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Effect of bait on sea turtles bycatch rates in pelagic longlines:
An overview

Khaled Echwikhi'-*, Imed Jribi>, Mohamed Nejmeddine Bradai', Abderrahmen Bouain?

Abstract. Pelagic longline fishing has been identified as a significant threat to endangered sea turtle populations. Reducing
sea turtle bycatch in pelagic longline fisheries, in concert with activities to reduce other anthropogenic mortality sources, may
halt and reverse population declines. Here, we examine the effect of bait manipulation as a simple mitigation method that
could reduce sea turtle interactions with longline fishing gear. We analyzed laboratory experiments and field trials conducted
in the Mediterranean, the northeast Distant Area in the Atlantic and the Western North Pacific. Studies showed that turtles are
more likely to feed on squid than on mackerel when both are used simultaneously as bait. The stingray, Dasyatis pastinaca,
used as bait, was more effective than mackerel; this ray was vulnerable and stimulated much thought about other species
to use as alternative bait. Effective in laboratory conditions with captive turtles, dyed and artificial bait did not seemed to
be effective in reducing turtle bycatch in field conditions. Optimal mitigation measure must reduce incidence of hooking of
threatened sea turtles to acceptable levels and also offer an economic advantage to fisheries. Studies concerning the effect
of bait modification to reduce turtle bycatch highlight the importance of an integrated approach towards sensory deterrents,
as both visual and chemical cues are likely to attract sea turtles to longline gear. Further research on the development of
sensory-based deterrents can contribute to reduced sea turtle bait interactions and maintain catch rates of target species.

Keywords: capture, deterrent, fisheries, fishing gear, mitigation measure.

Introduction

Fisheries bycatch has been implicated in the
population decline of numerous species of ma-
rine megafauna such as sea turtles (Lewison et
al., 2004; Wallace et al., 2010). As a result, six
of the seven recognized sea turtle species are en-
dangered (three of those are listed as critically
endangered), while there is insufficient informa-
tion to determine the conservation status of the
seventh sea turtle species (IUCN, 2003).

Sea turtles are taken in many fisheries, but
considerable attention has been focused re-
cently on their bycatch in longline fisheries
which has been identified as a significant threat
to endangered sea turtle populations (Camifias
et al., 2001; Lewison et al., 2004; Carranza
et al., 2006; Casale et al., 2007; Jribi et al.,
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2008; Soykan et al., 2008; Alfaro-Shigueto et
al., 2010a, b; Casale, 2011).

The types and frequency of interactions be-
tween fishing gear and protected species depend
not only on the extent of spatio-temporal over-
lap of fishing activities and critical habitat for a
given species, but also on fishing methods and
gear characteristics (Wallace et al., 2008). Ef-
fective management strategies to improve selec-
tivity of catch and to reduce bycatch must inte-
grate fisheries operations and protected species
biology (Kraus et al., 1997; Epperly et al., 2002;
Heppell et al., 2005).

Several measures to avoid and minimize in-
teractions of pelagic longlines with sea turtles
and other sensitive species, such as seabirds,
are being proactively developed by industries
and scientists and implemented in some fish-
eries (Brothers et al., 1999; Watson et al., 2005).
An ideal mitigation measure would be one that
accomplishes all of the following: (1) reduces
captures of sea turtles to negligible levels; (2)
has minimal reductions or increases capture of
target species, if not overexploited; (3) has min-
imal or beneficial effects on other threatened
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bycatch species (e.g. albatross, billfish, some
sharks); (4) provides operational benefits; (5)
has low costs of implementation (especially im-
portant in developing countries); and (6) does
not increase safety hazards (Sales et al., 2010).

Strategies to abate turtle bycatch in longline
fisheries include (i): regulatory controls in fish-
ing effort, season bycatch levels, fishing area
and fishing season (NMFS, 2000; Pradhan and
Leung, 2006); (ii): changes in fishing practices
and gear modification (Bolten and Bjorndal,
2003; Watson et al., 2004, 2005; Gilman et
al., 2007), (iii): voluntary fleet communication
programs to avoid bycatch hotspots (Gilman et
al., 2006a; Lee Lum, 2006) and (iv): handling
and release practices to increase the survival
prospects of the captured turtles (Gerosa and
Aureggi, 2001).

