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Abstract
1. A behavioral response study took place in the Tongue of the Ocean between 18 August
and 5 October 2008. The general objective was to conduct playbacks of MFA sonar
sounds on odontocete whales, to measure received levels of sound and to use control
sounds. There was an emphasis on conducting playbacks on beaked whales.
2. A total of 6 playbacks were conducted on 4 species of odontocete cetacean. This adds
to 3 playbacks conducted during 2007. In addition, observations were made of
odonticetes vocalizations at a group/population level using the AUTEC hydrophone array
during playbacks. Underlying habitat mapping also provided an insight in to beaked
whales distributions at AUTEC that may be independent of anthropogenic acoustic
activity. As in integrated data set, this provides a significant advance in our
understanding of the responses of odonticetes, and beaked whales in particular, to MFA.
3. The operations were highly constrained mainly by a succession of tropical storms and
hurricanes that threatened the region during the time of the study. This meant that the
number of playback achieved was lower than had been expected if weather conditions
had been the average for the time of year.
4. The extensive data sets emerging from this study will require to be analyzed in detail.
Integrating across the results from both BRS-07 and BRS-08 as well as analyses of likely
beaked whale responses to simulated sonar at the group/population level, the emerging
pattern of response is as follows:
(i) Based upon multi-year photo-identification and habitat mapping, Blainvilles beaked
whales are a resident species within the study area and individuals forage within the
study area over multiple years. They appear to be able to survive, breed and forage
successfully within this habitat in spite of considerable military acoustic sources,
including on occasions MFA used at full power. Beaked whale distributions are
generally congruent with apparent food availability within the water column.
(ii) Beaked whales are sensitive to noise, even at levels well below expected TTS (~160
dB re 1 µPa). This sensitivity is manifest by an adaptive movement away from a
sound source. BRS observed this response irrespective of the signal transmitted
within the band width of mid-frequency active sonars. This suggests that beaked
whales may not respond to the specific sound signatures. Rather they may be
sensitive to any pulsed sound from a point source in this frequency range. The
response to such stimuli appears to involve maximizing the distance from the sound
source.
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(iii) The observations from the focal animal studies carried out on beaked whales during
BRS are aligned with observations made during BRS of population-level movements
of beaked whales that may have occurred in response to BRS activities (but require
further analysis), as well as observation carried out by NUWC during sonar exercises
in which full power MFA is being used. Overall, it appears that beaked whales move
out of the region in which MFA is being used.
(iv) Other species appear to be less sensitive to MFA and control sounds than beaked
whales. Although reactions to sonar sounds and control sounds were observed in
some cases, there was little consistency in the responses and none of these responses
suggested a reaction that was hazardous to these species.
5. Scenarios for stranding that could be derived from these results mainly involve
situations in which there is inadvertent “pursuit” of cetaceans because of the movement
of vessels operating MFA. Such “pursuit” could occur as a result of specific bathymetric
or oceanographic conditions and could result in magnification of the adaptive reactions
observed in BRS. Beaked whales, and to a lesser extent other species, could suffer trauma
including many of the pathologies observed in stranded specimens under this scenario.
This suggests the most effective mitigation could be to (a) ensure there is an appropriate
period of ramp up (possibly over several days) in a region in advance of any use of MFA
and (b) to avoid the kind of regions and habitats in which “pursuit” is possible.
6. An extensive list of recommendations is provided about the conduct of playback
experiments on odontocete whales. Experiments on beaked whales require flat-calm
conditions but also require the presence of a substantial sound source that needs to be
carried by a large vessel. The combination of the inevitable long times spent waiting for
appropriate working conditions and the high costs of having a vessel on standby to carry
the sound source mean that these experiments are very difficult to conduct.
7. The following report is a preliminary depiction of the results from BRS-08. Its contents
need to be considered alongside those of BRS-07. All outputs described here may be
subject to modification in due course.

1.0 Introduction
This short report describes the preliminary results of a Behavioral Response Study of
deep-diving cetaceans carried out in 2008 (BRS-08). The rationale for this study comes
from a hypothesis that some types of sonar signals can affect the behavior of some deepdiving odontocete cetaceans, especially beaked whales, and may lead to strandings on
some occasions. The study was designed to examine the response of cetaceans to sonar
sounds and control sounds.
BRS-08 was sponsored by US Navy NAVSEA PEO IWS 5, US Navy Office of Naval
Research (ONR), US Navy Environmental Readiness Division, US National Oceanic and
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Atmospheric Administration (National Marine Fisheries Service), and the US Department
of Defense Strategic Environmental Research and Development Program (SERDP). The
research was conducted under a permit issued by the Bahamian Department of Marine
Resources.

1.1 Objectives and achievements
The BRS-08 research objectives against achievements are:
Pri

mary objectives
Increase the sample size of MFA playbacks and
controls achieved in 2007

Measure the received levels of sonar sound that
produce this response
Investigate variation in responses in relation to
context and species
Include at least one more killer whale playback to
examine whether the response of beaked whales
might be explained by confusion between sonar
signals and killer whale calls
Compare responses to MFA sonar signals vs more
spread spectrum signal with similar overall
bandwidth, duration, and timing
Aspiration
al objectives
Characterize whether and how responses differ
between different age/sex/ stages in life
cycle/behavioral contexts, and also between different
types of sound
Begin to build a population-level dose:response
relationship that could be used to help predict the
probability of inducing a behavioral response that
could lead to stranding
Examine whether the responses in beaked whales are
also present in other species

Achievements
The sample size was
increased but not as
much as had been hoped
Achieved
Achieved: 4 species
were investigated
Not achieved

Achieved in some
species
Not achieved

Not achieved

Achieved to some extent

2.0 Results
2.1 Nassau port call - 14 September 2008
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During the visit to Nassau on 14 September, guests from the Bahamian Ministry of
Fisheries and the Ministry of Agriculture and Marine Resources, The Bahamian
Environment, Science & Technology Commission, The Bahamas National Trust and
several other organizations were entertained on Revelle. Representatives of the US
Embassy were also present. Conducted tours were provided of the ship for a total of 48
visitors

2.2 Waveform and source transmission summary
2.2.1 Summary of operations:
•
•
•
•

The Acoustic source performed all requested transmissions upon request, no
exceptions.
Deployment of the source was to approximately 25 and 65 meters depending
on species and water conditions.
Source level output has met target output levels.
Recordings of the source hydrophone, amplifier drive voltage and current are
stored in BRS 08 data archives.

2.2.2. Transmitted waveforms
Two waveforms were transmitted, a mid-frequency sonar signal, BRS_MFA-1 and
BRS_PRN-1, a signal of the same time and bandwidth as MFA-1 that contained random
noise. Both waveforms were 1.4 seconds in duration and were repeated every 25
seconds. The BRS_MFA1 waveform was also transmitted in BRS07.
2.2.3 Summary of playback events
There have been 9 playbacks on animals in total, 5 of BRS_PRN1 and 4 of BRS_MFA1.
For each sequence of transmissions, a full ramp up sequence was performed starting at
160 dB through maximum target source level of 211 dB, increasing 3 dB every 25
seconds and continuing transmissions for approximately 5 minutes at full power for a
shallow source depth. When source was deployed deep, transmissions were ceased
when chief scientist called for stop transmission. Table 2.1 summarizes each event and
species. Data sheets showing the transmission time and source location and depth are in
appendix B.

Date
22-Sep

Tagged Species

Rampup #
xmn

Max SL
#xmn

Source
depth
(m)

PRN 1

Short finned pilot whale

16

14

23.4

MFA 1

Short finned pilot whale

17

14

23.4

Waveform
Sequence

Comments
1 transmission missed duing
ramp up, lost tag
lost tag (same animal as
above)
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26-Sep

PRN 1
MFA 1

27-Sep PRN 1
28-Sep MFA 1

29-Sep

PRN 1
PRN 1
MFA 1

False killer whale
False killer whale

17
17

13
14

25.6
25.6

Blaineville's beaked
whale
False killer whale

17 3
17

13

66
25.6

False killer whale
Short finned pilot whale
Short finned pilot whale

17
17
17

13
13
13

25.6
25.6
25.6

Melon headed whale

Stopped playback when
M3R notified that whale
stopped clicking
Source was towed at 0.5kts
during transmission

2nd tagged whale, same
playback

Table 2.1 Summary of BRS 08 playbacks

2.3 Playback events
This section summarizes visual observations, Dtag recordings and track/focal follow
geometries for each playback event. For those events when a tag was on and no
playback occurred (tag fell off too soon), the summary of the tag data is found in
appendix C.
2.3.1 Short finned pilot whale - 22 September (playback/tag not retrieved)
2.3.1.1 Visual Observer notes
September 22, 2008: Playback on group of 15-20 Short-finned Pilot Whales,
Globicephala macrorhynchus.
Premitigation started at 20:58 GMT. Behavior of pilot whales consisted of slow travel to
the southeast. Two cow/calf pairs were observed as well as at least 2 adult males. D-tag
was placed on dorsal fin of an adult male. The group was scattered over a large area of
several hundred square meters and exhibited “typical” pilot whale behavior, consisting of
slow travel, periods of logging at the surface, and making shallow dives. No other
species of cetaceans were observed in the immediate area of the pilot whales.
Playback began at 21:31 and lasted till 21:43. Sound put into the water was PRN-1. At
the beginning of the playback whales were split into two groups, one 1,365 meters from
the Roger Revelle and the other 591 meters. The adult male with the D-tag was in the
group 1,365 meters from the vessel. During the duration of the playback no obvious
reaction to the source playback was observed by the visual team for either group of pilot
whales. It was noted that the group increased their rate of travel slightly. Whether this
was a result of the playback or not is debatable.
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A second playback from the source was conducted at 21:48 using MFA-1. The closest
group of whales 949 meters from the vessel immediately began to increase their rate of
travel to the southeast towards the other group of pilot whales 1,855 meters from the
Roger Revelle and ceased making shallow dives. Transmission of second playback
ended at 21:59. Whales continued their travel to the southeast and a steady speed of 3-4
knots. Other than increased rate of travel, no obvious reactions to the source were
observed the visual team using 25x “bigeye” binoculars. During both playbacks the
average Beaufort was 5 with reasonable viewing conditions for pilot whales.
Post mitigation began at 21:59 and ended at 22:59. The two groups of pilot whales came
together and continued on a southeast direction into the southern part of the range. As
the groups came together, the signal from the D-tag became faint, possibly due to the tag
slipping lower on the body of the whale or perhaps because the tag was damaged by
another whale. This tag was not recovered. No other species of cetaceans were
observed during the two playback experiments and post mitigation.
2.3.1.2. No Dtag data were analyzed as the tag was not retrieved.
2.3.1.3 Figure 2.3 shows the track geometry for the Revelle & RHIB, sighting
data and source deployment locations for 22 September.

