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ACC: Alaska Coastal Current

ADCP: Acoustic Doppler Current Profiler

AET: Acoustic Ecology Toolbox

AFSC: Alaska Fisheries Science Center

AIC: Akaike Information Criterion

ANOVA: Analysis of Variance

ARCWEST: Arctic Whale Ecology Study

ARGOS: Advanced Research and Global Observation Satellite
ARS: Area Restricted Search

ARTS: Air Rocket Transmitter System

ASAMM: Aerial Surveys of Arctic Marine Mammals

AtIW: Atlantic Water

AURAL: Autonomous Underwater Recorder for Acoustic Listening
AW: Anadyr Water

BIA: Biologically Important Area

BIC: Bayesian Information Criterion

BCB: Bering-Chukchi-Beaufort

BOEM: Bureau of Ocean Energy Management

BOWFEST: Bowhead Whale Feeding Ecology Study

BSW: Bering Sea Water

CHAOZ: Chukchi Sea Acoustics, Oceanography, and Zooplankton Study
CHAOZ-X: Chukchi Sea Acoustics, Oceanography, and Zooplankton Study Extension
CRC: Cascadia Research Collective

CSESP: Chukchi Sea Environmental Studies Program

CTD: Conductivity, Temperature, Depth sensor instrument package
CUA: Core Use Area

CI-CV: Copepodite Stages 1-5

DBO: Distributed Biological Observatory

DiFAR: Directional Frequency Analysis and Recording

DTAG: Suction Cup Acoustic Tag

DVM: Diel Vertical Migration



DWBA: Distorted Wave Born Approximation

FFT: Fast Fourier Transform

FM: Frequency Modulated

GAM: Generalized Additive Model

GCV: Generalized Cross-Validation

GLM: Generalized Linear Model

GMT: Greenwich Mean Time

GPS: Global Positioning System

IERP: Integrated Ecosystem Research Program

ITAE: Innovative Technology for Arctic Exploration
JISAO: Joint Institute for the Study of the Atmosphere and Ocean
LFDCS: Low-frequency Detection and Classification System
LQ: Location Quality

MAG: Magnavox sonobuoy

MCMC: Markov Chain Monte Carlo

MML: Marine Mammal Laboratory

MW: Melt Water

NARR: North American Regional Reanalysis

NCEI: National Centers for Environmental Information
NCEP: National Centers for Environmental Prediction
NEPA: National Environmental Policy Act

NMDS: Non-metric Multi-Dimensional Scaling
NMEFS: National Marine Fisheries Service

NOAA: National Oceanic and Atmospheric Administration
NPRW: North Pacific right whale

NSIDC: National Snow and Ice Data Center

PAM: Passive Acoustic Monitoring

PAR: Photosynthetically Active Radiation

PMEL: Pacific Marine Environmental Laboratory
PTT: Platform Terminal Transmitter

RHIB: Rigid-Hulled Inflatable Boat

SCM: Subsurface Chlorophyll Maximum
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SLIP: St. Lawrence Island Polynya

SPL: Sound Pressure Level

SPOT 5: Smart POsition and Temperature tag verS
SPW: Sparton sonobuoy

SSMI: Special Sensor Microwave Imager

SSSM: Switching State-Space Model

TAPS6-NG: Tracor Acoustic Profiling System 6 - Next Generation
TEK: Traditional Ecological Knowledge

TFS: Truncated Fluid System

TIROS: Television Infrared Observation Satellite
USS: Undersea Sensor Systems sonobuoy

UTC: Coordinated Universal Time

VHF: Very High Frequency

WW: Winter Water
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V. EXECUTIVE SUMMARY

The Arctic Whale Ecology Study (ARCWEST) was initiated in 2012 through an
Interagency Agreement between the Bureau of Ocean Energy Management (BOEM) and the
Marine Mammal Laboratory (MML). The focus of the study was to determine relationships
between dominant currents passing from the Bering Sea through the Chukchi Sea and prey
resources delivered to the Barrow Arch area, and to provide information about the dynamic
nature of those relationships relative to marine mammal distribution and habitat utilization in the
eastern Chukchi and extreme western Beaufort Seas. It also provided important baseline data on
the occurrence, distribution and habitat use of marine mammals in an area that is subject to rapid
change and human industrial development.

The study had four principal objectives:

1. Estimate the spatial and temporal patterns of use of the Chukchi Sea by endangered
bowhead, fin and humpback whales as well as gray, minke and beluga whales.

2. Assess population structure and stocks of origin of these animals via genetic analysis
of tissue biopsy samples' and as appropriate, individual photo identification records.

3. Evaluate ecological relationships for the species, including physical and biological
oceanography.

4. Conduct physical, chemical and biological oceanographic sampling to further
understand the transport and advection of krill and nutrients from the northern Bering
Sea through the Bering Strait and to the Barrow Canyon.

The objectives of ARCWEST were addressed using multiple research disciplines. Data
were collected both over the short-term (roughly, one month), during ship surveys, and long-
term, from year-round passive acoustic and biophysical moorings. Data were collected in three
year-long mooring deployments (2012-13%,2013-14 and 2014-15), as well as during three field
surveys in August and September of 2013, 2014, and 2015. Research efforts during the field
season included visual surveys, photo-identification, tagging, zooplankton and oceanographic
sampling (Conductivity, Temperature, and Depth (CTD) and Tucker sled zooplankton tows),
passive acoustic monitoring (sonobuoys), and satellite-tracked drifter deployments. Research
that occurred in the lab during the rest of the year, included long-term analysis from
overwintering moorings (passive acoustic and biophysical). Figure 1 depicts the general study
area and the main locations for data collection among the various research disciplines; also
shown are the Burger, Klondike, and Statoil study areas for the industry-sponsored Chukchi Sea
Environmental Studies Program (CSESP).

! No biopsy samples were obtained so this topic is not discussed in the report.

2 The biophysical moorings deployed in 2012 were a combination of funds from NOAA (FOCI) and those leftover
from the BOEM-funded CHAOZ project. Analyses were funded by NOAA and are included in the synthesis
section. Passive acoustic moorings from this year were deployed with CHAOZ funds but analyzed with ARCWEST
funds, and so are included throughout the report.
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Figure 1. Maps showing the general study area for the ARCWEST project (yellow outline), the concurrent
BOEM-funded CHAOZ-X project (red outline) and CSESP study areas (blue, orange, and green outlines). A)

mooring locations; B) line transect sampling stations; and C) visual survey and passive acoustic monitoring
effort, 2010-2016.
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Results of this research help explain the distribution of marine mammals in the Bering
and Chukchi Seas in relation to oceanographic conditions and potential prey availability.
Important products of this work include the expansion of integrated biophysical (including
oceanography, zooplankton indices, and marine mammal distribution) databases. Information
from this study may be used by BOEM for pre- and post-lease analysis and documentation under
the National Environmental Policy Act (NEPA) for any future Beaufort Sea or Chukchi Sea
Lease Sales.

This report is organized into three areas of research (Sections VII —IX) which address the
individual components, followed by a Synthesis section (Section X). Here, summaries for each
section are presented, preceded by the key findings and recommendations from this research.

Key Findings

The Chukchi Sea ecosystem is complicated: landscape ecology, and regional and local
forcing all combine to determine whether or not there will be favorable conditions for both the
permanent and transitory residents. The residents of interest in this study, marine mammals,
belong to several different feeding guilds, further complicating our goal of understanding how
climate change and other anthropogenic forcing will affect them.

Marine Mammals

[Note for long-term moorings: Southern region = Cape Lisburne and south; northeastern region
= east of Cape Lisburne]

e Spring migration was seen in both regions for bowhead and beluga whales, but was not
confined to the nearshore leads in the northeastern region. The migration was multimodal
for beluga whales, possibly due to a difference in timing for the two populations, or lead
closures.

o Fall migration was seen in both regions for bowhead and beluga whales; and appears to
be widely distributed across the northeastern region. Lower levels were seen for beluga
than in the spring migration, although more even levels were seen inshore-offshore for
bowhead whales). There may be evidence of a small fall pulse for bearded and ribbon
seals. Multi-modal fall migrations were seen for bowhead and beluga whales, possibly
due to a population timing difference (beluga) or sex/age segregation (both species).
Gunshot calling was detected at the end of the migration for bowheads.

o For the ice season: low levels of calling activity were present for beluga, killer, and gray
whales, ribbon seals, and walrus, and high levels were present for bearded seals
overwinter in the northeastern region. No bowheads were detected overwinter. The
southern region had low levels of beluga whales and high levels of bowhead whales,
bearded seals, and walrus. Ribbon seal timing (April/May) coincided with their
reproductive season in the Bering Sea. The high level of overwinter calling activity for
walrus that was observed at the offshore Icy Cape site in the Chukchi Acoustics,
Oceanography, and Zooplankton (CHAOZ) Study steadily declined from 2010 to 2015.
The end of bearded seal calling was abrupt and consistent across locations/years.
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For the open water season: Calling activity was at low levels for bowhead whales (the
highest levels were in the western Beaufort), and ribbon and bearded seals, and was at
high levels for beluga, gray whales, and walrus in the northeastern region. No fins were
detected, but analyses are incomplete. The southern region had very low levels of
bowhead and minke whales, bearded and ribbon seals, and walrus, and high levels of
gray, humpback, and fin whales. No belugas were detected in the open water season.
Killer whale calling activity was highest for both regions in known gray whale hotspots.

A double knock sound occurs simultaneously with beluga calling activity; current
hypotheses are that this may be a fish sound.

Seven cetacean species (bowhead, gray, humpback, fin, killer, and beluga whales, and
harbor porpoise), two pinniped species (walrus and bearded seal), and polar bears were
visually or acoustically detected in the ARCWEST study area in August - October. A
combination of visual survey and passive acoustic monitoring is ideal.

Satellite tagging provided novel information on habitat use and revealed heterogeneous
movement patterns and important foraging areas for gray whales in the Chukchi and
northern Bering Seas.

Oceanography

On average, 40% of the transport through Bering Strait continues along the coast past Icy
Cape. Monthly mean transport is greatest in summer and weakest during winter. On scale
of days, the transport is highly correlated with local winds. Also, Atlantic water (AtIW)
can be seen as far south as Icy Cape, more than 200 km from the slope.

By the end of summer, nitrate concentrations are usually low in the bottom layer of the
ocean. Nitrate increases during the winter, often in phase with increase in salinity. By
late spring, the nitrate supply is usually replenished near the sea floor.

Ice appears sometime in November and disappears in July. The largest ice keels appear
in spring (often exceeding 20 m). The deepest keel (30 m) was observed at C4 in 2015.

High concentrations of ammonium can be seen on the Pt. Hope line and in Barrow
Canyon, indicating an active microbial loop of converting detritus into ammonium.
Ammonium is the preferred nitrogen form for many phytoplankton.

Mean chlorophyll-a concentrations were significantly (p <0.001) different among the
years with values from 2014 being the lowest.

The offshore distribution of chlorophyll-a with depth was characterized by large
subsurface patches — products of stable water column conditions and the settling of
phytoplankton cells along the pycnocline.

Values of chlorophyll increased as one approached the flanks for Hanna Shoal.
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Zooplankton

The zooplankton community composition showed great variability among years and
within years the assemblages were often tied to specific water types. In one year,
assemblages were strongly delineated between the eastern and western portions of the
Chukchi shelf

In one year, we observed strong evidence for physical transport of Arctic basin plankton
species onto the Chukchi Sea shelf. The exact mechanism for this transport event was
not clear.

There was no clear evidence to support the conveyor belt hypothesis for euphausiid
transport from the Bering Sea to the northern Chukchi. Adult and juvenile euphausiids
were rare on the Chukchi shelf.

Early life history stages of euphausiids were abundant in some years pointing to the
possibility that euphausiids do reproduce in the Chukchi and that not all individuals are
expatriates from the eastern or northern Bering Sea.

Northward travel time of water from Bering Strait to Barrow Canyon takes, on average,
~100 days, although this varies as a function of the wind. That means that zooplankters
spawning around in mid-July in the northern Bering Sea would not be able to transit the
entire shelf before it became ice covered.

We observed intermittent diel vertical migration (DVM) of sound scatterers on the shelf
with stronger DVM behavior over the shelf break north of Hanna Shoal. The migration
behavior at this location could have been from invertebrates or fishes.

Ambient noise

Seismic airguns were detected during all open water seasons; the highest levels were in
2013 when multiple seismic surveys were underway. Vessel noise was also detected in
every open water season; most ubiquitous levels were during 2012 and 2015, and
corresponded to vessel activities associated with exploratory drilling operations.

Ambient noise analyses conducted at two locations (one northeastern, one southern)
indicate that three sources dominated the acoustic environment: bowhead whales,
bearded seals, and walrus. Vessel noise was the exception during the open water season
at both locations, along with ice formation at the northeastern site. The acoustic analyses
conducted here provide useful tools for understanding the main contributors to the Arctic
noise environment.

Synthesis

Regression tree and Generalized Additive Model (GAM) analyses yielded few surprises
among the Arctic marine mammal species. Month was a main factor determining calling
activity for all but gray whales (who had very low calling activity levels overall),
suggesting endogenous cycles. However, more consistent long-term lower-trophic-level
data are needed to determine if external influences are also at play.
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e Regression tree and GAM analyses also revealed ice factors as a secondary influence on
calling activity levels for all Arctic marine mammal species except gray whales.
Bowhead and beluga whales migrate in spring through areas with high ice concentrations.
For bowhead whales, calling activity was linked with factors that were likely proxies for
leads; ice thickness was important for beluga whales. Ice concentration appeared as a top
factor for walrus and bearded seals, with variability in ice thickness additionally for
walrus. Factors associated with possible benthic productivity were seen, instead, for gray
whales.

o The Chukchi Sea polynya, which forms most years between Wainwright and Icy Cape, is
believed to be an “export” system, resulting in an increase in primary productivity.
However, for the five polynya events that occurred during the study, there were no
observable effects on oceanographic conditions, the benthos, or upper trophic levels.
Marine mammal detections were few and intermittent.

o The presence of a variety of different hotspots occur in the Chukchi and western Beaufort
Seas (temporary vs. permanent, pelagic vs benthic) due to a combination of
oceanographic (i.e., flow, winds, ice melt, and summer heating) and lower trophic (i.e.,
subsurface phytoplankton blooms, and export of ice algae) factors and their presence is
reflected in the upper trophic level (i.e., marine mammal) data.

e This study provided short- and long-term data for Regions 2-5 of the Distributed
Biological Observatory (DBO).

e Two alternative conceptual models were used to help predict how pelagic-benthic
coupling may change with increased warming and decreased sea ice: early ice retreat
with strong winds and less ice melt, and early ice retreated with weak winds and
increased local ice melt.

e Recent fisheries surveys are beginning to show large numbers of fish in the two adjoining
regions; we need to rethink our current ideas about potential immigration of species into
the Chukchi and be able to better quantify how the impacts of loss of sea ice at lower
trophic levels will cascade to impact marine mammals and other high level Arctic
predators.

Section VII: Marine Mammal Distribution

Three year-long deployments of nine long-term passive acoustic recorders, totaling
10,374 days, were made within the ARCWEST study area from 2012-2015. Combined with the
1,218 days collected in this area during the 2010-2012 CHAOZ study and 466 days of data
reanalyzed from the BOEM funded Bowhead Whale Feeding Ecology Study (BOWFEST)
project, 12,058 days of fully analyzed data were included in this report. Generally, the seasonal
and spatial distributions of sounds from the five main Arctic marine mammal species (bowhead,
beluga, and gray whales, walrus, and bearded seals), the five subarctic species (fin, killer,
humpback, and minke whales, and ribbon seals), anthropogenic sources (airguns and vessel), and
environmental (ice) sources in the ARCWEST study area were in good agreement with those
from aerial and vessel surveys, satellite tagging efforts, and other passive acoustic studies, as
well as the natural history of these species obtained from Traditional Ecological Knowledge
(TEK).
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Bowhead whales were detected April/June through December in the northeastern region
and October through May in the southern region. The fall bowhead migration was seen as a pulse
in calling activity; its level was consistent inshore-to-offshore, supporting a broad divergence of
the migratory path over the northeastern Chukchi Sea. This fall pulse was multimodal in many
locations and years, supporting TEK of age/sex segregation during migration. Associated with
the end of the fall migratory pulse was the presence of a smaller pulse of bowhead gunshot
calling. As expected, no calling activity was detected from January to March in the northeastern
region in any year. However, calling activity was detected overwinter in the southern region,
indicating that at least some portion of the population remains in the southern Chukchi (where
the fall migratory pulse blended into the spring pulse) and does not migrate into the Bering Sea.
The spring migration does not appear to be contained entirely in the nearshore lead. Calling
activity was also present in the summer in the northeastern region (where the separation between
the spring and fall pulses is indistinct). The highest levels of bowhead whale calling activity
during the open water season were in the western Beaufort Sea near the Barrow hotspot, but
lower levels of calling do exist during this time period in the northeastern Chukchi.

Two populations of beluga whales can pass through the ARCWEST study area: the
eastern Chukchi Sea and eastern Beaufort Sea populations. Beluga whale calling activity was
present in times/areas within the range documented by visual and tagging studies, but it was also
present outside of this range as well. Belugas were detected during the spring and fall migrations
and during the ice season throughout the ARCWEST area, and during the summer open water
season in the northeastern region. Spring calling was detected at all mooring locations, even
those offshore, suggesting that beluga whales are not limited by high ice concentrations. For the
open water season, the highest levels of calling were in the western Beaufort Sea, consistent with
the summer range of the eastern Chukchi Sea population. Fall calling activity is generally low
compared to the spring, suggesting that belugas are widely distributed across the Chukchi Sea
shelf in the fall. Multimodal pulses were evident for both the spring and fall migrations, which
could represent different populations, age/sex classes, and/or ice impeding migration. The
presence of calling activity overwinter at most ARCWEST mooring locations and years suggests
some belugas overwinter offshore. Finally, a double-knock sound was documented that may be
produced by fish; this sound occurs simultaneously with beluga whale calling activity. A similar
knocking sound, although higher in frequency, has been reported for sablefish (Riera et al.,
2018), showing that fish are capable of producing this type of sound. Other possibilities are that
this sound is not produced by the fish internally, but is generated by the fish eating organisms off
the recorder; the sound could also be produced by the organisms growing (or living) on the
instrument. Currently, the investigation is on hold until a larger sample size of results from
multiple moorings and years is obtained from the Chukchi, Beaufort, and Bering Seas and more
robust spatial and temporal trends can be determined.

For bearded seals, high and sustained levels of fall-through-spring calling activity were
detected on every mooring in every year, providing evidence that they were present in the
Chukchi year-round instead of overwintering in the Bering. Calling activity increased from
September through January, reached sustained and saturated levels from February through June,
corresponding with the whelping/mating/molting season. The abrupt end of calling in mid-late
June was extremely consistent among mooring sites and years, and was not correlated with ice
concentrations. There was a smaller, less sustained pulse of calling activity that occurred prior to
the main ramp up of calling. The timing of this earlier pulse proceeded southwestward, occurred
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immediately prior to the ice arrival, and was much more defined in the southern Chukchi -
possibly indicating a small fall migration. Lowest bearded seal calling levels were in July and
August.

Combining all years and mooring sites, walrus calling activity was detected year-round in
both ARCWEST regions. The summer pulse of calling activity ranged from May through
October in the southern and June through September in the northeastern regions. The most
saturated and sustained levels occurred at the Icy Cape sites which were the closest ARCWEST
locations to Hanna Shoal; the lowest levels were at the 100 m deep Beaufort site. Overwinter
calling was detected at most mooring sites, with the highest and most sustained winter levels at
the southernmost mooring site. Overwinter calling was also seen in high levels at the offshore
Icy Cape site, which steadily decreased from 2010 through 2015. The presence of walrus
overwinter indicates the presence of leads or polynyas, so walrus calling may be used as a proxy
for open water presence.

Gray whales call infrequently during migration, and it is uncertain whether they call
while feeding, making them a poor candidate for passive acoustic monitoring. However, calling
was detected in both the open water and ice seasons throughout the ARCWEST area. The
highest and most sustained levels of summer calling activity were seen in the southern region off
Point Hope, a known benthic hotspot. Additionally, some detections occurred at sites within the
hotspot in the northeastern region between Barrow and Wainwright. As expected, very few calls
were detected offshore, and no calls were detected in the western Beaufort Sea.

Several detections of subarctic species were made in the ARCWEST study area,
predominantly in the southern Chukchi and during the open water season. Humpback whales
were primarily detected in the southern region, although sporadic detections occurred in the
northeastern portion; none were detected in the Beaufort Sea and none were detected outside of
the open water season. Fin whales were only detected in the southern Chukchi, June through
November, although analyses are incomplete for this species. Work on an in-house autodetector
is scheduled for summer 2019 to be able to generate results for fin whale presence. Killer whales
were detected at every site in the ARCWEST study area during open water season, although
levels were highest in the southern region. The timing and distribution of killer whale calling
activity aligned well with gray whale distribution; additionally, visual observations indicated
these are the transient ecotype. Minke whales were primarily detected September through
November in the southern region off Cape Lisburne; all detections were of the “boing” call type.
Ribbon seal calling activity was present at low levels at all mooring sites in the ARCWEST
study area. Main calling activity was centered in October/November at all sites, and ceased
concurrently with ice formation; highest calling levels were in the western Beaufort close to their
preferred feeding grounds on the continental slope. Ribbon seal calling was also detected
April/May, concurrent with the reproductive season when all ribbon seals are thought to be in the
Bering Sea.

In addition to moored recorders, sonobuoys were deployed every three hours throughout
each cruise (dates ranging from August to October, depending on year) to obtain an evenly
sampled cross-survey census of marine mammal presence. Concurrent with sonobuoy
deployments, visual surveys, limited to daylight hours, were conducted to document the presence
and distribution of all marine mammals encountered throughout the survey. The cruise track
needed to complete the mooring/sampling work was extensive, covering a wide spatial area at an
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important time of the year for many marine mammal species. A total of 427 sonobuoys were
deployed and 2,553 nm of trackline were visually surveyed in the study area. In total, six
cetacean species (bowhead, gray, humpback, fin, killer, and beluga whales), and two pinniped
species (walrus and bearded seals) were acoustically detected. Five cetacean species (bowhead,
gray, humpback, and killer whales, and harbor porpoise), one pinniped species (walrus), and
polar bears were visually sighted in the study area. The results of these four years of shipboard
surveys have shown that the ARCWEST study area is an important one for both Arctic and
subarctic species in the August-October time period. The combination of visual and acoustic
surveys is essential to maximize the potential for detecting marine mammal presence. Either
method alone runs the risk of missed detections and underestimation of the importance of an area
to a particular species. We have found that fin, killer, and beluga whales, and walrus are more
likely to be acoustically detected during the August-October time period of these cruises.
Bowhead and humpback whales are equally likely to be sighted or acoustically detected.
However, for gray whales, bearded seals, minke whales, and porpoises, however, call detections
cannot be used as a proxy for presence of these species at this time of the year. It is important to
note that the season over which these statements are valid must be defined so that the data are not
misinterpreted during other times of the year.

Section VIII: Biophysical Patterns and Trends

Each year, year-long biophysical moorings were deployed at 6-7 sites, in conjunction
with passive acoustic arrays to collect concurrent data. To avoid ice keels, instruments on each
mooring were only ~10 m above the seafloor. These instruments collected data on over 15
different oceanographic parameters. Data were collected at least hourly and CTD and Niskin
bottle casts were conducted following or preceding summer mooring recoveries and deployments
to calibrate instruments on the moorings. Summer hydrographic surveys were also conducted
yearly on 12 hydrographic transect lines. CTD deployments measured water column properties,
and Niskin bottles collected water samples at various depths to measure oxygen, chlorophyll,
nutrients (nitrate, phosphate, silicate, nitrite and ammonium), and salinity.

Bottom currents were generally northeastward following bathymetry, and variability in
currents was primarily wind-driven. Approximately 40% of the flow through Bering Strait
passes the Icy Cape line. Bottom temperature ranged from approximately -1.8 to < 5.0 °C, with
maximum temperatures occurring in late August or September when storms began mixing the
water column. Salinity ranged from < 31 to ~34.5 psu and was highly variable, as a result of
different water types, and the melting and freezing of sea ice. The highest turbidity occurred in
fall when the winds began to increase and before the sea ice areal coverage became >80%.

The spring phytoplankton bloom was evident in each time series. Nitrate ranged from 0 —
20 puM; concentrations decreased from mid-spring through July or August and then increased
during late winter and early spring. While some of the changes in nitrate was associated with
increasing salinity (i.e. advection), at other times increases nitrate did not appear related to other
parameters. One possibility is nitrification. During the time of the shipboard surveys, the
surface was largely depleted of nutrients along all lines.

Sea ice arrived in early to mid-November, increased quickly to near 100% areal coverage
and then declined precipitously in late May or June. Ice thickness increased to an average of ~4
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m in March, with the thickest ice generally seen late in spring. The position of the ice influenced
the water properties; the Alaska Coastal Current (ACC) and Winter Water (WW) appeared in
both years, but Melt Water (MW) only appeared in 2012.

Ice algal blooms occurred below the ice and as the ice melted this production was exported to
near bottom, where it continued to photosynthesize and produce oxygen into the summer. During
summer, subsurface phytoplankton blooms were common, and fuel secondary productivity.

The zooplankton community composition greatly varied among years, although small
copepods tended to dominate in all years. At least one year showed a predominance of benthic
meroplankton larvae dominating the macroplankton. Water mass type (based on Temperature
and Salinity) was strongly associated with areal differences in the zooplankton community
structure. Intrusions of Arctic basin plankton species onto the shelf occurred; however, we
observed their occurrence long after the intrusion event so the hydrography surrounding their
new home did not always indicate basin water.

Plankton abundance generally appeared to be low during our summer expeditions.
Missing from our net collections was evidence of a conveyor belt of euphausiids transported
from the northern Bering Sea or evidence for persistent hot spots for baleen whale feeding (e.g.,
something similar to the Beaufort Sea - Barrow Canyon euphausiid trap). However in this
season, there are few bowhead or other baleen whales feeding in this area. The main feeding
grounds for bowheads are much farther to the east. Unresolved is whether or not high
concentrations of euphausiids exist earlier in the year during the time when bowheads are
migrating through the area. We did find evidence for euphausiid reproduction in the Chukchi,
suggesting that not all of the euphausiids in the region are transported through the Bering Strait.

DVM was not a strong and constant factor in the distribution of zooplankton within the
water column. Wavelet analysis of the Acoustic Doppler Current Profiler (ADCP) data did
reveal locations and times when it was present. The strongest behavior was observed over
deeper waters at the shelf break where migrators could have been composed of older euphausiids
and fish. Both net and acoustic estimates indicated that zooplankton concentrations were often
as high or higher near the bottom than they were in the rest of the water column on the Chukchi
shelf in summer.

The shallow water column and difficulty predicting where the zooplankton spend most of
their time in the water column may make it difficult to understand the exposure of plankton to
oil, should there be an oil spill in the region. As acoustic instruments become more reliable, our
knowledge of what happens during the winter and early spring will increase.

Section IX: Ambient noise contributors and acoustic environment analysis

The long-term distribution of vessel, airgun, and ice noise activity was also analyzed
simultaneously with marine mammal calling activity. Airguns were detected during all open
water seasons, but were the most ubiquitous during 2013 when several seismic surveys were
underway in the Chukchi Sea. There were a few cases of airguns being detected that could not be
attributed to a permitted activity on the U.S. OCS. Vessels were also detected during all open
water seasons, with the highest and most ubiquitous levels occurring during 2012 and 2015 at the
western and shoal locations, corresponding to the multi-vessel effort associated with the
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exploratory drilling operations at that time. And lastly, not surprisingly, ice noise was present
overwinter at all locations and during all years.

The marine mammal, vessel, and airgun contributions to the acoustic environment are
described for WT1 and PH1 for the 2012-2013 dataset. The PH1 mooring location (off Pt. Hope
in the southern Chukchi) had a higher diversity of biological contributors than WT1 (off
Wainwright in the northeastern Chukchi) for both seasons. As expected, bowhead whale signals
dominated the environment during the migration period in spring and fall at both mooring sites.
Bearded seal signals were the main contributor during the ice season and overlapped with
bowhead whale spring migration, but despite the more persistent occurrence of bearded seal
signals throughout the season, bowhead whale contribution was 10-15 dB above the bearded seal
spectrum. Walrus was another important contributor to the acoustic environment in WT1,
particularly during the open water seasons. Other species such as beluga and humpback whales
contributed substantially at PH1, in particular during the open water season. For both sites, most
species contribution was within the 50th and 25th percentile of the corresponding seasonal
ambient noise levels, except bowhead whale signals that could reach or exceed the 75th
percentile.

The open water season was noisier at WT1 due to the influence of atmospheric processes,
but also because of the increased vessel traffic in the area. These contributors exceeded the
acoustic influence of ice-generated noise in winter. In contrast, the ambient noise at PH1 did not
differ as much between seasons. These differences could be due to higher ice related noise at
PHI than WT1. Vessels provided a lower contribution to the acoustic environment at PH1 than
at WT1, although for both sites the vessel 50th spectral percentile often exceeded the one for
marine mammal species. The PH1 mooring was closer to the Bering Strait and acoustic data
from that site would normally be expected to show a stronger vessel traffic influence, however,
WTI was exposed to traffic related to oil and gas operations in the Chukchi Sea because
Wainwright was a main logistics hub for those areas.

The manual analysis of passive acoustic data to detect, classify, and describe seasonality,
provided a powerful basis to characterize the ambient noise and the acoustic contribution of the
different sound sources identified at these two mooring locations for the 2012-2013 deployment
period. The spectral percentile analysis applied to this data allowed an informative description of
each of the acoustic contributors and their seasonal importance in the acoustic environment at
these two locations.

Section X: Synthesis
A. Correlation of marine mammal distribution to biophysical parameters

For the statistical analyses (i.e., regression tree and GAM analyses) on marine mammals
conducted for this study, analyses were limited to ARCWEST moorings C2, C4, and C5 and to
biophysical variables which have 36% or fewer missing data points to minimize misleading
results®. Sufficient acoustic data were available for the analysis of bowhead (including gunshot
calls), gray, and beluga whales, bearded seals, and walrus.

3 The regression trees and GAMs can absorb small amounts of missing data, but if sections of missing data are on
the order of weeks to months (which in our case is common because these data drop-outs tend to be a result of
instrument failure), then there will not be sufficient data across all seasons to accurately model the temporal trends.

30



V. EXECUTIVE SUMMARY OCS Study
BOEM 2018-022

The combination of regression tree and GAM analyses presented here appears to be
relevant to the known behaviors of the five Arctic marine mammal species. Month was a main
factor determining calling activity for bowhead and beluga whales, bearded seals, and walrus,
suggesting that the timing of their migrations is innate; however, more data on lower trophic
level species are needed before external factors can be ruled out. Ice factors were found to be a
secondary influence on calling activity levels for these four species. Bowhead whales migrate in
spring through areas with high ice concentrations, and higher calling activity was linked with
factors that were likely proxies for leads. Higher levels of calling activity were also seen with
lower temperatures, which supports their ice-associative nature. Beluga whales also migrate
through areas with high ice concentrations in the spring, but their calling activity levels are
higher with lower ice thickness. Ice thickness was also an important factor for walrus; that the
standard deviation metric was more important suggests the calling activity of walrus is higher
during the ice breakup period than overwinter. For bearded seals, ice concentration was an
important factor influencing their calling activity levels. Gray whales were the only Arctic
species to not have month or ice as main factors influencing their calling activity, with factors
possibly associated with benthic productivity being more important. However, since the data set
contained very few days with gray whale calling, and with low calling levels on those days, it is
unknown whether these results were due to low sample size.

As these techniques are in their infancy for passive acoustic data, and since the GAMs
used presence/absence values, it is important not to place too high an emphasis on their results.
As the field improves, and more days with concurrent, interdisciplinary data are included,
stronger patterns will emerge that will allow a more fine scale understanding of the natural
history of these Arctic species.

B. Polynyas

Large-scale polynyas in spring typically result in an increase in primary productivity,
usually as a result of increased light availability. If phytoplankton production exceeds
zooplankton grazing, then that excess production accumulates and falls to the seafloor, in what is
known as an “export” system. The annual Chukchi Sea polynya is thought to be predominantly
an export system, leading to carbon being exported to the seafloor, which in turn causes an
increase in benthic productivity. However, this polynya has not been the focused study of benthic
or plankton studies, and as such all hypotheses and results should be treated as preliminary.

Five major polynya events occurred during the ARCWEST and CHAOZ study period; warm,
salty Atlantic water was evident at three of these. Despite the annual appearance of the Chukchi
polynya each winter, which formed mainly nearshore between Wainwright and Icy Cape, marine
mammals were detected only infrequently during these major polynya events. It is likely that
these sporadic detections were overwintering individuals taking advantage of an opening in sea
ice, and not a direct result of increased benthic productivity. We suggest three hypotheses for this
lack of correlation between detections and increased benthic productivity: 1. The production
pulse was too brief, or was not spatially constrained enough to create noticeable impacts within
the polynya’s area; 2. The production pulse was not large enough (relative to the large amount of
seasonal productivity) to be of great ecological importance; or 3. The lag between the
phytoplankton bloom brought about by the polynya, its export to the benthos, and the subsequent
increase in benthic biomass was too great a time span for any noticeable results to appear in the
long-term moorings. While the results presented here were inconclusive, it highlights the needs
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for a dedicated study of the specific biophysical coupling surrounding the formation of polynyas
and their general importance for the ecosystem.

