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Abstract
Over the last 25 years, the arctic has sustained an 8% decrease in sea-ice cover, and this
trend is undoubtedly expected to continue into the next several decades. Belugas, an iceassociated near-threatened arctic cetacean species, share an important relationship with
sea-ice. The goal of this review is to examine existing literature to gain a comprehensive
understanding of how sea-ice depletion is affecting the ecology of belugas. Impacts of ice
cover loss are trophic, biochemical, and behavioural. Trophic effects include increased
orca whale predation, redistribution of beluga prey, and increased competition.
Biochemical effects involve contaminant biomagnification in beluga whales,
vulnerability to pollutant exposure, and stress-induced metabolic toxin overdose.
Behavioural effects consist of an inability of belugas to adapt to rapidly changing
environments, influences on migration, and the consequences anthropogenic noise
impose on beluga communication and stress. Two beluga populations are currently
identified as endangered, and impacts caused by sea-ice reduction could put other beluga
populations at further risk as well. Due to the fragility of the arctic ecosystem, it is crucial
that more effective conservation efforts be put in place to protect all vulnerable species,
belugas included.
1. Introduction
Despite being one of the most remote environments on the planet, the arctic is the region
changing with the greatest velocity in response to global warming (Vacquié-Garcia et al. 2017).
Temperatures are projected to increase by 3-4 oC over the next 50 years, which is more than
double the expected global average (Johannessen and Miles 2011). Escalating temperatures have
resulted in an 8% total sea-ice reduction over the last 25 years (Johannessen and Miles 2011).
This declining trend is expected to continue into the next several decades, irrespective of
worldwide efforts to moderate greenhouse gas emissions (Laidre et al. 2015). Beluga whales
(Delphinapterus leucas) are a near-threatened arctic ice-associated cetacean, who have
historically shared a strong relationship with sea-ice. As primarily coastal creatures, ice cover is
an important aspect of beluga ecology. The goal of this review is to analyze existing literature to
gain a more complete understanding of how decreasing sea-ice coverage will impact beluga
whale populations.
Currently, the available knowledge base on population size and distribution of arctic
marine mammals is very insufficient. Population size estimates of belugas are largely absent or
inaccurate, impeding the development of a detailed evaluation of the dynamics of arctic marine
mammal populations (Laidre et al. 2015). Underlying knowledge gaps can be mainly attributed
to the challenge of conducting research in remote marine locations. Long-term observations are
often difficult and expensive to accomplish, only exacerbated by the wide distribution and
enigmatic behaviour of arctic marine mammals (Laidre et al. 2015). Furthermore, the synergistic
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nature of influences on climate, sea-ice coverage, and environmental stress make it challenging
to identify the direct causes of specific issues. Another obstacle is explaining contrasting
population responses from the same species. For example, some beluga populations are currently
stable or increasing, while two populations (Cook Inlet and St. Lawrence Estuary) are declining
and considered to be endangered (Laidre et al. 2015).
The arctic environment experiences amplified temperature fluctuations, making it
particularly vulnerable to climate change (Johannessen and Miles 2011). If one member of the
arctic ecosystem were to become critically endangered or extinct, that loss would reverberate
dramatically through the entire environment (Johannessen and Miles 2011). This fragility only
reinforces the urgency to take immediate conservation action to protect these sensitive
ecosystems. Since belugas are recognized as a strong indicator of the health of an arctic
ecosystem, monitoring their response could be vital in understanding potential shifts in the
collective arctic environment (Lennert 2016). Moreover, addressing knowledge gaps in beluga
population research is important because it will provide scientists with a more thorough
understanding of the response of arctic marine mammals to the effects of climate change. This
knowledge would be invaluable to develop conservation measures and predict future responses
of other ecosystems to climate change. Additionally, many northern Indigenous communities are
reliant on belugas for subsistence, and a healthy beluga population is required to sustainably
fulfill this need. The absence of beluga whales would be a devastating loss to Indigenous diet
and culture (Lennert 2016).
This review will take on a unique approach to explaining the diverse trophic,
biochemical, and behavioural effects depleting sea-ice will impose on beluga whales. By
synthesizing an assorted compilation of literature, a more complete understanding of the impacts
that decreasing ice coverage has on beluga ecology will be obtained. This paper is spatially
limited to beluga populations in the Alaskan and Canadian Arctic, Greenland, and Svalbard.
