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1 Introduction 
The National Marine Fisheries Service Southwest Fisheries Science Center (SWFSC) conducted a 
dedicated acoustic survey for cetaceans throughout the California Current off the U.S. West Coast in 
August and September 2016. The survey, Passive Acoustics Survey of Cetacean Abundance Levels 
(PASCAL), was conducted from the NOAA R/V Bell M. Shimada (hereafter Shimada). The Shimada is 
quieter vessel than the older survey vessels used in previous large scale cetacean and ecosystem 
assessment surveys allowing for improved acoustic data collection. 

Focal study species were beaked whales (family Ziphiidae), sperm whales (Physeter macrocephalus), and 
dwarf and pygmy sperm whales (genus Kogia). These species are difficult to survey visually due to their 
cryptic behavior. Consequently, population abundance estimates from visual line-transect data, collected 
during past large-scale cetacean assessment surveys, have poor precision. Mesoplodon beaked whale 
visual encounter rates have typically been so low during visual surveys that their abundance was assessed 
as a clade. Following recent advancements in acoustic sensing technology (Griffiths and Barlow 2015; 
2016), the primary objective for PASCAL was to conduct a large scale acoustic survey to obtain 
improved data for estimating population size for these species throughout the California Current study 
area off the U.S. West Coast. 

A secondary objective of this study was to improve our ability to identify acoustic calls to the species 
level. For example, many beaked whale detections are identifiable to the genus level (e.g., Mesoplodon), 
but we lack paired visual sighting confirmation to allow species-specific Mesoplodon calls to be identified 
to the correct species in most cases. Once calls are identified to the species level, we may be able to 
provide species-specific density estimates in the California Current for the first time. 

A third objective materialized during the PASCAL effort. We conducted a pilot experiment southwest of 
Point Conception, using paired deployments of acoustic instruments over seamounts and in nearby areas 
off the seamounts. We aimed to explore the hypothesis that beaked whale occurrence is associated with 
these topographic seafloor features. 

The survey was divided into three legs: Leg 1 (August 19–23), Leg 2 (August 23–September 7), and 
Leg 3 (September 11– September 30). The legs were led by Shannon Rankin, Jeff Moore, and Jay 
Barlow, respectively (all from SWFSC). During the initial transit leg (from the Shimada’s home port in 
Newport, Oregon, to San Diego, California), during which scientist Rankin deployed 5 Drifting Acoustic 
Spar Buoy Recorders (DASBRs). Scientific crew on Legs 2 and 3 consisted of the cruise leader, a lead 
acoustician and acoustic technician, two dedicated visual observers, and two visiting scientists to assist 
with various operations (see Acknowledgments). 

2 Methods 

2.1 DASBR Survey Effort 

2.1.1 Abundance Estimation 

The primary data collection instrument were Drifting Acoustic Spar Buoy Recorders (DASBRs), 
deployed at 20 pre-determined locations distributed approximately uniformly throughout the California 
Current study area offshore of the continental shelf (Figure 1). Each DASBR (Figure 2) includes a pair of 
hydrophones, vertically separated by 10 m, with the midpoint positioned at approximately 100 m depth. 
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Acoustic signals received by the hydrophones were recorded on one of three types of situ data recorders 
(Table 1). The hydrophones and recorder were attached to a line that originated from a vertical spar buoy 
at the surface and terminated at depth with an anchor (to maintain verticality and positional stability of the 
hydrophones in the water column). A 30-m elastic cord at the top of the line helped isolate the 
hydrophones from wave motion. 

The three types of recording devices used in the DASBRs had different battery and memory capabilities 
and different maximum sampling rates. Duty cycles were selected to match the capabilities and expected 
deployment durations for each instrument. Eleven Soundtrap ST4300 recorder were set to record for 
2 min out of every 10 min at 288 kHz sampling rate. Four Wildlife Acoustics SM2+Bat recorders were 
set to record for 2 min out of every 4 min at a 192 kHz sampling rate. Four Wildlife Acoustics SM3M 
recorders were set to record continuously, with each hour consisting of 29 2 min files at a 256 kHz 
sampling rate followed by one 2 min file at 96 kHz sampling rate (for cleaner ocean noise measurements). 
All devices recorded stereo signals from two hydrophones. Hydrophone types, sensitivities and other 
relevant settings are given in Table 2. 

