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Summary 
Scientific literature reviewed by SCAR’s Antarctic Climate Change and the Environment report1 and the 
Southern Ocean Sentinel (SOS) workshop2 indicates that Southern Ocean marine ecosystems are already 
showing changes due to a warming climate. The effects are likely to be exacerbated with the further 
evolution of climate change. Last year the Commission agreed that “climate change is a very important issue 
and that it looked forward to continuing to receive reports from the Scientific Committee and its working 
groups” (CCAMLR XXVII, 4.62). ASOC urges CCAMLR Parties to accept their responsibility as managers 
of the Southern Ocean’s marine living resources and address climate change on both global and regional 
levels. ASOC urges that CCAMLR: 
 
(1) Adopt a Resolution on Climate Change that supports urgent action to reduce the rate and extent of 
climate change and confirms the commitment of CCAMLR Members to actively contribute to reaching an 
adequate outcome at the UNFCCC 15th Conference of the Parties (CoP15) in Copenhagen in December 
2009. 
 
(2) Continue to build climate change considerations, and impact of ocean acidification, into CCAMLR's 
management decisions with urgency following the Commission's endorsement last year.3 This should 
include reducing non-climate stresses, establishing a series of marine protected areas of ecologically 
significant size to increase the resilience of the ecosystem to cope with the stresses of climate change, 
applying further precaution in the establishment of TACs, especially where it is known that ocean climate is 
changing rapidly (Area 48 and Area 88, the axes of the Southern Annular Mode/Antarctic Di-Pole), and to 
use flexible, adaptive approaches to management that maximize the choices for the future.  
 
 
I.  Impacts of Climate Change on Southern Ocean Marine Ecosystems 
 
During the past few CCAMLR and Antarctic Treaty meetings ASOC collated and presented the latest 
scientific findings on the impacts of climate change on the Southern Ocean to inform delegates. This year, 
SCAR will be completing its comprehensive review on this subject and the full report of the Southern Ocean 
Sentinel Workshop will be provided to the Scientific Committee.  

In this paper ASOC’s intention is to present a summary of their work, while more details can be found in 
SCAR’s Antarctic Climate Change and the Environment report and the SOS Workshop report.   

Changes in the Southern Ocean over the past 50 years include: 
 

! Rising air temperatures; changes in atmospheric circulation, including increasing winds, changing 
snowfall patterns, and modified frequency and intensity of storms. Antarctic circumpolar deep waters 
have warmed at a pace more rapid than the mean global ocean as a whole. The change is consistent 
with a southward shift of the Southern boundary of the Antarctic Circumpolar Current in response to 
increasing westerly winds driven by enhanced greenhouse forcing and the Antarctic ozone hole.4 

 

                                                 
1 SCAR’s Antarctic Climate Change and the Environment (ACCE) Review Report. IP 5. ATCM XXXII, April 6-17, 
2009. Baltimore, USA. 
2 Southern Ocean Sentinel Workshop. Hobart 20-24 April 2009. Conclusions. 
3 See CCAMLR XXVII Report, 4.61. 
4 IPCC. 2007. Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate Change (S. Solomon, D. Qin, M. Manning, Z. C hen, M. 
Marquis, K.B. Avery, M. Tignor and H.L. Miller, editors.). Cambridge University Press, Cambridge, UK, and New 
York, NY, USA, 996 pp; Russell, J.L., K.W. Dixon, A. Gnanadesikan, R.J. Stouffer and J.R. Toggweiler. 2006. The 
Southern Hemisphere westerlies in a warming world: propping open the door to the deep ocean. Journal of Climate 
19:6382-6390; Thompson, D.W.J. and S. Solomon. 2002. Interpretation of recent Southern Hemisphere climate change. 
Science 296:895-899.  
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! Changes in ocean state, e.g., increased acidity, increased temperature and decreased salinity at 
different depths.5 

 
! An antipodal change in sea ice extent, decreasing on the western side of the Antarctic Peninsula and 

increasing in the Ross Sea sector, as well as widespread thinning of sea ice. With the warmer water 
and reduction in sea-ice in the Peninsula region, there has been an alteration of phytoplankton 
dynamics, a southward contraction in the distribution of the key forage fish, Pleuragramma 
antarcticum, and a decline in Antarctic krill, both of whose reproduction is associated with sea ice.6 

 
Predictions of future temperature rises by the UN Intergovernmental Panel on Climate Change Fourth 
Assessment Report (IPCC AR4)7 are within the range that will potentially have substantive impacts on 
Southern Ocean ecosystem components.  
 