6

Figure 2.3
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2.3.2 False killer whale - 26 September
2.3.2.1 Visual Observer notes
September 26, 2008: Playback on group of 12 false killer whales, Pseudorca crassidens.
Premitigation on this group of false killer whales began at 14:08 GMT even though the
Revelle and zodiac had been conducting at focal follow on the group since 11:38. Group
consisted of 2 cow/calf pairs and at least one adult male as well as many animals of
undetermined age and sex. Group was scattered with animals separated by several
hundred meters and steadily moving in a southerly direction at a speed of 3 knots. The
group’s greatest distance from the vessel was 1,800 meters and closest distance was 680
meters.
Playback began at 15:07 and was a PRN-1. Whales were 1,495 meters from the vessel
and scattered over several hundred meters. As soon as sound was placed into the water,
the whales made a shallow dive and grouped together and began to increase their rate of
travel to greater than 3-4 knots. First playback ceased at 15: 20. Whales continued
moving in a southerly direction at 4 plus knots. No other species of cetaceans were
observed in the immediate area during the playback.
Post mitigation started at 15:20. Whales slowed their speed somewhat but remained
grouped together. No other species of cetaceans were observed in the area.
A second playback began at 16:53 using MFA-1. Whales were grouped together at 1,010
meters from the Revelle. Whales slowed their rate of travel. Source was at full power at
17:00. At that time, whales had obviously increased their rate of travel. Zodiac in the
water near the whales reported swimming speeds at greater than 8 knots. Playback ended
at 17:05 with the whales 1,242 meters from the vessel. No other species were observed in
the immediate area.
Post mitigation of the second playback began at 17:05 and ended at 18:05. The false
killer whales continued swimming at speed away from the Revelle. Due to increased rate
of travel from the whales, the D-tag came off the animal at 17:19. It was determined
from the zodiac (Diane’s team) and the visual observers that the pseudorcas had an
obvious reaction to the playback. No other species of cetaceans were observed during the
post mitigation time frame. Throughout the entire day, average Beaufort was 3 and
viewing conditions were good.
2.3.2.2 Pc08_270a Quick Look Analysis
(Pseudorca crassidens, MFA and PRN playback on 26 September 2008)
Complete summary is contained in appendix C2
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DIVE PROFILE
Notes: the deepest dive (to about 50 m) happened while the animals were very close to
the Revelle and the Revelle was operating her bow thrusters. The tagged animal was
silent during the dive and non-focal whistles and clicks were not noted either.

Figure 2.4
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Figure 2.5

Figure 2.6

DIVE PROFILES WITH RECEIVED LEVELS
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Notes: for the color-line plot, the RL of each emission is plotted on the dive profile from
the time the sound was received until the beginning of the next received sound. (If the
RL color is plotted only for the 1.4 second duration of the sound, it is very hard to see on
the figure).

Zooming in on the PRN exposure:

Figure 2.7
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Zooming in on the MFA exposure:

Figure 2.8

Figure 2.9
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2.3.2.1 Figure2.10 shows the track geometry for the Revelle & RHIB, sighting data and
source deployment locations for 26 September.

Figure 2.10
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2.3.3 Blainesville’s beaked whale - 27 September
2.3.3.1 Visual Observer notes
September 27, 2008-Playback on 3 dense beaked whales, Mesoplodon densirostris
Premitigation began at 17:53 GMT. Viewing conditions were excellent with Beaufort 1
conditions. Whales were exhibiting typical beaked whale behavior with an average of 3
shallow dives followed by a deep dive. Whales showed no change in behavior at the
surface.
Playback began at 18:42 with whales 692 meters from the Revelle. Playback commenced
while the whales were doing a deep dive. The sound placed in water was PRN-1.
Playback ended at 19:01.
Post mitigation began at 19:02 for one hour. It was noted during playback sequence that
2 sport fishing vessels were within a half mile of the diving beaked whales.
Tag came off beaked whale at 19:37. No visuals were made of the whales upon returning
from their terminal dive. At 19:42 we sighted a group of two beaked whales that may
have been the same animals as during the playback experiment 2,375 meters from the
Revelle. Animals showed typical beaked whale behavior at the surface with shallow
dives, slow travel, and steady direction of travel. During the events throughout the day,
no others species of cetaceans were observed in immediate area.
2.3.3.2 Md08_271a Quick Look Analysis
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DIVE PROFILE

Figure 2.11
PRN Exposure Received Levels
Notes: All RLs were calculated after application of a bandpass filter between 2-5 kHz2.
Level determination was as follows:
• Peak level – highest sound pressure level during the analyzed portion of the PRN
sound
• Envelope peak level – highest level observed in the complex envelope of the
signal was calculated, after envelope was filtered with a low-pass filter3. This is a
non-conventional level measurement. It was calculated to give some idea of the
peak level of the PRN signal NOT including ‘spikes’ that sometimes occur in the
waveform.

2

4th order Butterworth filter (applied back and forward in matlab with the filtfilt
command for effective 8th order)
3

2nd order (but applied back and forward with the matlab command filtfilt for effective 4th order)
Chebyshev type 1 filter, lowpass, 200Hz cutoff frequency, 0.5 dB ripple in pass band
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•

RMS level – root of the mean squared sound pressure level in the analysis
window

The analysis window began and ended at the start and end of the first arrival of the PRN
signal where possible. Where the PRN signal overlapped with beaked whale clicks, a
shorter window (as long as possible without including any whale clicks) was used.

Figure 2.12

DIVE PROFILES WITH RECEIVED LEVELS
Notes: for the color-line plot, the RL of each emission is plotted on the dive profile from
the time the sound was received until the beginning of the next received sound. (If the
RL color is plotted only for the 1.4-second duration of the sound, it is very hard to see on
the figure).
Zooming in:
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Figure 2.13

Figure 2.14

17

2.3.3.3 Figure 2.15 shows the track geometry for the Revelle & RHIB, sighting
data and source deployment locations for 27 September.

Figure 2.15
2.3.4 False killer whale – 28 September
2.3.4.1 Visual Observer notes
September 28, 2008-Playback on group of 12 false killer whales, Pseudorca crassidens
Official premitigation began at 20:27 GMT with the same group of false killer whales
from September 26. During this time whales were 482 meters from the vessel and
traveling at a steady rate of speed. Some came over to bowride the Revelle.
Playback began at 21:30 with MFA-1. At this time whales were 1,254 meters scattered
into two small sub-groups. Group seemed to speed up, but reaction did not appear as
strong as Sept. 26. Playback ended at 21:44 with the whales 2,452 meters from the
vessel.
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A second playback using PRN-1 was conducted at 21:59 with the whales 3,679 meters
from the vessel. Whales again increased their swimming and moving in a direction away
from the Revelle. Playback ended at 22:11 with the whales 4,682 meters from the vessel.
Post mitigation started at 22:11 and ended at 23:10. Whales continued on their original
course at the same speed. During the entire mitigation and playback periods, no other
species were observed in the immediate area despite good viewing conditions of Beaufort
4.
2.3.4.2 Pc08_272a Quick Look Analysis
False killer whale Pseudorca crassidens, tagged September 28, 2008
Complete summary is contained in appendix C4

DIVE PROFILE

Figure 1.16
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MFA & PRN Exposure Received Levels
Notes: All RLs were calculated after application of a bandpass filter between 2-5 kHz4.
Level determination was as follows:
• Peak level – highest sound pressure level during the analyzed portion of the PRN
sound
• Envelope peak level – highest level observed in the complex envelope of the
signal was calculated, after envelope was filtered with a low-pass filter5. This is a
non-conventional level measurement. It was calculated to give some idea of the
peak level of the PRN signal NOT including ‘spikes’ that sometimes occur in the
waveform.
• RMS level – root of the mean squared sound pressure level in the analysis
window
• RMS noise level – root of the mean squared sound pressure level in a one-second
window slightly before the exposure. Window selected to have background noise
approximately like that in the analysis window, and to exclude loud animal
sounds. This measurement is given to indicate the signal-to-noise ratio of the
received transmission (some are barely audible over background noise).
The analysis window began and ended at the start and end of the first arrival of the
PRN/MFA signal where possible. Where the PRN/MFA signal overlapped with highamplitude sounds, a shorter window (as long as possible without including any whale
sounds or splashes) was used.