A pressure and 3-D accelerometer logger (Loggerhead Computers Open Tag) was included in some 
deployments to measure hydrophone depth and array tilt (Table 1). Array depth is critical for estimating 
range to the vocalizing animals, and array tilt is critical because different (and less precise) methods are 
required for range estimation if the array is not vertical in the water column (Barlow and Griffiths 2017). 
Hydrophone depth for SM2+Bat recorders was logged using a separate pressure sensor using the SM2’s 
12-bit data logger. 

An additional single-channel acoustic recorder (Soundtrap 300HF, hereafter ST300HF) was included for 
some deployments. At station 9, an experiment was conducted to determine whether the automated click 
detection algorithm in a ST300HF can reliably detect beaked whale clicks and their surface reflections. 
An ST300HF with an external battery pack was attached between the two other hydrophones and was set 
to record continuously at 48 kHz and to record click events at 576 kHz. If successful, click detection 
algorithms could reduce data storage requirements and allow collection of more continuous data for a 
longer period of time. At stations 26 and 29, another experiment was conducted with an ST300HF 
recording continuously at 288 kHz at a depth of 150 m below the bottom of the array. These data will be 
used to determine whether surface reflections that are recorded at 100 m depth are also detectable at 250 
m depth. 

A total of 21 DASBR deployments were of the primary acoustic survey design for estimating population 
size of the target species (Figure 1). Five DASBRs were deployed during Leg 1 and 16 during Leg 2. One 
of the DASBRs deployed on Leg 1 (Station 4) did not drift as expected and thus was did not sample a 
variety of habitats. It was retrieved at the end of Leg 2 and another DASBR was re-deployed to replace it 
at a nearby location (Station 21).  Collectively, these 21 primary DASBRs were at sea for a total of 
373 days. Individual DASBRS were at sea from 11 to 23 days (Table 3) and drifted up to 200 nmi during 
the deployment period. In total, there were 388 days of total recording effort including the ad-hoc 
seamount study. 
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Figure 1. Locations of DASBR deployments (red dots), retrievals (black dots), buoy drifts (red 
lines), and Leg 3 ship tracklines during the PASCAL cruise. Inset shows the drifts of buoys 
deployed in the seamount study area (outlined box). 
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Figure 2. Schematic of DASBRs deployed on the PASCAL cruise (those labeled B-1 to B-16 in 
Table 1). DASBRs (W-1 to W-4) are illustrated in Griffiths and Barlow (2015). Subsurface floats 
were added above the upper hydrophone based on type of autonomous high-frequency recorder 
(ST3400: 1.9 and 3.5 lbs.; SM3M: 3.5 lbs. of floatation).
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Table 1. Location and date for 30 DASBR deployments during PASCAL. Also included are the type 
of recorder and its serial number, the type and number of depth recorder (if present), the array 
number, the SPOT geo-locator letters, recording notes, and (for seamount deployments) the name 
of the seamount. Hydrophone specifications for each numbered array are given in Table 2. (OT = 
Open Tag; SM2+ = SoundMeter) 
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Table 2. Sensor and pre-amp characteristics for each DASBR array. DASBR array # corresponds 
to hydrophone array numbers given in Table 1. 



 

7 

Table 3. Deployment and retrieval dates, total deployment duration, and total recording time for 
DASBRs deployed during PASCAL. Differences in total deployment duration and recording 
duration are due to expiration of memory/battery or a hardware/software malfunction. 

 

 

2.1.2 Ad hoc Seamount Experiment 

No significant time was lost on the cruise due to weather or mechanical problems, which allowed 
additional time in the schedule for a focused study of beaked whales on and near seamounts. Beaked 
whale are commonly believed to be concentrated on such bathymetric features. To evaluate this 
hypothesis, nine DASBRs were re-deployed on or near San Juan Seamount and Rodriguez Seamount 
(Deployments 22-30 at the ends of Legs 2 and 3) (see Inset in Figure 1). All DASBR deployments are 
detailed in Table 1. 
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2.2 Towed acoustic array effort 

During transits between DASBR deployments and retrievals, we towed a hydrophone array to (a) collect 
information to estimate the depth distribution of beaked whales, a parameter required to estimate the 
horizontal range to a detected beaked whale from the DASBR (for density estimation) and (b) provide 
visual confirmation of the species identification associated with different beaked whale call types within 
the genus Mesoplodon. Due to time and personnel constraints, hydrophone arrays were not towed during 
Leg 1. 

