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Fisheries bycatch of m arine anim als has been  linked to  popu la tion  declines of 
m ultip le  species, including m an y  sea turtles. A ltering  the v isual cues associ­
a ted  w ith  fishing gear m ay reduce sea tu rtle  bycatch. W e exam ined the 
effectiveness of illum inating  gillnets w ith  u ltraviolet (UV) light-em itting 
d iodes for reducing green sea tu rtle  (Chelonia mydas) interactions. W e found  
tha t the m ean  sea tu rtle  cap ture  rate w as reduced  b y  39.7% in  U V -illum inated 
nets com pared  w ith  nets w ith o u t illum ination. In  collaboration w ith  com m er­
cial fisherm en, w e tested  UV n e t illum ination  in  a bottom -set gillnet fishery in 
Baja California, Mexico. W e d id  n o t find  any  difference in  overall ta rget fish 
catch rate o r m arket va lue  betw een  n e t types. These findings suggest that 
UV n e t illum ination  m ay  have applications in  coastal an d  pelagic gillnet 
fisheries to  reduce sea tu rtle  bycatch.

1. Introduction
Inciden tal in teractions b e tw een  com m ercial fisheries a n d  m arine  an im als (e.g. 
seab irds, sea tu rtles an d  elasm obranchs) are linked  to po p u la tio n  declines in 
several vu lnerab le  species [1 -3 ]. In  particu lar, several s tud ies have show n 
th a t sm all-scale coastal g illnet fisheries m ay have h ig h  levels of sea tu rtle  
bycatch  [3]. A s such, fisheries bycatch  is considered  to  b e  a b a rr ie r to  the recov­
ery  of sea tu rtle  pop u la tio n s [3] a n d  h as becom e a m otivating  factor to  im prove 
the balance  b e tw een  species p ro tec tion  a n d  com m ercial fishing in terests [4].

C oastal g illnet fisheries are  ub iq u ito u s [4]. O w ing  to  th e  concern over h igh  
rates o f sea tu rtle  bycatch  a n d  m orta lity  in  several such  fisheries [3], a  varie ty  of 
bycatch  reduc tion  technologies (BRTs), such  as m odifications to  float lines [4], 
a ltering  n e t tie-dow ns [4], u se  of at-sea adv iso ry  p rog ram m es [3] a n d  n e t illu ­
m ination  [5] have  b een  exam ined. O ne app roach  to  develop ing  BRTs for 
g illnet fisheries h a s  b een  to  b e tte r u n d e rs tan d  the sensory  an d  behav iou ra l ecol­
ogy  of sea tu rtles a n d  ta rg e t fish [6]. Iden tify ing  sensory  cues th a t influences an  
an im al's  b ehav iou r a ro u n d  fishing gear an d  u n d e rs tan d in g  th e  an im al's  u n d e r­
ly ing  sensory  constrain ts can  gu id e  the deve lopm en t of BRTs [6]. E xperim ents 
h ave  show n  th a t chang ing  th e  v isu a l cues associated  w ith  fish ing gear, such  
as illum inating  ne ts  w ith  g reen  ligh t-em itting  d iodes (LEDs) o r chem ical 
lightsticks, can  reduce  green sea tu rtle  (Chelonia mydas) in teraction  rates [5].

A natom ical, physiological an d  behavioural studies indicate tha t green, logger­
head  (Caretta caretta) an d  leatherback (Dermochelys coriacea) sea turtles are sensitive 
to  ultraviolet (UV) w avelengths [7]. W hile som e fish species are also sensitive to 
UV light [8], several com m ercially valuab le  fish species are no t [7,9,10]. M any of
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these fish species possess U V -absorbing com pounds in  their 
eyes tha t filter UV light an d  are th o u g h t to  m inim ize dam age 
from  short-w avelength radiation  [7-10]. Exploiting this d is­
parity  in  v isual capabilities betw een  sea tu rtles tha t perceive 
UV light a n d  fish w ith o u t UV sensitivities m ay be  a productive 
strategy in  developing poten tial BRTs.

