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ABSTRACT: Sea turtles are injured and sometimes killed because of interactions with pelagic longlines, such as hook ingestion, entanglement in the lines, and forced submergence. Stimuli from bait,
gear and lights (often used at night on swordfish lines) might attract sea turtles. Previous experiments
with loggerheads Caretta caretta demonstrated that the turtles were attracted to the lights, but no
comparable studies have been done with other species. Our goal in this study was to determine
whether juvenile leatherbacks Dermochelys coriacea, reared in the laboratory for 5 to 42 d postemergence, responded to the lights in the same way as loggerheads. Each leatherback was presented
once in varying order with 3 different colored light stimuli from either chemical lightsticks (n =
16 turtles) or battery powered LEDs (n = 16 turtles) commonly used in the fishery. Most leatherbacks,
in contrast to loggerheads, either failed to orient or oriented at an angle away from the lights. These
results imply that the capture of leatherbacks on longlines might occur for other reasons (by accident,
through attraction to bait odor or to concentrations of natural prey located near the lines). Alternatively, older turtles might show responses that differ from those of juvenile turtles. We review previous studies based upon logbook data and conclude that because of confounding factors, there is no
convincing evidence that marine turtles are attracted to the longlines by lights. We recommend that
better-designed field experiments be carried out to determine whether fishery lights have an effect
on marine turtle capture rates.
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Both Pacific leatherbacks Dermochelys coriacea
(Sutanto-Suwelo et al. 1994, Chan & Liew 1996, Spotila
et al. 2000) and Pacific loggerheads Caretta caretta
(reviewed by Kamezaki et al. 2003, Limpus & Limpus
2003) populations are in a rapid and precipitous
decline in terms of the number of nesting females, and
are considered critically endangered or endangered
species (IUCN 1994). In the Atlantic some leatherback
beaches are experiencing stable or increasing numbers of nesting females (Stewart 2007) while others are
in decline (Troëng et al. 2007, TEWG 2007). Although
some loggerhead subpopulations have been increas-

ing (Marcovaldi & Chaloupka 2007), the largest
(Florida) subpopulation has recently been declining
after years of increase (Meylan et al. 2006, NMFS and
USFWS 2007).
Among the threats are direct turtle and egg harvest,
egg predation by non-native animals, nesting beach
habitat degradation or loss, and pollution (see reviews
by Hoyle 1994, Lutcavage et al. 1997, Bugoni et al.
2001, Parris et al. 2002). Many marine turtles are also
incidentally captured and injured though fisheries
interactions, including longlines (Lewison & Crowder
2007). Recent estimates are that in the year 2000 alone,
longlines incidentally captured 200 000 loggerheads
and 50 000 leatherbacks, and that thousands of these
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turtles probably died of injuries resulting from their
capture (Lewison et al. 2004a). Many of these turtles
are leatherbacks approaching sexual maturity or
leatherback adults with high reproductive value
(Lewison & Crowder 2007), the age classes most
important for the future recovery of populations.
Unless these fishery threats are reduced or eliminated,
marine turtle populations, especially in the Pacific, are
threatened with extinction (Lewison et al. 2004b).
This problem has prompted the support of studies on
gear modification and changes in fishing practices, as
well as their testing in both the Atlantic (Bolten et al.
2002, Bolten & Bjorndal 2003, 2004, 2005) and Pacific
(Boggs 2004) ocean basins. Results to date indicate that
changes in baits, hook configuration, set duration,
depth and location, and set timing relative to the
photocycle substantially reduce, but do not eliminate,
turtle bycatch rates (Bolten & Bjorndal 2003, Watson et
al. 2004, 2005, Gilman et al. 2007).
Given the critically depleted state of these marine
turtle populations, especially in the Pacific, capture
rates by the fishery must be further reduced or, preferably, eliminated altogether. In response to this challenge, efforts have recently focused on a new
approach: to determine how marine turtles and the target fish species differ in their ability to detect and
respond behaviorally to ‘longline-generated’ stimuli
that may attract them to the hooks (Swimmer & Brill
2006). If differences can be defined, then modifications
might be introduced that enable the capture of the target fishes, but not the turtles. Experiments have
focused upon the chemical (stimuli from baits) and
visual (stimuli from the lights placed near the baits)
senses (Southwood et al. 2006, Fritsches & Warrant
2006, Johnsen 2006, Wang et al. 2007). While some
promising differences, especially in visual physiology,
have been discovered, field studies have not yet been
initiated to determine whether any of them can be successfully exploited.
Recent laboratory studies (Lohmann et al. 2006,
Wang et al. 2007) have established that juvenile loggerheads are attracted to the lights used on longlines. Our
purpose in the present study was to determine whether
juvenile leatherbacks, whose responses to these lights
are unknown, behave similarly. This information is required because both species are often captured on
longlines (Watson et al. 2005) and therefore modifications to lighting gear must be based upon a firm understanding of how both species react to these stimuli.

