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Abstract	
In	the	past	few	decades,	Arctic	sea	ice	has	been	experiencing	some	dramatic	changes	due	in	
large	part	to	climate	change.	Arctic	sea	ice	is	melting	and	decreasing	in	both	surface	area	and	
thickness.	 Annual	 ice	 melt	 and	 freeze	 timings	 are	 being	 altered.	 These	 changes	 affect	 the	
precarious	 balance	 of	 the	 Arctic	 ecosystem	 from	 the	microscopic	 organisms	 to	 its	 largest	
inhabitants,	 the	 Arctic	 whales.	 The	 factors	 influencing	 Arctic	 cetaceans	 include	 ultraviolet	
radiation	exposure,	 invasive	species,	and	killer	whale	predation.	The	reduced	sea	 ice	cover	
decreases	the	net	reflectivity	of	the	Arctic,	increasing	absorption	of	UV	rays	in	Arctic	waters	
which	 cause	 skin	 lesions	 in	whales	 and	 reduce	 primary	 production.	With	 reduced	 sea	 ice	
cover,	 invasive	 species	 –	 including	 predatory	 killer	 whales	 –	 have	 been	 extending	 their	
ranges	 northward,	 creating	 a	 possible	 competition	 for	 food	 with	 endemic	 Arctic	 species.	
Arctic	whales	are	very	susceptible	to	changes	in	their	habitat	and	may	not	be	able	to	survive	
the	present	rate	of	change	in	their	environment.	This	review	synthesizes	data	gathered	from	
previous	studies	on	the	impacts	of	decreasing	sea	ice	extent	on	Arctic	cetaceans	in	an	effort	
to	better	assess	the	conservation	status	of	the	three	species.	

1.	Introduction		
Climate	 change	 is	 one	 of	 the	 most	 important	 environmental	 issues	 of	 the	 century,	
predominantly	caused	by	anthropogenic	forcing.	The	effects	of	this	global	phenomenon	are	
most	 pronounced	 in	 the	 Arctic.	 Rising	 ocean	 temperatures	 in	 the	 region	 are	 causing	 a	
substantial	 increase	 in	 sea	 ice	 melt,	 leading	 to	 loss	 of	 sea	 ice	 volume	 and	 area.	 For	 all	
months	of	the	year,	Arctic	sea	ice	extent	and	thickness	has	been	showing	a	steepening	rate	
of	decline	(Kwok	et	al.,	2009;	Stroeve	et	al.,	2012).	September	ice	cover	has	decreased	by	
over	30%	since	the	late	1970s	(Stroeve	et	al.,	2012).	Multi-year	ice	is	being	replaced	by	thin	
first-year	ice	(Kwok	et	al.,	2009).	A	lengthening	of	the	melt	season	is	apparent	in	almost	all	
regions	of	the	Arctic	Ocean	(Stroeve	et	al.,	2014)	and	is	characterized	by	earlier	melt	onset	
and	 later	autumn	 freeze-up.	These	dramatic	 changes	 jeopardize	 the	balance	of	 the	Arctic	
ecosystem,	due	to	the	ice's	influence	on	almost	all	biological	processes	necessary	for	life	to	
thrive	in	the	Arctic	(Laidre	et	al.,	2008).	 	The	decreasing	ice	extent	could	also	have	global	
repercussions	by	potentially	affecting	other	marine	ecosystems.		

The	changes	the	sea	ice	is	undergoing	will	inevitably	impact	cetaceans	residing	in	the	Arctic	
and	possibly	threaten	their	survival.	A	major	loss	in	biodiversity	and	the	imperilment	of	the	
entire	 Arctic	 ecosystem	 could	 be	 the	 outcomes	 in	 failing	 to	 determine	 those	 impacts.	 In	
contrast,	determining	how	 the	changes	 in	 the	 ice	 cover	affect	Arctic	whales1	may	 lead	 to	
better	conservation	policies	for	those	species	and	the	protection	of	the	Arctic	environment.		

