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ABSTRACT. The southern Chukchi Sea is one of the most productive areas in the
world ocean. Over the past decade, there have been dramatic changes in this region
in sea ice cover and in Bering Strait inflow, and it is now in the path of transpolar
shipping and destinational ship traffic, including vessels supporting Arctic oftshore
oil and gas development and tourism, all of which are anticipated to increase with
decreasing seasonal sea ice cover. Little research on cetaceans has been conducted

in the southern Chukchi Sea, and most information on the occurrence of subarctic
species (humpback whale Megaptera novaeangliae, fin whale Balaenoptera physalus,
minke whale B. acutorostrata, and killer whale Orcinus orca) comes from the

ships’ logs of commercial whalers in the mid to late twentieth century and from
observers stationed along the Chukotka Peninsula. Information on cetacean seasonal
occurrence east of the International Date Line (IDL) in US waters is particularly
scarce. To address this information gap, we compiled visual sightings and acoustic
detections of subarctic cetaceans in the southern Chukchi Sea during summer and
early autumn from 2009 to 2012. Humpback whales were common on both sides of
the IDL in August and September. Fin and minke whales were widely distributed
east of the IDL from July to September, and killer whales were seen sporadically but
were the most widely dispersed of the four species. Comparisons of our results with
historical records indicate that the incidence of subarctic cetaceans may be increasing
in the southern Chukchi Sea. An increase in occurrence may simply be a post-
commercial whaling recovery of whale numbers and seasonal range by each species,
or it may reflect responses to ongoing climate change. Understanding current stock
identity, spatial and temporal distribution, habitat preference, relative abundance, and

potential impacts of climate change on these species will require cetacean-focused

research in this region of the Arctic.

INTRODUCTION

The southern Chukchi Sea is one of
the most productive areas in the world
ocean (Grebmeier, 2012). Three water
masses from the northern Bering Sea
enter through the narrow Bering Strait
into the shallow (~ 50 m deep) sea
(Figure 1): the cold, saline, nutrient-rich
Anadyr Water (AW) to the west; the
seasonally warm, low-salinity Alaskan
Coastal Water (ACW) to the east; and
the central Bering Shelf Water (BSW)
in between (Weingartner et al., 2005;
Woodgate et al., 2005). Although there
is high intra- and interannual variabil-
ity in water properties, current speed,
and direction (Woodgate et al., 2012),
there is a marked wind-driven sea-
sonal cycle with maximal northward

flow through Bering Strait in July and

minimum flow in February (Aagaard

et al.,, 1985; Woodgate et al., 2005). Often
there is little lateral mixing among the
water masses so that fronts defined by
pronounced differences in sea surface
temperature (SST) can be identified on
satellite images (Woodgate et al. 2005),
illustrating the heterogeneity of the
physical system. Over the past decade,
there has been a dramatic lengthening
of the sea ice-free season in the south-
ern Chukchi Sea (e.g., Overland and
Wang, 2013) and an approximately 50%
increase in the inflow of warm fresh-
water at Bering Strait (Woodgate et al.,
2012). Combined, these factors are likely
altering the ecosystem of the southern
Chukchi Sea, including the availability of
prey for baleen whales.

The southern Chukchi Sea is a region

of especially high benthic productivity
and biodiversity, the result of produc-
tion from ice algae and phytoplankton
not consumed in the pelagic zone that
provide the foundation for dense benthic
prey assemblages important to seasonally
abundant marine mammals (Grebmeier,
2012). Especially high benthic infauna
biomass on the western side of the
southern Chukchi Sea is likely related to
the nutrient-rich AW. Invertebrate prey
important to marine mammals, such as
epibenthic euphausiids (krill) on which
gray whales sometimes feed (Bluhm

et al., 2007), can also be advected into
the southern Chukchi Sea. Forage
fishes, including Pacific herring (Clupea
pallasii), capelin (Mallotus villosus), and
saffron cod (Eleginus gracilis), occur in
comparatively high densities (Moore

et al., in press) associated with specific
water masses in the southern Chukchi
Sea (Eisner et al., 2013).

Three cetacean species occur sea-
sonally in the southern Chukchi Sea:
bowhead whale (Balaena mysticetus),
beluga (Delphinapterus leucas), and
gray whale (Eschrichtius robustus).
Beluga and bowhead whales are Arctic
endemic species that migrate through
the southern Chukchi Sea during
spring and autumn but seldom occur
there in summer (Suydam et al., 2001;
Quakenbush et al., 2010; Citta et al.,
2012). Conversely, gray whales are sea-
sonal Arctic species that may remain in
the southern Chukchi Sea in summer
to feed on benthic and epibenthic prey
(Moore et al., 2003; Bluhm et al., 2007).
All three species migrate south in late
autumn to wintering areas in the Bering
Sea (bowhead whales and belugas) or
in the North Pacific as far south as Baja
California, Mexico (gray whales). These
three species are well known to Chukchi

Sea coastal community residents of
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Figure 1. General current patterns and bathymetry in the Pacific Arctic sector, with the southern
Chukchi Sea study area indicated.

Wales, Shishmaref, Kotzebue, Kivalina,
and Point Hope in Alaska, and Uelen,
Neshkan, and Vankarem, Chukotka in
Russia, and are often harvested for sub-

sistence purposes (e.g., Borodin et al.,

2002; Friday et al., 2012), and fin whales
occur there year-round (Stafford et al.,
2010). Although there is little his-
torical information on these species in
US waters of the southern Chukchi Sea,

Soviet scientists and whalers in the
late 1930s and early 1940s noted that

all four species were found oft the

2002; Suydam et al., 2012).

Reports of other cetacean species
in the southern Chukchi Sea are less
Chukotka Peninsula between June and
October (Nikulin, 1946). Hundreds of
humpback whales were observed in

common, especially in US waters.
Humpback, minke, and killer whales
are common in the southeastern Bering

Sea in summer (Moore et al., 2000, this region, but observations declined
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from the 1930s to the 1980s (Mel'nikov,
2000), as did observations of fin whales
(Nemoto, 1959; Sleptsov, 1961), due

to commercial whaling.

Few surveys have been conducted for
large whales in the southern Chukchi
Sea, in part because other areas have been
of higher priority for funding due to oil
and gas industry interests. For example,
in the northeastern Chukchi and western
Beaufort seas, aerial surveys for marine
mammals have been conducted since
the late 1970s (e.g., Clarke et al., 1993;
Moore et al., 1993), and several oceano-
graphic cruises occurred during the
1970s and 1980s (e.g., Feder et al., 1994;
Weingartner et al., 2005), but very few
sightings of subarctic cetacean species
were reported. Recently, research cruises
and marine mammal aerial surveys
conducted in the southern Chukchi Sea
have documented several occurrences
of subarctic cetacean species in summer
and early autumn. In this paper, we pro-
vide a synopsis of the distribution and
occurrence of subarctic cetacean species
(humpback, fin, minke, and killer whales)
in the southern Chukchi Sea from 2009
to 2012 based on visual sightings (vessel
and aerial surveys) and acoustic detec-
tions (sonobuoys), and we compare
these records with historical records and
known recent changes in the subarctic

and Arctic ecosystems.

VESSEL AND AERIAL-BASED
DATA COLLECTION

We define the southern Chukchi Sea

as the area ranging from Bering Strait
(approximately 65.5°N) north to 69°N
(Figure 1). This region is bordered by the
Russian Chukotka Peninsula on the west
and the Alaskan Seward Peninsula and
Kotzebue Sound on the east. From 2009
to 2012, marine mammal visual sightings

and acoustic detections in this region
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were obtained during four research
projects: Russian-American Long-term
Census of the Arctic (RUSALCA);
Chukchi Acoustics, Oceanography

and Zooplankton (CHAOZ); Chukchi
Sea Environmental Studies Program
(CSESP); and Aerial Surveys of Arctic
Marine Mammals (ASAMM). Detailed
methods for each project are available in
the references of this paper.

RUSALCA is a collaborative effort
between the National Oceanic and
Atmospheric Administration (NOAA)
and the Russian Academy of Sciences to
investigate long-term physical, chemi-
cal, and biological processes in Arctic
seas (i.e., northern Bering and Chukchi
Seas) that are shared by the two coun-
tries (Bluhm et al., 2009). Marine mam-
mal watches were conducted from 2009
to 2012. A single observer conducted
marine mammal watches during periods
when weather conditions were suit-
able for 7 x 50 binoculars. Cruises were
conducted in September (2009), early
August (2010), mid-July (2011), and
late August to early September (2012)
(http://www.arctic.noaa.gov/aro/russian-
american). RUSALCA cruises were
unique in providing marine mammal
search efforts in the southern Chukchi
Sea on both sides of the IDL.