Population dynamics for beluga whales outside this range may differ from those discussed in this
paper.
2. Trophic Dynamics
Belugas are high-level predators in the arctic food chain (Castellote et al. 2014). Their
diet consists primarily of arctic cod and salmon, and they are prey to orca whales and polar bears
(Bluhm and Gradinger 2008). Primary producers, the foundation of the arctic food web, are
threatened by ocean acidification (Lennert 2016). Ocean acidification mainly suppresses their
reproduction, which cripples their population (Lennert 2016). Melting of sea-ice influences the
CO2 exchange that drives ocean acidification, and consequently the effects of ocean acidification
are greater in areas experiencing higher melt. This is because the oceanic carbon sink is growing
to accommodate an increased uptake of carbon (Lennert 2016). Distribution of beluga prey, such
as arctic cod, could thus be impacted by both lower trophic level variation and changes to sea-ice
extent (Tynan and DeMaster 1997). Increased ocean acidification caused by sea-ice melt could
result in variable food sources that put belugas, and the entire arctic food web, in a vulnerable
position.
Retreating sea-ice coverage has exposed greater expanses of open ocean in the arctic.
One study (Stroeve et al. 2012) reported that September ice extent in the arctic was 40% less in
2007-2010 than 20 to 30 years ago. A daily ice retreat of 7230km2/day was observed in June
2008 in the Beaufort Sea, compared to a retreat of 5330km2/day the previous year (Stroeve et al.
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2012). Figure 1 provides a visual representation of the projections for future sea-ice coverage in

Figure 1. HadCM3 model-projected winter (upper panels) and summer (lower panels) sea-ice concentrations (in
tenths) for the Northern Hemisphere, over 5 decadal time intervals. These results follow the IPCC SRES B2
emissions scenario (Johannessen and Miles 2011).

the Northern Hemisphere. The most significant reductions in ice cover are projected for summer
months. Currently, this absence of restricting sea-ice has allowed increased orca presence in
previously unreachable territory (Darnis et al. 2012; Lennert 2016). In addition to expanded
territory access, a delay in winter sea-ice formation enables orcas to remain for extended periods
of time in arctic oceans compared to past years (Darnis et al. 2012). The dependence of beluga
whales on sea-ice for camouflage also makes them more vulnerable to orcas as sea-ice retreats
(Lennert 2016). As the scope of orca whale territory expands spatially and temporally due to
receding sea-ice coverage, belugas become increasingly vulnerable to orca predation.
Subarctic marine mammal species are also taking advantage of decreased sea-ice
coverage. A northern shift of these animals has resulted in increased competition for resources
(Watt et al. 2016). There is already significant overlap in diet between belugas and other resident
arctic marine mammals, so an increase in predators puts additional competitive strain on belugas
and their food sources (Watt et al. 2016). This may lead to displacement of arctic species, like
belugas, by subarctic species.
3. Biochemical Effects
The arctic possesses some of the highest pollutant levels in the world (Lennert 2016).
This is because glaciers and sea-ice act as reservoirs for various heavy metals and airborne
emission contaminants, primarily from the 1950s-1970s (Lennert 2016). For instance, the arctic
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is a global sink for airborne mercury (Lennert 2016). An estimated two thirds of the mercury
deposited in arctic ice or snow has reevaporated, and one third has been introduced to marine
environments through meltwater (Lennert 2016). Other anthropogenic airborne pollutants are
also incorporated into sea-ice via global currents and air streams (Lennert 2016). As sea-ice
begins to melt, contaminants like mercury enter the marine food web and accumulate
substantially in long-lived high trophic level animals like belugas (Tynan and DeMaster 1997).
The broadening presence of these contaminants will only continue as sea-ice decline allows more
industry development in the arctic. Cumulatively, this results in belugas experiencing chronic
pollutant exposure that threatens their health.
The St. Lawrence Estuary is home to an endangered beluga population, and scientists
have been working for a long time to identify the underlying factors hindering these whales. One
key cause of population decline is contaminant exposure. Béland et al. (1987) collected tissue
samples from 26 beluga whale carcasses in the St. Lawrence Estuary. They conducted
toxicological analyses on the samples using chromatography, and their results indicated that
every dead whale examined possessed high levels of organohalogen contamination.