Bait type is considered as one of the main
factors affecting longlines efficiency (Swimmer
et al., 2005; Yokota et al., 2009). In fact, eval-
uation of the potential impacts of bait modifi-
cations on the catch efficiency for target and
non-target species is necessary (Swimmer et al.,
2005; Gilman et al., 2006b; Yokota et al., 2009;
Echwikhi et al., 2010).

Through an extensive knowledge of mitiga-
tion measures tested to reduce the interaction of
sea turtle with fisheries, we present a review in
recent experiments testing the effect of (i) bait
species, and (ii) dyed and artificial baits on turtle
pelagic longline bycatch. We discuss the impor-
tance of the sensory cues that attract sea turtles
to bait as food sources and that influence their
‘bite/no bite’ response to refine longline fish-
ing techniques and to develop economically vi-
able gear modifications to reduce sea turtle by-
catch without impacting the catch rates of tar-
geted species.

Pelagic longline - sea turtle interactions

Pelagic longline fishing has been used world-
wide since the 19th century and ranges from
small-scale domestic artisanal fisheries to mod-
ern mechanized industrialized fleets from dis-
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tant water fishing nations. Targeted species in-
clude bigeye (Thunnus obesus), albacore (T
alalunga), yellowfin (T. albacares) and bluefin
tuna (7. thynnus), as well as swordfish (Xiphias
gladius). Compared to the target fish, sea tur-
tles seem to be particularly attracted by the bait
which is almost always bitten and/or swallowed
so that the hook ends up in the mouth, tongue or
esophagus (Aguilar et al., 1995). In few cases,
captures are made because turtles get entangled
in the main lines (Gerrior, 1996; Witzell, 1996),
this means that the animal is not interested in
nibbling at the hook, the bait probably stimu-
lates the turtle’s curiosity and so it gets caught
up in the longline.

The sea turtles taken most frequently in
pelagic longlines are loggerheads (Caretta ca-
retta) and leatherbacks (Dermochelys coriacea).
Lewison et al. (2004) estimated that more than
200000 loggerheads and 50000 leatherbacks
were taken as bycatch in the pelagic longline
fisheries in the year 2000.

Due to problematic turtle bycatch levels,
many fishing areas were closed. Instituting a
closure for one longline fleet may result in an
increase in effort by the longline fleet of an-
other nation with fewer possibilities to manage
turtle bycatch (Gilman et al., 2006b). For exam-
ple, during the 4 years closure of the Hawaiian
longline fleet swordfish fishery, the swordfish
supply to the US marketplace traditionally met
by the Hawaiian fleet, was replaced by imports
from other longline fleets, including those from
Mexico, Panama, Costa Rica and South Africa,
which lack measures to manage turtle interac-
tions and have substantially higher ratios of sea
turtle captures to unit weight of swordfish catch
(Bartram and Kaneko, 2004; Sarmiento, 2004).

The importance of understanding and mini-
mizing the bycatch of sea turtles by the pelagic
longline fisheries has been well documented in
many studies (Lewison et al., 2004; Gilman et
al., 2007; Lewison and Crowder, 2007; Alfaro-
Shigueto et al., 2008, 2010a; Crognale et al.,
2008; Gardner et al., 2008; Gless et al., 2008;
Howell et al., 2008; Jribi et al., 2008; Peckam
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et al., 2008; Soykan et al., 2008; Tomas et al.,
2008; Casale, 2011). The FAO guidelines re-
quire longline fisheries to develop and imple-
ment modifications in hook design, bait species,
depth, gear specifications and fishing practices
in order to minimize sea turtle incidental by-
catch and mortality (FAO, 2005). Recently, tri-
als using different types of bait have been used
as a mitigation method to reduce sea turtle
bycatch in longline fisheries (Swimmer et al.,
2005; Watson et al., 2005; Yokota et al., 2009;
Echwikhi et al., 2010).