																																																													
1	For	the	purposes	of	this	paper,	Arctic	whales	refer	only	to	the	three	species	of	cetaceans	
endemic	to	the	Arctic:	bowhead	whales	(Balaena	mysticetus),	narwhals	(Monodon	
monoceros)	and	belugas	(Delphinapterus	leucas).	
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Although	Arctic	whales	are	closely	affiliated	with	sea	 ice,	 the	direct	relationship	between	
the	two	has	not	yet	been	clearly	defined	(Moore	and	Huntington,	2008).	This	missing	key	
concept	 limits	 understanding	 and	 creates	 contrasting	 theories	 as	 to	 how	 the	melting	 ice	
will	affect	Arctic	whales.	Some	studies	disagree	on	whether	a	decrease	in	sea	ice	extent	will	
result	 in	an	 increase	 in	 feeding	opportunities	(Laidre	et	al.,	2008;	Moore	and	Huntington,	
2008).	Other	studies	differ	on	the	overall	capacity	of	the	ice	to	serve	as	physical	protection	
for	ice-associated	whales.		Overall,	there	is	a	lack	of	research	in	ascertaining	the	net	effect	
changes	 in	 sea	 ice	 cover	will	 have	 on	 cetaceans.	 This	 information	 is	 crucial	 in	 assessing	
their	conservation	status.	

In	 order	 to	 provide	 a	 better	 understanding	 of	 the	 possible	 threats	 to	 Arctic	whales,	 this	
review	 summarizes	 key	 information	 on	 the	 melt	 of	 the	 Arctic	 sea	 ice	 and	 the	 different	
species	of	Arctic	whales.	The	relationship	between	these	cetaceans	and	sea	ice	is	studied	in	
order	to	determine	the	impacts	of	ice	melt	on	Arctic	whales.	This	review	focuses	on	three	
categories	of	possible	impacts:	(1)	ultraviolet	radiation	exposure,	(2)	invasive	species,	and	
(3)	killer	whale	predation.	

2.	Ultraviolet	radiation	exposure	

Arctic	multi-year	 sea	 ice	 (MYI)	 is	 known	 for	 its	 high	 albedo,	 reflecting	 up	 to	 90%	of	 the	
transmitted	 solar	 energy	 (National	 Snow	 and	 Ice	 Data	 Center,	 2015).	 This	 energy	 is	
comprised	of	ultraviolet	(UV)	radiation,	visible	 light	and	infrared	radiation.	 In	contrast	to	
MYI	 reflectivity,	 the	 ocean-surface	 reflects	much	 less	 effectively	 solar	 radiation	 than	 ice.	
First-year	 ice	(FYI)	also	absorbs	50%	more	solar	energy	than	MYI	(Nicolaus	et	al.,	2012).	
Figure	 1	 illustrates	 these	 facts	 by	 comparing	 the	 respective	 absorption	 and	 reflectivity	
fractions	 of	 FYI	 and	MYI.	 Due	 to	 the	 decreasing	 Arctic	 sea	 ice	 extent	 and	 loss	 of	MYI,	 a	
larger	portion	of	the	Arctic	Ocean	surface	is	constituted	of	open	water	and	FYI.	The	effect	of	
decreased	 ice	 cover	 is	 coupled	 with	 high	 ozone	 layer	 depletion	 over	 the	 Arctic	 region,	
which	will	allow	more	UV	radiation	to	be	transmitted	towards	the	surface.	

A	study	by	Bais	et	al.	(2014)	analyzes	the	effect	of	the	decrease	of	Arctic	reflectivity	on	UV-
B	irradiance.	They	compiled	information	surveyed	from	available	studies	on	the	decreasing	
Arctic	 ice	 cover	 and	 UV-B	 transmittance	 data	 for	 existing	 Arctic	 snow-covered	 ice.	 They	
found	 that	 the	melting	of	 the	 sea	 ice	 in	 the	Arctic	would	 lead	 to	 the	ocean	 surface	being	
exposed	to	10	times	the	normal	levels	of	UV-B	radiation.	Overall,	the	Arctic’s	total	capacity	
to	reflect	UV	rays	would	be	reduced	by	10%,	thereby	increasing	UV	radiation	absorption	by	
the	Arctic	ecosystem	as	a	whole.	
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Figure	1:	Short-wave	reflectivity	and	absorbance	of	 first-year	 ice	vs	multi-year	 ice	 fractions.	
Dark	arrows	refer	to	melt	ponds	while	white	arrows	refer	to	sea	ice.	Dashed	lines	indicate	sea	
level.	 “Total”	 arrows	 indicate	 averages	 of	 absorbance	 and	 reflectivity.	 Photographs	 show	
representative	first-year	ice	and	multi-year	summer	sea	ice	conditions	(Nicolaus	et	al.,	2012).	