C. Hotspots

The Chukchi and Beaufort Seas are home to productive areas of varying degrees for marine
mammals. The Chukchi Sea is a flow-through shelf, and this flow brings heat, nutrients, and
prey. Ice melt, summer heating, and variability in winds can all produce areas with stratification,
especially along the coast where the ACC overlays Bering Sea Water (BSW). Subsurface
phytoplankton blooms can form in these stratified waters and the export of this primary
productivity along with irregular export of ice algae can fuel secondary productivity in the
benthos. This tight benthic-pelagic coupling can sustain the higher trophic levels; the Ledyard
Bay, Point Lay, and Icy Cape Lines are all examples of these ephemeral hotspots. More
permanent hotpots are found along the Point Hope and Wainwright lines. Here, flow is not as
constant and nutrients support primary productivity and high export of ice algae during most
years, both of which support secondary benthic productivity. Research is ongoing to investigate
the exact mechanisms of how these persistent hotspot areas are sustained. Benthic feeders (i.e.,
gray whales, bearded seals, and walrus), are expected to aggregate around these prime benthic
hotspots; the persistence of these hotspots is especially critical for walrus, who prefer a diet of
sessile bivalves.

The remaining hotspot areas seen in this study are strongly influenced by bottom topography
and currents. The Barrow Canyon and western Beaufort lines are situated in areas where these
factors combine to bring nutrients (and pelagic prey) up from the deep basin, forming temporary
hotspots by trapping prey for the upper trophic level species. This mechanism is important for
energetically efficient feeding by pelagic species (e.g., bowhead whales). However, it is
important to note that these transect lines are just snapshots, amounting to less than a day of
measurements for the year. These measurements at even the most persistent of hotspots are
expected to vary both seasonally as well as inter-annually. The degree to which migrating
species take advantage of transient feeding opportunities, and for how long those ephemeral
productive areas remain productive, are questions to be addressed with further intra- and inter-
annual interdisciplinary sampling.

D. Long range predictions

The timing of ice retreat and advance is critical to structuring arctic ecosystems - from
timing of the phytoplankton blooms, to controlling the timing of migrations and distributions of
marine mammals. We explored two extremes: an ice retreat primarily caused by winds and a
retreat primarily a result of ice melt. When compared to the first scenario increased ice melt
would result in stronger vertical stratification, a bigger dump of carbon to the ocean bottom, a
prolonged subsurface bloom, and perhaps a stronger fall bloom, all of which have implications
on the ecosystem.

Recommendations

The data collected for this study demonstrate the utility and benefits of concurrent
zooplankton, oceanography, and acoustic monitoring of marine mammals and ambient noise.
These data, including those collected for the BOEM-funded CHAOZ and Chukchi Acoustics
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Oceanography and Zooplankton Study Extension (CHAOZ-X) studies, represent the only long-
term integrated dataset of its kind for the Chukchi Sea and U.S. Arctic in general. We therefore
recommend continuation of the long-term mooring deployments. Moorings should be deployed
not only in locations where the biggest changes in oceanographic and marine mammals and prey
distribution are expected to occur, but also across a broad spatial range (as was done with the
ARCWEST/CHAQOZ-X projects). This will ensure that critical migration timing and distribution
patterns are fully documented.

We also recommend continuation of the integrated biophysical shipboard surveys
conducted during this study and the integration of new technologies (such as the wave glider,
Prawler, acoustic sensors, etc.) into such surveys. These surveys provide data on the fine-scale
vertical resolution of zooplankton abundance as they correlate with oceanographic indices,
nutrients, chlorophyll, and distribution of marine mammals. To maximize marine mammal
detections during shipboard surveys, it is essential to have both passive acoustic monitoring and
visual survey components. Since each method is well-suited to particular species, together they
provide a more complete picture of marine mammal distribution. In addition, joint passive
acoustic/visual survey focal follows enable future calculations of relative abundance. Addition of
a benthic ecology component would help to address prey availability for those mammals that
feed on benthic epifauna and infauna.

Because this area is predicted to undergo rapid change, it is important to know what is
happening to currents and ice cover (and the distribution of marine mammals) during the crucial
spring and fall months. Unfortunately, because of the ice cover, these seasons are currently
inaccessible with present technologies, excepting moored long-term instrumentation. To help
increase our understanding and knowledge of oceanographic conditions and how they impact the
Arctic food chain, and to collect the necessary suite of data, investments to advance existing, and
develop new, technologies are necessary: for example, in the form of advanced moorings and
autonomous subsurface gliders/underwater vehicles. Furthermore, animal-borne sensors should
be utilized to take advantage of real-time discrete sampling and gain valuable information on
marine mammal habitat utilization during these dynamic seasons.

Marine mammal occurrence has typically been investigated by aerial surveys, which can cover
wide areas, but are temporally constrained and limited to animals at the surface. Telemetry data
provide good spatial and temporal resolution of movements, but only for a limited number of
individuals from a subset of species. Passive acoustic data provide year-round sampling of a
great variety of species, but are constrained by the behavior and detection radii of acoustically
active individuals. By integrating information from these many sampling methods, the strengths
of each can be combined to better understand the seasonal distributions of marine mammals in
the U.S. Arctic.
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VI. INTRODUCTION
A. Background

The western Arctic physical climate is rapidly changing. The lowest maximum extent for
Arctic sea ice recorded to date in the 40-year satellite record was reached on March 7, 2017
(NSDIC, 2019). That maximum extent was 14.41 million square kilometers, which is 1.23
million square kilometers below the 1981 to 2010 average of 15.64 million square kilometers.
The magnitude of this loss is substantial, especially considering earlier consensus of the climate
research community was that this level of ice reduction would not be seen for another thirty
years (Wang and Overland, 2009). As sea temperature, oceanographic currents, and
trophodynamics are altered by climate change, parallel changes in baleen whale species
composition, abundance, and distribution are expected (and already evidenced by local
knowledge and opportunistic sightings). In addition, the observed northward retreat of the
minimum extent of summer sea ice has the potential to create opportunities for the expansion of
shipping, oil, and natural gas, related exploration and development into previously closed
seasons and localities in the U.S. Arctic. The Department of the Interior is currently developing a
new National Outer Continental Shelf Oil and Gas Leasing Program that could lead to expanded
oil and gas activities in the Arctic. Regardless of industrial operations, the continuous reduction
in sea ice will open maritime transportation lanes across the Arctic adding (to a potentially
dramatic degree) to the ambient noise in the environment and increasing the possibility of ship
strikes and environmental contamination from ship-based contaminants like oil and sewage. This
combination of increasing anthropogenic impacts, coupled with the steadily increasing
abundance and/or related seasonal range expansion by bowhead (Balaena mysticetus), gray
(Eschrichtius robustus), humpback (Megaptera novaeangliae) and fin whales (Balaenoptera
physalus) (e.g., see Clarke et al., 2013b; Delarue et al., 2013a; Crance et al., 2015; and Tsujii et
al., 2016), requires that more complete information on the year-round presence of large whales is
needed in the Chukchi Sea.

Marine spatial planning requires knowledge of the timing and location of marine
mammal distribution, migrations, and movements to mitigate the impacts on protected species of
oil exploration, extraction, and of shipping. Moreover, several species form an important part of
the diet and cultural and spiritual traditions of most people in communities along the Russian and
U.S. coasts of the Chukchi Sea and the Russian, U.S., and Canadian coasts of the Beaufort Sea.
Detailed knowledge of marine mammal distribution, migration, and movement patterns is
essential for effective population monitoring. Because all marine mammal species are subject to
changes in environmental and biological variables such as oceanographic currents, sea
temperature, sea ice cover, prey availability, and anthropogenic impacts, more complete
information on the year-round presence of these species in the Chukchi Sea, how presence
relates to these variables, and the transport of nutrient and prey through the Chukchi Sea is
needed.

The ARCWEST study has five component projects which comprise two main themes:
marine mammal occurrence, distribution, and movements (passive acoustics, visual observation,
and satellite tagging) and biophysical patterns and trends (moored and shipboard oceanographic
sampling and lower trophic level sampling). Visual surveys, along with sonobuoy deployments,
provided distributional data on baleen whales and other marine mammals. Satellite tagging
provided valuable information on both large- and fine-scale movements and habitat use of gray
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whales. Passive acoustic moorings provided year-round assessments of the seasonal occurrence
of marine mammals, as well as anthropogenic (i.e., airguns, vessels) and environmental (i.e., ice)
noise. Concurrently deployed bio-physical moorings enabled correlation of marine mammal
distribution with biological and physical oceanographic conditions and indices of potential prey
density. Satellite-tracked ocean current drifters examined potential pathways to the areas of high
biological importance. As part of the BOEM-funded CHAOZ-X project, an analysis of ambient
noise from each of the mooring locations was conducted to obtain a characterization of the
regional soundscape including natural noise (e.g., rain, wind, waves, ice) contribution, marine
mammal contribution, and anthropogenic noise (Mocklin and Friday, 2018). Our goal was to use
these tools to understand the areas that support high biological productivity and the mechanisms
responsible for the production so that we can predict, in a qualitative way, the effects of climate
change on these preferred habitats.

B. Objectives of study

The overall goal of this multi-year interdisciplinary study was to use passive acoustic
recorder deployments, visual and passive acoustic surveys, and satellite tagging to examine the
distribution and movements of marine mammals in the Bering and Chukchi Seas. In addition,
oceanographic and lower trophic level sampling and moorings were used to investigate the
relationships between currents passing through the Bering Strait and resources delivered to the
Barrow Arch area (an area of high bowhead whale and prey concentrations between Wainwright
and Smith Bay), and the dynamic nature of those relationships relative to marine mammal
distribution and habitat utilization in the eastern Chukchi and extreme western Beaufort Seas.

The specific objectives were:

1. Estimate the spatial and temporal patterns of use of the Chukchi Sea by endangered
bowhead, fin and humpback whales as well as gray, minke and beluga whales.

2. Assess population structure and stocks of origin of these animals via genetic
analysis of tissue biopsy samples* and as appropriate, individual photo
identification records.

3. Evaluate ecological relationships for the species, including physical and biological
oceanography.

4. Conduct physical and biological oceanographic sampling to further understand the
transport and advection of krill and nutrients from the northern Bering Sea through
the Bering Strait and to the Barrow Canyon.

C. Summary of research effort

The ARCWEST project shared ship time with the BOEM-funded CHAOZ-X project and,
when possible, used National Oceanic and Atmospheric Administration (NOAA) funded
operations to reduce costs to all projects. In most years a single vessel was used, but in 2015
NOAA ship time was obtained to augment the project. The cruise plan for each year strove to
balance the constraints of maximizing project funds by reducing the number of sea days needed

4 No biopsy samples were obtained during this research so it is not discussed in the report.
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and collecting as much data as possible within a time frame that minimized potential conflicts
with subsistence hunting. As a result, the cruise track and research operations frequently
alternated between projects as well as the subcomponents of each project (visual observation,
sonobuoy, tagging, mooring deployment and recovery, hydrography, and plankton sampling). In
addition, the IC2/C2 mooring site, while funded by CHAOZ-X, was found to be part of the
ARCWEST study area after the transport and current data analyses were complete, and so is
included in the ARCWEST report. The same was true for the IC3/C3 mooring site, although it
was found to be contained in both study areas and is therefore included in both reports.

In total, the two projects combined had four® field seasons during the months of August,
September and October. The 2013 survey occurred from 13 August through 18 September on
board the F/V Aquila. The 2014 survey occurred from 7 September through 20 October on the
F/V Aquila. The 2015 survey occurred from 6 August through 4 September onboard the NOAA
Ship Ronald H. Brown, and 8-28 September on the F/V Aquila. The 2016 survey occurred from
3 to 29 September on board the F/V Aquila. For both projects, a total of 124° passive acoustic
(118 year-long and 6 short-term) and 43 oceanographic moorings were successfully deployed
(in addition, 8 moorings were re-deployed in 2015 at C1, C2, C4 and C9), a combined total of
287 hydrographic and 155 zooplankton sampling stations were conducted, resulting in 470
preserved samples, and 24 drifters were deployed. A total of 717 sonobuoys were deployed
during the 24-hour passive acoustic monitoring, and 4,593 nm were surveyed for marine
mammal and bird” observations. A total of 38 scientists from 16 organizations/institutions
participated in the cruises.

Specifically within the main ARCWEST study area (the area encompassed by the yellow
line in Figure 2, stretching from Bering Strait up to offshore Smith Bay in the Beaufort Sea), a
total of 643 passive acoustic (58 year-long and 6 short-term) and 30 oceanographic moorings
were deployed (in addition, 7 moorings were re-deployed in 2015), a total of 128 hydrographic
and ~100 zooplankton sampling stations were conducted, and 21 drifters were deployed. A total
of 358 sonobuoys were deployed during the 24-hour passive acoustic monitoring, and 2,553 nm
were surveyed for marine mammal and bird observations.

D. Structure of report

This report is divided into a number of sections, each designed to be read as a stand-alone
report. Sections VII-VIII deal with marine mammal distribution and biophysical patterns and
trends. Section IX presents the ARCWEST noise analysis. Section X synthesizes the research by

5In 2016, funds from NOAA/OAR (with supplemental funds from the ARCWEST project) were available to
conduct a fourth field season.

¢ This includes the moorings deployed in 2012 on the CHAOZ cruise, but paid for and analyzed with ARCWEST or
CHAOZ-X funding (see Mocklin and Friday (2018) for more information). It also includes 5 moorings that failed,
and additional moorings that were deployed by ARCWEST in the Bering Sea but analyzed with other funds (see
Wright 2017a,b).

7 The ARCWEST/CHAOZ-X field cruises hosted a seabird observer from the US Fish and Wildlife Service (PI: K.
Kuletz) for all years of these studies.

810 of these passive acoustic moorings (2 Auto-detection buoys and 8 autonomous recorder moorings) were
deployed by the CHAOZ-X project for the noise modeling and auto-detection buoy components of that project. At
the time of deployment it was decided with input from BOEM that the most critical spot for this work was between
the Burger and Klondike lease areas. Therefore, although these 10 recorders were located within the main
ARCWEST study area they will not be included in this report.
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focusing on 4 main topics: hotspots, polynyas, long-range predictions, and correlating marine
mammal distribution to biophysical parameters using GAMs. The report culminates with Section
XI which contains a summary of this study and recommendations for the future.

NOTE: Although the ARCWEST and CHAOZ-X studies (Mocklin and Friday, 2018) were
separate research projects encompassing different study areas (waters feeding Barrow Canyon
vs. Hanna Shoal), data from each add value to the other. To include these data without
unnecessary duplication, the following guidelines are followed. Each report includes results
from all moorings located within the study area for that project. If the data from a mooring
indicate that the currents are relevant to both study areas, that mooring is included in both
reports. A comparison of the mooring data between the two study areas is included in the
discussion sections of both reports when appropriate. Because it is more informative to display
all the spatial data as a whole, marine mammal (sonobuoy and visual survey) and zooplankton
results are included in both reports with the two project study areas overlain. Likewise, the
transport/currents results could be obtained only from integration of the mooring and drifter data
from both projects, and are included in both reports. The discussion in each report, however,
focuses on the results obtained from that project’s study area, before a comparison between study
areas is discussed.
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VII. MARINE MAMMAL DISTRIBUTION (OBJECTIVES 1-3)

A. Moored Observations (Moorings: KZ1, C12/PH1, CL1, C1/IC1, C2/1C2, C3/IC3,
C4/WT1, C5/PB1, BF2)

1. Methods
Equipment

Three deployments of eleven long-term passive acoustic recorder moorings were made
within the ARCWEST study area over the course of this project (Figure 2, Table 1). Five of the
moorings (KZ1, CL1, BF1-3) were passive-acoustics only, but six of these moorings (PHI1, IC1-
3, WTI1, and PB1) were located in close proximity to oceanographic moorings, and one (IC2)
was deployed near an active zooplankton mooring. Table 1 lists the deployment and recording
information for these moorings. These bottom-mounted moorings were comprised of an anchor,
chain, acoustic release, passive acoustic recorder, and 30” steel subsurface float (Figure 2b, total
length of mooring ~8 m; hydrophone ~6 m off the seafloor). Autonomous Underwater
Recorders for Acoustic Listening (AURAL, Multi-Electronique, Rimouski, QC, Canada) were
used on these subsurface moorings. The AURALS recorded for an entire year at a sampling rate
of 16 kHz, with 16-bit resolution and 16 dB gain, on a duty cycle of 85 min of recording every 5
hours (28%). With these settings the AURALSs had a spectral noise floor of 52 dB re 1 pPa?/Hz
(Kinda et al., 2013) and a maximum input pressure (a signal saturation level) of 154 dB re 1 pPa,
for a dynamic range of 90 dB over the effective bandwidth of the system. In addition to the
passive acoustic data, each AURAL was equipped with a built-in temperature (-10° C to 40° C,
resolution 0.0625° C, accuracy +/- 0.5° C) and pressure (0 to 1000 psi [0~682 m], resolution 1.3
cm, accuracy +/- 0.25% max) sensors which each sampled once per recording period. Detection
ranges, or the distance at which a calling animal or signal can be detected on a recorder, are
highly variable. They depend on several factors, including the source level of the signal (how
loud the call or noise is), ambient noise levels, and the sound speed profile of the water column
and seafloor. The sound speed profile of the water column varies depending on the
oceanographic conditions (e.g., temperature, salinity, pressure, currents, fronts, etc.) at that time
(Stafford et al., 2007a). Underwater sounds travel greater distances when the region is ice-
covered (Urick, 1983); thus, we would expect greater detection ranges in the winter ice-covered
months. However, if ice moves or shifts, this creates an increase in ambient noise levels
(sometimes substantially), further illustrating the highly variable nature of detection ranges.
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Figure 2. Location of long-term passive acoustic recorder moorings in the Chukchi Sea. A) Yellow =
ARCWEST study area, Red = CHAOZ-X study area, blue box = KLONDIKE study area, orange box =
STATOIL STUDY AREA, green box = BURGER STUDY AREA, triangles = passive acoustics mooring only,
stars = passive acoustics and oceanographic mooring clusters. B) Passive acoustic recorder mooring diagram.
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Table 1. List of all passive acoustic recorders and deployment information, 2012-2016. * = mooring analyzed
for this report.

Water| Recorder | Recorder | Number |Sampling| Duty Cycle
depth Start End of Days | Rate (min on/
(m) Date Date [with Data] (Hz) min total)
CX12 AU _IC3* C3 71.82922 | 166.07158 42 | 8/28/2012 | 8/26/2013 363 16384 85/300 8/22/2012 | 8/26/2013
AWI12 AU BF2* | MC3 | 71.75147 | 154.47125 93 | 8/31/2012 | 8/31/2013 365 16384 85/300 8/27/2012 | 8/31/2013
AWI2 AU _BF3 MC4 | 71.68858 | 153.17638 | 103 [ 831/2012 | 8/31/2013 365 16384 85/300 8/27/2012 | 8/31/2013
AWI12 AU BF1 MC2 | 71.55130 | 155.54910 69 No Data - 16384 85/300 8/27/2012 | 8/31/2013
CX12 AU IC2* C2 71.20198 | 164.19890 | 43 | 8/27/2012 | 7/31/2013 338 16384 85/300 8/21/2012 | 8/27/2013
AWI2 AU WTI* [ C4 71.04587 | 160.50890 | 49 | 8/30/2012 | 8/27/2013 362 16384 85/300 8/25/2012 | 8/27/2013
AWI2_AU_ICI* Cl1 70.81717 | 163.13643 43 | 8/25/2012 | 8/27/2013 367 16384 85/300 8/21/2012 | 8/27/2013

Mooring| Latitude | Longitude
Cluster (°'N) (°W)

Deployment| Retrieval

Moori
ooring Date Date

AWI12 AU CLI* - 69.30680 | 167.64795 48 | 8/23/2012 | 8/25/2013 367 16384 85/300 8/19/2012 | 8/25/2013
AWI2 AU PHI* [ CI12 | 67.90895 | 168.19462 58 | 8/22/2012 | 8/22/2013 365 16384 85/300 8/18/2012 | 8/22/2013
AWI12 AU KZ1* - 67.12480 | 168.60183 43 | 8/21/2012 | 8/22/2013 366 16384 85/300 8/17/2012 | 8/22/2013

CX13_AU_IC3* C3 71.83138 | 166.07368 45 | 8/28/2013 | 9/26/2014 394 16384 80/300 8/26/2013 | 9/26/2014
AWI3 AU BF2* [ MC3 | 71.75227 | 154.46588 [ 100 | 9/3/2013 | 9/29/2014 391 16384 80/300 8/31/2013 | 9/29/2014
AWI13 AU BF3 MC4 | 71.68722 | 153.18062 [ 101 | 9/3/2013 | 9/30/2014 392 16384 80/300 8/31/2013 | 9/30/2014
AWI13 AU _BF1 MC2 | 71.55298 | 155.53217 74 | 9/3/2013 | 9/16/2014 378 16384 80/300 8/31/2013 | 9/29/2014
AWI13 AU PBI* C5 71.20530 [ 158.01907 49 | 9/2/2013 | 9/29/2014 392 16384 80/300 8/31/2013 | 9/29/2014
CX13 AU _IC2* C2 71.20482 | 164.21065 45 | 8/28/2013 | 9/26/2014 394 16384 80/300 8/27/2013 | 9/26/2014
AWI13 AU WTI*| C4 71.04640 [ 160.51130 | 42 [ 8/29/2013 |10/10/2014| 407 16384 80/300 8/27/2013 110/10/2014
AWI13 AU _ICI* Cl 70.82258 [ 163.13848 45 | 8/28/2013 | 9/25/2014 393 16384 80/300 8/27/2013 | 9/25/2014

AWI13 AU CLI* - 69.31592 [ 167.63248 48 | 8/26/2013 | 9/24/2014 394 16384 80/300 8/25/2013 | 9/25/2014
AWI3 AU PHI* [ CI2 | 67.90745 | 168.20265 55 | 8/24/2013 | 9/29/2014 401 16384 80/300 8/22/2013 | 9/15/2014
AWI13 AU KZ1* - 67.12323 [ 168.60477 42 | 8/24/2013 | 9/24/2014 396 16384 80/300 8/22/2013 | 9/24/2014
CX14 AU _IC3* C3 71.83128 [ 166.07838 51 | 9/27/2014 | 9/17/2015 355 16384 80/300 9/26/2014 | 9/17/2015

AWI14 AU BF2* | MC3 | 71.75083 [ 154.46520 | 109 | 10/1/2014 | 9/14/2015 348 16384 80/300 9/29/2014 | 9/14/2015
AWI14 AU BF3 MC4 | 71.68828 | 153.17793 | 123 [ 10/1/2014 | 9/14/2015 348 16384 80/300 9/30/2014 | 9/14/2015
AWI14 AU BF1 MC2 | 71.55313 | 155.53155 82 | 10/1/2014 | 9/14/2015 348 16384 80/300 9/29/2014 | 9/14/2015
CX14 AU _IC2* C2 71.21453 [ 164.23825 50 | 9/27/2014 | 9/13/2015 351 16384 80/300 9/26/2014 | 9/13/2015
AW14 AU PBI* C5 71.20668 [ 158.01407 52 | 10/1/2014 | 9/14/2015 348 16384 80/300 9/29/2014 | 9/14/2015
AWI14 AU_WTI*| C4 71.03725 | 160.50607 50 |10/11/2014 9/13/2015 337 16384 80/300 | 10/10/2014 | 9/13/2015
AWI14 AU ICI* Cl 70.82272 [ 163.13928 50 | 9/26/2014 | 9/18/2015 357 16384 80/300 9/25/2014 | 9/18/2015

AWI14_AU_CLI* - 69.31735 | 167.62985 59 [ 9/26/2014 | 9/19/2015 358 16384 80/300 9/24/2014 | 9/19/2015
AWI14 AU PHI* | Cl12 | 67.90793 | 168.20217 68 | 9/17/2014 | 9/20/2015 368 16384 80/300 9/15/2014 | 9/20/2015
AW14 AU KZ1* - 67.12355 | 168.60443 51 [ 9/25/2014 | 9/21/2015 361 16384 80/300 9/24/2014 | 9/21/2015
CX15_AU_IC3 C3 71.82948 [ 166.07707 | 43 | 9/18/2015 | 9/14/2016 362 16384 80/300 9/17/2015 | 9/13/2016

AWI15 AU _BF2 MC3 | 71.74977 | 154.46235 79 | 9/16/2015 | 9/8/2016 358 16384 80/300 9/14/2015 | 9/8/2016
AWI15 AU BF3 MC4 | 71.68642 | 153.17773 [ 102 | 9/16/2015 [ 9/8/2016 358 16384 80/300 9/14/2015 | 9/8/2016
AWI15 AU BFI MC2 | 71.55230 | 155.53305 69 No Data - 16384 80/300 9/14/2015 | 9/8/2016
CX15_AU_IC2 C2 71.22937 | 164.22622 | 41 | 9/14/2015 | 9/14/2016 366 16384 80/300 9/13/2015 | 9/14/2016
AWI15 AU PBI C5 71.20628 | 158.01543 46 | 9/15/2015 | 9/7/2016 358 16384 80/300 9/14/2015 | 9/7/2016
AWI15 AU WTI1 C4 71.04697 | 160.50258 | 49 | 9/14/2015| 9/7/2016 359 16384 80/300 9/13/2015 | 9/7/2016

AWI15 AU _IC1 Cl 70.83553 | 163.10920 | 42 | 9/19/2015 | 9/15/2016 362 16384 80/300 9/18/2015 | 9/15/2016
AWI15 AU CLI - 69.31737 | 167.62287 | 49 MIA MIA - 16384 80/300 9/19/2015 -
AWI15 AU PHI Cl12 | 67.91035 | 168.19830 | 57 [ 9/22/2015 | 2/10/2016 141 16384 80/300 9/20/2015 | 9/21/2016
AWI15 AU KZ1 - 67.12360 | 168.60437 | 42 | 9/22/2015 | 9/21/2016 365 16384 80/300 9/21/2015 | 9/21/2016
AL16_AU _IC3 C3 71.82903 | 166.07923 43 | 9/15/2016 - - 16384 80/300 9/14/2016 -
ALl6_AU_BF2 MC3 | 71.75407 | 154.45635 98 | 9/9/2016 - - 16384 80/300 9/8/2016 -
AL16 AU BFl MC2 | 71.54967 | 155.53850 67 | 9/9/2016 - - 16384 80/300 9/8/2016 -
ALl6_AU _IC2 C2 71.22930 | 164.21422 41 | 9/15/2016 - - 16384 80/300 9/14/2016 -
ALl6 AU PBI C5 71.20558 | 158.00163 46 [ 9/8/2016 - - 16384 80/300 9/7/2016 -
ALlI6_AU WTI1 C4 71.04170 | 161.51555 48 | 9/8/2016 - - 16384 80/300 9/7/2016 -
ALl6 AU ICI Cl 70.83477 | 163.11362 43 [ 9/17/2016 - - 16384 80/300 9/15/2016 -
AL16_AU_CC2 Cll 70.01563 | 166.85975 47 | 9/20/2016 - - 16384 80/300 9/19/2016 -
ALl16_AU_CLI - 69.31898 [ 167.60778 49 | 9212016 - - 16384 80/300 9/20/2016 -
ALl6_AU PHI CI2 | 67.90683 | 167.19998 57 | 9/22/2016 - - 16384 80/300 9/21/2016 -
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Data processing

After the recorders were retrieved, the hard drives were removed and the raw data were
immediately backed up onto an external hard drive. The original drives were saved as master
copies of the data. The data were then processed in two steps. First the raw sound files were
converted into ten-minute files, renamed with intuitive file names containing recorder type,
project and mooring name, date, and time (in Greenwich Mean Time (GMT)) information (i.e.,
AU-AWWTO01-130908-051000.wav is an AURAL recorder deployed for the ARCWEST project
at the inshore Wainwright mooring site (WT1) on 8 September 2013 at 05:10 am GMT). These
data were also backed up to external hard drives and sent to the Northeast Fisheries Science
Center (Sofie Van Parijs) to have a duplicate copy offsite. Image files (.png) of spectrograms
were then pre-generated from recordings (FFT 1024, 0.85 overlap, Hamming window). These
image files displayed either 300 s of data from 0 to 250 Hz (low-frequency signals), 225 s of data
from 0 to 800 Hz (mid-frequency signals), or 90 s of data from 0 to 8.192 kHz (high-frequency
signals). These bin lengths were chosen to allow for the analyst to view the maximum amount of
data for that frequency band in a single frame, without needing to continually expand the data
using the zoom function. After the analyses were complete, the data results were re-compiled
into ten-minute bins which is the analysis interval length of the study. Given the staggered duty
cycle of the recorders, the results were normalized by dividing the number of analysis intervals
with calls detected for that day by the number of available intervals for that day. The results that
follow are hence presented as calling activity, which is defined as the percentage of time
intervals with calls for each day. It is important to note that calling activity does not indicate the
number of call detections or number of animals vocalizing.

Data analysis

An in-house, Matlab-based program (SoundChecker) was used for the long-term mooring
data analysis. SoundChecker operates on the pre-generated image files (described above), which
reduces the computational time needed to generate spectrograms during analysis. The image files
are indexed to allow for zoom and playback functioning during analysis. For each image file, the
analyst selects one of four options: yes, no, maybe, and no-with-noise to indicate whether a
species was detected in that file. The no-with-noise option is selected when the presence of high
levels of noise mask potential calls from that species or sound source. It is important to note that
analysts were highly conservative when assigning yes designations; if there was any doubt as to
the source of the calls within an image file, that image file was marked as maybe. The results
below use only those image files marked as yes. Future studies using these data will be
expedited as only the image files marked with yeses and maybes will need to be included and the
full data set will not need to be re-analyzed.

All acoustic data were analyzed for the presence of the following: fin whales® in the low
frequency band; bowhead, North Pacific right (NPRW), humpback, gray, and minke whales,
walrus, unidentified pinnipeds, as well as vessel noise and seismic airguns in the mid-frequency

9 The CL1 and PH1 moorings in 2012-13 and 2013-14 were analyzed for fin whales. We have been working with
Cornell to revisit the efficacy of using autodectors for fin whales. The ARCWEST mooring data will be processed
for both fin whale 20-Hz song notes and mid-frequency calls (90-30 Hz band) using multiple detectors on a Cornell
autodetection system at a later time.
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band; and beluga, killer whale, minke whale (boing call), bearded and ribbon seals, and
environmental noise (ice) in the high frequency band.

Substantial overlap of call repertoires among baleen whales in the Arctic and sub-Arctic,
a lack of true stereotyped calls for most species (most have a repertoire that evolves seasonally),
and an inability to include contextual clues have resulted in poor performance from auto-
detection routines (Mocklin et al., 2016). In addition, while a lot of signals cannot be
distinguished visually on a spectrogram, they sound different aurally to a human analyst. For
these reasons, all (100% of the image files) of the long-term species analysis was done manually
by experienced Arctic analysts using a combination of common call characteristics and
contextual clues, including season, inter-call-interval, association with conspecific sounds, song
structure, repetition, and frequency, slope, amplitude modulation, and length of calls
(McSweeney et al., 1989; Crane and Lashkari, 1996; Matthews et al., 2001; McDonald and
Moore, 2002; Mellinger et al., 2004). The typical call characteristics associated with each
species that can help to identify, or at least eliminate, certain species during the passive acoustic
analysis are listed below. Spectrograms of exemplar calls for each species are presented in
Figures 3 — 5.

Species/sound source differentiation:

Fin whale calls are distinguished easily from all other species as they are stereotyped,
short (< 1 s) downsweeps with most of the call frequency bandwidth below 50 Hz (Figure 3;
Watkins et al., 1987; Edds 1988).

Bowhead, NPRW, gray, and humpback whales all make similar sounds that can
sometimes be easily confused. Bowhead whales were identified by their song, characterized by
repetitive, high frequency (up to several kHz), exaggerated, curving calls, and multiple singers
(Figure 4a; Clark et al., 1996; Blackwell et al., 2007; Stafford et al., 2008; Delarue et al., 2009;
Hannay et al., 2013; Johnson et al. 2014). However, bowhead whales can also produce individual
calls unassociated with song (~50-500 Hz; Clark and Johnson, 1984), complicating passive
acoustic monitoring (PAM) efforts.

