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Executive Summary 
A passive-acoustic glider survey was conducted off the Kona, Hawaii, coast between 16 and 26 
March 2010. This glider survey was conducted with funding from the U.S. Navy’s Office of Naval 
Research; awards # N00014-10-1-0515 and # N00014-08-1-1082. The survey was part of the 
development effort of the passive-acoustic Seaglider. The purpose of this field trial was primarily 
to test the general functionality of the passive-acoustic monitoring (PAM) board and a new 
onboard acoustic data-storage system (Revision A). Funding provided by U.S. Pacific Fleet 
enabled a thorough analysis of the previously collected data set, which is presented in this 
report. The results of this analysis will be used in an ongoing Office of Naval Research effort, 
“Cetacean density estimation using slow-moving underwater vehicles,” led by the University of 
St. Andrews, Scotland. 

Odontocete acoustic encounters were dominated by small delphinids, which could not be 
classified to the species level. Beaked whales were detected on seven occasions (three 
Cuvier’s and four Blainville’s beaked whale encounters). 

Only two species of baleen whales were recorded during this survey, most likely because we 
flew the glider during mid- to late-March, a time when many baleen whales have made their 
seasonal migration to more northern feeding grounds. Humpback whale song dominated the 
recordings and was present almost continuously throughout the survey. Minke whale boing 
vocalizations were also fairly common. Thirty-eight minke whale encounters were recorded in 
total. 

The Seaglider worked well as an underwater vehicle and was able to navigate successfully on 
its programmed track. The vehicle did not experience any flight problems.  

During the SG022’s survey, various settings of the PAM system (Rev. A) were tested. The trial 
was essential for identifying various internal noise sources. Several modifications were 
subsequently made to the PAM system to further suppress vehicle-generated noise and to 
improve the quality of the audio recordings with the development of the next-generation 
Revision B PAM system. This newer PAM system was deployed in 2014-2015 for a marine 
mammal monitoring project funded by U.S. Pacific Fleet through Contract N62470-10D-3011, 
Task Orders KB23 and KB25, with Naval Facilities Engineering Command Pacific.  

This survey exemplified how crucial long-duration field tests are to thoroughly evaluate the 
performance of newly developed ocean-going instruments and to identify potential issues with 
their operations. 
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1. Background and Objectives 
This glider survey was conducted in 2010 with funding from the U.S. Navy’s Office of Naval 
Research (ONR); awards # N00014-10-1-0515 and # N00014-08-1-1082. The survey was part 
of the development effort of the passive-acoustic Seaglider, currently being used for a marine 
mammal monitoring project funded by U.S. Pacific Fleet through Contract N62470-10D-3011 
Task Orders KB23 and KB25 with Naval Facilities Engineering Command Pacific. 

This survey tested the functionality of the passive-acoustic monitoring board (Rev. A), including 
an onboard acoustic real-time detection system for beaked whales. Because this survey was 
predominantly an engineering test, the glider was flown in deep waters (>1,000 meters [m]) 
along the shelf break of the Kona, Hawaii, coast.  

After recovery, the data were exclusively analyzed for beaked whales to comply with the goals 
of the original ONR project. Additional funding by U.S. Pacific Fleet enabled a thorough analysis 
in 2015-2016 of the collected data set, which is presented in this report. The results of this 
analysis will be used in an ongoing ONR effort “Cetacean density estimation using slow-moving 
underwater vehicles,” led by the University of St. Andrews, Scotland (award # N00014-15-
12142). 
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2. Methods 

2.1 General Glider Information 

Underwater gliders use small changes in buoyancy to produce vertical motion, and wings to 
convert the vertical motion to horizontal movement, thereby propelling them forward with very 
low power consumption. This allows them to perform long-duration surveys autonomously 
(Rudnick et al. 2004). During a mission, a glider is piloted remotely, via Iridium™ satellite 
connection, from a control center onshore. This project used the Seaglider™, originally 
developed by Applied Physics Laboratory, University of Washington (APL-UW) (commercially 
available from Kongsberg Inc., Lynwood, Washington, USA), which is capable of repeatedly 
diving to 1,000-m depth and back at a typical horizontal speed of 25 centimeters per second 
(Figure 1). Dive durations are usually 4–6 hours for 1,000-m dives. 

 
Figure 1: Mode of operation of the Seaglider™. Source: http://subseaworldnews.com. 

The glider was equipped with a custom-designed and -built passive-acoustic recording system 
(APL-UW, Seattle, Washington, USA; Rev. A board). Acoustic signals were received by a single 
omni-directional hydrophone (type: HTI-99-HF, High Tech Inc, Gulfport, Mississippi, USA; 
sensitivity: −164 dB re. 1 V/µPa), amplified by 36 decibels, and recorded at a 194-kilohertz 
(kHz) sample rate with 16-bit resolution. Acoustic data were compressed using the Free 
Lossless Audio Codec and stored on flash memory drives. The PAM system was optimized for 
continuously collecting data in the frequency range of 15 Hertz (Hz) to 90 kHz, and thus was 
well suited for the recording of both baleen and toothed whales. However, the bandwidth of the 
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system did not cover the frequency range (>100 kHz) of vocalizations produced by pygmy and 
dwarf sperm whales (Kogia spp.) or harbor (Phocoena phocoena) and Dall’s porpoise 
(Phocoenoides dalli).  

The system featured an automatic ‘blanking mechanism’ that mutes the PAM system during 
periods when the glider's noisy internal steering and buoyancy mechanisms were operated. 
During a typical 1,000-m dive, the associated data loss was between 5 and 10 percent. 
Because of high noise levels at the surface, recordings were made only at depths of 25 to 
1,000 m. 

These gliders are typically programmed to survey across diverse bathymetric features and 
cetacean habitats whenever possible. The instruments carried on-board digital bathymetric 
maps used for deciding how deep to dive in areas where the water depths are shallower than 
1,000 m. The glider’s depth-choice algorithm was designed to operate best when the 
instrument’s course is orthogonal to the isobaths. Use of this map-reading method avoided the 
need to use active acoustics for altimetry, which would have hindered passive-acoustic 
recordings. The gliders transmit selected data packages via Iridium satellite link, including 
position and standard conductivity, temperature, and depth profiles, to shore when surfacing 
between dives. The instruments typically stayed at the surface for less than 10 minutes.  

In 2007, the ONR Marine Mammals and Biology program started the Passive Acoustic 
Autonomous Monitoring of Marine Mammals program to develop near-real-time monitoring 
systems on autonomous underwater vehicles. The program focused on passive-acoustic 
systems for autonomous detection, classification, localization, and tracking of marine mammals 
on Navy exercise areas for periods in excess of 1 month. The passive-acoustic Seaglider used 
in this study is a result of this development effort. The system has been validated during several 
surveys, including week-long deployments at both Atlantic Undersea Test and Evaluation 
Center and the Southern California Offshore Range (Klinck et al. 2013). The passive-acoustic 
Seaglider is currently funded by U.S. Pacific Fleet to be used for marine mammal monitoring 
efforts exceeding 1 month in duration on various ranges in the North Pacific (Klinck et al. 2015a, 
2015b). The PAM boards (Revision A used for the Kona, Hawaii trial and Revision B used in 
subsequent long-duration deployments) have been classified as a Demonstration and Validation 
(6.4) system. The 6.4 system encompasses integrated technologies ready to be evaluated in as 
realistic an operating environment as possible. The PAM board is a U.S. export-controlled item, 
both under the Department of State’s International Traffic in Arms Regulation and the 
Department of Commerce’s Export Administration Regulation programs. 

2.2 Glider Survey 

Seaglider SG022 (Figure 2) was operated for engineering tests along the Kona, Hawaii, coast 
between 16 and 26 March 2010.  
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Figure 2: Passive-acoustic Seaglider. The Seaglider™ is a commercial off-the-shelf instrument 
sold by Kongsberg, Inc. (Lynwood, Washington, USA). The PAM system was developed and 
incorporated into the Seaglider by APL-UW (Seattle, Washington, USA). 

The glider was deployed on 16 March 2010 at approximately 19:00 coordinated universal time 
(UTC) 10 kilometers (km) northwest of Kona, Hawaii (N19° 40.73’, W156° 05.55’), and 
successfully recovered 10 km south of the deployment location (N19° 36.13’, W156° 04.42’) on 
26 March 2010 at approximately 00:00 UTC. 