CHAOZ was a multidisciplinary
study by the Alaska Fisheries Science
Center’s National Marine Mammal
Laboratory (AFSC-NMML), the
Resource Assessment and Conservation
Engineering division (AFSC-RACE), and
NOAA’s Pacific Marine Environmental
Laboratory (PMEL). CHAOZ objec-
tives focused on (1) documenting the
distribution and relative abundance of
whales in the northeastern Chukchi Sea
relative to oceanographic conditions,
(2) indices of potential prey diversity,
and (3) the level of anthropogenic

activity in late August to early September
from 2010 to 2012 (Berchok et al., 2011,
2012), but data were also collected in the
southern Chukchi Sea while transiting to
and from the primary study area. Visual
observations were conducted during
daylight hours by a team of two marine

mammal observers using 25x (“bigeyes”)

were identified to species when possible.
CSESP is a multidisciplinary,

ecosystem-based project undertaken by

the University of Alaska Fairbanks along

with other organizations and focused

on northeastern Chukchi Sea ecology. It

features the integration of oceanography,

plankton, benthos, fish, seabird, and

THE SUMMARY OF SUBARCTIC CETACEAN
RECORDS PRESENTED HERE IS THE MOST
COMPREHENSIVE AND RECENT FOR THE
SOUTHERN CHUKCHI SEA REGION...

and 7 x 50 binoculars (NMML et al.,
2010). In addition to gathering visual
observations, real-time acoustic surveys
were conducted 24 hours a day using
AN/SSQ passive acoustic sonobuoys,
models 53 D, E, F, 57B, and 77C, manu-
factured by Sparton or Undersea Systems
Inc. (NMML et al., 2010). Sonobuoys
are free-floating, expendable hydro-
phones that transmit signals via VHF
radio waves to receivers on a vessel; they
can collect data even during inclement
weather when visual observations are
not possible. In order to ensure nearly
continuous coverage as a vessel tran-
sited an area, sonobuoys were deployed
every three hours, usually in DiFAR
(Directional Frequency Analysis and
Recording) mode, to obtain directional
information about calling animals (Rone
et al.,, 2012). The sonobuoys had an audio
frequency range of 10 Hz to 2.5 kHZ (in
DiFAR mode) or 24 kHZ (in omnidirec-
tional mode) and a detection range of
approximately 27 km. Acoustic signals
were monitored in real time using a

scrolling spectrogram, and detections

marine mammal studies to establish a
baseline for measuring changes. Marine
mammal observations in the southern
Chukchi Sea were conducted during
transits, mostly in August and October
(Aerts et al., 2013a); transits were non-
random, traversing between Cape Prince
of Wales and Point Hope. Observations
were made from one vessel from 2009 to
2011 and two vessels in 2012, with one
observer using 7 x 50 reticle binoculars
searching for marine mammals during
daylight hours from the bridge or flying
bridge of each vessel (Aerts et al., 2013b).

For ASAMM, AFSC-NMML flew
broad-scale systematic aerial surveys
from 2009 to 2012 (Clarke et al., 2013)
in a continuation of aerial surveys con-
ducted in the Alaskan Arctic since 1979.
The study area extended from 68°N to
72°N and 140°W to 169°W, and surveys
were conducted from late June or early
July through late October each year. The
southernmost part of this study area was
not surveyed as often as areas farther
north, but a few surveys were conducted
each year between 68°N and 69°N.
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ASAMM surveys were flown in high
wing, twin turbine aircraft with bubble
windows that allow observers situated on
opposite sides of the aircraft a complete
view of the trackline.

Data collected during all of these
projects included environmental con-
ditions (e.g., visibility, sea state) and
sighting information (location, species,
group size, calf number, behavior). Only
sightings and acoustic detections that
were positively identified to species were
included in the species synopsis. Effort
varied considerably, both temporally and
spatially, depending on specific project
objectives, observation protocol, weather

conditions, and other factors.

SAMPLING EFFORT

Efforts from the RUSALCA, CHAOZ,
CSESP, and ASAMM studies were com-
bined and summarized to provide an
estimated number of hours and days per
month and year of visual and acoustic
observations (Table 1). We used this
approach because survey effort among
the studies was not directly comparable
due to different platforms (aerial vs.
vessel; visual vs. acoustic), number of
observers (one to two), sampling design
(line transect vs. opportunistic marine
mammal watch), and other factors.
Visual and acoustic efforts were sporadic

over the four years, both temporally and

spatially. Visual effort was conducted on
approximately 20% of the days during
July through October 2009-2012.

There was less visual effort in October
(39 hours in 11 days) compared with
July (251 hours in 24 days), August

(198 hours in 28 days), and September
(294 hours in 33 days) (Table 1). Visual
effort also varied among years, with

the most effort in 2012 (357 hours

in 40 days) and least effort in 2009

(117 hours in 15 days) (Table 1). Passive
acoustic data were collected by CHAOZ
only, with the greatest effort in 2010

(10 days), and about half as much in
both 2011 (5 days) and 2012 (6 days).
Most vessel effort occurred in the south-
central Chukchi Sea (during transits to
and from study areas in the northeastern
Chukchi Sea), and aerial effort occurred
in the northeast part of the study area
between Point Hope and Cape Lisburne
east of the IDL.

RECENT AND

HISTORICAL SUBARCTIC
CETACEAN RECORDS

Humpback Whales

From 2009 to 2012, humpback whales
were the most commonly observed
subarctic cetacean (51 sightings of

108 whales) in the southern Chukchi Sea
(Table 2). They were broadly distributed,
extending from Bering Strait to 68.5°N,

in both nearshore and offshore areas on
both sides of the IDL (Figure 2). Most
sightings occurred in September (69%)
and consisted mainly of adults, although
calves (n = 3) and juveniles (n = 3) were
also seen. Humpback whales were often
observed in close association with fin or
gray whales. Several humpback whales
were seen feeding, including some

using bubble nets (Wiley et al., 2011).
Humpback whales were the second most
common acoustically detected species,
with recordings on 16% of the sono-
buoys (Table 2). The majority of acoustic
detections (67%) were in August, and
humpback whales were heard through-
out the central part of the study area
from Wales to Cape Lisburne (Figure 3).
Although humpback whales were
detected in all three years, more were
detected in 2012 than in the other two
years combined (9 of 15 total detections),
even though 2010 had the greatest effort.
Only one sonobuoy detected humpback
whales in 2011.

Humpback whales winter in sub-
tropical and tropical waters, and most
migrate seasonally to higher latitudes to
feed on euphausiids and small school-
ing fishes (Clapham, 2002). In the North
Pacific Ocean, humpback whales are
known to feed in the Gulf of Alaska and
the Bering Sea in summer (Melnikov
et al., 1999; Moore et al., 2000); these

Table 1. Annual and monthly summary of days of visual and acoustic effort and estimated hours of

visual effort in the southern Chukchi Sea, 2009-2012. Acoustic effort is in parenthesis.

July August September October Total
# hours # days # hours # days # hours # days # hours # days # hours
2009 0 0 0 102 11 15 4 117 15
2010 4 2 142 15(3) 4 2(7) 0 0 150 19 (10)
2011 122 11 4(3) 18 4(2) 10 3 158 22 (5)
2012 125 11 48 9 (6) 170 16 14 4 357 40 (6)
Total 251 24 198 28 (12) 294 33 (9) 39 11 782 96 (21)
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whales likely represent more than

one stock (Ohsumi and Masaki, 1975;
Allen and Angliss, 2012). Humpback
whales were regularly reported near the
Chukotka coast between Bering Strait
and Capes Serdtse-Kamen and Schmidt
(northwest of Vankarem) in the 1930s
and 1940s, and as far north as Long Strait
(between Wrangel Island and main-

land Russia) in 1960 (Mel'nikov et al.,
1999). Few were reported during Soviet
whaling for gray whales in the 1970s
(Votrogov and Ivashin, 1980; Ivashin
and Votrogov, 1982), perhaps as a result
of previous Soviet commercial whaling
pressure in the Bering Sea and the North
Pacific Ocean (Ivashchenko et al., 2013).
Humpback whales were observed during
a research cruise in late September 1980
near Cape Serdtse-Kamen (Miller et al.,
1986). Observations from several villages
on the Chukotka Peninsula between
1994 and 1996 suggested that hump-
back whales were re-inhabiting summer
feeding areas, and they were regularly
seen northwest of Cape Dezhneva in
summer (July-September) and, in years
when sea ice formation was late, as late
as November (Mel'nikov et al., 1999).

Humpback whales were not seen during
aerial surveys conducted in the southern
and northeastern Chukchi Sea from 1982
to 1991 (Moore and Clarke, 1992). There
were scattered sightings in the north-
eastern Chukchi Sea and westernmost
Beaufort Sea in 2007, 2008, and 2012
(Hashagen et al., 2009; Haley et al., 2010;
Aerts et al., 2013a; Clarke et al., 2013).