4

4th order Butterworth filter (applied back and forward in matlab with the filtfilt
command for effective 8th order)
5

2nd order (but applied back and forward with the matlab command filtfilt for effective 4th order)
Chebyshev type 1 filter, lowpass, 200Hz cutoff frequency, 0.5 dB ripple in pass band
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Figure 2.17

Figure 2.18
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DIVE PROFILES WITH RECEIVED LEVELS

Notes: for the color-line plot, the RL of each transmission is plotted on the dive profile
from the time the sound was received until the beginning of the next received sound. (If
the RL color is plotted only for the 1.4-second duration of the sound, it is very hard to see
on the figure).
Zooming in:

Figure 2.19
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Figure 2.20

ACOUSTIC DATA – OBSERVATIONS

The animal (and/or others in its group) may have vocalized in response to, or in imitation
of, the MFA sound. Vocalizations began during the second half of the MFA sound on
>50% of occasions (about 16 of the 30 exposures), and the vocalizations often seem to
mimic the frequency modulation of the MFA sound in some way. There was no
indication that the same apparent responses happened during the PRN exposure, but this
needs to be checked systematically. The spectrograms below show two examples. The
animals were whistling frequently throughout the exposure, so the overlap of animal
whistles with the MFA sound may be just coincidence, but the possibility that the animals
are responding vocally to the sonar sound should be investigated further.
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MFA sound

MFA sound
Figure 2.21

2.3.4.3 Figure 2. 22 shows the track geometry for the Revelle & RHIB, sighting
data and source deployment locations for 28 September.
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Figure 2.22
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2.3.5 Short finned pilot whale - 29 September
2.3.5.1 Visual Observer notes
September 29, 2008-Playback on group of 12 short-finned pilot whales, Globicephala
macrorhynhus and 100 melon-headed whales, Peponocephala electra.
Pre-mitigation for a group of loosely scattered pilot whales began at 14:22 GMT when
tag was placed on an adult male pilot whale. Whales were dispersed and moving to the
northwest at a steady rate of 3 knots at around 1,495 meters from the vessel. At
15:37 visual team detected a group of 100+ melon headed whales 2,100 meters from the
Reville, well south (greater than 2 miles) of the group of pilot whales. The melon headed
whales were traveling at speed towards the east making numerous leaps and spyhops.
Decision was made to proceed with playback experiment with both pilot whales and
melon headed whales in sight.
Playback began at 15:43 with the PRN-1. Melon-headed whales were located 1,800
meters from the Reville while the pilot whales were located 1,655 meters from the
Reville. Playback ended at 15:50. No strong reaction was observed with the pilot whales
but a pretty strong reaction was observed for the melon headed whales. At the beginning
of the playback sequence the melon headed whales were traveling fast thru the water on
an easterly course and several individuals began to breach. As playback continued the
group of melon headed whales slowed their speed through the water and became more
tightly packed. During the peak in the first playback, the whales switched their direction
of travel by 180 degrees and came to a complete stop in the water column logging at the
surface very close together. Playback ended at 15:50. Viewing conditions during the
playback were good with an average Beaufort 3 to 4 seas.
Post mitigation began at 15:50 and continued for over one hour. The pilot whales were
far away from the Reville and viewing of the whales behavior were made by Diane’s
group on the zodiac near the whales. The melon headed whales continued to travel slow
and exhibited social behavior at the surface such as lobtailing and spyhopping.
A second playback was conducted at 17:38 GMT with MFA-1. The melon-headed
whales were 2,822 meters from the vessel. The zodiac was with the pilot whales and the
visual observers could not see the pilot whales from Reville’s position. The playback
ended at 17:50. Unfortunately, both the pilot whales and melon headed whales were too
far from the vessel to determine any behavior change.
Post mitigation began at 17:50 and continued for one hour ending at 18:50. Melon
headed whales were relocated. Whales were slow traveling and being very social at the
surface with lots of breaches, spyhops, and tail lobbing. The pilot whales were not seen
again by the visual team though they were being followed by the zodiac until the tag
came off. No other species of cetaceans were observed during mitigation or playback.
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2.3.5.1 Gm08_273b Quick Look Analysis
Pilot whale 273a analysis is contained in appendix C5. There was no playback as the tag
remained on for only a short time.
(Pilot whale Globicephala macrorhynchus, MFA and PRN playback on 29 September
2008)
Complete summary is contained in appendix C6.

DIVE PROFILE
.

Figure 2.23
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PRN and MFA Sonar Exposure Received Levels
Notes:
The tagged whale was at the surface a lot, and so surface splashing sometimes interfered
with the sound exposure. In those cases the background noise level on the tag was very
high and the reported exposure level numbers probably do not mean very much
(splashing was making as much noise as the exposure, if not more).
All RLs were calculated after application of a bandpass filter between 2-5 kHz6. Level
determination was as follows:
•
•

•
•

Peak level – highest sound pressure level during the analyzed portion of the PRN
sound
Envelope peak level – highest level observed in the complex envelope of the
signal was calculated, after envelope was filtered with a low-pass filter7. This is a
non-conventional level measurement. It was calculated to give some idea of the
peak level of the PRN signal NOT including ‘spikes’ that sometimes occur in the
waveform.
RMS level – root of the mean squared sound pressure level in the analysis
window
RMS noise level – root of the mean squared sound pressure level in a one-second
window slightly before the exposure. Window selected to have background noise
approximately like that in the analysis window, and to exclude loud animal
sounds. This measurement is given to indicate the signal-to-noise ratio of the
received transmission (some are barely audible over background noise).

The analysis window began and ended at the start and end of the first arrival of the
PRN/MFA signal where possible. Where the PRN/MFA signal overlapped with highamplitude sounds, a shorter window (as long as possible without including any whale
sounds or splashes) was used.

6

4th order Butterworth filter (applied back and forward in matlab with the filtfilt
command for effective 8th order)
7

2nd order (but applied back and forward with the matlab command filtfilt for effective 4th order)
Chebyshev type 1 filter, lowpass, 200Hz cutoff frequency, 0.5 dB ripple in pass band
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Figure 2.24

Figure 2.25
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Dive Profiles with Received Levels
Notes: for the color-line plot, the RL of each emission was plotted on the dive profile
from the time the sound was received until the beginning of the next received sound. (If
the RL color was plotted only for the 1.4-second duration of the sound, it was very hard
to see on the figure).
Zooming in on the PRN exposure:

Figure 2.26

30

Zooming in on the MFA exposure:

Figure 2.27
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Figure 2.28
2.3.5.3 Figure 2.29 shows the track geometry for the Revelle & RHIB, sighting
data and source deployment locations for 29 September.
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Figure 2.29
2.2.6 Melon headed whale - 29 September
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2.3.6.1 See section 2.3.5.1 above
Pe08_273a tag was only on for about 15 minutes. There was no playback during
this time. Complete summary is contained in appendix C6.
2.3.6.2 Pe08_273b Quick Look Analysis
Complete summary is contained in appendix C7.
(Melon-headed whale Peponcephala electra, MFA playback on 29 September 2008)

DIVE PROFILE

Figure 2.30
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PRN and MFA Sonar Exposure Received Levels
Notes:
All RLs were calculated after application of a bandpass filter between 2-5 kHz8. Level
determination was as follows:
• Peak level – highest sound pressure level during the analyzed portion of the PRN
sound
• Envelope peak level – highest level observed in the complex envelope of the
signal was calculated, after envelope was filtered with a low-pass filter9. This is a
non-conventional level measurement. It was calculated to give some idea of the
peak level of the PRN signal NOT including ‘spikes’ that sometimes occur in the
waveform.
• RMS level – root of the mean squared sound pressure level in the analysis
window
• RMS noise level – root of the mean squared sound pressure level in a one-second
window slightly before the exposure. Window selected to have background noise
approximately like that in the analysis window, and to exclude loud animal
sounds. This measurement is given to indicate the signal-to-noise ratio of the
received transmission (some are barely audible over background noise).
The analysis window began and ended at the start and end of the first arrival of the
PRN/MFA signal where possible. Where the PRN/MFA signal overlapped with highamplitude sounds, a shorter window (as long as possible without including any whale
sounds or splashes) was used.

8

4th order Butterworth filter (applied back and forward in matlab with the filtfilt
command for effective 8th order)
9

2nd order (but applied back and forward with the matlab command filtfilt for effective 4th order)
Chebyshev type 1 filter, lowpass, 200Hz cutoff frequency, 0.5 dB ripple in pass band
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Figure 2.31

DIVE PROFILES WITH RECEIVED LEVELS
Notes: for the color-line plot, the RL of each emission is plotted on the dive profile from
the time the sound was received until the beginning of the next received sound. (If the
RL color is plotted only for the 1.4 -second duration of the sound, it is very hard to see on
the figure).
Zooming in:

Figure 2.32
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Figure 2.33
2.3.6.3 The track geometry for this event can be found in Figure 2.34 above. .
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2.4 Preliminary Report on Photo-Identification during BRS-08
Blainville’s beaked whales (Mesoplodon densirostris)
Photographic data was collected during 13 encounters with M. densirostris during BRS08. A total of 27 individuals were identified, including 10 resightings from previous
years. The rate of discovery graph (Figure 1) shows that “new” animals continue to be
sighted as field efforts continue.
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Figure 2.34. Rate of discovery graph for M. densirostris in Tongue of the Ocean.
Although the majority of animals have only been seen in one year, some individuals have
demonstrated long-term site fidelity (Figure 2). It should be noted that these figures
represent data from the entire basin and not just on Weapons Ranges North and South.
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Figure 2.35. The number of years that individual M. densirostris have been sighted in
Tongue of the Ocean.
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One of the re-sightings was Md540 which was the focal animal for the playback during
BRS-07, demonstrating that this animal has remained in the area post-playback. The
playback whale this year was a sub-adult male, and had not been previously sighted.
Other species
Photographic data was collected for five additional species during BRS-08 and has
provided some preliminary insight into their short-term residency patterns on the
Weapons Ranges. Four different groups of short-finned pilot whales (Globicephala
macrorhynchus) were found, and one group was re-sighted 4 days after the initial
sighting. Fortunately, this group included the animal that was tagged and the tag not
retrieved, and during the second sighting we were able to find this individual and confirm
that the tag was no longer attached to the whale. Further analysis is needed to compare
groups photographed during BRS-08 with previous years to assess longer term residency
to TOTO.
Individual photo-identifications taken of a group of false killer whales (Pseudorca
crassidens) allowed us to confirm that this group of 13 animals remained on the Weapons
Ranges for at least 3 days. Notably, this represents the first record of occurrence for this
species in TOTO (the only other record for the Bahamas is of an emaciated animal seen
on Little Bahama Bank).
Other species that were photographed but only seen once during BRS-08 include pantropical spotted dolphins (Stenella attenuata), sperm whales (Physeter macrocephalus),
and melon-headed whales (Peponocephala electra). Individual identifications will be
compared with the photographic catalogue compiled by the BMMRO for TOTO and
elsewhere in the Bahamas.
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2.5 Total track lines covered by the RV Roger Revelle during
BRS 08

