobranchs use electrical, chemical, mechanical, and visual cues to 

locate both predators and prey (Jordan et al., 2013). Many species of elasmobranchs 

have retinas containing rhodopsins, which are sensitive to light within blue to green 

wavelengths (Gardiner et al., 2012). The rod-dominated retinas of elasmobranchs 

imply that their vision may be better adapted to conditions of low light (Gardiner et 

al., 2012). Other studies have argued that the occlusible tapetum lucidum, a layer of 

tissue in the eye, present in many elasmobranchs allows for visual adaptation to a 

wide range of light levels (Collin, 2012; Hueter et al., 2004). More research on the 

visual acuity of elasmobranchs in both photopic and scotopic conditions is needed, 

however, there are studies to suggest that ultraviolet or near-ultraviolet LED lights 

can reduce the bycatch of elasmobranchs by serving as a warning to the net and, 

therefore, helping to prevent interactions with it (Jordan et al., 2013).  

Humboldt squid BPUE experienced a significant reduction in the illuminated 

nets compared to the control nets at night. There was not, however, a significant 

reduction between control and illuminated nets during the day. Nonetheless, 

reductions in bycatch during day and night were nearly identical (Table 1). It was 

recently proposed that cephalopods, including Humboldt squid, are able to 

differentiate between colors using their off-axis pupil shape by way of a method 

known as chromatic aberration, or the focusing of different wavelengths of light at 

different distances behind a lens in the eye (Stubbs & Stubbs, 2016). This 

information, along with the fact that squid are attracted to light (Nguyen & Winger, 
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2019), suggests that Humboldt squid may be able to detect the green LEDs placed on 

the gillnets and, therefore, avoid encounters with them.  

Although spectral discrimination is preserved across a wide range of ambient 

light in cephalopods, this method of chromatic aberration works best in 

environments with considerable spectral contrast (Stubbs & Stubbs, 2016). This 

could potentially explain why there was no significant difference in Humboldt squid 

BPUE between illuminated and control nets during the day. This, and the fact that 

Humboldt squid spend most of their time during the day in deep waters so there is 

already less chance for a potential interaction (Trueblood et al., 2015). In this study, 

23.2% of nets caught squid at night and only 12.5% of nets caught squid during the 

day, indicating that the sample size during the day may have been too small to draw 

an accurate conclusion from. 

Finfish bycatch was the only taxonomic group that experienced a significant 

reduction during the day and at night in illuminated nets as compared to the control 

nets. On the other hand, neither halibut, grouper, nor other types of finfish target 

catch experienced any significant differences between control and illuminated nets 

during the day or at night. Many species of fish, such as pointhead flounder and red 

halibut, are capable of recognizing colors, including the wavelengths corresponding 

to green light (Matsuda et al., 2009; Nguyen & Winger, 2019). People have been 

using artificial forms of light to attract fish for thousands of years, however, the 

reasonings behind this attraction are still largely unknown (Nguyen & Winger, 

2019). One potential possibility that could describe why the illuminated nets affected 

the target fish and fish caught as bycatch differently is due to the differences in life 

stages between the groups. Much of the finfish caught as bycatch in this study were 
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juveniles. Vision in juvenile fish often differ greatly from that of adult fish of the 

same species as they are not required to perform as elaborate of functions as they do 

in older life stages, such as prey recognition and capture, mate selection and 

communication, and the use of spatial vision (Nguyen & Winger, 2019).  

This significant reduction in bycatch for finfish is a noteworthy finding as 

finfish bycatch is a very common problem in many gillnet fisheries (Davies et al., 

2009), even more so than turtle bycatch, for example. Although the location in which 

this study was conducted is considered to be a hotspot for sea turtles, interactions 

between individual sea turtles and fishing gear in most parts of the world are 

considered to be rare events, statistically (McCracken, 2004). In this study alone, 

93% of the nets caught finfish as bycatch whereas only 39% of the nets caught 

turtles. These findings are consistent with those from another study conducted by 

Silvani et al. (1999) in which it was discovered that M. mola, the world’s largest 

bony fish, constituted roughly 70 to 93% of the total fish catch amongst all Spanish 

drift gillnet fisheries between the years of 1992 and 1994 in the Mediterranean. In 

addition, they found that loggerhead turtle bycatch comprised only 0.32% to 0.92% 

during this same period of time (Silvani et al., 1999). 
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CHAPTER 5 

CONCLUSION 

This study has demonstrated the differences in effectiveness of using 

illuminated nets as a bycatch reduction strategy for multiple taxa of marine life 

while maintaining target catch and market value at night and during the day. This 

study has shown that i) net illumination is effective at reducing bycatch of finfish 

during the day and night, ii) net illumination at night is more effective at reducing 

bycatch for elasmobranchs, Humboldt squid, and overall aggregate bycatch than 

during the day, iii) time of day did not have an effect on loggerhead turtle bycatch, 

and iv) net illumination did not significantly affect target catch or their market 

values at night or during the day.  

Although the illuminated nets in this study did help to reduce bycatch of 

elasmobranchs, Humboldt squid, and aggregate bycatch during the daytime, the 

results were not significant. Additionally, loggerhead turtle bycatch was actually 

higher in the illuminated nets during the day as compared to the control nets. For 

these reasons, more testing on the effectiveness of the illuminated nets during the 

day will need to be conducted before they can be considered for implementation. 

Testing the effects of different intensities of green LEDs is recommended to see 

which, if any, will have the desired impact of significantly reducing bycatch during 

the day for all taxa represented in this study, while still maintaining target fish 

catch and market value. Additionally, more testing on how different LED flicker 

rates impact behaviors of bycatch and target fish catch could also provide useful 

information (Jordan et al., 2013).  
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Most gillnet fisheries along the Baja coast operate mainly at night, however, 

there are still some gillnet fisheries, including a commercial bottom-set gillnet 

fishery located in Bahia de los Angeles, that operate for periods of 24 hours at a time 

(Wang et al., 2010, 2013). There are gillnet fisheries that operate for 24-hour periods 

in other parts of the world, as well, such as one specific grouper/catfish/flounder 

fishery known as ‘malhão’ off the coast of Brazil (Fiedler et al., 2020). Because of 

fisheries like these, finding a way to reduce bycatch both at night and during the day 

is crucial for the conservation of many species of marine life. Not only is a reduction 

in bycatch necessary for marine life, but it is also beneficial to fishermen, as well. 

Less bycatch results in less damage to fishing gear, thereby mitigating the amount 

of time and money spent for reparations on behalf of the fishermen (Jordan et al., 

2013). A reduction of finfish bycatch during both day and night would be a great 

incentive for the fisherman to adopt this technology into their fleets. Once it has 

been determined how the illuminated nets can be used to significantly decrease 

bycatch at night and during the day, the illuminated nets have the potential to serve 

as a comprehensive solution to reducing bycatch of multiple taxa while maintaining 

target catch and their market value within the local fleets of this Baja California 

Sur hotspot. 
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