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Introduction and Terms of Reference.

Mr. Chairman, Members of the Committee, I thank you for your invitation to participate in today’s Full Committee hearing on Climate Change Impacts and States’ Actions.  I am Dr. William R. Fraser, President of Polar Oceans Research Group, a small non-profit organization based in Sheridan, Montana, whose principal activities center on conducting long-term ecological research in Antarctica and facilitating the education and training of future ecosystems scientists.  I am an ecologist by profession, with a long-term interest in identifying and understanding the mechanisms that regulate the populations of Antarctica’s top marine predators, including, in particular, penguins and other seabirds.  Our research has demonstrated that some seabird species are extremely sensitive indicators of climate change effects in Antarctica, a finding now also supported by many other studies.  Indeed, it is worth pointing out that trends in penguin populations provided some of the first evidence that sea ice conditions in some regions of Antarctica were deteriorating in response to climate warming.  We published these results in 1992, five years before a publication in 1997 based on satellite remote sensing confirmed our suspicions regarding these regional trends in temperature and sea ice. 
This Committee has asked me to focus my testimony on my research activities in Antarctica, and specifically on the impacts of climate change in this most southern of the Earth’s continents.  It is both a pleasure and honor to provide you with this testimony, which I would like to begin by discussing 3 points of reference to place this work in context, and provide this Committee with a gauge of its significance and limitations.  First and foremost, it is important to establish that the information I present here is based only on findings from the western Antarctic Peninsula region (Figure 1).  I make this distinction because the word “Antarctica” is on occasion used somewhat generically when questions about the evidence backing climate change on this continent arise.  Antarctica is vast, equal in surface area to the United States and Mexico combined, and while it  is true  that  climate  change  signatures  have  been  less pronounced at more 
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Figure 1.  Palmer Station and the western Antarctic Peninsula 

PAL LTER study area.
southern latitudes, this is most definitely not the case in the western Antarctic Peninsula region.  The IPCC’s Third Assessment Report (2001) recognizes this distinction and is quite correct in its prediction that the Antarctic Peninsula will be one of the areas experiencing the largest and most rapid climate change on the Earth.  I will say more about this later in this testimony.
The second point I wish to bring to the attention of this Committee is that the observations and conclusions I present here are not based on models.  This comment is not in any way meant to diminish the value of models as tools to investigate climate change dynamics, but simply to point out that what I report is, in effect, an account of climate change impacts based on nearly 25 years of field research in the western Antarctic Peninsula region.  I began this work in 1974 and have continued to the present.  Today this research is coupled to the Palmer Long-Term Ecological Research program (PAL LTER), which since its inception in 1990 has been based at Palmer Station, a U.S. research facility operated by the National Science Foundation on Anvers Island (Figure 1).  This program brings together an interdisciplinary group of core investigators and collaborators from both domestic and foreign institutions whose objectives focus on documenting and understanding the effects of regional climate change on the marine ecosystem.  These objectives drive an intense terrestrial and oceanographic program that annually samples over approximately 80,000 km2 (the PAL LTER study region), operates for up to six months each season and has included many years of winter studies.  As a result, our record of climate-induced changes in this region now spans 3 decades and incorporates an ecosystem-scale perspective that is now beginning to reveal the often subtle relationships between cause and effect.
As the third and final point in these terms of reference, I would like to  expand briefly on the concept of indicator species, which I introduced earlier in this testimony when I alluded to the important role played by penguins and other seabirds in advancing our understanding of the interactions between climate change and marine ecosystem response in the western Antarctic Peninsula region.  All ecosystems are populated by species that are particularly sensitive to some component of the environment that is key to the successful completion of their life cycles.  Salmon in the Pacific Northwest, for example, do not reproduce successfully in waters where temperatures and/or silt loading rise above some critical threshold.  For this reason, and because negative changes in salmon populations can signal deteriorating habitat conditions in a stream or river, salmon are regarded a key indicator species of water quality in the region.  An analog to this example is observed in the western Antarctic Peninsula among three species of penguins whose life histories exhibit very different affinities to sea ice.  For Adélie penguins (Pygoscelis adeliae), the presence of sea ice is  essential to their survival.  By contrast, it is the absence of sea ice that is essential to the survival of the otherwise ecologically similar Gentoo (P. papua) and Chinstrap (P. Antarctica) penguins.  Although these relationships were not fully described until 1992, they now define a role for these species as indicators of environmental change in Antarctica that has been incorporated into the long-term monitoring and research programs of more than 15 countries working throughout coastal Antarctica.
Climate Change Effects in the Western Antarctic Peninsula Region.
Temperatures, Sea Ice and Glacial Ice.

