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ARTICLE INFO ABSTRACT
ATfiC{e history: The present study tested different sounds that could disturb eagle rays (Aetobatus
Received 7 June 2015 ocellatus) during their foraging activities at Moorea, French Polynesia. Results showed that
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€ € artificial white sound and single-frequency tones (40 Hz, 600 Hz or 1 kHz) did not have an
Available online 5 February 2016

effect on rays (at least 90% of rays continued to forage over sand), while playbacks of boat
motor sound significantly disturbed rays during foraging activity (60% exhibited an escape
Keywords: behaviour). Overall, our study highlighted the negative effect of boat noises on the foraging
Acoustic cues activity of eagle rays. These noises produced by boat traffic could, however, have some
Escape bel}akur positive effects for marine aquaculture if they could be used as a deterrent to repel the
Pearl farming eagle rays, main predators of the pearl oysters.

Predati . . L. . -
recation © 2016 Published by Elsevier Masson SAS on behalf of Académie des sciences. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

RESUME

Mots clés : Notre étude teste différents types de sons qui pourraient perturber les raies-aigles (Aetobatus
Signaux acoustiques ] ocellatus) pendant leur prise de nourriture dans le lagon de Moorea, en Polynésie francaise.
Comportement de fuite Les résultats montrent que le bruit artificiel blanc ou des fréquences uniques (40 Hz, 600 Hz

Culture de I'huitre perliére

prédati ou 1 kHz) n’ont aucun effet sur les raies (au moins 90 % des raies continuent de se nourrir dans
redation

le sable), tandis que I'enregistrement d’'un moteur de bateau les perturbe significativement
dans cette activité (60 % des individus ont un comportement de fuite). Notre étude met ainsi
en évidence I'effet négatif des bruits anthropogéniques sur les activités de nourrissage des
raies-aigles. Ces bruits produits par les bateaux pourraient néanmoins avoir un effet positif
pour I'aquaculture marine s’ils pouvaient étre utilisés comme répulsifs des raies, principaux
prédateurs de I'huitre perliére.
© 2016 Publié par Elsevier Masson SAS pour I’Académie des sciences. Cet article est publié
en Open Access sous licence CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
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1. Introduction

Anthropogenic (human-made) noise is a form of
pollution that is contributing increasingly to natural
soundscapes on a global scale [1,2]. Anthropogenic noise
causes physiological, neurological and endocrinological
problems, increased risk of coronary disease, cognitive
impairment and sleep disruption of many mammals,
reptiles, fishes and invertebrates taxa [3-6]. For example,
behavioural impacts on fishes (sharks and teleost) include
lower feeding frequencies [7], increased movement and
displacement [8,9], impaired orientation in larvae [10], and
slower reaction times [7]. However, anthropogenic noises
produced by boat traffic could have some positive effects
for marine aquaculture if these sounds could be used as a
deterrent to repel the predators of oysters, mussels or
other aquaculture taxa [11,12].

For marine aquaculture industries worldwide, depre-
dation is an important and long-standing issue
[11,13,14]. Farmers and researchers have been testing
different techniques (e.g., magnetic or electric field,
acoustic barrier, bubble curtain, cages) to reduce predation
on marine aquaculture [11,14,15]. For example, mussels
are a favourite prey item for diving ducks in Scotland and
Canada, and farmers know that they can use boats to scare
the birds. Ross et al. [12] reproduced the boat motor sound
with an underwater playback system to avoid using real
boats and to reduce costs, thus demonstrating an effective
alternative deterrent when the farmers were absent. In
French Polynesia, the pearl farming industry is the second
economic pillar of the country, representing 60% of all
exports [16]. However, the oyster farmers convey that the
industry has been heavily impacted by predation by teleost
fishes, rays and other taxa for several years. Although other
animals, such as triggerfish, turtles, and puffer fish prey on
the black-lipped pearl oyster Pinctada margaritifera in
French Polynesia, the white-spotted eagle ray, Aetobatus
ocellatus, is one of the most detrimental predators [15]. The
eagle rays were not only eating a large quantity of oysters,
but they were also destroying oyster long-lines [15].

As many oyster farmers observed that the presence of a
boat near long-lines disturbed rays, in the present study,
we focussed on the use of an acoustic system to deter eagle
rays from oyster farms. Specifically, our field experiments
investigated behavioural responses of eagle rays to
different sounds: boat motor’s sound, white noise, and
three single-frequency tones (40 Hz, 600 Hz, 1 kHz).