Humpback whales also make a large variety of similar frequency modulated (FM) sounds
in the range of 30 Hz to 10 kHz+, usually with some degree of amplitude modulation (Figure 4c;
Thompson et al., 1986; McSweeney et al., 1989). They typically repeat the same call multiple
times in a row, with less than five seconds between calls. Although well known for their singing
at low-latitude breeding grounds, humpback whales also sing at high latitude feeding grounds
(McSweeney et al., 1989; Clark and Clapham, 2004; Wright, 2015). All singers sing the same
version of the song for that year, unlike bowheads who can sing a multitude of songs in a single
season (Stafford et al., 2012).

Due to the large overlap in call repertoires among species, only two FM call types were
used to distinguish NPRW: (1) up-calls with variable frequency and sweep rate characteristics on
average from 80-160 Hz, approximately 1 s in length (Figure 4b); (2) down-up calls that sweep
from approximately 100 Hz to 80 Hz before becoming like a typical up-call (McDonald and
Moore, 2002; Munger et al., 2008). Compared with that from humpback whales, NPRW calling
has irregular timing (calls are made in bouts of 3-15 with inter-call spacing greater than 5 s and
with inter-bout intervals ranging from 3 to 60+ minutes) and very little (to no) amplitude
modulation (Mellinger et al., 2004). Right whales also do not sing (Clark, 1983; Munger et al.,

42



VII. MARINE MAMMAL DISTRIBUTION OCS Study
BOEM 2018-022

2008). In addition to FM calls, NPRW produce brief (~ 400 ms), broadband, impulsive sounds
(20 Hz - 10 kHz), termed gunshot calls (Figure 4d; Crance et al., 2017). The impulsive gunshot
call has also been recorded from bowhead whales in spring and summer months off Barrow, AK,
in the Beaufort Sea (Clark and Johnson, 1984; Clark et al., 1996; Shelden and Mocklin, 2013;
Berchok et al., 2015). Since either species could have produced gunshot calls in this dataset,
gunshots were denoted but not identified to species.

Gray whale calls were defined as shorter (<1 s) frequency-modulated moans (30 — 200
Hz) characterized by multiple harmonics, and higher frequency impulsive sounds (e.g., bongo
call) (Figure 4e; Cummings et al., 1968; Moore and Ljungblad, 1984; Stafford et al., 2007b).
Gray whale moans have a distinctive aural growl, which was the predominant method of
confirming questionable identifications. Visually, gray whale moans were distinguished from
NPRW based on: the starting frequency of gray whale fundamental harmonic (~30-100 Hz)
compared with NPRW (~80 - 120 Hz), the slope of the call, and the presence of harmonics. Gray
whale moans were distinguished from humpback whales based on: the temporal separation from
humpback-like sounds, and the frequency of gray whale fundamental harmonics (~30 — 100 Hz)
compared with humpback whale (100 — 400 Hz). Gray whale moans were distinguished from
bowhead whale calls based on the frequency of the fundamental harmonic (bowhead: 100 — 500
Hz) and the prominence of growl.

Walrus calls included short (< 1 s) pulses, termed knocks that were often accentuated by
bell or gong sounds, ‘ou-ou’ moans, and a variety of grunts (Figure 4f; Fay, 1982; Stirling et al.,
1983, 1987). Walrus knocks were distinguished from gunshot calls and gray whale bongo calls
both visually (e.g., walrus calls are cleaner and often occur in rapid succession with pattern) and
aurally (e.g., walrus knocks sound hollow, gunshots sound reverberant, and bongos sound

poppy).

Minke whales can make a variety of sounds, including non-descript FM downsweeps
(118-80 Hz; Edds-Walton, 2000) and pulse trains (Risch et al., 2013) in the low frequency band,
and truly bizarre boing noises, 2-3 s pulsed calls, in the higher frequencies (0.3 - 4 kHz, Figure
5e; Rankin and Barlow, 2005; Delarue et al., 2013Db).

Bearded seals were identified by their characteristic long-duration trills (Figure 5c; Risch
et al., 2007; Maclntyre et al., 2015). Ribbon seals produce distinct vocalizations during the
spring mating season, including downsweeps, roars, and grunts (Watkins and Ray, 1977). The
call used to identify ribbon seals within this study was an intense downward frequency sweep
(Figure 5d). Pinnipeds as a whole also produce a set of very non-descript sounds including barks,
grunts, growls, and snorts (Figure 4g). These types of sounds were marked as unidentified
pinniped.

Although killer whales and belugas both produce signals in a similar frequency band,
these two species were usually easy to distinguish based on a number of parameters. Killer whale
calls are typically stereotyped, pulsive, and short in duration (i.e., <1.5 s, Figure 5b; Deecke et
al., 2005). They sound more nasally than humpback whale cries. Beluga whale calls (whistles,
pulsed calls, noisy calls, combined calls, and echolocation clicks) can be similar to killer whales,
but are more strongly modulated and normally co-occur more frequently with whistles than killer
whale calls (Figure 5a; Sjare and Smith, 1986; Garland et al., 2015a). Most echolocation clicks
from both killer and beluga whales exceeded the frequency range that was recorded by the long-
term recorders. Beluga and killer whales acoustically detected in Kotzebue Sound in other
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studies (Castellote et al., 2015) were almost exclusively comprised of echolocation signals and
few high frequency whistles. This has been identified as a predator-prey avoidance behavior
where both try to be acoustically silent to avoid being detected (Castellote et al., 2013).

Ice, the most dynamic of the high frequency signals, is easily recognizable by the
combination of long duration (i.e., >5 s), highly variable signals and impulsive sounds (e.g.,
cracking and popping, Figure 5f). Vessel noise was easily recognized by the presence of multiple
narrowband tonal sounds which appear as lines on the spectrogram, as well as broadband sounds,
created from a combination of propeller cavitation and vibration, other propulsion sources, and
internal machinery (Figure 4h). Typically larger vessels created louder, lower frequency sounds
than smaller ships (Richardson et al., 1995). Seismic airguns produce loud, impulsive, broadband
signals that may look and sound spectrographically similar to gunshots (Figure 41). However,
airgun pulses are produced at very patterned and regular intervals for very long periods of time
(Guerra et al., 2011).

Figure 3. Spectrogram of exemplar calls used to identify fin whales, a low-frequency species.
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Figure 4. Spectrograms of examples of calls used to identify mid-frequency species. From top to bottom: A)
bowhead whale moans, B) NPRW upcalls, C) humpback whale calls, D) gunshot calls, E) gray whale moans
and bongo calls, F) walrus knocks and bell calls, G) unidentified pinniped grunts and barks, outlined in yellow

box, H) vessel noise, and I) seismic airguns.
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Figure 5. Spectrograms of examples of calls used to identify high-frequency species. From top to bottom: A)
beluga whale calls, B) killer whale calls, C) bearded seal trills, D) ribbon seal calls, outlined in yellow boxes,
E) minke whale boing, outlined in yellow boxes, and F) ice noise, visible as long duration, variable signals as

well as impulsive signals.
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Data Quality Control and auto-detection algorithms

Thorough reviews of analyst results were conducted by in-house senior analysts during
the training process, and mooring results were occasionally spot-checked by those senior
analysts for data quality control purposes. Throughout the ARCWEST study we have attempted
to implement an auto-detection software program for fin whale calls. The low-frequency
detection and classification system (LFDCS; Mark Baumgartner, Woods Hole Oceanographic
Institution) was used to automatically detect fin whale vocalizations. The LFDCS is an
Interactive Data Language-based program that uses manually created call libraries to apply
discriminant function analysis across seven measurements, called call attributes, taken from each
auto-detected call. The analyst selects exemplary calls, in this case fin whale calls, to create a
call library. The LFDCS is then run on novel data sets and uses this comprehensive call library
for comparison in discriminant function analysis to classify all of its auto-detections. Over two-
hundred exemplars were carefully selected for the fin whale call library. The call library was
then put through comprehensive and iterative logistical regression analysis, to determine its
efficacy for application on novel data sets. Unfortunately, results were not promising with many
of the analyst detected calls missed by the autodetection program.

Although Cornell attempted to run a fin whale call detector on these data, the results were
too poor to replace manual analysis. Existing autodetectors have historically not applied well to
our data due to the high self-noise of our recorders. However, an in-house autodetection process
(Woodrich, in prep) has demonstrated good results in identifying a variety of call types in our
data and discriminating calls from mooring self-noise. This detector will be applied to fin pulses
to determine fin presence per 3 minute bin of recording effort. Manuscripts are planned for 2020
to incorporate the results from this effort, if successful.

2. Results

A total of 12,058 days of acoustic data were included in this report. 10,374 days were
analyzed from the nine ARCWEST long-term passive acoustic recorders deployed from 2012
through 2015. An additional 1218 days of CHAOZ data results (i.e., from the 2010 and 2011
IC1-3 mooring deployments) are reproduced here, for consistency as well as ease of
accessibility. Furthermore, 466 days of data from the BOWFEST BF2 mooring site (2010-2012)
were reanalyzed'° for all species to provide data from the eastern portion of the ARCWEST
study area. Each recorder was analyzed fully for the following species/signals: bowhead, beluga,
gray, humpback, minke, killer, right, and sperm whales, bearded, ribbon, and unidentified seals,
walrus, vessel, airgun, and ice noise. Fin whales were analyzed at only the CL1 and PH1 (both
2012-2014) moorings for this report!!.

Because of the staggered duty cycle used for the recordings, there was differing sampling
effort among days. This was normalized by dividing the number of ten-minute sound files with

10 These were analyzed for only bowhead whales during the BOWFEST project. For more information, see Shelden
and Mocklin, 2013.

1 Only ten mooring-years of ARCWEST data were analyzed for fin whales. An attempt to use autodetectors was
unsuccessful (see section on Autodetection algorithms below). We have been working with Cornell to revisit the
efficacy of using autodectors for fin whales. The ARCWEST mooring data will be processed for both fin whale 20-
Hz song notes and mid-frequency calls (90-30 Hz band) using multiple detectors on a Cornell autodetection system
at a later time.
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calls'? detected for that day by the number of available ten-minute sound files for that day. The
results that follow are presented for each mooring in two ways. First, in the daily bar plots (e.g.,
Figure 6), they are presented as the percentage of ten-minute time intervals with calls for each
day. This will be referred to as calling activity for the remainder of this report. It is important to
note that calling activity indicates the duration of sustained calling for that day, not the number
of call detections or number of animals vocalizing. For example, if a day shows 100% beluga
calling activity that means that 100% of the ten-minute time bins in that day contained at least
one beluga call. Any day that has detections in 50% or more of its ten-minute time bins is
considered a day with peak calling. Second, in the map panel figures (e.g., Figure 7), they are
presented as the percentage of days per month with detections from that species or sound source.
Again, these are meant to show the sustained presence of the species/sound sources within the
area and not the number of call detections or number of sources present.

The results for the species analyzed were divided into Arctic and subarctic species. The
Arctic species included bowhead and beluga whales, bearded seals, walrus and gray whales.
These species are good proxies for Arctic ecosystem change because they represent a variety of
differing habitat and dietary niches. As such, this results section will focus on these five species
(Table 2). The subarctic species, including humpback, minke, fin, and killer whales, and ribbon
seals, were most often detected in the southeastern Chukchi Sea and had varying degrees of
calling activity; their results will be presented following those for the Arctic species. Lastly,
because the analysis was consistent with that for the marine mammals, the season trends in
vessel, seismic airgun, and ice noise will be presented. All daily calling activity levels can also
be found in the supplemental excel file: PNGresltsforGAM 10minCallRslts.xIsx (file provided
separately to BOEM; will be available publicly on the National Center for Environmental
Information (NCEI)). In addition, summary tables for the percent of days with calling/noise
activity for each mooring site by year and by month can be found in the Appendix (Appendix C.
1. and Appendix C. 2.). Details on methods for obtaining ice data can be found in Section VIII.C.

12 In the context of this report we define calls and calling activity to include any and all sounds produced by an
animal.
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Table 2. Yearly averages for bowhead whale, beluga whale, bearded seal, walrus, and gray whale calling
activity, 2010-2015, for all ARCWEST mooring locations. Number of days with calling activity (#), number
of days with recordings (Eff), percent of days with calling activity (#), number of days with recordings (Eff),
percent of days with calling activity per month (%).

Species  Year EZ1 PH1 CL1 IC3 Ic2 Ic1 WTI1 FBI BF2
£ Eff % = Ef % £ Ef % £ Ef % = Ef % = % # Ef %% 2 Ef % = Ef %
Bowhead 200000 0 - ¢ O - O 0 - 60 113 53 70 113 62 &4 113 57 0 0 - 0 0 - 45 103 44
Bowhead 2011)0 © - O 0 - 0 0 - 40 284 14 73 207 25 120 298 40 O O - O O - 1538 363 44
Bowhead 2012 64 133 48 37 132 43 47 151 36 82 261 31 72 267 27 115 363 32 75 124 60 O O - 181 334 54
Bowhead 2013|134 364 37 117 363 32 122 365 33 97 364 27 128 338 38 156 363 43 177 365 48 76 121 63 200 363 58
Bowhead 2014|157 363 43 116 364 32 113 364 31 B84 363 23 100 363 27 131 363 36 135 365 36 147 364 40 156 364 43
Bowhead 2015120 264 45 91 264 34 86 263 33 42 260 16 30 256 12 7% 261 30 9 256 38 103 257 40 130 257 51
Beluga 20100 O - O 0 - 0 O - § 113 7 23 113 20 26 113 23 0 O - O 0 - 33 103 34
Beluga 201/ 0 O - O 0 - 0 0O - 19 284 7 3 2209711 71 203 24 0 0 - O 0 - 100 363 28
Beluga 2012 25 133 19 48 132 36 20 131 15 30 261 11 36 267 13 71 363 20 27 124 22 0 0 - 166 334 50
Beluza 2013 | 63 364 17 133 365 37 42 365 12 57 364 16 67 338 20 B4 365 24 74 365 20 32 121 26 174 363 48
Beluga 2014 85 365 23 118 364 32 51 364 14 92 365 25 68 365 19 100 363 27 100 364 27 93 364 26 163 364 45
Beluga 2015 60 264 23 53 263 20 31 254 12 21 260 8 30 256 12 73 261 2B 56 230 22 55 257 21 1235 257 49
Bearded 2010(0 © - O0 0 - 0 0 - 26 113 23 32 113 46 &4 3i5% 0 0 - 0 0 - 68 103 66
Bearded 2012( 0 O - 0 0 - 0 0 - 224 284 79 252 207 85 233 298 87 O O - 0 O - 225 363 62
Bearded 2012 45 133 34 74 132 56 67 131 51 226 261 87 226 267 85 234 363 64 74 124 60 O 0 - 287 334 B6
Bearded 2013 (221 364 61 263 365 73 223 363 61 223 364 61 261 338 77 188 363 52 253 365 69 96 121 79 277 363 76
Bearded 2014 [227 365 62 230 364 69 226 364 62 203 365 56 273 365 75 228 363 62 258 364 T1 296 364 81 247 364 68
Bearded 2013163 264 62 163 263 62 151 234 59 177 260 68 180 236 70 176 261 &7 177 230 71 213 237 83 215 257 B84
Walrus 20100 0 - 0 O - 0 0 - 3 113 34 20 113 18 35 1133 0 O - O O - 2 103 2
Walus 20110 0 - 0 O - 0 0 - 106 284 37 76 207 26 110 298 37 0 O - O O - 0O 363 O
Walus 2012 18 133 14 13 132 10 18 151 14 76 261 29 21 267 8 7% 363 22 1 14 1 O O - T 334 2
Walrus 2013 | 109 364 30 352 363 14 59 365 16 81 364 22 68 333 20 97 365 27 30 363 14 4 121 3 31 363 9
Walrus 2014 | 133 365 36 37 364 10 355 364 15 88 365 24 69 365 19 85 365 23 T0 363 19 30 364 16 T 364 2
Walus 2015131 264 50 21 264 8 30 263 19 45 260 17 32 256 13 33 261 13 43 256 17 20 257 11 10 257 4
Gray 200 o - 0 0 - 0 0 - 0 30 1 131 6 135 0 0 - 0 0 0 103 0
Gray 2010 o - o 0o - 0 0 - 0 240 0 2070 5 2208 2 0 O - O 0 - 0 363 O
Gray 201212 133 2 36 132 42 5 151 4 0 261 O 0 267 0 13 33 4 0 124 0 O O - 0 334 0
Gray 2013|117 364 5 127 365 35 1 365 <1 0 364 O O 338 0 1 365 <1 0 365 0 2 121 2 0 363 O
Gray 2014 57 365 16 128 364 35 0 364 0 1 365 <1 0 365 0 0 365 0 1 365 <1 3 3 1 0 364 0
Gray 2015 31 264 12 37 264 22 45 263 17 1 260 <1 0 256 0 0 261 0O 1 236 <1 49 237 19 0 257 O

Bowhead whales

Bowhead whale calling activity was detected on all ARCWEST study area moorings for
all years where data were available (Figure 6, Table 2). Among the mooring sites, the recorder
with the highest proportion of bowhead calling activity was the one closest to Barrow Canyon
(BF2) followed by the two nearest to BF2 along the shore from Wainwright to Barrow (WT1 and
PBI1), while the lowest were the two offshore Icy Cape (IC2 and IC3; Table 3). Peak calling for
all sites occurred on approximately half the days with calling activity present; the southern
Chukchi sites, PH1 and KZ1, saw a higher level of 60-70% peak vs. regular calling activity
(Table 3).

The months where calls were detected varied among the sites (Figures 7-12; Table 4),
with calling detected from approximately April/June through December for those moorings east
of Cape Lisburne (i.e., northeastern sites: IC1-3, WT1, PB1, BF2) and from approximately
October through May for those moorings from Cape Lisburne and south (i.e., southern Chukchi
sites: KZ1, PH1, CL1). The highest monthly averages were more consistent among mooring
sites, with maximum monthly averages in April/May and October/December.
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Table 3. Total bowhead whale calling activity, 2010-2015, for all ARCWEST mooring locations. Number of
days with recordings (Eff), number of days with calling activity (#), number of days with calling activity >
50% (#pk), percent of days with calling activity (#) number of days with calling activity > 50% (#pk), percent
of days with calling activity (%), percent of days with calling activity > 50% (%pk).

Mooring [ Eff # #pk %W Ypk
K71 1126 475 324 42 20
PHI1 1125 381 239 34 21
CL1 1123 368 193 33 13
IC3 1647 405 219 23 13
IC2 1636 475 228 29 14
IC1 1765 6635 314 38 18
WT1 | 1110 481 231 43 21
PE1 42 326 137 M 18
EBE2 1784 879 434 40 27

Both the bowhead spring and fall migrations were seen as pulses in calling activity in
every year and on every mooring where data are available (Figure 6, Table 5). The spring
migration started roughly March-April at the southern Chukchi sites and April-May at the
northeastern sites; end dates were also staggered with a May-June end in the southern Chukchi
and June-July end in the northeast. Detection of the bowhead spring migration was greatest at the
inshore and least at the offshore locations (Figure 6; Table 4, 5). Dates for the fall pulse in
calling activity were generally earlier in the northeastern sites compared to the southern Chukchi
sites, but this varied among moorings and years (Table 5). The spring and fall pulses in calling
activity were temporally close during the open water season for the northeastern moorings, and
during the ice period for the southern Chukchi moorings. In fact, it is very difficult to determine
when the spring pulse ends and the fall pulse starts for the northeastern moorings (or vice versa
for the southern ones). The date ranges for those pulses listed in Table 5, therefore, should be
considered rough estimates.

The trend in spring versus fall calling activity varied among mooring sites. At the
southern Chukchi and offshore northeastern sites, saturated calling levels (100% calling activity)
were sustained longer in the fall than in the spring; at the northeastern sites saturated calling was
sustained slightly longer in the spring than in the fall, although this varied among years (Figure
6). In some years and location, the fall and spring pulses of calling were actually multimodal
(Figure 6). The clearest example of this can be found in the fall 2010 pulse at the three Icy Cape
sites (IC1-3), as well as the fall 2014 pulse for most sites. (Figure 6).
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Table 4. Average monthly bowhead whale calling activity, 2010-2015, for all ARCWEST mooring locations.
Number of days with calling activity (#), number of days with recordings (Eff), percent of days with calling
activity per month (%).

Month KZ1 PH1 L1 IC3 Ic2 IC1 WT1 PE1 EF2
= Ef % = Ef % = Ef % = Ef %% = Ef % = Ef % = Ef % = Ef % = Ef %
Jan (68 93 73 46 93 40 30 93 32 O 155 0 4 155 3 7 133 § 4 95 4 0 62 0O 1 155 1
Feb (34 84 40 12 84 14 1 B84 1 0 141 0 0 141 O O 141 0 1 8 1 1 5 2 0 141 0
Mar |40 93 43 20 9 22 5 9 5 0 133 0 2 133 1 3 133 3 0 9% 0 162 16 2 155 1
Apr |B6 90 96 78 90 87 39 90 66 0 130 0 7 150 5 70 130 47 67 90 T4 49 60 82 96 150 64
May [63 O3 68 71 93 76 91 93 98 2 138 1 34 143 24 138 155 89 90 93 97 33 62 94 152 135 98
Jun (7 9 8 3 90 6 22 90 24 2 98 2 31 111 28 T0 147 48 47 90 52 37 60 62 133 130 S0
Jul (0 9 0 1 9 1 3 9 3 19 95 20 21 93 23 33 124 43 37 93 40 33 62 61 114 133 75
Aug |0 103 O O 103 0 0 102 O 35 9 35 7 74 9o 9 121 7 11 95 12 17 62 27 65 123 53
Sep (0 111 0 9 110 8 0 109 O 34 158 34 43 134 21 31 157 20 66 103 64 40 72 56 107 142 75
Ot (6 93 6 13 93 16 17 93 18 120 135 77 1537 135 88 108 135 70 &7 93 72 44 62 71 133 133 86
Nov |79 90 88 47 90 52 76 90 B84 125 150 83 132 150 B8 125 150 83 70 %0 78 22 &0 37 71 150 47
Dec |92 93 090 77 93 83 64 0935 69 48 135 31 352 155 34 49 135 32 21 93 23 10 62 16 3 155 2

Analysts also flagged image files containing gunshot calls, an impulsive call type
produced by both bowhead and right whales (Clark, 1983; Wiirsig and Clark, 1993; Parks et al.,
2005). Although it is attributed to bowhead whales in the Arctic, this call type was flagged
separately from the other bowhead calls because of our ongoing effort in the Bering Sea to
differentiate bowhead and right whale gunshot calls. The degree to which gunshot call activity
(Figure 13, green) coincided with general bowhead calling activity varied among mooring
locations. There was a strong correlation seen at the more central mooring sites (CL1, IC1-3,
WTT1) during the fall migratory pulse, more than half of the spring pulses of bowhead calling
activity also have gunshot calls detected. In contrast, very low levels of gunshot calling activity
were present at the BF2 and KZ1 mooring site. Although the PH1 mooring site showed some
correlation between fall calling pulses and gunshot calling activity, there were also many days
during the open water season, and without any other bowhead calls present, where there were
many days with gunshots detected.

The peaks in gunshot call activity occurred near the end of each pulse in bowhead calling
activity during the start of the ice period. This was not as noticeable during the spring thaw
period, perhaps because the pulse of bowhead calling was not as pronounced (Figure 9).
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Table 5. Key timing events for bowhead whale calling activity. Underlined dates are recorder limited. Ice
start and end dates were obtained from satellite-derived ice concentration data. *These dates were obtained
by estimating the dates for the main pulses in Figure 6.

Spring Pulse® Fall Pulse®

HE Peak Calting Dates Dates

Ice End Ice Start

Year Mooring Date Date

Start End Start End Start End Start End

IC3 22-Bep  12-Dec  6-0Oct  10-Dec - - 22-Bep 12-Dec  16-Jul  31-Oect

2010 ICc2 14-3ep 135-Dec  7-0ct  12-Dec - - 14-3ep 15-Dec  4-Jun  31-Oct
IC1 14-3ep 12-Dec  27-8ep  12-Dec - - 26-8ep 12-Dec 2-Jun  23-Oect

EF2 20-8ep  22-Nov  20-83ep  16-Oct - - 20-8ep 12-Nov 26-Jul  18-Oct

IC3 20-3ep  3-Dec  10-Oct  30-Nov - - 28-3ep  3-Dec F-Jul  22-Now

2011 Ic2 20 Mar 1-Dec 80ct  30-Nov 9Jun 18-Jun 24-8ep 1-Dec 0 Jun 14-Nov
IC1 4-Mar  1-Dec 13-Apr 27-Nov 25Mar 27-Jlun  30-Sep 1-Dec  4-Jun 12-Nov

BF2 | 28-Mar 28-Nov 28-Mar 11-Nov 28-Mar 24-Jun  18-Aug 13-Nov 14Jul  15-Oct

K71 28-0ct 31-Dec  1-Nov  31-Dec - - 28-0ct 17-Jan  9-Jun  16-Nov

PHI1 1-3ep  28-Dec  15-0ct  27-Dec - - 14-0ct  2-Jan 17-Jun 16-Nov

CL1 16-0ct  3-Dec  19-0ct 30-Nov - - 16-0ct  3-Dec  27-wn  14-Now

2012 IC3 28-Aug  20-Nov 21-Sep 23-Nov - - 28-Aug 20-Nov  27-Jul 3-Nov
ICc2 23-Apr 4-Dec  19-8ep 25-Nov 23-Apr 19-May 16-Sep 4-Dec  24-Tul  1-Now

IC1 11-Apr  53-Dec  16-Apr 20-Nov 1l-Apr 3-Jun 15-0ct 3-Dec 24-Jul  1-Now

WT1 3-8ep  11-Dec  10-8ep 25-Nov - - 30-0ct  4-Dec  9-Aus  1-Now

BF2 21-Jan  11-Dec  22-Apr 21-Nov 16-Apr  26-Jul  31-Aus 26-Nov 6G-Auz  3-Nov

EZ1 1-Jan  31-Dec  1-Jan  31-Dec  18-Mar 27-May 30-Oct 11-Feb  8-Jun 26-Nov

PHI1 1-Jan  31-Dec  3-Apr  31-Dec  30-Mar 5-Jun 31-0Oct  10-Feb  11-Jun  25-Nov

CL1 F-Apr  31-Dec  10-Apr 31-Dec  3-Apr  16-Jun  31-Oct  12-Jan  21-Tun 24-Now

IC3 -Jul  23-Dec 28-Aug 23-Dec - - 14-Auz 23-Dec  21-Jul 26-Oct

2013 Ic2 16-May 23-Dec  23-S3ep 21-Dec  16-May 17-Jul  19-8ep 23-Dec  23-Tul  26-Oct

IC1 13-Apr  23-Dec  14-Apr 21-Dec  13-Apr 16Jun 21-Sep 23-Dec  27-Tul  30-Oct
WT1 19-Jan  15-Dec  12-Apr  14-Dec 12-Apr 26-Jun  5-Sep 13-Dec  31-Jul  30-Oct
PEl 4-8ep  27-Dec  3-8ep  13-Dec - - 4-8ep  14-Dec 1-Aug  31-Oct
EF2 11-Apr 22-Nov 18-Apr 20-Nov 1l-Apr 15-Tul  11-Auz 22-Nov 1-Aus 24-Oct
EZ1 l-Jan  31-Dec  1-Jan 31-Dec  4-Apr  13-Jun  6-Nov 11-Feb 30-May 11-Dec
PH1 1-Jan  31-Dec 1-Jan  31-Dec 27-Mhdar 29-May 20-Nov 23-Jan 30-May T-Dec

CL1 1-Jan  31-Dec  1-Jan 31-Dec  T-Apr  T-Tun  30-Oct 23-Jan  T-Jun 2%-Nov

IC3 19-May 11-Dec 30-Jul  10-Dec - - 22-Bep 11-Dec  30-Jul 3-Nov

2014 Ic2 20-0Mar  12-Dec  10-May 9-Dec  9May  13-Tun 20-Sep 12-Dec  17-Jul 2-Nowv

IC1 2-Apr 8Dec  20-Apr  T-Dec  28-Apr 10-Jun  18-8ep  8-Dec  21-Jul 3-Nov
WT1 S-Apr  T-Dec  3-Apr 18-0Oct  3-Apr  15-Tun 16-8ep  3-Nov  24-Jul  31-Oect
PEl j-Feb 1-Dec  12-Apr  153-0ct  %-Apr  15-Jun  14-Sep  18-Oct  3-Auz  24-Oct
EF2 G-Apr  26-0Oct  14-Apr 15-Oct  6-Apr  20-Jul 26-8ep 26-0Oct 30-Jul 20-Oct

EZ1 1-Jan  24-May 1-Jan  T-May 20-Mar 12-May - - 24 May 27-Nov

PHI1 1-Jan  21-May 1-Jan 10-May 24-Mar 21-May - - l-Jun  28-Now

CL1 1-Tan 3-Jul 1-Tan 27-May 27-Mar 30-May - - 13-hm  20-Nowv

IC3 | 28May 168ep  4Jul  118ep  3-Jul 22Jul  5Aug 168ep 30Jun 12 Now

2015 Ic2 2Jan  T-8ep  2-Jan 5-hd 20-May  12-Jul - - 15-Tun  18-Now
IC1 1-Tan 13-Jul  2-Jan 5-Jul l-Apr  13-Tu - - 15-hm  2-Now

WT1 2-Jan  13-8ep  3-Jan  21-Tul 1-Apr 13-Tun - - 30-Tun 5-Oct

PE1 OMar  13-8ep 2-Apr 11-Jul 2-Apr 1%-Nim - - T-hal 30-Oect

EEF2 2-Apr B-Bep  11-Apr 30-Tul 2-Apr 2-Aus - - J-Auz 20-Oect
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Figure 6. Bowhead whale calling activity (presented as the percentage of ten-minute time intervals with calls)
for the nine ARCWEST locations (Figure 2A), 2010-2015. Blue line indicates percent ice cover (zero-phase,
three-day moving average). Gray shading indicates no data.

170W  165W  160W  185W  170W  1BSW  1B0W  155W  170W  16BW  1B80W  158W  170W  165W  160W

Figure 7. Monthly bowhead whale calling distribution, 2010. Graduated scale in the September panel
indicates % days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST
study areas, respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix
C. 3. for numbers used to generate figure.
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Figure 8. Monthly bowhead whale calling distribution, 2011. Graduated scale in the January panel indicates
% days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 3. for
numbers used to generate figure.

54



VII. MARINE MAMMAL DISTRIBUTION OCS Study
BOEM 2018-022

Figure 9. Monthly bowhead whale calling distribution, 2012. Graduated scale in the January panel indicates
% days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 3. for
numbers used to generate figure.
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Figure 10. Monthly bowhead whale calling distribution, 2013. Graduated scale in the January panel indicates
% days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 3. for
numbers used to generate figure.

56



VII. MARINE MAMMAL DISTRIBUTION OCS Study
BOEM 2018-022

Figure 11. Monthly bowhead whale calling distribution, 2014. Graduated scale in the January panel indicates
% days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 3. for
numbers used to generate figure.
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Figure 12. Monthly bowhead whale calling distribution, 2015. Graduated scale in the January panel indicates
% days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 3. for
numbers used to generate figure.
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Figure 13. Gunshot call activity (green) overlaid on bowhead whale calling activity (presented as the
percentage of ten-minute time intervals with calls) for the nine ARCWEST locations (Figure 2A), 2010-2015.
Blue line indicates percent ice cover (zero-phase, three day moving average). Gray shading indicates no data.

Beluga whales

Like bowhead whales, beluga whale calling activity was detected on all the ARCWEST
study area moorings for all years where data were available (Figure 14; Table 2). Among the
mooring sites, the recorder with the highest proportion of bowhead calling activity was the one
closest to Barrow Canyon (BF2) followed by PH1 in the southern Chukchi Sea, while the lowest
were the two offshore Icy Cape (IC2-3) and CL1 in the Southern Chukchi (Table 6). Peak
calling for all sites was low (Table 6). The months where calls were detected varied among the
sites (Figures 15 - 20; Table 7), with calling detected from approximately April through
November for those moorings east of Cape Lisburne (i.e., northeastern sites: IC1-3, WT1, PB1,
BF2) and from approximately October through May for those moorings from Cape Lisburne and
west (i.e., southern Chukchi sites: KZ1, PH1, CL1). The highest monthly averages were more
consistent among mooring sites, with maximum monthly averages typically in April/May. No
clear patterns in timing (Table 8) were seen either longitudinally (northeast vs. southern), or with
distance from shore (IC1 vs. IC3).

Both the beluga spring and fall migrations were seen as pulses in calling activity in every
year and on every mooring where data are available (Figure 14; Table 8). In general, both the
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spring and fall pulses decreased from inshore to offshore along the Icy Cape line (Figure 14;
Table 7). In general, the timing of the spring and fall pulses of calling activity showed a west-to-
east pattern between the southern and northeastern sites, with approximately a month delay
between the start of the spring pulse at KZ1 and its start at BF2 (Table 8). However, unlike
those for bowhead whales, these spring and fall pulses maintained their temporal spacing relative
to each other across moorings and years. The exception is the BF2 site, where there appears to
be a consistent presence of beluga calling activity throughout the open water season; the date
ranges for pulses at that site (Table 5), therefore, should be considered rough estimates.