O u r goal is to  develop  a  BRT th a t reduces sea tu rtle  
bycatch  w ith o u t reducing  the to ta l ta rge t catch or the 
m arket va lu e  of catch. In  th is  study , w e  exam ined  th e  effects 
of illum inating  g illnets w ith  UV LEDs on  sea tu rtle  in ter­
action rates. Separately, w e also exam ined  the effects of UV 
n e t illum ination  on  ta rg e t fish catch rates a n d  catch value  
in  a  com m ercial g illnet fishery.
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Figure 1. Effects o f  UV n e t  illum ina tion  on  sea  tu r t le  catch  rates, 
ind icate  s.e.
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2. M aterial and m ethods
In 2011 and 2012, w e conducted tw o experiments. One tested the 
effects of UV illum ination on sea turtle capture rates in large 
m esh gillnets near Punta Abreojos, Baja California Sur, Mexico. 
The other experiment tested the im pact of UV illum ination on 
the total target fish catch and catch value in a commercial 
bottom -set gillnet fishery based in Bahia de Ios Angeles, Baja 
California, Mexico.

(a) Testing n e t illum in ation  e ffec ts  on tu rtle  catch rates
We deployed pairs of nets consisting of a control and an exper­
im ental net, to examine the effects of UV illum ination on sea 
turtle catch rates. Experimental nets had  UV LEDs (peak w ave­
length 396 nm) placed every 5 m  on the floatlines. Control nets 
had  inactive LEDs placed every 5 m. We used surface-set m ono­
filament nets similar to  those used to conduct green sea turtle 
population surveys [11], The nets were 95 m  long and 3 m  
deep w ith  40 cm m esh (stretched diagonal). After sunset, we 
deployed nets w ithin approximately 1 km  of each other and 
retrieved them  before sunrise. We conducted experiments 
near Punta Abreojos, because the area has high densities of sea 
turtles [11], w hich ensures enough sea turtle interactions for 
robust analysis.

We checked the nets every 90 min. Sea turtles were removed 
from the nets, tagged, m easured (straight carapace length) and 
released. We calculated sea turtle catch-per-unit-effort (CPUE) 
for each net as the num ber of turtles cap tured /([net leng th / 
100 m]) X ([net soak tim e/12  h]).

(b) Testing n e t illu m in ation  e ffec ts  on to ta l ta r g e t  fish  
catch and catch va lu e

We deployed pairs of control and experimental nets in a com­
mercial bottom -set gillnet fishery. Experim ental nets were 
illum inated w ith  UV LEDs as described above, w hereas inactive 
LEDs were similarly placed on control nets. Nets were 400 m  in 
length, 1.5 m  deep, w ith  1 m  tie dow ns and w ith  8 cm m esh 
(stretched diagonal). We deployed nets 500 m  apart in areas 
w ith  similar depths and bottom  habitat. Nets were deployed 
during the late evening, soaked overnight and retrieved at dawn.

We categorized all catch from the net into three groups: 
target species (fish sold), bycatch (discarded fish) and other 
(catch kept by  the fisherm en for consum ption or retained 
for bait in other unrelated fisheries). We also followed the 
catch from each net to m arket in order to determ ine the catch 
value. Fishermen targeted species from a variety of taxa, p ri­
marily Pleuronectidae. We calculated the total target species 
CPUE as the num ber of individuals of target species/([net 
length/400 m] X [net soak tim e/12  h]). We calculated the 
value-per-unit-effort (VPUE) for each net as the m arket value

(in US dollars) of the catch/([net leng th /400m ] x [net soak 
tim e/12  h]).

(c) A nalysis o f  sea  tu rtle  catch rates, to ta l ta r g e t  catch  
and catch v a lu e

We used the randomization test to analyse the catch data and test 
the null hypothesis that there w ould be no difference in sea turtle 
catch rate, total target catch rate and VPUE of catch between exper­
imental and control nets [12]. Data were resampled 10 000 times 
using the software R e s a m p l in g  S tats for Excel (v. 4.0). This analysis 
measures the strength of evidence against a null hypothesis instead 
of estimating significance at a certain level [13].