MATERIALS AND METHODS
Turtles. Hatchlings were obtained in July and
August, 2006 and 2007, at locations between Broward

(26° N, 80° W) and Brevard (28° N, 80° W) counties,
Florida, USA. The turtles were collected at night as
they emerged from nests, or in the early morning from
the inside of predator exclusion cages that covered the
nests at some beaches. Turtles were transported in
covered Styrofoam™ boxes to the Florida Atlantic University Marine Laboratory at Boca Raton (26.24° N,
80.03° W) where they were reared, and where experimental studies were carried out. After testing was completed, all the turtles were released 5 to 15 km offshore
in the Gulf Stream.
On the day of capture and at 1 wk intervals thereafter, each turtle’s standard straight line carapace
length (SCL), carapace width and body depth was
measured using vernier calipers (accurate to the nearest 0.1 mm) to assess normal growth and condition.
Mass was measured using an electronic scale (accurate
to the nearest 0.01 g). Testing was conducted after the
turtles began feeding, between 5 and 42 d post-emergence. They ranged in size between 55.0 and 90.3 mm
SCL and in mass between 38.7 and 125.0 g.
Turtles were reared in large tanks and tethered
(using 20 to 30 cm of monofilament line attached to the
carapace by a Velcro™ patch held in place with surgical cyanoacrylate glue; Jones et al. 2000) so that they
could swim in any direction but could not contact the
tank walls or bottom. Tethering is required because
leatherbacks do not recognize barriers, and contact
with hard surfaces can lead to skin abrasion and infection (Spoczynska 1970, Witham 1977). Leatherbacks
tethered for several weeks during rearing show clear
orientation responses to either visual or chemical stimuli (Constantino & Salmon 2003).
Each rearing tank received filtered, sterilized and
chilled (22 ± 2° C) seawater changed twice daily.
Turtles were fed to satiation 3 times daily on a diet of
minced squid or fish embedded in gelatin, with the
addition of reptile vitamins and minerals plus carbohydrate. Only turtles that were in excellent condition and
eating normally were used for experiments. A 12:12 h
light –dark photocycle was maintained during rearing.
There was only sufficient space to rear 24 turtles
each year. For this reason, 24 turtles were tested in
2006, and an additional 8 turtles were tested in 2007.
Measurement of orientation. Experiments were
done at night inside each of 2 flat-black colored circular polyethylene tanks (capacity 300 l) filled to a depth
of 45 cm with filtered sterilized and chilled seawater
(Fig. 1). Both tanks were covered with a light-tight lid
while tests were in progress. The following morning
each tank was drained, washed with disinfectant and
refilled with new filtered seawater in preparation for
additional experiments. Water temperatures inside
the test tanks did not differ from those inside the
holding tanks.
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Fig. 1. Diagram of test tank showing dimensions and equipment used to record orientation. H: height, D: diameter