! The observed mid-depth warming and freshening of the Southern Ocean is projected to continue. 
Climate models suggest that the annual average total sea-ice area will decrease by 2.6 " 106 km2, or 
30% by 2100.8 Most of the retreat is expected to be in winter and spring, so decreasing the amplitude 
of the seasonal cycle of sea ice area. With continued decrease in sea-ice cover, marine ice algae will 
decrease with reduction in the extent of the marginal ice zone, which in turn may cause a cascade 
through higher trophic levels. Emperor and Adélie penguins and other ice-dependent species, fish, 
including Antarctic toothfish, Antarctic krill, seals and whales, depend on the sea-ice habitat to 
complete their life cycle. A significant decline in sea ice is likely to affect their populations, and may 
lead to true Antarctic species being displaced by southward shifting sub-Antarctic species.9 

 
! Increased warming is expected to lead to more ice shelf disintegrations along the east and west 

coasts of the Antarctic Peninsula. Most critical is the reduction in the Pine Island Glacier, one of the 
largest ice streams on Earth, draining much of West Antarctica, and largely responsible thus far in 
the detected freshening of coastal West Antarctic waters. When ice shelves collapse, the changes 
from a unique ice-shelf-covered ecosystem to a typical sea-ice covered Antarctic continental shelf 
ecosystem, with high primary production during a short summer, are among the largest ecosystem 
changes on the planet.  

 
! If surface ocean acidity levels become more acidic by 0.2 to 0.3 units by 2100 thinning is likely to 

happen on the aragonite skeletons of the pteropods that are important grazers of Phaeocystis at the 
base of the food chain in many coastal areas.10 The Southern Ocean is at higher risk from this than 

                                                 
5 Jacobs, S.S. 2006. Observations of change in the Southern Ocean. Philosophical Transactions of the Royal Society, A, 
doi:10.1098/rsta.2006.1794, published online 
6 Stammerjohn, S.E., D.G. Martinson, R.C. Smith, X. Yuan and D. Rind. 2008. Trends in Antarctic annual sea ice 
retreat and advance and their relation to El Niño–Southern Oscillation and Southern Annular Mode variability. Journal 
of Geophysical Research 113, C03S90, doi:10.1029/2007JC004269; Atkinson, A., V. Siegel, E. Pakhomov, and P. 
Rothery. 2004. Long-term decline in krill stock and increase in salps within the Southern Ocean. Nature 432:100–103: 
Ducklow, H.W., K. Baker, D.G. Martinson, L.B. Quetin, R.M. Ross, R.C. Smith, S.E. Stammerjohn, M. Vernet and 
W.R. Fraser. 2007. Marine pelagic ecosystems: the West Antarctic Peninsula. Philosophical Transactions of the Royal 
Society B 362:67–94 doi:10.1098/rstb.2006.1955; Martin Montes-Hugo, M., S.C. Doney, H.W. Ducklow, W. Fraser, D. 
Martinson, S.E. Stammerjohn, O. Schofield. 2009. Recent Changes in Phytoplankton Communities Associated with 
Rapid Regional Climate Change Along the Western Antarctic Peninsula. Science 323: 1470-1473 
7 IPCC. 2007. Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate Change (S. Solomon, D. Qin, M. Manning, Z. C hen, M. 
Marquis, K.B. Avery, M. Tignor and H.L. Miller, editors.). Cambridge University Press, Cambridge, UK, and New 
York, NY, USA, 996 pp 
8 Mayewski, P. A., et al. 2009. State of the Antarctic and Southern Ocean climate system. Reviews in Geophysics, 47, 
RG1003, doi:10.1029/2007RG000231. 
9 Cheung, W.W. L., V.W.Y. Lam and D. Pauly. 2008. Modelling present and climate-shifted distribution of marine 
fishes and invertebrates. University of British Columbia, Fisheries Centre Research Reports 16(3). 72 pp; Ainley, D.G., 
J. Russell, S. Jenouvrier, E. Woehler, P. O’b. Lyver, W.R. Fraser, G.L. Kooyman. 2009. Antarctic penguin response to 
habitat change as earth’s troposphere reaches 2°C above pre-industrial levels. Ecology, in press. 
10 Orr, J.C., Fabry, V.J.  et al. 2005. Anthropogenic ocean acidification over the twenty-first century and its impact on 
calcifying organisms.  Nature 437, 681-686 | doi:10.1038/nature04095 
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other oceans owing to its colder temperatures and low saturation levels of calcium carbonate. The 
effect of ocean acidification caused by elevated carbon dioxide levels is predicted to affect the Ross 
Sea first. “The ability of marine animals, most importantly pteropod molluscs, foraminifera, and 

some benthic invertebrates to produce calcareous skeletal structures is directly affected by seawater 
CO2 chemistry.”11 