Organohalogen compounds (OHCs) are industrial toxins that have previously been used by
humans for pest control (Lennert 2016). There is also increasing evidence to suggest that OHCs
produce toxic immune effects in marine mammals (Bustnes et al. 2010). The immune
suppression caused by OHCs augments the susceptibility of marine mammals to infection and is
believed to be a leading cause of mortality events (Bustnes et al. 2010). Recent reports identify
OHC levels in Canadian arctic and Svalbard belugas to be high, though not as high as in the St.
Lawrence Estuary (Bustnes et al. 2010). Furthermore, St. Lawrence Estuary belugas possess high
concentrations of persistent organic pollutants (POPs), which are contaminants that biomagnify
rapidly in marine ecosystems (Lennert 2016). Postmortem examinations of St. Lawrence belugas
in one study (Béland et al. 1995) found that whales with high amounts of POPs often had fatal
lesions (abnormal tissue damage), widespread infection, and neoplasia (abnormal tissue growth).
Although these are not arctic beluga populations, their responses to increased pollutant exposure
could be indicative of how arctic belugas will respond (Bustnes et al. 2010). Intensifying
pollutant exposure also increases the presence of epizootics (prevalent diseases) in arctic marine
ecosystems (Tynan and DeMaster 1997). Altogether, growing contaminant levels in arctic
environments will very likely trigger adverse physiological responses in belugas.
The accumulation of contaminants in ecosystems, coupled with increased stress, can
result in a harmful biochemical phenomenon in belugas. Lennert’s study (2016) refers to an
‘overdose’ of contaminants into the blood, organs, and soft tissue of whales when large amounts
of stored fats are used suddenly. This rapid use is caused by a spike in metabolism during times
of high stress. Stress can be induced by the higher temperatures associated with sea-ice melt, and
the habitat loss of sea-ice itself (Lennert 2016). As declining ice coverage introduces a multitude
of stressors for belugas, they are at an elevated risk of experiencing this toxic metabolic
overdose. Altogether, beluga health is threatened by the increased contaminant exposure
associated with sea-ice melt.
4. Behavioural Effects
As resident ice-associated cetaceans, belugas have adapted to live in an ice-dominated
environment. While not entirely dependent on ice for survival like some marine mammals, it still
plays a crucial role in various aspects of their ecology and behaviour. The predicted 3-4 oC
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temperature increase over the next 50 years, 8% sea-ice coverage decrease over the past 25
years, and 80% summer sea-ice reduction projected for the end of this century collectively
illustrate the rapidly changing arctic climate (Johannessen and Miles 2011). Multiple studies
(Laidre et al. 2008; Lennert 2016) have concluded that belugas lack the ability to adapt to a
quickly changing environment. Limited adaptability to habitat variation could put belugas at risk
as sea-ice continues to decline.
Ice coverage plays a key role in dictating the direction and scope of beluga migration
patterns. Belugas have been observed to remain alongside the shelf through annual ice
advancement and retreat in the Bering Sea (Tynan and DeMaster 1997). Spring beluga migration
in the Beaufort Sea is primarily determined by sea-ice cover, as migration patterns are consistent
with seasonal changes to ice cover (Kuznetsova et al. 2016). One study (O'Corry-Crowe et al.
2016) detected correspondence between beluga behavioural shifts and irregular spring and
summer ice conditions. These changes were caused by dramatic alterations of migration during
years that experienced ice cover anomalies. Figure 2 shows the relationship between the range of
arctic belugas and the extent of present and future sea-ice coverage. While a strong relationship
between sea-ice cover and beluga movement is evident, there is limited understanding of how
declining ice coverage will affect behaviour. Many studies conclude that although beluga
migration is reliant on the extent of sea-ice, strict adherence to their routes indicate that changes
in ice coverage will not drastically affect their movement (O'Corry-Crowe et al. 2016). However,
if belugas continually return to wintering and summering locations that are experiencing a loss of
sea-ice, they may face other challenges due to a lack of available resources.