Figure 2.36 Total track covered by the Roger Revelle during BRS 08
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BRS-08 Summa ry 18-Aug-2008 through 01- Oct-20OO
(Bahamas area closeup)
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Figure 2.37 Total track covered by the Roger Revelle in AUTEC during BRS 08
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2.6 Environmental summary
2.6.1 XBT/CTD data
Figure 2.38 below shows the locations of the XBT/CTD data collected from the Revelle
while at AUTEC.
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Figure 2.38 Location of XBT (green) and CTD (orange) stations during BRS 08.
.
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Figure 2.39 Calculated sound velocity for all the stations shown in figure 2.10.
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2.6.2 Wind data
The wind measured at AUTEC site 1 is shown below for the duration of the cruise.

AUTEC Site 1 Wind - 2008
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Figure 2.40 AUTEC wind at site 1 during BRS 08
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A comparison of the wind speeds at AUTEC site 1 for the August-September time frame
2007 and 2008 is shown below, with trend lines.

AUTEC Site 1 Wind 2007-2008
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Figure 2.41 Comparison of August/September wind at AUTEC site 1 for 2007 and 2008.
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Figure 2.42 Hurricane tracks during BRS 08
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2.7

Lost tag from 22 September pilot whale tag

Both ship and aerial surveys were conducted to find the tag that was deployed on 22
September. Shown in figure 2.14 below are the tracks and area covered. It was
estimated that the area covered by the radio tracker is about +/- 10nm around the track
line.

Figure 2.43 Ship and aerial surveys for tag lost on 22 September.
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2.8 Data archiving file structure
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2.9 Synopsis of M3R-DryLab activities, 19 August – 2 October
2008
The M3R-DryLab acoustic team consisted of a core of five to six people; four acoustic
analysts manning three bioacoustics workstations and two acoustic engineerprogrammers operating the acoustic data acquisition systems. For all daytime periods of
BRS08 operations, there were two acoustics analysts and one acoustic engineerprogrammer on watch. Two workstations operated the MMAMMAL software to provide
continuous, real-time binary spectrograms designed to highlight the occurrence of beaked
whales. The third workstation operated the Raven software and provided a way to
observe (as a full bandwidth spectrogram etc.), listen to and record any channel of realtime M3R data.
The primary functions of this acoustic team working out of the M3R-DryLab were to:
1. Use and maintain Alesis drives operating in the In-water room in the Command
and Control Building (CCB) to collect real-time, continuous acoustic waveform
data coming in from the network of M3R hydrophones (n = 93, and we refer to
the area covered by this network of hydrophones as the “range”).
2. Use the bioacoustics workstations and software tools operating in the Drylab (in a
building next to the CCB) to monitor the bioacoustics workstations and analyze
in-coming M3R acoustic data for marine mammals, with a particular focus on
Baird’s beaked whale.
3. Identify, locate and track the occurrences, movements and distributions of marine
mammals throughout the range.
4. Report the information on marine mammals to the Chief Scientist on the R/V
Revelle in as concise and timely a manner as possible.
5. Annotate and record marine mammal occurrences, movements and distributions
into daily logs.
6. Collect representative samples of marine mammal sounds.
7. Make full copies of Alesis data collected in the In-water room for later postprocessing.
8. Assist in the collection and evaluation of acoustic data during tests and playback
operations of the sound source.
The acoustic team successfully accomplished all these tasks.
The DryLab was set up on Tuesday 19 August 2008 and was operating by 21 August
in anticipation of the shakedown. The full Drylab effort was terminated at 21:10Z
(17:10L) on 1 October, but Alesis tape back-up continued through 4 October
(Saturday) after completion of the field effort.
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The acoustic team quickly became efficient and accomplished at using the M3R data
and analytical tools to identify, locate and track the occurrences, movements and
distributions of marine mammals throughout the range, and at communicating the
necessary information to the visual observers working on the Revelle and RHIB. This
effort was significantly enhanced by gaining feedback from the superb visual
observers working on the Revelle and RHIB.
The following is a brief overview, some specifics and some examples of the M3RDryLab acoustic team’s observations and accomplishments.
Daily acoustic watch started at 09:00Z (05:00L) and typically ended after sunset, around
22:00Z (18:00L), but post-daily-ops work would continue for several more hours.
Despite the often horrendous weather conditions we collected annotated data for many
hundred of beaked whale dives. An example of some M3R dive date are shown in Figure
2.15.

Figure 2.44. Daily average duration of Baird’s beaked acoustics during foraging dives, 21
September through 1 October 2008 as collected by M3R-DryLab acoustic team. This is
the period in which four playbacks were conducted on four consecutive days to five
tagged whales (pilot, false killer, melon-headed and Baird’s beaked whales).
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Figure 2.45. Example of single PRN transmission on M3R hydrophone H49 during 27
September playback to Blaibville’s beaked whale. Notice the tonal line just above 3 kHz
and below PRN signal.

Figure 2.46. Sequence of 20 PRN transmissions as received on M3R hydrophone H49
during playback to Baird’s beaked whale on 27 September 2008. Notice the tonal line of
acoustic energy around 3.1 kHz and below PRN signal.
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Figure 2.47. Relative received levels of the 20 PRN transmissions as received on M3R
hydrophone 49 (H49) during playback to Baird’s beaked on 27 September 2008.
Received levels of PRN signal are corrected for ambient noise in the signal’s frequency
band. Note that the excellent match in incremental steps in the measured received level
(3.1 dB per step) to the expected incremental step of 3.0 dB.
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2.10 Prey mapping summary
Figures 2.48 and 2.49 show the tracks that were used during the prey mapping activity. In
Figure 2.48 the acoustic biomass is shown on its own and in 2.49 the acoustic biomass
measurements are overlain with the diffusivity measurements.

