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BACKGROUND: Rising levels of anthropogenic noise throughout the world’s oceans have created
growing concern about the impact of sound on many marine species. While the biological significance of
sound for sea turtles is largely unknown, they may use sound for a variety of important behaviors such as
navigation, locating prey, avoiding predators, and general environmental awareness. Endangered
leatherback sea turtles (Dermochelys coriacea) have the largest latitudinal distribution of all sea turtles,
foraging in high-latitude sub-polar waters and nesting on low-latitude tropical beaches. Much of their
habitat overlaps with sound-producing activities, exposing them to anthropogenic sounds such as: oil and
gas exploration and extraction, shipping, construction, and sonar. While very little data exist on the
underwater hearing abilities of sea turtles or the potential physiological and behavioral effects of sound on
sea turtles, some evidence exists that sea turtles can detect and behaviorally respond to acoustic stimuli.
Increases in marine anthropogenic sound combined with the endangered or threatened status of all species
of sea turtles occurring in United States waters highlight the importance of understanding the effects of
marine anthropogenic sound on sea turtles.

OBJECTIVES: (1) To determine the underwater hearing sensitivity of hatchling leatherback sea turtles
using auditory evoked potential techniques; (2) To determine the overlap of the sounds produced by
seismic airguns, drilling, shipping, windmills and other anthropogenic sources and the sounds that can be
heard by leatherback sea turtles; and (3) To provide the results of this research to the Bureau of Ocean
Energy Management and to oil, gas and offshore energy producers to enable appropriate environmental
mitigation for leatherback sea turtles.

DESCRIPTION: To determine if leatherback sea turtles are capable of detecting anthropogenic sounds,
we measured the hearing sensitivity of hatchlings in water (n=11) or air (n=12) by recording auditory
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evoked potentials (AEPs). AEPs are produced by the synchronous discharge of neurons in the auditory
pathway of the central auditory nervous system after acoustic stimulation that is detectable by the ear.
Before testing, we isolated hatchlings from noise and vibrations and lightly restrained them to prevent
movement that would mask AEP signals. To further reduce myogenic artifacts, we sedated (underwater:
n=11; air: n=7) or anesthetized (air: n=5) the hatchlings. For underwater measurements, we submerged
hatchlings 14 cm (measured at the location of the ear) and presented stimuli with an underwater speaker
(Clark Synthesis, Inc. AC339), calibrated with a hydrophone (High Tech, Inc. HTI-96-MIN). We
recorded AEPs during 45-60 second intervals, raising hatchlings to the surface to breathe between
intervals. For aerial measurements, we placed hatchlings on foam pads to reduce the opportunity for
detection of vibratory stimuli, and presented stimuli with an aerial speaker (Definitive Technology, Inc.
DI6.5R), calibrated with a microphone (LinearX Systems, Inc. M31). An Evoked Potential Workstation
run by laptop computer with SigGenRP and BioSigRP software (Tucker-Davis Technologies, Inc.)
generated stimuli and recorded AEP responses. Using a three-electrode array, we recorded responses to
50 ms pulsed tonal stimuli between 50 and 1600 Hz, and attenuated tones in 6 dB steps until no AEP
response could be detected. We determined that an AEP response was present if the recorded signal
showed a peak in the frequency domain twice that of the stimulus frequency and >6 dB above the noise
floor 100 Hz on either side of the peak. We defined threshold as the lowest level we detected an AEP
response. We monitored hatchling respiratory and heart rates throughout the experiment and measured
blood gas values at the completion of the experiment. We compared the resulting audiograms to the
frequencies and sound pressure levels that are produced by sources of anthropogenic sound.

SIGNIFICANT CONCLUSIONS: Leatherback sea turtles are able to detect sounds underwater and in
air, responding to stimuli between 50 and 1200 Hz underwater and 50 and 1600 Hz in air. These represent
the first measurements of leatherback hearing sensitivity. Leatherback sea turtle hearing sensitivity
overlaps with the frequencies and sound pressure levels produced by many anthropogenic sources,
including seismic airgun arrays, oil extraction (drilling), low-frequency sonar, commercial shipping, pile
driving, and operating wind turbines, suggesting that leatherback hatchlings are able to detect the sounds
produced by these activities, and highlighting the need to investigate their potential behavioral and
physiological impacts.

STUDY RESULTS: Leatherback sea turtle hatchlings are able to detect sounds underwater and in air,
responding to stimuli between 50 and 1200 Hz in water and 50 and 1600 Hz in air, with maximum
sensitivity between 100 and 400 Hz in water (84 dB re: 1 uPa-rms at 300 Hz) and 50 and 400 Hz in air
(62 dB re: 20 pPa-rms at 300 Hz), and sharp decreases in sensitivity above 400 Hz in both media. Similar
to other species of sea turtles for which hearing has been measured, leatherback sea turtles have a
relatively narrow, low-frequency range of hearing sensitivity. Sedation or anesthesia proved to be a
successful technique for facilitating the collection of AEPs in leatherback sea turtle hatchlings. Anesthesia
appeared to have little effect on measured hearing sensitivity, with mean thresholds for anesthetized
hatchlings less than 7 dB lower (more sensitive) than those not anesthetized. Anesthesia may have
improved our ability to detect AEPs by reducing internal body noise, and by increasing the signal-to-
noise ratio. Leatherback hearing sensitivity overlaps with the frequencies and sound pressure levels
produced by many low-frequency anthropogenic sources.

STUDY PRODUCT(S): Dow Piniak W.E., S.A. Eckert, C.A. Harms, and E.M. Stringer. 2012.
Underwater hearing sensitivity of the leatherback sea turtle (Dermochelys coriacea): Assessing the
potential effect of anthropogenic noise. U.S. Dept. of the Interior, Bureau of Ocean Energy Management,
Headquarters, Herndon, VA. OCS Study BOEM 2012-01156. 35pp.
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