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EMPEROR PENGUINS AND CLIMATE CHANGE

Arguably, two of the world’s most beloved animals are the polar bear and the penguin, and, unfortunately, both animals are threatened due to environmental changes brought about by climate change in the Arctic and Antarctic regions, respectively. Having studied changes to the permafrost layer found in the Arctic region, I wanted to conduct research in the Antarctic region. This approach led me to study penguins. Of the seventeen species of penguins living in the region, the Emperor penguin has some unique traits that may be impacted by changes to its environment before those same changes might impact most of the other Antarctic species. First, the Emperor penguin travels farther than other species to find food, and the extended time needed to locate food negatively impacts the penguins ability to work with its mate to care for their young offspring. Second, the Emperor penguin loses their offspring due to the increasing rate of ice melt brought about rising environmental temperatures. Taken together, these environmental changes have had and will continue to have adverse affects on the continued viability of this particular penguin species. 


The Emperor penguin, the largest of the seventeen penguin species with an average length of 45 centimeters, goes by the scientific name of Aptenodytes forsteri and has some unique adaptations that have allowed it to survive in the harsh Antarctic environment. These adaptations leave little room for error with respect to its continued survival during a time of climate change. First, it is the only penguin species to spend the Antarctic winter on open ice. Second, the female lays one egg at a time which puts pressure on the penguins to raise their young long enough to fledge them. The male penguins protect the egg by using their brood pouch to warm the egg while the mom travels up to 50 miles across sea or land ice to open ocean to hunt for food. During her two-month-long visit to the open ocean, she fattens herself enough to rebuild her strength so that she can return to the “nest”. After two months getting to and returning from the ocean, the female relieves her mate so it has the opportunity to take his turn at returning to the ocean for food. Emperor penguins may cover 164 to 1,454 km (102- 903 mi.) in a single foraging trip. By the time that summer weather conditions lead to the break-up of the ice sheets, the fledging penguins are mature enough to reach the open water nearby. This successful cycle allows the Emperor penguin to survive in difficult conditions. Unfortunately, current research indicates that the Emperor penguins have been impacted by climate change due to changes in the amount of ice and the changing temperatures in this unique biome.

Because Antarctica is considered a desert, little food is available on the land ice that covers Antarctica. Consequently, all penguins obtain their food from the sea. While much is known about their behavior while on land, the behavior of all species of penguins in the open ocean remains largely a mystery. We do know that penguins hunt krill, fish and squids. While Adelie penguins feed almost exclusively on small krill, a shrimp-like crustacean, Emperor penguins prefer to consume fish. The fish are consumed whole and can be regurgitated later to feed their fledgling offspring. Emperor penguins will travel farther to eat than all other penguin species. Also, penguins fast twice during the year: once to molt and once to bear their young.

Every penguin species feels the effects of dwindling food supplies in the region. Of the animals in the food chain that penguins feast on, both krill and fish are not available to the degree that they once were
. This drop in food supplies has come about as a result of changing environmental conditions due to a warming of the ocean waters in both the Southern Ocean and near the Western Antarctic peninsula. All of the food choices of penguins are being negatively impacted by changes felt by the very base or bottom of the food chain. “Here, phytoplankton, microscopic algae and other microbes that live in the sea ice during the winter months and then react with the sunlight to multiply, create a dependable and bountiful food supply. With a warming ocean, these small creatures do not have the sea ice needed to serve as their home during the winter months. Consequently, this critical food source diminishes significantly.” 
(1)Additionally, the number of fish available has dropped due to overfishing in the region by commercial fishing boats. Dee Boersma, a University of Washington biology professor states that a “good barometer of how the Magellanic penguins will fare in a particular winter as they store nutrition to prepare for breeding season is the success or failure of Argentine fishing fleets with respect to their anchovy harvests.” (2) 
As humans continue to overfish our oceans and move to smaller fish options as larger fish become difficult to catch in large numbers, “the fishery expands and then collapses, as most do, and the penguins will be in trouble.” (3) A recent study published in The Proceedings of the National Academy of Sciences states that “phytoplankton stocks have dropped as much as 80 percent due to climatic changes experienced on the Antarctic Peninsula.” (4) From the opposite end of the food chain, a separate but related issue arises – predators. As the climate warms, predators who once did not venture far enough south are now expanding their hunting grounds into the habitat of all penguin species. “Species such as giant petrels can further reduce the limited supply of breeding penguins.” (5) With diminished food supplies due to melting ice and competition with commercial fishing fleets, Emperor penguins are forced to swim farther to locate food. These extended trips (50 miles round trip) may negatively impact this species’ ability to reproduce each season. When the female penguins return from their fishing trip, they may be too weak to mate, and, on a related note, the males, waiting longer for the female’s return, may abandon the egg or chick. Boersma relates “that distance may not sound like much, but they also have to swim another 25 miles back, and they are swimming that extra 50 miles while their mates are back at the breeding grounds sitting on a nest and starving.” (6) To make matters worse, the sea ice may have broken up by the time the parent returns to the breeding ground. If this occurs, the males may abandon the nest to prevent their starvation. Altered global weather patterns, such as El-Nino, can also require the Emperor penguin to travel farther from the breeding grounds in search of food because surface currents change direction, carrying the needed food supply farther away. Taken together, global warming alters the delicate balance in the food chain that Emperor penguins rely on to continue breeding in one of the world’s most challenging environments.


