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Introduction

[bookmark: _gjdgxs]	   Ursus maritimus, commonly referred to as the polar bear, is a fascinating animal that has caught the attention of the world. As humans become increasingly aware of global warming, polar bears have become an icon of conservation efforts. However, there is more to polar bears than media outlets realize. Polar bears are apex predators in the Arctic regions where they live and are classic K-selected species with few ‘high-quality’ offspring, high survival rates, and delayed maturation (Derocher et al., 2004). This species has a narrow ecological niche, which is why their populations are particularly susceptible to climate change. They depend on sea-ice that forms in the circumpolar Arctic during late August and remains until April. The bears utilize the ice for many aspects of their survival including mating, hunting, and movement (Hunter et al., 2010). Biological productivity is highest in areas where annual sea-ice is present and as such polar bears find their primary source of food, Pusa hispida (ringed seals) and Erignathus barbitus (bearded seals) there. However, since the ice is not present year-round individuals must go without food for an average of four months. 
   There are several subpopulations of polar bears that have been studied at various lengths in regions such as Western Hudson Bay, Foxe Basin, Baffin Bay, Davis Strait, and the Beaufort Sea (Stirling & Parkinson, 2006). Recent estimations of polar bear populations across the globe have been provided between 21,500 and 25,000 individuals (IUCN/SSC Polar Bear Specialist Group, 2002). As mentioned earlier, polar bears are beginning to feel the effects of global warming. Each year their health appears to be deteriorating and their numbers declining at an alarming rate (Stirling & Parkinson, 2006). As a result polar bears have recently been listed as a threatened species under the U.S. Endangered Species Act (U.S. Fish and Wildlife Service, 2008). However, questions have been brought up regarding their circumstances. First, what leads experts to believe that global warming is directly related to the polar bears population decline? Second, what does the future look like for polar bears as global warming continues to accelerate? Lastly, is there anything that can be done to slow down or even stop this trend? In the following paper both of those questions as well as others will be addressed in greater detail.