3. Results
W e deployed 11 n e t pairs, each consisting of a control an d  an  
experim ental net, to  exam ine the effects of UV n e t illum ination 
on  sea turtle  catch rates. W e caught 332 individual green turtles 
w ith  209 caught in  the control ne ts an d  123 caught in  the 
experim ental nets (see the electronic supplem entary  m aterial, 
table SI). Sea turtle CPUE w as significantly h igher in  control 
nets (m ean CPUE =  26.7 +  3.3 s.e.) as com pared w ith  
experim ental nets (m ean CPUE =  16.1 +  2.5 s.e.; p =  0.026), 
indicating a  39.7% reduction in  m ean  catch rate (figure 1).

W e dep loyed  36 pa irs o f ne ts to  exam ine the effects of UV 
LED illum ination on  to tal ta rget fish catch rates an d  catch 
value  in  a com m ercial bottom -set gillnet fishery. A  to tal of 
664 ind iv idual target fish w ere kep t for m arket. C ontrol nets 
caugh t 355 target fish (m ean CPUE =  10.3 +  1.4 s.e.), w hereas 
experim ental ne ts  caugh t 309 target fish (m ean CPUE =  
9.22 +  1.2 s.e.; figure 2a, see the electronic supp lem en tary  
m aterial, tables S I an d  S2), w hich  w as statistically sim ilar 
(p  =  0.551). There w as n o  significant difference (p  =  0.420) in 
m ean  VPUE betw een  the control ($15.1 +  2.07 USD) and  
experim ental ne ts ($15.0 ±  2.0 USD, figure 2b).

4. Discussion
In  o rd e r to b e tte r balance species p ro tec tion  a n d  com m ercial 
fish ing interests, testing  BRTs h as becom e a p rio rity  in fish­
eries research  [3,4,14]. U sing  v isual cues to  a lert o r de te r 
bycatch  species from  fishing gear h as been  fo u n d  to  reduce 
bycatch  in  som e fisheries [14-16]. V isual-based  BRTs include 
th e  use  of to ri lines in  long line fisheries [15] a n d  the  use  of 
h igh ly  v isible n e ttin g  on  gillnets to  reduce sea b ird  bycatch  
[16]. Recent s tud ies w ith  ne ts illum inated  w ith  g reen  LEDs
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Figure 2. Effects o f  UV n e t illum ina tion  on  ( a )  th e  to ta l ta rg e t  catch  ra tes a n d  (6) catch  va lue. Bars ind icate  s.e.

or chem ical lightsticks indicate th a t v isual-based  BRTs can  
also b e  effective for reducing  sea tu rtle  in teractions [5]. 
R esults from  th is s tu d y  suggest th a t exploiting th e  differences 
in  v isu a l capabilities be tw een  sea tu rtles  a n d  fish species is a 
w orth w h ile  app roach  for develop ing  BRTs.

This s tu d y  dem onstra tes th a t illum inating  g illnets w ith  
UV ligh t reduces sea tu rtle  cap tu re  rates an d , w h en  tested  
in  a  com m ercial g illnet fishery, h as n o  effect on  to ta l ta rge t 
catch rates a n d  catch va lues in  a  com m ercial bo ttom -set gill­
n e t fisheries. UV v ision  in  sea tu rtles is th o u g h t to  im prove 
p rey  detec tion  a n d  po ten tia lly  a id  in nav igation  [3]. W ith  
reg ard  to  U V -illum inated  nets, it is n o t k now n  w h e th e r sea 
tu rtles  avo id  UV ligh t o r UV illum ination  m erely  helps 
a lert sea tu rtles to th e  presence o f th e  nets. R egardless, UV- 
illum inated  ne ts  m ay  b e  a po ten tia lly  usefu l BRT in  coastal 
gillnets, th o u g h  testing  in  g illnet fisheries w ith  sea tu rtle  
bycatch  issues m u s t still be  conducted .