Fin Whales

Fin whales were less commonly observed
(18 sightings of 29 whales) than hump-
back whales (Table 2) and had a much
narrower distribution (Figure 4). A
majority of the fin whales (n = 28
whales) were observed from early August
to mid-September, with a single sight-
ing in July. Nine fin whales, including
one calf, were seen in the south-central
Chukchi Sea in September 2011, and

five fin whales, including two calves,
were seen ~ 75 km south of Point Hope
in September 2012. Two of the adults
observed in September 2012 were lunge-
feeding (Figure 4). Fin whales were not
documented west of the IDL. Fin whales
were the most common acoustically

detected species, with recordings on 18%

of all sonobuoys (Table 2), and they were
widely distributed throughout the central
part of the study area (Figure 3). There
were slightly more acoustic detections in
August (53%) than in September. More
fin whales were acoustically detected in
2010 than in the other two years com-
bined (10 of 17 total detections). The
fewest detections were in 2011 (two of

17 total detections).

Fin whales in the Northern
Hemisphere feed on a wide variety of
organisms, including euphausiids, other
planktonic crustaceans, and school-
ing fishes, including capelin (Aguilar,
2002). Fin whales in the Bering Sea (and
southern Chukchi Sea) may be from
two migratory stocks (eastern and west-
ern North Pacific); stock structure and
migratory patterns in the North Pacific
are not well understood (Mizroch et al.,
2009) although animals from both popu-
lations may mingle in the Bering Strait
and Chukchi Sea region (Tomilin, 1957).
From the 1920s to the 1940s, fin whales
were commonly seen in the Chukchi
Sea by commercial whalers and were
hunted there at least until the early 1950s
(Sleptsov, 1961). Nasu (1974) described

Table 2. Annual and monthly summary of cetacean observations (sightings/whales), sighting rates (whales per hour), and
acoustic detections (sonobuoys with detections/sonobuoys deployed), in the southern Chukchi Sea, 2009-2012.

Sightings/Whales Whales/ Sonobuoys with Detections/Sonobuoys Deployed

Humpback in Minke Killer hour Humpback Fin Minke Killer Total
Year
2009 15/51 0 0 0 15/51 0.437 na na na na na
2010 14/26 2/2 8/8 3/18 27/54 0.359 5/46 10/46 1/46 1/46 17/46
2011 3/3 5/9 6/8 1/7 15/27 0.171 1/18 2/18 0/18 0/18 3/18
2012 19/28 11/18 2/2 2/12 34/60 0.168 9/32 5/32 0/32 1/32 15/32
Month
July 1/1 1/1 5/5 2/14 9/21 0.0835 na na na na na
August 15/28 8/13 8/8 3/18 34/67 0.3392 10/57 9/57 0/57 2/57 21/57
September 35/79 9/15 2/2 1/5 47/101 0.3440 5/39 8/39 1/39 0/39 14/39
October 0 0 1/3 0 1/3 0.0763 na na na na na
Total 51/108 18/29 16/18 6/37 91/192 15/96 17/96 1/96 2/96 35/96
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the area between Cape Dezhneva and
Neshkan as a whaling ground for fin
whales in August 1940 and 1941. Fin
whales were heavily hunted in the
northeastern Bering Sea by the Soviet
whaling fleet in the 1950s and 1960s
(Ivashchenko et al., 2013). Sightings

in Bering Strait and the Chukchi Sea
continued until the late 1970s but not
thereafter (Nemoto, 1959; Sleptsov, 1961;
Votrogov and Ivashin, 1980). Votrogov
and Ivashin (1980) reported that fin
whales were occasionally encountered
from August to October in coastal areas
of the northwestern Chukchi Sea near
the Chukotka Peninsula and as far north
as Cape Serdtse-Kamen, but the fre-
quency and number of sightings varied
from year to year. Few fin whales were
seen near the Chukotka Peninsula in the
late 1970s (Ivashin and Votrogov, 1982).
Fin whales have been well documented
in the Bering Sea since 1980 (Moore

et al.,, 2000; Friday et al., 2012), but few

175[°W

fin whales have been seen in the north-

eastern Chukchi Sea (Clarke et al., 2011).

Fin whales were detected acoustically in
the northeastern Chukchi Sea in 2007,
2009, and 2010, with large interannual
variability (Delarue et al., 2013).

Minke Whales

Minke whales were the least commonly
observed baleen whale (16 sightings

of 18 whales) (Table 2). Distribution
ranged from Bering Strait north to

~ 68.3°N, with most sightings just north
of Bering Strait (Figure 4). With the
exception of five whales near Bering
Strait in August 2010 and one group of
three whales north of Bering Strait in
October 2011, minke whale sightings
were of single animals and widely scat-
tered. Unlike fin and humpback whales,
more minke whales were seen in July
(five whales) and August (eight whales)
than in September (two whales). Minke

whales were the only subarctic cetacean
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Figure 2. Sightings of humpback whales, by month, from vessel and aerial surveys conducted
from July to October 2009-2012. Dotted lines indicate aerial survey effort, and solid lines show
vessel effort. Inset: Humpback whales sighted during an ASAMM (Aerial Surveys of Arctic Marine

Mammals) survey west of Point Hope, Alaska, in September 2012. Photo credit: Allison Henry, NMFS
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observed during October. Minke whale
calls were detected on only one sono-
buoy, which was deployed in September
2010 (Table 2, Figure 3).

Minke whales feed on euphausiids,
small schooling fishes, and walleye pol-
lock (Theragra chalcogramma) (Perrin
and Brownell, 2002). Minke whales in
the Bering Sea and farther north may be
a separate migratory stock from those
found elsewhere in the North Pacific
(Allen and Angliss, 2012), although
acoustic evidence indicates that minke
whales in the northeastern Chukchi Sea
may be related to minke whales that
winter near Hawaii (Delarue et al., 2012).
Sleptsov (1961) noted that minke whales
were relatively abundant throughout the
Chukchi Sea in the 1940s and 1950s.
Ivashin and Votrogov (1981a) indicated
that minke whale occurrence in the
coastal waters of the Chukotka Peninsula
was low, and relatively few minke whales
were observed during research cruises
conducted in the Chukchi Sea in sum-
mer and fall from 1979 to 1981 (Miller
et al., 1986). In the 1990s, however,
Melnikov et al. (2001) reported that the
waters near the Chukotka Peninsula
were an important feeding area for
minke whales, particularly in years when
the summer pack ice edge was consider-
ably north. Minke whales near Chukotka
were more common south of Bering
Strait but were observed as far north
as 68°N in 1992. They were commonly
seen in the central-eastern Bering Sea in
summer 1999, particularly along upper
slope waters between 100 m and 200 m
depth (Moore et al., 2000). During aerial
surveys conducted from 1982 to 1991,
minke whales were not sighted in the
southern and northeastern Chukchi Sea
(Moore and Clarke, 1992), but they were
observed in the northeastern Chukchi
Sea during ASAMM surveys in 2011



and 2012 (Clarke et al., 2012, 2013)

and during CSESP surveys in 2009,
2011, and 2012 (Aerts et al., 2013a).
Additionally, there were four acoustic
detections from bottom-mounted hydro-
phones in the northeastern Chukchi Sea
between October 2009 and October 2011
(Delarue et al., 2012).

Killer Whales

Killer whales in the southern Chukchi
Sea were seen in small pods of three to
eight whales, with a total of six sightings
of 37 whales (Table 2, Figure 5). Most
killer whales were observed just north
of Bering Strait, with one sighting of five
whales (including one calf) west of Point
Hope and one sighting of three whales
near Cape Serdste-Kamen. Most killer
whale sightings occurred in July and
August. Killer whale calls were detected
on only two sonobuoys, one deployed

in August 2010 and the other in August
2012 (Table 2, Figure 3). Photos of killer
whales from RUSALCA sightings have
been shared with killer whale research-
ers to try to determine stock identity,
and some of the whales were identified
as the transient ecotype (C. Matkin,
North Gulf Oceanic Society, pers. comm.,
March 18, 2013).

Killer whale diet depends on ecotype
(e.g., fish-eating or mammal-eating),
and there is often prey specialization
within a stock (Ford, 2002). In the
Pacific Arctic, killer whales may be rep-
resentative of two stocks, the Eastern
North Pacific Alaska Resident Stock
(fish-eaters) and the Gulf of Alaska,
Aleutian Islands, and Bering Sea Stock
(mammal-eaters) (Allen and Angliss,
2012). Killer whales were once so com-
mon that there was a commercial har-
vest in the mid-1900s (Sleptsov, 1961).
However, Ivashin and Votrogov (1981b)
noted that killer whales were relatively

scarce in the coastal waters of Chukotka,
Ivashin and Votrogov (1982) reported

a single sighting of five killer whales
near Cape Serdste-Kamen in July 1980,
and Miller et al. (1986) reported two
sightings of 19 killer whales between
Capes Dezhneva and Serdtse-Kamen

in late September 1980. Mel'nikov and
Zagrebin (2005) documented observa-
tions of killer whales from several coastal
villages on the Chukotka Peninsula

from 1990 to 2000, including several
instances of killer whales actively hunt-
ing bowhead and gray whales, belugas,
and Pacific walruses (Odobenus rosmarus
divergens). Additional observations of
killer whales in the Chukchi and north-
ern Bering Seas also indicate that marine
mammals may be their main targeted
prey (Ljungblad and Moore, 1983;
Lowry et al., 1987; George et al., 1994;
Kryukova et al., 2012). Killer whales

were not seen during aerial surveys

conducted in the southern and north-
eastern Chukchi Sea from 1982 to 1991
(Moore and Clarke, 1992), but one group
of 13 whales, including two calves, was
seen near Barrow during aerial surveys
in August 2012 (Clarke et al., 2013). One
of the males photographed in that group
has also been photographed numerous
times near False Pass, Unimak Island, in
the Aleutian Islands (Clarke et al., 2013).
This resight, combined with a single
discrete call match between killer whales
recorded in the northeastern Chukchi
Sea in 2007 and in the Aleutian Islands
and off Kamchatka, Russia (J. Delarue,
Jasco, pers. comm., November 2013),
demonstrates the range of killer whales
in the Arctic. In the northeastern
Chukchi Sea, pods of killer whales were
observed during CSESP surveys in

2011 and 2012, including one group of
30 whales (Aerts et al., 2013a), and calls
were recorded in 2009 and 2010 (Hannay
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et al., 2013). Local hunters also occasion-
ally see killer whales in the Point Barrow

region (George et al., 1994).