2. Methods

The present study was conducted on adults of white-
spotted eagle rays A. ocellatus (range size: 1.0 to 1.3 m)
foraging under anchored boats on the north coast of Moorea
Island, French Polynesia (17°29'23.09”S 149°51'6.06"W)
from October 2012 to November 2013. The acoustic system
used in field experiments consisted of a 7V battery (Yuasa
NP2.1-1) connected to an amplifier (Formula F-102, CA, USA),
connected to an mp3 player (Sansa Clip1, SanDisk, Milpitas,
CA, USA). All the equipment was set up in a waterproof
casing. The mp3 player was connected to an underwater
loudspeaker (UW-30, frequency response 0.1-10kHz,

University Sound, Columbus, USA) with a 4 m long cable
to allow the placement of the speaker as close to the rays as
possible (about 1 m above the animal - depth of site: 5 m).
The acoustic system was surrounded by a buoy, for positive
buoyancy and pushed in the field by an observer. The
observer played sound as soon as a ray was spotted. The
sounds were played only while the ray was in full view and
foraging over sand. When an eagle ray finished foraging, was
waiting for prey, or was resting, the experiment was not
conducted. If the ray was not feeding, it left the area if an
observer approached [15,C. Berthe, unpublished data].

First, a control experiment was conducted on nine
individuals in order to determine if the presence of the
acoustic system and/or observer elicited flight behaviour
in white-spotted eagle rays when they foraged over sand.
The system with the loudspeaker switched off was placed
near the ray (about 1 m above the animal) without playing
any sound, and the observer was positioned 5 m from the
ray. The ray’s behaviour was noted during 5 minutes (i.e.
escape or continue to forage). Secondly, five sounds were
tested: boat motor, white noise and three single-
frequency tones (40 Hz, 600 Hz, 1 kHz which correspond
to, respectively, low, medium and high frequency
perceived by elasmobranch fishes - [17,18]). The artificial
white noise (signal of which its frequencies are randomly
distributed within a specified frequency range resulting in
a constant power spectral density - sound waves
extending over a wide frequency range: 10 Hz to
22 kHz) and the three single-frequency tones were
created with Avisoft SasLab Pro [10,19]. Ten 30-second
replicate playbacks per sound (white noise, 40 Hz, 600 Hz,
1 kHz) were constructed.

For the boat motor sound, recordings were made at a
depth of 5 m outside the barrier reef of Moorea (at 2 km
away from the nearest reef) using a hydrophone (HiTech
HTI-96-MIN with inbuilt preamplifier; sensitivity — 165 dB
re 1V/wPa; frequency range 2 Hz-10 kHz; High Tech Inc,,
Gulfport MS) and a solid-state recorder (Edirol R-O9HR 16-
bit recorder; sampling rate 44.1 kHz; Roland Systems
Group, Bellingham WA). A boat with a 25 horse power
Yamaha engine started 50 m from the hydrophone and
drove past in a straight line for 100 m; passing the
hydrophone at a closest distance of 10 m. The recorder was
fully calibrated using pure sine wave signals generated in
SAS Lab (Avisoft, Germany), played on an mp3 player, and
measured in line with an oscilloscope [6,10]. Recordings
were clipped into 30-s samples so that when boat was
present a whole pass was sampled. Ten 30-s replicate
playbacks were then constructed.

As ambient noise at the experimental site was never
above 80 dB re 1 wPa (across all frequency bands between
10 and 2000 Hz - [19]), the sound level of our five sound
composites was calibrated at, at least 90 dB re 1 wPa RMS
by placing a hydrophone at 1 m of high-speaker (Fig. 1) to
ensure that it was above the local ambient noise floor. To
check the quality of boat sound emitted by the loudspeak-
er, sound pressure and particle acceleration were mea-
sured using the hydrophone (described above) and a M30
accelerometer (sensitivity 0-3 kHz, manufactured and
calibrated by GeoSpectrum Technologies, Dartmouth,
Canada; recorded on a laptop via a USB soundcard,
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Fig. 1. Sound envelope of boat playback, white noise and the three single-
frequency tones (40 Hz, 6000 Hz, 1000 Hz) during 30 seconds with all
sound calibrated at, at least 90 dB re 1 uPa RMS.