Perhaps the biggest present threat to the Emperor penguin is the rate of sea ice melt being documented because “the life cycle of this remarkable animal is closely linked to that of sea ice. Cold temperatures and thick, land-locked sea ice provide a safe and stable home during breeding.” (7) Requiring cold temperatures for breeding seems counter-intuitive until you learn about adaptations unique to this particular species of penguins. First, Emperor penguins are the only species of the 17 species that spend their entire year on the open ice of the Antarctic while the others migrate. Thus, the sea ice or fast ice is critical to Emperor penguins because it is attached to the coastline and does not move in the wind or currents. Living on sea ice serves as a natural barrier to some predators and provides a locatable home base to the parents as they leave and return with food for their chicks. Also, as well documented in movies, emperor penguins are the only species that lay their eggs on the open ice during winter. Just keeping the egg warm enough for several months so that the chick hatches requires demanding teamwork. Unfortunately, warming ocean water has created a new challenge to this penguin. The sea ice forms later in the winter and melts earlier in the spring, effectively shortening the time window during which penguin chicks can be hatched and raised. One study found “Adelie and Emperor penguins which are dependent on sea ice have declined from 300 breeding pairs to 9 in the Western Antarctic peninsula, with a decline of 50 percent in Terre Adelie.” (8) Connected to water temperature and levels of sea ice is air temperature. Generally, the temperature of the water and the temperature of the air are positively correlated, meaning that as the air temperatures become warmer or colder, the water temperature moves in the same direction. With climate change, water temperatures have been on the increase. This increase leads to increased air temperature as some of the warmed water evaporates into the local atmosphere as part of the continuous water cycle.
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The Emperor Penguin colony where the movie “March of the Penguins” was filmed has been shrinking. The colony ( Pt Géologie) is located in northern Antarctica where temperatures have been steadily rising. In recent years, the ice has become too thin, and so it blows away before the chicks are grown. Therefore, fewer and fewer young penguins have been returning to live in this colony. Most Emperor Penguin colonies occur much farther south where temperatures are still very cold. This could change, however, if global warming trends continue.(9)
The graph above shows the inverse correlation between air temperatures and the population of Emperor penguins at Point Geologie. As climate change leads to warmer ocean temperatures, air temperatures increase, and the population of Emperor penguins drops.  The graph below reveals a similar story with penguin population data on Anvers Island.
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In Antarctica’s far north (Anvers Island) air temperatures have become VERY warm and ice no longer forms on the sea. The penguins do not live well under such conditions, and each year fewer of them nest here. They are moving south to where it is colder. 
Other research paints a similar picture: “In the southern polar region, the Antarctic Peninsula is warming five times faster than the average rate of Earth’s overall warming.”(11) Yet another study, published in the journal the Proceedings of the National Academy of Sciences in 2009, found a 34 percent chance that shrinking Antarctic sea ice could cause Emperor penguin populations to drop by 95 percent or more by 2100.” (12) A paper co-authored by five scientists from the Woods Hole Oceanic Institute used mathematical models to predict the effect of climate change on penguins and found that, if ice melt continues at the pace published in the Intergovernmental panel on Climate Change (IPCC), the median size of an Emperor penguin colony in Terre Adelie, Antarctica could shrink from 3000 to 400 breeding pairs. (13)

Additionally, Emperor penguins prefer living on sea ice (as opposed to land ice) since they do not navigate well the rocks found in the summertime on the Antarctic coast. Here on the fast ice, the Emperor penguins can either walk or toboggan across the ice to reach open ocean in which to hunt for food. Clearly, climate change results in significant changes to the air and water temperatures, and these changes lead to changes in the amount of sea ice upon which the Emperor penguins are so dependent.

Whether the Emperor penguin can survive these environmental changes is unknown, but the aforementioned research on the correlation between ocean water temperatures and Emperor penguin population counts suggests that human intervention may be necessary for their survival (and the other 16 penguin species, too).Joel Cohen of Rockefeller University states, “They (penguins) are to Antarctica what the polar bear is to the Arctic.” (14) Just as current research demonstrates the threat that melting Arctic ice is to the survival of the polar bear, research paints a disturbingly similar picture with the 17 species of penguins that live in and around Antarctica. Boersma feels “that 12 of 17 penguin species are rapidly declining. (15) Rising carbon and methane levels, the Greenhouse effect, El-Nino and La Nina induced weather patterns, and shifts in currents all play some role in threatening the continued survival of these interesting creatures. While research continues on the affect that these factors have on global warming, precisely how these factors combine to cause climate change is not clearly understood. Clearly, melting sea ice greatly diminishes the available food supply and interrupts the breeding cycle. Given that female Emperor penguins lay one egg at a time, this species will suffer the effects of climate change more so than, possibly, all of the remaining 16 penguin species. Because penguins are not likely to adapt quickly, the climate changes occurring may well be too much for the Emperor penguins to overcome. With their demise, other pieces in the food chain like birds, seals and whales will then be affected for the worse.
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