The trend in spring versus fall calling activity varied among mooring sites. For the
majority of the sites (CL1, IC1-3, WT1, PB1, BF2), the spring pulse in calling activity was more
sustained and at a higher level than that from the fall. The two southernmost sites (KZ1, PH1),
however, showed no clear pattern in fall calling versus spring calling across years (Figure 14).
As was seen for bowhead whales, the fall and spring pulses of beluga whale calling were
sometimes multimodal (e.g., spring 2011 IC1, fall 2012 PHI; Figure 14).

Table 6. Total beluga whale calling activity, 2010-2015, for all ARCWEST mooring locations. Number of
days with recordings (Eff), number of days with calling activity (#), number of days with calling activity >
50% (#pk), percent of days with calling activity (%), percent of days with calling activity > 50% (%pk).

Moornng | Eff = #pk % Ypk
KZ1 | 1126 233 16 21 1
PHI | 1124 3
CL1 1114 144 23 13 2
IC3 1647 227 1 4 <l
IC2 1636 236 7 16 <1
IC1 1765 427 T2 M4
WT1 | 1103 237 30 23
PE1 42 180 @ 24
BE2 [1784 763 130 43

[ B S P

Table 7. Average monthly beluga whale calling activity, 2010-2015, for all ARCWEST mooring locations.
Number of days with calling activity (#), number of days with recordings (Eff), percent of days with calling
activity per month (%).

tomm] F2 PHI CLL IC3 IC2 ICl1 WTI1 FBL BF2
MO L B e 2 Eff 0% 2 EF % & EF % & EF % £ EF % £ EF % 2 EX % £ EF %
Jan |14 93 15 20 93 22 0 9 0 11 155 7 5 155 3 5 155 3 2 95 2 6 62 10 17 155 11
Feb 13 84 15 4 84 5 0 8 0 5 141 4 6 141 4 3 14 2 0 8 0 4 5 7 1 141 1
Mar [38 93 41 41 03 44 6 93 6 4 155 3 9 155 6 13 155 8 1 9 1 5 6 8 5 155 3
Apr |67 9 74 71 9% 79 66 9 73 42 150 28 60 150 40 94 150 63 52 90 S8 31 60 52 T4 150 49
May |24 93 26 62 93 67 37 93 40 40 138 29 50 143 41 114 155 74 66 93 71 30 62 63 132 155 85
Jun |1 9 1 9 9 10 3 9 3 22 9% 22 24 111 22 3§ 147 26 20 9 32 9 6 15 6 150 41
Al |1 9% 1 0 93 0 0 95 0 6 95 6 5 9 S 124 7 13 89 15 21 62 24 12 153 80
Aug [0 103 O 0 103 0 0 102 0 3 9 3 2 74 3 3 121 2 4 9 4 8§ 6 13 91 123 74
Sep |0 111 0 2 100 2 0 100 © 2 158 1 3 154 2 8 157 5 7 102 7 4 12 6 78 142 55
Oct |3 93 3 14 03 15 0 93 0 24 155 15 22 155 14 353 155 34 37 93 40 26 62 42 103 155 66
Nov |44 00 40 85 00 904 30 9 33 50 150 30 51 150 34 150 51 42 00 47 24 60 40 66 150 44
Dec [28 93 30 46 93 49 2 93 2 9 155 6 10 155 6 10 155 6 4 9 4 3 6 5 12 155 8
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Table 8. Key timing events for beluga whale calling activity. Underlined dates are recorder limited. Ice start
and end dates were obtained from satellite-derived ice concentration data. *These dates were obtained by
estimating the dates for the main pulses in Figure 14.

Calling Peak Calling Spring Pulse® Fall Pulse®
Year Mooring - - Dates Dates Ice End Date Ice Start Date
Start  End Start End  Start End  Start End
IC3 3-Nov 21-Dec - - - - 3-Nov 1-Dec 16-Jul 31-Oct
2010 IC2 20-0ct 31Dec - - - - 2-Nov 13-Dec 4-Jun 31-Oct
IC1 15-8ep 2-Dec 24-Nov 26-Nov - - 18-Oct  2-Dec 2-Jun 23-Oect
BF2  20-Bep 30-Nov 11-Nov 11-Nov - - 20-8ep 15-Nov 26-Jul 18-Oct
IC3 J-Apr 23-Nov - - J-Apr 21-Apr 3-Nov 23-Nov F-Jul 22-Nov
i IC2 18-Tan 12-Dec - - 15-Mar 20-Apr 35-Nov 24-Nov 9-Tun 14-Now
IC1 12-Tan 18-Dec 30-Apr 19Nov 27-Mar 19-lun 35-Oct 23-Nov 4-Tun 12-Now
BF2  23-Apr 8-Dec 23-Apr 4-Nov 23-Apr 4-Jun 28-Oct 13-Nov 14-Tul 15-Oct
EZ1  270ct 1-Dec 1-Nov T-Nov - - 27-0ct 1-Dec 2-Jun 16-Nowv
PHI  13-Bep 25-Dec 27-0ct 25-Nov - - 27-0ct  3-Dec 17-Tun 16-Nowv
CL1  2-Nov 27Dec - - - - 2-Nov 28-Nov  27-Jun 14-Nowv
2012 IC3 18-Jan 13-Nov 14-Nov 14-Nov 12-Apr T-May 3-Nov 13-Nov 27-Jul 3-MNov
Ic2 31-Jan 15-Dec 8-May 19-May 2-Apr 19-May 1-Nov 18-Nowv 24-Jul 1-Now
IC1 19-Jan 5-Dec 24-Apr 10-Nov 11-Apr 27-May 19-Oct 3-Dec 24-Tul 1-Nowv
WT1  2-0ct  2-Dec  9-Nov 10-Nov - - 31-0ct  2-Dec 0-Aug 1-Nav
EF2 O-Jan 30-Dec 21-Apr 6-Nov 17-Apr 28-Jul 1-8Sep 6-Dec 6-Aug 3-Nowv
EZ1 1-JTan 23-Dec 19-MMar 2-May 12-Mar 8-May 14-Nov 23-Dec 8-Tun 26-Nowv
PH1 4-Jan  24-Dec 16-Mar 14-Dec 13-Mar 10-Jun 28-Oct 15-Dec 11-Jun 23-Now
CL1  20-Mar 2-Dec 14-Apr 2-May 4-Apr T-May 19-Nov 2-Dec 21-Jun 24-Nov
IC3 I-JTan 29-Dec 4-Nov 4-Nov OS-Apr 12-Jun 30-Sep 27-Nov 21-Jad 26-Oct
2013 IC2 30-Jan 23-Nov 20-Apr 20-Apr 3-Apr 14-Jun 3-Oct 23-Nov 23-Jul 26-Oct
IC1  27-Feb 28Dec S-Apr 23-Oct 22-Mar 27T-May 9-Oct 10-Dec 27-Tul 30-Oct
WT1  11-Tan 4-Dec 23-Apr T-May 16-Apr 28-Jun 4-Oct 22-Nov 31-Jual 30-Oct
PEL 5-0ct 23-Dec - - - - 5-0ct 30-Nov l-Aug 31-Oct
EF2 I-JTan 20-Nov 9-May 11-Oct 10-Apr 2-Jun 12-Sep 4-Nov l-Aug 24-0Oct
EZl  14Jan 31-Dec 6-Apr 3FDec 14-Mar 28-Apr 2-Nov 13-Jan  30-May 11-Dec
PHI1 2-Jan 30-Dec 20-Mar 5-Dec 20-Mar 25-May 29-Oct 6-Dec 30-May T-Dec
CL1  23-Mar 18-Nov 2-Apr 1-May 23-Mar 2-Jun 2-Nov 18-Nov T-Tun 29-Nov
IC3 J-Jan 3-Dec 26-Nov 27-Nov 18-Apr 29-Jun 6Oct 3-Dec 30-Jual 3-MNov
2014 IC2 13-Apr 25-Nov 8-May 9May 15-Apr 20-May 24-Sep 25-Nowv 17-Jul 2-MNov
IC1 3-JTan 28-Nov 22-Apr 16-Nov 31-Mar 23-Jun 13-Sep 28-Nov 21-Jual 3-Nov
WT1  31-Mar 9-Dec 6-Apr 22-Nov 31-Mar 3-Jun 27-Oct 26-Nov 24-Tul 31-Oct
PE1 16-Tan 2-Dec 27-Apr 31-Jul 10-Apr 28-May 21-Sep 2-Dec 3-Aug 24-Oect
EF2 T-Apr 23-Dec 23-Apr 3-Oct T-Apr 1-Jun 21-Jun 23-Nov 30-Jul 20-Oct
EZ1 1-Tan  6-Jul  30-DMar 27-Apr 24-Mar 5-May - - 24-May 2T-Nov
PH1 I-Jan 27-May 26-Mar 3-May 24-Mar 27-May - - 1-Tun 28-Now
CL1  31-Mar 8-Tun 12-Apr 35-May 6-Apr 23-May - - 13-Tun 20-Nowv
IC3 4Jan  20-Tul  23-Apr 27-Apr 24-Apr 19-Jun - - 30-Tun 12-Now
20015 IC2  12-Apr 26-Jul  16-Apr 28-Apr 12-Apr 1-Jun - - 15-Tun 18-Now
IC1 15-Jan  28-Tul 11-Apr 3-Jun %-Apr 4-Jul - - 153-Jun 2-Now
EF2 G-Apr 13-8Sep 23-Apr 20-Aug G-Apr 1-Jun 17-Jun 13-8ep 3-Aug 20-Oct
WT1  2-Apr 19-Tul 26-Apr 11-May 2-Apr 19-Jun - - T-Jul 30-Oct
PEl 3-Jan 12-Sep 21-Apr 17-May - - - - 30-Tun 5-Oet
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Figure 14. Beluga whale calling activity (presented as the percentage of ten-minute time intervals with calls)
for the nine ARCWEST locations (see Figure 2A), 2010-2015. Blue line indicates percent ice cover (zero-
phase, three-day moving average). Gray shading indicates no data.

170W  165W  160W  155W  170W  165W  160W  155W  170W  185W  160W  155W  170W  165W  160W  155W

72N

Figure 15. Monthly beluga whale calling distribution, 2010. Graduated scale in the September panel indicates
% days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of e effort are indicated with a *; see Appendix C. 4. for
numbers used to generate figure.
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160W  155W 170W __ 165W _ 160W _ 155W

Figure 16. Monthly beluga whale calling distribution, 2011. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month effort are indicated with a *; see Appendix C. 4. for
numbers used to generate figure.
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Figure 17. Monthly beluga whale calling distribution, 2012. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 4. for
numbers used to generate figure.
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Figure 18. Monthly beluga whale calling distribution, 2013. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of eff effort are indicated with a *; see Appendix C. 4. for
numbers used to generate figure.
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Figure 19. Monthly beluga whale calling distribution, 2014. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 4. for
numbers used to generate figure.
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Figure 20. Monthly beluga whale calling distribution, 2015. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 4. for
numbers used to generate figure.

Bearded seals

Bearded seal calling activity was near ubiquitous at all ARCWEST moorings sites for all
years where data were available (Figure 17; Table 2). Multiple weeks of saturated (i.e., 100% of
all ten-minute time intervals per day had calling detected) calling activity were present for each
location and year. Among the mooring sites, the PB1 site had the greatest proportion of days
with calls, while the PH1 site had the highest percentage of days with peak calling (Table 9).
Peak calling for all sites occurred on more than half of the days with calling activity present
(Table 9). Calls were detected during all months for all moorings, with the exception of the three
southern Chukchi sites, which had no calling (or extremely low calling) between July and
September (Figures 22-27; Table 10). Unlike the spring/fall pulses in calling activity seen for
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bowhead and beluga whales, the main pulse of calling activity for bearded seals was overwinter
(i.e., pulse was November-June). With few exceptions, the start of each period of calling
typically ramped up from low to high levels over a variable period of time. In most cases a
smaller pulse of calling activity was seen before the main pulse; the timing of this precursor
pulse appears to track southwestward, possible indicating a fall migration. Because of the
variation in calling activity during this ramp-up period, it was difficult to precisely define the
edges of the main pulses. The date ranges listed in Table 11 for these main pulses, therefore,
should be considered rough estimates. For all sites, the general trend in calling was that it was
lowest in July-August, increased from September through February, and was present on all days
of the month for all years from approximately March through May (Table 10).

Table 9. Total bearded seal calling activity, 2010-2015, for all ARCWEST mooring locations. Number of days
with recordings (Eff), number of days with calling activity (#), number of days with calling activity > 50%
(#pk), percent of days with calling activity (%), percent of days with calling activity > 50% (%pk).

Moornng | Eff = #pk % Ypk
KZ1 | 1126 636 448 38 40
PH1 | 1124 732 619 67 33
CL1 1114 667 338 60 33
IC3 1647 1079 651 66 40
IC2 1636 1246 T84 T6 47
IC1 1765 1148 691 63 39
WT1 | 1103 762 480 6% 44
PE1 42 603 33 82 48
EE2 1784 1319 783 T4 M4

The most striking feature of the seasonal timing of bearded seal calling activity is its
abrupt cessation in the spring (Figure 21). For the three overwinter calling periods with full
recording effort, the average ending date for all mooring sites ranged within a few days (i.e., 27
June 2013, 28 June 2014, and 23 June 2015; Figure 21). The standard deviation for all mooring
sites within each overwinter period varied between 8 and 9 days. Comparing timing among
geographically similar sites for all full-effort years yielded tighter correspondence, with the
northeastern Chukchi sites averaging 1 July with a standard deviation of 4 days, and the southern
sites a half-month earlier at 16 June and a standard deviation of 5 days. In general, there was no
evident inter-annual or inter-site trend among years for the start of the main pulse. Likewise,
there were no clear trends among years or mooring locations for the start date of peak calling
(days with >50% calling activity).
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Table 10. Average monthly bearded seal calling activity, 2010-2015, for all ARCWEST mooring locations.
Number of days with calling activity (#), number of days with recordings (Eff), percent of days with calling
activity per month (%).

Month KZ1 PH1 CL1 IC3 Ic2 IC1 WT1 PE1 BE2
= Ef % = Ef % = Ef %% = % = Ef % = % = Ef % = Ef % = Ef %
Jan |89 93 06 90 93 97 71 93 T6 136 155 88 155 135 99 143 155 92 B4 93 00 358 62 94 130 155 B4
Feb |73 84 87 81 B84 96 B84 B84 100 126 141 89 139 141 99 135 141 96 84 B4 100 36 36 100 141 141 100
Mar |95 83 100 93 93 100 92 53 99 149 153 96 153 155 100 133 155 100 %5 93 100 62 62 100 134 135 99
Apr |90 20 100 %0 920 100 20 90 100 130 150 100 150 150 100 150 150 100 20 90 100 60 60 100 149 150 99
May |93 93 100 93 93 100 93 93 100 138 138 100 145 143 100 155 135 100 93 93 100 62 62 100 155 155 100
Jun (43 90 50 46 90 51 60 S0 67 93 93 97 111 111 100 132 147 90 38 90 98 37 60 95 130 130 100
Ju |0 9 0 2 9 2 1 9 1 4 9 4 13 9 14 183 124 15 16 89 18 18 62 29 38 133 38
Aupg |1 103 1 1 103 1 0 102 0 8 9 8 12 74 16 11 121 9 13 94 14 33 62 53 390 123 32
Sep |1 111 1 6 109 6 9 100 9 53 158 35 57 134 37 21 157 13 43 102 42 356 72 78 87 142 61
Oct |69 95 74 81 93 87 33 93 59 60 153 39 78 133 50 32 153 34 44 93 47 49 62 79 77 133 50
Neov |63 20 70 90 90 100 71 90 79 45 150 30 14 130 69 &4 150 43 41 90 46 42 60 70 635 150 42
Dec |39 03 42 70 03 85 41 93 44 113 155 73 131 155 85 112 155 72 73 92 70 352 62 B4 116 135 75

Figure 21. Bearded seal calling activity (presented as the percentage of ten-minute time intervals with calls)
for the nine ARCWEST locations (see Figure 2A), 2010-2015. Blue line indicates percent ice cover (zero-
phase, three-day moving average). Gray shading indicates no data.
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Table 11. Key timing events for bearded seal calling activity. Underlined dates are recorder limited. Ice start
and end dates were obtained from satellite-derived ice concentration data. *These dates were obtained by
estimating the dates for the main pulses in Figure 21. Note this is the only species where the key timing events

are listed for deployment (and not calendar) year.

Year Mooring Calling Dates Main Pulse® Dates Peak Calling Dates lee Start Date Ice End Date
Start End Start End Start End
IC3 10712000 &/8:2011 32201 6/8/2011  12/2872010  6/8/2011 104312010 /52011
2010-11 Ic2 10/7/2000  621/2011 117242000 6/21/2011 117292010 62172011 10/31/2010 6/9/2011
IC1 0/25/20010 62772011 117102010 62772011 1271572010 6/26/2011 104232010 6/4/2011
BF2 9/20/2010 782011 11112001 T/52011 0 17152011 7452011 10/18/2010 /1472011
IC3 2302011 124312011 11222011 30142012 117252011 3442012 112272011 142772012
01112 Ic2 8/202011 312012 117142011 3182012 112272011 3192012 117142011 142472012
Ic1 9/8/2011 82002012 117142011 6/252012 1172272011 64252012 1171272011 142472012
EF2 9/4/2011  7A29/2012 17172012 2012 11042012 65072012 10015/2011 8/6/2012
K71 10/9/2012 61972013  1/1/2013  6/192013  1/5/2013  6/18/2013 11/16/2012 6/8/2013
PH1 10/8/2012 722013 12202012 6/18/2013 102672012 6/16/2013 11/16/2012 6/11/2013
CL1 9/16/2012 62372013  1/3/2013  6/23/2013 17172013 6/17/2013 11/14/2012 6:/21/2013
01213 IC3 8282012 722013 117102012 W22013 0 12272012 712013 11/3/2012 7/21/2013
Ic2 922012 1232013 10/6/2012  6/30/2013 1171372012 6/20/2013 11/1/2012 7/23/2013
Ic1 117112012 6/25/2015 117242012 6/25/2013 12442012 6/24/2015 11/1/2012 2772015
WT1 91,2012 192013 11252012 TE2013 0 1271372012 712013 11/1/2012 1/31/2013
EF2 9/3/2012 8/52013 11112012 712013 12042012 752013 11/3/2012 8/1/2013
K7l 10/1/2013 61372014 127192013 6/13/2014 1272272013 6/12/2013 11/26/2013 5/30/2014
PH1 9272015 6152014 10172013 61572014 107272013 6/15720014  11/25/2013 5/30/2014
CL1 9/20/2013  6/30/2014 127262013 6/262014 12202013 6/17/2014 11242013 6/7/2014
IC3 0/24/2013  7/3/2014 127112013 7/5/2014 127192015 7172014 10262013 7/30/2014
2013-14 Ic2 8312013 7162014 127142013 /72014 122372013 12014 10262013 /1772014
Ic1 107172013 7162014 1271772013 6/2620014 14672014 6222014 10v30/2013 142172014
WT1 1282013 74512004 127152013 T42014 0 127182013 T1A2014 100302013 142472014
PE1 952015 WI42014 111152013 T/T2014 0 112902013 TA22014 10/31/2013 8/3/2014
EF2 8/30/20013  T/18/2014 172772004 W32014 2/272014 1172014 100242013 /3072014
KZ1 0/25/2014  6/19/20153 1292014  6/1272013 127142014  6/8/2015 12/11/2014 5/24/2013
PH1 9/21/2014 61272015 1271372014 6/11/2015  10/5/2014  6/11/2013 12/7/2014 6/1/2013
CL1 9/6/2014 732015 1202015 671442015 1171272014 6/14/2015 112972014 6/13/2015
IC3 117222014 6/28/2015 12/9/2014  6/28/2015  12/25/2014  6/24/2015 11/3/2014 6/30/2013
2014-13 Ic2 8/272014 162013 1278720014 6/30/2015 1271572014 62772013 11/2/2014 6/13/2013
Ic1 8/18/2014  628/2015 12142014 6/28/2015 171872015 6/25/2013 11/3/2014 6/13/2013
WT1 8202014  W12015 12182014 W12013 1272002014 62772013 10/31/2014 6/30/2013
PBE1 8/9/2014  9/13/2013 10/26/2014 6/282013  9/26/2014  6/24/2015 10/24/2014 112013
BF2 8/6/2014  T/A4/2015  11/2572014 77272015 172015 6/27/2013 10/20/2014 8/5/2015
KZ1 - - - - - - 117272015 -
PH1 - - - - - - 117282015 -
CL1 - - - - - - 11/20/2015 -
IC3 8/2/2013 9/6/2013 - - - - 11/12:2015 -
2013-16 Ic2 = = - - - - 11/18/2015 -
IC1 - - - - - - 11/2/2013 -
BF2 77252015 9/10/2015 - - - - 10202015 -
PE1 - - - - - - 10/30/2015 -
WT1 - - - - - - 10/5/2013 -
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Figure 22. Monthly bearded seal calling distribution, 2010. Graduated scale in the September panel indicates
% days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. for
numbers used to generate figure.
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Figure 23. Monthly bearded seal calling distribution, 2011. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. for
numbers used to generate figure.
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Figure 24. Monthly bearded seal calling distribution, 2012. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. S for
numbers used to generate figure.
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Figure 25. Monthly bearded seal calling distribution, 2013. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. S for
numbers used to generate figure.
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Figure 26. Monthly bearded seal calling distribution, 2014. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. S for
numbers used to generate figure.
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Figure 27. Monthly bearded seal calling distribution, 2015. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. S for
numbers used to generate figure.

Walrus

Walrus calling activity was detected on all ARCWEST study area moorings for all years
where data were available (Figure 28; Table 2), with the exception of the site furthest northeast
(BF1) in 2011. Among all mooring sites, the most southern site (KZ1) had the highest
percentage of days with calling activity detected, while BF1 had the lowest (Figure 29; Table
12). Peak calling activity followed this same trend, with nearly half of all days with calls at KZ1
being peak calling days while only 14% at BF2 were peak calling days (Table 12). The months
with calling activity varied among mooring sites. The moorings along the Icy Cape line had
walrus calling activity detected in all months (Table 13), while the PB1 site at the head of
Barrow Canyon had the least number of months with calling present. The majority of the calling
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activity was detected June through September at the sites east of the Icy Cape Line, and March
through December along the Icy Cape line (with the exception of the offshore site, IC3, which
maintained a steady level of days with calling activity year-round). The PH1 and CL1 moorings
in the southern Chukchi saw a slightly longer range of months (May through October) with
calling activity than those to the east of Icy Cape. The southernmost site, KZ1, had calling
detected from November through June (Figures 29-34; Table 13).

Walrus had two periods with calling activity - summer and winter (Figure 28; Table 14).
In general, the summer pulse of calling had higher calling activity levels sustained for longer
periods of time than the winter pulse. In fact, winter calling for most sites could not be described
as a pulse - it was either a steady trickle of days with low detections or practically non-existent.
However, there are two notable exceptions. Winter calling at the offshore Icy Cape site (IC3), in
contrast, had high levels of sustained calling activity overwinter, which steadily decreased
throughout the five years of recordings. In addition, most calling detected at the southernmost
site (KZ1) occurred primarily overwinter (Figure 29-34).

The summer pulse of calling began between May and June for most years at the northern
Chukchi sites (i.e., CL1, IC1-3, WT1, and PB1). This pulse started earlier at the southern
Chukchi mooring sites (i.e., KZ1 and PH1), and later at the northeastern most site (BF2). The
majority of moorings/years saw an end to the summer pulse of calling in October, with an earlier
end at the northeastern most site (BF2) in August, and a wide range of months (June - December)
at the southernmost sites (KZ1 and PH1). Bouts of low level calling activity distributed
throughout the year blurs the lines between the summer and winter pulses, and so the date ranges
presented in Table 14 should be considered approximate. Winter pulse dates varied among years
and mooring sites with no apparent trends evident (Figures 29-34; Table 14).

Table 12. Total walrus calling activity, 2010-2015, for all ARCWEST mooring locations. Number of days
with recordings (Eff), number of days with calling activity (#), number of days with calling activity > 50%
(#pk), percent of days with calling activity (%), percent of days with calling activity > 50% (%pk).

Mooring [ Eff # #pk %W Ypk
K71 1126 391 173 33 15
PHI1 1125 123 34 11 3
CL1 1123 182 32 16 3
IC3 1647 434 93 26 6
IC2 1636 286 67 17 4
IC1 1765 439 143 23 8
WT1 | 1110 184 42 13 4
PE1 42 W 20 12 4
EEF2 1784 37 8 3 <1
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Table 13. Average monthly walrus calling activity, 2010-2015, for all ARCWEST mooring locations. Number
of days with calling activity (#), number of days with recordings (Eff), percent of days with calling activity per
month (%).

Month KZ1 PH1 L1 IC3 Ic2 IC1 WT1 PE1 EF2
= Ef % £ Ef % = Ef % = %% = Ef % = %% = Ef % = Eff 0 = %o
Jan (40 93 43 0 93 0 O 93 O 26 155 17 1 155 1 5 135 3 0 95 0 0 62 O 1 155 1
Feb (36 84 43 2 8 2 1 B84 1 350 141 35 1 141 1 6 141 4 0 B34 0 0 56 0 1 141 1
Mar |71 9 76 7 9 8 3 9 3 40 133 26 2 133 1 18 133 12 1 % 1 O &2 0 T 155 5
Apr |57 90 63 O 9% O 2 9 2 23 13 15§ 9 150 6 16 130 11 2 90 2 O & 0 3 150 2
May (81 93 87 37 93 40 11 93 12 11 138 8 5 143 3 3 133 8 0 9 0 062 0 2 135 1
Jun (46 90 51 45 90 50 74 90 8% 42 983 43 73 111 68 99 147 67 33 90 37 23 60 42 2 130 1
Jul (0 95 0 3 93 3 16 9 17 71 9 76 34 93 58 8% 124 T2 33 93 59 36 62 58 20 133 13
Aug |3 103 3 05 6 4 102 4 34 99 34 74 11 25 121 21 42 95 44 14 62 23 12 123 10
Sep (3 111 3 10 110 9 31 109 28 38 158 37 62 134 40 80 157 51 23 103 22 7 72 10 2 142 1
Oct (0 9 0 7 9 8 39 93 42 35 135 23 43 155 28 45 133 28 5 93 5 62 2 0 135 0
Nov |9 920 10 2 9% 2 1 9 1 12 150 8 21 150 14 26 150 17 2 90 2 7 &0 12 2 150 1
Dec |45 93 48 4 93 4 0 95 0 32 135 21 5 155 3 17 135 11 1 9 1 2 42 3 5 155 3

Figure 28. Walrus calling activity (presented as the percentage of ten-minute time intervals with calls) for the
nine ARCWEST locations (see Figure 2A), 2010-2015. Blue line indicates percent ice cover (zero-phase, three-
day moving average). Yellow shading highlights low level detections. Gray shading indicates no data.
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Table 14. Key timing events for walrus calling activity. Underlined dates are recorder limited. Ice start and
end dates were obtained from satellite-derived ice concentration data. *These dates were obtained by
estimating the dates for the main pulses in Figure 28.

Calling Peak Calling Summer Pulse® Dates Winter Pulse® Dates  IceEnd Ice Start

Year Mooring Date Date

Start End Start End Start End Start End
IC3 10-8ep 31-Dec 12Dec 12Dec [0 Sep 100ct  3-Dec10 22-April 16Jul 31-Oct
Ic2 10-Sep 12-Nov 10-8ep 9-Oct 10-Sep 10-0ct  12-Nowv-10 13-Apr-11 4Jun  31-Oct

2010 IC1 10-Sep  30-Dec  10-Sep  10-Sep  10-Sep 17-0ct  8-Nowv-10 20-May-11 2-Jun  23-Oct
BF2 | 20-Nov 20-Dec - - - - 20-Now-10 20-Dec-10  26-Tul  13-Oct
IC3 I-Jan  23-Dec  28-Jan  20-8ep 208-Aug  10-0ct  23-Nov-11 10-Maw-12 5-Jul  22-Now
2011 Ic2 25-Jan  18-Dec  13-Jun  90Oct  31-May  4-Nov  20-Now-11 11-May-12 S-Jun 14-Nov
IC1 15-Jan  4-Dec  30-May 22-Nov 29-May  3-Nov  16-Nowv-11 31-May-12 4-Jun 12-Nov
EF2 - - - - - - - - 14-Jul  15-Oct
KZ1 | 22 Nov 30-Dec 28-Nov 3-Dec - - 22 Nowv-12 5-May-13  %Jun  16Nov
PHI | 23-Aug 19-Dec  10-Oct 11-Oct  23-Aug  20-Oct  19-Dec-12 13-Mar-13 17-Tun 16-Nowv
CL1 22-Bep  24-Oct - - 22-8ep 24-0ct  9-Apr-13  9-Apr-13 27-Tun  14-Now
2012 IC3 8-Jan 2-0ct  16-Feb  20-Sep 28-Aug 2-Oct 8-Jan-13 21-May-13  27-Jul  3-Nowv
IC2 4Mar  2-Oct - - 19-Sep 20ct  14-May-13 17-May-13 24Tl 1-Now
IC1 18-Feb 27-Dec 23-Jun 26-Sep 14-Fun 7-0ct 20-Nowv-12 14-Apr-13 24-lul 1-MNow
WTL | 13-8ep 13-Sep - - 13-8ep 13-8ep  13-Mar-13 2-Apr-13 9-Aug  1-Now
EF2 28-Jul  18-Dec - - 28-Tul 0-S5ep 27-Nov-12  10-Tul-13  6-Aug  3-Nov

KZ1 30-Jan  31-Dec 14-Mar 25Dec T-May 26-Jun  29-Nowv-13 17-May-14 8Jun  26-Nowv
PHI1 6-Feb  2-Dec  26-May 1-Dec  11-May  23-Oct 28-Nov-13 6-Mar-14 11-Jun 25-Nov
CL1 0 Apr  22-0ct T-Jun 3-Oct 6-Tun 22-0ct 1-Feb-14 24-May-14 21-Jun 24-Now

IC3 @Jan  16Dec §Feb  11-0ct  26-Fun 220ct 30-Oct-13 20-Feb-14  21-Jul  26-Oct

013 IC2 14-May 21-Nov 21-Jun 30-Sep 1-Tun 17-0ct  10-Nowv-13 T-May-14 25-Jul  26-Oct
IC1 8-Feb 26-Nov 12-Jun  10-Oct T-hun 20-0ct  26-Now-13 26-Nov-13  27-Tul  30-Oct

WT1 13-Mar 18-Dec  17-Jul  21-Aug 26-Jun 40ct  18-Dec-13 18-Dec-13  51-Jul  30-Oct

PE1 26-8ep  13-Dec - - 26-Sep 26-8ep  22-Nowv-13 13-Dec-13  1-Aug 31-Oct

EF2 21-Jan  8-Dec I-Aug  3-Auz  28-Tul 18-Aug  6-Dec-13  1-Jun-14 1-Aug 24-Oct

KEZ1 1-JTan  31-Dec  4-Jan  14-Dec  21-May  4-Dec GDec-14  19-Apr-15 30-May 11-Dec

FHI1 1-Mar 8Dec 4May 17-Jun 4May 5-Sep 8 Dec-14 5-Mar13 30-May T-Dec
CL1 I-Feb  9-Nov  4-Jun 17-Jun 2-Im g-Nov G-Mar-13  T-May-14  T-Jun  28-Now

IC3 14-Jan 24-Dec  23-Jun  3-Aug 2-Iun 8-Oct 8-Dec-14 17-Mar-15  30-Jul  3-Nowv

04 Ic2 T-May 20-Dec  21-Jun  29-Jul 10-Fun 8-Oct T-Nov-14  26-Feb-13  17-al 2-Now
Il 8Jun  18Dec %Jun 6-Sep §-Tun 7-Oct T-Neov-14  20-Mar-13  21-Jul 3-Now

WT1 T-lun  16-Nov  153-Jun  7-Nov 1-hmn 1-Oct I-Nov-14  16-Nov-14 24-Jul  31-Oct

FE1 13-Tun  28-Nov 18-Jun 4-Auz  13-Tun 3-Oct 5-Now-14  28-Nov-14  3-Auz  24-Oct

EF2 20-Mar  4-Auz  26-Jul  26-Jul 24-Tul §-Aug - - 0-Jul 20-Oct
KZ1 2-Jan 5-Sep 6-Jan  11-Jun 22-Apr S-Sep - - 24 May 27-Now
PHI1 4-Mar 1-Sep  21-Aug 21-Aug 22-May  1-Sep - - I-Jun  28-Nov
CL1 6-Mar 19-8ep T-Jun  28-Jun  24-May  10-ep - - 153-Jun  20-Nowv
IC3 12-Mar  1-8ep 24Jun 24-Aug  OJun 1 Sep - - 30-Jun  12-Now
013 IC2 26-Feb  22-Aug  17-Jun 7-Tud 6-hun 22-Au - - 15-Jun 18-Nov
IC1 20-Mar  23-Aug  19-Jun 4-Tud 2-hm 23-Aug - - 15-Jun  2-Now
WT1 11-Jun  13-8ep 13-Jun  30-Aug  1l-an 13-Bep - - 30-lun  3-Oct
PE1 13-Jun 1-8ep 21-Jun  22-Tul 13-Jun 1Sep - - 7-Tul 30-Oct
EF2 3-Jul 6-Aug  4-Jul 5-Jul 3-Jul 6-Aug - - 5-Aug  20-Oct
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Figure 29. Monthly walrus calling distribution, 2010. Graduated scale in the September panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 6. for
numbers used to generate figure.