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Figure 2. The geographic range of arctic beluga whales (light grey shading) in the Northern
Hemisphere. Recent sea-ice boundaries based on the Arctic Climate Impact Assessment (ACIA)
report’s model medians from 1980-2000 (solid black line) and projected sea-ice boundaries based on
the ACIA report’s model for 2040-2060 (light grey line) are also displayed (Laidre et al. 2008).

Decline in arctic sea-ice coverage allows for increased human activity in previously
undisturbed environments. Expansion of industrial and commercial anthropogenic activity
generates amplified ambient noise in the ocean (Castellote et al. 2014). Beluga foraging,
navigation, and communication are dependent on sound (Castellote et al. 2014). The sensitive
hearing and echolocation capabilities that belugas possess cause them to experience significant
stress from anthropogenic ambient noise (Castellote et al. 2014). A study by Castellote et al.
(2014) collected beluga audiograms that encompassed a broad range of hearing, from 22-110
kHz on average. The common frequency of sonars used by commercial fishing vessels are
upwards of 70 kHz, within beluga range of hearing (Weilgart 2007). Theoretical models have
also predicted that noise created by ice breakers masks beluga calls up to 40 km away (Weilgart
2007). Beluga whales demonstrated masked temporary hearing loss after experiencing sounds
between 192-210 dB in Weilgart’s study (2007). Weilgart also observed belugas adjusting their
own frequencies from a peak of 50 kHz to a peak of 110 kHz in the presence of boats, but this is
limited to a certain endpoint. Anthropogenic noise is recognized as a primary threat to the two
endangered populations of belugas in Cook Inlet and the St. Lawrence Estuary, and is a likely
contributor to their lack of recovery (Castellote et al. 2014). As the presence of arctic ambient
noise intensifies due to increasing industrial development enabled by receding sea-ice coverage,
the communication, hunting, and navigation of beluga whales will be hindered dramatically.
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5. Conclusion
This review synthesized literature encompassing the diverse impacts that a decline in
arctic sea-ice will impose on the ecology of beluga whales. Regarding trophic activity, belugas
will experience elevated orca whale predation due to a lack of sea-ice coverage year-round.
Beluga populations may relocate in accordance with the redistribution of their ice-dependent
prey, such as arctic cod. Movement of subarctic species into previously inaccessible northern
regions invokes greater competition for belugas’ resources. Biochemically, melting sea-ice
releases toxins into the environment that accumulate in high-level predators like belugas. High
levels of organic pollutants put belugas at risk, and arctic populations could potentially
experience the same negative physiological effects as those observed in the endangered St.
Lawrence Estuary population. Increased stress, caused by implications of sea-ice reduction, can
trigger sudden toxic metabolism of accrued contaminants in belugas. Behaviourally, an inability
to adapt to the rapidly changing arctic climate could put belugas at an ecological disadvantage
facing increased ice melt. Beluga migration is strongly associated with sea-ice coverage, but
changes to movement will likely arise from a lack of resources available rather than changes in
ice extent. Beluga whales possess incredibly sensitive hearing abilities, and increased
anthropogenic noise affiliated with depleting sea-ice are detrimental to beluga behaviour.
Comprehensively, the impacts of declining ice coverage discussed in this review all indicate that
the health of future beluga populations is very threatened by sea-ice loss. The most significant
damage will likely be caused by increased orca predation, contaminant exposure, and
anthropogenic ambient noise. These three threats are especially alarming because their
detrimental impacts have already been observed in arctic beluga populations, and augmentation
of these effects in the near future is highly anticipated.
A potential focus for future research could be on gaining a better understanding of beluga
population dynamics. This is challenging due to cost and practicality of conducting research in
remote marine locations. One possible method of obtaining this data could be through a
combination of aerial and oceanic surveying, as well as opportunistic sightings. This method was
used by Vacquié-Garcia et al. (2017) and yielded very successful results in Svalbard. More
sufficient data regarding beluga abundancies would be especially beneficial because population
dynamics underlie many major research issues. This research may be best conducted on the two
endangered beluga whale populations in Cook Inlet and the St. Lawrence Estuary. A better
explanation of beluga abundancy would advance conservation efforts, theoretical models, and
understanding of the nature of arctic marine mammal species.
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