Throughout the survey, various engineering tests were executed remotely: 

 Turning the PAM system on/off  
 Changing the amplification 
 Changing the on/off depth 
 Turning the detector on/off  
 Changing detector settings 
 Monitoring/evaluating power consumption of the PAM system 
 Updating the firmware and control systems. 

The sampling rate was not changed during the survey and remained fixed at 194 kHz. 
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2.3 Data Analysis 

Because the dataset was only approximately 5 days total recorded duration, experienced 
analysts conducted the entire analysis manually. Detectors and classifiers were not used for the 
analysis. This approach, while more labor intensive, reduced the likelihood of missed marine 
mammal vocal encounters.  

The Free Lossless Audio Codec files were decoded to standard waveform audio file format, and 
then low-pass filtered and decimated to produce three data sets with different sampling rates 
(194 kHz, 10 kHz, and 1 kHz) for specific analyses. Analysis was primarily done on a per-dive 
basis, where vocalizations were summarized for each dive and the percentage of time during a 
dive when analysts detected marine mammal sounds for each species was calculated. Analysts 
also tallied marine mammal sounds on an encounter basis. An encounter was defined as a 
period when target signals were present in the acoustic data sets, separated from other periods 
of signal detections by 30 or more minutes of ‘silence.’ See Appendix A for encounter data 
summarized in tabular format. 

2.3.1 Environmental Data 

The glider collected conductivity/temperature/depth profiles as well as information on depth-
averaged currents throughout the duration of the survey (including periods when the PAM 
system was deactivated). APL-UW processed the raw environmental data using custom 
software routines and provided temperature and sound speed profiles and depth-averaged 
current plots for this report. 

2.3.2 Odontocetes 

The full bandwidth data (194-kHz sampling rate) were used to calculate long-term spectral 
average (LTSA) plots with a temporal resolution (∆t) of 5 seconds and a frequency resolution 
(∆f) of 100 Hz using the Triton Software Package (Scripps Whale Acoustics Lab, La Jolla, 
California, USA). Data slices of 15 minutes in duration were visually and aurally inspected by 
experienced analysts for acoustic encounters with odontocetes. We expected to record sounds 
from the following odontocete species, known to inhabit Hawaiian waters, with known acoustic 
signal types (Baird et al. 2013): Cuvier’s beaked whales (Ziphius cavirostris), Blainville’s beaked 
whales (Mesoplodon densirostris), Longman’s beaked whales (Indopacetus pacificus), killer 
whales (Orcinus orca), Risso’s dolphins (Grampus griseus), sperm whales (Physeter 
macrocephalus), short-finned pilot whales (Globicephala macrorhynchus), false killer whales 
(Pseudorca crassidens), bottlenose dolphins (Tursiops truncatus), rough-toothed dolphins 
(Steno bredanensis), melon-headed whales (Peponocephala electra), Fraser’s dolphins 
(Lagenodelphis hosei), spinner dolphins (Stenella longirostris), striped dolphins (Stenella 
coeruleoalba), and pantropical spotted dolphins (Stenella attenuata). Pygmy killer whales 
(Feresa attenuata) are a potential species the glider could encounter in the Hawaiian Islands; 
however, very little is known about this species’ life history and acoustic behavior (Madsen et al. 
2004, McSweeney et al. 2007), and we did not feel confident assigning them to any of the 
odontocete annotation classes listed below.  

Vocalizations of odontocetes are typically placed into three categories: echolocation clicks, burst 
pulse sounds, and whistles. Echolocation clicks are broadband, impulsive sounds with peak 
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frequencies from 5 to over 150 kHz to aid in foraging and navigation. Burst pulse signals are 
click trains, or rapidly repeated clicks with a very short inter-click interval, that sound like a buzz 
or creak. Burst pulse signals are thought to have social implications and echolocation functions. 
Whistles are frequency modulated signals and cover (depending on species) a wide frequency 
range from a few hundred Hz to many kHz, have a significantly longer duration and are thought 
to be used in social contexts. 

The analysts logged species information whenever possible. The first six species listed above 
have species-specific call features that allow acoustic encounters to be identified to the species 
level, and were classified using the following call characteristics:   

 Beaked whales (BW): Cuvier’s beaked whale clicks are uniquely identified by a 
frequency-modulated click with a peak frequency of 40 kHz and an inter-click-interval 
(ICI) of over 300 milliseconds (ms) (Baumann-Pickering et al. 2013). Echolocation clicks 
recorded from Blainville’s beaked whales have the characteristic beaked-whale 
frequency modulated pulse, a long click duration, and a long inter-pulse interval 
(Baumann-Pickering et al. 2013). Such upsweeping clicks with peak frequencies near 35 
kHz and ICIs of approximately 200 ms were identified as Blainville’s beaked whales. 
Longman’s beaked whale clicks are not as well documented as Cuvier’s and Blainville’s, 
but from the known recorded examples, the clicks exhibit the same frequency 
modulation and long click duration. The peak frequency for Longman’s beaked whale 
echolocation clicks is lower than the other two species at 22 kHz (Baumann-Pickering et 
al. 2013). Little is known about their ICIs, thus the click shape and peak frequency were 
used as the discriminating characteristics for this report. An additional distinct type of 
frequency-modulated signal has been described from passive-acoustic recordings made 
at Cross Seamount (McDonald et al. 2009). These clicks are marked by a long duration 
(over 700 µs), short ICI (approximately 130 ms) and a peak frequency near 47 kHz 
(Baumann-Pickering et al. 2013). These echolocation clicks have a very obvious 
frequency modulated upsweep, as seen in other beaked whale echolocation clicks, and 
so are thought to be made by a beaked whale. Three additional BW call types have 
been recorded in the Eastern Tropical Pacific, referred to as BW50, UBW, and BWP by 
Baumann-Pickering et al. (2012). These signals also exhibit the frequency-modulated 
upsweep, long duration and ICI found in other beaked whale clicks, and analysts 
scanned for these signals, as well as any other beaked whale-like signals.   

 Sperm whale: Echolocation clicks produced by sperm whales contain energy from 2 to 
20 kHz with peak energy from 10 to 15 kHz (Møhl et al. 2003). These clicks are 
observed during foraging dives and are characterized by a metronomic ICI of about one 
second (Møhl et al. 2003). Sperm whale click trains can be readily identified in the LTSA 
plots, and echolocation clicks were the focus of analysis as they are the easiest to 
differentiate from other species. 

 Killer whale: Killer whale pulsed calls are the best described and well documented of 
their call types, and serve well to differentiate them from other species. Pulsed calls 
have energy between 1 and 6 kHz, with high-frequency components occasionally 
reaching over 30 kHz. Duration is typically 0.5 to 1.5 seconds (Ford 1987). Aural and 
visual detection of pulsed calls were used for killer whale encounter identification. 
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 Risso’s dolphin: Risso’s dolphin echolocation clicks have a unique band pattern 
observable in bouts of click on an LTSA. Peak energy bands are located at 22, 26, 30, 
and 39 kHz, with distinct notches at 27 and 36 kHz (Soldevilla et al. 2008) This notch 
and peak pattern is not as apparent when looking at individual clicks, but the LTSA 
shows the characteristic appearance of many hundreds of clicks that was used to 
identify Risso’s dolphins in this report.  

The remaining nine delphinid species are very difficult to classify to the species level 
acoustically. Thus, these species were grouped by similarity of the acoustic features of their 
whistles, when possible, which overlap across species and thus cannot definitively be assigned 
to species without concurrent visual observations. As described by Frankel and Yin (2010) 
whistle acoustic characteristics in delphinids often vary geographically and as ground-truth data 
for the Kona, Hawaii, coast are sparse, the following groups were used for classification (similar 
to Munger et al. 2014).   

 Low-frequency whistles: This group included whistles produced by the false killer 
whale, short-finned pilot whale, melon-headed whale, and rough-toothed dolphin. The 
defining whistle characteristics for this group were whistles that were relatively low-
frequency (predominantly below 10 kHz). Numbers of inflection points/steps and 
frequency ranges of the whistles are variable and species dependent (Frankel and Yin 
2010, Ketten 2004, Lima et al. 2012, Oswald et al. 2003, Richardson et al. 1995, 
Watkins et al. 1997).  