80



VII. MARINE MAMMAL DISTRIBUTION OCS Study
BOEM 2018-022

Figure 30. Monthly walrus calling distribution, 2011. Graduated scale in the January panel indicates % days
per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 6. for
numbers used to generate figure.
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Figure 31. Monthly walrus calling distribution, 2012. Graduated scale in the January panel indicates % days
per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 6. for
numbers used to generate figure.
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Figure 32. Monthly walrus calling distribution, 2013. Graduated scale in the January panel indicates % days
per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 6. for
numbers used to generate figure.
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Figure 33. Monthly walrus calling distribution, 2014. Graduated scale in the January panel indicates % days
per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 6. for
numbers used to generate figure.
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Figure 34. Monthly walrus calling distribution, 2015. Graduated scale in the January panel indicates % days
per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 6. for
numbers used to generate figure.

Gray whales

Gray whale calling activity, contrary to that seen for the other Arctic species, was
detected on only a few of the ARCWEST mooring sites (Figure 35; Table 2). The sites with the
highest percentage of days with calling activity were those in the southern Chukchi Sea (KZ1,
PH1, CL1) and at the inshore site between Barrow and Wainwright, AK (Figure 35; Table 15).
Peak calling activity also followed this same trend, with almost half of all days with calls at PH1
being peak calling days while only 20% at PB1 were peak calling days (Table 15).

The months with calling activity were similar among mooring sites (Figures 36-41; Table
16). In the southern Chukchi (KZ1, PH1, CL1), calling activity that occurred on more than one
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day ranged from April through November, while that at the northeastern sites (namely IC1 and
PBI1) spanned from May through November. Calling activity at the offshore Icy Cape sites (IC2
& IC3) was minimal with a total of 1 and 2 days with calling, respectively, over the entire five
years of data collection (Table 16). The same was true for the WT1 and BF2 sites, which had 2
and 0 days with calls detected, respectively.

Similar to the walrus results, gray whales had two periods with calling activity - summer
and winter (Figure 35; Table 17). The vast majority of the calling occurred during the summer
pulse, between June and November at the southern sites and between August and October at the
northeastern sites. Winter calling activity varied among years and locations, but occurred
between November and July. The highest number of days with winter calling was at the IC1 site
during the 2011 to 2012 overwinter period (10 days), followed by seven days at the KZ1 site
during the 2013-2014 period. Two or less days of calling activity was seen on each of the
remaining mooring with overwinter calling (IC1, CL1, KZ1, PBI).

Figure 35. Gray whale calling activity (presented as the percentage of ten-minute time intervals with calls) for
the nine ARCWEST locations (see Figure 2A), 2010-2015. Blue line indicates percent ice cover (zero-phase,
three-day moving average). Yellow shading highlights low level detections. Gray shading indicates no data.
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Table 15. Total gray whale calling activity, 2010-2015, for all ARCWEST mooring locations. Number of days

with recordings (Eff), number of days with calling activity (#), number of days with calling activity > 50%
(#pk), percent of days with calling activity (%), percent of days with calling activity > 50% (%pk).

Mooring [ Eff = #pk %W Yopk
K71 1126 107 1 10 <1
PH1 1125 368 132 33 14
CL1 1123 31 o 5 0
IC3 1647 2 ] <1 0
IC2 1636 1 1] <1 0
IC1 1765 23 o 1 0
WT1 | 1110 2 1] <1 0
PBE1 42 56 11 8 1
BE2 1784 0 0 0

Table 16. Average monthly gray whale calling activity, 2010-2015, for all ARCWEST mooring locations.
Number of days with calling activity (#), number of days with recordings (Eff), percent of days with calling
activity per month (%).

tom] | F2 PHIL ool I3 ) ICL WTIL PBI BF2

MO s EfF ep # EFF 9% # EF % % EF % & EF % # Ef % # EF 9% £ EFX % # EF %
JTan |0 93 0 0 9 0 0 9 0 0 155 0 0 155 0 0 155 0 0 9 0 0 62 0 0 155 0
Feb |0 8 0 0 8 0 0 8 0 0 14 0 0 14 0 O 141 0 0 8 0 0 56 0 0 141 0
Mar [1 93 1 0 93 0 0 9 ©0 0 15 0 0 15 © 0 155 0 0 9 0 0 6 0 0 155 0
Apr |5 9% 6 0 9 0 1 9% 1 0 15 0 0 150 © 0 150 0 0 % 0 0 60 0 0 150 O
May [2 93 2 0 9 0 1 9 1 0 13 0 0 143 0 2 155 1 0 9 0 0 62 0 0 155 0
Jun |34 90 38 35 00 30 10 9 11 0 98 O 0 111 O 3 147 2 0 9% 0 160 2 0 150 0
Tul {28 93 30 85 93 901 © 93 10 1 93 1 0 9 0 5 124 4 1 93 1 226 35 0 153 0
Aug [20 103 19 88 105 85 18 102 18 1 9 1 0 74 0 1 121 1 1 9 1 196 31 0 1235 0
Sep |10 111 9 90 110 82 10 109 9 0 158 0 0 154 © 2 157 1 0 103 0 1172 15 0 142 0
Oct |3 93 3 66 93 71 2 93 2 0 155 0 1 155 1 8 155 5 0 9 0 3 62 5 0 155 0
Nov [4 9 4 4 9 4 0 9 0 0 150 0 0 150 0 4 15 3 0 9 ©0 0 60 0 0 150 0O
Dec [0 93 0 0 95 0 0 93 © 0 15 0 0 15 0 0 155 0 0 9 0 0 6 0 0 155 0
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Table 17. Key timing events for gray whale calling activity. Underlined dates are recorder limited. Ice start
and end dates were obtained from satellite-derived ice concentration data. *These dates were obtained by
estimating the dates for the main pulses in Figure 35.

Year Mooring Sta:tcamnin 4 SPti;k EamEigd S;t-t:ﬂmMME::; fmmtﬁmg 4 Ice End Date Ice Start Date
010 Ic2 8-0ct 3-Oct - - 8-0ct  8-Oct - - 4-Jun 31-0Oct
IC1 1-0ct  9-Nowv - - 1-0ct  11-Oct 11592010 117972010 2-Tun 23-0ct
2011 IC1 20-8ep J-Nov - - 20-8ep 3-Nov 5/16/2012 7/21,2012 4-Jun 12-Nov
EZ1 1-MNov 13-MNowv - - 1-Nov 13-Nowv - - O-Jun 16-MNowv
012 PH1 |22-Aug 18-Nov 23-Aug 1-Oct 22-Augz 13-Nov - - 17-Jun 16-Now
CL1 |29-Aug 18-Oct - - 20-Aug 15-0ct 442013 4742013 27-Jun 14-Nov
IC1 16-May 19-Oct - - 8-Sep 19-Oct - - 24-Tul 1-Nov
EZ1 J-Jun  27-Now - - S-lun  13-Ang 11/27/2013  3/3/2014 8-Jun 26-Nov
PHI1 16-Jun 1-Nov 25-Jun 13-Oct 16-Jun 1-Nov - - 11-lun 23-Nowv
2013 cL1 4 Apr 4-Apr - - = = - - 21-Tun 24 Nov
IC1 9-Auz O-Aug - - 9-Augz 9-Ang - - 27-Jul 30-Oct
PE1 30-%ep 1-Oct - - J0-Sep 1-O0ct 6202014 62072014 1-Aug 31-Oct
KZ1 19-Mar 24-Nov 24-Jun 24-Jun 4-Jun 24-Nov 47172013 352520153 30-May 11-Dec
PH1 17-Tun 30-Mov 18-Tun 9-Oct 17-Jun 30-MNow - - 30-May T-Dec
2014 1IC3 23-Aug 23-Aug - - 23-Aug 23-Aug - - 30-Jul 3MNov
WT1 | 10-Aug 10-Aug - - 10-Aug 10-Aug - - 24-Tul 31-0Oct
PE1 20-Jun  5-Oct - - 6-Aug  5-Oct - - 3-Aug 24 0Oct
EZ1 1-Apr 8-Sep - - 17-Jun 8-Sep - - 24 May 27 -Nov
PH1 11-Jun 12-Sep 10-Jul 13-Aug 11-Jun 12-Sep - - 1-Tun 28-Nowv
2015 CL1 |30-May 8-Sep - - 30-May 2-Sep - - 13-Tun 20-Nov
IC3 16-Jul  16-Jul - - 16-Jul  16-Jul - - 30-Tun 12-Nov
WT1 30-Jul 30-Iad - - 30-Jul  30-hd - - 30-Tun 3-Oct
PE1 J-Jul  13-8ep 12-Jul 20-Aug  T-Jul 13- - - T-Jul 30-Oct
TFOW 1G5W  TEOW  155W  170W  165W : 1700 165W  160W  155W  170W  165W  1B0W  1558W

83N

Figure 36. Monthly gray whale calling distribution, 2010. Graduated scale in the September panel indicates
% days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 7. for
numbers used to generate figure.
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Figure 37. Monthly gray whale calling distribution, 2011. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,

respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 7. for
numbers used to generate figure.
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Figure 38. Monthly gray whale calling distribution, 2012. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 7. for
numbers used to generate figure.
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Figure 39. Monthly gray whale calling distribution, 2013. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,

respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 7. for
numbers used to generate figure.
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Figure 40. Monthly gray whale calling distribution, 2014. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 7. for
numbers used to generate figure.

92



VII. MARINE MAMMAL DISTRIBUTION OCS Study
BOEM 2018-022

Figure 41. Monthly gray whale calling distribution, 2015. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 7. for
numbers used to generate figure.

Subarctic species

Because the ARCWEST study area encompassed the southern Chukchi Sea, several
subarctic species (humpback, fin, killer, and minke whales, and ribbon seals) were detected in
varying levels over primarily the open water (summer) season. A variety of pinniped grunts,
yelps, and barks were detected but not identified to species. These detections are lumped
together as unidentified pinnipeds and most likely include species such as ringed and spotted
seals as well as less common calls types from bearded and ribbon seals and walrus. The
seasonality (primarily overwinter) of this set of calls aligns most closely with that of bearded

93



VII. MARINE MAMMAL DISTRIBUTION OCS Study
BOEM 2018-022

seals and so their calling distribution maps and tables are not included in this report. The rest of
the species analyzed (sperm and right whales) did not have any calling activity detected.

Humpback whales

Humpback whales were detected at all three moorings in the southern Chukchi Sea (KZ1,
PH1, CL1) and off Wainwright (WT1) and Icy Cape (IC3) in the northeastern Chukchi. The
number of days with humpback calling activity decreased northward (Figure 42; Table 18). The
percentage of days with calling that were at peak calling levels was low - with the KZ1 mooring
having the maximum at 4% (Table 18). Humpback calling was detected from June through
November; no overwintering calls were detected at any site in any year (Figures 43-48; Table
19). In addition, no consistent trends were seen in the start and end dates for the calling activity
pulses among mooring sites or years (Table 20).

Table 18. Total humpback whale calling activity, 2010-2015, for all ARCWEST mooring locations. Number
of days with recordings (Eff), number of days with calling activity (#), number of days with calling activity >
50% (#pk), percent of days with calling activity.

Mooring [ Eff # #pk % Yopk
K71 1126 206 45 18 4
PHI1 1125 133 15 12 1
CL1 1123 44 3 4 <1
IC3 1647 1 ] <1 0
IC2 1636 0 o 0 0
IC1 1765 0 o 0 0
WT1 [ 1110 6 o 1 0
PBE1 742 0 o 0 0
EEF2 1784 0 o 0 0

Table 19. Average monthly humpback whale calling activity, 2010-2015, for all ARCWEST mooring
locations. Number of days with calling activity (#), number of days with recordings (Eff), percent of days
with calling activity per month (%).

o] K2 PHI CL1 IC3 ic2 icl WT1 PBL EF2

MO L B 06 £ EFF % £ EF % & EffF O 2 Eff % & Eff U £ EF 0% £ EF 0% £ EF %
Jan |0 93 0 0 9 0 0 9 0 0 155 0 0 155 © 0 155 0 0 9 0 0 6 0 0 155 0
Feb [0 8 ©0 0 8 0 0 8 ©0 0 141 0 0 141 © 0 141 O 0 8 O 0 56 O 0 141 O
Mar [0 93 O O 9 0 0 9 @ 0 155 0 0 155 © o0 155 0 0 9 0 0 6 0 0 15 0
Apr |0 9 0 0 % 0 O % O O 150 O 0 150 O O 150 0 0 % O 0 6 0 0 150 0
May [0 93 0 0 9 0 0 9 ©0 0 138 0 0 143 0 0 15 0 0 9 O 0 62 0 0 155 0
Jun (9 9 10 3 % 32 3 9 3 0 9 0 0 111 0 O 147 0 1 9 1 0 6 0 0 150 O
Tul |30 93 32 23 93 25 15 93 16 0 93 O O 93 0 0 124 0 2 9 2 0 6 0 0 15 0
Aug [49 103 48 40 103 39 17 102 17 1 9 1 0 74 O O 121 O 0 9 O 0 6 0 0 123 0
Sep |66 111 59 36 110 51 5 109 5§ 0 138 0 0 154 0 ©0 157 0 0 103 0 0 72 0 0 142 0
Oct [50 93 54 10 93 11 4 93 4 0 155 © 0 15 © O 155 0 3 93 3 0 6 0 0 155 0
Nov [2 90 2 1 9% 1 0 9 ©0 0 150 0 O 150 © O 150 O 0 9 O 0 6 O 0 150 O
Dec |0 93 0 0 9 0 0 8 0 0 155 0 0 155 0 0 155 0 0 9 0 0 & 0 0 155 0
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Table 20. Key timing events for humpback whale calling activity. Underlined dates are recorder limited. Ice
start and end dates were obtained from satellite-derived ice concentration data. *These dates were obtained

by estimating the dates for the main pulses in Figure 42.

Calling Peak Calling Ice End Ice Start

Year Mooring Date Date

Start End Start End

EZ1 | 21-Aus 10-Nov 23-Aug 12-0ct 9-Jun  16-Nov
M2 PHU | 22-Aug  90ct 3-Sep 21-8ep 17-lun  16-Now
CL1 13-8ep 25-Oct - - 27-Jun 14-Nowv
K71 30-Jun 31-Oct 25Jul 9-Sep 8-Jun 26 Nov
PHI1 20-Jun 3-0ect 13-Jul T-8ep  1l-Jun  25-Nov

2013 CL1 11-Jul  23-Oct - - 21-Jun 24-Now
WT1 5-0ct  31-Oct - - 31-Jul  30-Oct
EZ1 16-Tun 2-Now  5-Bep 31-Oct 30-May 11-Dec
PHI1 13-Aug  30-Nowv - - J0-May  7-Dec
2014 CL1 23-Jun 18-Aug - - T-Jlun  28-Nov
IC3 13-Aug 158-Aug - - 30-Jul 3-Nowv
WT1 5-un 3-Tun - - 247l 31-Oct
K71 2-Jun  21-Sep 128ep 19-Sep 24May 27-Nov
2015 PHI1 19-Jun  2-Sep - - l-Jun  28-Now
CL1 21-Jun 1-Sep 4Rl 10-Auz 153-Tun 20-Now
WTI1 19-Jul  22-Jul - - 30-Jun 5-Oct
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Figure 42. Humpback whale calling activity (presented as the percentage of ten-minute time intervals with
calls) for the nine ARCWEST locations (see Figure 2), 2010-2015. Blue line indicates percent ice cover (zero-
phase, three-day moving average). Yellow shading highlights low level detections. Gray shading indicates no
data.

170W 165w 180W  155W  170W  165W  180W  158W  170W  165W  160W  155W  170W  185W  160W  155W

72N

Figure 43. Monthly humpback whale calling distribution, 2010. Graduated scale in the September panel
indicates % days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST
study areas, respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix
C. 8. for numbers used to generate figure.
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Figure 44. Monthly humpback whale calling distribution, 2011. Graduated scale in the January panel
indicates % days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST
study areas, respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix
C. 8. for numbers used to generate figure.
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Figure 45. Monthly humpback whale calling distribution, 2012. Graduated scale in the January panel
indicates % days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST
study areas, respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix
C. 8. for numbers used to generate figure.
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Figure 46. Monthly humpback whale calling distribution, 2013. Graduated scale in the January panel
indicates % days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST
study areas, respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix
C. 8. for numbers used to generate figure.
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Figure 47. Monthly humpback whale calling distribution, 2014. Graduated scale in the January panel
indicates % days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST
study areas, respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix
C. 8. for numbers used to generate figure.
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Figure 48. Monthly humpback whale calling distribution, 2015. Graduated scale in the January panel
indicates % days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST
study areas, respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix
C. 8. for numbers used to generate figure.

Fin whales

As mentioned above, analysis for fin whales was completed on just two years each of two
mooring sites (CL1, and PH1), plus two years each of three sites (IC1-3) were analyzed for the
CHAOZ project. For these five mooring sites, only two (PH1 and CL1) contained fin whale
detections (Figure 49; Table 21). The percentage of days with calling was moderate, however,
with calls occurring on approximately 10-20% of all days analyzed (Table 21). Of these days
with calling activity, approximately 5% were at peak calling levels (Table 21). Calling was
detected between June and November at the more southern site (PH1) and between July and
October for CL1 which was further to the northeast (Figures 50-52; Table 22); no calling was
detected overwinter at any site during any year. The data currently suggest that start dates are
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fairly consistent among years for a particular mooring site, with the ending dates also close
among mooring sites (Table 23).

OCS Study
BOEM 2018-022

Table 21. Total fin whale calling activity, 2010-2014, for completed ARCWEST mooring locations. Number of

days with recordings (Eff), number of days with calling activity (#), number of days with calling activity >

50% (#pk), percent of days with calling activity (%), percent of days with calling activity > 50% (%pk).

Moornng | Eff 7= #pk % Ypk
K71 0 0 0 NaN NaN
PH1 735 163 48 22 6
CL1 763 107 27 14 4
IC3 532 0 o 0 0

IC2 530 0 o 0 0
IC1 646 0 o 0 0
WT1 0 0 0 MNalN NaN
PE1 0 0 0 NaN NaN
EEF2 0 0 0 NaN NaN

Table 22. Average monthly fin whale calling activity, 2010-2014, for completed ARCWEST mooring
locations. Number of days with calling activity (#), number of days with recordings (Eff), percent of days with
calling activity per month (%)

Month KZ1 PH1 CL1 IC3 IC2 IC1 WT1 PEL BF2
= Eff % = Ef % = Ef % = Ef % £ Ef % = Ef % £ Ef % = Ef % £ Eff %
Jan (O O - 0 62 0 0 62 O 0 62 0 0 62 0 0 &2 0 0 0 - 00 - 0 0 -
Feb (O O - © 56 O O 5 O O 57 0 0 57 O o 57 0 0 O - OO0 - 0 0 -
Mar |0 O - O &2 O 0 62 0 0 62 0 0 62 0 90 2 0 0 0 - 00 - 0 0 -
Apr (OO O - 0 60 0 0 0 O 0 & 0 O & 0 O & 0 0 O - 00 - 0 0 -
May (O O - ©0 62 0 0 62 0 0 45 O O 5 O0 © &£ o 0 0 - 00 - 0 0 -
Jun (O O - 11 &0 18 0 &0 © O § O 0 21 O O 37 O O O - OO - 0 0o -
Jul (OO O - 15 62 21 14 62 22 O O - O O - © 3 O O O - 00 - 0 0 -
Aug [0 O - 435 72 60 25 T4 3% O 3 0 O 3 O O 2 0 0O 0 - 0 0 - 0 0 -
Sep ([0 O - 61 75 81 45 B4 54 0 351 O O 51 O O 49 O O O - O O - O O -
Oct (0 O - 335 62 53 25 62 237 0 62 0 0 62 0 0 &2 0 0 0 - 00 - 0 0 -
Nov |0 0 - 2 &0 0 0 0 O s 0 0 & O o & 0 0 0 - 00 - 0 0 -
Dec |O O - O 6 0 0 & 0 0 6 0 0 & 0 0 6 0 0 0 - o0 - 0 0 -

Table 23. Key timing events for fin whale calling activity. Underlined dates are recorder limited. Ice start and

end dates were obtained from satellite-derived ice concentration data. *These dates were obtained by

estimating the dates for the main pulses in Figure 49.

; . Calling Peak Calling  Ice End Ice Start
Year Mooring
“| Start End Stat End  Date  Date
2012 PH1 |22-Auz 31-0ct 26Aug 10-Oct 17-Jun 16Nowv
CL1 ([28-Augz 31-Oct 13-Sep 24-Oct 27-Jun 14-Now
2013 PH1 13-Jun 2-MNov 23Jul 2-MNov 1l-Jun 23-Now
CL1 18-Jul 27-0ct 23Jul 27-Oct 21-Jun 24-Now
2014 PHI1 6-JTun 13-Sep 23-Aug 15-8ep 30-May T-Dec
CL1 18-Tul 21-Sep 16Sep 21-Sep 7T-lun 29Now
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Figure 49. Fin whale calling activity (presented as the percentage of ten-minute time intervals with calls) for
the nine ARCWEST locations (see Figure 2A), 2010-2015. Blue line indicates percent ice cover (zero-phase,
three-day moving average). Gray shading indicates no data or data not yet analyzed.
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Figure 50. Monthly fin whale calling distribution, 2012. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 9. for
numbers used to generate figure.
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Figure 51. Monthly fin whale calling distribution, 2013. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 9. for
numbers used to generate figure.
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Figure 52. Monthly fin whale calling distribution, 2014. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 9. for
numbers used to generate figure.

Killer whales

Killer whales were detected at every mooring site in the ARCWEST study area (Table
24), but not consistently across years (Figure 53). The mooring sites with the highest proportion
of days with calls detected were the southernmost two (KZ1 and PH1), with the PB1 site in the
northeastern Chukchi a distant third (Table 24). Peak calling was minimal (i.e., levels < 1%).
Calling was detected from June through November, although a few days from March to May had
detections (Figures 54-59; Table 25). No calling was detected from December through February
at any site or during any year. Furthermore, no consistent start or end dates were seen among
mooring sites or years (Table 26).
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Table 24. Total killer whale calling activity, 2010-2015, for all ARCWEST mooring locations. Number of
days with recordings (Eff), number of days with calling activity (#), number of days with calling activity >

50% (#pk), percent of days with calling activity (%), percent of days with calling activity > 50% (%pk).

Mooring [ Eff = #pk %W Yopk
K71 1126 @7 3 o <1
PH1 1124 110 7 10 1
CL1 1114 &6 o 1 0
IC3 1647 1 ] <1 0
IC2 1636 1 1] <1 0
IC1 1765 8 1] <1 0
WT1 | 1103 1 1] <1 0
PBE1 42 16 o 2 0
BE2 1784 7 0 <1 0

Table 25. Average monthly killer whale calling activity, 2010-2015, for all ARCWEST mooring locations.
Number of days with calling activity (#), number of days with recordings (Eff), percent of days with calling
activity per month (%).

OCS Study
BOEM 2018-022

tom] | F2 PHIL ool I3 ) ICL WTIL PBI BF2

MO s B e % # EF 9% # EF % # EF % # EF 9% # EF % # EF % # EF %
JTan |0 93 0 0 9 0 0 9 0 0 155 0 0 155 0 0 155 0 0 9 0 0 62 0 0 155 0
Feb |0 8 0 0 8 0 0 8 0 0 14 0 0 14 0 O 141 0 0 8 0 0 56 0 0 141 0
Mar [0 93 0 0 93 0 1 9 1 0 15 0 0 15 © 0 155 0 0 9 0 0 6 0 0 155 0
Apr |0 9% 0 0 % 0 0 9% © 0 15 0 1 150 1 0 150 0 0 % 0 0 60 0 2 150 1
May [0 93 O 0 93 0 0 95 O 0 13 0 0 143 0 1 155 1 0 9 0 1 62 2 0 15 0
Jun |21 9 23 23 9 26 1 9 1 0 9 O 0 111 O 1 147 1 0 9% 0 060 0 1 150 1
Ful {17 93 18 33 93 a5 1 93 1 0 9 0 0 9 O 0 14 0 0 8 0 3 6 5 1 153 1
Aug [23 103 22 25 105 24 1 102 1 0 9 0 0 74 0 0 121 0 0 9% 0 06 0 0 125 0
Sep |18 111 16 24 109 22 2 100 2 1 158 1 0 154 © 1 157 1 1 102 1 1 72 1 1 142 1
Oct [11 93 12 3 93 3 0 9 0 0 15 0 0 155 0 3 155 2 0 9 0 4 62 6 2 155 1
Nov |7 9 8 2 9 2 0 9 0 0 150 0 0 150 0 2 15 1 0 9 ©0 7 60 12 0 150 0
Dec [0 93 0 0 95 0 0 93 © 0 15 0 0 15 0 0 155 0 0 92 0 0 6 0 0 155 0
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Table 26. Key timing events for killer whale calling activity. Underlined dates are recorder limited. Ice start
and end dates were obtained from satellite-derived ice concentration data. *These dates were obtained by
estimating the dates for the main pulses in Figure 53.

: . Calling Peak Calling [ce End Ice Start
Year Mooring
“| Start End Stat End Date  Date
011 IC1 3-8ep 10-Oct - - 4Jun  12-Nov
KEZ1l | 110ct 11Oect - - 0 Jun 16-Nov
PH1 |27-Aug 27-Oct - - 17-Tun  16-Nov
IC3 10-Sep 10-Sep - - 27-Iul 3-Now
012 IC? | 20-Apr 20-Apr - - 4l 1-Neow
IC1  |11-May 24-Jun - - 24Tl 1-Now
WT1 | 15-Sep 15-Sep - - -Auz  1-Nov
BF2 |28-Apr 220ct - - 6-Auz  3-Nowv
EZl [ 27-Jun 13-Nov 8-Sep 8-Sep 8Jun 26-Nov
PH1 | 14-Jun 30-8ep 4-Jul 12-Jul 11-Tun 25-Nowv
2013 CL1 13-Sep 23-Sep - - 21-Jun 24-Nov
IC1 1-Nov 12-Nov - - 27-Jul  30-Oct
FE1 22-0ct 21-Nov - - I-Auz  31-Oct
BF2 | 28-Tun 2-Tul - - l-Aug  24-Oct
EZ1 11-Jun 26-Nov 11-Jun 11-Jun 30-May 11-Dec
2014 PH1 | 12-Jun 24-Nov 7-Rul 14-Jul 30-May 7-Dec
CL1 4-Mar 17-Aug - - T-lun  2%-Nov
FE1 1-May 35-MNow - - 3-Aug  24-0Oct
K71 2-Jun 21-Aug 20Jun 20-Jun 24-May 27-Nowv
2015 PHI1 13-Jun 24-Auz - - l-Tlun  28-Nov
CL1 24-Jun  24-Tun - - 13-Tun  20-Nov
BFZ |[28-Apr 28-Apr - - 5-Aug  20-0ct
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Figure 53. Killer whale calling activity (presented as the percentage of ten-minute time intervals with calls)
for the nine ARCWEST locations (see Figure 2A), 2010-2015. Blue line indicates percent ice cover (zero-
phase, three-day moving average). Yellow shading highlights low level detections. Gray shading indicates no
data.

170VY  185W  160W  155W  170W  1B5W  180W  155W  170W  165W  180W  155W  170W  1B5W  160W  155W

Figure 54. Monthly killer whale calling distribution, 2010. Graduated scale in the September panel indicates
% days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 10. for
numbers used to generate figure.
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Figure 55. Monthly killer whale calling distribution, 2011. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 10. for
numbers used to generate figure.
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Figure 56. Monthly killer whale calling distribution, 2012. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 10. for
numbers used to generate figure.
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Figure 57. Monthly killer whale calling distribution, 2013. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 10. for
numbers used to generate figure.

112



VII. MARINE MAMMAL DISTRIBUTION OCS Study
BOEM 2018-022

Figure 58. Monthly killer whale calling distribution, 2014. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 10. for
numbers used to generate figure.
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Figure 59. Monthly killer whale calling distribution, 2015. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 10. for
numbers used to generate figure.

Minke whales

No minke whale pulsed calls (Winn and Perkins, 1976) were detected at any location on
any year. However, minke whale boing calls (Rankin and Barlow, 2005) were detected at all
three southern mooring sites and at the inshore Icy Cape site (IC1) in the northeastern Chukchi
Sea (Figure 60; Table 27). The CL1 site had the greatest proportion of days with calls detected,
but this amounted to just 2% (Table 27). Calling activity did not reach peak levels for any
mooring during any year (Table 27). The majority of days with boing calls present were
between September and November, although a few days were seen in March, April, and July
(Figures 61-66; Table 28). As with the other subarctic species, minke whale detections occurred
primarily during the open water period, however a handful of days in the ice period had
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detections (Figure 60; Table 28). No consistent timing of start or end dates of the calling were
seen (Table 29).

Table 27. Total minke whale (‘boing’ call) calling activity, 2010-2015, for all ARCWEST mooring locations.
Number of days with recordings (Eff), number of days with calling activity (#), number of days with calling
activity > 50% (#pk), percent of days with calling activity (%), percent of days with calling activity > 50%
(%pk).

Moornng | Eff = #pk % Ypk
EZ1 | 1126 5 o =1 0
PH1 (1124 2 o <1 0
CL1 1114 26 o 2 0
IC3 1647 0 o 0 0
Ic2 1636 0 o 0 0
IC1 1765 2 o <1 0
WT1 | 1103 0 o 0 0
PE1 742 0 o 0 0
BE2Z (1784 0 0 0 0

Table 28. Average minke whale (‘boing’ call) calling activity, 2010-2015, for all ARCWEST mooring
locations. Number of days with calling activity (#), number of days with recordings (Eff), percent of days with
calling activity per month (%).

tomm] F2 PHI CLL IC3 IC2 ICl1 WTI1 FBL BF2

MO L B e 2 Eff 0% 2 EF % & EF % & EF % £ EF % £ EF % 2 EX % £ EF %
Jan |0 93 0 0 93 0 0 9 0 0 15 0 0 155 0 0 155 0 0 9 0 0 62 0 0 15 0
Feb |0 84 0 0 84 0 0 8 0 0 141 0 0 141 0 0 14 0 0 8 0 05 0 0 141 0
Mar [1 93 1 0 93 0 0 9 ©0 0 155 0 O 155 © 0 155 0 0 9 O 0 6 0 0 155 0
Apr [0 9% 0 0 % 0 3 9 3 0 150 0 O 150 O 0 150 0 0 % O 0 60 0 0 150 O
May |0 93 0 0 93 0 0 9 0 0 13 0 0 143 0 0 155 0 0 9 0 0 6 0 0 15 0
Jun [0 9% O 0 9% O 0 9% O 0 9 O 0 111 0 O 147 0 0 9 O 06 0 0 150 0
7l |0 9 0 0 9 0 1 9 1 0 9 0 0 9 0 0 124 0 0 %9 0 06 0 0 153 0
Auz [0 103 0 0 103 0 0 102 0 0 9% 0 0 74 0O 0 121 0 0 9% 0 06 0 0 123 0
Sep |0 111 0 0 100 0 2 100 2 0 158 0 0 154 0 o0 157 0 0 102 0 0 72 0 0 142 0
Oct [2 93 2 1 93 1 14 93 15 0 155 0 0 155 0 2 155 1 0 9 0 0 6 0 0 155 0
Nov [2 9 2 1 9 1 6 9 7 0 150 0 0 150 0 0 15 0 0 9 ©0 0 60 0 0 150 0
Dec |0 93 0 0 93 0 0 93 0 0 155 0 0 155 © 0 155 © 0 9 0 0 6 0 0 155 0
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Table 29. Key timing events for minke whale ‘boing call’ activity. Underlined dates are recorder limited. Ice
start and end dates were obtained from satellite-derived ice concentration data. *These dates were obtained
by estimating the dates for the main pulses in Figure 60.