Figure 2.48
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Figure 2.49
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3.0 Lessons learned
Summary
BRS set out to tag and carry out multiple playbacks on beaked whales and other toothed
whales. This objective was only partly achieved. There are many reasons why the BRS
project did not meet all its targets in 2008. These include (1) unrealistic expectations
during the planning phase that was based upon a flawed approach to risk evaluation; (2)
severe weather that resulted in evacuation of the science group from the operating region
and that affected about one-third of the time available; (3) chronic high wind speeds that
were well above the expected mean for the time of year and (4) incompatibility of BRS
activities with those of the AUTEC Weapons Range. All these factors accumulated to
constrain BRS from achieving its goals, some of which had been set unrealistically high
from the start. Factors that did not significantly constrain the achievements included (1)
the operational capability of the R/V Revelle; (2) the logistic support provided by
AUTEC; (3) the operations of the various BRS teams including M3R, tagging, visual
observation, sound source and the search and focal follow RHIB. All these operated
sufficiently well that they were individually not an obstacle to progress.
GENERAL OPERATIONAL PROCEDURES
Overall, the general operational procedures involving multiple platforms worked well.
Many of the recommendations given below have to be tempered against the absolute
need for calm weather conditions for BRS to operate successfully. None of these
recommendations take precedence over finding appropriate weather conditions to
tag beaked whales. A few (especially those involving Range access) will help to
increase opportunities but most are of secondary or tertiary importance compared
with the necessity of achieving this objective. No opportunities for tagging beaked
whales were lost during BRS-08 because of operational non-readiness. All loss of
opportunity was caused by weather, Range access or a combination of these two factors.
Issues that arose and need to be considered in future planning include:
(i) A plan for the day was produced at around 20.00L in advance of commencing daily
operations and this was circulated to all parts of the operation including AUTEC, M3R,
Ship’s Master, Bridge and it was also posted on the science deck. It was also usually
backed up with a team leader meeting on R/V Revelle and a radio call with M3R. The
plan took account of the daily waterspace assignment. Missing from this mix was a daily
scheduled discussion with AUTEC. Although the CS was available for this, from the
beginning it was often difficult to raise AUTEC support to ensure this happened.
Recommendation: The Chief Scientist needs to have a daily briefing with AUTEC
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(ii) The daily plan was activated and modified based upon a briefing carried out at 06.00
that considered current and forecast weather as well as any other constraints. However, in
almost no case was the agreed daily plan carried through in the manner agreed at 06.00.
This was because circumstances always changed in unpredicted ways (e.g. weather
calmed down). Some post-hoc recommendations suggest that it may be sensible to
develop an operational analysis decision matrix. Unfortunately, the short-term nature of
the changes in circumstances would have made any such matrix non-functional. In the
event, no opportunities for tagging were lost because of loss of operational readiness
beyond those imposed by weather and Range access.
Recommendation: Maximum flexibility needs to be maintained throughout in order
to ensure all opportunities for tagging can be exploited.
(iii) Since BRS bring together many groups who have non-standard training, procedures
for referencing distance and bearing need to be standardised as much as possible.
Recommendation: Future BRS should provide early training in standardised
procedures for referencing range and bearing.
(iv) When track whales under the guidance of M3R the R/V/ Revelle and the RHIB used
a maximum likelihood search pattern given the constraints of visibility dictated by
weather, angle of sun and estimated probability of whale locations. A creeping box
search pattern was used that moved in the expected direction of movement and this was
maintained until other operational constraints (e.g. nightfall, weather deterioration) meant
that the optimal solution was to move elsewhere, abandon searching for the day or to
employ the ship time to undertake other essential actions, including personnel transfer or
RHIB re-fuel. M3R was operating within a closed room with no feel for the operational
environment. Sometimes the underlying process and thinking for operational decisions
was not transmitted to M3R and more could have been done to share the operational
environment with M3R.
Recommendation: The Chief Scientist needs to make a greater effort to keep M3R
operations informed about why decisions are being made.
R/V ROGER REVELLE
The philosophy behind using R/V Revelle was to try and ensure that BRS consolidated its
operations on a single, movable platform to take full advantage of short periods of
clement weather that could be used for observing and tagging whales. The ship used in
BRS performed well. The crew and the vessel were well-suited to the task and there was
a high level of commitment to the cruise from the crew. Accommodation was generally
very good but there was a significant issue with some of the for’ard accommodation
because of high noise levels from the bow thrusters. The Research Technicians and the
crew were helpful and sympathetic when dealing with the few technical issues that did
arise and were open to finding solutions which were usually successful. Regulations did
not permit R/V Revelle to carry sufficient fuel to support small boat operations at the
scale used in this study. A disadvantage of using a ship like R/V Revelle is that the high
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running costs and long down-time meaning that there was significant pressure to sweat
the asset.
Recommendation: If a ship like R/V Roger Revelle is to be used in future on BRS or
similar studies that are highly constrained by weather, it would be an advantage to
include several additional research projects that could be pursued during the long
time periods when the ship could not be directed on to its primary mission.
AUTEC
Liaison between BRS and AUTEC was through two Test Coordinators who provided
continuous support throughout the duration of the study. In general, these individuals
were very supportive and did what they could to help BRS through logistic support via
Site 1 at AUTEC (transfer of personnel, mail deliveries, fuel supply for the RHIB etc).
Accommodation for shore-based activities was appropriate and fit-for purpose. However,
there was an inconsistent approach taken by the two coordinators to communications;
waterspace allocations often only arrived with a few hours advanced notice and no
consideration was given to BRS requests for waterspace access, e.g. if the weather
forecast was particularly good. Until week 4, there was no apparent BRS input to
AUTEC waterspace planning meetings. After this time, a BRS representative was able to
attend these meetings to provide planning support.
Recommendation: BRS needs to be fully represented as a Range Participant at the
AUTEC waterspace planning meetings.
RANGE ACCESS
The greatest problem experienced when working with in the Tongue of the Ocean
concerned the waterspace assignments for BRS. The whole of the Tongue of the Ocean is
divided up in to 21 areas and these are used by AUTEC to manage the assets using
different parts of the Range. BRS could normally only be fully operational in those
regions that coincided with the underwater hydrophone array (see M3R below), which
comprises only 4½ of the 21 areas within the Range.
There was clearly a misunderstanding on both sides about how BRS could, and could not,
operate over the Range.
(i)
For significant periods of time AUTEC allocated water space to BRS that was
outside the region of the Range hydrophones or that gave very limited spatial access to
the hydrophone array. These allocations were, in effect, useless.
(ii)
Waterspace was often allocated with restrictions on the ability to tag whales and
use equipment. This also amounted to shutting down BRS.
(iii) On the occasions when BRS chose to leave the Range in an effort to reduce
conflicts, this presented difficulties for AUTEC and there were times when BRS could
not re-access the range to use the waterspace allocated because it did not have permission
to transit through areas to reach its allocated waterspace.
(iv)
On some occasions the decisions about allocation of waterspace, especially for
transit on a non-interference basis were nonsensical. For example, the R/V Revelle was
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unable to navigate in ways that other commercial shipping was able to do. There also
appeared to be inconsistencies in decisions made in the past with respect to the use of
some of the BRS assets.
In conclusion, BRS had expectations about what the AUTEC Range could provide in
terms of access to its capabilities that were unrealistically high and AUTEC’s rigid
system of waterspace allocation led to loss of opportunity. In the early stages, it was
apparent that BRS was given a low priority status and was fitted in between other Range
participants. Some participants had “booked” the whole of the Range, even though it was
apparent that they probably did not need to do this. BRS had never been given an
opportunity to book time on the Range.
Recommendation: BRS needs to have pre-arranged access to the Range. This needs
to be sufficiently flexible to allow BRS to operate on the range during the few days
when weather conditions are appropriate.
Some additional detailed recommendations are:
(i) Any future behavioral response studies conducted on navy ranges should have
dedicated range time.
(ii) Range personnel to use EMATT (Expendable Mobile Acoustic Training Target)
when ever possible for fleet training sessions when BRS personnel and equipment
are sharing the range with fleet assets.
(iii) If a Target MK 30 must be used instead of an EMATT, propagation data shall
be monitored to immediately determine the realistic potential classification of any
data recorded by tagged whales.
(iv) Periods of acoustic restrictions will likely exist during any future BRS surveys.
The BRS test plan should have alternative testing and monitoring that con be
accomplished during these specific periods.
(v) Fleet training sessions will have built-in flexibility to modify their schedule
should a period of excellent weather develop that optimizes beaked whale tagging.
D-TAGS
The D-tags, supplied by Woods Hole Institution of Oceanography (WHOI), are excellent
instruments that operate with a high degree of reliability. They provide a substantial
amount of the information sought by BRS.
Unfortunately one D-tag was lost after a playback to pilot whales. This reduced greatly
the amount of data available from that playback and it incurred substantial additional
costs during the post-deployment search for the tag. The team on board Revelle was
highly experienced in radio tracking and all reasonable and safe actions were taken to
recover the tag. Some outside advice was misdirected and unhelpful and it put
unreasonable pressure on some individual members of the field team.
Recommendation: It would be advisable to ensure that all operational advice should
be channelled through the Chief Scientist.
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SOUND SOURCE
The source performed well on all live playbacks and much credits needs to go to the
sound source team for the work they put in to ensure the source was operational. Specific
problems with the sound source related to the ergonomics of deployment, early
uncertainty about its capacity to perform to specification at full power and the lack of
capacity to tow the source at slow speeds. This last problem (towing capacity) was not
just inconvenient, it was a hazard.
Recommendations: The source needs to be more thoroughly tested in advance of
field operations. It is also essential that the source should be deployable to 75 metres
in 5-10 minutes, and recoverable in the same time. The best that could be achieved
with the source used in BRS-08 was 35 minutes for deployment and recovery. The
source should be capable of being towed at speeds of a few knots.
VISUAL OBSERVATIONS
The visual observations were carried out from R/V Revelle. The visual observer team
performed well and provided excellent coverage in very difficult conditions. The visual
observations were reduced in their effectiveness by the loss of one set of Bigeye
binoculars from the outset. They had been ship in an inappropriate box and were
unaligned.
Recommendation: In future, BRS should invest in 2 sets of bigeye binoculars and
ensure that any binoculars that are shipped are appropriately packed. The Bigeye
binoculars shipped from SE Fisheries.
RHIB
A 21 ft RHIB was operated from the R/V Roger Revelle to track whales, provide photoidentification, act as a tender and, on occasions, act as a tagging platform. The RHIB
operated well in all these roles although the lack of shade for those on board over long
hours was challenging. Perhaps the most significant operational constraint for the RHIB
was its fuel supply. The R/V Revelle did not have the capacity to store sufficient fuel for
the RHIB and this meant the RHIB had to fuel at AUTEC every few days.
Recommendation: Alternative scenarios for provision of fuel should be considered.
This is essential in situations where BRS might be operating in regions that cannot
support external fuel supplies as was available for AUTEC.
TRACKING AND DATA LOGGING SOFTWARE
Basic data logging software operated well and the database operated well.
Links between the Kiam system supplied by NURC and the ship-based systems were
intermittent and the system supplied for the RHIB did not operate satisfactorily. Some of
this was down to operator training and experience, but the Kiam system cannot be seen as
more than a beta test system.
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PAMGUARD was used to monitor the towed hydrophones. Its data outputs were
compatible with the ship-based data management system and, in general, after
appropriate operator training it performed satisfactorily. But, like Kiam, it is a beta test
software product. Overall there was good correspondence between PAMGUARD and the
AUTEC hydrophones but PAMGUARD did report some detections that were not
encountered on the AUTEC system. These may have been false positives but there is a
need for further investigation especially since the hydrophones were in the surface layer
and the AUTEC hydrophones were at depth.
Tracking systems for the RHIB worked intermittently, especially at longer range. Realtime plotting of the RHIB position was also intermittent and difficult to operate without
expert support.
Transmission of data from the R/V Revelle to shore through modems was unreliable.
Modems needing to be re-booted regularly and problems with the data received on the
R/V Revelle from shore were never resolved.
Although it is believed that no essential data were lost as a result of software problems,
the software and communications system was composed of too many incompatible parts
some of which worked only intermittently.
Recommendation: Considerably more testing of software is required in advance of
any future study and software engineers who have experience of the software need
to be available to iron out difficulties during the test phase.
TOWED HYDROPHONES
Towed hydrophone presence on the R/V Revelle exacerbated acoustic security concerns
on the range. However, this concern, and the extent to which it potentially constrained
BRS operations was never transmitted to the Chief Scientist.
Recommendations: The specifics of any towed array that is to be used during future
behavioral studies on Navy ranges will be disclosed early in the planning process. If,
at any stage, the Range personnel consider that hydrophones in the water are
creating operational restrictions then the Chief Scientist must be informed.
M3R
Having the time to meet secondary objectives in M3R was a luxury and rarity. The
primary objective of M3R was the effective monitoring of the AUTEC hydrophones by
detecting, localizing and tracking beaked whales and pilot whales. Personnel also
conducted data logging and archived acoustic data to be used in follow-on analysis.
Personnel covered overlapping seven hour watches that ran from 0500L to 1830L. The
hours spent on monitoring the supplied binary grams quickly developed personnel into
effective analysts. Occasional personnel changes occurred but for the most part, the
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analysts spent considerable time in the job and quickly developed much needed analysis
instincts.
M3R made daily plans for two early morning radio conversations with Revelle, one at
0500L and one following the 0630L team leader meeting on the ship’s bridge. Making
adequate preparation to advise Revelle on where beaked whales were active and where
M3R thought it best to start out the day’s activity meant being on deck in the lab just after
0400L. Collecting the data to generate thoughts and notes on the day for the following
day often took until 2130L.
M3R analysts collected data on beaked whale activity for 13.5 hours each day but the
night activity is unknown. Were there as many night dives as day dives? Did the quieter
night conditions generate more tracker positions because more sensors detected the
clicking activity?
Recommendations:
(i) The cost of having two additional personnel and running a 24 hour watch in M3R
should be weighed against the value of additional nocturnal knowledge to be gained
about beaked whales.
(ii) Analysis of Alesis recordings should be conducted to review the nocturnal click
patterns of beaked whales.
The click counter introduced to M3R personnel by NUWC engineer-programmers in the
last part of the survey was a very valuable and effective tool. The ability to have a
computer assisted start and stop time for click sequences was very helpful. With so much
happening at once it was possible to miss the stop or start of a click sequence on 30
second displays. The click counter was a great backup and was also used on a few
occasions to estimate the night clicking activity in a small area. With a few modifications
the click counter could become an even more effective operational tool.
Recommendations:
(i) Should the decision be made to conduct the next behavioral response study at
AUTEC, NUWC, Cornell and MAI personnel will meet early and coordinate
software changes that will provide additional information during the survey.
(ii) M3R operators should have access to archived, 2-bit data and be able to replay
that data in a fast forward mode.
The tracker did not provide adequate positional data in M3R. Despite having up to six or
seven hydrophones holding a click sequence, it was far more common that the tracker
provided no positions at all. It provided too many false alarm positions on military
activity and surface vessel accelerations. When the tracker did provide a position on a
beaked whale and did so with a “starburst” of confidence, the position was always
sensible and reliable.
Recommendations:
(i) Review the false alarm rate of the tracker.
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(ii) Consider an operator assisted mode where click sequences from several
hydrophones are selected by the operator for tracker output.
(iii) Consider the addition of a Doppler calculator that provides the click frequency
difference between hydrophones. Even though the beaked whales are traveling
slowly, a 24 KHz pulse will have 8-16 Hz of frequency difference at the hydrophone
depending on the whale’s aspect.
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BRS 2008 Quick Look Report
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Appendix B