 High-frequency whistles: This group included whistles produced by the bottlenose 
dolphin, pantropical spotted dolphin, spinner dolphin, striped dolphin, and Fraser's 
dolphin. The defining whistle characteristics for this group were whistles that were higher 
in frequency (predominantly above 10 kHz). Numbers of inflection points/steps and 
frequency ranges of the whistles are variable and species dependent (Frankel and Yin 
2010, Ketten 2004, Lammers et al. 2003, Oswald et al. 2003, Richardson et al. 1995)  

 Low- and high-frequency whistles: This group included encounters characterized by 
[a] whistles with significant energy below and above 10 kHz or [b] various whistle types 
which covered a wide frequency range in one encounter.  

 Echolocation clicks and/or burst pulses: This group included encounters which only 
contained echolocation clicks and/or burst pulses. The recorded clicks and pulsed calls 
did not contain any characteristic acoustic features enabling species identification. Many 
of the identified whistle encounters did include echolocation clicks and burst pulses, but 
because of the added information contained in the whistles, we were able to classify 
them more specifically. Click and burst pulse encounters could potentially be associated 
with any of the above-mentioned nine delphinid species.  

2.3.3 Mysticetes 

The Hawaii Range Complex study area provides habitat for numerous species of baleen whales 
that produce low-frequency vocalizations. During the winter months, we could potentially record 
the low-frequency sounds of blue whales (Balaenoptera musculus), fin whales (B. physalus), sei 
whales (B. borealis), Bryde’s whales (B. edeni/brydei), minke whales (B. acutorostrata), and 
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humpback whales (Megaptera novaeangliae), as these species typically migrate to low latitudes 
in winter. 

To analyze the collected data efficiently for these species, the broadband data were down-
sampled and divided into two datasets: one with a sampling rate of 1,000 Hz (15–500 Hz 
effective band) and the other 10 kHz (5 kHz effective bandwidth). From these data we 
calculated LTSA plots with a ∆t of 1 second and ∆f of 1 Hz (1 kHz data) and a ∆t of 2 seconds 
and ∆f of 10 Hz (10 kHz data) using the Triton Software Package. Both LTSAs were coarsely 
screened visually and aurally by analysts for bioacoustic activity and general quality assurance. 
The actual logging of acoustic encounters was done in Raven Pro (Bioacoustics Research 
Program, Cornell University, Ithaca, New York, USA). Based on experience with the Mariana 
Islands Range Complex dataset (Klinck et al. 2015a), it is most efficient to import the two 
datasets into Raven Pro, time align them, and examine them simultaneously for the species of 
interest (Figure 3). This provided sufficient detail in all frequency bands, but also enabled us to 
clearly identify sounds that had both very low-frequency components (i.e., 50 Hz) and higher 
components (> 1,000 Hz) such as minke whale boings. 

Experienced analysts examined the low-frequency data for down-sweeping calls from the sei 
whale (Baumgartner et al. 2008, Rankin and Barlow 2007), the short and variable calls from 
Bryde’s whale (Heimlich et al. 2005, Oleson et al. 2003), western and central pacific blue whale 
calls (Stafford et al. 2011, 1999), blue whale D calls (McDonald et al. 2001) and 20-Hz and 40-
Hz fin whale calls (Thompson et al. 1992, Watkins 1981). We also screened the data for North 
Pacific right whale “up calls” (90 to 150 Hz upsweeping 7-second calls; McDonald and Moore 
2002), but detecting these calls in a dataset with singing humpback whales is extremely difficult 
(Mellinger et al. 2007, Waite et al. 2003). The mid-frequency data were primarily analyzed for 
humpback whale song and social sounds (Payne and McVay 1971, Stimpert and Au 2008), and 
the complex minke whale calls (Gedamke et al. 2001, Rankin and Barlow 2005). Because the 
recorded data set was short (10 days), and because the 1- and 10-kHz data were time aligned 
and analyzed simultaneously, we did not use automatic detection algorithms. Instead, we 
visually and aurally identified target vocalizations and manually marked identified sequences in 
Raven Pro. 

2.3.4 Navy Sonar and Seismic Airgun Signals 

The LTSA plots were also screened visually and aurally for occurrences of low- and mid- 
frequency active sonar and seismic airgun signals. 
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Figure 3: Example of time-aligned spectra displayed in the software Raven Pro. The upper spectrogram is the 10-kHz down-sampled 
data and was used to identify mid-frequency vocalizations from minke whales (blue box) and humpback whales (red box). The lower 
spectrogram is the 1-kHz data and was used to identify calls from fin whales (red box) and blue whales, and also provided context when 
identifying the mid-frequency calls. 
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3. Results 
The glider conducted a total of 61 dives during the survey. Because this was intended primarily 
as an engineering test, the PAM system was active for only 53 of the dives, intermittently 
between 16 and 26 March 2010 (Figure 4).  

 

Figure 4: SG022 track line for the period 16 to 26 March 2010. Each black dot on the track line 
indicates the midpoint location of a glider dive; every 10th dive is represented by a larger dot. 
Labels indicate dive number (e.g., D01 for dive no. 1) and date/time (format: dd/m/yyyy hh:mm 
UTC). Red sections indicate that the PAM system was OFF. The yellow marks indicate that the 
PAM system was active. Gray lines indicate surface intervals between dives (PAM system 
inactive). 
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The system recorded a total of 112 hours (approximately 4.6 days) of acoustic data, amounting 
to 131 gigabytes. An additional 22.4 megabytes of engineering/environmental data were 
collected. 

3.1 Environmental Data 

The results of the environmental data analysis are summarized in Figures 5 through 7. The 
sea-surface temperature (Figure 5) varied little geographically and temporally and was around 
24 degrees Celsius.  

 

Figure 5: Temperature [°C] profiles recorded with SG022. White areas at the bottom of some dives 
indicate no data, resulting from dives shallower than 1,000 m (e.g., bathymetry-limited dives). 
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The sound-speed profiles (Figure 6) showed downward refracting sound propagation conditions 
and no significant surface duct. There were no significant changes observed in time and space. 
Furthermore, the glider did not reach the sound fixing and ranging channel axis, which in the 
deployment area is located below the instrument’s maximum operation depth of 1,000 m. 

 

Figure 6: Sound-speed profiles [meters per second] recorded with SG022. White areas at the 
bottom of some dives indicate no data, resulting from dives shallower than 1,000 m 
(e.g., bathymetry-limited dives). 

Submitted in Support of the U.S. Navy's 2015 Annual Marine Species Monitoring Report for the Pacific 



NAVFAC | Final Report | Cetacean Studies on the Kona Coast in March 2010:
Passive Acoustic Monitoring of Marine Mammals Using Gliders – Results from an Engineering Text

 

April 2016 | 14 

SG022 reported a median depth-averaged current velocity of 15.8 centimeters per second. The 
direction of the current flow was very consistent in north-northwesterly direction (median: 333 
degrees; Figure 7). 

 

Figure 7: Depth-averaged currents [centimeters per second] measured with SG022. 
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3.2 Odontocetes 

SG022 recorded two known species of odontocetes and several sounds attributed to small 
odontocete species during this engineering test (See Appendix A for detail on all encounters). 
No sperm whales, killer whales, or Risso’s dolphins were detected during this survey. 

Beaked whales 

Both Cuvier’s (Figure 8, left panel) and Blainville’s (Figure 8, right panel) beaked whale signals 
were recorded by SG022. Cuvier’s beaked whale clicks were recorded on three separate dives, 
and Blainville’s clicks were detected on four separate dives. Both click types were recorded 
relatively close in time during dive 22.  

   

Figure 8: Cuvier’s beaked whale echolocation click (left) and Blainville’s beaked whale 
echolocation click (right) recorded with SG022. Both examples are high-pass filtered at 10 kHz. 
Amplitude range of waveform is ±32,768 digital counts (16 bits). 

The Cuvier’s beaked whale detections occurred in the northern two-thirds of the survey area, 
with the longest encounter occurring near the edge of the widest part of the shelf south of 
Kailua-Kona (Figure 9). Conversely, the Blainville’s beaked whale detections occurred in the 
southern two-thirds of the survey area, but also had the most detections near the edge of the 
widest part of the shelf south of Kailua-Kona (Figure 10). 
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Figure 9: SG022 Cuvier’s beaked whale detections. The circle size indicates percentage of 
recording time per dive with target signals.  
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Figure 10: SG022 Blainville’s beaked whale detections. The circle size indicates percentage of 
recording time per dive with target signals. 
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Whistles 

Recordings of odontocetes that contained whistles were classified according to the maximum 
frequency of the whistles, but often also included echolocation clicks and sometimes pulsed 
calls or buzzes.  