Year Mooring Calling Peak Calling IceEnd Ice Start
| Start End Stat End D3t Date
11 Il 18-Oct 19-0Oct - - 4-Tun 12-Nowv
2012 EZ1 | 180ct 7T-Nov - - &_Jun 16-Nov
CL1 [18-Oct 3Nov - - 27-lun 14-Now
EZ1 |20-Mar 27-Oct - - 8-Jun  26-Nov
2013 PH1 1-Mov 1-Nov - - 11-lun  25-Now
CL1 [30-Sep &-Nov - - 2-lun 24-Now
K71 F-MNov 3-NMov - - J0-May  11-Dec
2014  PH1 T-Oct T-Oct - - 30-May  TDec
CL1 J-Apr 13-Sep - - T-Tun 20-Nov

Figure 60. Minke whale ‘boing call’ activity (presented as the percentage of ten-minute time intervals with
calls) for the nine ARCWEST locations (see Figure 2A), 2010-2015. Blue line indicates percent ice cover
(zero-phase, three-day moving average). Yellow shading highlights low level detections. Gray shading

indicates no data.
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Figure 61. Monthly minke whale (‘boing’ call) distribution, 2010. Graduated scale in the September panel
indicates % days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST
study areas, respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix
C. 11 for numbers used to generate figure.
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Figure 62. Monthly minke whale (‘boing’ call) distribution, 2011. Graduated scale in the January panel
indicates % days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST
study areas, respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix
C. 11 for numbers used to generate figure.
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Figure 63. Monthly minke whale (‘boing’ call) distribution, 2012. Graduated scale in the January panel
indicates % days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST
study areas, respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix
C. 11 for numbers used to generate figure.
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Figure 64. Monthly minke whale (‘boing’ call) distribution, 2013. Graduated scale in the January panel
indicates % days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST
study areas, respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix
C. 11 for numbers used to generate figure.
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Figure 65. Monthly minke whale (‘boing’ call) distribution, 2014. Graduated scale in the January panel
indicates % days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST
study areas, respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix
C. 11 for numbers used to generate figure.
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Figure 66. Monthly minke whale (‘boing’ call) distribution, 2015. Graduated scale in the January panel
indicates % days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST
study areas, respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix
C. 11 for numbers used to generate figure.

Ribbon seals

Ribbon seals are the last subarctic species to be detected in the ARCWEST study area.
Ribbon seal calling activity was present at all mooring sites, but not consistently across years
(Figure 67; Table 30). The mooring site with the greatest proportion of days with calling activity
was the BF2 site on the eastern flank of Barrow Canyon, with calls detected on 7 % of the
analyzed days. The PH1 and CL1 mooring sites in the southern Chukchi saw 3-4% of days with
detections, and the rest were < 1% (Table 30). No moorings showed peak calling activity levels
greater than 1%. Most moorings showed calling activity between October and December,
although BF2 ranged from August through November (Figures 68-73; Table 31). In addition,
several sites (KZ1, PH1, IC1, PBI) also had a small number of days with detections in April and
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May, and IC3 had one day with detections in August (Table 31). The majority of ribbon seal
calling activity occurred during the open water season immediately prior to ice formation, which
suggest this is a migratory pulse calling, although a handful were present overwinter. No
consistent trends were seen with the start and end dates of the calling pulses.

Table 30. Total ribbon seal calling activity, 2010-2015, for all ARCWEST mooring locations. Number of days
with recordings (Eff), number of days with calling activity (#), number of days with calling activity > 50%
(#pk), percent of days with calling activity (% )percent of days with calling activity > 50% (%pk).

Moornng | Eff 7= #pk % Ypk
KZ1 | 1126 10 1 1 <l
PH1 (1124 41 6 4 1
CL1 1114 36 1 3 <l
IC3 1647 10 o 1 0
IC2 1636 14 4 1 <1
IC1 1763 11 o 1 0
WT1 | 1103 7 o 1 0
PE1 22 0o <1 0
BF2 [1784 118 26 7 1

Table 31. Average monthly ribbon seal calling activity, 2010-2015, for all ARCWEST mooring locations.
Number of days with calling activity (#), number of days with recordings (Eff), percent of days with calling
activity per month (%).

o] KZL PHL CL1 IC3 IC2 IC1 WTIL PB1 BF2

MOTRN L EfF ep 2 EF % & EF % £ EF 9% &£ Ef % # EF 9% # Ef % & Ef % # EF %
Jan |0 93 0 0 93 0 0 9 0 0 155 0 0 155 0 ©0 155 0 0 95 0 0 62 0 0 155 0O
Feb [0 8 0 0 8 0 0 8 0 0 141 0 0 141 0 0 141 0 0 8 ©0 0 56 0 0 141 0
Mar |0 93 0 0 9 0 0 9 0 0 155 0 0 155 O 0 155 0 0 9 0 0 6 0 0 155 0
Apr [0 9 0 0 % 0 0 % 0 0 15 0 0 150 0 2 150 1 0 % O 1 60 2 0 150 O
May [7 93 8 2 93 2 0 93 O 0 13 0 O 143 0 0 15 0 0 9 0 06 0 0 15 0
Jun [0 % 0 0 % 0 0 % ©0 0 9 O 0 111 © 0 147 0 O 9 O 0 6 O 0 150 O
T |0 93 0 0 9 0 0 9 O 0 9 0 0 9 ©0 0 124 0 0 8 0 06 0 0 15 0
Aug [0 103 0 0 103 0 0 102 © 1 9% 1 0 74 0 0 121 0 0 9 0 0 6 0 2 123 2
Sep [0 111 0 0 109 0 0 100 © O 158 0 O 154 0 0 157 0 0 102 0 0 72 0 19 142 13
Ot |1 9 1 5 9 5 7 93 8 4 155 3 3 155 2 0 155 0 3 9 3 0 6 0 51 155 33
Nov [2 90 2 30 90 33 26 90 20 5 150 3 10 150 7 O 150 6 4 9 4 1 60 2 46 150 21
Dec |0 93 0 4 9 4 3 03 3 0 155 0 1 155 1 0 155 0 0 9 0 0 62 0 0 155 0
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Table 32. Key timing events for ribbon seal calling activity. Underlined dates are recorder limited. Ice start
and end dates were obtained from satellite-derived ice concentration data. *These dates were obtained by
estimating the dates for the main pulses in Figure 67.

. Calling Peak Calling  Ice End Ice Start
Year Mooring
7| Start End  Stat End  Date  Date
2010 EF2 T-0ct 1-MNov  9-0Oct 2Oct 26-Jul 18-Oct
2011 IC1 6-Apr G-Apr - - 4L Tun  12-Now
EEF2 0-3ep 13-Nov - - 14 Jul  15-Oct
EF1 27 0ct 1T Nov - - S Jun  16-Now
FH1 26-0ct 26-Nov  1-MNov 24Nov 17-Jun 16-Nov
CL1 13 Oct 20-Now - - 27-Jun 4 Now
2012 IC3 iNov  G6Nov - - 27-Jul - 3-Now
Ic2 T-MNowv 20-Dec - - 24 ul 1-MNow
IC1 12-Mov  12-Nov - - 24-Jul 1-Now
WT1 [ 10-Nov 19-Nov - - 2-Aug 1Nowv
BF2 | 22-8ep 22-Nov 11-Nov 20-Nov 6-Aug 3-Nov
FH1 31-0ct  23-Dec - - 11-Jun 23-Now
CL1 13-0ct 17-Dec 23Mov 23-Nov 21-Tun 24-Now
IC3 B-Aug 23-Oct - - 21-Jul 26 Oct
2013 Ic2 3-Oct 9Nov 300ct 4-Nov  23-Jul  26-Oct
IC1 14-Apr 21-Nov - - 27 Jul  30-Oct
WT1 40ct 4 Nov - - 31-Jul 30Ot
PE1 l-Nov  1-Now - - l-Aug 31-Oct
BF2 | 22-Bep 16Nov 238ep 4-Nov 1-Aug 24-Oct
CL1 16-Nov 16Nov - - T-Jun 20 Now
IC3 T0ct 23 Nov - - -Jul 3-Now
2014 Ic2 31-0ct T-MNow - - 17-lul 2-Now
IC1 TNov 16Nowv - - 21-Jul - 3-Now
WT1 8-0ct 5-Oct - - 24 Tul  31-Oct
BF2 | 11-Augz 4-Now - - 30-Jul  20-Oect
K71 6-May 13-May T-May T-May 24-May 27-Now
2015  PH1 (11-May 12May 11 May 11-May 1-Jun 28Now
PE1 | 20-Apr 20-Apr - - T-Jul  30-Oct
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Figure 67. Ribbon seal calling activity (presented as the percentage of ten-minute time intervals with calls) for
the nine ARCWEST locations (see Figure 2A), 2010-2015. Blue line indicates percent ice cover (zero-phase,
three-day moving average). Yellow shading highlights low level detections. Gray shading indicates no data.
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Figure 68. Monthly ribbon seal calling distribution, 2010. Graduated scale in the September panel indicates
% days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 12 for

numbers used to generate figure.

125



VII. MARINE MAMMAL DISTRIBUTION OCS Study
BOEM 2018-022

Figure 69. Monthly ribbon seal calling distribution, 2011. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 12 for
numbers used to generate figure.
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Figure 70. Monthly ribbon seal calling distribution, 2012. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 12 for
numbers used to generate figure.
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Figure 71. Monthly ribbon seal calling distribution, 2013. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 12 for
numbers used to generate figure.
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Figure 72. Monthly ribbon seal calling distribution, 2014. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,

respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 12 for
numbers used to generate figure.
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Figure 73. Monthly ribbon seal calling distribution, 2015. Graduated scale in the January panel indicates %
days per month with calling. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 12 for
numbers used to generate figure.

Note on double knocks:

In the process of analyzing the large data set for the ARCWEST and CHAOZ-X projects,
a few sounds caught the attention of our dedicated team of analysts. One sound in particular, a
quick double knock, became a point of debate. For years it had been thought to be ‘mooring
noise’, created by chain or equipment rattling, and ignored. One analyst, Eric Braen, started to
look deeper into this sound and concluded that it seemed likely to be biological, not associated
with the other quick knocking species (i.e., walrus), and possibly attributed to fish. The rest of
the analysis team agreed the evidence was convincing enough to add this sound type to the
analysis routine so that seasonality could be determined. Therefore, the more recently analyzed
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moorings contain results for this sound type. Of these, the double knock was detected on 608 of
3468 days with recordings (~17%). At this point in time, the seasonality of this sound seems to
align best with that of beluga whales (Figure 74). However, further investigations are on hold
until a larger sample size of results from multiple moorings and years is obtained from the
Chukchi, Beaufort, and Bering Seas and more robust spatial and temporal trends can be
determined.

Figure 74. Double knock sound activity (green) overlaid on beluga whale calling activity (presented as the
percentage of ten-minute time intervals with calls) for the nine ARCWEST locations (see Figure 2A), 2010-
2015. Blue line indicates percent ice cover (zero-phase, three-day moving average). Gray shading indicates no
data or data not yet analyzed.

Environmental and anthropogenic sources

While reviewing the data for marine mammal calling activity, analysts also noted the
presence of anthropogenic (seismic airguns and vessel) and environmental (ice) noise. Although
not directly related to marine mammal presence, the results for these signals are reported here, as
they were analyzed and presented in a similar manner. We use noise activity here as the
equivalent of calling activity for these non-biological signal types.

Seismic airguns

Seismic airgun noise activity was present in all six open water seasons from 2010 to 2015
(Figure 75). It was detected at most of the mooring sites in the ARCWEST study area, with the
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exception of KZ1, the southernmost site (Figure 75; Table 33). Mooring sites along the Icy Cape
Line (IC1-3) and those furthest east (PB1, BF2) had the greatest proportion of days with airgun
noise activity, although all had less than 10 %. They also had the highest proportion of days with
peak noise activity levels (Table 33). The open water seasons of 2010, 2011, and 2013 had the
highest (saturated) levels of airgun noise activity, with 2013 having the longest sustained period
with saturated levels across the most mooring sites (Figures 76-81, Figure 81).

Table 33. Total airgun noise activity, 2010-2015, for all ARCWEST mooring locations. Number of days with
recordings (Eff), number of days with noise activity (#), number of days with noise activity > 50% (#pk),
percent of days with noise activity (%), percent of days with noise activity > 50% (%pk).

Moornng | Eff 7= #pk % Ypk
KZ1 | 1126 0O o 0 o
PH1 (1125 @ 2 1 <l
CL1 1123 31 13 3 1
IC3 1647 113 76 7 5
IC2 1636 102 70 ] 4
IC1 1763 93 61 5 3
WT1 | 1110 42 18 4 2
PE1 M2 40 10 5 1
BF2 [1784 120 ™ 7 4
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Figure 75. Airgun noise activity (presented as the percentage of ten-minute time intervals with airguns
detected) for the nine ARCWEST locations (see Figure 2A), 2010-2015. Blue line indicates percent ice cover
(zero-phase, three-day moving average). Gray shading indicates no data.
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Figure 76. Monthly airgun noise distribution, 2010. Graduated scale in the September panel indicates % days
per month with airgun noise. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 13. for
numbers used to generate figure.
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Figure 77. Monthly airgun noise distribution, 2011. Graduated scale in the January panel indicates % days
per month with airgun noise. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 13. for
numbers used to generate figure.
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Figure 78. Monthly airgun noise distribution, 2012. Graduated scale in the January panel indicates % days
per month with airgun noise. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 13. for
numbers used to generate figure.
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Figure 79. Monthly airgun noise distribution, 2013. Graduated scale in the January panel indicates % days
per month with airgun noise. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 13. for
numbers used to generate figure.
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Figure 80. Monthly airgun noise distribution, 2014. Graduated scale in the January panel indicates % days
per month with airgun noise. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 13. for
numbers used to generate figure.
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Figure 81. Monthly airgun noise distribution, 2015. Graduated scale in the January panel indicates % days
per month with airgun noise. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 13. for

numbers used to generate figure.

Vessel noise

Vessel noise activity was also present in all six open water seasons from 2010 to 2015
(Figure 82). It was detected at all of the mooring sites in the ARCWEST study area (Figure 82;
Table 34). The southernmost mooring site (KZ1) had the highest percentage (i.e., ~20%) of days
with vessel noise detected, while the easternmost (BF2) and furthest offshore (IC3) moorings had
the lowest percentage (i.e., < 10%; Table 34). The inshore Icy cape mooring (IC1), however,
had the highest sustained levels of peak vessel noise activity. The open water seasons of 2012,
2013, and 2015 had the highest (saturated) levels of vessel noise activity, with 2015 having the
longest sustained period with saturated levels across the most mooring sites (Figures 83-88).
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Table 34. Total vessel noise activity, 2010-2015, for all ARCWEST mooring locations. Number of days with
recordings (Eff), number of days with noise activity (#), number of days with noise activity > 50% (#pk),
percent of days with noise activity (%), percent of days with noise activity > 50% (%pk).

Mooring [ Eff = #pk %W Yopk
K71 1126 216 31 19 3
PH1 1125 165 36 15 3
CL1 1123 131 16 12 1
IC3 1647 100 27 6 2

IC2 1636 166 T3 10 4
IC1 1765 261 130 13 8
WT1 | 1110 181 39 16 5
PBE1 42 112 23 15 3
BE2 1784 140 23 8 1

Figure 82. Vessel noise activity (presented as the percentage of ten-minute time intervals with vessels
detected) for the nine ARCWEST locations (see Figure 2A), 2010-2015. Blue line indicates percent ice cover
(zero-phase, three-day moving average). Gray shading indicates no data.
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Figure 83. Monthly vessel noise distribution, 2010. Graduated scale in the September panel indicates % days
per month with vessel noise. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 14 for
numbers used to generate figure.
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Figure 84. Monthly vessel noise distribution, 2011. Graduated scale in the January panel indicates % days
per month with vessel noise. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 14 for
numbers used to generate figure.
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Figure 85. Monthly vessel noise distribution, 2012. Graduated scale in the January panel indicates % days
per month with vessel noise. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 14 for
numbers used to generate figure.
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Figure 86. Monthly vessel noise distribution, 2013. Graduated scale in the January panel indicates % days
per month with vessel noise. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 14 for
numbers used to generate figure.
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Figure 87. Monthly vessel noise distribution, 2014. Graduated scale in the January panel indicates % days
per month with vessel noise. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 14 for
numbers used to generate figure.
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Figure 88. Monthly vessel noise distribution, 2015. Graduated scale in the January panel indicates % days
per month with vessel noise. Red and yellow outlines indicate the CHAOZ-X and ARCWEST study areas,
respectively. Moorings with less than half a month of effort are indicated with a *; see Appendix C. 14 for
numbers used to generate figure.

Ice noise

A substantial source of noise on the year-long recordings was from ice, primarily caused
by cracking and rubbing (Xie and Farmer, 1992). Ice noise was detected during all overwinter
periods in all years and at all moorings where data were available (Figure 89; Table 35). Among
sites, the easternmost (BF2) and offshore Icy Cape (IC2-3) sites had the highest percentage of
days with ice noise detected, and those sites also had the highest proportion of days with peak
noise activity levels. However, please note that the lower noise activity levels seen during the
winters of 2010-11 and 2011-12 were a product of a miscommunication with the analysts to
mark ice presence, and should be considered artificially low. A map of ice noise activity can be
found in Appendix D1-6.
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Table 35. Total ice noise activity, 2010-2015, for all ARCWEST mooring locations. Number of days with
recordings (Eff), number of days with noise activity (#), number of days with noise activity > 50% (#pk),
percent of days with noise activity (%), percent of days with noise activity > 50% (%pk).

Mooring [ Eff = #pk %W Yopk
K71 1126 376 69 33 6
PH1 1124 446 104 40 g
CL1 1114 472 134 42 14
IC3 1647 891 289 54 18

IC2 1636 879 424 54 2

IC1 1765 728 219 41 12
WT1 | 1103 445 177 40 16
PBE1 42379 1200 51 16
BE2 1784 1233 611 69 34

Figure 89. Ice noise activity (presented as the percentage of ten-minute time intervals with vessels detected)
for the nine ARCWEST locations (see Figure 2A), 2010-2015. Blue line indicates percent ice cover (zero-
phase, three-day moving average). Gray shading indicates no data.
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3. Discussion

In this section we will discuss the long-term results for each species or signal, and how
they relate to current knowledge and literature. Because of the length and detail included in this
discussion section, key findings for each species or signal will also be presented as concise,
bulleted highlights in the Conclusions (Section VII.A.4) that follows.

Bowhead whales

The annual pattern of spring and fall pulses of bowhead whale calling activity described
in the results above for the ARCWEST study area complement what is currently known about
their spatio-temporal distribution in the scientific literature. The bowhead whales detected on the
long-term recorders are part of the Bering-Chukchi-Beaufort (BCB) stock that migrate through
the Chukchi Sea annually between their wintering grounds in the Bering Sea and their summer
feeding grounds in the Canadian Beaufort Sea (see Quakenbush et al., 2010 for an extensive
literature review of this migration). In the spring they remain close to shore and use leads in the
ice to migrate northward from the Bering Sea along the Chukotka or Alaskan coasts through the
Bering Strait, then following the Alaskan coast toward their summering grounds in the Beaufort
Sea (Braham et al., 1980; Moore and Reeves, 1993; Quakenbush et al., 2012). The fall migration
is known to diverge once past Point Barrow, AK; some whales head west toward Wrangel Island
and others head southwest toward the northern Chukotka coast (Moore and Reeves, 1993; Moore
and Laidre, 2006). In fact, the fall migration pathway in the Chukchi Sea fans out so much that it
cannot be considered a Biologically Important Area (BIA) designated migratory corridor (Clarke
et al., 2015a). Because the ARCWEST study area included some offshore mooring sites, it was
expected that the moorings located there would detect a pulse of calling activity associated with
the fall migration but would not detect any calling activity associated with the spring migration.

Although the timing of the fall migratory pulse in calling activity for the ARCWEST
study area is not consistent among years, its general movement among mooring sites follows the
same east-to-west trend. For all years, the fall pulse was first seen east off Barrow, moving
southwestward toward the southern Chukchi sites (Figures 7-12). This trend is also seen in
Figure 6 where the fall 2013 pulse begins in September at the BF2 mooring site and this start
date angles up later in time to the KZ1 mooring, where it begins in November. Furthermore, the
divergence of the fall migration once past Point Barrow is evident in the similarity of the fall
pulse in calling activity between the three Icy Cape mooring sites that range from 40 to 110 nm
offshore (Figure 6-11).

For the most part, a distinct end to the fall pulse of calling activity was evident in region
to the east of Cape Lisburne; very few days with bowhead calling were detected from January
through March, and most of those occurred in the initial ice formation period. In general, these
results fit for a population that is currently not believed to overwinter in the Arctic (Braham et
al., 1984a). They are also consistent with past studies (mainly aerial and some shipboard
surveys), which have described the fall migration as beginning in September and continuing
through November/December, when the whales pass through Bering Strait (Moore and Reeves,
1993). Current data from satellite tagging (Quakenbush et al., 2010) and other passive acoustic
studies (Hannay et al., 2013) have indicated a similar time frame. However, overwintering
calling activity was present at peak levels in the southern Chukchi. This continued presence of
bowhead whales north of the Bering Strait overwinter challenges the assumption that all
bowhead whales pass through the strait during the fall migration. Investigation of bowhead
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calling activity on moorings in the northern Bering Sea will help elucidate whether these
overwinter detections are due to a delayed fall migration, or one that never reached the Bering
Sea.

The calling activity present during this fall migratory period was typically not steady, but
composed of several peaks, the best example occurring during fall 2010 at the Icy Cape sites
(Figure 6), where three distinct peaks or modes were seen. TEK asserts that bowheads are
segregated by age class during their fall migration; smaller whales lead the migration, followed
by large adults including cow/calf pairs (Braham et al., 1984a)!* Recent work by Koski and
Miller (2009) using calibrated vertical photography on bowhead whales during their fall
migration in the eastern Beaufort Sea, found that small subadults do precede the adults, with
cow/calf pairs the last to leave. Ljungblad et al. (1987) also detected three peaks of calling
activity in the fall from migrating bowhead whales. While they interpret the three peaks as
representing aggregations or pulses of whales passing Barrow, they do not speculate as to the
age/sex classes of the pulses. Taken as a whole, these acoustic data suggest that if these pulses do
represent temporal separation between age classes, this separation varies interanually as well as
spatially. Barrow whalers report that the segregation of migration pulses in the fall is tenuous
(Huntington and Quakenbush, 2009), which may explain the differences seen here.

A more detailed acoustic analysis of these peaks found in the 2010 fall pulses is needed
to determine whether there is a difference in call characteristics among them, which might
suggest differences in calling among the age/sex classes. Results from this analysis could then be
applied to the other years/moorings to determine whether similar, but blurred, patterns exist in
those data. Finer scale analysis that includes the bowhead whale gunshot call is shown in Figure
13. This call type occurs near the end of the fall migration pulse in calling activity for almost all
years and moorings where data are available. One observed case of gunshot calls being produced
during the spring ice census in Barrow was not associated with any visible surface activity
(Wiirsig and Clark, 1993), but current recollection of this event is that it was associated with
adults and not cow/calf pairs (C. Clark, pers. comm.).

The spring pulse in calling activity also followed the expected west-to-east trend,
although the difference in timing between the southern and northeastern study areas was less
than that seen with the fall pulse. Also unsurprising was the reduction of the spring pulse
inshore-to-offshore along the Icy Cape line, with extremely low levels of calling activity at the
offshore (IC3) site in all years (Figure 6). As it was expected that most of the spring migration
would occur closer to shore in the leads of the shorefast ice, the surprising finding here is that
any spring calling was detected at the mooring sites of this ARCWEST offshore study area.
However, TEK describes another migration path in a lead approximately 75 miles from shore
(Huntington and Quakenbush, 2009), approximately even with the IC2 mooring site. In addition,
satellite tag (Quakenbush et al., 2013) and passive acoustic data (Clark et al., 1986; Hannay et
al., 2013) have shown that not all whales are confined to the lead system.

For the moorings to the northeast of Cape Lisburne, it is difficult to determine where the
spring pulse ends and the fall pulse starts. This is especially true the further east the mooring site
is located. In contrast, the moorings in the southern Chukchi have a clear separation between the
spring and fall pulses. Correspondingly, calling activity was present at all the northeastern

13 However, see Huntington and Quakenbush (2009) for description of fall migration consisting of large whales
passing by Barrow (now Utqiagvik) first, followed by medium then small whales.
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mooring sites/years during the open water (summer) season, while it was absent at the southern
Chukchi Sea moorings. The BF2 mooring, located just to the east of Pt. Barrow (Beaufort Sea),
is a known summer feeding ground for bowheads; a particular set of physical factors including
the flow of ACC water out of the Chukchi Sea can sometimes concentrate euphausiids and
copepods into dense aggregations (Ashjian et al., 2010; Moore et al., 2010; Okkonen et al.,
2011). The sustained high calling activity levels in the open water period at the BF2 mooring
site, while most of the population is summering in the main feeding ground in the eastern
Canadian Beaufort, supports its current designation as a biological hotspot for feeding.

Although calling activity during the open water season for the northeast Chukchi Sea
moorings is not as pronounced or continuous as was seen in the Beaufort Sea, it is still present
(Figure 6). The Chukchi Sea is used primarily as a migratory corridor by the BCB stock. It is
also identified as a BIA for reproduction (Clarke et al., 2015a), but this is based on sightings of
cow/calf pairs (including neonates) during the spring and fall migrations, and so it still has a
migratory context. Whether bowhead whales also use the Chukchi Sea to feed is unclear.
Bowhead whales are planktivorous, feeding mainly on copepods and euphausiids, although they
can also eat other crustaceans and fish (Lowry, 1993; Lowry et al., 2004). They can feed in the
water column, at the surface, and epibenthically (Wiirsig et al., 1989). Recent work by Mocklin
et al. (2012) has shown that epibenthic feeding is more prevalent than previously thought. As
stated by Clarke et al. (2015a), despite extensive aerial survey effort, very few observations of
feeding bowhead whales exist for the northeastern Chukchi Sea to be designated as a BIA for
feeding, although they also mention the limitations in identifying feeding behavior during aerial
surveys. Nevertheless, feeding has been observed in the Chukchi Sea (Lowry and Frost, 1984;
Ljungblad et al., 1986), and old whaling catch records have shown that bowhead whales
historically used the Chukchi Sea in the summer/fall months (Dahlheim et al., 1980). Several
authors have also suggested feeding during the spring migration is more common than
previously thought (Lowry et al., 2004; Moore and Laidre, 2006; Mocklin et al., 2012).
Furthermore, recent data from satellite tags have shown that bowhead whales sometimes turn
around mid-migration (Quakenbush et al., 2013), and so it is important to note that they most
likely are influenced by multiple motivators while in the Chukchi Sea. The factors potentially
influencing bowhead distribution will be investigated in Section X.A.

Finally, as noted in Hannay et al. (2013) it is possible that periods of low calling activity
levels are due to low calling rates and not necessarily from low whale presence (Wiirsig and
Clark, 1993). However, they counter with the fact that periods with low calling rates also
correspond to periods with low numbers of visual observations. From the visual survey and
passive acoustic monitoring conducted during the field cruises, it was found that bowhead
whales are equally likely to be visually sighted as acoustically detected. The long-term mooring
results presented here agree strongly with those obtained from visual observations, TEK, and
satellite tag data, and so we conclude that calling activity is a good proxy for the spatio-temporal
distribution of bowhead whales.

Beluga whales

The results for beluga whales, like those for bowhead whales, showed the presence of
both spring and fall pulses of calling activity in the ARCWEST study area. This, again, agrees
with the scientific and TEK information for this species that migrates annually between the
Bering Sea and the Arctic (Braham et al., 1984a; Lowry et al., 1985; Moore et al., 2000; Suydam
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et al., 2001; Suydam, 2009; Delarue et al., 2011; Citta et al., 2013; Hauser et al., 2014; Clarke et
al., 2015a; Garland et al., 2015b). The story for beluga whales, however, is complicated by the
fact that two populations of whales, the eastern Chukchi Sea and eastern Beaufort Sea, are
migrating through the study area at overlapping times (Hauser et al., 2014). As summarized in
Suydam et al. (2001), these populations were identified based on the areas that they use for
calving, molting, and feeding, and confirmed through genetic analysis. The Beaufort Sea
population concentrates in the Canadian Beaufort Sea, with core areas near the Mackenzie Delta
and in Viscount Melville Sound, while the Eastern Chukchi Sea population concentrates on the
continental shelf and slope in the northeastern Chukchi and western Beaufort seas with core
areas near Kasegaluk Lagoon and Barrow Canyon (Hauser et al., 2014). After overwintering in
the northern Bering/southern Chukchi Seas, both populations begin their migration north to their
feeding grounds in the Arctic. It is believed that the Beaufort Sea population begins their spring
migration first, starting in March and following leads in the ice until reaching their feeding
grounds in the Canadian Beaufort Sea no later than July (Braham et al., 1984a). The smaller
Eastern Chukchi Sea population is thought to begin its migration later (D. Hauser, unpublished
satellite tag data). They arrive at Kasegaluk Lagoon near Icy Cape, AK by late June — early July,
to calve, feed, and molt, and leave by mid- to late July as they spread out to feed further offshore
of Kasegaluk Lagoon, near Barrow Canyon, or up to the ice edge (Suydam et al. 2001; Hauser et
al., 2014). For both populations, calving and mating occur May-August, although young calves
have been seen as early as March and as late as September in the Arctic. Braham et al. (1984a)
list Peard Bay (between Barrow and Wainwright) as a prime mating location, but there is no
contemporary evidence to support this. In September, the Beaufort Sea population moves west
past the Eastern Chukchi Sea population and they hold this west-east positioning for the rest of
the fall migration to the Bering Sea (Hauser et al., 2014).

The spring pulse of beluga whale calling activity, the start of which was seen around
March in the southern Chukchi and around April in the northeastern Chukchi/western Beaufort,
is consistent with the spring migration. Unlike the bowhead spring migration, beluga whale
spring calling activity was seen at all moorings including those offshore (IC2, IC3). At first
glance, these results are puzzling, given the location of these moorings offshore (70-110 nm
respectively), well away from the along-shore lead system. However, this fits with results from
other passive acoustic studies (Delarue et al., 2011; Moore et al., 2012; Hannay et al., 2013) that
have also found high levels of beluga calling on offshore recorders in the Chukchi Sea in May,
and suggests that not all beluga whales are traveling northeast along the inshore lead in the
Chukchi Sea at this time of year. In fact, Suydam et al. (2001) have shown with satellite tags that
beluga whales do not seem to be limited by high ice concentrations. Fraker (1979) describes
extensive leads that develop far offshore (~ 74°N) in the Beaufort Sea, and that a substantial
number of beluga whales use these leads in the spring before the pack ice near shore becomes
navigable. Beluga whales have been observed swimming within areas with high ice
concentrations; the whales were seen transiting between open areas up to 3 km apart (Fraker,
1979). They have also been seen to break through ice up to 20 cm thick (Fraker, 1979).

Although not discussed, there are satellite ice data in Fraker (1979) that show the
presence of leads offshore on the Chukchi Sea shelf (mid-April 1977). Given the rapid rate of
climate change in the Arctic (Wang and Overland, 2015), it seems likely that these leads are still
present, or more extensive, in the present time. The question therefore, is not how the belugas are
getting offshore, but rather which population these detections are from, and which route(s) they
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are taking to get to these offshore sites. Including the full set of Chukchi/Beaufort data (Figures
15-19) provides a bit more context. The March through June panels of Figure 19 suggest that
perhaps some belugas are diverging from the inshore lead prior to reaching Point Barrow and
some are diverging afterwards. These offshore detections may be from Beaufort Sea animals that
have diverged off the eastward migration path along the coastal lead. The offshore detections
could also be from Eastern Chukchi Sea animals that are delaying their arrival at Kasegaluk
Lagoon by moving offshore to feed first. Again, like the Beaufort Sea population, the Eastern
Chukchi Sea population could be branching off at or before Icy Cape, or continuing to Barrow
Canyon and looping around offshore. In fact, the only Eastern Chukchi Sea beluga with a
functioning satellite tag during its spring migration left the Bering Sea and travelled NW into
Russian waters off the Chukotka Peninsula then east toward Barrow Canyon and the ice edge
before turning around and heading toward Icy Cape near Kasegaluk Lagoon (see tag #22149'4).
As suggested by Delarue et al. (2011), it would seem logical for the migrating whales to
replenish their energy stores before arriving in the lagoon, especially since they may not feed
there. The answer, however, probably lies somewhere in the middle: some combination of routes
from both populations may be occurring at the same time as is seen during their fall migration
(see Hauser et al., 2014). As a final point to consider, the presence of beluga calling activity
during winter months at most of the ARCWEST mooring locations adds the possibility that a
proportion of individuals from either population overwinter in the area. The association between
belugas and ice conditions is discussed in detail in Section X.A.

The presence of calling activity in the open water season, particularly the high levels seen
at the Beaufort Sea site (BF2) is consistent with the summer range of the Eastern Chukchi Sea
population of beluga whales (Hauser et al., 2014). This population has been reported to feed on
saffron cod, cephalopods, crustaceans, and marine worms (Seaman et al., 1982; Braham et al.,
1984a; Lowry et al., 1985). Other studies suggest that this population also feeds on Arctic cod
(Citta et al., 2013; Stafford et al., 2013; Hauser et al., 2014, 2015). Current data from
Quakenbush et al. (2015) found that shrimp were the predominant prey type; however, their
results are from the spring migration and potentially do not represent sampling from prime
beluga feeding grounds. The diet of the Beaufort Sea population is reported to be primarily
Arctic cod, along with other fish, cephalopods, and shrimp (Moore et al., 2000; Hauser et al.,
2015).

