





























often associated with oceanographic :atures (warm core rings and upwelling areas), which

likely centrate y ¢ | provided foraging opportunities.

:al-time lite-monitoring 1 ¢ o0 been used to focus intensive research effort in
areas inhabited by tracked whales, in o1 r to collect ad tional data with important conservation
im lons. For ns from a satellite-monitored NPRW in 2004 were used to
dir survey ve e largest aggregation of the species recorded in the past 40
years (Wade e,
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UPCOMING PUI ICATIONS

Movements and | itat use of e endangered North Pacific right v ale (Eubalaena japonica) in
the Be = Sea from : ellite telemetry

Alexal J. Zerbini, Mark Baumgartner, Amy S. Kennedy, Phillip J. Clapham, Paul R. Wade, Brenda
K. Rone

The North Pacific right whale (NPRW) was severely depleted by whaling in the past two centuries. The
current size of the eastern ering Sea (BS) population is estimated at about 30 individuals, making this
one of the most critically endangered mammal populations in the world. Historic  data indicate that right
whales were abundant and widely distributed in the BS in summer and early autumn, but hat  use,
movements, and migratory rt 2s and destinations are still poorly known for this population. In the
summer 2008 and 2009 SPOTS satellite transmitters were deployed in 4 individuals. Whales were tracked
for an average of 40 days (range=30-58) and provided information on the distribution and movements of
NPRWs between July and October. These whales travelled a total of 4075 km, with an average of 1018
km/whale (range = 195-1818 km). This study provides the first description of fine-scale movements of
NPRWSs in their feeding grounds in the Bering Sea and indicates that movements were restricted to a
relatively small region between 560-580N and 1630-1670W (=area of ~26,400 km2). This region
represents an important habitat for this endangered population, which may be particularly vulnerable to
environment and human-related changes that could atfect prey distribution and abundance in the SEBS.

Individual variation in movements of humpback whales (Megaptera novaeangliae) satellite-tracked
in the Bering Sea dur ; summer
Amy S. Kennedy, Alexandre N. Zerbini, Phillip J. Clapham, Brenda Rone, and Ygor Geyer

Humpback whales occur in various locations in feeding grounds in the Bering Sea, where their
mover  ts and habitat use are  dorly understood. In the summers of 2007-2010, eight humpback whales
were tagged with PTT-only satellite transmitters near Unalaska Bay (~53°55°N, 166°32°W). One tag
transmitted intermittently for 3 days and is not considered in this study. Individual whales were tracked
for an average of 28 days (range = 7-67 days) and showed substantial variation in movements. Three
individuals remained iin 50km of their tagging locations for as many as 14 days. Two whales explored
presumed feeding are:  ithin 60 km from shore, along the Bering Sea side of Unalaska Bay and Unimak
Pass. Two whales moved west; one made a trip to the Island of Four Mountains and returned to the
northern side of Umn  Islands and a second whale moved through Umnak Pass and explored feeding
areas on both the Bering and Pacific sides of Umnak Island. One individual left Unalaska Bay three days
after tagging and moved ~1500km (in 12 days) along the outer Bering Sea shelf to the southern Chukotka,
Russia. After 4 days, this individual moved east across the Bering Sea basin to Navarin Canyon (60°30°N,
179°20°W), where it remained until transmissions ceased. This study provides evidence that while
humpback whales  regate in areas of bredictable prey abundance (e.g. to the north of Unalaska/Unimak
Islands), some inaividuals perform r i long trips, presumably to explore other possible feeding
grounds. Movement patterns may be ind lally variable, but may also be influenced by seasonal or
inter-annual productivity and prey abundance.