Experimental bait treatments and findings
Bait species

Many bait species have been used in pelagic
longline fisheries. To be considered good bait,
this must be: a prey preferred by the target
species, able to stay fresh for a long time in
the open sea, available in large quantities, not
expensive and providing the best economic re-
turn for fishermen. Species such as the flying
squid (Todarodes sp.), scomber (Scomber scom-
brus and Scomber japonicus) and the gilt sar-
dine (Sardinella aurita) were generally the baits
used in pelagic longline fisheries (Piovano et al.,
2004).

The effect of bait species and especially the
comparison between squid and fish baits were
tested in many fishing experimental sets con-
ducted in the western part of the Mediterranean
Sea (Rueda et al., 2006; Baez et al., 2010) where
high bycatch of loggerhead turtles has been re-
corded (Aguilar et al., 1995; Camifias and De la
Serna, 1995; Camiiias et al., 2006). Results of
these experiments demonstrated that the num-
ber of turtles captured using fish bait were sig-
nificantly lower than those recorded with squid
without a significant reduction of target species
(tables 1 and 2). These results were supported
by Yokota et al. (2009) for fishing experiments
conducted in the Western North Pacific (a major
fishing ground for swordfish and pelagic sharks)
in 2002 and 2003: “the use of fish bait reduces
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Table 1. Number of fishing operations, estimated weight (in
tons) of target species, and turtle bycatch hooking (number
of individuals). Data were taken from Bdez et al. (2010).

Bait Fishing Target species Turtle
operations (tons) bycatch

Squid + fish 619 235.7 1759

Fish-only 176 334 142

Table 2. Number of fishing sets and turtles captured with
mackerel and squid baits. Data were taken from Rueda et al.
(2006).

No.of  No. of turtles captured ~ No. of turtles captured
sets with squid bait with mackerel bait
15 27 11

the loggerhead turtle bycatch by 75% compared
to squid” (Yokota et al., 2009).

In the Northeast Distant Area in the Atlantic,
in both 2002 and 2003, experiments focused on
hook style and bait type were conducted (Wat-
son et al., 2005). Two baits species were evalu-
ated: squid (Illex spp.) and mackerel (Scomber
scombrus). Experimental treatments of bait and
hook type were compared against a control set
that consisted of a standard 9/0 J-hook with a
20°25 offset, baited with squid. Results showed
that circle hooks combined with mackerel re-
duced loggerhead bycatch rate by 90%, whilst
catch rates of swordfish increased slightly, but
tuna catch rates dropped precipitously (table 3)
(Watson et al., 2005).

The combination of hook and bait was also
tested in the Western North Pacific off the coast
of Japan (Yokota et al., 2007), in which mack-
erel (Scomber japonicus) and squid (Todarodes
pacificus) baits were combined with tuna and
circle hooks. Results showed that 54 loggerhead
sea turtles were caught in 76 operations (ap-
proximately 74 000 hooks). For bait type, the in-
cidental captures with mackerel were fewer than
those with squid in both hook types in 2003 and
2004 (table 4).

The difference between catch rates of sea tur-
tles using both fish and squid baits can be ex-
plained by the hooking mechanism related to
the bait texture; sea turtles, specifically logger-
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Table 3. Reduction in capture rate (turtles per thousand hooks) of sea turtles and change in swordfish and bigeye tuna catch
per unit effort (kg retained per 1000 hooks) in the NED experimental fishery. Data were taken from Watson et al. (2003, 2004,
2005) and Shah et al. (2004).

Treatment Loggerhead Leatherback Swordfish

2002 2003 Both 2002 2003 Both 2002 2003 Both

Bigeye tuna

2002 2003 Both

Non-offset 18/0 circle hook with squid 0.88 0.65 0.74 0.64 0.90 0.75 —0.33 —0.29 —30 0.29 020 0.24
10° offset 18/0 circle hook with squid 0.85 0.50 -0.29 0.22

Combined 18/0 circle hook with squid 0.86 0.57 0.63 0.26

10° offset 18/0 circle hook with mackerel 0.90 0.86 0.88 0.65 0.56 0.30 0.09 0.19 —0.81 0.88 0.80
9/0 J hook with mackerel 0.71 0.66 0.63 - —=0.90

10° offset 20/0 circle hook with mackerel 0.91 0.72 0.08 0.90

Table 4. Total numbers of hooks and loggerhead sea turtle
catches, and mean loggerhead sea turtle catch rate for each
hook and bait type. Data were taken from Yokota et al.
(2007).