MAYA44, ESI Audiotechnik GmbH, Leonberg, Germany).
Acoustic analyses performed in MATLAB v2010a were
described by Holles et al. [10] and Nedelec et al. [6].
Overall, 59 rays were tested using only one sound per
ray (i.e. 10 rays per sound type and 9 rays for the control
experiment), and the duration of sound exposure was
5 minutes. Two behavioural responses were recorded in
real-time for each eagle ray: no reaction (i.e. ray continued
to forage over sand) or escape behaviour (i.e. swam away
from the foraging site at, at least, 50 m). Rays are easily
distinguishable due to the individual pattern on their
dorsal side (C. Berthe, unpublished data). Thus, no ray was
tested twice during the experiment. A first x? test was
conducted on the five sound types in order to assess if rays
had a significant homogeneous or heterogeneous behav-
iour according to the tested sounds. Then, a second x? test
was conducted to compare the number of rays showing
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escape behaviour with one sound type compared to the
control test (i.e. five x? tests conducted) to determine
whether a particular sound had a significant effect (escape
behaviour) on the rays. The statistical analyses were
conducted using R software v2.11.1 (R Development Core
Team, 2010).

3. Results

During the control experiment, rays did not exhibit
escape behaviour. The 9 tested rays did not move and
continued to forage during the five-minute observation
period (Fig. 2). This result confirmed that rays were not
disturbed by the presence of an observer.

During the sound tests, rays exhibited significant
heterogeneous behaviour depending on the sound tested
(x%0.05.4=18.2, P < 0.001, Fig. 2). For example, 60% of rays
swam at least 50 m away from the foraging site when the
boat motor sound was played. Among the six rays that fled,
four swan away in the 10 first seconds, 1 between 1 and
4 min and 1 during the last minute of boat playback. On the
contrary, no ray exhibited escape behaviour when the
600 Hz sound was played. Thus, none of the sounds at
40 Hz, 600 Hz, 1 kHz or the white noise resulted in altered
ray behaviour (i.e. comparison between sound and control
tests — x%0.05.1 < 3.84, P> 0.05), and the rays continued to
forage over sand (Fig. 2). In contrast, the sounds of the boat
motor elicited significantly more escape behaviours during
foraging activity (x0.0s1 =37.7, P < 0.001). But, no signifi-
cant relationship was highlighted between the sound
intensities of boat (between 90 and 120dB re 1 wPa RMS)
and the time for the eagle rays to escape (i.e. 66% of rays
exhibited an escape behaviour during the 10 first seconds,
corresponding to the lowest sound intensities of boat
noise — 90 and 98 dB re 1 wPa RMS, Fig. 2).

| | |
III

1kHz Whitenoise  Boat motor

m Escape behaviour

Fig. 2. Eagle rays (Aetobatus ocellatus) behaviour related to the control test (without sound-switched-off loudspeaker) and the tested sounds: a boat motor
sound, a white noise and three single-frequency tones (40 Hz, 600 Hz, 1 kHz). Ten rays were tested for each sound type and nine rays for control test. Two
possible responses of eagle rays were observed: no reaction (i.e. continue to forage) or escape behaviour (i.e. swam away from the foraging site at, at least,
50 m). Stars indicate a significant difference between the number of rays showing escape behaviour with one sound type and the control test (x? test —

P <0.05).
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4. Discussion

Our study showed the negative effect of boat noises on
the foraging activity of eagle rays. Thus, 60% of the rays
tested stopped foraging and fled the area when the boat
motor sound was played (Fig. 2). Local farmers in French
Polynesia observed that eagle rays exhibited escape
behaviour when a boat approached, and our findings
confirmed this observation. Moreover, our field observa-
tions allowed us to identify that 66% of eagle rays fled
between 1 to 10 seconds after the beginning of boat sound
(sound characterized by low frequencies - < 350Hz-at
the beginning of recording). These field observations are
consistent with those of Casper [17], who demonstrated
that elasmobranches mainly perceived the particle motion,
which is more prevalent at low frequencies. Sharks are
thought to be attracted to low frequencies because
stressed preys emit low frequency sounds [17,18,20]. Eagle
rays are a favourite prey item of the hammerhead shark
[21] and could be more reactive to low frequencies to avoid
shark’s predation. However, our study showed no escape
behaviour when only a single-frequency tone was played
(40Hz, 600 Hz or 1kHz). Therefore, it may not be just a
specific low frequency (as the 40 Hz tested in the present
study) that disturbs the eagle rays during their foraging
activity, but rather a combination of sound low frequen-
cies. This hypothesis should be validated by future studies
on a whole group of rays, as the behavior, such as escape, is
often dependent of the school density [22] and that a social
organization was described in spotted eagle ray (same
genus Aetobatus) [23].