The im portance of engaging  fisherm en an d  their com m u­
nities h as  been  em phasized  as an  essential com ponent to 
any  BRT stu d y  [3]. O ur stu d y  has included  com m ercial gillnet 
fisherm en as collaborators from  its inception [5], an d  in  doing 
so, these fisherm en indicate th a t n e t illum ination  could  be  
useful as long as ne t illum ination  does n o t adversely  affect 
the overall va lue  of their catch an d  adop tion  costs of 
the BRT are w ith in  reason. LED lightsticks are com m only  
u sed  in  com m ercial fisheries an d  costs have declined as LED 
technology m atured.

Even th o u g h  overall catch va lues w ere  n o t affected w ith  
n e t illum ination  [5], fisherm en w ere  concerned  th a t the 
catch of their p rim ary  ta rg e t species m ay  b e  negatively  
affected. O w ing  to  differences in  v isual capabilities be tw een  
fish species [8 -10], it is reasonable  to  suspect th a t d ifferent 
w aveleng ths m ig h t induce  d ifferent behav iou rs  b e tw een  tele- 
ost a n d  elasm obranch  species. W hile gillnets illum inated  
b y  green ligh ts [5] a n d  g illnets illum inated  b y  UV LEDs 
reduce  sea tu rtle  in teraction  rates, they  m ay  affect d ifferent

fish species in  d ifferen t w ays. A s such, it w ill be  im p o rtan t 
to  u n d e rs tan d  h ow  th e  species com position  of the  target 
catch m igh t b e  affected. In d o ing  so, d ifferen t w ave­
leng ths o f ligh t m ay  b e  show n  to im prove th e  catch for 
p articu la r species.

The efficacy of n e t illum ination  strategies m ay  b e  in flu ­
enced  b y  factors associated  w ith in  specific fisheries, such  as 
env ironm enta l cond itions (e.g. w ate r transparency) a n d  the 
v isual capabilities of th e  local fish species. In  add ition , ou r 
experim ents w ere  conducted  a t n igh t. W hile m an y  gillnet 
fisheries occur p rim arily  at n ig h t a long  the Baja coast, o ther 
g illnets fisheries are  set over a  24 h  period . The effectiveness 
of n e t illum ination  d u rin g  day ligh t h o u rs  is u n k n o w n  an d  
requires fu rth er investigation.

A  necessity  for the d eve lopm en t of BRTs is th e  n eed  for 
h ig h  in teraction  rates w ith  sea tu rtles in  o rd e r for robust an a ­
lyses. Even in  fisheries w ith  large n u m b ers  of estim ated  sea 
tu rtle  in teractions, catching an  in d iv id u a l tu rtle  is an  infre­
q u en t even t [12]. In o rd e r to  develop  an d  test po ten tia l 
BRTs, w e u sed  tw o  differen t locations. O ne location h a d  
h ig h  densities of sea tu rtles to ensu re  sufficient catch rates 
necessary  for robust com parisons a n d  a second  location 
th a t h a d  a com m ercial g illnet fishery  am enab le  to  gear 
changes. C on tinued  testing  of UV n e t illum ination  w ill be  
requ ired  in  actua l fisheries w ith  sea tu rtle  bycatch  concerns. 
A s such, collaborations w ith in  those  fish ing com m unities 
m u s t b e  estab lished  in  a  m an n er th a t ba lances sea tu rtle  con­
servation  goals w h ile  m ain ta in ing  th e  v iability  o f local 
fisheries a n d  fish ing com m unities.

P rocedures com plied  w ith  U H -IA C U C  protocols.

A c k n o w le d g e m e n ts .  W e th a n k  o u r M exican  collaborato rs a n d  fisherm en, 
O cean  D iscovery  In stitu te  staff a n d  stu d e n ts  a n d  o u r review ers. 
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0914711), an d  U H -JIM A R (cooperative ag reem en t NA17RJ1230).
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