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ABSTRACT: Gillnet fisheries exist throughout the oceans and have been implicated in high bycatch rates of sea turtles. In this study, we examined the effectiveness of illuminating nets with
light-emitting diodes (LEDs) placed on floatlines in order to reduce sea turtle bycatch in a smallscale bottom-set gillnet fishery. In Sechura Bay, northern Peru, 114 pairs of control and illuminated
nets were deployed. The predicted mean catch per unit effort (CPUE) of target species, standardized for environmental variables using generalized additive model (GAM) analysis, was similar for
both control and illuminated nets. In contrast, the predicted mean CPUE of green turtles Chelonia
mydas was reduced by 63.9% in illuminated nets. A total of 125 green turtles were caught in
control nets, while 62 were caught in illuminated nets. This statistically significant reduction (GAM
analysis, p < 0.05) in sea turtle bycatch suggests that net illumination could be an effective conservation tool. Challenges to implementing the use of LEDs include equipment costs, increased net
handling times, and limited awareness among fishermen regarding the effectiveness of this technology. Cost estimates for preventing a single sea turtle catch are as low as 34 USD, while the costs
to outfit the entire gillnet fishery in Sechura Bay can be as low as 9200 USD. Understanding these
cost challenges emphasizes the need for institutional support from national ministries, international non-governmental organizations and the broader fisheries industry to make possible
widespread implementation of net illumination as a sea turtle bycatch reduction strategy.
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The unintentional take of species or bycatch (Hall
et al. 2000) in industrial and small-scale fisheries is a
major threat to many marine taxa such as seabirds,
sea turtles and marine mammals (Peckham et al.
2007, Soykan et al. 2008, Gilman et al. 2010, Mangel
et al. 2010, Anderson et al. 2011). Previous studies
implicate high-seas industrial fisheries, such as drift-

nets and longlines, in the dramatic population
declines of several species (Lewison et al. 2004,
Camhi et al. 2009). More recent work also shows that
small-scale fisheries pose a significant threat to endangered marine species due to a range of factors.
Despite being defined by their minor use of mechanization and their smaller size and tonnage capacity
(Chuenpagdee et al. 2006, Jacquet & Pauly 2008),
small-scale fisheries have large fleet sizes, high rela-
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tive density of fishing capacity in highly productive
coastal oceans where many threatened species cooccur, and limited control and enforcement measures
(Peckham et al. 2007, Soykan et al. 2008, AlfaroShigueto et al. 2010, 2011, Moore et al. 2010, Stewart
et al. 2010).
To help limit the negative impacts of fisheries, bycatch reduction technologies (BRTs) have been developed for a limited number of fisheries (Cox et al.
2007). For sea turtles, most efforts have focused on
the use of circle hooks in longline fisheries (Gilman et
al. 2006, Serafy et al. 2012) and the use of turtle
excluder devices (TEDs) in shrimp trawl fisheries
(Crowder et al. 1994, 1995, Watson et al. 2005, Lewison & Crowder 2007, Read 2007, Jenkins 2011). In
contrast, the development of bycatch mitigation
measures for gillnets, one of the most ubiquitous gear
types, has been relatively slow (Melvin et al. 1999,
Gilman et al. 2006).
Peru’s gillnet fleet comprises the largest component
of the nation’s small-scale fleet and is conservatively
estimated to set 100 000 km of net per year (AlfaroShigueto et al. 2010). Recent studies clearly show that
gillnet fisheries in Peru have high interaction rates
with sea turtles and exert significant pressure on sea
turtle populations throughout the Pacific (Wallace et
al. 2010, Alfaro-Shigueto et al. 2011, Lewison et al.
2014). Multiple populations of sea turtle species use
Peruvian coastal waters as foraging grounds, including green (Chelonia mydas), olive ridley (Lepidochelys olivacea) and hawksbill (Eretmochelys imbricata) turtles, that originate from the eastern Pacific
region, and loggerhead (Caretta caretta) and leatherback (Dermochelys coriacea) turtles from both the
eastern and western Pacific (Hays-Brown & Brown
1982, Eckert & Sarti 1997, Alfaro-Shigueto et al. 2004,
Seminoff et al. 2008, Shillinger et al. 2008, Boyle et al.
2009, Dutton et al. 2010, Gaos et al. 2010, VelezZuazo & Kelez 2010, Alfaro-Shigueto et al. 2011).
Studies also indicate that the green turtle is the sea
turtle species most frequently caught in Peruvian net
fisheries, varying between 84.9 and 98.5%, depending on the fishing port (Alfaro-Shigueto et al. 2010,
2011). In Constante, Peru, Alfaro-Shigueto et al.
(2011) estimated that 321 green turtles were caught
annually in the bottom set gillnet fishery.
Reducing bycatch, particularly in gillnets, could
help with management and eventual recovery of
these populations. However, to date there are few
bycatch mitigation measures in place to reduce sea
turtle interactions with coastal gillnet fisheries (Cox
et al. 2007, Gilman et al. 2010, Wang et al. 2010,
2013). One strategy for developing effective mitiga-