On most days during PASCAL, we towed two different hydrophone arrays, mainly during daylight hours. 
At the beginning of Leg 2, a 4-element spatial array was towed. This prototype designed by Proteus 
Technologies allowed better localization capabilities but was determined to be too noisy. It was replaced 
by a series of two 2-element oil-filled linear hydrophone arrays (IL15s and EA15e) separated by 20 m 
from 8/31/2016 to 9/14/2016. The array depth sensor was not working in that configuration, so only array 
EA15e was used for the remainder of the cruise. The hydrophone spacing for both linear arrays was 1.0 
m. All arrays were towed approximately 300 m behind the ship. The arrays were not towed during rough 
seas and during some nights. 

2.3 Analyses of acoustic survey data 

Acoustic data collection by DASBRs were reviewed to assess the occurrence of beaked whales and other 
deep-diving cetaceans. The standard file duration for all recorders was two minutes, regardless of duty 
cycle, such that we define an acoustic detection event as the presence of a species within a 2 min sound 
file. Because the characteristics of a single echolocation click can be misleading, we only consider 
acoustic detections with at least three echolocation clicks. 

Acoustic technicians used PAMGuard software (version 1.15.03) to review all recordings and identify 
signals from beaked whales, sperm whales, and dwarf and pygmy sperm whales (Kogia spp.). Initially, 
PAMGuard software was used to automatically detect all odontocete echolocation clicks, to classify them 
into general categories based on peak frequencies and the presence or absence of frequency upsweeps, 
and to estimate the vertical angle from which the signals were received using the time-difference-of-
arrival of the signals on the two hydrophones. The click classification settings are described by Keating 
and Barlow (2013). Two analysts (JLK and ETG) independently used PAMGuard Viewer Mode to 
review the initial classifications and to identify acoustic detection events of beaked whales, narrow-band 
high-frequency (NBHF) cetaceans (likely Dall’s porpoise and Kogia spp.), and sperm whales. 
Independently identified beaked whale events were then reviewed by three analysts (JLK, ETG, and JPB) 
who reached a consensus determination of species category (Cuvier’s beaked whale, Baird’s beaked 
whale, and likely Mesoplodon species). Sperm whale and NBHF cetaceans were not reviewed further. 

A second classification system for Mesoplodon species was developed after reviewing all the likely 
Mesoplodon acoustic detections and comparing signals to published descriptions of Mesoplodon 
echolocation pulses. This Mesoplodon classification scheme includes Stejneger’s beaked whale, 
Blainville’s beaked whale, BW70 (likely pygmy beaked whale), and BW43 (likely Perrin’s beaked 
whales) from descriptions by Baumann-Pickering et al. (2013). To this, we added BW39V (likely Hubb’s 
beaked whales) from a unique beaked whale signal recorded in this study (Griffiths et al. submitted). The 
classification scheme is formulated as a dichotomous key and includes Cuvier’s and Baird’s beaked 
whales in addition to these Mesoplodon species (Griffiths et al. in prep 1.). All final species classifications 
were made by unanimous agreement among all three analysts. In cases of disagreement or uncertainty, the 
final classification was “unidentified beaked whale”. 
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2.4 Visual observations and biopsy sampling of marine mammals 

The main objectives of visual operations were to opportunistically sight and identify target species 
matched to concurrent acoustic towed array detections, and to opportunistically detect cetacean groups 
(target species and others) of interest for biopsy sampling. In good weather conditions (e.g., Beaufort state 
0 – 2), a pair of observers searched visually for marine mammals using a combination of naked eye, hand-
held binoculars, and through 25x150 “big-eye” binoculars mounted on the flying bridge of the Shimada. 
In poorer conditions, and on most days, a single observer was usually on watch during daylight hours. We 
did not adhere to a systematic visual survey design or observation protocol, as the cruise was not designed 
for this purpose. 