Low-frequency whistles 

Acoustic encounters that contained whistles with maximum frequencies below 10 kHz (Figure 
11) were recorded on 12 dives (Figure 12), with the longest recordings occurring near the 
northernmost extent of the survey area, but the most encounters occurring south-southwest of 
Kailua-Kona on the slope. Due to low-frequency noise on the glider, these whistles were best 
observed in the data downsampled to a 10-kHz sampling rate. Based on maximum frequency 
and range of frequencies within a whistle, these detections were likely produced by short-finned 
pilot whales, false killer whales, melon-headed whales, or rough-toothed dolphins.  

 

Figure 11: Low-frequency whistles recorded with SG022 on 17 March 2010. 
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Figure 12: SG022 low-frequency whistle detections. The circle size indicates percentage of 
recording time per dive with target signals. 
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High-frequency whistles 

Acoustic recordings containing whistles with energy predominantly above 10 kHz (Figure 13) 
were recorded on 10 glider dives.  

 
Figure 13: High-frequency whistles recorded with SG022 on 18 March 2010. 

Recordings of high-frequency whistles occurred throughout the survey area, with the most 
detections occurring near the shelf break at the wide part of the shelf, south of Kailua-Kona 
(Figure 14). These whistles are likely associated with one of the following species, based on 
maximum frequency and range of frequencies within a whistle: bottlenose dolphin, pantropical 
spotted dolphin, spinner dolphin, striped dolphin, and Fraser's dolphin. 
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Figure 14: SG203 high-frequency whistle detections. The circle size indicates percentage of 
recording time per dive with target signals. 
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Low- and High-frequency whistles 

Fourteen dives contained recordings of both low- and high-frequency whistles, classified as 
such because either both types of whistles or whistles that spanned a frequency range above 
and below 10 kHz were present (Figure 15).  

 
Figure 15: Low- and high-frequency whistles recorded with SG022 on 17 March 2010. 

These whistles were the most commonly recorded odontocete whistle type and were spatially 
and temporally distributed throughout the survey area (Figure 16). 
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Figure 16: SG022 low- and high-frequency whistle detections. The circle size indicates percentage 
of recording time per dive with target signals. 
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Echolocation clicks and burst pulses 

Acoustic encounters that did not contain whistles, or signals that could not be identified to 
species level, were classified as echolocation clicks and burst pulses (Figure 17). Such 
encounters occurred on 11 individual glider dives. 

 

Figure 17: Echolocation clicks recorded with SG022 on 17 March 2010. 

These recordings also occurred near the edge of the widest part of the shelf in the middle of the 
survey (Figure 18), with a few encounters northwest of Kailua-Kona, when the glider was over 
deeper water. 
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Figure 18: SG203 echolocation clicks and burst pulses encounters. The circle size indicates 
percentage of recording time per dive with target signals. 
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3.3 Mysticetes 

Details on all mysticete detections can be found in Appendix A. Signals produced by blue, fin, 
sei, Bryde’s and right whales were not identified in this dataset.   

Humpback whale 

As expected, the songs of humpback whales (Figure 19) were recorded in nearly all glider dives 
(Figure 20). Sounds were complex and variable and ranged in frequency from approximately 30 
Hz to more than 5 kHz. Often there was more than one whale singing at a time. 

 
Figure 19: Humpback whale song recorded with SG022 recorded on 18 March 2010. 
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Figure 20: SG022 humpback whale encounters. The circle size indicates percentage of recording 
time per dive with target signals. 
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Minke whale 

Minke whale boings (Figure 21) were also recorded in many of the glider dives during which 
there was passive-acoustic monitoring (Figure 22). Individual boings with the best signal-to-
noise ratio were recorded during the first 2 days of the survey.  

 

Figure 21: Minke whale boing call recorded with SG022 on 17 March 2010. 
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Figure 22: SG022 minke whale encounters. The circle size indicates percentage of recording time 
per dive with target signals. 
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3.4 Navy Sonar and Seismic Airgun Signals 

No sonar or airgun signals were detected during this survey.  
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4. Discussion 

Glider Performance 

The Seaglider worked well as an underwater vehicle and was able to navigate successfully on 
its programmed track. The vehicle did not experience any flight problems.  

During the SG022’s survey, various setting of the PAM system (Rev. A) were tested. The trial 
was essential for identifying various internal noise sources. Several modifications were 
subsequently made to the PAM system to further suppress vehicle-generated noise and to 
improve the quality of the audio recordings, and were implemented as part of the development 
of the next-generation Revision B PAM system.  

Environmental Data  

An additional benefit of using gliders for marine mammal surveys is the collection of 
environmental data. The measured depth-averaged currents indicated that the glider can be 
safely operated off the Kona, Hawaii, coast. The current information as well as the temperature 
profiles are useful for additional future analysis efforts on occurrence patterns of cetacean 
species in the study area. The in-situ measured sound-speed profiles (derived from the CTD 
data) can be used to describe the sound propagation conditions in the study area in detail. 
These data will be used in an ongoing project funded by ONR to develop and evaluate a 
framework for density estimation of cetacean species using slow-moving underwater vehicles 
including gliders and floats. 

The Seaglider can be equipped with a suite of additional environmental sensors. For example, 
active acoustic sensors would provide information on prey fields, which would be helpful for 
more comprehensive ecosystem studies (e.g., how the occurrence of cetaceans relates to the 
availability of prey and oceanographic conditions). 

Odontocetes 

During this comparatively short engineering test, many encounters with odontocetes (primarily 
small delphinids) were registered. This included six dives with beaked whale detections (both 
Cuvier’s and Blainville’s beaked whales). Due to the intermittent PAM on/off time and the short 
duration of this trial, it is difficult to make conclusions about the spatial and temporal distribution 
of odontocetes in this region. However, the species recorded in this region were not surprising. 
Recently Abecassis et al. (2015) identified the Kona Coast as a hot spot for Blainville’s beaked 
whales, and previous acoustic surveys detected both Blainville’s and Cuvier’s beaked whales in 
this region (Oleson and Hildebrand 2012). The low-frequency whistles (whistle frequency <10 
kHz) are likely produced by blackfish (short-finned pilot whales or false killer whales) that are 
known to be common in this area (Abecassis et al. 2015, Baird et al. 2013, Oleson and 
Hildebrand 2012). 

Mysticetes 

Only two species of baleen whales were recorded during this survey, most likely because we 
flew the glider during mid- to late-March, a time when many baleen whales have made their 
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seasonal migration to more northern feeding grounds. As expected, the most common baleen 
whale vocalization recorded was humpback whale song. Humpback songs last 5–30 minutes 
and consist of complex, repetitive sounds that range from 25 Hz to 5 kHz (Payne and McVay 
1971, Winn and Winn 1978). In most of the data, two or more singers were recorded 
simultaneously, likely because individuals will often sing for hours at a time. The function of 
singing is still unknown, but given that it is the males that sing and singing is most common 
during the winter breeding season it is likely related to breeding behavior. In addition to 
humpback song, the very distinct minke whale boing vocalization (Rankin and Barlow 2005) was 
occasionally recorded throughout the survey. In Hawaiian waters, minke whale boing sounds 
have been detected near the Hawaiian Islands for decades, with detections by the U.S. Navy 
during February and March (Thompson and Friedl 1982) and at the ALOHA Cabled Observatory 
100 km north of Oahu from October to May (Oswald et al. 2011). It is suspected that only 
sexually active males make boing calls for breeding purposes, similar to the humpback whale. 
Based on preliminary analysis of the recorded boing call duration, frequency and pulse 
repetition rate, it appears that the glider recorded “central” or “Hawaiian” boings. 

4.1 Conclusions 

This survey was part of the original ONR-funded (awards # N00014-10-1-0515 and # N00014-
08-1-1082) development effort of the passive-acoustic Seaglider. However, even though this 
was primarily an engineering test, the glider collected valuable acoustic data to document the 
presence of cetaceans in this area. The results of this data analysis (funded by the U.S. Pacific 
Fleet) will especially be useful for the ongoing ONR effort “Cetacean density estimation using 
slow-moving underwater vehicles,” led by the University of St. Andrews, Scotland. 