Summary

With the exception of 2009, when only
humpback whales were sighted, there
was no clear pattern to interannual varia-
tion in sightings (Table 2). Humpback
whales were the most common species
seen most years, followed by fin and
minke whales. Killer whales were seen
every year from 2010 to 2012, but less
frequently than baleen whales. Although
the highest annual total of humpback,
fin, minke, and killer whales combined
occurred in 2012, visual sighting rate

(# of whales per hour of survey effort)
was highest in 2009, followed by 2010
(Table 2). Most whales were seen during
August and September, and sighting
rates were four times higher during
those months compared to July and
October (Table 2). The results of acoustic

monitoring show that fin whales were
detected on a slightly higher percentage
of sonobuoys than humpback whales
(18% vs. 16%), but both were detected
more frequently than either minke or
killer whales. Sonobuoys were only
deployed in August and September,
but in these months, humpback whales
were detected on a higher percentage
of sonobuoys in August (18% vs. 13%),
while fin whales were detected on a
higher percentage of sonobuoys in
September (21% vs. 16%).

DISCUSSION

Significance of Subarctic
Cetaceans in the Southern
Chukchi Sea

Subarctic cetaceans have been previously
documented in the southern Chukchi
Sea, but reports were restricted to

coastal observations near the Chukotka
Peninsula (e.g., Mel'nikov, 2000;
Mel'nikov and Zagrebin, 2005; Mel'nikov
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et al.,, 1999, 2001) and observations from
areas targeted by commercial whalers
roughly 40 years ago (e.g., Nikulin, 1946;
Sleptsov, 1961). The summary of subarc-
tic cetacean records presented here is the
most comprehensive and recent for the
southern Chukchi Sea region and repre-
sents the only account since the dramatic
retreats of Arctic summer sea ice docu-
mented over the past decade (Stroeve

et al., 2008; Maslanik et al., 2011). This
summary also provides insight into
subarctic cetacean occurrence in open
ocean areas that complements observa-
tions made by scientists and villagers in
nearshore areas.

There are three nonexclusive pos-
sible explanations for recent sight-
ings: (1) an increase in sighting effort,
(2) population and range recovery
during the post-whaling era with a re-
occupation of the southern Chukchi Sea,
and/or (3) changes in the environment
that have made the southern Chukchi
Sea more favorable for subarctic ceta-
ceans. Distinguishing among these
three is challenging.

The incidence of subarctic cetaceans
observed and acoustically detected in
the southern Chukchi Sea from 2009 to
2012 may be due to the recent increase
of marine mammal surveys in this area.
Humpback, fin, minke, and killer whales
occur regularly in polar regions else-
where, often when sea ice still remains
(e.g., Higdon et al., 2012; Laidre and
Heide-Jorgensen, 2012). They may have
been seasonally present, but with low
abundance, in the southern Chukchi
Sea and were simply undetected prior
to 2009. Minke whales observed during
ASAMM surveys in the northeastern
and southern Chukchi Sea were very elu-
sive and hard to resight even when sur-
vey conditions were good (Clarke et al.,

2012); they may be particularly hard to



detect if overall abundance is low. Minke
and killer whales may also have been
underreported historically because they
were not species targeted by commer-
cial whalers operating in offshore areas
(Melnikov et al., 2001).

Subarctic cetacean sightings and
acoustic detections from 2009 to 2012
may also be due to resurgence in popula-
tion sizes and concomitant recovery of
range. In the North Pacific, the hump-
back whale population is currently
estimated at greater than 21,000, which
is thought to be greater than estimates
of pre-whaling abundance (15,000;
Carretta et al., 2011), and its growth
rate is approximately 8.1% per year
(Barlow et al.,, 2011). Humpback whales
were the most commonly sighted and
abundant species from 2009 to 2012,
and it is thought that they may be re-
occupying habitat used prior to intensive
(and often illegal) commercial whaling
that occurred as recently as the 1970s
(Ivashchenko et al., 2013). Unreported
whaling may explain why subarctic
cetaceans were not encountered dur-
ing aerial surveys conducted in the
southern and northeastern Chukchi Sea
from 1982 to 1991.

It is somewhat surprising that fin
whales, relatively abundant in the west-
ern Chukchi Sea prior to the 1970s,
were not seen west of the IDL. This
may be due to sparse sampling effort
in this region or perhaps due to a shift
in distribution or extirpation of local
populations. Fin whales detected acous-
tically on long-term instruments in the
northeastern Chukchi Sea produced a
unique song type that likely represents
only one stock (Delarue et al., 2013), and
song type has been used to distinguish
among fin whales from different geo-
graphic populations (Delarue et al., 2009;
Castellote et al., 2012). Fin whales were

heard much more often than seen during
CSESP (Aerts et al., 2013a; Delarue et al.,
2013) and CHAOZ. Use of acoustic

data from west of the IDL to examine

fin whale song type could be useful in
determining whether animals from a
different population are heard there
(Delarue et al., 2009).

Climate change (e.g., warmer water
incursions, earlier and greater loss of
summer sea ice) may also be enhanc-
ing the ability of subarctic cetaceans to
expand further into the Chukchi Sea
geographically and seasonally. Soviet
scientists reported that commercial
whaling for humpback and fin whales in
the 1930s to 1950s varied annually and
was more successful when ice condi-
tions were favorable (Sleptsov, 1961),
and Russian researchers indicated that
humpback and minke whales were more
likely to occur near the Chukotka coast
in years when sea ice re-formed late

in autumn than in years when sea ice

re-formed in early autumn (Mel'nikov
et al., 1999); the southern Chukchi Sea
may offer reduced competition for prey
for baleen whales compared to the adja-
cent Bering Sea and increased hunting
potential for killer whales (both eco-
types) due to increased productivity and

reduced sea ice.

Association of Baleen Whale
Distribution with Water Masses
and Potential Prey

The distribution of humpback, fin,

and minke whales can be related to a
recent summary of water masses and
associated pelagic fish and zooplankton
species sampled east of the IDL in the
southern Chukchi Sea (Eisner et al.,
2013). Humpback and fin whale dis-
tribution appears to correspond with
cold, saline BSW and AW. Sharp tem-
perature and salinity gradients between
these two water masses occur between
166°W and 168°W at 67.5°N, with the
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warm, fresh ACW overriding both east
of about 167.5°W (Eisner et al., 2013).
Such sharp density gradients can serve
to aggregate zooplankton and for-

age fishes that feed on zooplankton,
providing good feeding opportuni-

ties to baleen whales. Supporting this
contention, Eisner et al. (2013) found

large copepods (Calanus spp.) and

Bering Strait between 2001 and 2011
(Woodgate et al., 2012) that is bring-

ing heat, freshwater, and possibly more
food into the southern Chukchi Sea.
Indeed, there have been so many physi-
cal changes to the Arctic system, includ-
ing sea ice reduction, seawater warming,
increased storms, and possibly increased

primary production, that the marine

TO UNDERSTAND HOW SHIP TRAFFIC MAY
AFFECT CETACEAN ABUNDANCE AND DISTRIBUTION,
MORE INTERDISCIPLINARY STUDIES LIKE THOSE
DESCRIBED HERE ARE NEEDED TO INVESTIGATE THE
DYNAMICS OF THE ECOSYSTEM.

euphausiids (Thysanoessa raschii) in
greatest abundance south and south-
west of Point Hope associated with
BSW/Bering Sea Anadyr Water (BSAW)
and in ACW/BSAW, respectively (Table 3
and Figure 5 in Eisner et al., 2013).
Conversely, highest densities of forage
fishes such as sand lance (Ammodytes
hexapterus), Pacific herring, and

saffron cod were found primarily north
of Cape Lisburne.