3 Results 

3.1 DASBR survey effort 

High-quality acoustic data was obtained for 28 of the 30 deployments (Table 1), resulting in 110,767 
2 min sound files collected during PASCAL. One deployment (Station 14) appears to have failed 
completely due to excessive noise from one of the hydrophones or pre-amplifiers. Another deployment 
(Station 8) was noisy below 20 kHz, but data quality for beaked whales and Kogia was not affected. In 
addition, two deployments of the ST4300 recorders ended prematurely due to a bug in their firmware that 
resulted in continuous (rather than duty cycled) recording. 

Analysis of DASBRs revealed 1011 detections of beaked whales in 2-min files (Table 4, Figure 3 - Figure 
8). No Blainville’s beaked whales or likely pygmy beaked whales (BW70) were detected. NBHF and 
sperm whale detections were annotated within the dataset, but have not yet been verified (Table 4 and 
Figure 9 and Figure 10). 

To date, our analysis efforts have focused on Cuvier’s beaked whales. The vast majority (89%) of 
Cuvier’s beaked whale acoustic detections were identified independently by both analysts. Detections of 
this species were concentrated in more southern and offshore waters and were rare in the nearer-shore 
deployments north of San Francisco Bay (Figure 3). Echolocation pulses from Cuvier’s beaked whales 
were found in 0.8% of the collected 2 min files. 

Table 4. Summary of beaked whale and narrow-band high-frequency (NBHF) detections in 2-min 
files through the PASCAL DASBR dataset. 
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Figure 3. Cuvier’s beaked whale detections in 2-min files, spread along the drift track of each 
DASBR. The gray line denotes the boundary of the study area and the dark green line denotes the 
500-m isobath. 
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Figure 4. Baird’s beaked whale detections in 2-min files, spread along the drift track of each 
DASBR. The gray line denotes the boundary of the study area and the dark green line denotes the 
500-m isobath. 
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Figure 5. BW43 beaked whale detections in 2-min files, spread along the drift track of each 
DASBR. The gray line denotes the boundary of the study area and the dark green line denotes the 
500-m isobath. 
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Figure 6. Stejneger’s beaked whale detections in 2-min files, spread along the drift track of each 
DASBR. The gray line denotes the boundary of the study area and the dark green line denotes the 
500-m isobath. 
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Figure 7. BW39V beaked whale detections in 2-min files, spread along the drift track of each 
DASBR. The gray line denotes the boundary of the study area and the dark green line denotes the 
500-m isobath. 



 

15 

 

Figure 8. Unknown beaked whale detections in 2-min files, spread along the drift track of each 
DASBR. The gray line denotes the boundary of the study area and the dark green line denotes the 
500-m isobath. 
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Figure 9. Narrow-band high-frequency (NBHF) detections in 2-min files, spread along the drift 
track of DASBRs with ST4300 recorders. The gray line denotes the boundary of the study area and 
the dark green line denotes the 500-m isobath. 
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Figure 10. Sperm whale detections in 2-min files, spread along the drift track of each DASBR. The 
gray line denotes the boundary of the study area and the dark green line denotes the 500-m 
isobath. 
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3.2 Towed acoustic array effort 

Overall, there were 88 acoustic detections during daytime effort of which 33 had visual confirmation of 
species (Figure 11). Beaked whales were detected with the towed array 15 times from the following 
species: unidentified beaked whale (Ziphiid whale), unidentified Mesoplodon (Mesoplodon sp.), 
Blainville’s beaked whale (Mesoplodon densirostris), Cuvier’s beaked whale (Ziphius cavirostris), and 
Baird’s beaked whale (Berardius bairdii). 

 

Figure 11. Real-time acoustic monitoring effort (dark green lines) and acoustic detections made in 
the study area (black outline) during PASCAL. Concurrent sightings and acoustic detections are 
shown as blue diamonds. Acoustic detections without a concurrent visual sighting are shown as 
green circles. 
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3.3 Visual observations and biopsy sampling of marine mammals 

The visual team functioned using a reduced version of the observation protocol due to the smaller 
research party on board the Shimada. These efforts produced 135 sighted groups, of which 9 were beaked 
whales. (Table 5). Unfortunately, none of the sighted beaked whales were species that had an unmatched 
acoustic signature. Six biopsy samples were collected via crossbow dart from the bow of the Shimada: 
one from short-beaked common dolphin (Delphinus delphis) and five from Pacific white-sided dolphins 
(Lagenorhynchus obliquidens). 