The Kona, Hawaii, trial focused on testing the proper functionality and robustness of the PAM 
system Rev. A). The trial helped to identify internal noise sources and based on the results of 
this survey modifications were conducted which further improved the quality of the audio 
recordings. 

This survey exemplified how crucial long-duration field tests are for thoroughly evaluating the 
performance of newly developed ocean-going instruments and for identifying potential issues 
with their operations. 

Submitted in Support of the U.S. Navy's 2015 Annual Marine Species Monitoring Report for the Pacific 



NAVFAC | Final Report | Cetacean Studies on the Kona Coast in March 2010:
Passive Acoustic Monitoring of Marine Mammals Using Gliders – Results from an Engineering Text

 

April 2016 | 33 

5. Literature Cited 
Abecassis, M., Polovina, J., Baird, R. W., Copeland, A., Drazen, J. C., Domokos, R., Oleson, E., 

Jia, Y., Schorr, G. S., Webster, D. L., and Andrews, R. D. (2015). Characterizing a foraging 
hotspot for short-finned pilot whales and Blainville’s beaked whales located off the west 
side of Hawai‘i Island by using tagging and oceanographic data, PLoS ONE, 10, e0142628. 
doi:10.1371/journal.pone.0142628 

Baird, R. W., Webster, D. L., Aschettino, J. M., Schorr, G. S., and McSweeney, D. J. (2013). 
Odontocete cetaceans around the main Hawaiian Islands: Habitat use and relative 
abundance from small-boat sighting surveys, Aquatic Mammals, 39, 253–269. 
doi:10.1578/AM.39.3.2013.253 

Baumann-Pickering, S., McDonald, M. A., Simonis, A. E., Solsona Berga, A., Merkens, K. P. B., 
Oleson, E. M., Roch, M. A., Wiggins, S. M., Rankin, S., Yack, T. M., and Hildebrand, J. A. 
(2013). Species-specific beaked whale echolocation signals, The Journal of the Acoustical 
Society of America, 134, 2293–2301. doi:10.1121/1.4817832 

Baumann-Pickering, S., Roch, M. A., Brownell Jr, R. L., Simonis, A. E., McDonald, M. A., 
Solsona-Berga, A., Oleson, E. M., Wiggins, S. M., and Hildebrand, J. A. (2014). Spatio-
temporal patterns of beaked whale echolocation signals in the North Pacific, PLoS ONE, 9, 
e86072. doi:10.1371/journal.pone.0086072 

Baumgartner, M. F., Van Parijs, S. M., Wenzel, F. W., Tremblay, C. J., Carter Esch, H., and 
Warde, A. M. (2008). Low frequency vocalizations attributed to sei whales (Balaenoptera 
borealis), The Journal of the Acoustical Society of America, 124, 1339–1349. 
doi:10.1121/1.2945155 

Ford, J. K. B. (1987). A catalogue of underwater calls produced by killer whales (Orcinus orca) 
in British Columbia, Canadian Data Report of Fisheries and Aquatic Sciences, 633 pages. 

Frankel, A. S., and Yin, S. (2010). A description of sounds recorded from melon-headed whales 
(Peponocephala electra) off Hawai’i, The Journal of the Acoustical Society of America, 127, 
3248–3255. doi:10.1121/1.3365259 

Gedamke, J., Costa, D. P., and Dunstan, A. (2001). Localization and visual verification of a 
complex minke whale vocalization, The Journal of the Acoustical Society of America, 109, 
3038–3047. doi:10.1121/1.1371763 

Heimlich, S., Mellinger, D., Nieukirk, S., and Fox, C. G. (2005). Types, distribution, and 
seasonal occurrence of sounds attributed to Bryde’s whales (Balaenoptera edeni) recorded 
in the eastern tropical Pacific, 1999-2001, The Journal of the Acoustical Society of 
America, 118, 1830–1837. doi:10.1121/1.1992674 

Ketten, D. R. (1998). Marine mammal auditory systems: A summary of audiometric and 
anatomical data and implications for underwater acoustic impacts, NOAA-TM-NMFS-
SWFSC-256, 74 pages. 

Submitted in Support of the U.S. Navy's 2015 Annual Marine Species Monitoring Report for the Pacific 



NAVFAC | Final Report | Cetacean Studies on the Kona Coast in March 2010:
Passive Acoustic Monitoring of Marine Mammals Using Gliders – Results from an Engineering Text

 

April 2016 | 34 

Klinck, H., Mellinger, D. K., Matsumoto, H., Stelzer, R., Bogue, N. M., and Luby, J. C. (2013). 
Gliders, floats, and robotic sailboats - a review of recent advances in mobile autonomous 
passive-acoustic platforms, Abstracts, 6th International Workshop on Detection, 
Classification, Localization,and Density Estimation of Marine Mammals using Passive 
Acoustics, 12-15 June 2013, St. Andrews, Scotland. 

Klinck, H., Nieukirk, S. L., Fregosi, S., Klinck, K., Mellinger, D. K., Lastuka, S., Schiling, G. B., 
and Luby, J. C. (2015a). Cetacean Studies on the Mariana Islands Range Complex in 
September-November 2014: Passive Acoustic Monitoring of Marine Mammals Using 
Gliders. Final Report. Prepared for Commander, U.S. Pacific Fleet, Environmental 
Readiness Division, Pearl Harbor, HI. Submitted to Naval Facilities Engineering Command 
(NAVFAC) Pacific, Pearl Harbor, Hawaii under Contract No. N62470-10-D-3011, Task 
Order KB25, issued to HDR Inc., Honolulu, Hawaii. Prepared by Oregon State University, 
Newport, OR and the Applied Physics Laboratory of the University of Washington, Seattle, 
WA. August 2015. 50 pages. 

Klinck, H., Nieukirk, S. L., Fregosi, S., Klinck, K., Mellinger, D. K., Lastuka, S., Shilling, G. B., 
and Luby, J. C. (2015b). Cetacean Studies in the Hawaii Range Complex in December 
2014 – January 2015: Passive Acoustic Monitoring of Marine Mammals Using Gliders. 
Final Report. Prepared for Commander, U.S. Pacific Fleet, Environmental Readiness 
Division, Pearl Harbor, HI. Submitted to Naval Facilities Engineering Command (NAVFAC) 
Pacific, Pearl Harbor, Hawaii under Contract No. N62470-10-D-3011, Task Order KB23, 
issued to HDR Inc., Honolulu, Hawaii. Prepared by Oregon State University, Newport, OR 
and the Applied Physics Laboratory of the University of Washington, Seattle, WA. October 
2015. 58 pages. 

Lammers, M. O., Au, W. W. L., and Herzing, D. L. (2003). The broadband social acoustic 
signaling behavior of spinner and spotted dolphins, The Journal of the Acoustical Society of 
America, 114, 1629–1639. doi:10.1121/1.1596173 

Lima, I. M., de Andrade, L. G., Ramos de Carvalho, R., Lailson-Brito, J., de Freitas Azevedo, A., 
Seabra de Lima, I. M., de Andrade, L. G., Ramos de Carvalho, R., Lailson-Brito, J., and de 
Freitas Azevedo, A. (2012). Characteristics of whistles from rough-toothed dolphins (Steno 
bredanensis) in Rio de Janeiro coast, southeastern Brazil, The Journal of the Acoustical 
Society of America, 131, 4173–4181. doi:10.1121/1.3701878 

Madsen, P. T., Kerr, I., and Payne, R. (2004). Source parameter estimates of echolocation 
clicks from wild pygmy killer whales (Feresa attenuata), The Journal of the Acoustical 
Society of America, 116, 1909–1912. doi:10.1121/1.1788726 

McDonald, M. A., and Moore, S. E. (2002). Calls recorded from North Pacific right whales 
(Eubalaena japonica) in the eastern Bering Sea, Journal of Cetacean Research and 
Management, 4, 261–266. Retrieved from 
http://www.afsc.noaa.gov/nmml/PDF/rightcalls.pdf 

  

Submitted in Support of the U.S. Navy's 2015 Annual Marine Species Monitoring Report for the Pacific 