A lack of concurrent oceanographic
sampling hampers correlation of hydro-
graphic or prey data to baleen whale
distribution. However, it appears that
the central southern Chukchi Sea is
an advective pathway for euphausiids
(Berline et al., 2008). Gray whales have
been reported feeding there on dense
epibenthic krill assemblages associ-
ated with oceanographic fronts (Bluhm
et al,, 2007). Humpback, fin, and minke
whales may also be taking advantage of
this krill-prey pathway, benefiting from
a ~ 50% increase in transport through
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ecosystem is considered to be in a “new
state” (Jeffries et al., 2013; Overland and
Wang, 2013). Whether or not baleen
whales are responding to these environ-
mental changes or merely reoccupying
range as their populations “recover”
from the low numbers caused by com-

mercial whaling is difficult to tease apart.

Future Opportunities
The limited sampling effort (see Table 1)
certainly affected the number and distri-
bution of documented cetacean sightings
and acoustic detections. Consequently,
it is difficult to draw strong conclusions
about the seasonal occurrence and habi-
tat selection of subarctic species in the
southern Chukchi Sea. Nevertheless, this
compilation of records from four recent
research projects provides documenta-
tion of summertime subarctic cetacean
distribution and occurrence.

In addition to the studies reviewed in
this paper, new research has been initi-

ated that might shed light on questions

of habitat preference, stock structure,
and migration timing of subarctic whales
in the Pacific Arctic. For example, the
interdisciplinary Arctic Whale Ecology
Study (ARCWEST) includes passive
acoustics, oceanography, satellite tag-
ging, and visual surveys to investigate
the influence of prey on cetacean distri-
bution and abundance in the northeast-
ern Chukchi Sea, with a specific focus on
large cetaceans, including bowhead, gray,
fin, and humpback whales (Friday et al.,
2013). Data from this and other studies
may provide insight into the cetacean
habitat partitioning that has been noted
elsewhere in the Arctic (Laidre and
Heide-Jorgensen, 2012).

The Arctic marine ecosystem’s “new
state” requires better understanding of
the importance of the southern Chukchi
Sea region to all cetaceans. Increased
presence of subarctic cetaceans in the
southern (and northeastern) Chukchi
Sea could affect distribution and abun-
dance patterns of Arctic endemic ceta-
ceans through, for example, competition
for preferred prey or increased predation
by killer whales. These changes could,
in turn, affect the availability of Arctic
endemic marine mammals to coastal
communities that depend upon them
for subsistence. Federal, state, and local
agencies tasked with investigating effects
of offshore activities (e.g., via oil spill risk
analysis) require information pertaining
to whale distribution relative to areas of
interest for oil and gas exploration and
development. Vessel traffic is increasing
in Arctic waters, including transpolar
shipping, vessel transits related to Arctic
oil and gas exploration, recreational
cruise and sailing ships, and national
defense (US Committee on the Marine
Transportation System, 2013). The nar-
row Bering Strait is the gateway to the

Arctic, and, as vessel traffic increases,



the probability of ship strikes and distur-
bance from vessel noise will increase in
the southern Chukchi Sea. In 2013, more
than 200 ships were expected to sail the
Northern Sea Route along the north
coast of Russia between Europe and Asia,
compared to 46 in 2012 and four in 2011
(Milne, 2013). To understand how ship
traffic may affect cetacean abundance
and distribution, more interdisciplinary
studies like those described here are
needed to investigate the dynamics of
the ecosystem. Other research within
this region, such as the multidisciplinary
Distributed Biological Observatory
(http://www.arctic.noaa.gov/dbo),

could provide a scientific foundation for
the integration of data from cetacean-
focused studies. Integrating data from
various disciplines will enhance our
understanding of underlying mecha-
nisms that influence cetacean distribu-
tion, abundance, and habitat selection

to support informed decisions regarding
conservation and management of both

Arctic and subarctic cetacean species.

ACKNOWLEDGEMENTS

Funding support for visual observa-
tions during RUSALCA cruises was
provided by NOAA, the Applied Physics
Laboratory/University of Washington,
and the National Science Foundation
(ARC-1107106). RUSALCA ben-

efited from the expertise of the captain
and crew of the Professor Khromov,
Vladimir Bakhmutov (State Research
Navigational Hydrographical Institute,
Russian Federation), Rebecca Woodgate
(University of Washington), Kathleen
Crane (NOAA), and Aleksey Ostrovskiy
(Group Alliance Federation). The Bureau
of Ocean Energy and Management
(BOEM), Alaska Region, provided
funding for the ASAMM and CHAOZ
projects, via Interagency Agreements

M11PG00033, M08PG20023, and
MO09PC00016, and under the sup-

port and guidance of Jeffrey Denton,
Charles Monnett, and Heather Crowley.
Aerial surveys were conducted under
NMES permits 782-1719 and 14245

and USFWS permit MA212570-0.
Megan Ferguson (AFSC-NMML) and
Catherine Berchok (AFSC-NMML) are
the Project Coordinators for ASAMM
and CHAOZ, respectively. The CHAOZ
project is indebted to the captains

and crews of F/V Alaskan Enterprise,
F/V Mystery Bay, and R/V Aquila.
Additional thanks to Theresa Yost (Naval
Operational Logistics Support Center),
Jeffrey Leonhard, Todd Mequet, and
Edward Rainey (Naval Surface Warfare
Center, Crane Division), and Robin Fitch
(I&E Director Marine Science, Office of
the Assistant Secretary of the Navy) for
providing sonobuoys and continued sup-
port. ASAMM surveys were capably and
safely flown by pilots and in aircraft from
the NOAA Aircraft Operations Center
and Clearwater Air. The CSESP was
jointly funded by ConocoPhilips, Shell,
and, since 2010, Statoil. Sheyna Wisdom
from Fairweather Science provided
overall management and logistics sup-
port for Olgoonik-Fairweather on behalf
of the sponsors. Bob Day (ABR Inc.)

and John Burns supported and guided
the studies in the field. The captain and
crew of Westward Wind and Norseman II
provided a safe platform for the CSESP
observations. Megan Ferguson, Manolo
Castellote (AFSC-NMML), and Jeffrey
Denton (BOEM) provided excellent
comments on an earlier version of the
manuscript. The manuscript was also
substantially improved by comments
from Julien Delarue (Jasco), Jeft Higdon,
and Lori Quakenbush (Alaska
Department of Fish and Game). Finally,
we are grateful to all field observers and

acousticians who participated in these
studies. The findings and conclusions in
the paper are those of the author(s) and
do not necessarily represent the views of
the National Marine Fisheries Service,
NOAA. Reference to trade names does
not imply endorsement by the National
Marine Fisheries Service, NOAA.

REFERENCES

Aagaard, K., A.T. Roach, and ].D. Schmacher. 1985.
On the wind-driven variability of the flow
through Bering Strait. Journal of Geophysical
Research 90:7,213-7,221, http://dx.doi.org/
10.1029/JC090iC04p07213.

Aerts, L.A.M., W. Hetrick, S. Sitkiewicz, C. Schudel,
D. Snyder, and R. Gumtow. 2013a. Marine
Mammal Distribution and Abundance in the
Northeastern Chukchi Sea During Summer
and Early Fall, 2008-2012. Report prepared
by LAMA Ecological for ConocoPhillips
Alaska, Inc., Shell Exploration and Production
Company and Statoil USA E&P, Inc., 69 pp.

Aerts, L.A.M., A.E. McFarland, B.H. Watts,

K.S. Lomac-MacNair, P.E. Seiser, S.S. Wisdom,
AV. Kirk, and C.A. Schudel. 2013b. Marine
mammal distribution and abundance in an oft-
shore sub-region of the northeastern Chukchi
Sea during the open-water season. Continental
Shelf Research 67:116-126, http://dx.doi.org/
10.1016/j.csr.2013.04.020.

Aguilar, A. 2002. Fin whale. Pp. 435-438 in
Encyclopedia of Marine Mammals. W.E. Perrin,
B. Wursig, and ].G.M. Thewissen, eds,
Academic Press, San Diego, CA.

Allen, B.M.,, and R.P. Angliss. 2012. Alaska

Marine Mammal Stock Assessments, 2011.
US Department of Commerce, NOAA
Technical Memorandum NMFS-AFSC-234.
Available online at: http://www.nmfs.noaa.
gov/pr/pdfs/sars/ak2011.pdf (accessed
December 9, 2013).

Barlow, J., J. Calambokidis, E.A. Falcone,

C.S. Baker, A.M. Burdin, PJ. Clapham,

J.K.B. Ford, C.M. Gabriele, R. LeDuc,

D.K. Mattila, and others. 2011. Humpback
whale abundance in the North Pacific estimated
by photographic capture-recapture with bias
correction from simulation studies. Marine
Mammal Science 27:793-818, http://dx.doi.org/
10.1111/§.1748-7692.2010.00444 x.

Berchok, C.L., PJ. Clapham, J. Crance, S.E. Moore,
J. Napp, J. Overland, and P. Stabeno. 2011.
Passive Acoustic Detection and Monitoring of
Endangered Whales in the Arctic (Beaufort,
Chukchi) & Ecosystem Observations in the
Chukchi Sea: Biophysical Moorings and Climate
Modeling. Annual Report prepared under con-
tract MO9PC00016 (AKC 083) to the Bureau of
Ocean Energy Management, Regulation, and
Enforcement, Anchorage, AK, 13 pp. Available
online at: http://www.afsc.noaa.gov/nmml/
PDF/CHAOZ-2010-Report.pdf (accessed
December 9, 2013).