 
! Given the slow rates of growth and high degree of endemism in Antarctic species, continued ocean 

warming and expanded tourism and scientific activity may lead to the wider establishment of non-
indigenous species by 2100, and consequent reduction or extinction of some local species.  

 
 
II. The Need for Global and Regional Responses 

There is international consensus on the urgent need to take action to address climate change, but so far 
insufficient action. Most nations and regions are adopting targets for acceptable increased levels of 
greenhouse gases. The international climate change response is led by the UN Framework Convention on 
Climate Change (UNFCCC). It will culminate in the 15th Conference of the Parties (CoP15) in Copenhagen 
in December 2009, whose mission is to provide clarity on four key issues before the existing legally binding 
agreement governing greenhouse gas emissions (the Kyoto Protocol) expires in 2012: 

! Ambitious emission reduction targets for developed countries 
! Nationally appropriate mitigation actions of developing countries 
! Scaling up financial and technological support for both adaptation and mitigation 
! An effective institutional framework with governance structures that address the needs of developing 

countries 

Mitigation and adaptation are the two central approaches to addressing climate change:  
 

! Mitigation involves human interventions to reduce the emissions of greenhouse gases. Carbon 
dioxide is the largest contributing gas to the anthropogenic greenhouse effect. In the 200 years since 
1800, levels have risen by over 30%. Since levels of greenhouse gases are currently rising even more 
steeply, leading to the most dramatic change in the atmosphere’s composition in at least 650,000 
years, international action on mitigation is urgently required. 

 
! Adaptation refers to adjustment in natural or human systems in response to actual or expected 

climatic stimuli or effects, which moderates harm or exploits beneficial opportunities. According to 
the UN Intergovernmental Panel on Climate Change Fourth Assessment Report (IPCC AR4), there 
is high confidence that the ability of many ecosystems to adapt naturally will be exceeded this 
century, and that neither adaptation nor mitigation alone can compensate for climate change impacts. 
Therefore, adaptation and mitigation are needed to complement each other, and together can 
significantly reduce the risks of climate change.12 

 
CCAMLR, in its special role as the international body overseeing the management of the marine living 
resources of the Southern Ocean, is in a unique position to take leadership to promulgate responses to 
climate change on both global and regional levels.  
 
A. Global Response: Mitigation 
 
According to IPCC AR4, mitigation efforts over the next two to three decades will have critical impact on 
whether or not lower levels of greenhouse gases in the atmosphere can be achieved to instigate a lesser 
degree of climate change. Many impacts can be avoided, reduced or delayed by mitigation.  
                                                 
11 Fabry, V.J., Seibel, B.A., Feely, R.A., and Orr, J.C. 2008. Impacts of ocean acidification on marine fauna and 
ecosystem processes. – ICES Journal of Marine Science, 65: 414–432. 
12 UNFCCC Fachsheets: The need for mitigation. The need for adaptation. Copenhagen – why is a deal so important? 
Available at: http://unfccc.int/press/fact_sheets/items/4991.php. 
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Article II, section c) of the Convention gives CCAMLR the responsibility to manage the ecosystems of the 
Southern Ocean, including its management in the face of environmental change. Effective mitigation of 
climate change will substantially reduce the scale of future management actions that CCAMLR will have to 
adopt in order to address the impacts of climate change. Therefore CCAMLR has the responsibility to 
communicate to international and national bodies that are leading efforts on climate change mitigation on the 
need for effective mitigation. 
 
To this end, ASOC urges that CCAMLR Parties adopt a Resolution on climate change that: 
 

1. Encourages continued and increased consideration within CCAMLR working groups and the 
Scientific Committee of climate change impacts to inform management decisions in relation to 
protecting and preserving Southern Ocean ecosystems. 