Because leatherbacks take several hours to recover
from handling, turtles were transferred from their rearing to the test tanks in the afternoon and then left
undisturbed until evening. The tank cover was closed
at dusk. Each transferred turtle was tethered as previously described by a short length of monofilament line
tied to a horizontally rotating lever arm positioned
above the center of the test tank (Fig. 1). As the turtle
changed its swimming direction it rotated the lever
arm behind it, so that the arm’s position reflected the
turtle’s swimming direction (Wang et al. 2007). The
arm (a lightweight wood dowel) was attached to a USB
encoder and an analog-to-digital converter that sent
the data (a swimming angle between 0 and 359°) to a
computer at 10 s intervals. A software program (‘Arena
Tracker©’, W. Irwin, University of North Carolina)
stored each swimming angle as a direction relative to
the light source (0°) throughout a 10 min test period. At
the end of the test, the program converted the 60
swimming directions to a mean angle of orientation
and r-vector (measure of dispersion).
Stimuli. The light stimuli were green, blue, and yellow chemical lightsticks (Northern Light Products)
and green, blue, and orange battery powered LED
lights (Electralumes®, Lindgren-Pitman; see Fig. 2),
suspended vertically in the tanks just below water
level (Fig. 1). All are used in the US fishery. The same
stimulus colors were used in tests with loggerheads
(Wang et al. 2007). Spectra and irradiance of each
light were measured at a distance of ~5 cm (the closest distance that a swimming turtle could approach
the lights) using a spectrometer (Ocean Optics USB
2000, fiber diameter 3.0 mm) and a radiometer (Model
521A, uniform sensitivity between 400 and 700 nm;
UDT Instruments).
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Test protocol. Each evening, the light source was
rotated 90° to the right of its location during the previous evening, and the lever arm direction when pointed
at the light was set to 0°. All studies began at ~23:00 h,
and concluded after each turtle had been exposed to
all 3 of the lightstick or LED colors, plus its control (a
lightstick that had not been activated; an LED disconnected from its battery). Presentation order (of the light
colors and the control treatment) was varied for each
turtle.
Testing began after the cover was opened and a light
was suspended inside the tank. The tank cover was
then closed and the turtle was given 3 min to acclimatize to the stimulus before its orientation was recorded
for the next 10 min (Fig. 2). At the conclusion of the test
the tank cover was opened, the stimulus was removed,
and the cover was closed. After 5 min, a new stimulus
was introduced. This sequence was repeated until
each turtle had been exposed to each of the 3 light
colors and a control treatment. The turtle was then
returned to its holding tank.
Statistics. The mean angles for the turtles exposed to
LEDs and lightsticks were analyzed separately, using
standard procedures in circular statistics. Mean angles
for the turtles exposed to the identical color of each
light source (or its control treatment) were pooled and
then used to determine a second order mean angle and
r-vector (dispersion) for that color. Rayleigh tests (Zar
1999) were applied to each distribution to determine
whether it showed significant clustering, that is, orientation toward, away or at some other angle relative
to the light stimulus. In all statistical tests, the null
hypothesis of a uniform distribution of mean angles
was rejected when probabilities were ≤0.05.
To determine whether the turtles showed changes in
swimming with repeated testing, we compared their
dispersion (r-vector) during the first, second, and third
exposure to the colored light stimulus.

RESULTS
A total of 32 juvenile turtles were obtained from 10
nests (1 to 5 turtles per nest; Table 1) with 16 turtles
exposed to lightsticks and 16 to LEDs.
Light stimulus characteristics. The lightsticks
(Fig. 2) showed the following properties (of peak spectral energy and irradiance measured at 5 cm from the
source): yellow, 580 nm at 0.93 µW; blue, 460 nm at
0.44 µW; and green, 520 nm at 1.84 µW. For the LEDs
(Fig. 2) the data were: orange, 600 nm at 1.1 µW; blue,
460 nm at 4.7 µW; and green 530 nm at 6.4 µW.
Control presentations. The turtles showed no significant orientation during the control presentations of
the lightsticks (Fig. 3a) or the LEDs (Fig. 4a).
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Table 1. Dermochelys coriacea. Treatment, turtle number,
nest source and age at testing for the 32 juvenile leatherbacks
used in this study