Foraging ecology and habitat of North Pacific right whales (Eubalaecna japonica)
Mark Baumgartner

The eastern stock of North Pacific right whales (Fubalaena japonica) numbers fewer than 50 animals,
and is arguably the most critically endangered large whale species. Whaling records indicate that right
whales were once abundant throughout the eastern North Pacific and Bering Sea during the summer
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NPRWSs are known to regularly occur in this region at this time of year. While the results presented here
may not necessarily be extrapolated to other contexts (i.e., wintertime calling behavior), this study
demonstrates that 1) a small number of NPRWs can produce thousands of calls over tens of hours
(~36,000 calls in .. hours), 2) call rates vary by call type, 3) individual callers produce bouts of calls, and
4) patterns in individual calling behavior ay facilitate inferences about call function. Probability of
detection modeling is ongoing.

North Pacific right whales (Eubalaena japonica) make gunshot calls in the Bering Sea
Catherine Berchok, Jessica Crance, Jennifer Keating, Phil Clapham

In 2007, NMML began conducting a multi-year study of the distribution, abundance, and habitat use of
North Pacific right whales (N W) (Eubalaena japonica) in the North Aleutiar. _.sin and southeastern
Bering Sea using aerial and vessel surveys. Passive acoustic monitoring, using directional sonobuoy
methods to locate calling whales, were included in these surveys. Prior to our study, the other calls
described for the NPRW were frequency-modulated tonal calls (McDonald and Moore, 2002). However,
during the 2008 survey, recordings of gunshot calls (hroadband impulses) were made in the presence of
right whales. This call type was attributed to the N W through correlation between surface/dive times
recorded during focal follows and the times when gunshot calls were detected on the real-time sonobuoy
recordings, and with cross-fixes to the calling animals made using the directional information from the
sonobuoys. Although this call type has already been attributed to North Atlantic and Southern populations
of right whales, this is the first time it has been attributed to the NPRW population. In addition, even
though previous work in the Bering Sea focused on detections of the right whale upsweep call, our
findings suggest that the gunshot call is much more ubiquitous and should be included in all analyses to
obtain a better picture of the spatio-temporal di ition of the NPRW.

Spatio-temporal distr ution of fin whales on the Bering Sea shelf
Jessica Thompson, Catherine Berchok

This paper will be a summary of the long-term distribution of fin whales on the Bering Shelf. We are
about half-way done with our analysis of 22 long-term passive acoustic recorders deployed along the
Bering Shelf from 2006-2012. Preliminary analyses (see Appendix C) have shown that fin whales spend
a great deal of time calling in the Bering Sea, especially in and around the RWCH, along the 50m
isobaths, and through Unimak Pass. However, although there are these areas with higher call
concentrations, comparison of the duration and timing of fin whale calling peaks among years suggests
that fin whale movements within the Bering Sea can be highly variable. Our analyses will attempt to
identify and describe 1ese variable movements to better understand fin whale habitat use.

North Pacific right whale (Eubalaena japonica) passive acoustics: Seasonal and spatial occurrence
in the Bering Sea
Catherine Berchok, Jessica Crance

Passive acoustics is one of the most effective means of studying large scale movements and distribution
of large whales. We have combined long-term moored passive acoustic recorders with short-term
sonobuoy deployments during summer field surveys to study the spatio-temporal distribution of the North
Pacific right whale (NPRW), arguably one of the most endangered large whale populations. Since 2006,
multiple passive acoustic recorders have been deployed year-round in the Bering Sea. Current results
show a near year-round presence of NPRW in the Critical Habitat, with a sharp increase in July, a peak in
August/September, ar a sharp decrease in early January. Gunshot calls were detected in the north
Bering Sea over winter: however, because other species have been noted to produce gunshot-like sounds
(e.g. bowhead and hum ack wl  :s), these detections need further scrutiny before they can be attributed
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P P T L 1 R B O A L L I N I F £ R TN o

Once an AB is deploved, both WHOI and BRP regularly monitor the location of the AB using GPS and
NEOS w ensure that the unit stays on station, Attheend o : deploy t, the AB syvstem is recovered by
triggering an acoustic release signal (i.c. a series of underwater tones are played to the unit). This release
system works in conjunction with the sub-surface sphere and the line-pack to bring the equipment to the
surface in preparation for recovery.