Discussion

Increasing temperatures and decreasing sea ice

	   Sea ice is critical for polar bear survival. That being said, many studies have been done to investigate the trends of sea ice formation and its relationship with increasing surface temperatures. As global mean surface temperature continues to rise the Arctic is warming at a faster pace than most other areas around the globe, which is evident in the shrinking annual ice cover (Comiso, 2002). Projections from Global Climate Models suggest that a significant relationship exists between climate warming and Arctic sea ice extent in the polar basin. The same models predicted an accelerated rate of decline in sea ice cover from 1900 to 2100 (Stroeve et al., 2007). To back up these claims, data on the timing of sea ice formation and breakup has been collected from a region that hosts a large polar bear population. Stirling and Parkinson (2006) documented that the average date of ice breakup in Western Hudson Bay in 2005 was approximately 3 weeks earlier than it was 30 years prior. Another group of experts showed a trend toward earlier breakup in Western Hudson Bay of 0.8 days per year as annual temperatures increased at a rate of 0.5°C per decade (Gagnon & Gough, 2005). In addition, Stroeve et al. (2007) has associated a warming climate with significant declines in the temporal and spatial extent of sea ice cover in the Arctic over the last 20 years. The implications of changing times of sea ice formation and breakup are far reaching into the lives of polar bears.
	   One of the most important functions that sea ice serves for polar bears is a platform for hunting and a source of food in the form of ringed seals or bearded seals. Because of the extensive length of fasting that polar bears undergo during the ice-free period, it is crucial for their physical health and ultimate survival that they find food to store up energy in the form of fat (Derocher et al., 2004). To drive home the importance of ringed seals as a food source, some scientists estimate that polar bears accumulate two thirds or more of their energy requirements for the entire year during the late spring and early summer prior to ice breakup (Stirling & Øritsland, 1995). However, those food sources are getting increasingly difficult to capture due to the longer periods of ice-free waters above the continental shelf (Derocher et al., 2004).  Polar bears are forced to fast prematurely and for a longer period of time as the ice breaks apart earlier in the year and freezes later. The effects of an extended fasting period is even more pronounced in pregnant females, who fast for 8 months between denning up on land and returning to the sea ice with their cubs the following spring (Stirling & Derocher, 2012). In Western Hudson Bay Derocher and Stirling (1995) observed declining weights in pregnant females from 1966 to 1992, as did their production of litters. Taken with data from studies on sea ice it can be deduced that a relationship exists between sea ice breakup and the ability of female polar bears to produce and nurture offspring to maturity (Stirling & Derocher, 2012). This bias towards males who do not carry or raise cubs is sure to alter the population dynamics of polar bears as the trend continues (Stirling & Parkinson, 2006).
	   As stated above, ringed seals provide the primary source of energy for polar bears. Typically, adult bears will feed strictly on the blubber (fat) of their prey and leave the protein material behind. Since polar bears are not territorial they do not remain with their kill once they have had their fill. Younger and less experienced hunters will take advantage of this behavior by scavenging the remains of adult kills (Derocher et al., 2004). As food sources become scarce from lack of sea ice and kills occur less frequently, polar bears will begin utilizing all nutrients that are available from a kill. As this behavior becomes more common the immature individuals will not be able to scavenge for food when they unsuccessfully hunt and will ultimately decline in health (Derocher et al., 2004). Other unusual feeding behavior has been seen in polar bears, and it is possible that it is driven by lack of available food. In recent years, three instances of cannibalism have been documented. In each of the occurrences, males were seen feeding on the freshly killed carcasses of younger bears. (Stirling & Ross, 2011). Although intraspecific predation is typically rare among polar bears, it is possible that a warming climate and unavailable food is pushing the individuals to explore other food sources including their own kind (Stirling & Ross, 2011). 
   Survival of polar bears has been directly correlated with sea ice breakup. In the southern Beaufort Sea, polar bears are being placed under increasing nutritional stress (Regehr et al., 2010). Body size and body condition of these bears have been positively correlated with available sea ice habitat. In years of low availability, individuals are observed in poorer health. Conversely, in years of high sea ice availability, individuals are observed to be larger and healthier. The number and size of cub litters per female shows a very similar trend (Regehr et al., 2010).
   Increasing temperatures and decreasing sea ice influences not only polar bear population numbers, but also their distribution. As sea ice fragments progressively earlier in the spring, polar bears are forced to swim more frequently and at greater distances than previously required (Pagano et al., 2012). A relationship has been drawn between the frequency and length of polar bear swims and the physical condition of the individual. A particular female that swam continuously for 9 consecutive days was examined and appeared to have lost 22% of her body mass as a result of the swim and ensuing 54 days of walking across pack ice (Durner et al., 2011). In addition, it has been suggested that as sea ice thins and fractures more frequently, individuals at the southern limits of polar bear ranges may become stranded on free-floating ice and become subject to drifting. In some situations, it may possible for the bear to swim back to consolidated sea ice. However, under some circumstances polar bears that fall victim to drifting ice may end up in unsuitable habitats and be unable to return to a more appropriate habitat (Derocher et al., 2004). 

Climate change affecting populations and distributions

   Interestingly, several Inuit hunters have reported an increase in the sightings of polar bears during their hunts (Stirling & Parkinson, 2006). Consequently, hunting quotas have been increased to account for the supposed increase in population. However, a study conducted by Stirling and Parkinson (2006) suggests quite the opposite; polar bear populations are declining. The reason hunters are seeing bears more frequently is not because of an increased population but because of a lessened availability of food on sea ice. Population data that has been continuously collected since the 1980s expresses a 22% decline in the polar bear population at Western Hudson Bay, an area that has experienced greater sightings of polar bears in or near coastal settlements. Although other regions have less available data on population sizes it can be deduced by other means, such as a noticeable decrease in seal population or fewer polar bears captured for study than in previous years, that other subpopulations are also declining (Stirling & Parkinson, 2006). The settlements and hunters are already experiencing another consequence of the hungry, roaming bears; increased interactions between man and bear. Although indirect, this in itself could add to the factors affecting population decline. The bears that come in contact with villages and livestock are seen as an imminent threat and immediately killed (Stirling & Parkinson, 2006).
   The density of polar bears is also expected to change in response to climate change.  As stated earlier, the primary source of food for polar bears is the ringed seal. Derocher et al. (2004) suggests that areas of high biological productivity will shift northward and decrease in area, as sea ice retreats and the distribution of ringed seals will follow suite. When this occurs, polar bears will be begin to congregate in these areas of high biological productivity and compete directly with one another for available food. Other, less dominant arctic animals, are also expected to become concentrated in these areas and compete directly with the top predators. This idea that many polar bears will occur in small, concentrated areas is not far-fetched and may be observed by mid-century if climate trends continue (Derocher et al., 2004).