NAVFAC | Final Report | Cetacean Studies on the Kona Coast in March 2010:
Passive Acoustic Monitoring of Marine Mammals Using Gliders – Results from an Engineering Text

 

April 2016 | 35 

McDonald, M. A., Calambokidis, J., Teranishi, A. M., and Hildebrand, J. A. (2001). The acoustic 
calls of blue whales off California with gender data, The Journal of the Acoustical Society of 
America, 109, 1728–1735. doi:10.1121/1.1353593 

McDonald, M. A., Hildebrand, J. A., Wiggins, S. M., Johnston, D. W., and Polovina, J. J. (2009). 
An acoustic survey of beaked whales at Cross Seamount near Hawaii, The Journal of the 
Acoustical Society of America, 125, 624–627. doi:10.1121/1.3050317 

McSweeney, D. J., Baird, R. W., and Mahaffy, S. D. (2007). Site fidelity, associations, and 
movements of Cuvier’s (Ziphius cavirostris) and Blainville's (Mesoplodon densirostris) 
beaked whales off the island of Hawai?I, Marine Mammal Science, 23, 666–687. 
doi:10.1111/j.1748-7692.2007.00135.x 

Mellinger, D., Stafford, K., Moore, S., Dziak, R. P., and Matsumoto, H. (2007). An overview of 
fixed passive acoustic observation methods for cetaceans, Oceanography, 20(4), 36–45. 
doi:10.5670/oceanog.2007.03 

Møhl, B., Wahlberg, M., Madsen, P. T., Heerfordt, A., and Lund, A. (2003). The monopulsed 
nature of sperm whale clicks, The Journal of the Acoustical Society of America, 114, 1143–
1154. doi:10.1121/1.1586258 

Munger, L. M., Lammers, M. O., and Au, W. W. L. (2014). Passive Acoustic Monitoring for 
Cetaceans within the Marianas Islands Range Complex (MIRC) Preliminary Report. 
Prepared for U.S. Pacific Fleet. Submitted to Naval Facilities Engineering Command 
(NAVFAC) Pacific, Honolulu, Hawaii under Contract No. N62470-10-D-3011, Task Orders 
KB14 and KB17, issued to HDR Inc, Honolulu, Hawaii, 32 pages. 

Oleson, E., and Hildebrand, J. (2012). Marine Mammal Demographics off the Outer Washington 
Coast and near Hawaii, Prepared for the U.S. Navy. Naval Postgraduate School, Monterey, 
CA. NPS-OC-12-001CR. April 2012. 

Oleson, E. M., Barlow, J., Gordon, J., Rankin, S., and Hildebrand, J. A. (2003). Low frequency 
calls of Bryde’s whales, Marine Mammal Science, 19, 407–419. doi:10.1111/j.1748-
7692.2003.tb01119.x 

Oswald, J. N., Barlow, J., and Norris, T. F. (2003). Acoustic identification of nine delphinid 
species in the eastern tropical Pacific Ocean, Marine Mammal Science, 19, 20–37. 
doi:10.1111/j.1748-7692.2003.tb01090.x 

Oswald, J. N., Carretta, J. V, Oswald, M., Rankin, S., and Au, W. W. L. (2011). Seeing the 
species through the trees: Using Random Forest classification trees to identify species-
specific whistle types, The Journal of the Acoustical Society of America, 129, 2639. 

Payne, R. S., and McVay, S. (1971). Songs of humpback whales, Science, 173, 585–597. 
doi:10.1126/science.173.3997.585 

Rankin, S., and Barlow, J. (2005). Source of the North Pacific “boing” sound attributed to minke 
whales, The Journal of the Acoustical Society of America, 118, 3346–3351. 
doi:10.1121/1.2046747 

Submitted in Support of the U.S. Navy's 2015 Annual Marine Species Monitoring Report for the Pacific 



NAVFAC | Final Report | Cetacean Studies on the Kona Coast in March 2010:
Passive Acoustic Monitoring of Marine Mammals Using Gliders – Results from an Engineering Text

 

April 2016 | 36 

Rankin, S., and Barlow, J. (2007). Vocalizations of the sei whale, Balaenoptera borealis, off the 
Hawaiian Islands, Bioacoustics, 16, 137–145. doi:10.1080/09524622.2007.9753572 

Richardson, W. J., Greene, Jr., C. R., Malme, C. I., Thomson, D. H., Greene, C. R., Malme, C. 
I., and Thomson, D. H. (1995). Marine Mammals and Noise, Academic Press, San Diego, 
576 pages. 

Rudnick, D. L., Davis, R. E., Eriksen, C. C., Fratantoni, D. M., and Perry, M. J. (2004). 
Underwater gliders for ocean research, Marine Technology Society Journal, 38, 48–59. 
doi:10.4031/002533204787522703 

Soldevilla, M. S., Henderson, E. E., Campbell, G. S., Wiggins, S. M., Hildebrand, J. A., and 
Roch, M. A. (2008). Classification of Risso’s and Pacific white-sided dolphins using 
spectral properties of echolocation clicks, The Journal of the Acoustical Society of America, 
124, 609–624. doi:10.1121/1.2932059 

Stafford, K. M., Chapp, E., Bohnenstiel, D. R., and Tolstoy, M. (2011). Seasonal detection of 
three types of “pygmy” blue whale calls in the Indian Ocean, Marine Mammal Science, 27, 
828–840. doi:10.1111/j.1748-7692.2010.00437.x 

Stafford, K. M., Nieukirk, S. L., and Fox, C. G. (1999). Low-frequency whale sounds recorded on 
hydrophones moored in the eastern tropical Pacific, The Journal of the Acoustical Society 
of America, 106, 3687–3698. doi:10.1121/1.428220 

Stimpert, A. K., and Au, W. W. L. (2008). Humpback whale (Megaptera noveangliae) social 
sounds in Hawai’i, Bioacoustics, 17, 48–50. doi:10.1080/09524622.2008.9753760 

Thompson, P. O., Findley, L. T., and Vidal, O. (1992). 20-Hz pulses and other vocalizations of 
fin whales, Balaenoptera physalus, in the Gulf of California, Mexico, The Journal of the 
Acoustical Society of America, 92, 3051–3057. 

Thompson, P. O., and Friedl, W. A. (1982). A long term study of low frequency sounds from 
several species of whales off Oahu, Hawaii, USA, Cetology, 45, 1–19. Retrieved from <Go 
to ISI>://BCI:BCI198376069636. [besides being duplicated, this is not a valid URL. 

Waite, J. M., Wynne, K., and Mellinger, D. K. (2003). Documented sighting of a North Pacific 
right whale in the Gulf of Alaska and post-sighting acoustic monitoring, Northwestern 
Naturalist, 84, 38–43. doi:10.2307/3536721 

Watkins, W. A. (1981). Activites and underwater sounds of fin whales, Scientific Reports of the 
Whales Research Institute, 33, 83–117. 

Watkins, W. A., Daher, M. A., Samuels, A., and Gannon, D. P. (1997). Observations of 
Peponocephala electra, the melon-headed whale, in the southeastern Caribbean, 
Caribbean Journal of Science, 33, 34–40. 

Winn, H. E., and Winn, L. K. (1978). The song of the humpback whale Megaptera novaeangliae 
in the West Indies, Marine Biology, 47, 97–114. doi:10.1007/BF00395631 

 

Submitted in Support of the U.S. Navy's 2015 Annual Marine Species Monitoring Report for the Pacific 



NAVFAC | Final Report | Cetacean Studies on the Kona Coast in March 2010:
Passive Acoustic Monitoring of Marine Mammals Using Gliders – Results from an Engineering Text

 

 

  

 

A 
Details of All Acoustic 
Encounters Recorded by 
Glider SG022 

  

  

Submitted in Support of the U.S. Navy's 2015 Annual Marine Species Monitoring Report for the Pacific 



NAVFAC | Final Report | Cetacean Studies on the Kona Coast in March 2010:
Passive Acoustic Monitoring of Marine Mammals Using Gliders – Results from an Engineering Text

 

 

This page intentionally left blank. 
 

