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The marine ecosystem in the Pacific Arctic region has experienced dramatic
transformation, most obvious by the loss of sea ice volume (75%), late-
summer areal extent (50%) and change in phenology (four to six weeks
longer open-water period). This alteration has resulted in an opening of habitat
for subarctic species of baleen whales, many of which are recovering in
number from severe depletions from commercial whaling in the nineteenth
and twentieth centuries. Specifically, humpback, fin and minke whales
(Megaptera novaeangliae, Balaenoptera physalus and Balaenoptera acutorostrata)
are now regularly reported during summer and autumn in the southern Chuk-
chi Sea. These predators of zooplankton and forage fishes join the seasonally
resident grey whale (Eschrichtius robustus) and the arctic-endemic bowhead
whale (Balaena mysticetus) in the expanding open-ocean habitat of the Pacific
Arctic. Questions arising include: (i) what changes in whale-prey production
and delivery mechanisms have accompanied the loss of sea ice, and (ii) how
are these five baleen whale species partitioning the expanding ice-free habitat?
While there has been no programme of research specifically focused on these
questions, an examination of seasonal occurrence, foraging plasticity and (for
bowhead whales) body condition suggests that the current state of
Pacific Arctic marine ecosystem may be ‘boom times’ for baleen whales.
These favourable conditions may be moderated, however, by future shifts in
ecosystem structure and/or negative impacts to cetaceans related to increased
commercial activities in the region.

1. Introduction

A 'new normal’ climate is emerging in the Pacific Arctic marine ecosystem [1],
coincident with the dramatic loss of sea ice at a rate which accelerated after
2000 [2]. Overall, the region has lost 75% of sea ice by volume and 50% in late-
summer surface cover, coincident with the extension of the open-water period
by four to six weeks. The marine ecosystem north of the Bering Strait is
warmer, fresher and stormier than in the past, with annual inflow of Pacific
waters roughly 50% higher now than prior to 2001 [3]. Satellite data suggest
that this biophysical transformation supports increased rates of phytoplankton
net primary production (NPP) by 42% in the Chukchi Sea and 53.1% in the Beau-
fort Sea, probably in response to reduced sea ice thickness and extension of the
open-water period [4]. However, satellites cannot sample subsurface peaks in
NPP, which are common throughout the Arctic Ocean [5]. Thus, a full accounting
of changes to regional primary productivity remains elusive.

Whether owing to habitat expansion, increasing whale numbers, or both, sub-
arctic species of baleen (mysticete) whales are now commonly reported in the
Chukchi Sea. Specifically, humpback, fin and minke whales were seen between
Bering Strait and 69°N latitude during aerial surveys conducted from July
through to September 2009-2012, where none were seen during surveys con-
ducted from 1982 to 1991 [6]. These three species appear to have expanded
their range in late summer to now join the Arctic-endemic bowhead whale and
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Figure 1. Advection of euphausiids (red) into the Chukchi Sea and upwelling of copepods (yellow) from the basin to the continental shelf in the Beaufort Sea are
prey-delivery pathways that are probably enhanced by increased transport through the Bering Strait and wind-forcing combined with the loss of sea ice. Both
enhanced production and increased advection common in the ‘new normal’ Pacific Arctic marine ecosystem deliver food to bowhead whales (inset). This graphic
is a composite of revised figures [14,15]; triangles indicate areas where whale-prey associations have been reported [14]. (Online version in colour.)

the seasonally resident grey whale [7] in the rapidly changing
marine ecosystem of the Pacific Arctic. Detections of whale
calls at an autonomous recorder deployed from 2009 to 2012
revealed that humpback and fin whales remain in southern
Chukchi waters through October and in some years into
November [3]. Of note, detections of humpback and fin
whale calls ceased near the onset of sea ice formation each
year, coincident with the onset of bowhead whale call detec-
tions. In other words, the subarctic species departed as the
Arctic-endemic species arrived, along with seasonal sea ice.

The pan-Arctic reduction in sea ice evident early in the
twenty-first century triggered a number of reviews regarding
the impact of this loss of habitat on marine mammals [8—10].
Polar bears (Ursus maritimus), walruses (Odobenus rosmarus)
and ice seals appear to be particularly vulnerable because
they rely on sea ice as a platform for key life-history functions
such as birthing, nursing young, hunting and resting. Con-
versely, with the loss of sea ice, ocean habitat for cetaceans
has expanded both spatially and temporally. This expansion
of habitat coincides with the ongoing recovery of most popu-
lations of baleen whales from decades of commercial harvest
in the nineteenth and twentieth centuries [11,12]. It also facili-
tates offshore commercial activities, including shipping and
oil and gas development, which can have significant negative
impacts on cetaceans [13].