The future of the polar bear

   Even with all the information discussed above, the question still remains: how will future polar bear populations be affected by climate change? When participating in a survey, experts offered a wide range of future scenarios, which shows how complex and unpredictable the topic truly is. Under moderate emissions scenarios up to 2050, median expert opinions suggest a decline in 33% of polar bear range across the Arctic (relative to 2007). In addition, expert predictions on polar bear populations showed an average of a 20% decrease in number. (O’Niell et al., 2008). Besides expert opinion, some models have been created to make predictions on how polar bears will be affected by the changing climate. Under conditions set by the Intergovernmental Panel on Climate Change (IPCC) some models predict that the southern Beaufort Sea population, which currently boasts about 1500 individuals, will decline to approximately 1% of its current size by the year 2100 (Hunter et al., 2010). Sadly, the model estimates that the probability of such a decline is 0.8-0.94, which suggests that polar bears in the southern Beaufort Sea region are at an extreme risk of extinction.
   Few controversies have arisen from the topic of climate change affecting polar bears. In particular, this is because of the extensive studies conducted on the habitat of the polar bear. This is also due to the documentation of declining populations in recent years (Stirling & Parkinson, 2006). Even still, some minor disputes as to what exactly is causing the declines have surfaced. While all knowledgeable scientists understand that climate change is affecting populations, some experts attribute the major factor to overharvesting of the animals (O’Niell et al., 2008). However, a recent survey asked 10 experts to define a ‘best management practice’ for polar bears and estimate future populations with and without the practice being implemented. Since most of the experts believed overharvesting to be the major cause of decline, their ‘best management practice’ was related to reductions in harvesting. Results of the survey showed the difference between the average of predictions with implementation and those without to be a mere 8%. So under ‘best management practice’ related to harvesting, polar bear populations were still expected to decline significantly (20%). This suggests an underlying problem beyond overharvesting, which many would say is attributed to global warming (O’Niell et al., 2008).

   Some suggestions have been offered on how to fight against climate change, especially in regions of polar bear habitat. First and foremost, further studies could be done such as assessing extinction risk for other Arctic species and how that will affect the overall ecosystem found there (Regehr et al., 2010). Also, the potential effects of climate warming on polar bears should be integrated into management and conservation planning of the species (Stirling & Parkinson, 2006). Lastly, harvesting quotas should be adjusted to the declining populations so that sustainable yields can be achieved. If it is impossible, polar bear hunting may need to be discontinued altogether (Derocher et al., 2004).

Summary

	   Just as it has been observed in other parts of the world affected by anthropogenic activity, species that require specific habitats are much less capable of adapting to the changing world (Hof et al., 2012). This is particularly true for global warming on Arctic species, especially the polar bear. The most significant issues all stem from the increasing surface temperatures, which causes reductions in the sea ice that polar bears are so dependent upon (Stirling & Parkinson, 2006). As a result, the world has experienced a significant reduction in the number of polar bears and their decline is expected to continue towards extinction unless something is done (O’Niell et al., 2008). Even under the best of scenarios, their density and distribution is expected to change significantly to compensate for the warming climate (Derocher et al., 2004). Although some experts believe overharvesting to be the major culprit of population decline (O’Niell et al., 2008), there is overwhelming evidence that suggests climate change is leading the decline (Stirling & Parkinson, 2006). 
   Regardless, the world has turned its attention to the Arctic in search of answers. Part of the reason that polar bears have received so much attention is because they are an early example of what will happen to the rest of the world if humans continue down the path of destruction. However, there is hope for a future and decisions can be made to curb the effects of global warming on polar bears (Regehr et al., 2010; Stirling & Parkinson, 2006; Derocher et al., 2004).
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