Submitted in Support of the U.S. Navy's 2015 Annual Marine Species Monitoring Report for the Pacific 



NAVFAC | Final Report | Cetacean Studies on the Kona Coast in March 2010:
Passive Acoustic Monitoring of Marine Mammals Using Gliders – Results from an Engineering Text

 

April 2016 | A-1 

Appendix A: Details of All Acoustic Encounters 
Recorded by Glider SG022 
This section includes a series of tables where encounter information is listed for each species 
acoustically identified in the glider data collected during the Hawaii Range Complex survey. An 
encounter was defined as a period when target signals were present in the acoustic data and 
separated from other periods of signal detections by 30 or more minutes of ‘silence.’ Note, 
however, that in other parts of this report we have summarized the acoustic data by glider dives, 
not encounters. Encounter data have been provided to enable direct comparison with line-
transect studies conducted in the area. 

A.1 Odontocetes 

Beaked whale encounters* 

Encounter 
[no.] 

Dive 
[no.] 

Start date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

End date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

Species 
ID/Label 

Latitude 
[degrees N] 

Longitude 
[degrees W] 

1 6 
17/03/2010 

08:51:08 
17/03/2010 

08:57:56 
Zc 19.7198 156.1409 

2 12 
18/03/2010 

12:27:45 
18/03/2010 

12:27:56 
Zc 19.6417 156.0798 

3 22 
20/03/2010 

01:17:45 
20/03/2010 

01:44:40 
Zc 19.5352 156.0220 

4 14 
18/03/2010 

21:53:00 
18/03/2010 

22:13:00 
Md 19.6129 156.0512 

5 22 
20/03/2010 

01:48:00 
20/03/2010 

02:00:17 
Md 19.5352 156.0220 

6 32 
22/03/2010 

02:11:58 
22/03/2010 

02:13:24 
Md 19.5636 156.0622 

7 42 
24/03/2010 

01:05:38 
24/03/2010 

01:36:55 
Md 19.4151 155.9623 

*Zc = Ziphius cavirostris (Cuvier’s beaked whale); Md = Mesoplodon densirostris (Blainville’s beaked whale) 

Low-frequency whistle encounters* 

Encounter 
[no.] 

Dive 
[no.] 

Start date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

End date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

Species 
ID/Label 

Latitude 
[degrees N] 

Longitude 
[degrees W] 

1 3 
16/03/2010 

22:26:31 
16/03/2010 

22:28:58 
LFW 19.7252 156.1197 

2 5 
17/03/2010 

03:24:40 
17/03/2010 

05:18:43 
LFW 19.7427 156.1451 

3 5 
17/03/2010 

06:12:25 
17/03/2010 

06:13:09 
LFW 19.7427 156.1451 

4 10 
18/03/2010 

02:36:00 
18/03/2010 

03:39:51 
LFW 19.6588 156.1156 

5 10 
18/03/2010 

05:02:40 
18/03/2010 

05:19:45 
LFW 19.6588 156.1156 
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Encounter 
[no.] 

Dive 
[no.] 

Start date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

End date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

Species 
ID/Label 

Latitude 
[degrees N] 

Longitude 
[degrees W] 

6 11 
18/03/2010 

08:48:26 
18/03/2010 

09:44:00 
LFW 19.6594 156.0930 

7 12 
18/03/2010 

12:55:00 
18/03/2010 

13:17:55 
LFW 19.6417 156.0798 

8 15 
19/03/2010 

03:03:34 
19/03/2010 

03:05:35 
LFW 19.5951 156.0342 

9 16 
19/03/2010 

04:59:47 
19/03/2010 

05:03:09 
LFW 19.5809 156.0170 

10 18 
19/03/2010 

12:46:11 
19/03/2010 

12:47:33 
LFW 19.5612 156.0232 

11 19 
19/03/2010 

16:06:00 
19/03/2010 

16:08:46 
LFW 19.5504 156.0169 

12 21 
19/03/2010 

21:43:05 
19/03/2010 

21:45:39 
LFW 19.5473 156.0240 

13 23 
20/03/2010 

07:07:35 
20/03/2010 

07:09:25 
LFW 19.5358 156.0097 

14 33 
22/03/2010 

07:09:24 
22/03/2010 

07:22:51 
LFW 19.5500 156.0528 

*LFW = Low-frequency whistle 

High-frequency whistle encounters* 

Encounter 
[no.] 

Dive 
[no.] 

Start date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

End date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

Species 
ID/Label 

Latitude 
[degrees N] 

Longitude 
[degrees W] 

1 9 
18/03/2010 

01:36:49 
18/03/2010 

01:38:30 
HFW 19.6592 156.1348 

2 10 
18/03/2010 

04:33:02 
18/03/2010 

05:52:54 
HFW 19.6588 156.1156 

3 12 
18/03/2010 

11:31:26 
18/03/2010 

11:31:51 
HFW 19.6417 156.0798 

4 19 
19/03/2010 

14:29:00 
19/03/2010 

14:50:05 
HFW 19.5504 156.0169 

5 19 
19/03/2010 

15:54:11 
19/03/2010 

15:58:00 
HFW 19.5504 156.0169 

6 23 
20/03/2010 

05:13:38 
20/03/2010 

07:18:33 
HFW 19.5358 156.0097 

7 29 
21/03/2010 

09:30:26 
21/03/2010 

11:29:46 
HFW 19.6222 156.1087 

8 35 
22/03/2010 

16:26:43 
22/03/2010 

16:50:19 
HFW 19.5278 156.0495 

9 36 
22/03/2010 

21:08:56 
22/03/2010 

21:49:28 
HFW 19.5307 156.0455 

10 37 
23/03/2010 

02:42:59 
23/03/2010 

03:39:18 
HFW 19.5215 156.0346 

11 44 
24/03/2010 

10:07:13 
24/03/2010 

10:39:51 
HFW 19.4166 156.0157 

*HFW = High-frequency whistle 
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Low- and high-frequency whistle encounters* 

Encounter 
[no.] 

Dive 
[no.] 

Start date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

End date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

Species 
ID/Label 

Latitude 
[degrees N] 

Longitude 
[degrees W] 

1 5 
17/03/2010 

04:09:06 
17/03/2010 

06:55:26 
LHFW 19.7427 156.1451 

2 6 
17/03/2010 

10:07:49 
17/03/2010 

10:14:59 
LHFW 19.7198 156.1409 

3 10 
18/03/2010 

02:12:50 
18/03/2010 

03:22:37 
LHFW 19.6588 156.1156 

4 11 
18/03/2010 

06:32:11 
18/03/2010 

07:56:45 
LHFW 19.6594 156.0930 

5 11 
18/03/2010 

08:44:47 
18/03/2010 

10:03:15 
LHFW 19.6594 156.0930 

6 12 
18/03/2010 

12:46:18 
18/03/2010 

13:09:12 
LHFW 19.6417 156.0798 

7 16 
19/03/2010 

04:46:36 
19/03/2010 

06:00:12 
LHFW 19.5809 156.0170 

8 18 
19/03/2010 

10:33:07 
19/03/2010 

10:56:56 
LHFW 19.5612 156.0232 

9 21 
19/03/2010 

21:14:29 
19/03/2010 

22:11:41 
LHFW 19.5473 156.0240 

10 22 
20/03/2010 

02:30:16 
20/03/2010 

03:18:21 
LHFW 19.5352 156.0220 

11 28 
21/03/2010 

05:21:29 
21/03/2010 

07:29:47 
LHFW 19.6077 156.1091 

12 39 
23/03/2010 

10:44:25 
23/03/2010 

11:43:18 
LHFW 19.4902 155.9997 

13 43 
24/03/2010 

05:29:37 
24/03/2010 

07:48:42 
LHFW 19.3955 155.9798 

14 44 
24/03/2010 

11:18:54 
24/03/2010 

12:32:10 
LHFW 19.4166 156.0157 

15 48 
25/03/2010 

02:56:27 
25/03/2010 

03:20:30 
LHFW 19.4823 156.0270 

*LHFW = Low- and high-frequency whistle 

Echolocation clicks and/or burst pulses encounters * 

Encounter 
[no.] 

Dive 
[no.] 

Start date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

End date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

Species 
ID/Label 

Latitude 
[degrees N] 

Longitude 
[degrees W] 

1 6 
17/03/2010 

11:13:01 
17/03/2010 

12:06:16 
ECBP 19.7198 156.1409 

2 9 
18/03/2010 

00:29:49 
18/03/2010 

01:26:00 
ECBP 19.6592 156.1348 

3 11 
18/03/2010 

08:05:40 
18/03/2010 

08:11:52 
ECBP 19.6594 156.0930 

4 16 
19/03/2010 

06:08:34 
19/03/2010 

06:20:05 
ECBP 19.5809 156.0170 

5 18 
19/03/2010 

11:14:07 
19/03/2010 

12:53:02 
ECBP 19.5612 156.0232 
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Encounter 
[no.] 