In this opinion piece, I summarize observations and offer
plausible explanations regarding changes to baleen whale-
prey production and delivery coincident with the dramatic
loss of sea ice, increased transport through the Bering Strait
and amplified upwelling along the Beaufort Sea slope. This
synoptic description, coupled with an overview of recent
baleen whale seasonal occurrence in the Pacific Arctic, under-
pins a schematic of habitat partitioning among the five

species. The diagram is intended as a first-step in recognizing
the current status and role of baleen whales in the changing
ecology of the Pacific Arctic.

2. Changes to baleen whale-prey production
and delivery

Two well-documented alterations to the Pacific Arctic ecosys-
tem that probably have changed production and delivery of
baleen whale-prey in the twenty-first century are the afore-
mentioned loss of sea ice and the increased inflow of Pacific
water through the Bering Strait (figure 1). The thinning and
extensive seasonal retreat of sea ice has fostered increased
NPP, which probably supports higher rates of secondary pro-
duction, including the mesozooplankton and forage fish prey
of baleen whales. This suggested link between sea ice loss
and increased prey production is supported by limited obser-
vations in the Chukchi Sea [16], where the abundance and
biomass of mesozooplankton was higher in reduced-ice
years (2007/2008) compared with years with extensive sea
ice (1991/1992). The delivery of mesozooplankton prey
from the northern Bering to the Chukchi Sea has also prob-
ably increased with the more robust northward transport at
the Bering Strait since 2001 [3]. Corroborating evidence that
prey are advected through the Strait includes the report of
grey whales feeding on euphausiids in the southern Chukchi
Sea in 2003 [17], and the description of large copepods and
euphausiids abundant in the cold, nutrient-rich Bering Sea
Anadyr Water advected into the southern and central
Chukchi Sea in 2007 [18]. Humpback, fin and minke whales
are efficient predators of these mesozooplankton as well as
of forage fishes that may follow this plankton stream.
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Figure 2. Schematic of habitat partitioning for five species of baleen whales
in the Pacific Arctic. Bowhead whales feed on pelagic and epibenthic zoo-
plankton from the northern Bering to Beaufort Sea (blue); grey whales
feed on pelagic, epibenthic and benthic prey from the northern Bering
through the Chukchi Sea (orange); humpback, fin and minke whales feed
on zooplankton and forage fishes primarily in the Bering and southern
Chukchi seas (yellow). (Online version in colour.)

The extreme retreat of sea ice combined with upwelling-
favourable winds has also probably increased localized
abundance of copepods and other mesozooplankton upwelled
onto the Beaufort Sea shelf. Notably, the number and strength
of upwelling events in the Alaskan Beaufort Sea has increased
over the past 25 years [19]. In the western Beaufort, a
sudden cessation of upwelling-favourable winds can spring a
‘prey trap’, which concentrates zooplankton for efficient
foraging by bowhead whales [20]. Combined, the recent ‘new
normal’ conditions in the Pacific Arctic seemingly provide
Arctic-endemic bowhead whales with optimal foraging oppor-
tunities, both from increased upwelling of copepod prey in the
Beaufort Sea and robust advection of copepod and euphausiids
prey through the Bering Strait into the Chukchi and western
Beaufort Sea (figure 1: inset). A suite of observations, including
the seasonal ecology of bowhead whale core-use areas [21] and
improved whale body condition coincident with sea ice loss
[22], support this assertion.

3. Habitat partitioning among baleen whales in
the Pacific Arctic

Habitat partitioning among the five baleen whale species is
accomplished largely through temporal separation, under-
pinned by species-specific migration cycles and dissimilar
prey preferences (figure 2). Bowhead whales occupy Bering
Sea waters in winter, migrating though the Bering Strait in
spring and feeding in the Beaufort and then Chukchi seas
from late spring through to autumn [7,21]. Grey whales
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Competing interests. T declare I have no competing interests.
Funding. No funding has been received for this article.

Wood KR, Bond NA, Danielson SL, Overland JE, Salo
SA, Stabeno PJ, Whitefield J. 2015 A decade of
environmental change in the Pacific Arctic region.
Prog. Oceanogr. 136, 12—31. (doi:10.1016/j.pocean.
2015.05.005)

Frey KE, Moore GWK, Cooper LW, Grebmeier JM.
2015 Divergent patterns of recent sea ice cover
across the Bering, Chukchi, and Beaufort seas of the
Pacific Arctic Region. Prog. Oceanogr. 136, 32—49.
(doi:10.1016/j.pocean.2015.05.009)

3.