Year  Hook type Baittype No.of No. of turtles
hooks captured
2002  Tuna hook Squid 7260 1
Circle hook  Squid 1800 0
Tuna hook Mackerel 7260 0
Circle hook  Mackerel 1800 0
2003  Tuna hook Squid 10498 22
Circle hook  Squid 5400 13
Tuna hook Mackerel 7982 3
Circle hook  Mackerel 4200 2
2004  Tuna hook Squid 6912 7
Circle hook  Squid 3401 0
Circle hook  Squid 3574 4
Tuna hook Mackerel 6976 1
Circle hook  Mackerel 3401 0
Circle hook  Mackerel 3574 1

heads, were most likely to swallow the entire
squid (flexible and tough muscle texture) but
they bit and cut the fish bait and ingested small
pieces of fish muscle. According to Yokota et al.
(2009), catch rates would also be affected by the
bait loss (i.e., bait that is loss from the hook) dif-
ferences between bait species. Bait with a low
loss-rate resulting in a longer soak time has the
potential to increase catch rates. In this context,
Ward and Myers (2007) used a model analysis
to demonstrate that the squid bait L. opalescens,
which has a firmer body, resulted in a lower rate
of bait loss than soft-bodied fish bait such as
herring Clupea pallasii and sardine. Variations
in the number of vacant hooks (i.e., bait loss)
might affect bait performance. However, there
is little information about bait species effect and

their bait loss and catch rate in regard of target
and non-target fish species.

In the Gulf of Gabes, a neritic habitat for
the loggerhead turtle in the Mediterranean sea
(Margaritoulis et al., 2003; Bradai et al., 2005;
Broderick et al., 2007; Casale et al., 2008;
Zbinden et al., 2008), Echwikhi et al. (2010)
go beyond the use of mackerel instead of squid
to demonstrate that other baits such as pieces
of stingray (Dasyatis pastinaca) can reduce the
bycatch rate of loggerhead turtles (table 5).
The difference between the two bycatch rates
of sea turtles when mackerel or stingray were
used may, on the one hand, be related to both
the colour and the unusual form of pieces of
stingrays, which is unknown for the turtle (Ech-
wikhi et al.,, 2010). On the other hand, the
mackerel (Scomber spp.) smell may attract the
loggerhead turtles (Piovano et al., 2004). In
the Mediterranean Sea, the Common Stingray,
Dasyatis pastinaca, is threatened by the small-
scale inshore fisheries (Morey et al., 2006) and
is classified as a Near Threatened Species (Ca-
vanagh and Gibson, 2007). Further research is
necessary to identify a less threatened species
to be used as alternative bait (Echwikhi et al.,
2010).

Dyed and artificial baits

To reduce the interaction of sea turtles with
pelagic longlines, simple manipulation and
treatment of bait can be a mitigation method
without affecting target capture. In this context,
blue-dyed squid was considered effective in the
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Table 5. Number and catch rates of sea turtles and target species using mackerel and stingrays. Data were taken from Echwikhi

et al. (2010).
No. of No. of No. of sea turtles Target species Turtle/1000 Target species/1000
hooks  sets captured (Carcharhinus plumbeus) hooks hooks
Hooks baited
with mackerels 22150 29 26 291 1.173 (1.173-0.086)  13.137 £2.234
Hooks baited
with stingrays 13800 19 3 256 0.217 (0.210-0.224)  18.550 £ 0.168
Total 35950 48 29 547 0.806 (0.802-0.810)  15.215 £ 1.769