Increased	UV	 radiation	 absorption	 has	 serious	 implications	 for	 the	 Arctic	whale	 species.	
Whales	have	been	documented	suffering	from	skin	lesions	due	to	continuous	UV	radiation	
exposure	(Martinez-Levasseur	et	al.,	2013).	More	research	is	still	needed	to	fully	assess	the	
long-term	 effects	 of	 UV	 exposure	 on	 whales.	 Nonetheless,	 the	 greatest	 consequence	 of	
increased	UV	absorption	for	Arctic	whales	is	possibly	that	of	reduced	primary	production.	
Helbling	et	al.	(1996)	studied	the	impacts	of	UV	radiation	exposure	on	northern	post-bloom	
phytoplankton.	They	obtained	samples	of	phytoplankton	during	the	summer	and	exposed	
some	 to	UV	radiation.	They	discovered	 that	 rates	of	photosynthesis	were	150%	 larger	 in	
samples	 not	 exposed	 to	 additional	 UV	 radiation	 than	 those	 that	 were	 exposed.	
Photosynthesis	 being	 phytoplankton’s	 primary	 mechanism	 for	 energy	 aquisition,	
photosynthetic	 inhibition	 leaves	 phytoplankton	 populations	 susceptible	 to	 increasing	UV	
exposure.	Arctic	whales	do	not	directly	feed	on	phytoplankton.	The	bowhead	whale	feeds	
on	vast	quantities	of	zooplankton,	while	belugas	and	narwhals	feed	on	a	multitude	of	Arctic	
fish	 and	 marine	 invertebrate	 species.	 However,	 since	 phytoplankton	 forms	 the	 base	 of	
marine	 food	 chains,	 zooplankton	 and	whales	will	 be	 faced	with	 a	 reduced	 food	 supply	 if	
phytoplankton	populations	collapse	due	to	higher	UV	exposure.	

3.	Invasive	species	

Retreating	 Arctic	 ice	 cover	 is	 allowing	 seasonally	 migrant	 species	 to	 extend	 their	 range	
northward	(Moore	and	Huntington,	2008;	Simmonds	and	Eliott,	2009).	A	study	by	Moore	
and	 Huntington	 (2008)	 focuses	 on	 assessing	 the	 impacts	 of	 climate	 change	 on	 Arctic	
marine	mammals.	Their	review	addresses	the	migration	of	subarctic	species	as	a	threat	to	
the	 specialized	marine	 Arctic	 species.	 To	 this	 end,	 they	 surveyed	multiple	 sources	 from	
other	 peer-reviewed	 studies	 to	 personal	 communications	 with	 northern	 researchers.	
Helbling	et	 al.	 (1996)	 gathered	 their	 data	 first-hand	by	 collecting	 samples	 and	 subjected	



4	
A.	Paulin	\	Oceans	First,	Issue	3,	2016,	pgs.	1-9.	

them	 to	 different	 conditions.	 Moore	 and	 Huntington	 found	 that	 species	 like	 the	 fin	
(Balaenoptera	 physalus),	 minke	 (Balaenoptera	 acutorostrata),	 humpback	 (Megaptera	
novaeangliae),	 and	 gray	 (Eschrichtius	 robustus)	 whales	 were	 ranging	 further	 north	 in	
recent	years	in	areas	of	substantial	decrease	in	sea	ice	extent.	Due	to	increasing	melt	period	
length,	 these	migrant	 species	may	 be	 able	 to	 remain	 at	 higher	 latitudes	 for	 an	 extended	
period	of	 time,	 thus	 increasing	 the	 impact	of	 food	 competition.	 Laidre	et	 al.	 (2008)	 state	
further	that,	 in	addition	to	the	species	listed	above,	the	blue	(Balaenoptera	musculus)	and	
pilot	(Globicephala	melas)	whales	are	also	using	the	Arctic	as	feeding	grounds.	They	predict	
these	species	will	 range	 further	north	at	earlier	 times	of	 the	year	due	 to	 the	earlier	melt	
periods.	