The AB detection system processes acoustic data, isolates potential right whale upcalls as “clips.” and
stores the collected data clips as audio files. Thesc files are rated by the svstem quantitatively according
to a scale from 1 1o 10, based on the similarity of the characteristics ot each potential upcall to those of
known right whale upcalls (Gillespie 2004). The system then uploads the data to a website accessible to
BRP analysts at a designated time. Depending on the specific needs of the project, the AB can be

dyr  cally configured to upload data immediately (in near-real time) or to store data for later
transntission. For this Bering Sea deplovinent, the transmission schedule was once per hour.

The primary objective ol this AB system was to provide a continuous mech:  m for detecting the
presence of calling right whales within the area surrounding the AB in near real-time. Right whale
acoustic detections were collected by the AR and confirmed by expert analvsts at BRP. Based on
previously calculated detection ranges of North Pacific right whales {McDonald and Moore 2002). the
AB was expected to be effective for detecting whales upcalls out to a range of 5 nautical miles, with the
actual detection range primarily restricted by the local background sound level in the right whale
contact call frequency band of 50-350 112 (sce Gillespie 2004).

‘The detection algorithm used on this AB system was designed to detect North Atlantic rght whales,
whose contact calls are considered 1o be similar to North Pacific right whale contact calls (McDonald
and ‘Moore, 2002). Recent clip score distributions from previous AB deployments (intended to detect
North Atlantic right whales) suggest that clips with a rating below 6 were not confirmed by analysts as
right whale upcalls (Spaulding et al. 2010). In fact, about 80% of contirmed right whale clips in these
distributions were rated as 10. [{owever, we anticipated variations in the Bering Sea right whale upcalls
as compared to those from the North Atlantic, which supports choosing a less conservative clip score
tt wold fortr  mission, Also, due to the short duration of the deplor  nt, ample power was
available (o support the detection process on the Bering Sea AB, which meant that we did not need to
dctthe  aberof clip detections. Based on these factors, we set the AB to transmit only clips with a
rating of equal to or greater than 6.

CompactFlash Memory Storage Card

In addition to the near-real-time automatic detection system, the AB also employed an on-board
CompactFlash memory storage card which collected continuous data from the same hydrophone input
stream as that used lor collecting acoustic detections. Because of this, a comparison between these two
data sources can be used in to accurately evaluate the pertormance of the automatic detection system.
Weim ni 2 new feature of continuous audio storage to CompactFlash in order to improve our
understanding of the self-noise characteristics of the buoy and to aid future detector development.

Marint  tonomous Recording Unit

A marine autonomous recording unit (MARLUY) is a digital audio recording system contained ina
| ively buoyant 17" glass sphere that is deployed on the ocean seafloor (Figure 4). A MARU can be
programmed o record on any desired daily schedule and may be deploved in a remote environment.







LAY E T T L B L B A L (I N L 7L I TE R IR

20-31 July 2009, Detection data clips were transmitted by the AB approximately once per hour, and all
available transmitted clips were evaluated evens 12 hours by expert analysts o be cither true or false
detections of right w hale contact calls. The on-board CompactFlash card collected continuous data
during the same period. The AB detection system collected data at a sampling rate of 200012 and the
Compact] card aboard the AB recorded data at a sampling rate of 8000z

The MARU was deployed at 57 08.712' N latitude, 164 30.841" W longitude, at about 70 meters above the
sea tloor. This location was approximately 300 meters from the AB, a distance that resulted from best etforts
to avoid striking the AB with the large deployment vessel {the Healy is 430 teet long) while deploving the

2" as close to the AB as possible. The MARLU collected data for 32 ¢ ilete davs and 2 partial davs of
data during the deployment period (20 July and 22 August) and was programmed to record data at a
sampling rate of 2000H..