tion measures includes the consideration of the ecology, physiology, and behaviours of bycatch species
(Southwood & Avens 2010, Jordan et al. 2013). Sea
turtles such as loggerheads, leatherbacks, and green
turtles have been shown to rely extensively on visual
cues (Constantino & Salmon 2003, Wang et al.
2007, Young et al. 2012), particularly when foraging
(Swimmer et al. 2005, Southwood et al. 2008, Wang
et al. 2010). Recent bycatch mitigation studies exploiting this reliance on visual cues suggest that net
illumination may be an effective visual alert to reduce sea turtle interactions with gillnets (Wang et al.
2010, 2013). These studies used either light-emitting
diode (LED) lightsticks or chemical lightsticks to illuminate portions of nets and were shown to reduce
sea turtle catch rates, while maintaining the overall
target catch rates and catch values (Wang et al. 2010,
2013). In the present study, we sought to (1) assess
the effectiveness of net illumination with LEDs to
reduce the bycatch of green turtles in a bottom-set
gillnet fishery in Peru, (2) assess the effect of LEDs on
target species catch rates and (3) calculate the cost to
reduce the bycatch of a sea turtle.

MATERIALS AND METHODS
Net trials were conducted from January 2011 to
July 2013 in Sechura Bay, along the north coast of
Peru (05° 40’ S, 80° 95’ W). Trials were undertaken
using typical fishing practices and as part of regular
fishing trips, on 11 different fishing vessels that
departed from the port of Constante, Peru. Fishing
vessels ranged in length from 6 to 10 m and each trip
consisted of setting a pair of bottom set gillnets. Nets
used were gillnets already in use by fishermen in the
Constante small-scale fishery. Bottom gillnets were
made of multifilament twine and were composed of
multiple net panes that measured 56.4 m long by
2.8 m high, with a stretched mesh of approximately
24 cm. The number of gillnet panes set each evening
varied slightly depending on the fishing crew but
averaged 11 panes. Nets were typically deployed in
the late afternoon, soaked overnight and retrieved
the following morning. For each pair, there was a
control and an illuminated net. The illuminated net
had green LEDs (Centro Power Light Model CM-1,
Centro, Fig. 1) placed every 10 m along the float line.
Pairs of nets in each set were separated by a minimum of 200 m to avoid illumination of control nets.
Over the course of the experiment approximately 5
lights had to be replaced due to damage (e.g. corrosion) or loss.
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variates. In the present study, an
extensive exploration of the data was
performed to deal with basic GAM
assumptions (e.g. collinearity and
outliers). Possible correlations between predictors were investigated in
order to avoid including correlated
variables in the same model. Spearman’s rank correlation coefficient
was assessed for all pairwise combinations of continuous predictors
using the cor.test function in the
‘STATS’ library in R. Results from
these analyses showed no problematic correlations between the variables, thus all variables were considered in the models. Two GAMs were
fit separately to green turtles and tarFig. 1. (A) Example of the LED used during the study. (B) LED (circled) fitted
get species catch rates by net type
on a bottom-set gillnet in Peru
(illuminated versus control) with an
offset to account for variations in efObservers monitored fishing operations for each
fort. Due to the large number of zero observations for
sampling period. As described in Alfaro-Shigueto
the green turtles group, a GAM was developed using
et al. (2008), observers were trained in collection of
a negative binomial distribution, while in the GAM
data specific to the fishery operation, including
for the target species group a Poisson distribution
how to identify, handle and collect data on target
was applied. In order to find the most parsimonious
and bycatch species. Observers recorded informaGAM, we used standard selection criteria (Akaike