 
2. Endorses the establishment of the Southern Ocean Sentinel program with clear monitoring objectives 

reflective of the information required to inform management actions towards protecting and 
preserving Southern Ocean biodiversity. 

 
3. Supports the urgent need for an effective global response that will address the challenge of climate 

change. 
 

4. Appeals to all Contracting Governments to take urgent action to reduce the rate and extent of climate 
change. 

 
5. Confirms the commitment of all CCAMLR Members to actively contribute to reaching an adequate 

agreed outcome at the UNFCCC 15th Conference of the Parties (CoP15) in Copenhagen in 
December 2009. 

 
6. Requests the Secretariat to forward this resolution and the Southern Ocean Sentinel workshop report 

to relevant bodies and meetings including the UNFCCC and the IPCC in time for upcoming 
meetings.13 

 
B. Regional Response: Adaptation or Climate-smart Management 
 
CCAMLR has recognized the need to consider climate change in the course of its management conservation 
mandate for Antarctic and Southern Ocean marine living resources. This has been done through tasking its 
working groups with taking climate change into consideration when providing advice on stock assessments, 
future population responses and recruitment levels, and to examine and invest in improved monitoring of 
climate change impacts, and to evaluate the success of the convention in addressing climate change.14  
 
Although these are good initial steps, a long way still remains until CCAMLR can be congratulated for 
incorporating climate change effects into specific management decisions. CCAMLR’s Performance Review 
Panel highlighted the need for CCAMLR to work more intensively on this issue in several of its 
recommendations.15  
 
ASOC urges CCAMLR to follow the recommendations of the Review Panel on climate change and increase 
its efforts to apply a truly precautionary approach to management. This implies anticipating the combined 
effects of increased fishing pressure and climate change in order to develop management responses before 
irreversible impact occurs. In order to facilitate adaptive management responses, a more comprehensive and 
consistent monitoring program for marine living resources in the CCAMLR Area should be developed.  
 

                                                 
13 A proposed draft Resolution is attached as Annex 1. 
14 CCAMLR XXVII Report 4.61. 
15 See CCAMLR Performance Review Panel Report – Sections 3.1.2; 3.1.3; 3.1.4; 3.5.2.  
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Adaptation, or climate-smart management, is becoming a vigorous field of science in other parts of the 
world. The following broad principles may be of particular relevance in the Southern Ocean context:16  

Protect Adequate and Appropriate Space 
As a result of climate change, many species are changing where they feed, grow, or breed, and when they 
engage in key life history behaviors such as reproduction and migration. The predicted effect of ocean 
acidification in the Southern Ocean especially when levels reach 450ppm will add further stress to species 
relying on calcium carbonate skeletons and shells and threaten them with extinction.17  Existing conservation 
methods that employ spatial restrictions may not adequately protect the resources and ecosystems for which 
they were designed.  In the face of climate change, spatial management strategies will need to incorporate 
such features as buffer zones and connectivity to accommodate uncertainty and range shifts. Identifying and 
protecting refugia, or areas less likely to change, is another important criterion for climate-smart spatial 
management.  

Reduce non-climate stresses 
Climate change is not the only threat faced by marine ecosystems. Pollution, habitat destruction, over-
exploitation, invasive species, and more are already challenging us. Reducing non-climate stressors in 
general is thought to increase overall ecosystem resilience; when it comes to climate change adaptation, the 
key is to focus on those stressors that will interact negatively with climate change or its effects. Rates of 
harvest that have been viewed as 'sustainable' in the past will become unsustainable if climate change alters 
population growth rates or leads to miss-matches between life history patterns and the environmental signals 
to which they evolved, resulting also in dissolving skeletons and shells of marine organisms. The 
precautionary principle suggests that we add “insurance factors” to regulations governing a variety of non-
climate stressors to minimize the risk of marine systems we care about flipping to alternative stable states. 

Manage for Uncertainty 
Climatic variability is a fact of life, but the long-term directional climate change we are currently 
experiencing is different. Ocean acidification is a direct result of increased carbon dioxide levels and will 
deteriorate over centuries even if carbon dioxide levels are stabilized at current levels.18 While not 
unprecedented in the history of the world, it is unprecedented in the history of modern humans, and there are 
therefore a great many unknowns as we look towards the future.  To remain effective, management systems 
must be able to incorporate uncertainty and to respond to new information and unforeseen circumstances in a 
timely fashion. Adaptive management, including deepened precaution and scenario planning provide 
frameworks for how to address this.   
 