Yellow/Orange

3000
Electralume®
Lightstick

Light
treatment and
turtle number

2000

1000

0
400

Relative intensity

4000

500

b

600

700

Blue

3000
Electralume®
Lightstick

2000

1000

0
400
4000

c

600

500

Green

3000
Electralume®
Lightstick

2000

1000

0
400

500

600

700

Wavelength (nm)
Fig. 2. Spectral energy distributions for the lights. (a) Yellow
lightstick and orange LED; (b) blue lightstick and LED;
(c) green lightstick and LED

Lightsticks
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
LEDs
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Nest
number

Age (d) at
testing

1
1
1
1
2
2
2
3
3
3
4
5
5
5
6
6

5
5
5
5
7
8
8
16
23
23
27
30
31
33
42
42

7
7
8
8
8
9
10
10
1
2
2
4
3
3
4
4

5
5
9
9
13
13
16
16
22
29
29
35
35
35
36
40

Turtles exposed to green LEDs also oriented significantly away from the light (143°, p < 0.05; Fig. 4d) but
failed to show significant orientation when exposed to
orange (Fig. 4b) or blue (Fig. 4c) LEDs.

DISCUSSION
Responses to the lights. The turtles showed no obvious trend in dispersion change over the duration of
testing. During the first, second and third exposures to
colored lightsticks the r-vectors were 0.86, 0.89, and
0.79, respectively. For the colored LEDs, they were
0.76, 0.80, and 0.81.
Turtles exposed to yellow lightsticks oriented significantly away from the light (134°; Rayleigh p < 0.05;
Fig. 3b) but failed to show significant orientation when
presented with blue (Fig. 3c) or green (Fig. 3d) lightsticks. A response to the green lightstick closely
approached significance (138°; p < 0.10; Fig. 3d).

All of the lights emitted wavelengths within the range
of those detected by leatherback hatchlings (360 to
660 nm), and all stimulus intensities were at least 1 log
unit above threshold (as measured from retinal responses; Horch et al. 2008). We conclude that juvenile
leatherbacks between 5 and 42 d of age are either not attracted to lightsticks and LEDs, or are repelled by them.
These results differ from those shown by posthatchling
and juvenile (~2.5 yr old) loggerheads which, when
tested under similar circumstances, were attracted to the
lights (Lohmann et al. 2006, Wang et al. 2007).
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(a) Control lightstick

(b) Yellow lightstick
0°

0°

90°

270°

90°

270°

180°

180°

Mean angle: 134°
r-vector: 0.44
p < 0.05

Mean angle: 352° (ns)
r-vector: 0.21
p > 0.50 (ns)

(c) Blue lightstick

(d) Green lightstick

0°

0°

90°

270°

180°
Mean angle: 135° (ns)
r-vector: 0.34
p < 0.20 (ns)

90°

270°

180°
Mean angle: 138° (ns)
r-vector: 0.42
p < 0.10 (ns)

Fig. 3. Dermochelys coriacea. Circle diagrams showing the orientation of 16 turtles when presented with lightsticks: (a) control,
(b) yellow, (c) blue, and (d) green. Before trials each evening the lights were rotated 90° to the right of their position the
previous evening; 0° is toward the light. Solid lines originating in the center represent the mean swimming direction of an
individual turtle. Dashed lines in (b) are 95% confidence intervals for the mean angle. Length of the line corresponds to the
r-vector for the respective turtle, with the radius of the circle being r = 1.0. Significant orientation is shown only to the yellow
lightstick. ns: not significant