On March 3, 2004, this Committee heard the distinguished testimony of Dr. Robert Corell, Chairman of the Arctic Climate Impact Assessment, who reviewed climate change effects in the Arctic.  Many of the changes reported for the Arctic closely track trends in the western Antarctic Peninsula region, especially with respect to the seasonal timing and magnitude of warming and its effects on sea ice conditions.  Several current and significant studies addressing these trends on a regional scale were published in 2003 .  One of these studies, based on a 51-year (1951-2001) instrument record of surface air temperatures in our focal PAL LTER study region, indicates that significant warming has occurred since at least the mid-1950s, especially in the two decades following 1980.  This trend, moreover, exhibits a strong seasonality, and it is mid-winter warming in particular, June in the Southern Hemisphere, that shows the largest, statistically significant increase.  Mid-winter temperatures have increased by 0.11 Co per year, representing a 6 Co increase in June temperatures over the 51-year record.  This winter warming is unequaled on the Earth, both in terms of its magnitude and rate of increase.
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Figure 2.  Relationship between temperature and sea ice extent

Because sea ice forms primarily during winter, and there is a significant anti-correlation between surface air temperatures and sea ice extent (Figure 2), several complementary patterns of sea ice loss have been documented in the western Antarctic Peninsula region.  The first, based strictly on the relationship between temperature and sea ice formation, indicates that the number of cold years producing heavy sea ice conditions, or ice covering the ocean’s surface to at least 61o south latitude, has decreased from an average of 4 out of 5 during the mid-1950s to 1-2 out of 5 today.  Indeed, since the mid-1970s, these heavy sea ice years have occurred, on average, only once every 4.5 years.  The second pattern is based on remote sensing since the beginning of the satellite imaging record, and shows that in the two decades following 1973, sea ice extent decreased by 20% as a recession that encompassed both winter and summer sea ice.  The third and final pattern concerns changes in the length of the sea ice season, or the number of days between the time ice begins to advance in autumn and retreat in spring.  This record indicates that sea ice is now forming later and retreating earlier, resulting in a sea ice season that has shortened by 2 weeks.  This pattern became more prevalent after 1990 if the decades prior to 1990 are compared. 

When compared to the sea ice time series, the record of change in glacial ice over the same time period is unfortunately less robust.  This is not to say that such a record does not exist, as certainly the data needed to develop it must be available in the form of archived images based on remote sensing.  Rather, and with the exception of some studies that lie outside the regional scope of our work, it appears that little effort has been directed at compiling, comparing and publishing the data that may be available.  Nevertheless, 2 trends evident in the immediate vicinity of Palmer Station bear further comment because they track patterns observed elsewhere on the Antarctic Peninsula.  For example, mapping of the boundary region separating the station from the nearby Anvers Island glacier (Figure 1) using GPS (Global Positioning System), has revealed that the glacier’s face is retreating at a rate of approximately 10 meters per year.  Evidence of glacial thinning is also apparent as mountain ranges flanking the southeastern boundary of this glacier, not visible 30 years ago from Palmer Station, are now emerging into full view.  These local-scale patterns are also confirmed by larger-scale events.  The amount of new ice-free land along the entire southwest coast of Anvers Island, for example, has been redefined by glacial retreat, including exposure of 4 new islands that were unrecognized on local maps and charts prior to 1995. 

Ecological Responses.