Both the AB and the MARLU were recovered by WHO! staff aboard the NOAA research vessel Oscar
Dyson on 22 August 2009.

Results

Because this system was intended to be a demonstration buoy, the new feature of continuous audio
storage 1o CompactFlash was implemented in order to improve our understanding of the self-noise
characteristics of the buoy and to aid futurc  ector development. However, this feature introduced a
bug that caused both the continuous data storage and the real-time detection processes to stop working.
As a result, the CompactFlash storage card and the real-time detection system failed after 12 of the 34
days of the AB deployment. This failure was not detected during the deployment because the system’s
reporting process continued (0 work (i.c. to “call home™), suggesting that the buoy was functioning
normally. A fix for this bug has been developed and is currently being field -tested.

During the active 12-day period of the AB deployment, a total of 263 data clips were transmitted by the
AB system. Of these clips, 34 were confirmed as North Pacific right whale calls by BRP expen analysts.
During the same period, 159 North Pacific right whale contact calls were found in the AB CompactFlash
data, and 147 N Pacific right whale contact calls were found in the MARLlidata. D (g the
remaining 22 days of MARU data collection, an additional 1498 North Pacific right whale contact calls
were found (Figure 5, Tables 1, 2).

Tigure 5 shows right whale calling activity over the whole deployment period, at the start of which all
three data collectionme  ds wercactive ¢ number of North Pacific right whale contact calls found
in the MARU data increased significantly tollowing the initial data collection period leading up to 1
August: 147 upealls were found in the late July period, while 1498 upc . were found in the remaining
22 davs of MARU data, for a total of 1645 upealls found in the MARLU data over the entire deployment
{Table 2).

Figure 5 also shows the relationship between the numbers of upcalls found by each data collection
methoe  iring the period when all three data collection methods were active, and it indicates that
discrepancies exist between the numbers of upcalls found by the different methods over the same time
period. However, wher  ire than 6 right whale contact calls were found on any specific day in either
the MARU or the CompactFlash data. positively contirmed right whale contact calls were also found in
the AB data.
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average, the ratio of Pseudocalanus spp. to C. marshallae was 0.93; average logo-transformed
abundance ratio = -0.0332, SD = 0."" 1, n =5, t-test: t = -0.332, p = 0.7566; note low wer of
this test); however the biomass of C. marshallae was, on average, 41.5 times that of
Pseudocalanus spp. (average logo-transformed biomass ratio = 1.62, SD = 0.224, n = 5, t-test: t
= 16.1, p < 0.0001). Both the OPC and the VPR indicated high variability in C. marshallae
¢ ndance in the upper 10 m over the course of the station (Figure 3a), with some peaks in
abundance exceeding 30,000 copepods m™. Although the net-derived average water column
abundance of C. marshallae was moderate at the beginning (547 copepods m™) and end (482
copepods m™) of the station, the OPC and VPR observations suggested that the average water
column abundance rose to over 4000 copepods m™ aroun the mid-point of the station (Figure
3b). The OPC-derived distr 1t of C. marshallae (Figure 3c¢) indicated that the vast majority
of C. marshallae occurred in the thermocline and surface mixed layer of the upper 20-25 m of
the water column, (this pattern is identical to that observed in the VPR-derived vertical
distribution; data not shown). Interestingly, C. marshallae occurred in the surface mixed layer
despite the presence of a persistent layer of phytoplankton at the base of the thermocline
(indicated by a peak in f »rescence in Figure 3¢). Acoustic detections from both the sonobuoys
(Figure 3c) and the drifting buoys (data not own) indicated that right whales were present
during the 2008 drifting station.