Worldwide, a lot of research has been done on
aquaculture predation [12,24-26], but aside from use of
boat noise, few reliable and affordable solutions have been
found [12,27]. Our study confirmed that anthropogenic
noise, such as that produced by boat traffic could
negatively affect the white-spotted eagle ray, similar to
other marine species as indicated in earlier studies [1-
3,6]. This negative effect on eagle rays could be used by
humans to benefit marine aquaculture if such sounds deter
the predators of pearl oysters [11,12]. Further experiments
must be conducted in situ, near oyster long-lines and over a
long-term period in order to determine if an underwater
playback system could be used to efficiently deter eagle
rays from oyster farms without negative effects on the
growth of oysters and on the quality of the black pearls.
Moreover, Newborough et al. [28] showed the problem of
habituation effects with acoustic repulse systems that
remove cetaceans from fishnets. To reduce the likelihood
of habituation of eagle rays, local farmers would need to
use different recordings, including sounds from different
boat types or by using irregular temporal and spatial
patterns when playing back sounds. Overall, our study
showed, for the first time, that boat noise is detrimental to
the eagle rays, but this negative effect could be used by
Human to deter the rays from oyster farms.

Acknowledgements

This research was supported by a grant from the
“Direction des ressources marines et miniéres” of French

Polynesia. The authors would like to acknowledge Cédrik
Lo for his help to build this study.

References

[1] C.R. Kight, J.P. Swaddle, How and why environmental noise impacts
animals: an integrative, mechanistic review, Ecol. Lett. 14 (2011)
1052-1061.

[2] C.D. Francis, J.R. Barber, A framework for understanding noise impacts
on wildlife: an urgent conservation priority, Front. Ecol. Environ. 11
(2013) 305-313.

[3] H. Slabbekoorn, N. Bouton, I. van Opzeeland, A. Coers, C. ten Cate, A.N.
Popper, A noisy spring: the impact of globally rising underwater sound
levels on fish, Trends Ecol. Evol. 25 (2010) 419-427.

[4] C.G.Le Prell, D. Henderson, R.R. Fay, A.N. Popper, Noise-induced hearing
loss: scientific advances, Springer, New York, 2012.

[5] E.L. Mora, G. Jones, A.N. Radford, The importance of invertebrates when
considering the impacts of anthropogenic noise, Proc. R. Soc. B.: Biol.
Sci. 281 (2014) 17-25.

[6] S.Nedelec, A.N. Radford, S.D. Simpson, B. Nedelec, D. Lecchini, S.C. Mills,
Anthropogenic noise playback impairs embryonic development and
increases mortality in a marine invertebrate, Sci. Rep. 4 (2014)
5891-5895.

[7] C. Bracciali, D. Campobello, C. Giacoma, S. Gianluca, Effects of nautical
traffic and noise on foraging patterns of mediterranean damselfish
(Chromis chromis), PLoS One 7 (2012) e40582.

[8] G.Buscaino, F. Filiciotto, G. Buffa, Impact of an acoustic stimulus on the
motility and blood parameters of European sea bass (Dicentrarchus
labrax L.) and gilthead sea bream (Sparus aurata L.), Mar. Environ. Res.
69 (2010) 136-142.

[9] P.Cubero-Pardo, P. Herron, F. Gonzalez-Perez, Shark reactions to scuba
divers in two marine protected areas of the Eastern Tropical Pacific,
Aquat. Conserv. 21 (2011) 239-246.

[10] S. Holles, S.D. Simpson, A.N. Radford, L. Berten, D. Lecchini, Boat noise
disrupts orientation behaviour in a coral reef fish, Mar. Ecol. Prog. Ser.
485 (2013) 295-300.

[11] E. Nash, E. Colin, F. Iwamoto, N. Robert, V.W. Conrad, Aquaculture risk
management and marine mammal interactions in the Pacific North-
west, Aquaculture 183 (2000) 307-323.

[12] B.P. Ross, J. Lien, R.W. Furness, Use of underwater playback to reduce
the impact of eiders on mussel farms, ICES J. Mar. Sci. 58 (2001)
517-524.

[13] F. Sanguinede, Contribution a I'étude de la prédation des moules
exploitées sur filieres en mer ouverte, Université de Corse, France,
2001, pp. 1-75.