Cetaceans	are	not	the	only	species	to	extend	their	range	northward.	Several	hundred	fish	
species	are	also	migrating	towards	the	Arctic.	A	study	by	Jones	and	Cheung	(2015)	applied	
species	 distributions	models	 in	 order	 to	 predict	 future	 population	 shifts	 of	 802	 fish	 and	
invertebrate	 species	under	climate	change	scenarios.	These	methods	differ	 from	 those	 in	
Moore	and	Huntington	(2008)	and	Helbling	et	al.	(1996)	as	they	use	prediction	models	to	
draw	their	conclusions,	without	relying	on	first-hand	sampling	or	personal	communiqués.	
They	found	that	areas	at	higher	latitudes,	such	as	the	Arctic	Ocean,	were	more	susceptible	
to	 larger-scale	 fish	 immigration	 than	 other	 regions.	 Figure	 2	 demonstrates	 the	 average	
invasion	 and	 extinction	 intensities	 of	 fish	 species	 between	 the	 years	 2000	 to	 2050	 at	
varying	 latitudes	 according	 to	 two	 prediction	 models.	 In	 this	 case,	 “invasion”	 refers	 to	
immigration	and	“extinction”	refers	to	emigration	of	fish	species.	Both	models	anticipate	a	
significant	 increase	 in	 fish	 invasion	 in	 northern	 latitudes	 and	 in	 fish	 extinction	 near	 the	
equator.	 These	 trends	 suggest	 that	 temperate	 fish	 species	 are	migrating	 northward	 and	
entering	the	formerly	isolated	Arctic	ecosystem.	

This	 “invasion”	 could	 be	 considered	 a	 benefit	 to	 the	 Arctic	 ecosystem	 by	 increasing	
biodiversity,	but	invading	fish	species	could	pose	a	struggle	for	resources	with	existing	ice-
associated	 species	 and	 alter	 predator-prey	 relationships	 (Simmonds	 and	 Eliott,	 2009;	
McLeish,	 2013).	Moreover,	many	of	 the	 fish	 species	 selected	 for	 the	 study	 are	 sought	 by	
commercial	 fisheries.	Therefore,	a	shift	of	 fish	populations	 to	 the	Arctic	would	 lead	 to	an	
equal	 northward	 shift	 in	 commercial	 fishing	 fleets	 (Simmonds	 and	 Eliott,	 2009).	 A	
northward	 fishing	 fleet	 shift	 increases	 the	 susceptibility	 of	 Arctic	 cetaceans	 to	
anthropogenic	 threats,	such	as	acoustic	pollution,	bycatch,	 fishing	gear	entanglement	and	
ship	strikes	(Simmonds	and	Eliott,	2009;	McLeish,	2013).	
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Figure	2:	Average	latitudinal	invasion	and	extinction	intensity	for	every	0.5°	latitude	between	
2000	 and	 2050	 under	 (a)	 low-emissions	 and	 (b)	 high-emissions	 climate	 change	 scenarios.	
Blue	lines	indicate	the	average	invasion	intensity	and	red	lines	indicate	the	average	extinction	
intensity.	The	shaded	areas	 indicate	confidence	 intervals	at	1	standard	deviation	(Jones	and	
Cheung,	2015).	

4.	Killer	whale	predation	

Sea	ice	functions	as	a	natural	physical	barrier	against	killer	whale	(Orcinus	orca)	predation	
on	Arctic	cetaceans.	Killer	whales,	although	considered	an	 invasive	species,	are	discussed	
separately	 due	 to	 the	 direct	 impacts	 of	 their	 presence	 in	 the	 Arctic	 on	 Arctic	 endemic	
cetaceans.	Over	the	past	century,	killer	whales	have	been	observed	more	frequently	in	the	
eastern	 Canadian	 Arctic	 (ECA)	 as	 sea	 ice	 cover	 decreases	 (Higdon	 and	 Ferguson,	 2009).	
Killer	 whales	 are	 renowned	 top	 predators,	 capable	 of	 creating	 trophic	 cascades	 and	
altering	entire	marine	ecosystems	via	top-down	control	(Higdon	and	Ferguson,	2009).	An	
ecosystem	 is	designated	under	 top-down	control	when	a	 top	predator	directly	 influences	
the	abundance	of	lower	trophic	levels.	The	result	of	strong	top-down	control	can	be	trophic	
cascades,	 which	 are	 a	 reduction	 in	 abundance	 of	 lower	 trophic	 organisms	 due	 to	 heavy	
predation.	