tion on gear characteristics (e.g. net size and numinformation criteria, AIC, and Bayesian information
ber of panes) and information for each set (e.g.
criteria, BIC).
location, time of set and haul, sea surface temperaWe started building the model with net type and
ture, water depth, and water visibility) using GPS,
each of the other covariates separately (Stage I). We
watches, thermometers and secchi disks. They also
selected the best model using AIC and BIC, and
recorded sea turtle bycatch and curved carapace
moved to the next stage. Stages II to IV built on the
length (CCL; notch to tip [cm]) of all sea turtles.
initial model, with each additional predictor considLive sea turtles were released in accordance with
ered one at a time. At each step in the model selecNational Oceanic and Atmospheric Administration
tion procedure, the factor that resulted in the greatest
(NOAA) guidelines (Epperly et al. 2004). Finally,
reduction in AIC and BIC from the model in the preobservers also recorded target species catch numvious step was added to the model. The contributions
ber. The primary target in this fishery were flounder
of each covariate to the explanation of deviance from
species Paralichtys spp., guitarfish Rhinobatos planthe null model were also provided to determine the
iceps, and other species of ray from the Batoidea
importance of each covariate.
superorder.
Although the choice of the final covariates in the
The effect of net illumination on green turtles and
model is not the primary aim of this study, the covaritarget species catch rates was estimated with generates affect the fitted catch per unit effort (CPUE)
alized additive models (GAMs) using the ‘mgcv’
rates, and likewise, any significant difference belibrary in the statistical modelling program R 2.15.1
tween them. To ensure that the overall forward selec(R Development Core Team 2011). GAMs were used
tion procedure resulted in the best model, and that
to predict relative abundance of green turtles and
the estimated rates are not sensitive to the model
target species between control and illuminated nets
selection technique, we tested the use of different
based on estimates of catch rates and regional enviselection criteria (e.g. forward/backward, and backronmental covariates at fishing locations. GAMs
ward). Test results obtained using different selection
have the possibility of fitting nonlinear relationships
criteria (not included here) were consistent with
between the response variable and independent cothose from the forward selection.
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The dependent variable in the models was catch
rate, and included the following covariates: sea surface temperature (SST), lunar index of the illuminated percentage of lunar light calculated from an
astronomical algorithm (Meeus 1991), depth at the
fishing location, water visibility, and net type. The
natural cubic spline smoother was chosen as appropriate for the explanatory variables. The degree of
smoothing was also chosen based on the observed
data and the generalized cross validation method
suggested by Wood (2006) and incorporated in the
‘mgcv’. In order to detect statistical differences between the catch rates for the control and those for the
illuminated nets, the mean CPUE values for both
were computed from the fitted values of the GAMs
and compared using a t-test.
Additionally, 2-sample t-tests were used to analyse
differences in body size for sea turtles and guitarfish
between control and illuminated nets. Maps were
prepared using ArcMap v.10.3 (ESRI).
We also developed estimates of the cost to implement net illumination in this fishery and the cost associated with preventing individual green turtle interactions. These estimates were calculated using the
Alfaro-Shigueto et al. (2011) annual estimate of green
turtle bycatch in this fishery, the observed reduction
in bycatch reported here, and the projected costs involved in equipping the 8 vessels that comprise the
Constante fishing fleet with LEDs and batteries.