Waveform and source transmission summary for playback events

Waveform definition
Pulse type
BRS_MFA1
LFM
CW
no xmn
CW

Duration

Frequency
(Hz)/start

500ms 320
500ms 343
100ms n/a n/a
300ms 375

Frequency
(Hz)/stop

0 33
0 34

00
30

0 37

50

Repetition
rate

Remarks

100 Hz upsweep

Ramp
up

Starting
SL

25sec

3dB

1601

25sec

3dB

160

total = 1.4 sec
BRS_PRN1
PRN
no xmn
PRN

1000ms 320
100ms n/a n/a
300ms 320

0 37

50

0 37

50
total = 1.4 sec

Waveforms transmitted during playback

22 September 2008
Location
Latitude (N) Longitude (W)
24 10.3
77 27.07
24 10.3
77 27.07

time
GMT
2117
2214

Action

Source Depth

deploy
retrieve

77 ' / 23.4m

Note: Transmisson time is taken from beginning of file
represents transmission start time

22-Sep

Species:

Globicephala macrorhynchus short finned pilot whale (lost
tag)
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Time (GMT)
21:30:36 PRN1
21:31:01 PRN
21:31:26 PRN
21:31:51 PRN
21:32:16 PRN
21:32:41 PRN
21:33:06 PRN
21:33:31 PRN
21:33:57 PRN
21:34:22 PRN
21:34:47 PRN
21:35:12 PRN
21:35:37 PRN
21:36:02 PRN
21:36:27 PRN
21:36:52 PRN
21:37:18 PRN1
21:37:43 PRN
21:38:08 PRN
21:38:33 PRN
21:38:58 PRN
21:39:23 PRN
21:39:48 PRN
21:40:13 PRN
21:40:38 PRN
21:41:03 PRN
21:41:28 PRN
21:41:53 PRN
21:42:18 PRN
21:42:43 PRN

22-Sep S

Signal

1
1
PRN1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

pecies

Target
Amplitude
160
163
166
169
172
175
178
181
184
187
190
193
196
199
202
205
208
211
211
211
211
211
211
211
211
211
211
211
211
211
211

Duration Comments
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4

filename: 20080922A

missed

Maximum

5 minutes
last

Globicephala macrorhynchus short finned pilot whale
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Time (GMT)
21:46:20 MFA1
21:46:45 MFA
21:47:10 MFA
21:47:35 MFA
21:48:00 MFA
21:48:25 MFA
21:48:51 MFA
21:49:16 MFA
21:49:41 MFA
21:50:06 MFA
21:50:31 MFA
21:50:56 MFA
21:51:22 MFA
21:51:47 MFA
21:52:12 MFA
21:52:37 MFA
21:53:02 MFA
21:53:27 MFA
21:53:52 MFA
21:54:18 MFA
21:54:42 MFA
21:55:08 MFA
21:55:33 MFA
21:55:58 MFA
21:56:23 MFA
21:56:48 MFA
21:57:13 MFA
21:57:38 MFA
21:58:03 MFA
21:58:28 MFA
21:58:53 MFA

Signal

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

(lost tag)
Target
Amplitude
160
163
166
169
172
175
178
181
184
187
190
193
196
199
202
205
208
211
211
211
211
211
211
211
211
211
211
211
211
211
211

Duration Comments
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4

filename: 20080922B

maximum

5 minutes
last

26 September 2008
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Location t
ime
Action
Source Depth
Latitude (N)
Longitude (W)
GMT
24 17.25
77 29.13
1455
deploy
83 ft (25.6m)
24 17.31
77 28.92
1535
retrieve
24 15.31
77 24.43
1640
deploy
83 ft (25.6m)
24 15.31
77 24.43
1720
retrieve
Note: Times were recorded at the end of the ping, to obtain transmission time,
subtract signal length
26-Sep S
Time (GMT)
15:08:45
15:09:06 PRN1
15:09:29 PRN1
15:09:54 PRN1
15:10:19 PRN1
15:10:44 PRN1
15:11:09 PRN1
15:11:34 PRN1
15:11:59 PRN1
15:12:24 PRN1
15:12:49 PRN1
15:13:14 PRN1
15:13:40 PRN1
15:14:05 PRN1
15:14:30 PRN1
15:14:55 PRN1
15:15:20 PRN1
15:15:45 PRN1
15:16:10 PRN1
15:16:35 PRN1
15:17:00 PRN1
15:17:25 PRN1

pecies
Signal
PRN1 16

Pseudorca crassidens False killer whale
Target
Duration Comm
amplitude
0
163
166
169
172
175
178
181
184
187
190
193
196
199
202
205
208
211
211
211
211
211

1.4 fil
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4

ents

ename: 20080926A

maximum
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15:17:50 PRN1
15:18:15 PRN1
15:18:40 PRN1
15:19:06 PRN1
15:19:31 PRN1
15:19:56 PRN1
15:19:20 PRN1
15:20:46 PRN1

26-Sep S
Time (GMT)
16:54:22 MFA1
16:54:46 MFA1
16:55:12 MFA1
16:55:37 MFA1
16:56:02 MFA1
16:56:28 MFA1
16:56:52 MFA1
16:57:17 MFA1
16:57:43 MFA1
16:58:08 MFA1
16:58:33 MFA1
16:58:58 MFA1
16:59:23 MFA1
16:59:48 MFA1
17:00:13 MFA1
17:00:38 MFA1
17:01:03 MFA1
17:01:28 MFA1
17:01:53 MFA1
17:02:18 MFA1
17:02:44 MFA1
17:03:09 MFA1
17:03:34 MFA1

211
211
211
211
211
211
211
211

pecies
Signal

1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4

5 minutes

Pseudorca crassidens False killer whale
Target
Duration Comm
amplitude
160
163
166
169
172
175
178
181
184
187
190
193
196
199
202
205
208
211
211
211
211
211
211

1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4

ents

filename: 20080926B

maximum
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17:03:59 MFA1
17:04:24 MFA1
17:04:49 MFA1
17:05:14 MFA1
17:05:39 MFA1
17:06:04 MFA1
17:06:29 MFA1
17:06:54 MFA1

211
211
211
211
211
211
211
211

1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4

5 minutes
last

27 September
Location
Latitude (N)
24 32.24
24 32.84

Longitude
(W) time
77 37.96
77 38.07

GMT
1735
1950

Action

Source Depth

deploy
retrieve

217' / 66m

Note: Times were recorded at the end of the ping, to obtain transmission time, subtract
signal length
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27-Sep
Time (GMT)
18:53:18
18:53:44 PRN1
18:54:09 PRN1
18:54:34 PRN1
18:54:59 PRN1
18:55:24 PRN1
18:55:49 PRN1
18:56:14 PRN1
18:56:39 PRN1
18:57:04 PRN1
18:57:30 PRN1
18:57:54 PRN1
18:58:19 PRN1
18:58:44 PRN1
18:59:09 PRN1
18:59:35 PRN1
19:00:03 PRN1
19:00:25 PRN1
19:00:50 PRN1
19:01:15 PRN1