Dive 
[no.] 

Start date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

End date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

Species 
ID/Label 

Latitude 
[degrees N] 

Longitude 
[degrees W] 

6 23 
20/03/2010 

06:48:00 
20/03/2010 

07:05:00 
ECBP 19.5358 156.0097 

7 30 
21/03/2010 

15:15:12 
21/03/2010 

15:44:30 
ECBP 19.6013 156.0937 

8 39 
23/03/2010 

12:03:39 
23/03/2010 

13:07:47 
ECBP 19.4902 155.9997 

9 40 
23/03/2010 

15:25:21 
23/03/2010 

15:32:41 
ECBP 19.4668 155.9893 

10 40 
23/03/2010 

16:54:32 
23/03/2010 

17:22:19 
ECBP 19.4668 155.9893 

11 49 
25/03/2010 

06:08:05 
25/03/2010 

06:48:08 
ECBP 19.5327 156.0290 

12 51 
25/03/2010 

11:44:41 
25/03/2010 

12:07:34 
ECBP 19.5657 156.0235 

*ECBP = Echolocation clicks and/or burst pulses 
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A.2 Mysticetes 

Humpback whale encounters* 

Encounter 
[no.] 

Dive 
[no.] 

Start date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

End date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

Species 
ID/Label 

Latitude 
[degrees N] 

Longitude 
[degrees W] 

1 3 
16/03/2010 

19:38:27 
17/03/2010 

01:55:25 
Mn 19.7252 156.1197 

2 5 
17/03/2010 

03:15:41 
17/03/2010 

10:56:59 
Mn 19.7427 156.1451 

3 10 
17/03/2010 

23:49:08 
18/03/2010 

05:52:58 
Mn 19.6588 156.1156 

4 19 
18/03/2010 

06:32:08 
21/03/2010 

02:44:06 
Mn 19.5504 156.0169 

5 30 
21/03/2010 

04:40:10 
22/03/2010 

03:17:39 
Mn 19.6013 156.0937 

6 34 
22/03/2010 

05:08:15 
22/03/2010 

17:34:34 
Mn 19.5399 156.0527 

7 38 
22/03/2010 

20:22:10 
23/03/2010 

22:16:16 
Mn 19.5073 156.0156 

8 43 
24/03/2010 

00:38:18 
24/03/2010 

12:30:54 
Mn 19.3955 155.9798 

9 48 
24/03/2010 

17:26:23 
25/03/2010 

15:33:05 
Mn 19.4823 156.0270 

*Mn = Megaptera novaeangliae (humpback whale) 
 

Minke whale encounters* 

Encounter 
[no.] 

Dive 
[no.] 

Start date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

End date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

Species 
ID/Label 

Latitude 
[degrees N] 

Longitude 
[degrees W] 

1 9 
16/03/2010 

19:41:55 
16/03/2010 

19:45:05 
Ba 19.6757 156.0902 

2 10 
16/03/2010 

21:32:49 
16/03/2010 

22:23:25 
Ba 19.7252 156.1197 

3 10 
16/03/2010 

23:13:46 
17/03/2010 

01:46:45 
Ba 19.7365 156.1341 

4 10 
17/03/2010 

03:17:07 
17/03/2010 

03:19:07 
Ba 19.7427 156.1451 

5 11 
17/03/2010 

04:25:04 
17/03/2010 

04:25:13 
Ba 19.7427 156.1451 

6 11 
17/03/2010 

07:21:02 
17/03/2010 

07:30:10 
Ba 19.7427 156.1451 

7 12 
17/03/2010 

08:22:55 
17/03/2010 

08:35:17 
Ba 19.7198 156.1409 

8 12 
17/03/2010 

09:08:37 
17/03/2010 

09:08:45 
Ba 19.7198 156.1409 

9 12 
17/03/2010 

10:35:25 
17/03/2010 

11:24:42 
Ba 19.7198 156.1409 

10 27 
17/03/2010 

11:58:22 
17/03/2010 

12:03:58 
Ba 19.7198 156.1409 
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Encounter 
[no.] 

Dive 
[no.] 

Start date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

End date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

Species 
ID/Label 

Latitude 
[degrees N] 

Longitude 
[degrees W] 

11 27 
17/03/2010 

22:02:43 
18/03/2010 

01:34:26 
Ba 19.6592 156.1348 

12 28 
18/03/2010 

02:18:26 
18/03/2010 

02:35:27 
Ba 19.6588 156.1156 

13 29 
18/03/2010 

03:14:44 
18/03/2010 

04:20:48 
Ba 19.6588 156.1156 

14 29 
18/03/2010 

05:02:47 
18/03/2010 

05:24:15 
Ba 19.6588 156.1156 

15 30 
18/03/2010 

06:54:35 
18/03/2010 

07:44:36 
Ba 19.6594 156.0930 

16 32 
18/03/2010 

09:42:33 
18/03/2010 

10:01:13 
Ba 19.6594 156.0930 

17 33 
18/03/2010 

11:12:26 
18/03/2010 

11:45:38 
Ba 19.6417 156.0798 

18 35 
18/03/2010 

12:25:43 
18/03/2010 

12:25:52 
Ba 19.6417 156.0798 

19 39 
18/03/2010 

13:19:16 
18/03/2010 

13:24:54 
Ba 19.6417 156.0798 

20 40 
20/03/2010 

23:41:18 
21/03/2010 

01:00:55 
Ba 19.5474 156.0999 

21 42 
21/03/2010 

01:40:59 
21/03/2010 

02:37:35 
Ba 19.5474 156.0999 

22 42 
21/03/2010 

04:35:04 
21/03/2010 

06:50:49 
Ba 19.6077 156.1091 

23 44 
21/03/2010 

09:31:28 
21/03/2010 

11:09:23 
Ba 19.6222 156.1087 

24 44 
21/03/2010 

12:21:00 
21/03/2010 

12:21:11 
Ba 19.6222 156.1087 

25 44 
21/03/2010 

14:20:33 
21/03/2010 

16:44:12 
Ba 19.6013 156.0937 

26 47 
22/03/2010 

02:23:03 
22/03/2010 

02:31:53 
Ba 19.5636 156.0622 

27 47 
22/03/2010 

05:13:48 
22/03/2010 

05:20:28 
Ba 19.5500 156.0528 

28 48 
22/03/2010 

15:35:35 
22/03/2010 

16:33:20 
Ba 19.5278 156.0495 

29 9 
23/03/2010 

12:08:00 
23/03/2010 

12:12:41 
Ba 19.4902 155.9997 

30 10 
23/03/2010 

17:14:36 
23/03/2010 

17:14:45 
Ba 19.4668 155.9893 

31 10 
24/03/2010 

02:16:45 
24/03/2010 

02:17:54 
Ba 19.4151 155.9623 

32 10 
24/03/2010 

02:53:34 
24/03/2010 

03:01:42 
Ba 19.4151 155.9623 

33 11 
24/03/2010 

10:22:44 
24/03/2010 

10:22:50 
Ba 19.4166 156.0157 

34 11 
24/03/2010 

11:01:38 
24/03/2010 

11:08:27 
Ba 19.4166 156.0157 
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Encounter 
[no.] 

Dive 
[no.] 

Start date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

End date 
[UTC] 

[dd/mm/yyyy 
hh:mm:ss] 

Species 
ID/Label 

Latitude 
[degrees N] 

Longitude 
[degrees W] 

35 12 
24/03/2010 

11:39:04 
24/03/2010 

11:39:09 
Ba 19.4166 156.0157 

36 12 
24/03/2010 

22:52:52 
24/03/2010 

23:13:55 
Ba 19.4553 156.0345 

37 12 
24/03/2010 

23:44:56 
24/03/2010 

23:47:23 
Ba 19.4553 156.0345 

38 27 
25/03/2010 

03:18:57 
25/03/2010 

03:28:54 
Ba 19.4823 156.0270 

*Ba = Balaenoptera acutorostrata (minke whale) 
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