Higdon	 and	 Ferguson’s	 study	 (2009)	 examined	 the	 relationship	 between	 ice	 cover	 and	
killer	whale	sightings.	They	consulted	with	northern	researchers	and	locals	and	surveyed	
available	 literature	 on	 killer	 whale	 sightings	 over	 the	 last	 century	 in	 the	 ECA.	 These	
methods	 resemble	 those	 used	 in	 Moore	 and	 Huntington	 (2008)	 as	 they	 review	 other	
studies’	 findings	 in	 order	 to	 draw	 new	 conclusions.	 However,	 they	 additionally	 use	
traditional	 Inuit	 knowledge	 to	 gather	 information	 on	 killer	 whale	 sightings.	 The	 study	
found	a	clear	negative	correlation	between	ice	concentration	and	killer	whale	sightings	in	
the	 ECA.	 As	 seen	 in	 Figures	 3	 and	 4,	 killer	whale	 sightings	 increase	 exponentially	 as	 ice	
concentration	 decreases	 over	 the	 decades.	 Consequently,	 as	 ice	 extent	 continues	 to	
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decrease	 over	 the	 coming	 years,	 killer	 whales	 will	 undoubtedly	 continue	 a	 northward	
progression.	 This	migration	 poses	 a	 direct	 threat	 to	 Arctic-endemic	 cetacean	 species,	 as	
killer	whales	have	been	known	to	prey	on	belugas,	bowheads,	and	narwhals	alike	(Higdon	
and	 Ferguson,	 2009;	 Darnis	 et	 al.,	 2012).	 The	 results	 from	 the	 previous	 study	may	 also	
explain	 the	 increase	 in	 proportion	 of	 bowhead	 whales	 with	 killer	 whale-inflicted	 rake	
marks	(Reinhart	et	al.,	2013).		Deadly	attacks	have	also	been	reported	on	Arctic	whales.	In	
one	 case	 in	 Admiralty	 Inlet,	 a	 killer	 whale	 attack	 caused	 the	 death	 of	 approximately	 4	
narwhals	 in	 6	 hours	 (Laidre	et	 al.,	 2006).	Another	 attack	 at	Kakiak	Point	 resulted	 in	 the	
death	of	a	young	bowhead	whale	(Laidre	et	al.,	2006).	These	occurrences	demonstrate	the	
impact	 killer	 whales	 are	 already	 having	 on	 the	 Arctic	 whale	 species.	 More	 deadly	
encounters	will	undoubtedly	follow	if	killer	whales	continue	a	northward	progression.	

As	 for	 other	 invasive	 species,	 it	 can	 be	 argued	 that	 the	 introduction	 of	 killer	whales	 can	
increase	 biodiversity	 in	 the	 Arctic	 ecosystem.	 However,	 killer	 whales	 are	 recognized	
threats	 to	 Arctic	 endemic	 whales	 due	 to	 their	 renowned	 hunting	 abilities.	 As	 discussed	
above,	 killer	whales	have	 already	been	known	 to	 attack	 and	kill	 all	 three	 kinds	of	Arctic	
whales	alike.	Additionally,	their	ability	as	top-down	controllers	to	influence	abundances	in	
lower	trophic	levels	also	poses	a	long-term	threat	to	the	viability	of	the	entire	ecosystem.	
Any	short-term	gains	in	biodiversity	that	may	arise	after	killer	whales’	introduction	would	
be	offset	by	losses	in	the	biodiversity	of	Arctic	endemic	species.	

Figure	3:	Number	of	killer	whale	 sightings	per	decade	during	 the	20th	century	 for	 the	 four	
regions	 in	 the	 ECA.	 The	 black	 trendline	 represents	 an	 exponential	 curve	 (Higdon	 and	
Ferguson,	2009).	
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Figure	4:	Median	 ice	 concentration	averages	 (%)	 for	 the	 regions	of	western	 (WHS),	 central	
(CHS)	and	eastern	(EHS)	Hudson	Strait	from	1902	to	2004	(Higdon	and	Ferguson,	2009).	