Species:
Signal
PRN1 16

Mesoplodon densirostris
Target
Amplitude
0
163
166
169
172
175
178
181
184
187
190
193
196
199
202
205
208
211
211
211

Duration Comment
1.4 fil
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4

s
ename 20080927A

maximum
CS terminated
M3R/whale not clicking

28 September
Location tim
e
Action
Source Depth
Latitude (N)
Longitude (W)
GMT
24 27.59
77 37.37
2118
deploy
84' (25.6m)
24 27.39
77 37.29
2224
retrieve
Note: Times were recorded at the end of the ping, to obtain transmssion time, subtract signal
length
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28-Sep S

pecies

Time (GMT)

Signal

21:32:26

MFA 1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

21:32:50 MFA
21:33:15 MFA
21:33:40 MFA
21:34:05 MFA
21:34:30 MFA
21:34:55 MFA
21:35:20 MFA
21:35:45 MFA
21:36:10 MFA
21:36:35 MFA
21:37:00 MFA
21:37:25 MFA
21:37:50 MFA
21:38:15 MFA
21:38:40 MFA
21:39:06 MFA
21:39:31 MFA
21:39:56 MFA
21:40:21 MFA
21:40:46 MFA
21:41:10 MFA
21:41:36 MFA
21:42:01 MFA
21:42:26 MFA
21:42:51 MFA
21:43:16 MFA
21:43:41 MFA
21:44:06 MFA
21:44:32 MFA

Pseudorca crassidens False killer whale
Target
Amplitude
160
163
166
169
172
175
178
181
184
187
190
193
196
199
202
205
208
211
211
211
211
211
211
211
211
211
211
211
211
211

Duration Comments
1.4 fi
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4

lename 20080928A

maximum

5 minutes
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29 September
Location t
ime
Action Source
Depth
Latitude (N)
Longitude (W)
GMT
24 38.39
77 33.54
1520
deploy
84' (25.6m)
24 38.39
77 33.54
1614
retreive
24 38.39
77 33.54
1621
deploy
84' (25.6m)
24 38.39
77 33.54
1628
retrieve
24 39.61
77 33.78
1730
deploy
84' (25.6m)
24 39.61
77 33.78
1800
retrieve
Note: Times were recorded at the end of the ping, to obtain transmssion time, subtract signal
length
29-Sep S
Time (GMT)
15:40:37
15:41:02 PRN1
15:41:27 PRN1
15:41:52 PRN1
15:42:17 PRN1
15:42:42 PRN1
15:43:07 PRN1
15:43:32 PRN1
15:43:57 PRN1
15:44:22 PRN1
15:44:47 PRN1
15:45:12 PRN1
15:45:37 PRN1
15:46:02 PRN1
15:46:28 PRN1
15:46:53 PRN1
15:47:18 PRN1
15:47:43 PRN1
15:48:08 PRN1
15:48:33 PRN1

pecies
Signal
PRN1 16

Globicephala macrorhynchus short finned pilot whale (tag on)
Target
Amplitude
0
163
166
169
172
175
178
181
184
187
190
193
196
199
202
205
208
211
211
211

Duration Comments
1.4 fi
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4

lename: 20080929A

maximum

74

15:48:58 PRN1
15:49:23 PRN1
15:49:48 PRN1
15:50:13 PRN1
15:50:38 PRN1
15:51:03 PRN1
15:51:28 PRN1
15:51:53 PRN1
15:52:18 PRN1
15:52:44 PRN1

211
211
211
211
211
211
211
211
211
211

29-Sep

Species

Time (GMT)

Signal

17:38:44 MFA1
17:39:09 MFA1
17:39:34 MFA1
17:39:59 MFA1
17:40:24 MFA1
17:40:50 MFA1
17:41:15 MFA1
17:41:40 MFA1
17:42:05 MFA1
17:42:30 MFA1
17:42:55 MFA1
17:43:20 MFA1
17:43:45 MFA1
17:44:10 MFA1
17:44:35 MFA1
17:45:01 MFA1
17:45:26 MFA1
17:45:51 MFA1
17:46:16 MFA1
17:46:41 MFA1

1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4

5 minutes

Globicephala macrorhynchus short finned pilot whale (tag on)
Peponocephala electra melon-headed whale (tag on)
Target
Duration Comments
Amplitude
160
163
166
169
172
175
178
181
184
187
190
193
196
199
202
205
208
211
211
211

1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4

filename: 20080929B

maximum
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17:47:06 MFA1
17:47:31 MFA1
17:47:56 MFA1
17:48:21 MFA1
17:48:46 MFA1
17:49:11 MFA1
17:49:36 MFA1
15:50:02 MFA1
17:50:27 MFA1
17:50:52 MFA1

211
211
211
211
211
211
211
211
211
211

1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4

5 minutes
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Appendix C
D-Tag summaries prepared by S. DeRuiter (WHOI)

APPENDIX C-1
GM08_266A QUICK LOOK ANALYSIS
(Globicephala macrorhynchus, no playback, tagged on 22 September 2008)

DIVE PROFILE
Notes: N/A

77

2D PSEUDOTRACK
Notes: Interpret all ptracks with care – they have not been geo-referenced at all or
corrected for currents, etc.

78

3D PSEUDOTRACK
Notes: Color indicates animal depth.

79

Appendix C-2

PC08_270A QUICK LOOK ANALYSIS
(Pseudorca crassidens, MFA and PRN playback on 26 September 2008)

DIVE PROFILE
Notes: the deepest dive (to about 50 m) happened while the animals were very close to
the Revelle and the Revelle was operating her bow thrusters. The tagged animal was
silent during the dive and nonfocal whistles and clicks were not noted either.

2D PSEUDOTRACK
Notes: Interpret all ptracks with care – they have not been geo-referenced at all or
corrected for currents, etc.
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3D PSEUDOTRACK
Notes: Color indicates animal depth.

PRN AND MFA SONAR EXPOSURE RECEIVED LEVELS

All RLs were calculated after application of a bandpass filter between 2-5 kHz10. Level
determination was as follows:
•
•

•

Peak level – highest sound pressure level during the analyzed portion of the PRN
sound
Envelope peak level – highest level observed in the complex envelope of the
signal was calculated, after envelope was filtered with a low-pass filter11. This is
a non-conventional level measurement. It was calculated to give some idea of
the peak level of the PRN signal NOT including ‘spikes’ that sometimes occur in
the waveform.
RMS level – root of the mean squared sound pressure level in the analysis
window

10

4th order Butterworth filter (applied back and forward in matlab with the filtfilt
command for effective 8th order)

11

2nd order (but applied back and forward with the matlab command filtfilt for effective 4th order)
Chebyshev type 1 filter, lowpass, 200Hz cutoff frequency, 0.5 dB ripple in pass band

82

•

RMS noise level HAS NOT YET BEEN CALCULATED FOR THIS WHALE.

The analysis window began and ended at the start and end of the first arrival of the
PRN/MFA signal where possible. Where the PRN/MFA signal overlapped with highamplitude sounds, a shorter window (as long as possible without including any whale
sounds or splashes) was used.

83

DIVE PROFILES WITH RECEIVED LEVELS
Notes: for the color-line plot, the RL of each PRN emission is plotted on the dive profile
from the time the sound was received until the beginning of the next received sound. (If
the RL color is plotted only for the 1-second duration of the sound, it is very hard to see
on the figure).

Zooming in on the PRN exposure:

Zooming in on the MFA exposure:
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pc08_270a • 26 September 2008 · Dive Profile with RLs
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Zooming in on the PRN exposure:

Zooming in on the MFA exposure:
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2D & 3D PSEUDOTRACKS WITH RECEIVED LEVELS
Notes: see notes for dive profile with RLs and 2D ptrack.

87

Appendix C-3

MD08_271A QUICK LOOK ANALYSIS
Blainville’s beaked whale Mesoplodon densirostris, tagged and exposed to PRN sound
on 27 September 2008

DIVE PROFILE

88

2D PSEUDOTRACK
Notes: the PRH file for this deployment is probably not fully optimized. The tag was
placed relatively far back on the animal, and may have moved quite a bit with each fluke
stroke; in addition, it also moved on the animal at least once and may have been partly
detached during some or all of the tag-out (flapping around). So – interpret all ptracks
for this animal with care unless/until the PRH file is corrected or examined more
carefully. The depth profile seems relatively accurate, but the position data is probably
not.

3D PSEUDOTRACK
Notes: Color indicates animal depth. This plot may be quite inaccurate (see 2D ptrack
notes above).
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PRN EXPOSURE RECEIVED LEVELS
Notes:
All RLs were calculated after application of a bandpass filter between 2-5 kHz12. Level
determination was as follows:
•
•

•
•

Peak level – highest sound pressure level during the analyzed portion of the PRN
sound
Envelope peak level – highest level observed in the complex envelope of the
signal was calculated, after envelope was filtered with a low-pass filter13. This is
a non-conventional level measurement. It was calculated to give some idea of
the peak level of the PRN signal NOT including ‘spikes’ that sometimes occur in
the waveform.
RMS level – root of the mean squared sound pressure level in the analysis
window
RMS noise level – root of the mean squared sound pressure level in a
representative window around the time of the exposure. The window was
selected to have background noise approximately like that in the analysis
window, and to exclude loud animal sounds. It was one second long if possible,
but was shorter if there was no one-second period available that was free of
animal clicks. This noise measurement is given to indicate the signal-to-noise
ratio of the received transmission (some are barely audible over background
noise).

The PRN sound analysis window began and ended at the start and end of the first arrival
of the PRN signal where possible. Where the PRN signal overlapped with highamplitude sounds, a shorter window (as long as possible without including any whale
sounds or splashes) was used.