Using such flexible, responsive approaches to management will be particularly important in the Southern 
Ocean, given that the high degree of is already and clearly underway. The precautionary principle dictates 
that decision-makers for the Southern Ocean assess the full range of plausible scenarios, including potential 
tipping points, and look for management options that maximize the choices for the future.  
 
 
 
 
 

                                                 
16 Hoffman, 2009. Southern Ocean Ecosystems and Climate Change: Options for Adapting Conservation and 
Management. 
17 McNeil, B.I. and Matear, R.J. 2008.  Southern Ocean acidification: A tipping point at 450-ppm atmospheric CO2.  
Proc. Natl. Acad. Sci. 105 (48): 18860–18864,  www.pnas.org/cgi/doi/10.1073/pnas.0806318105 
18 Caldera,K. 2007. What corals are dying to tell us and CO2 and ocean acidification. Oceanography 20: 188-195. 
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ANNEX 1 
 
DRAFT RESOLUTION xx/XXVIII 
 
Resolution on Climate Change 
 
The Commission, 
 
Recalling the principles of conservation in Article II of the Convention and in particular the maintenance of 
the ecological relationships between harvested, dependent and related populations of Antarctic marine living 
resources and the prevention of changes or minimisation of the risk of changes in the marine ecosystem 
which are not potentially reversible over two or three decades, taking into account the effects of 
environmental changes, with the aim of making possible the sustained conservation of Antarctic marine 
living resources; 
 
Conscious of the importance of safeguarding the environment and protecting the integrity of the ecosystem 
of the seas surrounding Antarctica in the face of the effects of climate change; 
 
Acknowledging that the Commission has endorsed three areas of work in relation to developing management 
responses to the impacts of climate change including examining the robustness of the Scientific Committee’s 
advice and working group stock assessments in the face of increasing uncertainty accompanying climate 
change, particularly in relation to predictions of future population responses and recruitment levels; the need 
for, and implement as appropriate, improvements to current monitoring programs of harvested, dependent 
and related species so as to provide robust and timely indicators of climate change impacts and whether 
CCAMLR’s management objectives and performance indicators require modification to remain appropriate 
in the face of climate change uncertainty;19 
 
Recognizing human induced global climate change as one of the greatest challenges facing the Southern 
Ocean; 
 
Concerned that escalating rates of warming of the Antarctic could have far-reaching consequences for the 
rest of the world; 
 
Bearing in mind the findings of the 2009 SCAR Antarctic Climate Change and the Environment (ACCE) 
Review Report and the recommendations from the United Nations Intergovernmental Panel on Climate 
Change (UN IPCC) Fourth Assessment Report; 
 
Noting that management action aimed at increasing adaptation and resilience capability is important and 
required to preserve and protect the unique Southern Ocean environment against potentially irreversible 
impacts of anthropogenic climate change; 
 
However, recognizing that ultimately the preservation and protection of Southern Ocean ecosystems depends 
primarily on mitigation action that substantially reduces global emissions of CO2 and other greenhouse 
gases; 
 
Acknowledging that the United Nations Framework Convention on Climate Change is the is the appropriate 
international body to deliver an adequate mitigation response the threat of climate change and impact of 
increasing greenhouse gas emissions. 
 
1. Encourages continued and increased consideration within CCAMLR working groups and the Scientific 
Committee of climate change impacts to inform management decisions in relation to protecting and 
preserving Southern Ocean ecosystems; 
 

                                                 
19 CCAMLR XXVII Final Report, para 4.61 
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2. Endorses the establishment of the Southern Ocean Sentinel program with clear monitoring objectives 
reflective of the information required to inform management actions towards protecting and preserving 
Southern Ocean biodiversity; 
 
3. Supports the urgent need for an effective global response that will address the challenge of climate 
change; 
 
4. Appeals to all Contracting Governments to take urgent action to reduce the rate and extent of climate 
change; 
 
5. Confirms the commitment of all CCAMLR Members to actively contribute to reaching an adequate agreed 
outcome at the UNFCCC 15th Conference of the Parties (CoP15) in Copenhagen in December 2009; and 
 
6. Requests the Secretariat to forward this resolution and the Southern Ocean Sentinel workshop report to 
relevant bodies and meetings including the UNFCCC and the IPCC in time for upcoming meetings. 
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