It is unknown if belugas are feeding at the mooring locations, or vocalizing while passing
through the area toward the ice edge. Beluga whales are highly vocal during most behavior states
(e.g., during social interactions, or directional swimming/migration). However, studies have
shown that beluga whales rely almost entirely on echolocation clicks when foraging (Castellote
etal., 2011; Panova et al., 2012; Castellote et al., 2016), although see Stafford et al. (2013) for a
summary of evidence to the contrary. Due to sampling rate limitations, the passive acoustic
recorders used in this (and the Hannay et al., 2013) study would be unable to detect echolocation
clicks, which have peak frequencies between 40-60 kHz (Au et al., 1985). However, the
possibility that the double knock call type could be attributed to fish, and its apparent co-
occurrence with beluga whale calling activity (Figure 74), has potential for investigating whether
beluga are foraging for fish in the CHAOZ-X study area.

14 http://www.north-slope.org/departments/wildlife-management/co-management-organizations/alaska-beluga-
whale-committee/abwc-research-projects/satellite-maps-of-tagged-alaskan-beluga-stocks/1998-2012.
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For all but the most southern mooring sites (KZ1, PH1) beluga calling activity in the fall
was less prominent than in the spring. This result follows that of Hannay et al. (2013), and is
consistent with aerial survey results (Clarke et al., 2015a), which show beluga whale sightings to
be low in numbers, and widely scattered, within the aerial survey limits (i.e., south of 72°N).
Although earlier satellite telemetry results (Richard et al., 2001) show avoidance of the Chukchi
shelf in this area, recent results from Hauser et al. (2014) show the two populations (and
males/females) occupying different shifting areas during the fall, essentially creating a broad
distribution across the Chukchi shelf. Past aerial survey data have suggested that the fall
migration splits at Point Barrow (Clarke et al., 1993), with one migratory path continuing
southwest through the Chukchi Sea and another remaining north of 72°N and heading west.
Satellite telemetry data have shown that belugas do travel into the pack ice, and their October
range reaches to at least 74°N (see Hauser et al., 2014 and references therein). Belugas were also
detected on approximately 30% of all days in October 2008 on a recorder located at 75°N
(Moore et al., 2012).

Multiple peaks are seen in some of the calling activity pulses. These are the most evident
during the fall pulse at the PH1 mooring site, and were also seen in the Hannay et al. (2013) data
(e.g., their Figure 6, W35). These peaks might be caused by the two populations moving by at
different times (Garland et al., 2015b), sex/age segregation (Hauser et al., 2014), or simply, in
the case of the spring migratory pulse, because they are stopped by the ice and have to wait until
their path is clear again (Fraker, 1979). Data from the BOEM-funded CHAOZ and BOWFEST
projects have been used to develop call repertoires for the Beaufort Sea (Garland et al., 2015a)
and Eastern Chukchi Sea populations. When completed, the two repertoires will be compared
and the results applied to the entire data set to hopefully differentiate between the two
populations using call characteristics alone.

Bearded seals

Bearded seal calling activity was maintained at such high and sustained levels throughout
the ice season in every year and at every ARCWEST mooring that, quite frankly, they were
considered an annoying source of background noise to the analysts (Figure 21-27). This
ubiquitous calling, however, has resulted in a substantial dataset that can be used to improve our
understanding of the spatio-temporal distribution of this species.

At all ARCWEST mooring sites and in all years with recordings, calling activity
increased from September through February, reaching sustained and saturated levels from March
through May in the southern Chukchi, and February through June in the northeastern
Chukchi/western Beaufort, when calling ceased abruptly. July and August had the lowest calling
activity levels of the year. At most sites and in most years, a smaller, less sustained pulse of
calling occurs prior to the main ramp-up of calling activity (tracking southwestward and
immediately preceding ice arrival, suggestive of a fall migration). This pulse is much larger and
defined in the southern region. Bearded seals give birth to their pups on the ice from late March
through May, and young are weaned within a few weeks (Burns and Eley, 1978). Mating and
molting occurs after pupping (Burns and Eley, 1978). The period with sustained and saturated
(100% of all ten-minute recordings per day have detections) calling levels, therefore, coincides
with this whelping/mating/molting season.

This timing of peak calling activity has been reported in several studies, (i.e., Moore et
al., 2012; Hannay et al., 2013; Maclntyre et al., 2013, 2015; Jones et al., 2014; Frouin-Mouy et
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al., 2016). It has been well-established that male bearded seals produce long (> 1 min) trills
during the mating season (Ray et al., 1969), and that the whelping/mating/molting season occurs
from March to late June (Burns and Eley, 1978). The abrupt end in calling seen in this and other
(i.e., Hannay et al., 2013; Maclntyre et al., 2015) studies may be an artifact of using a binned
analysis method, as pointed out by Frouin-Mouy et al. (2016) who counted the number of calls
detected and found that this decreased gradually at the end of the mating season. Regardless, the
fact that calling activity ceased within about a week among all moorings in a particular year and
do not appear to be related to changes in ice concentration (see Figure 21) suggests further
investigation is warranted into the environmental or biological factors behind these similar
trends. This, and the role these factors also play in the variation of calling activity levels
(including the small pulse of calling occurring before the main pulse) during the ramp up period
among mooring sites and years will be discussed in Section X.A below.

The presence of high levels of calling activity in the ARCWEST study area earlier than
the whelping season (i.e., in February) is most likely due to pre-mating season male-to-male
competition (Maclntyre et al., 2015), as evidenced by the shift in proportion of the use of certain
call types throughout the spring (Jones et al., 2014; Frouin et al., 2016), and certainly, the ramp
up of calling from September through January in this study supports this hypothesis. However, it
is also possible, with changing ice conditions in the Arctic, that the detection of calling activity at
saturated and sustained levels in February could also indicate that the mating season occurs (or is
shifting) earlier in the year than visual observations have determined. If so, this is an important
documentation of a phenological shift in the behavior of an Arctic species. Cameron et al. (2010)
provide a discussion on geographic differences in the whelping period, the earliest being late
February in the Sea of Okhotsk. Further investigation into the composition of call types used
during this period (i.e., using the methods of Frouin et al., 2016) will help to determine if this is
the case.

The data collected for this study also show that bearded seals are present in the
ARCWEST study area year-round. Again, this is in agreement with the passive acoustic data
results presented by Hannay et al. (2013), as well as others (e.g., MacIntyre et al., 2013, 2015 '3;
Jones et al., 2014; Frouin et al., 2016). Burns (1970), Braham et al. (1977), Burns and Eley
(1978), and Allen and Angliss (2013) provide thorough descriptions of the past and current
distribution and ecology of bearded seals. Results from over fifty years of vessel and aerial
surveys, as well as centuries of information passed down through TEK, have found bearded seals
to winter in the northern and central Bering Sea shelf and in the Bering Strait. From late winter
to early spring they are dispersed in the broken and drifting pack ice from the Chukchi Sea to the
ice edge in the Bering. It is thought that most of the north-bound seals pass through Bering Strait
between April and June. Bearded seals are widely distributed in the summer with some (mostly
juveniles) remaining near the coast in the Bering and Chukchi Seas. Most seals head south
through the Bering Strait in the fall, ahead of the advancing ice; it might be possible that the
precursor pulse of calling activity represents this migration, as its timing seems to indicate it
moves southward from CL1 to KZ1. It has also been reported that bearded seals move slightly
offshore in the late-fall/early winter as shore-fast ice forms along the coast (Cameron et al.,
2010). This southbound migration is said to be less predictable and noticeable than the
northbound leg. Recent satellite tag data has supported these trends, and has shown that the

15 These two papers used data from the CHAOZ and/or BOWFEST studies.
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southbound migration does not hug the coast as closely as the northbound migration (Boveng
and Cameron, 2013).

It is important to note that while these southbound migration trends are presented as ‘the
majority of bearded seals’, there are still cases of bearded seals being observed in the winter in
the Arctic. For example, Burns and Eley (1978) report that ‘the winter density of bearded seals in
the Beaufort Sea is low (about 0.1 animals/mile?) with animals found in the flaw zone and
nearshore pack ice’. Furthermore, visual surveys that are not corrected for haulout behavior
could result in a tenfold reduction in density estimates (Bengtson et al., 2005); the fact that
acoustic detections are being made means they are underwater and not on the ice. It is also
interesting that the region of the ARCWEST study area that is supposed to have most of the
population in the spring (i.e., the Southern Chukchi), does not show saturated calling until
March, while the more northeastern sites (WT1, PB1, BF2) reach saturation in February. Are
more animals passing more quickly through the Bering Strait into the Arctic; and if so, why? Is
the calling heard in the Arctic actually attributable to sub-adults, who are merely practicing for
the mating season, while mature adults are down in the southern Chukchi waiting for pupping to
end so that the females are available for mating? Whatever the reason, a multitude of passive
acoustic recorders distributed throughout the Arctic have all detected the substantial acoustic
presence of bearded seals over winter. Although it is noted that bearded seals do overwinter in
the Chukchi Sea (Cameron et al., 2010), these winter passive acoustic data should be included on
future Status Reviews to emphasize their overwinter use of the northeastern Chukchi Seas.

Bearded seals spend most of their time associated with the drifting pack ice, rarely
hauling out on land (and even avoiding areas with continuous landfast ice). They can, but rarely
do, maintain breathing holes, and so avoid areas with high (>90%) ice concentrations, preferring
areas where constantly moving ice helps to keep leads open. However, they also prefer heavier
pack ice (70-90% ice cover) than other phocid seals and therefore tend to be distributed further
north. Bearded seals tend to prefer areas where water depths are less than 200 m, and are most
abundant 20-100 nm from shore, rather than within 20 nm of shore (Burns and Frost, 1979;
Burns, 1981a). They are primarily benthic feeders and eat mainly crustaceans, mollusks,
cephalopods, worms, and fish. Males and females eat the same items, but a higher proportion of
the diet is composed of shrimp for the younger seals (Lowry et al., 1980). Their ability to forage
for a variety of organisms gives them an advantage over the more bivalve-centric walrus when
feeding in the same areas (Lowry et al., 1980). However, as sea ice retreats farther away from the
continental shelf into deeper waters, benthic foraging opportunities will diminish.

Before the recent changes in sea ice extent, bearded seals spent a majority of their time in
the Arctic and subarctic closely associated with the sea ice. This association still holds, but data
from aerial surveys, tagging, and passive acoustics show that many individuals now spend their
summer in open water. The lack of summer presence of calling activity, therefore, does not
imply absence of animals. As seen in the CHAOZ study (Berchok et al. 2015), and supported by
the results from Frouin-Mouy et al. (2016), bearded seal sightings are common during visual
surveys in the summer, although acoustic detections are rare (see Section VII.B below for
details).

Walrus

One of the biggest surprises of the CHAOZ study (Berchok et al., 2015) was the high
level of mid-winter walrus calling activity at the offshore, IC3, mooring site. This high level of
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calling activity did not continue in the subsequent years for the ARCWEST study, but instead
declined at a steady rate from the winter of 2012 to the winter of 2015 (Figure 28). Only low-
levels of calling activity, less than or equal to those seen in winter 2015 at IC3, were seen at the
other ARCWEST mooring locations.

Still, the presence of walrus calling activity overwinter in the ARCWEST study area is an
unexpected result, one that was not reported by any other passive acoustic study. Braham et al.
(1984Db) report that the population winters on Bering Sea pack ice to the south of St. Lawrence
Island (the majority of the population) and in outer Bristol Bay near Round Island, usually
around some form of open water (e.g., polynyas). Their seasonal movements were described by
Fay (1982). Walrus time their departure from their wintering sites in the Bering Sea based on ice
movements from wind and sea surface currents. They begin dispersing in April, with many
moving through the Bering Strait in May where they extend into the northeastern Chukchi Sea.
Most reach their summering grounds in July/August. In the past, their southbound migration
coincided with the rapid advance of the ice pack in October, which reached Bering Strait by
November!®. This results in a long period, November-April, where walrus should be south of
Bering Strait, but calling activity was present in the ARCWEST study area. Historical sightings,
however, of walrus off Point Hope from January through April are not uncommon (Fay, 1982),
and could help explain the overwinter walrus calling activity at the southern Chukchi sites
(especially the peak calling levels seen at KZ1).

For walrus to be present overwinter, some form of open water (e.g., polynya, leads) has
to be available. Jay et al. (2012) reported large amounts of open water accompanied by high
numbers of walrus in the Chukchi Sea in November of 2008-2011, so it is reasonable to assume
that some pockets of open water existed overwinter in the years of this study. The Modis ice
image from this time (Figure 90) provides compelling evidence that cracks forming in the Bering
Strait progressed to the ARCWEST study area by mid-March, 2012.

16 What has been known about walrus distribution is likely to continue to change as climate change progresses. The
passive acoustic data from Hannay et al. (2013) and radio tag data from Jay et al. (2012) suggest that, currently,
walrus are moving out of the Chukchi Sea earlier in the season based on the retreat of the ice edge as opposed to the
ice advance. Also, Jay et al. (2012) found that walrus are moving to the Chukotka coast prior to heading down
through the Bering Strait.
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Figure 90. Ice cover in the northeastern Chukchi Sea. MODIS infrared-band image from mid-March, 2012.
The three red dots mark the locations of the offshore (IC3), midshore (IC2), and inshore (IC1) mooring
locations. Image recolored to emphasize open water.

It is not unreasonable to assume that the walrus heard overwintering on the ARCWEST
recorders are subadults that do not have any reason to expend the energy required to migrate to
the breeding ground in the Bering Sea. Indeed, subadults seem ‘the most inclined to wander or to
be diverted by irregular ice movements’ (Fay, 1982). In addition, young male walrus tend to
remain at the periphery of the areas where the adults aggregate in the winter (Fay et al., 1984b).
Miller (1975) describes instances of subadult males engaging in reproductive displays and
suggests that practice sessions occur; this would explain the presence of calling activity if the
animals are, in fact, subadults. Since the mating season for walrus occurs mid-winter, between
December and March, peripheral subadults practicing reproductive displays seems a highly
plausible explanation for the presence of walrus calling activity at the KZ1 site, which is the
closest ARCWEST mooring to the known Bering Sea overwintering grounds. Incorporating
Bering Sea walrus calling activity distribution into the analysis would help to determine if the
KZ1 site is, in fact, on the periphery of the core use area. Even if this is the case, however, it is
possible that, as with bearded seals, a subset of walrus (regardless of age) overwinter in the
Chukchi Sea. Finer scale analyses into the call types present in these peripheral areas, versus the
core use area, could also help to elucidate whether there is any cohort segregation occurring.

Outside of the winter period, the timing of walrus calling activity did correspond to the
seasonal movements described above. This summer pulse in calling generally ranged from May
through October for the southern Chukchi moorings and June through September for those east
of the Icy Cape Line, and agreed with the findings of Hannay et al. (2013). Summer calling
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among the ARCWEST mooring sites was most saturated and sustained at the Icy Cape moorings.
However, when the full set of Chukchi/Beaufort data are included (especially in the August and
September panels of Figure 31-33), it is obvious that the Hanna Shoal area is their core use area.
This result was expected, given the importance of Hanna Shoal as a feeding area for this species
(Jay et al., 2012). Walrus are benthic feeders and prefer to remain in areas where the water depth
does not exceed 100 m (Fay, 1982). This includes all of the ARCWEST mooring sites (that are
typically in water depths of 40-50 m) with the exception of BF2 (right at their preferred limit of
100 m), which had the lowest proportion of days with calling activity detected. Their diet varies
spatio-temporally, and they forage opportunistically (Seymour et al., 2014), but feed primarily on
bivalve mollusks (Fay, 1982; Jay et al., 2014) and other invertebrates such as worms, snails, and
crabs.

Although it is typically thought that all walrus need to always be in close proximity to
ice, the truth is that differences in distribution are seen among age/sex classes. Females with
calves are the most migratory, and tend to stay with the ice edge as it moves north in the Chukchi
Sea. Because of the high energetic demands of nursing (which lasts for approximately two
years), it is logical that the females remain ice associated. Adult males are the least migratory,
hauling out along the Chukchi coast in the summer. In addition, many thousands of males
summer in the Bering Sea (Fay et al., 1984a). It is unclear why males do not also remain with the
ice, but Miller (1976) suggests it is because they do not have any high-energy demands in the
summer; they save additional energy by lying closely in groups, and the extra heat generated
from neighboring bodies aids with their molt. Their preference for haul out sites that are out of
the wind further supports this argument. The molting period is long, happening anywhere from
March to October with a peak in July/August (Fay, 1982). The time for an individual to molt is
also long, taking at least a month to complete; trips into the water will impede the molt as that
will cut off circulation to their skin, so the hair follicles cannot regenerate (Fay, 1982). Males
may also not need to remain associated with the ice because of their pharyngeal pouches (Fay,
1960). These pouches, which can be inflated to aid in flotation during resting periods, were
present more often in adult male specimens; fewer female specimens had them, while no
juveniles did. He goes on to say that females are neutrally buoyant with just their lungs inflated,
while males need the extra buoyancy offered by inflating the pharyngeal pouches. Since females
may also be able to rest without hauling out, it is possible that their association with ice is for the
benefit of their pups. Another advantage is that they can rest on the ice as it carries them and
their pups around to new feeding grounds.

It is important to note, however, that this model of age/sex class segregation might
change as the number of ice-free months increases. When the ice leaves Hanna Shoal early in
the season, moving out over waters too deep to forage in, large aggregations of walruses of all
ages and sex classes form enormous haul-outs on land (summarized in Hannay et al., 2013).
These combined haul-outs are dangerous for young walrus who can get trampled and killed
during stampedes; the resulting calf mortality can have compounding effects on the population
(Udevitz et al., 2013). These aggregations could also deplete the local benthic community so
that foraging excursions become further and more energetically taxing (Sheffield and Grebmeier,
2009).

However, Jay et al. (2012) also found that June/July is currently a time period with
walrus ranging further north than in the past, which may explain their acoustic presence along
the offshore portion of the Icy Cape line in those months. Which age/sex class is there? Ifit is
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assumed that underwater calls are produced by male walrus (Kastelein et al., 2002), it would be
expected that the largest levels of calling activity would occur closest to the coast where the
males are hauled out. This is counter to the ARCWEST results as well as with the findings from
Hannay et al. (2013). The lower levels of calling activity near the coast does fit with males not
entering the water during the molting period (and perhaps feeding ahead of it in June), but still
does not explain the higher levels on the shoal during the peak molting months of July and
August. It is possible that it is the females and their young producing the high level of calling at
this time on the shoal; they certainly are capable of producing knocks and bells, as shown by
Schusterman and Reichmuth (2008). Furthermore, Jay et al. (2012) found that over half the
walruses (mostly female) tagged at an onshore haul-out in 2011 made round trips to an area just
south of Hanna Shoal, a distance of 200 km. However this does not preclude males also making
the trip to the shoal, so at this time a determination on which age/sex classes are included in the
calling activity recorded cannot be made. Comparison with satellite tracks of tagged individuals
might help determine if female walrus typically make underwater sounds in the wild, but tagging
females with suction cup acoustic tags (e.g., DTAGs) would be by far the best method to quickly
verify that the original, male-only, assumption is correct.

Calling activity was not detected equally on all ARCWEST mooring sites/years or on any
of the moorings analyzed by Hannay et al. (2013), which suggests that walrus presence is
heterogeneous and highly dependent on local environmental conditions. Inter-annual differences
are also apparent. For example, all of the central-most moorings, CL1 and IC1-3, showed a
bimodal distribution in the summer of 2013, while the summer 2014 showed a single pulse at
these same sites (Figure 28). Factors influencing these spatio-temporal differences will be
investigated further in Section X.A.

Gray whales

While the CHAOZ and CHAOZ-X projects did not find substantial gray whale calling
activity present on any of their sites, the ARCWEST project did. This is primarily due to the
inclusion of the southern Chukchi Sea within the ARCWEST study area, and the PHI1 site in
particular, a known gray whale hotspot (Moore et al., 2000; Clarke et al., 2015a). However,
detections at the IC1, WT1, and PB1 fit with the feeding Biologically Important Area
designation of the area within 90 km of shore between Point Lay and Point Barrow (Clarke et al.,
2015a).

Gray whales have the longest migration of any Arctic species, overwintering in the
breeding/calving lagoons of Baja California and feeding in the Bering and Chukchi Seas in the
summer and fall (Swartz, 1986). Departure from the breeding grounds in the spring is bimodal,
with adults leaving in February/March and cow/calf pairs following in March/May. The spring
migration reaches Unimak Pass mid-March to mid-June. The feeding season spans from June
through September in the northeastern Chukchi Sea and June through October (and sometimes
into late November (Rugh et al., 2001)) in the southern Chukchi Sea between Cape Lisburne and
Point Hope (Clarke et al., 2015a), before the whales begin their southward migration with the
pregnant females in the lead (Swartz, 1986). This timing fits well with summer pulses in calling
activity that occurred on the northeastern ARCWEST moorings from August through October
and in the southern sites from June through November. These dates also fit with the overall
sighting rates from recent aerial surveys, which show an increase of sightings in July and August
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(Clarke and Ferguson, 2010). The sporadic detections from recent passive acoustic monitoring
efforts in the northeastern Chukchi Sea have also fallen into this timeframe (Hannay et al., 2013).

The lack of calling on the offshore Icy Cape (IC2 and IC3) and Beaufort (BF2) sites was
also expected. Recent aerial surveys have found that most gray whales remain within
approximately 40 km from shore between Point Barrow and Point Lay, AK, as well as 100 km
offshore of Wainwright (Clarke and Ferguson, 2010; Clarke et al., 2017). In addition, only a
handful of gray whales have been sighted east of 155°W, near the BF2 site (Clarke et al.,
2015a). Furthermore, in agreement with the results presented by Stafford et al. (2007b), who
found gray whale calls present from October 2003 to May 2004 at a mooring located northeast of
Barrow, AK, a few days with calling activity were detected overwinter on the IC1 and PBI1
mooring sites. Additional overwintering detections were made on the southernmost ARCWEST
mooring (KZ1) in both 2014 and 2015, as well as at the CL1 mooring site in 2013. Incorporating
gray whale calling activity distribution from the Bering Sea recorders will help investigate
whether these detections are isolated instances or part of a larger distribution of detections south
of the Strait.

Despite agreement with aerial survey results, it is important to note that the low levels of
calling activity detected could also be due to a combination of two factors: a low calling rate, and
calling behavior that is context-dependent. Crane and Lashkari (1996) found that gray whales do
call along their migration route, but the calling rate is extremely low (mean: 20 hr. between
calls). This means, assuming a swim speed of 6 km/hr (Rugh et al., 2001), that there could be
~65 nm between calls; the chance that a recorder will be recording when a whale is calling
nearby is low. Additionally, gray whales are in the Arctic to feed. Although there is information
on gray whale calling behavior on their breeding grounds and during their migration, little exists
on the sounds they make while feeding. They are presumed to be silent when feeding (e.g.,
Ljungblad et al., 1983), but the occurrence of additional behaviors such as social or reproductive
behaviors may affect calling rates. Data from the joint visual and passive acoustic survey efforts
undertaken on the field cruises for this study (see Section VII.B.2) have shown that the same
concentrations of whales in the same area at different times over the course of a single cruise can
have vastly different calling rates due to differences in behavior. In short, although feeding was
present in both cases (as evidenced by mud plumes), calling was detected only when courtship
behavior was also present.

The last confounding factor that may influence both the calling behavior and the
detection of those calls is the presence of ambient noise. As mentioned in both Crane and
Lashkari (1996) and Hannay et al. (2013), ambient noise can make the low frequency calls of
gray whales hard to detect. Furthermore, is unknown what effect anthropogenic noise, such as
that from vessels or airguns, has on the calling behavior of gray whales. Many studies exist (see
Moore and Clarke, 2002 for summary, as well as Muir et al., 2015 for recent work) that show
gray whales react to anthropogenic noise sources by changing their course to avoid it. Only two
studies (Dahlheim, 1987; Dahlheim and Castellote, 2016) have examined the effects of these
noise sources on the calling behavior of gray whales. The findings included increased calling
rates with playback signals such as boat noise and gray whale calls, but a reduction or cessation
of calling altogether when novel sounds (such as oil drilling noise) or killer whale vocalizations
were transmitted. It is possible that the presence of the impulsive signals from airguns might
have an effect on gray whale calling rates, but whether calling will increase or decrease, and the
potential biological consequences of these behavioral disturbances is unknown at this time.
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Other species

The northward encroachment of subarctic species into habitats historically occupied
solely by Arctic species is a serious concern. Clarke et al. (2013b) suggest their intrusion into the
Arctic may be due to either post-whaling population growth, or to climate change extending the
open water season. Having the ability to monitor year-round for these species is important as we
try to sort out what changes are happening and their subsequent effects on Arctic/subarctic
species. For this reason, analyses of the passive acoustic recordings extended to a number of
subarctic marine mammal species. Some of these species, like fin, killer, minke, and humpback
whales and ribbon seals, have been sighted or detected in the Arctic before, and therefore would
be expected to have at least some calling activity. We will discuss each of these species below.
Other species, such as right and sperm whales, were not expected to be present in the
ARCWEST study area. Although we did analyze the data for these species, the fact that we did
not find any calling activity is expected and therefore no discussion follows.

Humpback whales

Humpback whales were another species, like gray whales, that were detected with greater
frequency during the ARCWEST project than in the CHAOZ and CHAOZ-X projects. Again,
this was primarily due to the inclusion of the southern Chukchi Sea within the ARCWEST study
area. They are common in the Bering Sea in certain areas during summer months: north of the
Aleutians and Alaskan Peninsula, in Bristol Bay, and near Pervenets Canyon along the northern
Bering Slope (Friday et al., 2013). They were also found, through a compilation of results from
vessel-based and aerial surveys as well as through passive acoustic monitoring via sonobuoys, to
be the most common subarctic cetacean found throughout the southern Chukchi Sea (Clarke et
al., 2013b). However, few sightings or detections have been made using comparable methods in
the northeastern Chukchi/western Beaufort Seas (Aerts et al., 2013; Clarke et al., 2013b;
Berchok et al., 2015; this study - see Section VIL.B.2).

Results for the long-term passive acoustic moorings were similar. Over the five years of
data analyzed for the ARCWEST project, only seven days had humpback whale detected in the
northeastern Chukchi Sea (at the IC3 and WT1 sites); there were zero days with detections at the
western Beaufort Sea mooring site (BF2). This is similar to the findings of Hannay et al. (2013),
who reported only two days of humpback whale detections on their vast array of passive acoustic
recorder moorings in the northeastern Chukchi Sea from 2007-2011.

In contrast, nearly 400 days had humpback whale detections in the southern Chukchi Sea.
The majority of these were found on the two southernmost sites (PH1, KZ1) which are both
located in a highly productive area (Grebmeier et al., 2015). Humpback whales are feeding
generalists, and will take advantage of the numerous prey types found in this hotspot area. The
Hannay et al. (2013) study did not include any recorders to the south of Cape Lisburne and so it
is not surprising that they did not have any detections in this area. The timing of the humpback
whale calling activity agrees with what has been found from recent vessel-based and aerial
survey methods: calling was present from June through November (peaking in September and
October with ~50% of days having calling activity) in the southern Chukchi, and June through
October in the northeastern Chukchi.

The question remains, however, whether the recent uptick in sightings/detections is real
or an artifact. As pointed out by Clarke et al. (2013b), this increase could be due to an increase
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in survey/monitoring effort, a range expansion post-whaling, environmental changes, or a
combination of all three. The passive acoustic results included here show that, although there are
some inter-annual differences, the presence of humpbacks in the southern Chukchi Sea has been
constant for at least four open water seasons. Starting in the fall of 2015, oceanographic
moorings were deployed at the PH1 site; a closer look into the factors influencing these spatio-
temporal differences will therefore be investigated in the future, once those data can be
incorporated.

Fin whales

Like the gray and humpback whales mentioned above, the fact that fin whales were
detected for ARCWEST and not for either CHAOZ or CHAOZ-X is due to the inclusion of the
southern Chukchi in the ARCWEST study area. Fin whales are a subarctic species that, in
Alaskan waters, are common throughout the Gulf of Alaska (Watkins et al., 2000; Stafford et al.,
2007a) and Bering Sea shelf (Moore et al., 2002). Historically they ranged in these locations as
well as in the Western Chukchi Sea (Mizroch et al., 2009). Short-term sonobuoy results
(Berchok et al. 2015; Crance et al. 2015; this study Section VII.B) show fin whales to be
distributed more often in the southern Chukchi Sea from Cape Lisburne to Bering Strait.
Although fin whales are more easily detected acoustically than sighted visually (Berchok et al.,
2015), their distribution in the southern Chukchi is still supported by visual sighting results from
vessel-based and aerial surveys (Clarke et al., 2013b). Other long-term mooring efforts have
also found fin whales to range not much farther past the Cape Lisburne area (Delarue et al.,
2013a; Hannay et al., 2013).

The only moorings in the northeastern ARCWEST study area analyzed for fin whales
were those deployed and analyzed for the CHAOZ study (i.e., IC1-3 2010-2012)!7. No calling
activity was detected on those moorings, however. Fin whales detected on sonobuoys during the
research cruises were also mainly concentrated in the area off Cape Lisburne and south. The one
exception is a series of about 30 fin whale calls detected on a sonobuoy deployed in late August
2012, approximately 50 nm off the coast near Barrow, AK (Crance et al., 2015). There is the
possibility that fin whales are present in the area but are not vocalizing. However, sightings of
fin whales on ship and aerial surveys are rare in the U.S. Arctic and have not occurred outside
the southern Chukchi Sea (Aerts et al., 2013; Clarke et al., 2017).

We found fin whale calling activity in the southern Chukchi Sea from June through
November. This range is larger than the July through September range reported by Clarke et al.
(2013b); however, their data were compiled from field efforts that were biased toward the open
water season. Recent long-term monitoring off the Point Hope area by Tsujii et al. (2016) has
reported fin whale detections from July through early November. Their presence throughout
most of the open water season demonstrates the importance of the southern Chukchi as a feeding
ground. Fin whales, like humpbacks, are feeding generalists that can take advantage of whatever
prey is available in the hotspots of this region, and perhaps impact the success of the Arctic

17 As mentioned earlier, attempts at autodetection of fin whale calls on this dataset did not yield satisfactory

results. We have been working with Cornell to revisit the efficacy of using autodetectors for fin whales. The
ARCWEST mooring data will be processed for both fin whale 20-Hz song notes and mid-frequency calls (90-30 Hz
band) using multiple detectors on a Cornell autodetection system at a later time.
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species that have utilized these resources in the past (Sigler et al., 2012; Clarke et al., 2013b;
Grebmeier et al., 2015).

It is unclear whether the increase in occurrence of fin whales in the southern Chukchi is
real or an artifact of the increased passive acoustic monitoring effort. Fin whales are typically
more easily detected acoustically than visually (Berchok et al., 2015), and outside of
opportunistic sonobuoy deployments, passive acoustic monitoring in this area did not begin until
2007 (Hannay et al., 2013). Furthermore, if their occurrence is, in fact, increasing, it is unclear
whether this is due to a population increase or range expansion of a single or multiple
population(s), and whether these changes are due to natural population recovery from whaling
pressures or from changes to the environment. Additional investigations into the call types
present throughout this pulse of calling activity may help to track the general movements of the
different populations throughout this area (Delarue et al., 2013a). Current passive acoustic
methods also cannot determine whether the increase in fin whale occurrence is due to an increase
in the number of animals using the area or just an increase in time spent in the area. Future work
with density estimation techniques (e.g., Marques et al., 2009) may provide the means to help
answer this question. At any rate, a closer look into the factors influencing fin whale presence
throughout the ARCWEST study area will be pursued once the autodetection algorithms have
been improved and the rest of the mooring sites have been analyzed.

Killer whales

Killer whale calling activity was detected at every site in the ARCWEST study area, but
levels were highest in the southern Chukchi Sea, followed by the PB1 mooring site in between
Wainwright and Point Barrow. Calls were detected from June through October which aligns
perfectly with the timing and distribution of gray whales in the ARCWEST study area, which
suggests the latter are an important prey item. In fact, one attack by a pod of killer whales on a
gray whale calf in the nearshore waters near Wainwright happened during the ARCWEST field
survey in September 2013 (see Section VII.C.2). The results in the southern Chukchi match with
those from Hannay et al. (2013), who had occasional detections of killer whales in the Point
Lay/Cape Lisburne recorders annually between late July and October. Detections at the other
mooring sites in the ARCWEST area were infrequent and sporadic. This agrees with shipboard
(Aerts et al., 2013; Berchok et al., 2015; this study - see Section VII.B.2) and aerial surveys
results (Clarke et al., 2013b), which have found killer whale sightings to be rare. Opportunistic
sightings (George and Suydam, 1998) are also uncommon.