[14] T. Segvi¢-Bubi¢, L. Grubii¢, N. Karaman, V. Ti¢ina, K.M. Jelavi¢, I.
Katavi¢, Damages on mussel farms potentially caused by fish
predation - Self-service on the ropes? Aquaculture 319 (2011)
497-504.

[15] S. Planes, M. Schrimm, A.L. Roblin-Brieu, T. Lison, Y. Chancerelle, Etude
des phénomeénes de prédation sur I'huitre perliére Pinctada margariti-
fera, RA-144 CRIOBE-Perliculture, 2006, p. 56.

[16] Points forts de la Polynésie francaise, Bilan La Perle en 2012, Institut de
la statistique de la Polynésie francaise, 2012, p. 6.

[17] B.M. Casper, The hearing abilities of elasmobranch fishes, (Graduate
School Theses and Dissertations), University of South Florida, 2006 p.
143.

[18] R.R.Fay, A.N. Popper, Evolution of hearing in vertebrates: the inner ears
and processing, Hearing Res. 149 (2000) 1-10.

[19] E. Parmentier, L. Berten, P. Rigo, F. Aubrun, S. Nedelec, S.D. Simpson, D.
Lecchini, The influence of various reef sounds on coral reef fish behav-
ior, J. Fish Biol. 86 (2015) 1507-1518.

[20] D.R. Nelson, S.H. Gruber, Sharks: attraction by low-frequency sounds,
Science 142 (1963) 975-977.

[21] D.D. Chapman, S.H. Gruber, A further observation of the prey-handling
behavior of the great Hammerhead shark, Sphyrna mokarran: predation
upon the spotted eagle ray Aetobatus narinari, Bull. Mar. Sci. 7 (2002)
947-953.

[22] G. Beauchamp, Flock size and density influence speed of escape waves
in semipalmated sandpipers, Anim. Behav. 83 (2012) 1125-1129.

[23] J. Newby, T. Darden, K. Bassos-Hull, A.M. Shedlock, Kin structure
and social organization in the spotted eagle ray, Aetobatus
narinari, off coastal Sarasota, FL, Environ. Biol. Fishes 97 (2014)
1057-1065.

[24] G.A. Littauer, J.F. Glahn, D.S. Reinhold, M.W. Brunson, Control of Bird
Predation of Aquaculture Facilities: Strategies and Cost Estimates,
SRAC Publication, 1991, p. 87.


http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0145
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0145
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0145
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0150
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0150
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0150
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0155
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0155
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0155
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0160
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0160
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0165
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0165
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0165
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0170
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0170
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0170
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0170
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0175
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0175
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0175
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0180
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0180
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0180
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0180
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0185
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0185
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0185
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0190
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0190
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0190
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0195
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0195
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0195
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0200
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0200
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0200
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0205
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0205
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0205
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0205
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0210
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0210
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0210
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0210
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0215
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0215
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0215
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0220
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0220
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0220
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0220
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0220
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0225
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0225
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0225
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0225
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0225
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0230
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0230
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0235
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0235
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0235
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0240
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0240
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0245
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0245
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0245
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0245
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0250
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0250
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0255
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0255
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0255
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0255
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0260
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0260
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0260
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0260

C. Berthe, D. Lecchini/C. R. Biologies 339 (2016) 99-103 103

[25] E. Hutchings, Predator damage control in cultured fish, Alberta Agri- [27] T. Pelton, Misunderstood: the Cownose Ray, Save the Bay magazine,
culture Food and Rural Development, AGDEX, 1999, p. 8. 2011, pp. 15-17.

[26] R.A. Fisher, G.C. Call, D.R. Grubbs, Cownose Ray (Rhinoptera bonasus) [28] D. Newborough, A.D. Goodson, B. Woodward, An acoustic beacon to
predation relative to bivalve ontogeny, ]. Shellfish Res. 30 (2011) reduce the by-catch of cetaceans in fishing nets, Int. J. Soc. Underwater

187-196. 24 (2000) 105-114.


http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0265
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0265
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0265
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0270
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0270
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0270
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0275
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0275
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0275
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0280
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0280
http://refhub.elsevier.com/S1631-0691(16)00002-0/sbref0280

	Influence of boat noises on escape behaviour of white-spotted eagle ray Aetobatus ocellatus at Moorea Island (French Polyn...
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	Acknowledgements
	References