Factors affecting marine turtle bycatch on longlines
Leatherbacks and loggerheads are the marine turtle
species most often captured on longlines (Watson et al.
2005). Most leatherbacks are captured by external
(‘foul’) hooking in the ‘shoulder’, axilla or flipper; however, a few swallow the baits and are hooked internally
(Yeung 1999, 2001, Garrison & Richards 2004, Watson
et al. 2005). Leatherbacks may attempt to ingest baits
but have difficulty locating the target. Alternatively,

they may most often be attracted to the area by cues
not associated with the fishing gear and blunder into
the lines. The absence of any behavioral observations
at sea makes interpretation difficult. Most loggerheads, however, are hooked internally (Yeung 1999,
2001, Garrison & Richards 2004, Watson et al. 2005)
indicating that they typically ingest the baits.
Scientists and fishers are working on ways to reduce
bycatch without decreasing capture rates of the target
fish species. Changes in gear and in fishing practices
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(a) Control LED

(b) Orange LED
0°

0°

90°

270°

90°

270°

180°

180°
Mean angle: 35° (ns)
r-vector: 0.18
p > 0.50 (ns)

Mean angle: 147° (ns)
r-vector: 0.22
p < 0.50 (ns)

(c) Blue LED

(d) Green LED

0°

0°

90°

270°

180°
Mean angle:
168° (ns)
r-vector: 0.21
p < 0.50 (ns)

90°

270°

180° 143°
Mean angle:
r-vector: 0.45
p < 0.05

Fig. 4. Dermochelys coriacea. Circle diagrams showing the orientation of a different group of 16 turtles when presented with
LEDs: (a) control, (b) orange, (c) blue, and (d) green. Format as in Fig. 3. Significant orientation is shown only to the green LED.
ns: not significant

have resulted in significant bycatch reductions for turtles (Bolten et al. 2002, Bolten & Bjorndal 2003, 2004,
2005, Boggs 2004, Watson et al. 2005). The changes
include modification of the hook configuration (use of
‘circle’ instead of ‘J’ hooks), use of different baits, fishing in cooler waters (Watson et al. 2005) and setting the
hooks at depths below those where the turtles are most
often found (Polovina et al. 2003, 2004). Changing the
duration of the set (‘soak time’) relative to the
light –dark cycle is also effective. Fewer loggerheads
are caught when soak time during the day is reduced
(Bolten & Bjorndal 2003, Watson et al. 2005).
Both loggerheads and leatherbacks might be induced to search for food in the vicinity of longlines by
bait odors, by visual stimuli from the gear, or by both

variables (Swimmer et al. 2005). Experiments with
juvenile loggerheads in large enclosures have shown
that the turtles are attracted to longline floats and to
the shiny snaps used to attach gangions to the mainline (Hataway & Mitchell 2001). Sea turtles have a
well-developed olfactory sense and are capable of
discriminating between odors (Manton et al.1972).
Juvenile leatherbacks under laboratory conditions
show a positive rheotaxis when presented with jellyfish extracts in currents (Constantino & Salmon 2003),
but whether leatherbacks are attracted to the odors of
baits (squid or mackerel) that are not part of their diet
is unknown.
At sea, the lights suspended on gangions above the
baits might also attract the turtles but at the present
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time there is no firm evidence that they do. The problems in interpretation are illustrated in the log book
data furnished by the US Atlantic fleet. Witzell (1999)
analyzed these data and determined that more
leatherbacks and loggerheads were captured when
lightsticks were used (primarily at night, but occasionally during the day). However, other differences in
fishing gear were unfortunately confounded with
lightstick use. That inconsistency made it impossible to
attribute the higher bycatch rates of either species only
to the lightsticks.