experiments of Swimmer et al. (2005). They re-
ported that “in captivity, both Kemp’s ridley,
Lepidochelys kempi, and loggerhead turtles pre-
ferred untreated squid over squid that had been
dyed dark blue”. These results were not con-
firmed in two field trials conducted in the same
period in the Gulf of Papagayo, Costa Rica,
(where the incidental catch of olive ridley tur-
tles, Lepidochelys olivacea, is generally high).
During both trips, there were no differences in
rates of turtle interactions when using untreated
and blue-dyed baits (8.4 and 8.1 turtles per 1000
hooks) (Swimmer et al., 2005). The use of blue-
dyed bait was considered ineffective in reduc-
ing turtle bycatch in other experiments such as
those conducted in the Northeast Distant waters
between September and October 2001 (Watson
et al., 2002) and also in experiments conducted
in the western North Pacific from May to June
2002 and 2003 (Yokota et al., 2009). Although
effective in laboratory conditions with captive
turtles, dying baits appear not to be effective
as a mitigation measure in reducing sea turtle
bycatch in longline fisheries. The reaction to
different colours strongly depends on individ-
ual age as well as other factors, such as smell
(Gless et al., 2008; Lucchetti and Sala, 2009).
Furthermore, the importance of physical fac-
tors (i.e. light penetration and colour absorbance
with the depth, currents, oceanographic factors,
temperature etc.) makes it very difficult to adopt
different baits colours as a mitigation measure
(Southwood et al., 2008; Lucchetti and Sala,
2009).

Artificial bait has been tested to find out
what attracts turtles to the hook. Piovano et al.
(2004) investigated the importance of olfactory

stimulation in bycatch of loggerhead turtles in
the Italian swordfish fishery. The results clearly
showed that scomber odor was important for
discriminating between lures. Further research
is required to test odorless lures, as a potential
bycatch mitigation technique if they can be
shown to be effective in catching swordfish.

Discussion and conclusion

Experiments and studies reviewed here demon-
strate that in addition to the use of circle hooks
instead of ‘J” shape hooks (Watson et al., 2005;
Read, 2007; Piovano et al., 2009) and the de-
ployment of hooks at depths below those where
the turtles are most often found (Beverly and
Robinson, 2004), the use of fish instead of squid
as bait has been considered effective in reduc-
ing turtle bycatch without an adverse effect on
the catch of target species (Gilman et al., 2006b;
Yokota et al., 2009). It is a simple, relatively
affordable and effective method to reduce inci-
dental catches of sea turtles, at least during pe-
riods when turtles are most abundant (Casale,
2011). Even when fish bait resulted in lower
catch of target species, an overall economic dis-
advantage may not arise when we considered all
variables (e.g., bait cost vs target species land-
ing; squid bait prices have recently increased)
(Yokota et al., 2009). In Tunisia, for example,
the price of squid is about 8 U.S. dollars/kg
while the cost of mackerel ranged from 1 to 2
U.S. dollars/kg. Unfortunately, mackerel is al-
ready used by many Mediterranean longliners,
and to reduce turtle bycatch the mackerel should
be of large size, while several reasons including
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the cost and the size of the individuals of the
target species may make fishermen may prefer
small mackerels as bait (Guglielmi et al., 2000).
Gilman et al. (2003) observe that ‘the longline
industry is expected to respond most strongly to
economic incentives and disincentives’, but do
not elaborate on what these incentives might be
and how they might function within the fishery.
Gilman et al. (2006a) make similar assumptions
about the balance of economic costs and bene-
fits of a fleet communication program to abate
bycatch.