The western Antarctic Peninsula region is experiencing a gradual replacement of a cold, dry polar marine ecosystem with a warm, moist maritime regime.  This change is progressing along a Peninsular gradient from north to south as rising surface air temperatures affect sea ice and snow cover, which are among the most important drivers of ecological processes in polar marine and terrestrial ecosystems.  Although, we have evidence that all the major components of the food web are responding to these changes, two particularly  clear examples are the contrasting, long-term population responses of penguin species with different affinities to sea ice (Figure 3) and the patterns of variability now evident in Antarctic krill (Euphausia superba) populations.  
Since 1975, focal study colonies of the ice-dependent Adélie penguin have decreased by 60%, representing a loss of approximately 10,000 breeding pairs.  The factors responsible are a decrease in sea ice, which represents critical and essential winter habitat, and an increase in snowfall, which melts in the spring and drowns eggs and chicks.  Evidence from glacial cores suggests that snow deposition has been increasing in the region for perhaps 100 years as the loss of sea ice improves exchanges of water vapor from the open ocean to the atmosphere.  This is supported by our observations, as the rate at which Adélie penguin populations have decreased is significantly greater (70% vs. 40%) in colonies located on south-facing terrain where snow deposition is enhanced due to prevailing northerly winds.  The contrasting population trends shown by the ice-avoiding Chinstrap and Gentoo penguins substantiate these dynamics (Figure 3).  Although  the core  range  of   both  these  species   encompasses  the  northern   Antarctic   Peninsula  and  sub-Antarctic  islands,  their      range     during     the    last   3   decades   has  been  expanding  to   the 
Figure 3.  Changes in penguin populations in the Palmer Station vicinity[image: image1.png]45°S
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south, with founder populations establishing locally in 1974 and 1993, respectively.  Two factors have favored their very substantial population increases (Figure 3), greater availability of open water, and a late breeding schedule that circumvents spring snow melt and flooding.  Of special relevance, however, is that a 700-year old paleoecological record shows no evidence that these species occurred in this region in the past.  This suggests that the environmental conditions that are promoting their success today are unprecedented within the temporal limits of this record.

The Antarctic krill, a shrimp-like crustacean that is fished commercially, is the foundation of the western Antarctic Peninsula food web, and is a key component of the diets of many species from squid and fish to seabirds, seals and whales.  Krill is also a species whose life-history is critically tied to sea ice.  Adult krill feed in spring and summer on the vast phytoplankton blooms that are produced along ice edges as the melt season progresses.  Female krill in particular need these blooms to stimulate and enhance reproductive condition and spawn.  However, although adult krill can survive sub-optimal feeding conditions from year to year, this is not the case for larval krill, which are produced after eggs hatch prior to winter.  These young krill cannot survive their first year of life without winter sea ice, which both shelters them from predators and provides them with food in the form of algae and diatoms.  Sea ice is thus an indispensable nursery for krill because without it there is little or no recruitment; that is, no contribution by one population to the next generation of reproductive adults.    

Our data show that since 1975, krill abundance has been cycling in a boom and bust fashion with a periodicity of 4-5 years, which as noted previously in this testimony, is also the frequency with which years of heavy sea ice are cycling in this marine system.  This is not surprising.  Given the critical role played by sea ice in larval krill survival, it indicates that krill recruitment is tracking these ice cycles.  The boom part of the cycle occurs when krill abundance peaks following these heavy ice years as the surviving age-class recruits into the population, while the bust part of the cycle develops as this age-class decreases in abundance over the next 4-5 years in the absence of optimal ice conditions and new recruitment.  This cycling in krill population abundance currently presents a troubling scenario insofar as possible future consequences of climate warming to the marine ecosystem in this region.  The reason is that krill live to be only 5-6 years of age, meaning their life span is already at the very limits of their capability to bridge the 4-5 year periodicity in the occurrence of the favorable sea ice conditions they need for successful reproduction and recruitment.  This marine ecosystem depends on the predictable availability of sea ice, yet the trend during the last 5 decades has been towards less predictability.  If current thresholds are breached any further by future climate warming, that is, if sea ice periodicities begin to exceed krill life span by manifesting at intervals that are longer than 4-5 years, krill life span will no longer bridge the gap and severely compromise reproductive success.  This will have catastrophic consequences to the integrity of this marine ecosystem. 
Concluding Statements.
1.
Climate change in the western Antarctic Peninsula region is forcing a shift in the core ranges of wildlife populations, but suitable habitats available to absorb these changes remain.  Many wildlife species on the Earth, however, occupy habitats that are already compromised by human activities.  Relocation in the face of climate change for these species is not an option, suggesting that extinctions will inevitably accelerate in the decades ahead.
2.
The Arctic and the western Antarctic Peninsula region are exhibiting similar changes but of different magnitudes in several environmental and ecological variables, including trends in summer and winter temperatures, sea ice and the redistribution and abundance of wildlife populations.  These coherences at opposite ends of the Earth argue strongly in favor of a climate change signature that is evolving over global scales.

3.
The findings presented in this testimony do not address the cause of climate change, but they do indicate unequivocally that western Antarctic Peninsula warming is occurring and the effects are having significant and measurable impacts on the marine ecosystem.  Antarctica has no indigenous population and the footprint of human activity is for all practical purposes negligible.  This is not the case for the rest of the Earth, suggesting one of the great challenges facing scientists and policy makers will be to understand how the collective activities of 6.5 billion people will influence the ecological thresholds on which climate change is impinging.
The findings presented in this testimony were taken in part from the following sources:
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