RESULTS
Fishing effort
A total of 114 pairs of nets were deployed. The total
number of panes used in each net varied slightly
between boats and within trips as some panes were
added to increase target species catch or were removed for repair. Therefore, net length varied; control nets averaged (mean ± SE) 0.62 ± 0.03 km, while
illuminated nets averaged 0.59 ± 0.02 km (Table 1).
Set duration for control nets averaged 17.06 ± 0.39 h,
and 17.38 ± 0.39 h for illuminated nets (Table 1). The
fishing effort for each net deployment was calculated
by combining net length and set duration (km ×
24 h). The mean fishing effort averaged 0.43 ± 0.02
(km × 24 h) for control nets and 0.42 ± 0.01 (km ×
24 h) for illuminated nets (Table 1).

Target species catch
Of the 2387 target fish species caught, 1211 (51%)
were caught in control nets and 1176 (49%) were
caught in illuminated nets (Table 2, Fig. 2a). The final
model explained 44.3% of the deviance (Table 3). All of
the covariates in the final model were found to be significant (p < 0.05). The predicted mean CPUE of target species was not significantly affected by the presence of

Fig. 2. Location of gillnet sets
in Sechura Bay, Peru. (A) Total
catch of target species (number), (B) number of sea turtles
caught per set, by net type for
paired gillnet sets. Control
(grey) = without LED illumination, illuminated (white) = with
LED illumination
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Table 1. Summary measures of fishing effort by net type (control = without LED illumination, illuminated = with LED illumination) for paired gillnet sets in Sechura Bay, Peru
Net type

Sets

Set duration (h)
Mean ± SE
Range

Net length (km)
Mean ± SE
Range

Fishing effort (km × 24 h)
Mean ± SE
Range

Control
Illuminated

114
114

17.06 ± 0.39
17.38 ± 0.39

0.62 ± 0.03
0.59 ± 0.02

0.43 ± 0.02
0.42 ± 0.01

2.83–24.07
3.75–24.33

Control
Illuminated

Sets

114
114

Total
effort
(km × 24 h)

Target
species
caught

Green
turtles
caught

48.96
47.71

1211
1176

125
62

0.07–1.10
0.09–0.75

LEDs (Table 4, Fig. 3). Target species catch rates were
similar between paired nets with a predicted (mean ±
SE) CPUE of 10.62 ± 0.71 (km × 24 h)−1 for target species in control nets and 10.35 ± 0.86 for target species
(km × 24 h)−1 in illuminated nets (Table 4, Fig. 3).

Table 2. Summary of target species (guitarfish, rays, and
flounders) and green turtles (number caught) by net type
(control = without LED illumination, illuminated = with LED
illumination) for paired gillnet sets in Sechura Bay, Peru
Net type

0.32–1.28
0.32–1.15

Sea turtle bycatch
A total of 194 sea turtles were caught during the
study period. In the control nets, 125 green turtles

Table 3. Results from the generalized additive model (GAM) for the catch rate of target species (guitarfish, rays, and flounders)
and green turtles using 5 covariates (sea surface temperature (SST), calculated lunar light (Meeus 1991), depth at the fishing
location, water visibility, and net type). The best-fit model is highlighted in grey. DE: deviance explained; AIC: Akaike’s information criterion; BIC: Bayesian information criterion. Effective and Reference degrees of freedom are also provided
Model stage

Model

DE (%)

AIC

BIC

Target species catch
Stage I
Net type + SST
Net type + Lunar light
Net type + Visibility
Net type + Depth
Stage II
Net type + Depth + Lunar light
Net type + Depth + Visibility
Net type + Depth + SST
Stage III
Net type + Depth + SST + Visibility
Net type + Depth + SST + Lunar light
Stage IV
Net type + Depth + SST + Lunar light + Visibility