5.	Conclusion	

		The	purpose	of	this	review	was	to	summarize	important	information	on	Arctic	sea	ice	and	
Arctic	 whales	 in	 order	 to	 determine	what	 effects	 changes	 in	 sea	 ice	 will	 have	 on	 Arctic	
endemic	cetaceans.	Arctic	sea	ice	extent	is	determined	to	be	rapidly	decreasing.	Near-free	
summer	sea	ice	conditions	have	been	predicted	for	2040	(Holland	et	al.,	2006).	The	ice	is	
the	foundation	for	life	in	the	harsh	Arctic	environment	(Laidre	et	al.,	2008),	and	changes	in	
this	foundation	will	significantly	alter	the	balance	of	the	entire	ecosystem.	

This	review	demonstrated	that	endemic	Arctic	whales	will	face	numerous	threats	to	their	
survival	as	a	result	of	the	decrease	in	sea	ice	extent.	Increases	in	killer	whale	sightings	in	
areas	 of	 decreased	 ice	 density	 in	 Arctic	 waters	 have	 been	 observed	 by	 Higdon	 and	
Ferguson	(2009).	Through	top-down	control,	 they	have	 the	ability	 to	become	the	Arctic’s	
next	 apex	 predator	 (Darnis	 et	 al.,	 2012)	 and	 thus	 endanger	 the	 populations	 of	 all	 three	
species	 of	 Arctic	whales,	 such	 as	 belugas,	 bowhead	whales,	 and	narwhals.	 Increasing	UV	
absorption	 as	 a	 result	 of	 decreasing	 Arctic	 albedo	 (Bais	 et	 al.,	 2015)	 impacts	 cetaceans	
through	skin	lesions	(Martinez-Levasseur	et	al.,	2013)	and	a	reduced	food	supply	(Helbling	
et	 al.,	 1996).	 Decreasing	 ice	 extent	 also	 allows	 for	 northward	 migrations	 of	 subarctic	
cetacean	 species	 (Laidre	 et	 al.,	 2008;	 Moore	 and	 Huntington,	 2008)	 and	 multiple	
commercially	 important	 fish	 species	 (Jones	 and	 Cheung,	 2015).	 These	 species	 invasions	
may	 create	 a	 competition	 over	 food	 with	 endemic	 Arctic	 cetaceans	 (Laidre	 et	 al.,	 2008;	
Moore	 and	 Huntington,	 2008)	 as	 well	 as	 attract	 commercial	 fishing	 fleets	 to	 the	 Arctic,	
thereby	increasing	anthropogenic	threats.	

These	impacts	will	only	become	accentuated	as	the	sea	ice	melts	further,	nearing	the	zero-
ice	 extent	mark.	 Although	marine	mammal	 species	 have	 previously	 adapted	 to	 dramatic	
environmental	changes,	the	increased	rate	of	change	casts	doubt	on	the	future	viability	of	
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the	three	Arctic	species	(Simmonds	and	Eliott,	2009).	More	research	is	needed	to	ascertain	
the	combined	impact	of	individual	factors	of	increased	ice	melt	on	ice-associated	cetaceans	
to	determine	the	whales’	viability	in	a	future	of	low	ice	extent.	To	this	end,	the	relationship	
between	the	whales	and	the	ice	must	be	clearly	defined	so	as	to	know	how	dependent	the	
cetaceans	are	on	this	key	physical	habitat	feature	(Laidre	et	al.,	2008).	Future	studies	could	
use	 acoustic	monitoring	 devices	 to	 detect	whales	 over	 long	 periods	 of	 time	without	 the	
need	 for	 costly	 expeditions.	 The	 studies	 could	 also	 use	 traditional	 knowledge	 to	 gather	
information	on	whale	sightings	and	sea	 ice	conditions	over	 time.	These	studies	may	help	
create	 better	 conservation	 policies	 for	 Arctic	 whales	 and	 the	 Arctic	 environment	 as	 a	
whole.	
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