In contrast to 2008, the abundance of Pseudocalanus spp. in the upper 15 m of the water column
during the 2009 drifting station was significantly higher than that of C. marshallae (on average,
the ratio of Pseudocalanus spp. to C. marshallae was 11.0; average log;o-transformed abundance
ratio = 1.04, SD =0 34, n =5, t-test: t = 3.56, p = 0.0236), and Pseudocalanus spp. biomass
was not significantly different from that of C. marshallae (average logo-transformed biomass
ratio = 0.544, SD = 0.654, n = 5, t-test: t = 1.86, p = 0.1367). While Pseudocalanus spp. net
abundance was slightly higher in 2009 than during 2008, both the net samples and e OPC
indicated that C. marshallae abundance in the upper water column was much lower during the
2009 drifting station than during the 2008 drifting station (Figure 3d). Despite these changes in
the upper water column, the OPC-derived average water column abundance of C. marshallae
actually peaked at over 6000 copepods m™ (higher than in 2008) near the beginning of the station
(Figure 3e). These changes between years was largely caused by a difference in the vertical
distribution of C. marshallae (Figure 3f); the OPC observations indicated that C. marshallae
occurred throughout the water column during the 2009 drifting station, whereas C. marshallae
was largely confined to the upper water column during the 2008 drifti  station. During 2009,
C. marshallae was not only foun in the surface mixed layer where phytoplankton abundance
was high (as indicated by high fluorescence), but also in the thermocline and the bottom layer
(including some very near bottom patches) where phytoplankton abundance was very low. As in
2008, acoustic detections from both the sonobuoys (Figure 3f) and the drifting buoys (data not
shown) indicated that right whales were present during the 2009 drifting station.

Cross-isobath tr~—-gcts

Two cross-isobath transects were conducted 6 days apart in nearly the same location during 2008
(Figure 1b). An additional three cross-isobath transects were conducted during 2009: transects 1
and 3 occurred 9 days apart in exactly the same location as the two transects conducted in 2008,
and nsect 2 was conducted 50 km to the east (Figure Ic). As expected in the mid 2 shelf
domain during the summer, the water column was stratified into two layers, a warm fresh layer at
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included in any of the four bouts: this implies that at least five whales were present and
producing calls durii  the drifting station. The highest empirical minimum abundance estimates
are greater than the abundance estimate using visual sighting methods in the 48 hours prior to
and following the drifting station (n=2, Clapham et al. 2009).
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Figure 4. Mean transmission loss (averaged across all 41 modeled frequencies, 50-4050Hz in 100Hz increments)
for three cases (stratified, isovelocity, and cylindrical spreading) for the surface and bottom layers.

frequencies at each of the three putative source depths) frequency-specific variable aperture
running average smoothed curves were less than or equal to | dB. In other words, TL SD was
less than or equal to 1dB for all frequencies and source depths (approximately 20% of SL SDs,
detailed below).

Source le-~!

Source level estimates varied within ranges to localized calls, and among depth layers (Figure 5;
Table 1). On average, estimates (rms and p-p, Table 1) were highest if the call was produced in
the surface layer; SL estimates were similar to one another if produced in the pycnocline and
bottom layers. Source level estimates at a given distance from the source were highly variable
(e.g., Figure 5, 0-10m; range = 23 dB pp re | pPa at 4.1km), suggesting that gunshots are
produced at a range of amplitudes (either by a single or multiple whales). Source level
variability was consistent across all depth layers (SL SD = 5.7 dB rms re | uPa; 5.3-5.4 dB p-p
re 1 pPa). In all cases, SL SDs were more than five times TL SDs, implying that variation in SL
is the primary source of variability in RL (i.e., the contribution of TL variability to variation in
RL is quite small).

Ambient noise

AN decreased over the course of the drifting station, perhaps related to improving weather
conditions (Figure 6). Mean AN values (across buoys) in the NPRW calling band for gunshots
(50-4050Hz) ranged from 85-96« rmsre | pPa (mean = 90.5, SD = ~ 1) over the course of the
drifting station, and showed no systematic periodicity (Figure 6).
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