9.6
8.4
15.3
17.1
24.9
27.5
29
36.6
37.2
44.3

3444.52
3475.44
3277.09
3224.54
3026.58
2950.15
2911.09
2719.66
2702.65
2527.57

3511.04
3531.54
3344.36
3291.88
3147.69
3073.05
3038.90
2907.90
2888.25
2772.03

Green turtle catch
Stage I
Net type + SST
Net type + Lunar light
Net type + Visibility
Net type + Depth
Stage II
Net type + Visibility + SST
Net type + Visibility + Depth
Net type + Visibility + Lunar light
Stage III
Net type + Visibility + Lunar light + Depth
Net type + Visibility + Lunar light + SST
Stage IV
Net type + Visibility + Lunar light + SST + Depth

14.1
17.9
28.8
26.2
38.8
38.1
39.1
48.8
52
57.1

790.05
767.27
704.29
713.90
658.20
659.57
652.42
619.50
593.81
599.31

829.10
811.62
764.86
769.39
756.93
769.43
751.67
773.87
741.18
753.38

SST

Lunar light

Visibility

Depth

9.83
9.59

8.66
9.06

5.62
5.95

6.39
6.19

8.51
9.23

6.18
7.32

7.55
8.43

5.15
5.33

Degrees of freedom for best fit model
Target species catch
Effective df
Reference df
Green turtle catch
Effective df
Reference df
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Table 4. Final GAM outputs and predicted mean catch per unit effort (CPUE,
no. [km × 24 h]–1) for the catch rate of target species (guitarfish, rays, and
flounders) and green turtles using 5 covariates (sea surface temperature, calculated lunar light (Meeus 1991), depth at the fishing location, water visibility,
and net type (control = net without LED illumination, illuminated = net with
LED illumination). Dev. = deviance

Costs of saving a sea turtle

LEDs are the most economically viable option available to illuminate nets
as they have a robust design and multiyear functional life (Wang et al. 2010,
2013). Additionally, given the advances
Response
Model fit/dev.
Predicted mean CPUE
% diff.
p
variable
explained
Control
Illuminated
in LED technology, the cost of a single
(%)
(mean ± SE) (mean ± SE)
light is between 2 and 10 USD. A typical boat in this fishery utilizes 2200 m
Target species
44.3
10.62 ± 0.71 10.35 ± 0.86
−2.5 0.78
of net and, at a 10 m spacing, would reGreen turtles
52.0
1.40 ± 0.16
0.50 ± 0.06
−63.9 0.04
quire at least 221 lights. Although the
LEDs were of robust design, a small
number needed to be replaced due to
damage or loss. We have calculated for
an additional 10 lights per vessel per
year, yielding an average of 231 lights
per vessel. An additional 3 USD per
year in battery costs per LED yields an
initial cost of implementation ranging
between 1155 and 3003 USD (Table 5).
The 8 vessel fleet as a whole sets an estimated 17 600 m of net and would require 1848 lights at a fleet cost of between 9240 and 24 024 USD (Table 5).
Additional crew training in the use and
Fig. 3. (A) Comparison of the predicted mean CPUE (no. [km × 24 h]–1) of
target species between control (without LED illumination) and illuminated
attachment of LEDs would also be re(with LED illumination) nets showing no significant difference. (B) Comparquired but does not reflect a substantial
ison of the predicted mean CPUE of green turtles between control and illutime expenditure. Moreover, while the
minated nets showing a significant 63.9% decrease in illuminated nets.
LEDs did cause increased tangles in
Data are mean ± SE
the net at the beginning of the study,
this was quickly minimized. Future de(Table 2, Fig. 2b), 3 hawksbills and 1 olive ridley
signs of LEDs specifically for gillnets could further rewere caught. The illuminated nets caught 62 green
duce tangles and LED replacements.
turtles (Table 2, Fig. 2b) and 3 hawksbills. The GAM
Table 5. Cost calculations (in USD) to reduce bycatch of sea
analysis was only conducted for green turtles since
turtles in Sechura Bay, Peru, gillnet fishery. The left column
they were the majority of sea turtles caught. The final
is the most inexpensive LED currently available. The right
model explained 52% of the deviance (Table 3). All
column is based upon the cost of the LED used in this experiof the covariates in the final model were found to be
ment. Estimates are based on an 8-boat fishery with an average total net length of 17 600 m which, at a 10 m spacing,
significant (p < 0.05) and were included in the final
would require 1848 lights, and would achieve approximately
model (Table 3). The catch rate of green turtles was
a 63% (202 individuals) reduction in sea turtle catch rate per
significantly (p < 0.05) affected by the presence or
year if LED illuminated nets were adopted in the fishery
absence of LEDs (Table 4, Fig. 3). Analysis with
GAMs indicated that the predicted (mean ± SE)
LED cost (USD)
CPUE of 1.40 ± 0.16 green turtles (km × 24 h)−1 in
2
10
control nets was significantly (p = 0.04) reduced by
Annual cost of LED + batteries
5
13
63.9% in illuminated nets, with a predicted mean
−1
Total annual cost per vessel
1155
3003
CPUE of 0.50 ± 0.06 green turtles (km × 24 h)
Total annual cost for fishery
9240
24 024
(Table 4, Fig. 3).
Cost to reduce bycatch of 1 sea turtle
CCL for green turtles in control nets was 55.5 ±
Over 1 yr
45.74
118.93
7.9 cm and 57.4 ± 9.8 cm in illuminated nets. CCL was
Over 2 yr
36.99
75.17
not significantly influenced by the presence or abOver 3 yr
34.07
60.58
sence of LEDs (2-sample t-test, t182 = 1.42, p = 0.16).
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Given that 321 green sea turtles are estimated to be
caught in the Constante-based gillnet fishery each
year (Alfaro- Shigueto et al. 2011), a potential reduction of 202 green sea turtles per year could be
achieved if LED-illuminated nets were adopted in
the fishery. Based upon this 63% reduction in bycatch rate, we estimate the cost of preventing a single
green turtle interaction to range from 45.74 to 118.93
USD in the first year (Table 5). Since these LEDs can
last multiple fishing seasons, this initial cost could be
amortized over multiple years and over a 3 yr lifespan of the LED, reducing costs to save a sea turtle to
range from 34.07 to 60.58 USD (Table 5).