12

4th order Butterworth filter (applied back and forward in matlab with the filtfilt
command for effective 8th order)

13

2nd order (but applied back and forward with the matlab command filtfilt for effective 4th order)
Chebyshev type 1 filter, lowpass, 200Hz cutoff frequency, 0.5 dB ripple in pass band
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DIVE PROFILES WITH RECEIVED LEVELS
Notes: for the color-line plot, the RL of each PRN emission is plotted on the dive profile
from the time the sound was received until the beginning of the next received sound. (If
the RL color is plotted only for the ~1.4 second duration of the sound, it is very hard to
see on the figure).

Zooming in:

92

2D PSEUDOTRACK WITH RECEIVED LEVELS
Notes: see notes for dive profile with RLs and 2D ptrack.
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Zooming in:

3D PSEUDOTRACK WITH RECEIVED LEVELS
Notes: see notes for dive profile with RLs and 2D ptrack
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Appendix C-4

PC08_272A QUICK LOOK ANALYSIS
False killer whale Pseudorca crassidens, tagged September 28, 2008

DIVE PROFILE

2D PSEUDOTRACK
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Notes: This track is not geo-referenced and has not been corrected for currents, etc.
Interpret all pseudotracks for this animal with care.
pc08_272a - 28 September 2008 - Uncorrected Pseudotrack
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3D PSEUDOTRACK
Notes: Color indicates animal depth. This plot may be quite inaccurate (see 2D ptrack
notes above).

MFA & PRN EXPOSURE RECEIVED LEVELS

Notes: All RLs were calculated after application of a bandpass filter between 2-5 kHz14.
Level determination was as follows:
•
•

•

Peak level – highest sound pressure level during the analyzed portion of the PRN
sound
Envelope peak level – highest level observed in the complex envelope of the
signal was calculated, after envelope was filtered with a low-pass filter15. This is
a non-conventional level measurement. It was calculated to give some idea of
the peak level of the PRN signal NOT including ‘spikes’ that sometimes occur in
the waveform.
RMS level – root of the mean squared sound pressure level in the analysis
window

14

4th order Butterworth filter (applied back and forward in matlab with the filtfilt
command for effective 8th order)

15

2nd order (but applied back and forward with the matlab command filtfilt for effective 4th order)
Chebyshev type 1 filter, lowpass, 200Hz cutoff frequency, 0.5 dB ripple in pass band
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•

RMS noise level – root of the mean squared sound pressure level in a onesecond window slightly before the exposure. Window selected to have
background noise approximately like that in the analysis window, and to exclude
loud animal sounds. This measurement is given to indicate the signal-to-noise
ratio of the received transmission (some are barely audible over background
noise).

The analysis window began and ended at the start and end of the first arrival of the
PRN/MFA signal where possible. Where the PRN/MFA signal overlapped with highamplitude sounds, a shorter window (as long as possible without including any whale
sounds or splashes) was used.
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DIVE PROFILES WITH RECEIVED LEVELS
Notes: for the color-line plot, the RL of each transmission is plotted on the dive profile
from the time the sound was received until the beginning of the next received sound. (If
the RL color is plotted only for the 1-second duration of the sound, it is very hard to see
on the figure).

Zooming in:
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Zooming in:

101

2D PSEUDOTRACK WITH RECEIVED LEVELS
Notes: see notes for dive profile with RLs and 2D ptrack.

Zooming in:
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3D PSEUDOTRACK WITH RECEIVED LEVELS
pc08_ 272a · 28 September 2008· Uncorrected Pseudotrack
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ACOUSTIC DATA – OBSERVATIONS
The animal (and/or others in its group) might be whistling in response to, or in imitation
of, the MFA sound. Animal whistles began during the second half of the MFA sound
over half the time (about 16 of the 30 exposures), and the whistles often seem to mimic
the frequency modulation of the MFA sound in some way. I did not notice the same
thing happening during the PRN exposure, but have not checked systematically. The
spectrograms below show two separate examples. The animals were whistling frequently
throughout the exposure, so the overlap of animal whistles with the MFA sound may be
just coincidence, but the possibility that the animals are responding vocally to the sonar
sound should be investigated further.

MFA sound

MFA sound
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Appendix C-5

GM08_273A QUICK LOOK ANALYSIS
(Pilot whale Globicephala macrorhynchus, MFA and PRN playback on 29 September
2008)

DIVE PROFILE

2D PSEUDOTRACK
Notes: Interpret all ptracks with care – they have not been geo-referenced at all or
corrected for currents, etc.
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gm08_273a - 29 September 2008 - Uncorrected Pseudotrack
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3D PSEUDOTRACK
Notes: Color indicates animal depth.

PRN AND MFA SONAR EXPOSURE RECEIVED LEVELS
Notes:
The tagged whale was at the surface a lot, and so surface splashing sometimes interfered
with the sound exposure. In those cases the background noise level on the tag was very
high and the reported exposure level numbers probably do not mean very much
(splashing was making as much noise as the exposure, if not more).
All RLs were calculated after application of a bandpass filter between 2-5 kHz16. Level
determination was as follows:
•
•

Peak level – highest sound pressure level during the analyzed portion of the PRN
sound
Envelope peak level – highest level observed in the complex envelope of the
signal was calculated, after envelope was filtered with a low-pass filter17. This is
a non-conventional level measurement. It was calculated to give some idea of

16

4th order Butterworth filter (applied back and forward in matlab with the filtfilt
command for effective 8th order)

17

2nd order (but applied back and forward with the matlab command filtfilt for effective 4th order)
Chebyshev type 1 filter, lowpass, 200Hz cutoff frequency, 0.5 dB ripple in pass band
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•
•

the peak level of the PRN signal NOT including ‘spikes’ that sometimes occur in
the waveform.
RMS level – root of the mean squared sound pressure level in the analysis
window
RMS noise level – root of the mean squared sound pressure level in a onesecond window slightly before the exposure. Window selected to have
background noise approximately like that in the analysis window, and to exclude
loud animal sounds. This measurement is given to indicate the signal-to-noise
ratio of the received transmission (some are barely audible over background
noise).

The analysis window began and ended at the start and end of the first arrival of the
PRN/MFA signal where possible. Where the PRN/MFA signal overlapped with highamplitude sounds, a shorter window (as long as possible without including any whale
sounds or splashes) was used.
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DIVE PROFILES WITH RECEIVED LEVELS
Notes: for the color-line plot, the RL of each emission is plotted on the dive profile from
the time the sound was received until the beginning of the next received sound. (If the
RL color is plotted only for the ~1.4 second duration of the sound, it is very hard to see
on the figure).

Zooming in on the PRN exposure:

Zooming in on the MFA exposure:
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Zooming in on the PRN exposure:
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Zooming in on the MFA exposure:
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2D PSEUDOTRACK WITH RECEIVED LEVELS
Notes: see notes for dive profile with RLs and 2D ptrack. The colors on the tracks
indicate peak RL in dB re 1 uPa.

Zooming in:
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3D PSEUDOTRACK WITH RECEIVED LEVELS
Notes: see notes for previous pseudotracks
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Appendix C-6

PE08_273A QUICK LOOK ANALYSIS
(Melon-headed whale Peponcephala electra, tagged 29 September 2008)
NOTE: Tag was only on for about 15 minutes.

DIVE PROFILE

2D PSEUDOTRACK
Notes: Interpret all ptracks with care – they have not been geo-referenced at all or
corrected for currents, etc.
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3D PSEUDOTRACK
Notes: Color indicates animal depth.

Appendix C-7

PE08_273B QUICK LOOK ANALYSIS
(Melon-headed whale Peponocephala electra, MFA playback on 29 September 2008)

DIVE PROFILE
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2D PSEUDOTRACK
Notes: Interpret all ptracks with care – they have not been geo-referenced at all or
corrected for currents, etc.
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3D PSEUDOTRACK
Notes: Color indicates animal depth.

PRN AND MFA SONAR EXPOSURE RECEIVED LEVELS
Notes:
All RLs were calculated after application of a bandpass filter between 2-5 kHz18. Level
determination was as follows:
•
•

•

Peak level – highest sound pressure level during the analyzed portion of the PRN
sound
Envelope peak level – highest level observed in the complex envelope of the
signal was calculated, after envelope was filtered with a low-pass filter19. This is
a non-conventional level measurement. It was calculated to give some idea of
the peak level of the PRN signal NOT including ‘spikes’ that sometimes occur in
the waveform.
RMS level – root of the mean squared sound pressure level in the analysis
window

18

4th order Butterworth filter (applied back and forward in matlab with the filtfilt
command for effective 8th order)

19

2nd order (but applied back and forward with the matlab command filtfilt for effective 4th order)
Chebyshev type 1 filter, lowpass, 200Hz cutoff frequency, 0.5 dB ripple in pass band
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•

RMS noise level – root of the mean squared sound pressure level in a onesecond window slightly before the exposure. Window selected to have
background noise approximately like that in the analysis window, and to exclude
loud animal sounds. This measurement is given to indicate the signal-to-noise
ratio of the received transmission (some are barely audible over background
noise).

The analysis window began and ended at the start and end of the first arrival of the
PRN/MFA signal where possible. Where the PRN/MFA signal overlapped with highamplitude sounds, a shorter window (as long as possible without including any whale
sounds or splashes) was used.
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DIVE PROFILES WITH RECEIVED LEVELS
Notes: for the color-line plot, the RL of each MFA emission is plotted on the dive profile
from the time the sound was received until the beginning of the next received sound. (If
the RL color is plotted only for the ~1.4 second duration of the sound, it is very hard to
see on the
figure).

Zooming in on the MFA exposure:
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Zooming in on the MFA exposure:
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2D PSEUDOTRACK WITH RECEIVED LEVELS
Notes: see notes for dive profile with RLs and 2D ptrack.

Zooming in:
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3D PSEUDOTRACK WITH RECEIVED LEVELS
Notes: see notes for previous pseudotracks

Zooming in:
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