Oceanography | December 2013 147


http://www.arctic.noaa.gov/dbo
http://dx.doi.org/10.1029/JC090iC04p07213
http://dx.doi.org/10.1029/JC090iC04p07213
http://dx.doi.org/10.1016/j.csr.2013.04.020
http://dx.doi.org/10.1016/j.csr.2013.04.020
http://www.nmfs.noaa.gov/pr/pdfs/sars/ak2011.pdf
http://www.nmfs.noaa.gov/pr/pdfs/sars/ak2011.pdf
http://dx.doi.org/10.1111/j.1748-7692.2010.00444.x
http://dx.doi.org/10.1111/j.1748-7692.2010.00444.x
http://www.afsc.noaa.gov/nmml/PDF/CHAOZ-2010-Report.pdf
http://www.afsc.noaa.gov/nmml/PDF/CHAOZ-2010-Report.pdf

Berchok, C.L., PJ. Clapham, J. Crance, S.E. Moore,
J. Napp, J. Overland, and P. Stabeno. 2012.
Passive Acoustic Detection and Monitoring of
Endangered Whales in the Arctic (Beaufort,
Chukchi) & Ecosystem Observations in the
Chukchi Sea: Biophysical Moorings and Climate
Modeling. Annual Report prepared under con-
tract MO9PC00016 (AKC 083) to the Bureau of
Ocean Energy Management, Anchorage, AK,
15 pp. Available online at: http://www.afsc.noaa.
gov/nmml/PDF/CHAOZ-2011-Report.pdf
(accessed December 9, 2013).

Berline, L., Y.H. Spitz, C.J. Ashjian, R.G. Campbell,
W. Maslowski, and S.E. Moore. 2008.
Euphausiid transport in the western
Arctic Ocean. Marine Ecology Progress
Series 360:163-178, http://dx.doi.org/10.3354/
meps07387.

Bluhm, B., K.O. Coyle, B. Konar, and R. Highsmith.
2007. High gray whale relative abundances
associated with an oceanographic front in the
south-central Chukchi Sea. Deep Sea Research
Part IT 54:2,919-2,933, http://dx.doi.org/
10.1016/j.dsr2.2007.08.015.

Bluhm, B.A., K. Iken, S.M. Hardy, B.I. Sirenko,
and B.A. Holladay. 2009. Community structure
of epibenthic megafauna in the Chukchi Sea.
Aquatic Biology 7:269-293, http://dx.doi.org/
10.3354/ab00198.

Borodin, R.G., V.M. Etylin, OV. Etylina,

D. Litovka, V.V. Mel'nikov, L.L. Solovenchuk,
N.G. Shevchenko, E.V. Zdor, S.A. Blokhin,
G.M. Zelensky, and L.I. Ainana. 2002. Cultural,
traditional, and nutritional needs of the aborigi-
nal population of Chukotka for gray whales

and bowhead whales 2003-1007. Paper SC/54/
AS5 presented to the International Whaling
Commission Scientific Committee.

Carretta, J.V,, K.A. Forney, E. Oleson, K. Martien,

M.M. Muto, M.S. Lowry, ]. Barlow, J. Baker,

B. Hanson, D. Lynch, and others. 2011.

US Pacific Marine Mammal Stock Assessments:
2010. US Department of Commerce, NOAA
Technical Memorandum, NMFS-SWESC-476,
356 pp. Available online at: http://www.nmfs.
noaa.gov/pr/pdfs/sars/p02010.pdf (accessed
December 9, 2013).

Castellote, M., CW. Clark, and M.O. Lammers.
2012. Fin whale (Balaenoptera physalus)
population identity in the western
Mediterranean Sea. Marine Mammal
Science 28:325-344, http://dx.doi.org/
10.1111/j.1748-7692.2011.00491 .x.

Citta, J.J., L.T. Quakenbush, ].C. George, R.J. Small,
M.P. Heide-Jorgensen, H. Brower, B. Adams,
and L. Brower. 2012. Winter movements of
bowhead whales (Balaena mysticetus) in the
Bering Sea. Arctic 65(1):13-34.

Clapham, P. 2002. Humpback whale. Pp. 589-592
in Encyclopedia of Marine Mammals.

W.E Perrin, B. Wursig, and J.G.M. Thewissen,
eds, Academic Press, San Diego, CA.

Clarke, J.T., M.C. Ferguson, C.L Christman,

S.L. Grassia, A.A. Brower, and L.]. Morse.

2011. Chukchi Offshore Monitoring in Drilling
Area (COMIDA) Distribution and Relative
Abundance of Marine Mammals: Aerial Surveys.
Report prepared by the National Marine
Mammal Laboratory (NMFS) for the BOEMRE,
OCS Study BOEMRE 2011-06, 286 pp.

148 Oceanography | Vol. 26, No.4

Clarke, J.T., C.L. Christman, A.A. Brower, and
M.C. Ferguson. 2012. Distribution and Relative
Abundance of Marine Mammals in the Alaskan
Chukchi and Beaufort Seas, 2011. Annual
Report, OCS Study BOEM 2012-009. National
Marine Mammal Laboratory, Alaska Fisheries
Science Center, NMFS, NOAA, Seattle, WA,
344 pp. Available online at: http://www.afsc.
noaa.gov/nmml/PDF/COMIDA-2011-Report.
pdf (accessed December 9, 2013).

Clarke, J.T., C.L. Christman, A.A. Brower, and
M.C. Ferguson. 2013. Distribution and Relative
Abundance of Marine Mammals in the north-
eastern Chukchi and western Beaufort Seas,
2012. Annual Report, OCS Study BOEM 2013-
00117. National Marine Mammal Laboratory,
Alaska Fisheries Science Center, NMFS, NOAA,
Seattle, WA, 349 pp.

Clarke, J.T., S.E. Moore, and M.M. Johnson. 1993.
Observations on beluga fall migration in the
Alaskan Beaufort Sea, 1982-87, and north-
eastern Chukchi Sea, 1982-91. Report of the
International Whaling Commission 43:387-396.

Delarue, J., S.K. Todd, S.M. VanParijs, and
L. Di Iorio. 2009. Geographic variation in
Northwest Atlantic fin whale (Balaenoptera
physalus) song: Implications for stock structure
assessment. Journal of the Acoustical Society of
America 125:1,774-1,782, http://dx.doi.org/
10.1121/1.3068454.

Delarue, J., B. Martin, and D. Hannay. 2012.
Minke whale boing sound detections in the
northeastern Chukchi Sea. Marine Mammal
Science 29:E333-E341, http://dx.doi.org/
10.1111/j.1748-7692.2012.00611.x.

Delarue, J., B. Martin, D. Hannay, and C. Berchok.
2013. Acoustic occurrence and affiliation
of fin whales detected in the northeastern
Chukchi Sea, July to October 2007-2010.
Arctic 66(2):159-172.

Eisner, L., N. Hillgruber, E. Martinson, and
J. Maselko. 2013. Pelagic fish and zoo-
plankton species assemblages in relation to
water mass characteristics in the northern
Bering and southeast Chukchi Seas. Polar
Biology 36:87-113, http://dx.doi.org/10.1007/
s00300-012-1241-0.

Feder, H.M., A.S. Naidu, S.C. Jewett, ].M Hameedi,
W.R. Johnson, and T.E. Whitledge. 1994.

The northeastern Chukchi Sea: Benthos-
environmental interactions. Marine Ecology
Progress Series 111:171-190, http://dx.doi.org/
10.3354/meps111171.

Ford, J.K.B. 2002. Killer whale. Pp. 669-676 in
Encyclopedia of Marine Mammals. W.E. Perrin,
B. Wursig, and ].G.M. Thewissen, eds,
Academic Press, San Diego, CA.

Friday, N.A., ].M. Waite, A.N. Zerbini, and
S.E. Moore. 2012. Cetacean distribution
and abundance in relation to oceanographic
domains on the eastern Bering Sea Shelf: 1999-
2004. Deep-Sea Research Part II 65-70:260-272,
http://dx.doi.org/10.1016/j.dsr2.2012.02.006.

Friday, N., P. Clapham, C. Berchok, J. Crance,

A. Zerbini, B. Rone, A. Kennedy, P. Stabeno,
and J. Napp. 2013. ARCWEST (Arctic Whale
Ecology Study) 2013 Cruise Report. Report
to the Bureau of Ocean Energy Management
(BOEM).

George, J.C., L.M. Philo, K. Hazard, D. Withrow,
G.M. Carroll, and R. Suydam. 1994. Frequency
of killer whale (Orcinus orca) attacks and ship
collisions based on scarring on bowhead whales
(Balaena mysticetus) of the Bering-Chukchi-
Beaufort seas stock. Arctic 47(3):246-255.