DISCUSSION
Small-scale fishing activity in Peru represents a
major source of income for more than 500 000 people
in coastal communities with few economic resources
other than those related to fishing (Alvarez 2003).
Any changes to target species catch rates can affect
their livelihoods. Our study shows that using green
LEDs to illuminate nets as a bycatch mitigation measure in the small-scale bottom set gillnet fishery in
Sechura Bay, Peru, could substantially reduce green
turtle bycatch without affecting target species catch
rates, and could therefore serve as an effective sea
turtle BRT for this type of fishery.
Managing the bycatch of sea turtles in gillnets
would promote the long-term stability of both sea
turtle populations and local fisheries and will require
particular attention if international obligations and
agreements are to be fulfilled by Peru, as well as
other nations throughout the region that possess similar small-scale fisheries (Alvarez 2003, Salas et al.
2007). Given that there are thousands of small-scale
net vessels operating in Peru catching many thousands of sea turtles per annum (Alfaro-Shigueto et al.
2011), if the use of lights could be shown to be effective in other net fisheries and was implemented more
broadly, the potential positive impacts to sea turtle
populations in the region would be sizeable.
Coastal gillnets interact with sea turtles globally
(Wallace et al. 2010). For instance, net fisheries along
the eastern seaboard of the USA (Gearhart 2003),
along the Pacific coast of Mexico (Peckham et al.
2007), within the Mediterranean (Echwikhi et al.
2010, Casale 2011, Snape et al. 2013) and in the
Caribbean (Lum 2006) have been shown to have high
rates of interactions with sea turtles. It will be important to replicate this study in multiple locations and
fisheries to assess the effectiveness of net illumina-
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tion in a variety of gear designs, environmental conditions, and potential catch compositions (Southwood
et al. 2008, Gilman et al. 2010). In order to effectively
implement net illumination or other mitigation methods, any future studies need to consider costs and
implications for fishermen, their target species catch
and the effect on other bycatch species (Cox et al.
2007). Trials of this BRT in small-scale fisheries could
serve as an important step in the global conservation
of sea turtles.
Understanding the costs associated with this BRT
helps provide a better awareness of the necessary
challenges for its broader implementation. We approximate the cost of preventing a single sea turtle
interaction to range from 34 to 119 USD and the
costs of outfitting the fishery to range from 9200 to
24 000 USD. Even with the lowest-priced LEDs
spread across multiple years, the cost still represents
an untenable amount in comparison to the incomes of
Peruvian small-scale fishers. In Constante, for example, Alfaro-Shigueto et al. (2011) estimated the per
trip net profit at only 82 USD. This indicates that
efforts are needed from national ministries, international non-governmental organizations and the
broader fisheries industry to enable widespread implementation of net illumination as a sea turtle bycatch strategy. Such economic analyses to determine
the costs per animal saved could also be useful for
other BRTs (e.g. pingers, circle hooks), and could
potentially serve as a common denominator of effectiveness of conservation dollars. Such economic analyses could be better refined when considering other
potential conservation measures such as fisheries
closures, time area closures and development of
marine reserves (Balmford et al. 2004, McClanahan
et al. 2006).
Despite the challenges to the implementation of net
illumination in small-scale fisheries (e.g. cost, light
stick design, fisher awareness), our results emphasize
the effectiveness of controlled fisheries experiments
for the testing of bycatch reduction measures in
small-scale gillnet fisheries. This work also highlights
the value of using an understanding of the sensory
physiology of bycatch animals as a foundation for the
development of BRTs (Southwood et al. 2008, Jordan
et al. 2013, Martin & Crawford 2015) and suggests
that similar technologies could be developed for other
bycatch taxa. Future studies with net illumination
should examine its potential usefulness as a multitaxa BRT for elasmobranchs, seabirds, and marine
mammals as these animals also rely heavily on visual
cues (Jordan et al. 2013, Schakner & Blumstein 2013,
Martin & Crawford 2015). In addition, continued de-