Not much is known about killer whales in the Arctic other than it seems likely they are
the transient ecotype. See Clarke et al. (2013a) for references that support this assumption. The
transient ecotypes are mammal eaters, who stalk their prey silently (Deecke et al., 2005) and so it
is unlikely that many calls would be detected in the study area. However, the lack of visual
sightings suggests that it is not just a matter of them being present and not heard, but rather a
combination of low presence and low calling activity. At any rate, they are typically very vocal
just after a kill (Deecke et al., 2005), so perhaps information on their feeding frequency might be
able to be obtained from these data with additional analysis on the characteristics of post-
foraging calling bouts.

162



VII. MARINE MAMMAL DISTRIBUTION OCS Study
BOEM 2018-022

Minke whales

The story for the minke whale mirrors that of the humpback; they are sighted infrequently
in the northeastern and southern Chukchi Sea by visual and vessel surveys (Aerts et al., 2013;
Clarke et al., 2013b; this study - see Section VII.B.2), and passive acoustic detections are rare.
Although analyses included the minke whale pulsed call, this call type can be difficult to
attribute to species, especially in the presence of other vocalizing species, and so is most likely
missed (or marked as ‘maybe’). However, the repertoire of minke whales also includes the
‘boing’ call (Rankin and Barlow, 2005) that is quite unmistakable.

In the northeastern Chukchi Sea, there were only two days where minke whale boing
calls were detected, both in October on the IC1 mooring site. The majority of the minke whale
boing call detections were made in the southern Chukchi, primarily at the CL1 mooring site.
Delarue et al. (2013b) found minke whale boing calls offshore between Cape Lisburne and
Wainwright in 2009 and 2011. All but one of their call detections occurred in October, while
visual sightings occurred throughout the summer and fall, leading them to hypothesize that boing
calls are produced seasonally as a reproductive display (Delarue et al., 2013b). The ARCWEST
detections were not limited to October, however (Figures 61-66). Although the majority of days
with detections occurred in October, the main pulse in the southern Chukchi lasted from
September through November, with other detections made in March, April, and July. More fine-
scale analysis of the pulse repetition rate of the individual boing calls will help identify whether
they are the eastern or central boing call type, which could be useful in future stock structure
assessments, especially because there is debate on whether the minke whales found in the Bering
Sea and north are a separate migratory stock from those in the North Pacific (Clarke et al.,
2013b). As with the other subarctic cetacean species discussed previously, minke whales are
feeding generalists that can take advantage of whatever prey is available.

Ribbon seals

The last of the subarctic species detected was the ribbon seal, whose calling activity was
again present at low levels at all mooring sites in the ARCWEST study area. The BF2 mooring
site had the most consistent and highest levels, which is unsurprising given its proximity to the
Beaufort slope. As summarized by Boveng et al. (2013), ribbon seals are deep divers and prefer
feeding on the continental shelf slope in the pelagic and demersal zones. They prefer to feed on
fish such as pollock and cod (Arctic, Pacific, and saffron), cephalopods such as squid and
octopus, and crustaceans. Including the full set of Chukchi/Beaufort Sea data (Figures 68-73)
shows that the CHAOZ-X study site (HS3), which is closest to the Beaufort slope, has the most
sustained presence of Ribbon seals.

The majority of calling at all sites was centered in October/November. On both the
Chukchi Sea shelf (Hannay et al., 2013), and on the Chukchi Plateau (Moore et al., 2012) ribbon
seal calling was also detected during October/November. Jones et al. (2014) found ribbon seal
calling on their slope site in late September. In this study, calling activity ceased concurrently
with ice formation at all sites and in all years (Figure 67). This agrees with what is known about
ribbon seals: they are highly dispersed during the open-water season, returning to the Bering Sea
with the advance of the ice edge (Boveng et al., 2013). Recent satellite tagging efforts have
found that about 30% of ribbon seals tagged in the central Bering Sea moved into the Arctic with
the ice retreat and, during July-October, spent about 10% of their time there. Most of the tagged
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seals stayed in the Bering Sea, however, both on the shelf (including coastal areas) and in the
basin, leading Boveng et al. (2013) to suggest that ribbon seals can thrive in a diversity of
habitats and environmental conditions outside their ice-obligated activities time period. Inclusion
of Bering Sea passive acoustic mooring data in the ribbon seal analyses will allow for an
independent verification of this finding.

Ribbon seal calling activity was additionally detected during April/May at half of the
ARCWEST mooring sites. This coincides with the reproductive season, when the seals are
thought to remain in the Bering Sea. As summarized in Boveng et al. (2013), ribbon seals are
strongly associated with pack ice in the Bering and Okhotsk Seas during the whelping/nursing
season, which extends from mid-March through June. Ribbon seals do not form dense breeding
aggregations, as females tend to be solitary. Molting occurs during the breeding season from
late-April/early May to as late as July (Tikhomirov, 1961). They do not maintain breathing holes
in the winter sea ice, and so prefer areas with ice floes less than 20 m wide and of medium
thickness; these areas are never coastal but instead can extend up to 150 km from the southern
edge of the ice. Ribbon seals do not remain on the ice until it recedes; after they are finished with
their reproductive/molting activities, they leave the ice and spend the rest of the year at sea
(Burns, 1981b).

Miksis-Olds and Parks (2011) detected ribbon seals on the Bering Sea shelf, and found
that peak calling occurred during the April/May time period. It seems reasonable to assume that
ribbon seals that are not participating in reproductive activities may leave the Bering earlier in
the season. As these calls are thought to be part of a reproductive/territorial display (Watkins and
Ray, 1977), it seems likely that the springtime presence of these sounds in the Chukchi Sea could
be indicative of juvenile male practice sessions, as was proposed for both bearded seals and
walruses above. Finer scale analyses on the individual call types produced during this time
period compared with those produced in the Bering Sea may help determine if any differences
exist.

The overall lack of ribbon seal calling activity on our recordings over the summer is
unsurprising given they disperse widely in open water and most are thought to stay primarily in
the Bering Sea. This lack of calling was also reported by other passive acoustic studies near the
ARCWEST study area over the past decade (i.e., Hannay et al. (2013) and Jones et al. (2014)). It
is, however, interesting that the ribbon seal downsweep call was detected in the Chukchi Sea
prior to their return south to the Bering. If the downsweep is a reproductive/territorial call, it is
being produced at the wrong time and place. A more logical scenario is that this call type is used
for multiple purposes, as suggested by Jones et al. (2014).

Environmental and anthropogenic sources
Seismic airguns

There were no surprises in the seasonal distribution of seismic airgun noise activity; these
activities were confined to the open water season in all years of this study. The airgun activity
detected in the 2010 and 2011 open water seasons was attributed to seismic exploration by Shell
and Statoil in the Chukchi Sea (Blees et al., 2010; Hartin et al., 2011; Reiser et al., 2011). Most
seismic work in 2012 was conducted in the Beaufort Sea, which explains the higher levels of
detections at the BF2 mooring site compared with the others in the Chukchi Sea portion of the
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ARCWEST study area. Those November detections corresponded to two of the survey lines
conducted by ION Geophysical that extended from the Beaufort into the Chukchi Sea (Beland et
al., 2013).

Airguns were detected the most persistently during the 2013 open water season, where
they were heard on all sites except the southernmost (KZ1; Figure 75). These detections aligned
well with the extensive seismic survey by TGS in that year, which conducted ~6,000 km of
seismic lines from 29 August through 29 October (Figure 91, Cate et al., 2014), and was evident
in the spatial distribution map (Figure 79). Shell also conducted ‘shallow hazards’ and ‘ice
gouge’ seismic surveys from 18 July through 28 September in the Chukchi Sea between
Wainwright and the Burger/Klondike study areas (Reider et al., 2013).

Al U.S. Arctic seismic surveys in 2014 occurred in the Beaufort Sea in the Prudhoe Bay
and Foggy Island Bay areas (Lomac-MacNair et al., 2014, 2015; Smultea et al., 2014), which
explained the lack of airgun activity in the western/southern part of the ARCWEST study area. It
is possible that the Beaufort activity was detected on the eastern ARCWEST mooring sites, but
otherwise these detections could not be attributed to permitted activities on the U.S. OCS (i.e.,
listed on the website'®) at that time. The same was true for 2015, where seismic activities
occurred again in the Beaufort Sea (Cate et al., 2015, and others including SAExploration, Inc.
and BP Exploration (Alaska)), but a brief period with detections in the ARCWEST study area
that could not be attributed to known permitted activities on the U.S. OCS.

Figure 91. Survey lines acquired during TGS seismic survey August-October, 2013 (Figure from Cate et al.
2014, Figure 2-2).

18 https://www.fisheries.noaa.gov/national/marine-mammal-protection /incidental-take-authorizations-oil-and-gas
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Vessel noise

The majority of vessel noise was detected during the open water period. The highest and
most sustained levels of vessel noise activity occurred in 2012, 2013, and 2015, and primarily at
the Icy Cape sites (Figure 82), although high levels were also present at all other sites except
BF2. The 2013 vessel activity was most likely related to the TGS seismic survey mentioned
above (Cate et al., 2014). The vessel activity detected in 2012 and 2015 can be explained by
Shell’s exploratory drilling activities in the Beaufort (Bisson et al., 2013) and Chukchi (Ireland
and Bisson, 2016) Seas that required the presence of many support vessels. In addition, the
vessel noise presence aligned with the field seasons of scientific studies such as CHAOZ and
CSESP (Hopcroft and Day, 2013; Berchok et al., 2015), and many others conducted in the
Chukchi Sea.

Ice Noise

A very good summary of the characteristics of ambient noise from ice is provided in
Urick (1983). Ice conditions, wind speed, snow cover, and air temperature are all factors that
contribute to different qualities of the ice noise. For example, impulsive sounds are prominent
during periods of cooling air temperature, while the noise has more of a Gaussian distribution
(i.e., “‘white noise’) during periods of warming air temperatures. Wind and currents can move the
ice — causing collisions and sliding of the ice, which can be impulsive or very tonal (e.g., Xie and
Farmer, 1992). These tonal sounds may sometimes contain enough frequency modulation to be
confused with bowhead and beluga whales unless care is taken to examine the sound within its
full context — and by listening closely to the nuances in its character. Wind can also generate
sound, even under full ice cover, through the pelting of ice granules on the ice surface. Not
surprisingly, ice noise was present when ice was present (Figure 89). As mentioned in the results,
the lower ice noise presence seen in the overwinter periods between 2010 and 2012 is due to this
noise not being flagged by the analysts, not that it was not there. Further discussion of ice noise
can be found in Section IX.2 below.

4. Conclusions

Generally, the seasonal and spatial distributions of sounds from the five main Arctic
marine mammal species (bowhead, beluga, and gray whales, walrus, and bearded seals), the five
subarctic species (humpback, fin, killer, and minke whales, and ribbon seals), anthropogenic
sources (airguns and vessel), and environmental (ice) sources in the ARCWEST study area were
in good agreement with those from aerial and vessel surveys, satellite tagging efforts, and other
passive acoustic studies, as well as the natural history of these species obtained from TEK. These
results show that long-term passive acoustic monitoring is an excellent tool for monitoring the
presence of these marine mammals and sound sources both spatially and temporally over large
geographic regions in the Arctic. In some cases, the results deviated from our current
understanding. This could be because of actual changes in distribution, or because passive
acoustics are allowing data to be collected at different times and locations, and/or from more or
different individuals than past visual survey and satellite tagging efforts. Because of the rapid
changes happening in the Arctic, it is important to collect information from all data streams
possible. Maintaining this broad-scale, and near-decade long, set of passive acoustic time series
provides the important year-round component of the best available science needed by managers
responsible for mitigating the impacts of climate change in the U.S. Arctic. Because a lot of
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details were provided for each species/sound source in the discussion above, a summary of the
key findings for each species/sound source in the ARCWEST study area is provided as bullet
points below (with italicized text highlighting interesting or unexpected findings). [Note: there
were two main regions in the ARCWEST study area: the southern region which extends from
Cape Lisburne south, and the northeastern region from Icy Cape and east; there were often
distinct differences in the distribution and timing of animals in these two regions and so key
findings will be described separately for each region as needed].

Bowhead whales: Bowhead whale calling activity trends well with survey/tagging/TEK results;
they are a highly vocal species, producing sounds that can propagate far. Calling activity was
present during the spring and fall migrations throughout the ARCWEST area, during the open
water season in the northeastern region, and during the ice season in the southern region.

o Bowheads were detected from April/June through December in the northeastern region
and from October through May in the southern region.

o Bowheads leave the northeastern region in the winter. No calling activity was
present from January to March.

o Some bowheads overwinter in the southern region. Not all bowheads pass through
Bering Strait or remain south of the Strait.

o The mooring with the highest level of calling activity was BF2; this provides
supporting evidence that the waters off Barrow are a biological hotspot for
bowhead whales.

o Low levels of calling activity indicate that bowheads are also present in the
northeastern Chukchi Sea during the open water season.

o The timing of the fall migration was not consistent inter-annually, but generally
progressed from the northeast to southwest.

o The fall migratory pulse is similar among the three Icy Cape mooring sites
(ranging from 40 to 110 nm offshore), supporting a broad divergence of whales
across the shelf once they are past Pt. Barrow.

o Fall calling activity was multimodal, supporting TEK of age/sex class segregation
during migration.

o Gunshot calling occurs near the end of each fall migration pulse for the majority
of moorings and all years.

o A distinct end to the fall migration pulse was evident in the northeastern region,
but not the southern region where it blended into the spring migratory pulse.

e The timing of the spring migration also was not consistent among years; but generally
progressed from southwest to northeast.

o The spring migration does not appear to be contained entirely in the nearshore
lead.

e A distinct end to the spring migration pulse was evident in the southern region, but not
the northeastern region where it blended into the fall migratory pulse.

Beluga whales: Two populations can pass through ARCWEST study area. Belugas are
loquacious, but this is offset by the fact that their sounds do not transmit far (i.e., several km
maximum). Calling activity was present in times/areas within the range documented by visual
and tagging studies, but it was also present outside of this range as well. Belugas were detected
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during the spring and fall migrations and during the ice season throughout the ARCWEST area,
and during the summer open water season in the northeastern region.

Belugas were detected from September through July in the southern region and in all
months in the northeastern region.
Fall calling activity is generally low compared to the spring.
o This fits with the theory that belugas are broadly distributed across the Chukchi
shelf in fall.
o The fall pulse of calling progressed southwestward.
A presence of calling activity overwinter at most ARCWEST mooring locations and years
suggests some belugas overwinter in both the southern and northeastern regions.
The pulse of spring calling activity was detected at all mooring locations including those
offshore - far away from the inshore lead.
o This supports the theory that belugas are not limited by high ice concentrations.
o The timing of the pulse progressed northeastward.
The highest levels of calling were seen at BF2, consistent with the summer range of the
Eastern Chukchi Sea population.
Multimodal calling was evident - this could be different populations, age/sex class
segregation, and/or ice impeding migration. Ongoing work with repertoires may help
differentiate between the populations.
A double-knock sound that is thought to be produced by fish occurs simultaneously with
beluga whale calling activity. It is not a known beluga sound. Analyses of additional
mooring sites and years are needed before further investigation is possible.

Bearded seals: Bearded seal calling is loud and ubiquitous, but it is also associated with the
mating season. So this is one species where lack of calling activity does not mean lack of
presence. However, this is also a species where acoustic results offer a different perspective on
their seasonal distribution compared to visual survey and tagging results. Bearded seals were
detected year-round throughout both regions of the ARCWEST area.

High and sustained levels of fall-through-spring calling activity are present on every
mooring in every year, providing evidence that bearded seals are present in the Chukchi
year-round instead of overwintering in the Bering.

o Calling activity increased from September through February.

o Calling activity reached sustained and saturated levels in March/May in the
southern region and February/June in the northeastern region, corresponding with
the whelping/mating/molting season.

o The lowest calling activity levels were in July and August.

Calling ceased abruptly in the spring.

o This could be an artifact of binned analysis; another study that counted individual
calls reported a gradual decrease in calling activity.

The end of calling in spring is extremely consistent among years/moorings.

o The average date among all years for the southern and northeastern sites was 1
July and 16 June, respectively, both with standard deviations of less than 1 week.

A smaller, less sustained pulse occurs prior to each main ramp-up of calling activity.
o This is much larger and more defined in southern region.
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o This smaller pulse occurs immediately preceding the ice arrival, and its start date
progresses southwestward. Is this evidence of a southbound migration?

Walrus: Walrus have high rates of calling activity which can be used as a proxy for presence.
Winter and summer calling activity was seen in most ARCWEST locations in every year.

e Combining all years and mooring sites, calling activity was detected in all months for
both ARCWEST regions.

e Overwinter calling was detected at most ARCWEST sites/years.

o High levels of mid-winter walrus calling activity occurred at the offshore Icy
Cape site (IC3) in 2011 and 2012, which declined at a steady rate from 2012
through 2015.

o High levels of overwinter calling occurred at the southernmost site (KZ1), which
may indicate an expansion of their core wintering area.

o Sporadic and low levels of overwinter calling activity were present throughout the
rest of the ARCWEST sites.

o This indicates leads or polynyas exist in those areas with detections; so these
overwinter detections may be used as a proxy for open water presence.

o This overwinter calling may be due to subadults practicing reproductive displays;
finer-scale analyses of call characteristics are needed to investigate whether
differences exist.

e The summer pulse in calling ranged from May through October and from June through
September for the southern and northeastern regions, respectively.

o The most saturated and sustained summer levels were on the Icy Cape sites, the
closest ARCWEST sites to the Hanna Shoal area.

o The low levels of summer calling that occurred BF2 was unsurprising given its
location at the limit of their preferred diving depth (100m).

Gray whales: Gray whales call infrequently during migration, and it is uncertain whether they
call while feeding; primarily they call during social/reproductive activities. This makes them a
poor candidate for passive acoustic monitoring, especially with subsampled analyses that can
miss critical detections. Gray whales were detected in the open water and ice seasons in both the
northeastern and southern ARCWEST regions.

o Calling was detected from March through November in the southern region and May
through November at the northeastern region.
o Summer calling occurred between June and November in the southern region and August
through October in the northeastern area.
o There were high and sustained levels of summer calling activity at the PH1 site, a
known benthic hotspot.
o Some detections occurred at sites within the designated Biological Important
Area for feeding: PB1, IC1, and WT1.
o There was a lack of calling at the offshore (IC2, IC3) and Beaufort (BF2) sites, as
expected from aerial survey data.
e Winter detections occurred between November and July.
o Low levels of calling activity were present overwinter: ten or less days per
mooring had detections over five years of study.
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o These detections occurred in both the northeastern and southern ARCWEST
regions.

Subarctic species: Because of the inclusion of the southern Chukchi Sea in the ARCWEST
region, several subarctic species (humpback, fin, killer, and minke whales, and ribbon seals)
were detected in varying levels over primarily the open water season.

Humpback whales
o Humpback whales were seen more frequently (50x more days) in the southern
region than in the northeastern Chukchi Sea. None were detected in the Beaufort
Sea.
o Calling levels decreased northward in the southern region.
o Calling was present from June through November in the southern region and June
through October in the northeastern region.
Fin whales
o Analyses are incomplete and pending improvements to autodetectors.
o There were no detections in the northeastern region.
o Calling was present from July through November in the southern region.
o Finer-scale analyses on song structure may help understand which population(s)
use the ARCWEST region.
Killer whales
o Visual observations indicate Arctic whales are of the transient ecotype; which
may explain the low calling levels detected. Investigations into call repertoires
can possibly confirm which ecotype is present.
o Calling activity was detected at every site in the ARCWEST study area.
o Calling was present from June through October at all locations.
o Calling activity levels were highest in the southern region, followed by the PB1
site between Wainwright and Pt. Barrow.
o Their timing and distribution aligns well with that of gray whales.
Minke whales
o Detections included the ‘boing’ calls only.
o There were only two days with calls (at IC1) in the northeastern region.
o Most detections occurred in the southern region at the CLI site.
o The main pulse of detections was from September through November, with the
majority in October. Sporadic detections occurred in March, April, and July.
o Further fine-scale analyses are needed to differentiate between stocks using boing
call characteristics.

Ribbon seals
o Calling activity was present at low levels at all mooring sites in the ARCWEST
area.

o The highest and most consistent levels were at the BF2 site in the Beaufort Sea;
this site is closest to their preferred slope region.

o The majority of calling at all sites was centered in October/November; beginning
prior to and ceasing concurrently with ice formation at all sites and years. Perhaps
this is evidence of a fall migration.

o Calling was also detected during April/May at half of the sites; this coincides with
the reproductive season when seals are thought to be in the Bering Sea.
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Non-Biological sounds: Airgun, vessel and ice noise were also included in the analysis and
results were consistent with what is known about these sources.

e Airguns were heard during all open water seasons.

o Airguns were most ubiquitous during 2013 when several seismic surveys were
underway in the Chukchi Sea.

o There were a few cases of airguns being detected that could not be attributed to a
permitted activity on the U.S. OCS.

o Lower levels were detected in the southern region, although none occurred at the
KZ1 site.

e Vessels were also detected during open water seasons.

o The highest and most ubiquitous levels occurred during 2012 and 2015 at the
western and shoal locations, corresponding to the multi-vessel effort associated
with the Shell exploratory drilling operations.

o Ice noise is present overwinter when ice is present.
o Ice makes different sounds during formation versus breakup.

5. Recommendations

Long-term, year-round, monitoring of marine mammal populations is essential for
understanding their distribution and behavioral ecology, particularly in the U.S. Arctic where the
environment is undergoing rapid modification as a result of climate change. Continuing to
challenge what is currently known about marine mammal distribution in this area is vital, as
assumptions - based on data obtained before the dramatic changes in sea ice extent were seen -
may be outdated. Data from this project may indicate emerging phenological shifts (or may just
provide a more complete understanding of the phenology) in particular species such as bearded
seals.

Passive acoustic monitoring provides an excellent platform for monitoring marine
mammals year-round, especially given the inaccessibility of the area for the majority of the year.
Not only can we monitor year-round, we can (with careful placement of recorders) cover a large
geographic region, allowing large-scale migration and movement patterns to be documented for
the majority of marine mammal species present in the Arctic. The ability to cover large areas
provides an improved understanding of both the mean patterns and the variance around the mean
(e.g., whether or not some animals overwinter in place, or to what extent alternative migration
pathways are used).

Furthermore, the cost of supplies for turning around our recorders is minimal, making
continued maintenance of this very valuable long-term dataset quite cost effective. Passive
acoustic data do not have an expiration date; they can sit unprocessed until funds are available
for their analysis. However, they can never be recollected if the opportunity is missed; the more
passive acoustic data that are available the better that trends can be identified. Therefore, our
strongest recommendation is to continue to fund deployments and retrievals of these recorders,
as well as facilitating vessel sharing (e.g., using funded National Science Foundation ship days
on the USCG Icebreaker Healy or collaboration with investigators in Japan, China, and Korea
who now have annual research cruises to the Chukchi Sea) to keep sea time costs at an equally
reasonable level.
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One thing that was apparent during analyses of this data set is that information is limited
about the current ecology of these species in their wintering grounds in the Bering Sea.
Recorders that have been deployed for the BOEM-funded ARCWEST project during our transits
between Nome and Dutch Harbor, AK have collected a robust data set that can be analyzed to
obtain more information from this area and season. From funding obtained through the
International Fund for Animal Welfare, Marine Mammal Commission, and the National Fish and
Wildlife Federation, much of these data have been analyzed over the past three years for the
presence of North Pacific right, bowhead, humpback, gray, and minke whales, walrus, vessel and
airguns . We recommend making analysis of the higher frequency (i.e., bearded and ribbon
seals, beluga, and killer whales) and lower frequency (i.e., fin and blue whales) species from this
Bering Sea data set a priority so that better inferences can be made for the migratory patterns of
these species.

We have developed a method for manually analyzing these acoustic data fully, and in as
short a time period as possible. This effort is still time-consuming, but necessary, given the poor
performance of auto-detection algorithms with the chaos®° of Arctic species sounds present in
the Chukchi Sea. With the inevitable encroachment of subarctic species, the auto-detection
problem becomes increasingly more difficult. Still, if auto-detectors can be developed that
perform reasonably well, passive acoustic analyses will become orders of magnitude less
expensive. These auto-detectors are also of critical importance for passive acoustic monitoring
from other platforms such as auto-detection buoys and autonomous gliders. For these reasons we
recommend further funding of auto-detection techniques and equally important — comparison of
these results with datasets fully reviewed by experienced analysts. We will continue to
collaborate with C. Clark (Cornell Bioacoustics Research Program), and X. Mouy (JASCO
Applied Sciences) to further develop our auto-detectors.

The development of smaller, low power instruments to pair with autonomous vehicles
(e.g., wave glider, Saildrone, etc.) presents an important avenue for future research. Future
surveys of the Chukchi will likely include passive acoustic data collected from both Eulerian
(moorings) and Lagrangian (moving) platforms. Researchers will need spatial and temporal
analytical techniques to merge both types of data. Furthermore, great strides in the use of
passive acoustics to determine the relative abundance of marine mammals have been made in the
past several years. We recommend that these density estimation techniques be made a priority so
that more information can be obtained from these archival passive acoustic recordings.

Finally, as mentioned in the conclusions above, there are interesting results from this
study that should be examined further, namely, the multiple peaks seen in the bowhead and
beluga whale migrations, the timing of the bowhead gunshot call type within the main bowhead
calling peaks, stock and ecotype differentiation using call characteristics for minke, beluga, and
killer whales, and the association of the double-knock sound (and its possible attribution to fish)
with beluga whales. For the latter, a set of moorings deployed in 2017 has been collocated with
active fish echosounders, which will provide additional information to direct that investigation.
There was only one site with data from both the active fish and the passive acoustic recorders
and those data are currently being compared. These moorings were redeployed in 2018 and will

19 Final reports have been written for the IFAW (Wright, 2015), MMC (Wright, 2017a), and NFWF (Wright, 2017b
projects.
20 The real reason behind the naming of the CHAOZ project!
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be retrieved in the summer of 2019. The recordings from the captive Arctic cod study included
just grunts (Riera et al., 2018); however, the authors reference a paper (Nahrgang et al., 2016)
that reports that the arctic cod breeding season occurs between January and April. This fits the
seasonality of the double-knocks recorded during ARCWEST. In addition, equipping the
passive acoustic moorings with CPOD echolocation loggers would allow us to detect
echolocation clicks of foraging belugas. Although these instruments are currently unable to last a
full year on a duty cycle, further advancements in their development may eventually allow for
year-round recording. This would not only increase beluga whale detectability, but also enhance
our knowledge of beluga habitat use.

B. Shipboard Observations (lines: BS, DBO3, CL, LB, CkA, CkB, CKkC, IC, WT, BX,

BC, BfA)
1. Methods
Sonobuoys

During the 2013-2015 ARCWEST field survey cruises, sonobuoys were deployed every
three hours to obtain an evenly sampled cross-survey census of marine mammal calling.
However, when in areas of high whale density, or when trying to localize on a calling species of
interest, multiple sonobuoys were deployed more frequently to obtain near-continuous recording.

A sonobuoy is a free-floating, expendable, short-term passive acoustic listening device
that transmits signals in real time via Very High Frequency (VHF) radio waves to a receiver on a
vessel or aircraft (Rone et al., 2012). The hydrophone is suspended down from the surface float
at a programmable depth. Given that the minimum programmable deployment depth (61 m) of
the sonobuoy exceeds that of the shallow Chukchi Sea shelf (~40 m), modifications were made
to each and every sonobuoy by tying up sections of the sonobuoy housing to prevent the main
wire spool from deploying (Figure 92). These modifications, which do not impact the signal
transmission, resulted in a deployment depth of approximately 24 m, placing the hydrophone
array at approximately 22 m, or mid-water column. This is below the surface mixed layer, which
tends to be less than 20 m (although there are often mixing events that increase the depth of this
layer). Additional modifications involved replacement of the 9V display battery so that the
sonobuoys could be programmed prior to deployment.

Four types of sonobuoys were used over the four field seasons: 77C, 53F, 53D, and 77B.
The 77C sonobuoys were all manufactured by Sparton (SPW), the 53F sonobuoys were
manufactured by either SPW or Undersea Sensor Systems Inc. (USS), the 53D sonobuoys were
manufactured by USS, and the 77B sonobuoys were manufactured by Magnavox (MAG). 53F
sonobuoys have either omnidirectional or DiIFAR (Directional Frequency Analysis and
Recording) capabilities, and the 53D and 77C sonobuoys were DiFAR only. If two or more
DiFAR sonobuoys are deployed, cross-fixes can be obtained on a calling animal to determine its
location.
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Figure 92. A) Modifications of a 77C (SPW) sonobuoy (top row, left to right): Tying up the top housing;
taping up the bottom array of sensors; a 77C sonobuoy fully modified. B) Modifications of a 53 F (USS)
sonobuoy to shorten deployment depth by tying the main spool housing to the top float to prevent cable from
unspooling. C) Modifications of a 53D (USS) sonobuoy to shorten deployment depth by tying the main spool
housing to the top float to prevent cable from unspooling. D) Modifications of a 77B (MAG) sonobuoy
(bottom row, left to right): Tying the elastic cable to the middle housing; tying the float to the top housing to
prevent spool of cable from deploying; taping up the bottom array of sensors.

In DiFAR mode, the lower limit of the frequency response curve for the 53F sonobuoys
had a flat frequency response (+3 dB) from 0.6 to ~2 kHz, with a low-frequency roll-off of 6 dB
per octave from 10 to 600 Hz and 18 dB/octave below 10 Hz. On the upper end, a sharp roll-off
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of 35 dB/octave is present. The DiFAR-only 77C sonobuoys had a similar frequency response
with a flat frequency response (=3 dB) from 0.8 to 2.5 kHz, the same low-frequency roll-offs,
and a high-frequency roll-off of 25 dB/octave. In Calibrated Omni mode, the 53F sonobuoy had
a flat frequency response from 3.5-25 kHz, with a 5 dB/octave roll off from 5 Hz to 3.5 kHz,
increasing to 9 dB/octave below 5 Hz and above 25 kHz. The majority of sonobuoys were
deployed in DiFAR mode, but occasionally sonobuoys were deployed in Calibrated Omni mode
to obtain the full frequency bandwidth when it was not important to get a bearing to the calling
animal.

A single mast holding both an omnidirectional Morad VHF 156HD antenna, and a
directional Yagi YA150-9-5 antenna was attached to the highest possible location on the vessel
(i.e., crow’s nest) with the directional antenna facing astern (Figure 94). The Yagi was used
primarily during transit when the sonobuoy was guaranteed to be behind the vessel, and the
omnidirectional antenna was used for simultaneously monitoring multiple sonobuoys, or when
other shipboard scientific operations caused the sonobuoy to not be directly behind the vessel.

The signals received by the shipboard antennas were pre-amplified (15dB; PV160VDA,
Advanced Receiver Research, Burlington, VT), before being sent via cabling to the sonobuoy
monitoring station (Figure 93a) located in the bridge®! of the vessel. A switch located in the
bridge next to the acoustic station was used to alternate between antennas depending on the
direction of travel. The preamplified signal was then inputted in up to three G39WSBe
WinRadio sonobuoy receivers (freq. range: 136.0—173.5 MHz, freq. response: 5 Hz—25 kHz [£1
dB]; WiNRADiO Communications, Oakleigh, Australia), then inputted into a MOTU Ultralite
mk3 (Cambridge, MA) multichannel external soundcard. The soundcard digitized the signal at a
sampling rate of 48 kHz, and was connected to a laptop computer where the recordings were
monitored in real-time using ISHMAEL (Mellinger, 2001) software. Source levels of received
signals were not calculated, as the recording system was not calibrated. Directional bearing
information of the calls was obtained using DiFAR demultiplexing software and a custom
MATLARB interface??. Accuracy of detection localization (estimated from sonobuoy bearing
location and actual whale location) was approximately 3-5 km for distant signals (i.e., tens of
kilometers away), to 1-2 km for nearby signals with good signal to noise ratio, although this
varied due to sonobuoy drift, whale movement, etc. A Global Positioning System (GPS) feed
into the computer provided the ship’s position, updated every minute, as well as the sonobuoy
deployment location, and time. A custom tracking and plotting program implemented in
MATLAB (designed by C. Berchok, Figure 93b) allowed for real-time plotting of the vessel and
sonobuoy locations, as well as bearing and location coordinates of calling whales. Directional
bearing information was calibrated using the ship as a sound source. All data were
simultaneously recorded to an external hard drive.

It is important to note the difference between the in-air reception range (sonobuoy to
antenna) and underwater sound propagation range (animal to sonobuoy). In-air reception range
was approximately 15-25 km for the omnidirectional and 20-30 km for the Yagi antennas,
dependent on sea state conditions, age of the sonobuoy, height of the receiving antenna, and
sonobuoy transmission frequency. Average underwater detection range of baleen whale calls on

2 This arrangement allowed the acoustic technician to interact with the Captain and Visual Observation Team, and to make
simultaneous visual and acoustic observations when possible.
2 Greeneridge Sciences, Inc., Santa Barbara, CA and Whale Acoustics, www.whaleacoustics.com
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the sonobuoy was estimated at 15-30 km for this study area and time of year, based on
localizations of calling animals and their corresponding visual sighti