Grebmeier, ].M. 2012. Shifting patterns of life
in the Pacific Arctic and Sub-Arctic Seas.
Annual Review of Marine Science 4:63-78,
http://dx.doi.org/10.1146/annurev-marine-
120710-100926.

Haley, B., J. Beland, D.S. Ireland, R. Rodrigues,
and D.M. Savarese. 2010. Chukchi Sea vessel-
based monitoring program. Chapter 3 in
Joint Monitoring Program in the Chukchi and
Beaufort Seas, Open Water Seasons, 2006-2008.
DW. Funk, D.S. Ireland, R. Rodrigues, and
W.R. Koski, eds, LGL Alaska Report P1050-2,
Report from LGL Alaska Research Associates,
Inc., LGL Ltd., Greeneridge Sciences, Inc., and
JASCO Research, Ltd., for Shell Offshore, Inc.,
and Other Industry Contributors, and National
Marine Fisheries Service, US Fish and Wildlife
Service, 506 pp. plus appendices.

Hannay, D.E., ]. Delarue, X. Mouy, B.S. Martin,

D. Leary, J.N. Oswald, and J. Vallarta.

2013. Marine mammal acoustic detec-

tions in the northeastern Chukchi Sea,
September 2007-July 2011. Continental
Shelf Research 67:127-146, http://dx.doi.org/
10.1016/j.cs1.2013.07.009.

Hashagen, K.A., G.A. Green, and B. Adams. 2009.
Observations of humpback whales, Megaptera
novaeangliae, in the Beaufort Sea, Alaska.
Northwestern Naturalist 90:160-162, http://
dx.doi.org/10.1898/NWNO08-40.1.

Higdon, J.W., D.D.W. Hauser, and S.H. Ferguson.
2012. Killer whales (Orcinus orca) in the
Canadian Arctic: Distribution, prey items,
group sizes, and seasonality. Marine Mammal
Science 28(2):E93-E109, http://dx.doi.org/
10.1111/§.1748-7692.2011.00489.x.

Ivashchenko, Y.V, R.L. Brownell Jr., and
PJ. Clapham. 2013. Soviet whaling in the North
Pacific: Revised catch totals. Journal of Cetacean
Research and Management 13:59-71.

Ivashin, M.V, and L.M. Votrogov. 1982.
Occurrence of baleen and killer whales off
Chukotka. Report of the International Whaling
Commission 32:499-501.

Ivashin, M.V, and L.M. Votrogov. 1981a. Minke
whales, Balaenoptera acutorostrata davidsoni,
inhabiting inshore waters of the Chukotka
coast. Report of the International Whaling
Commission 31:231.

Ivashin, M.V, and L.M. Votrogov. 1981b. Killer
whales, Orcinus orca, inhabiting inshore
waters of the Chukotka coast. Report of the
International Whaling Commission 31:521.

Jeffries, M.O., ].E. Overland, and D.K. Perovich.
2013. The Arctic shifts to a new normal. Physics
Today 66:35-40, http://dx.doi.org/10.1063/
PT.3.2147.

Kryukova, N.V, E.P. Kruchenkova, and D.I. Ivanov.
2012. Killer whales (Orcinus orca) hunting
for walruses (Odobenus rosmarus divergens)
near Retkyn Spit, Chukotka. Biology
Bulletin 39(9):768-778, http://dx.doi.org/
10.1134/5106235901209004X.


http://www.afsc.noaa.gov/nmml/PDF/CHAOZ-2011-Report.pdf
http://www.afsc.noaa.gov/nmml/PDF/CHAOZ-2011-Report.pdf
http://dx.doi.org/10.3354/meps07387
http://dx.doi.org/10.3354/meps07387
http://dx.doi.org/10.1016/j.dsr2.2007.08.015
http://dx.doi.org/10.1016/j.dsr2.2007.08.015
http://dx.doi.org/10.3354/ab00198
http://dx.doi.org/10.3354/ab00198
http://www.nmfs.noaa.gov/pr/pdfs/sars/po2010.pdf
http://www.nmfs.noaa.gov/pr/pdfs/sars/po2010.pdf
http://dx.doi.org/10.1111/j.1748-7692.2011.00491.x
http://dx.doi.org/10.1111/j.1748-7692.2011.00491.x
http://www.afsc.noaa.gov/nmml/PDF/COMIDA-2011-Report.pdf
http://www.afsc.noaa.gov/nmml/PDF/COMIDA-2011-Report.pdf
http://www.afsc.noaa.gov/nmml/PDF/COMIDA-2011-Report.pdf
http://dx.doi.org/10.1121/1.3068454
http://dx.doi.org/10.1121/1.3068454
http://dx.doi.org/10.1111/j.1748-7692.2012.00611.x
http://dx.doi.org/10.1111/j.1748-7692.2012.00611.x
http://dx.doi.org/10.1007/s00300-012-1241-0
http://dx.doi.org/10.1007/s00300-012-1241-0
http://dx.doi.org/10.3354/meps111171
http://dx.doi.org/10.3354/meps111171
http://dx.doi.org/10.1016/j.dsr2.2012.02.006
http://dx.doi.org/10.1146/annurev-marine-120710-100926
http://dx.doi.org/10.1146/annurev-marine-120710-100926
http://dx.doi.org/10.1016/j.csr.2013.07.009
http://dx.doi.org/10.1016/j.csr.2013.07.009
http://dx.doi.org/10.1898/NWN08-40.1
http://dx.doi.org/10.1898/NWN08-40.1
http://dx.doi.org/10.1111/j.1748-7692.2011.00489.x
http://dx.doi.org/10.1111/j.1748-7692.2011.00489.x
http://dx.doi.org/10.1063/PT.3.2147
http://dx.doi.org/10.1063/PT.3.2147
http://dx.doi.org/10.1134/S106235901209004X
http://dx.doi.org/10.1134/S106235901209004X

Laidre, K.L., and M.P. Heide-Jorgensen.

2012. Spring partitioning of Disko Bay,
West Greenland, by Arctic and subarc-

tic baleen whales. ICES Journal of Marine
Science 69(7):1,226-1,233, http://dx.doi.org/
10.1093/icesjms/fss095.

Ljungblad, D.K., and S.E. Moore. 1983. Killer
whale (Orcinus orca) chasing gray whales
(Eschrichtius robustus) in the northern Bering
Sea. Arctic 36:361-364.

Lowry, L.E, R.R. Nelson, and K.J. Frost. 1987.
Observations of killer whales, (Orcinus orca),
in western Alaska: Sighting, strandings and
predation on other marine mammals. Canadian
Field-Naturalist 101:6-12.

Maslanik, J., J. Stroeve, C. Fowler, and W. Emery.
2011. Distribution and trends in Arctic sea
ice age through spring 2011. Geophysical
Research Letters 38, L13502, http://dx.doi.org/
10.1029/2011GL047735.

Mel'nikov, V. 2000. Humpback whales Megaptera
novaeangliae off Chukchi Peninsula.
Oceanology 40:895-900.

Melnikov, V.V,, and L.A. Zagrebin. 2005. Killer
whale predation in coastal waters of the
Chukotka Peninsula. Marine Mammal
Science 21(3):550-556, http://dx.doi.org/
10.1111/j.1748-7692.2005.tb01248.x.

Melnikov, V.V., M.A. Zelensky, and L.A. Aynana.
1999. Humpback whales (Megaptera novae-
angliae) in waters off the Chukotka Peninsula.
Paper SC/51/CAWS23 presented to the
International Whaling Commission Scientific
Committee.

Melnikov, V.V,, LA. Zagrebin, M.A. Zelensky,
and L. Ainana. 2001. The minke whale
(Balaenoptera acutorostrata) in offshore waters
of the Chukotka Peninsula. Paper SC/52/0S2
presented to the International Whaling
Commission Scientific Committee.

Miller, RV, D.J. Rugh, and J.H. Johnson. 1986.
The distribution of bowhead whales, Balaena
mysticetus, in the Chukchi Sea. Marine Mammal
Science 2(3):214-222.

Milne, R. 2013. Arctic shipping set for record as sea
ice melts. Financial Times July 21, 2013, http://
www.ft.com/cms/s/0/c947b810-f06a-11e2-929c-
00144feabdc0.html.

Mizroch, S.A., D. Rice, D. Zwiefelhofer, ]. Waite,
and W. Perryman. 2009. Distribution and
movements of fin whales in the North Pacific
Ocean. Mammal Review 39(3):193-227, http://
dx.doi.org/10.1111/j.1365-2907.2009.00147 x.

Moore, S.E., and J.T. Clarke. 1992. Distribution,
Abundance and Behavior of Endangered Whales
in the Alaskan Chukchi and Western Beaufort
Seas, 1991: With a Review 1982-91. OCS Study
MMS 92-0029, 126 pp. plus appendices.

Moore, S.E., ].T. Clarke, and M.M. Johnson. 1993.
Beluga distribution and movements offshore
northern Alaska in spring and summer,
1980-84. Report of the International Whaling
Commission 43:375-386.