Consideration of sea turtle behavior and the
nature of interactions between sea turtles and
fishing gear may lead to innovative solutions
to the bycatch problem. The factors that attract
sea turtles to longline gear and bait are not yet
well understood. According to Southwood et al.
(2008), both visual and chemical cues attract
sea turtles to baited fishing gear and contribute
to potentially harmful interactions. Visual cues
play important roles in sea turtle foraging be-
havior (Constantino and Salmon, 2003; Moein-
Bartol and Musick, 2003) and most likely in-
fluence sea turtles interaction with fishing gear
(Swimmer et al., 2005; Swimmer and Brill,
2006; Wang et al., 2007; Southwood et al.,
2008). The chemosensory abilities of sea turtles
have been an object of study for many years, as
there is a great interest in the role that chemi-
cal cues play in navigation, migration, and natal
homing for these species (Carr, 1967). It is clear
that sea turtles are capable of detecting and re-
sponding to chemical cues at their aquatic life
stages. The aspect of chemoreception most rele-
vant to interactions with longline fisheries is the
role of chemical cues in food detection, recog-
nition, and location in sea turtles (Southwood
et al., 2008). This is a particularly important is-
sue for species of sea turtles that ingest longline
bait, such as pelagic stage loggerhead turtles in-
teractions with longline gear are the result of
foul-hooking in the flippers or carapace rather
than attempts to ingest the bait. Laboratory tri-
als show that loggerhead turtles are able to de-
tect chemicals emanating from bait and asso-
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ciate those chemicals with a food source (Grass-
man and Owens, 1982; Southwood et al., 2007).
Experiments conducted by Southwood et al.
(2007) support the idea that sea turtles are pri-
marily visual predators, as juvenile loggerhead
turtles showed a low success rate locating food
in the absence of visual cues. For this reason,
it seems likely that the use of a visual deterrent
would be more effective in preventing sea turtle
interactions with longline gear. Altering the vi-
sual environment associated with baits or hooks
may be an effective strategy to reduce the inci-
dental capture of sea turtles in both pelagic and
coastal fisheries. Factors that affect the aquatic
vision are complex and include the marine or-
ganisms own visual capabilities, the depth and
angle of the viewed object, as well as the opti-
cal properties of the water (Johnsen, 2002). In
the open ocean and at various depths, the exact
light conditions and wavelength discrimination
abilities by sea turtles are currently unknown,
thus we assume that objects in turtle tanks do
not appear the same as in the open ocean (Swim-
mer et al., 2005). The effectiveness of a vi-
sual deterrent will depend largely on whether
or not the turtle’s aversion response overrides
the feeding response, which is fueled in part by
chemical cues. The use of chemical additives to
make longline bait less attractive or to make it
more difficult for sea turtles to locate is appeal-
ing from both an economic and enforcement
perspective (Southwood et al., 2008). Chemical
modifications would be relatively easy to im-
plement in longline fisheries, as bait could be
chemically treated prior to packaging and dis-
tribution. Studies investigating the efficacy of
various methods for repelling birds show that a
combination of both visual and chemical deter-
rents is more effective than either cues on their
own (Mason and Clark, 1996), and this may also
be the most appropriate approach for deterring
sea turtles from interacting with longline gear.
The efficiency of sensory-based deterrents
may be strongly influenced by numerous fac-
tors, and techniques that are useful in reducing
sea turtle bycatch in one fishery, may not work
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as well in another fishery. Factors to consider
when evaluating the feasibility of incorporating
a sensory-based deterrent in a longline fishery
would include the oceanographic region where
fishing occurs, time of day when gear is set, tar-
get species, age and size class of sea turtles in-
teracting with fishing gear, and diurnal and sea-
sonal variations in sensory capabilities.

Modifications to the lightsticks (used as lures
in longline fisheries) that exploit differences
in visual capabilities or behavior of sea tur-
tles could be effective at reducing bycatch of
sea turtles. Alterations of the spectral output of
lightsticks provide a promising means of de-
terring turtles from interacting with longline
gear (Southwood et al., 2008). Another option
for lightstick modification is to make simple
changes in physical design such that light is
emitted predominately downwards rather than
in all directions (Lohmann and Wang, 2007).
This could be accomplished by shading the
upper portion of the lightstick. Downward-
directed lights would presumably be more dif-
ficult to detect from above. Given that logger-
head turtles typically utilize the top 50 m of
the water column, this modification may render
lights undetectable to loggerheads but still visi-
ble to deepwater target species such as sword-
fish and bigeye tuna. The efficacy of this ap-
proach for preventing detection of lightsticks
by leatherback turtles is debatable, given this
species’ propensity for deep dives.

Gear modifications to reduce sea turtle by-
catch in longline fisheries must be economically
viable and relatively easy to implement if they
are to be readily adopted by the fishing industry.
Identification of differences in sensory capaci-
ties of pelagic fishes and sea turtles has stimu-
lated much thought and discussion on innova-
tive yet simple gear modifications for higher se-
lectivity of target fish species.

Further research on innovative types of bait
and bait modification provides possible solu-
tions to reduce bycatch of sea turtles based
on differences in sensory behaviour of turtles
and target species. Identification of differences
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in sensory capabilities of sea turtles and target
species, as well as potential sensory attractants
or deterrents for these animals, could guide ef-
forts to refine fishing techniques to target the
commercial species and to reduce the bycatch
of sea turtles.
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