Woodgate RA, Stafford KM, Prahl FG. 2015

A synthesis of year-round interdisciplinary mooring
measurements in Bering Strait (1990-2014) and
the RUSALCA years (2004—2011). Oceanography 28,
38—59. (doi:10.5670/0cean0g.2015.57)

Arrigo KR, van Dijken GL. 2015 Continued increases
in Arctic Ocean primary production. Prog. Oceanogr.
136, 60—70. (doi:10.1016/j.pocean.2015.05.002)
Hill VJ, Matrai PA, Olson E, Suttles S, Steele M, Codispoti
LA, Zimmerman RC. 2013 Synthesis of integrated

primary production in the Arctic Ocean: II. In situ

and remotely sensed estimates. Prog. Oceanogr. 110,
107-125. (doi:10.1016/j.pocean.2012.11.005)

Clarke J, Stafford K, Moore SE, Rone B, Aerts L,
Crance J. 2013 Subarctic cetaceans in the southern
Chukchi Sea: evidence of recovery or response to a
changing ecosystem. Oceanography 26, 136—149.
(doi:10.5670/0cean0g.2013.81)

Moore SE, DeMaster DP, Dayton PK. 2000 Cetacean
habitat selection in the Alaska Arctic during

1$209L07 -TL “Ma7 ‘joig  baobuiysiigndAranos|eor|qsi H


http://dx.doi.org/10.1016/j.pocean.2015.05.005
http://dx.doi.org/10.1016/j.pocean.2015.05.005
http://dx.doi.org/10.1016/j.pocean.2015.05.009
http://dx.doi.org/10.5670/oceanog.2015.57
http://dx.doi.org/10.1016/j.pocean.2015.05.002
http://dx.doi.org/10.1016/j.pocean.2012.11.005
http://dx.doi.org/10.5670/oceanog.2013.81

summer and autumn. Arctic 53, 432—447. (doi:10.
14430/artic873)

Moore SE, Huntington HP. 2008 Arctic marine
mammals and dimate change: impacts and
resilience. Ecol. Appl. 18, S157-5165. (doi:10.1890/
06-0571.1)

Kovacs KM, Lydersen CL. 2008 Climate change
impacts on seals and whales in the North Atlantic
Arctic and adjacent shelf seas. Sci. Prog. 91,
117-150. (doi:10.3184/003685008X324010)

Laidre KL et al. 2015 Arctic marine mammal
population status, sea ice habitat loss, and
conservation recommendations for the 21st
century. Conserv. Biol. 29, 724—737. (doi:10.1111/
cobi.12474)

Roman J, Dunphy-Daly M, Johnston DW, Read AJ.
2015 Lifting baselines to address the consequences
of conservation success. Trends Ecol. Evol. 30,
299-302. (doi:10.1016/j.tree.2015.04.003)

Rocha Jr RC, Clapham PJ, Ivashchenko YV. 2015
Emptying the oceans: a summary of industrial
whaling catches in the 20th century. Mar. Fish. Rev.
76, 37—-48. (doi:10.7755/MFR.76.4.3)

Reeves RR et al. 2014 Distribution of endemic
cetaceans in relation to hydrocarbon development
and commercial shipping in a warming Arctic.
Mar. Policy 44, 375—389. (doi:10.1016/j.marpol.
2013.10.005)

Wassman P et al. 2015 The contiguous domains of
Arctic Ocean advection: trails of life and death. Prog.

15.

16.

17.

18.

19.

20.

Oceanogr. 139, 42— 65. (doi:10.1016/j.pocean.2015.
06.011)

Moore SE, Laidre KL. 2006 Trends in sea ice cover
within habitats used by bowhead whales in the
western Arctic. Ecol. Appl. 16, 932—944. (doi:10.
1890/1051-0761(2006)016[0932:TISICW]2.0.€0;2)
Matsuno K, Yamaguchi A, Hirawake T, Imai 1. 2011
Year-to-year changes of mesozooplankton
community in the Chukchi Sea during summers of
1991, 1992 and 2007, 2008. Polar Biol. 34, 1349—
1360. (doi:10.1007/500300-011-0988-z)

Bluhm BA, Coyle KO, Konar B, Highsmith R. 2007
High gray whale relative abundances associated
with an oceanographic front in the south-central
Chukchi Sea. Deep-Sea Res. Il 54, 2919—2933.
(doi:10.1016/j.dsr2.2007.08.015)