Moore, S.E., E. Logerwell, L. Eisner, E. Farley,

L. Harwood, K. Kuletz, J. Lovvorn, J. Murphy,
and L. Quakenbush. In press. Marine fishes,
birds and mammals as sentinels of ecosystem
variability and reorganization in the Pacific
Arctic Region. Chapter 11 in The Pacific Arctic

Region: Ecosystem Status and Trends in a
Rapidly Changing Environment. ].M. Grebmeier
and W. Maslowski, eds, Springer, New York, NY.

Moore, S.E., ].M. Waite, L.L. Mazzuca, and
R.C. Hobbs. 2000. Mysticete whale abundance
and observations of prey associations on the
central Bering Sea shelf. Journal of Cetacean
Research and Management 2(3):227-234.

Moore, S.E., ].M. Waite, N.A. Friday, and
T. Honkalehto. 2002. Cetacean distribution
and relative abundance on the central-eastern
and southeastern Bering Sea shelf with refer-
ence to oceanographic domains. Progress in
Oceanography 55:249-261, http://dx.doi.org/
10.1016/50079-6611(02)00082-4.

Moore, S.E., .M. Grebmeier, and J.R. Davies.

2003. Gray whale distribution relative to

forage habitat in the northern Bering Sea:
Current conditions and retrospective sum-
mary. Canadian Journal of Zoology 81:734-742,
http://dx.doi.org/10.1139/203-043.

Nasu, K. 1974. Movement of baleen whales in rela-
tion to hydrographic conditions in the northern
part of the North Pacific Ocean and the Bering
Sea. Pp. 345-361 in Oceanography of the Bering
Sea with Emphasis on Renewable Resources.
D.W. Hood and E.J. Kelley, eds, Institute
of Marine Science, University of Alaska,
Fairbanks, AK.

National Marine Mammal Laboratory (NMML),
Alaska Fisheries Science Center, and the Pacific
Marine Environmental Laboratory. 2010.
CHAOZ (CHukchi Acoustic, Oceanographic, and
Zooplankton) Study 2010 Cruise Report. 25 pp.
Available online at: http://www.afsc.noaa.gov/
nmml/PDF/CHAOZ-2010-Cruise.pdf.

Nemoto, T. 1959. Food of baleen whales with refer-
ence to whale movements. Scientific Report of
the Whales Research Institute 14:149-290.

Nikulin, I.P. 1946. Distribution of cetaceans in seas
surrounding the Chukchi Peninsula. Trudy
Instituta Okeanology 22:255-257.

Ohsumj, S., and Y. Masaki. 1975. Japanese whale
marking in the North Pacific, 1963-1972.
Bulletin of the Far Seas Fisheries Research
Laboratory 13:171-219.

Overland, J.E., and M. Wang. 2013. When will
the summer Arctic be nearly sea ice free?
Geophysical Research Letters 40: 2,097-2,101,
http://dx.doi.org/10.1002/grl.50316.

Perrin, W.E, and R.L. Brownell Jr. 2002. Minke
whale. Pp. 750-754 in Encyclopedia of
Marine Mammals. W.E. Perrin, B. Waursig,
and J.G.M. Thewissen, eds, Academic Press,
San Diego, CA.

Quakenbush, L.T,, J.J. Citta, ].C. George, R.J. Small,
and M.P. Heide-Jorgensen. 2010. Fall and win-
ter movements of bowhead whales (Balaena
mysticetus) in the Chukchi Sea and within
a potential petroleum development area.

Arctic 63(3):289-307.

Rone, B.K., C.L. Berchok, J.L. Crance, and
PJ. Clapham. 2012. Using air-deployed pas-
sive sonobuoys to detect and locate critically
endangered North Pacific right whales. Marine
Mammal Science 28(4):E528-E538, http://
dx.doi.org/10.1111/j.1748-7692.2012.00573.x.

Sleptsov, M.M. 1961. Fluctuations in the numbers
of whales of the Chukchi Sea in various years.
Translated by the US Naval Oceanographic

Office in 1970. [O kolebanii chislennosti kitov
v Chukotskom More v raznyye gody]. Trudy
Instituta Morfologiya Zhivotnykh Akademiya
Nauk SSSR 34:54-64.

Stafford, K.M., S.E. Moore, P.J. Stabeno,

DJV. Holliday, ].M. Napp, and D.K. Mellinger.
2010. Biophysical ocean observation in

the southeastern Bering Sea. Geophysical
Research Letters 37, 102606, http://dx.doi.org/
10.1029/2009GL040724.

Stroeve, J., M. Serreze, S. Drobot, S. Gearhead,

M. Holland, J. Maslanik, W. Meier, and

T.S. Scambo. 2008. Arctic sea ice extent plum-
mets in 2007. Eos, Transactions American
Geophysical Union 89:13-14, http://dx.doi.org/
10.1029/2008EO0020001.

Suydam, R.S., L.E Lowry, K.J. Frost, G.M. O'Corry-
Crowe, and D. Pikok Jr. 2001. Satellite tracking
of eastern Chukchi Sea beluga whales in the
Arctic Ocean. Arctic 54(3):237-243.

Suydam, R.S., ].C. George, B. Person, C. Hanns,
R. Stimmelmayr, L. Pierce, and G. Sheffield.
2012. Subsistence harvest of bowhead whales
(Balaena mysticetus) by Alaskan Eskimos
during 2011. Paper SC/64/BRG2 presented
to the International Whaling Commission
Scientific Committee.

Tomilin, A.G. 1957. Mammals of the USSR
and Adjacent Countries. Vol. IX: Cetaceans.
Izdatel'stvo Akademi Nauk SSSR. Translated
from Russian in 1967 by the Israel Program for
Scientific Translations.

US Committee on the Marine Transportation
System. 2013. US Arctic Marine Transportation
System: Overview and Priorities for
Action. 115 pp.

Votrogov, L.M., and M.V. Ivashin. 1980. Sightings
of fin and humpback whales in the Bering
and Chukchi Seas. Report of the International
Whaling Commission 30:247-248.

Weingartner, T., K. Aagaard, R. Woodgate,

S. Danielson, Y. Sasaki, and D. Cavalieri. 2005.
Circulation on the north central Chukchi Sea
Shelf. Deep-Sea Research Part II 52:3,150-3,174,
http://dx.doi.org/10.1016/j.dsr2.2005.10.015.

Wiley, D., C. Ware, A. Bocconcelli, D. Cholewiak,
A Friedlander, M. Thompson, and M. Weinrich.
2011. Underwater components of humpback
whale bubble-net feeding behavior.

Behavior 148(5):575-602.

Woodgate, R.A., K. Aagaard, and T.J. Weingartner.
2005. Monthly temperature, salinity, and trans-
port variability of the Bering Strait through
flow. Geophysical Research Letters 32, L04601,
http://dx.doi.org/10.1029/2004GL021880.

Woodgate, R.A., T.J. Weingartner, and R. Lindsay.
2012. Observed increases in Bering Strait
oceanic fluxes from the Pacific to the Arctic
from 2001 to 2011 and their impacts on the
Arctic Ocean water column. Geophysical
Research Letters 39, 124603, http://dx.doi.org/
10.1029/2012GL054092.

06mnqqm/0h)/ | December2013 149


http://dx.doi.org/10.1093/icesjms/fss095
http://dx.doi.org/10.1093/icesjms/fss095
http://dx.doi.org/10.1029/2011GL047735
http://dx.doi.org/10.1029/2011GL047735
http://dx.doi.org/10.1111/j.1748-7692.2005.tb01248.x
http://dx.doi.org/10.1111/j.1748-7692.2005.tb01248.x
http://www.ft.com/cms/s/0/c947b810-f06a-11e2-929c-00144feabdc0.html
http://www.ft.com/cms/s/0/c947b810-f06a-11e2-929c-00144feabdc0.html
http://www.ft.com/cms/s/0/c947b810-f06a-11e2-929c-00144feabdc0.html
http://dx.doi.org/10.1111/j.1365-2907.2009.00147.x
http://dx.doi.org/10.1111/j.1365-2907.2009.00147.x
http://dx.doi.org/10.1016/S0079-6611(02)00082-4
http://dx.doi.org/10.1016/S0079-6611(02)00082-4
http://dx.doi.org/10.1139/z03-043
http://www.afsc.noaa.gov/nmml/PDF/CHAOZ-2010-Cruise.pdf
http://www.afsc.noaa.gov/nmml/PDF/CHAOZ-2010-Cruise.pdf
http://dx.doi.org/10.1002/grl.50316
http://dx.doi.org/10.1111/j.1748-7692.2012.00573.x
http://dx.doi.org/10.1111/j.1748-7692.2012.00573.x
http://dx.doi.org/10.1029/2009GL040724
http://dx.doi.org/10.1029/2009GL040724
http://dx.doi.org/10.1029/2008EO020001
http://dx.doi.org/10.1029/2008EO020001
http://dx.doi.org/10.1016/j.dsr2.2005.10.015
http://dx.doi.org/10.1029/2004GL021880
http://dx.doi.org/10.1029/2012GL054092
http://dx.doi.org/10.1029/2012GL054092