Mar Ecol Prog Ser 545: 251–259, 2016

258

Pacific Ocean. Proc R Soc B 276:1993−1999
velopment of LEDs could improve their efficiency and
Camhi MD, Valenti SV, Fordham SV, Fowler SL, Gibson C
should include assessments of the light’s batteries to
(2009) The conservation status of pelagic sharks and
ensure optimal performance. Solar-powered LEDs
rays: Report of the IUCN Shark Specialist Group Pelagic
could also be developed in order to reduce the cost
Shark Red List Workshop. IUCN Species Survival Commission Shark Specialist Group, Newbury
and waste associated with batteries and would have
Casale
P (2011) Sea turtle by-catch in the Mediterranean.
➤
the added benefit of helping ensure the lights are alFish Fish 12:299−316
ways charged. Fishermen involved with the trials
Chuenpagdee R, Liguori L, Palomares MLD, Pauly D (2006)
were primarily positive and provided essential feedBottom-up, global estimates of small-scale fisheries
back, which included encouragement to develop
catches. Fisheries Center Res Rep 14:110
LEDs designed specifically for net fisheries. Such ➤ Constantino MA, Salmon M (2003) Role of chemical and
visual cues in food recognition by leatherback posthatchcontinued collaborations with fishermen and their
lings (Dermochelys coriacea L). Zoology 106:173−181
fishing communities will be critically important in the
➤ Cox TM, Lewison RL, Zydelis R, Crowder LB, Safina C, Read
continued development and testing of net illuminaAJ (2007) Comparing effectiveness of experimental and
implemented bycatch reduction measures: the ideal and
tion as well as other bycatch strategies for small-scale
the real. Conserv Biol 21:1155−1164
fisheries.

➤ Crowder LB, Crouse DT, Heppell SS, Martin TH (1994) Pre-
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