Eisner L, Hillgruber N, Martinson E, Maselko J. 2013
Pelagic fish and zooplankton species assemblages in
relation to water mass characteristics in the
northern Bering and southeast Chukchi seas. Polar
Biol. 36, 87—113. (d0i:10.1007/500300-012-1241-0)
Pickart RS, Schulze LM, Moore GWK, Charette MA,
Arrigo KR, van Dijken G, Danielson SL. 2013 Long-
term trends of upwelling and impacts on primary
productivity in the Alaska Beaufort Sea. Deep-Sea
Res 1. 79, 106—121. (doi:10.1016/j.dsr.2013.05.003)
Ashjian O et al. 2010 Climate variability,
oceanography, bowhead whale distribution and
Inupiat subsistence whaling near Barrow, Alaska.
Arctic 63, 179—194. (doi:10.14430/arctic973)

21.

22.

23.

24,

25.

26.

Citta JJ et al. 2015 Ecological characteristics of core-
use areas used by Bering-Chukchi-Beaufort (BCB)
bowhead whales, 2006—2012. Prog. Oceanogr.
136, 201-222. (doi:10.1016/j.pocean.2014.08.012)
George JC, Druckenmiller ML, Laidre KL, Suydam R,
Berson B. 2015 Bowhead whale body condition and
links to summer sea ice and upwelling in the
Beaufort Sea. Prog. Oceanogr. 136, 250—262.
(doi:10.1016/j.pocean.2015.05.001)

Skern-Mauritzen M, Johannesen E, Bjorge A, Gien N.
2011 Baleen whale distributions and prey
associations in the Barents Sea. Mar. Ecol. Prog. Ser.
426, 289—301. (doi:10.3354/meps09027)

Nowacek DP, Friedlaender AS, Halpin PN, Hazen E,
Johnston DW, Read AJ, Espinasse B, Zhou M, Zhu Y.
2011 Super-aggregations of krill and humpback whales
in Wilhelmina Bay, Antarctic Peninsula. PLoS ONE 6,
€0019173. (doi:10.1371/journal.pone.0019173)
Moore SE, Logerwell E, Eisner L, Farley Jr EV,
Harwood LA, Kuletz K, Lovvorn J, Murphy JR,
Quakenbush LT. 2014 Marine fishes, birds and
mammals as sentinels of ecosystem variability and
reorganization in the Pacific Arctic region. In The
Pacific Arctic region: ecosystem status and trends in a
rapidly changing environment (eds J Grebmeier,

W Maslowski), pp. 337—-392. Dordrecht,

The Netherlands: Springer.

Roman J et al. 2014 Whales as marine ecosystem
engineers. front. Ecol. Environ. 12, 377 -385.
(doi:10.1890/130220)

1SZ09L07 :TL ‘Ha7 Joig  baobuiysigndiaposierorjqss H


http://dx.doi.org/10.14430/artic873
http://dx.doi.org/10.14430/artic873
http://dx.doi.org/10.1890/06-0571.1
http://dx.doi.org/10.1890/06-0571.1
http://dx.doi.org/10.3184/003685008X324010
http://dx.doi.org/10.1111/cobi.12474
http://dx.doi.org/10.1111/cobi.12474
http://dx.doi.org/10.1016/j.tree.2015.04.003
http://dx.doi.org/10.7755/MFR.76.4.3
http://dx.doi.org/10.1016/j.marpol.2013.10.005
http://dx.doi.org/10.1016/j.marpol.2013.10.005
http://dx.doi.org/10.1016/j.pocean.2015.06.011
http://dx.doi.org/10.1016/j.pocean.2015.06.011
http://dx.doi.org/10.1890/1051-0761(2006)016[0932:TISICW]2.0.CO;2
http://dx.doi.org/10.1890/1051-0761(2006)016[0932:TISICW]2.0.CO;2
http://dx.doi.org/10.1007/s00300-011-0988-z
http://dx.doi.org/10.1016/j.dsr2.2007.08.015
http://dx.doi.org/10.1007/s00300-012-1241-0
http://dx.doi.org/10.1016/j.dsr.2013.05.003
http://dx.doi.org/10.14430/arctic973
http://dx.doi.org/10.1016/j.pocean.2014.08.012
http://dx.doi.org/10.1016/j.pocean.2015.05.001
http://dx.doi.org/10.3354/meps09027
http://dx.doi.org/10.1371/journal.pone.0019173
http://dx.doi.org/10.1890/130220

	Is it &lsquo;boom times&rsquo; for baleen whales in the Pacific Arctic region?
	Introduction
	Changes to baleen whale-prey production and delivery
	Habitat partitioning among baleen whales in the Pacific Arctic
	Competing interests
	Funding
	References