Are leatherbacks attracted to lights?
Leatherbacks at their northern foraging grounds
feed on gelatinous zooplankton at any time of the
light –dark cycle but during their migration toward the
lower latitudes the turtles feed more often at night
(James et al. 2006). Many species of gelatinous zooplankton are bioluminescent and emit light at wavelengths between 440 and 506 nm (Haddock & Case
1999). The eyes of hatchling leatherbacks (Horch et al.
2008) and nesting females (Eckert et al. 2006) are especially sensitive to those wavelengths. Davenport (1988)
speculated that leatherbacks might find food by orienting toward ‘glowing jellies’ but that hypothesis has not
yet been explored experimentally.
Contrary to the loggerhead studies, the results presented here suggest that juvenile leatherbacks are not
attracted by the lights used in the longline fishery and,
in some instances, are repelled by them (Figs. 3b & 4d).
In contrast, posthatchling and juvenile loggerheads
tested under laboratory conditions are attracted to
lightsticks and LEDs regardless of their color (yellow,
green, and blue lightsticks; green, violet, and orange
LEDs; Lohmann et al. 2006, Wang et al. 2007). Why the
2 species show these differences in response to the
lights is unknown.
The 2 species as hatchlings also respond differently
to light stimuli. In recent studies (K. A. Fritsches, pers.
comm.), loggerheads crawled toward any monochromatic light they could detect, regardless of its intensity,
but leatherbacks were either attracted, repelled or
indifferent to the same light wavelengths, depending
upon stimulus intensity. The intensities of the fishery
lights we presented might have by chance induced
either indifference or avoidance (Figs. 3 & 4).

CONCLUSIONS
Both behavioral (Witherington & Bjorndal 1991,
Lohmann et al. 2006, Wang et al. 2007, K. A.
Fritsches pers. comm.) and sensory physiological
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(Granda & O’Shea 1972, Levenson et al. 2004, Eckert
et al. 2006, Horch et al. 2008; review: Bartol &
Musick 2003) studies indicate that marine turtles,
including loggerheads and leatherbacks, detect the
wavelengths emitted by lightsticks and LEDs. However, as emphasized in the previous section, the evidence that fishery lights attract the turtles to longlines is equivocal.
There is a curious disconnection between the
results of the laboratory studies carried out on both
species and the temporal pattern of turtle captures
on longlines. Juvenile loggerheads tested at night in
the laboratory were attracted to the lights (Lohmann
et al. 2006, Wang et al. 2007) but in the field most
loggerheads are captured on longlines during the
day when lights are often not used (Bolten et al.
2003, Watson et al. 2004). Juvenile leatherbacks
tested at night in the laboratory (present study)
either do not orient toward the lights or are repelled
by them. Yet in the field, older leatherbacks are captured at night when the lights are commonly used
(Watson et al. 2004).
Taken together, these results suggest that the way
the turtles respond to the lights under laboratory conditions may not reflect how they respond in the field.
The spatial location of the turtles while feeding
(Gilman et al. 2007), combined with their temporal
rhythms of feeding activity, may play a significant role
in their capture rates on longlines. Other possibilities
are that the lights may be relatively unimportant in
attracting marine turtles, at least when compared to
the influence of stimuli from either the longlines or
from the area where the lines are set, or that (in the
case of leatherbacks) older turtles at sea respond differently to light stimuli than the younger turtles tested
in the laboratory.
To clarify the situation, field experiments must be
done to specifically determine how the turtles respond
to the fishery lights. Should the results be negative,
attention can then focus on other possible means of
reducing bycatch in the longline fishery. Positive
results should be followed by experiments to determine if lights that are shielded (Lohmann et al. 2006),
differ in intensity (fishes are more sensitive to light
than turtles; Fritsches & Warrant 2006), in wavelength
(turtles are more sensitive to the shorter light wavelengths; Mäthger et al. 2007, Horch et al. 2008) or in
flash rate (turtles are less sensitive to faster rates than
some pelagic fishes; Eckert et al. 2006, Fritsches &
Warrant 2006) have different effects upon the turtles
and the target fishes. Response differences might
then be exploited by using lights that are less
attractive, unattractive or undetectable (Johnsen 2006)
to the turtles but that continue to lure the target fishes
to the baits.
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