Table 5. The number of marine mammal groups sighted during PASCAL. 
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4 Discussion 
This report is intended to be technical summary and brief synopsis of the preliminary results of the 2016 
PASCAL survey. Analysis of beaked whale detections is ongoing. A manuscript on methods and results 
for acoustic abundance estimation for Cuvier’s beaked whales is in preparation and is anticipated to be 
ready for submission to a journal in summer 2018. Abundance estimation for Mesoplodon beaked whales 
and Baird’s beaked whale requires additional information on depth distributions for these species. 

The PASCAL effort revealed that DASBRs are a highly effective tool for examining beaked whale 
occurrence, distribution, and abundance. This funding is supported through comparison of the number of 
acoustic detections on DASBRs during PASCAL versus the number of beaked whale visual detections 
obtained during previous SWFSC sighting surveys in the same study area (seven surveys from 1991 to 
2014, Barlow 2016). The total number of sightings for Cuvier’s beaked whales, Baird’s beaked whales, 
and Mesoplodon beaked whales from all seven surveys are 63, 27, and 38, respectively. Although the 
acoustic detections on DASBRs are not all independent as some clearly represent multiple detections 
during a single dive, the magnitude of the overall detection rate on DASBRs for these species is much 
greater (727, 90, and 111, respectively). We anticipate the high detection rate on DASBRs will provide 
much more precise estimates of beaked whale abundance than has been previously possible. The acoustic 
data collection on DASBRs has also provided the ability to acoustically discriminate individual beaked 
whale species from each other based on the echolocation signal characteristics. During all seven previous 
visual surveys in this region, only a handful of Mesoplodon sightings have been identified to species, and 
these cases comprised of just two species (one sighting of Hubb’s beaked whale and two sightings of 
Blainville’s beaked whale). Stejneger’s beaked whale were detected 53 times on the DASBRs, though 
have not been visually observed in the study area during prior survey efforts. Although additional 
progress is needed to identify the source of three presumed Mesoplodon echolocation signals (BW43, 
BW70, and BW39V), the DASBR data provide information on the distribution and abundance of these 
call types before their species identity is known. 

Acoustic recordings from the pilot experiment southwest of Point Conception, looking at beaked whale 
occurrence associated with topographic seafloor features, were included the total number of beaked whale 
detections. It has yet to be determined if there was an increase in beaked whale detections over 
seamounts. 

Additional information is needed to interpret the NBHF echolocation clicks that were detected during this 
study. In deep pelagic waters of the California Current, these clicks are only likely to be produced by 
Dall’s porpoise and dwarf and pygmy sperm whales (Kogia sp.). A clustering analysis is ongoing to 
examine which characteristics best describe the differences in NBHF clicks from these three species 
(Griffiths et al. in prep 2.). There have been only seven visual sightings of Kogia during prior sighting 
surveys, compared to 112 NBHF acoustic detections on DASBRs during PASCAL. 

Sperm whale acoustic detections differed substantially from beaked whale detections. Most beaked whale 
detections occurred as discrete events which lasted less than an hour and appeared to correspond to a deep 
foraging dive by an individual or synchronized group of beaked whales within 4 km distance (based on 
theoretical detection distances; Zimmer 2008). In contrast, sperm whale acoustic detections were nearly 
continuous in some areas. Barlow and Taylor (2005) found that some sperm whale clicks can be detected 
at ranges of 37 km on towed hydrophones. The DASBRs have lower self-noise and are likely to be able to 
detect sperm whales at even greater range. In high density areas, the DASBRs were likely receiving 
echolocation clicks from multiple groups of sperm whales. The long-range detection of sperm whale 
clicks is likely to vary with ocean sound propagation conditions. A meaningful interpretation of our 
sperm whale detections clearly requires additional analysis. Many of our sperm whale detections showed 
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multi-path sound propagation whereby the same echolocation clicks arrives at a hydrophone multiple 
times due to sound refraction and reflection. These multi-paths signals can be used to estimate the range 
to the source (Thode 2005). This method can be used to distinguish between multiple sperm whale groups 
based on their range and may allow us to select only those clicks that are within a range that can be 
detected by all DASBRs to allow better comparability in detection rates. Analyses of these sperm whale 
detections is ongoing. 
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