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Correction: Separating underwater ambient noise from flow noise
recorded on stereo acoustic tags attached to marine mammals
Alexander M. von Benda-Beckmann, Paul J. Wensveen, Filipa I. P. Samarra, S. Peter Beerens and
Patrick J. O. Miller

There was an error published in J. Exp. Biol. 219, pp. 2271-2275.

The units below Eqn 4 for pref are incorrect. The text should read: pref=1 μPa.

We apologise to the authors and readers for any inconvenience this may have caused.
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METHODS & TECHNIQUES

Separating underwater ambient noise from flow noise recorded on
stereo acoustic tags attached to marine mammals
Alexander M. von Benda-Beckmann1,*, Paul J. Wensveen2, Filipa I. P. Samarra2, S. Peter Beerens1 and
Patrick J. O. Miller2

ABSTRACT
Sound-recording acoustic tags attached to marine animals are
commonly used in behavioural studies. Measuring ambient noise is
of interest to efforts to understand responses of marine mammals to
anthropogenic underwater sound, or to assess their communication
space. Noise of water flowing around the tag reflects the speed of
the animal, but hinders ambient noise measurement. Here, we
describe a correlation-based method for stereo acoustic tags to
separate the relative contributions of flow and ambient noise. The
uncorrelated part of the noise measured in digital acoustic recording
tag (DTAG) recordings related well to swim speed of a humpback
whale (Megaptera novaeangliae), thus providing a robust measure
of flow noise over a wide frequency bandwidth. By removing
measurements affected by flow noise, consistent ambient noise
estimates were made for two killer whales (Orcinus orca) with
DTAGs attached simultaneously. The method is applicable to any
multi-channel acoustic tag, enabling application to a wide range of
marine species.

KEY WORDS: Megaptera novaeangliae, Orcinus orca, DTAG

INTRODUCTION
Sound-recording acoustic tags are commonly employed to study
movement and acoustic behaviour of marine mammals (Marshall,
1998; Johnson and Tyack, 2003; Akamatsu et al., 2005; Goldbogen
et al., 2006; Johnson et al., 2009), and are a key instrument in
behavioural studies aimed at understanding the impact of
anthropogenic sound (e.g. Tyack et al., 2011; Miller et al., 2012;
Dunlop et al., 2013; Goldbogen et al., 2013). Acoustic tags are
equipped with hydrophones to record vocalizations of the tagged
and surrounding animals and other sound types such as exposure
signals, e.g. sonar sounds or other control sounds (e.g. Tyack et al.,
2011; Curé et al., 2012), or ambient noise. Ambient noise levels are
of interest to efforts to understand the responsiveness of marine
mammals to anthropogenic sound such as sonar signals or shipping
noise (Ellison et al., 2012; Dunlop et al., 2013), or to estimate the
communication space available to them (Miller, 2006; Clark et al.,
2009). However, movement of the animal generates flow noise
around the hydrophone (Haddle and Skudrzyk, 1969; Goldbogen
et al., 2006), potentially masking other sounds at lower frequencies
and limiting the capability to reliably measure ambient noise. Flow

noise can also be exploited to estimate the animal’s speed through
the water (Goldbogen et al., 2006). Speed estimates can be used to
obtain more accurate underwater movement paths via track-
reconstruction methods (Wensveen et al., 2015), and are also used
to indicate feeding attempts (lunges) of rorqual whales (Goldbogen
et al., 2006; Doksæter Sivle et al., 2015).

Because of the turbulent nature of water flow around the
receiving hydrophones, pressure fluctuations generated by the flow
are uncorrelated between two hydrophones for frequencies higher
than f>(U/D), with D being the spacing of the two hydrophones and
U the hydrophone speed through the water (Corcos, 1967). In
contrast, ambient noise is correlated for f &ð1=10Þcs=D, with cs
being sound speed in water (Cox, 1973). The relative contributions
of flow and ambient noise can thus be estimated by calculating the
coherence of the sound field measured on closely spaced
hydrophones (e.g. Beerens et al., 1999; Barclay and Buckingham,
2013). This approach enables reliable measurements of ambient
noise levels by removing data affected by flow noise, and provides
a direct measurement of flow noise over a larger bandwidth than
using a single hydrophone.

Here, we apply a correlation-based method to estimate the flow
and ambient noise contributions in a recording made with
acoustic version-2 digital sound recording tags (DTAGs)
deployed on a humpback whale and two killer whales. DTAGs
are commonly equipped with two hydrophones separated by
2.5 cm (Johnson et al., 2009), which theoretically can provide
estimates of the contributions from flow and ambient noise for a
frequency range between ∼0.1 and ∼6 kHz for an animal swim
speed of 2.5 m s−1.

MATERIALS AND METHODS
Acoustic tags
The acoustic tag used in this study was the version-2 DTAG; a
suction-cup tag equipped with one or two hydrophones, depth and
acceleration sensors (Johnson and Tyack, 2003; Johnson et al.,
2009). The DTAGs sampled audio at 96 kHz (mn12_180a) or
192 kHz (oo09_144a/b) with 16-bit resolution, and had a flat
frequency response with a 400 Hz one-pole high-pass filter. The
acoustic sensitivity of the hydrophones, determined from calibration
measurements, was −189±3 dB re. 1 µPa−1 (mean±s.d., N=3 tags)
(P. J. Wensveen, Detecting, assessing, and mitigating the effects of
naval sonar on cetaceans, Appendix III, PhD thesis, University of St
Andrews, St Andrews, UK, 2016). These DTAGs were attached to a
humpback whale and two killer whales during studies to investigate
behavioural responses of marine mammals to sonar sounds (Miller
et al., 2012; Doksæter Sivle et al., 2015) (Table S1). Animal
experiments were carried out under permits issued by the
Norwegian Animal Research Authority (permits S-2007/61201
and S-2011/38782), in compliance with ethical use of animals in
experimentation. The research protocol was approved by theReceived 13 October 2015; Accepted 22 May 2016
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