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Mean global temperature could reach 2°C above pre-
industrial levels by 2042, leading to significant impacts
on Southern Ocean whales. According to state-of-the-
art climate models, under 2°C global warming, the area
of the Southern Ocean covered by sea ice is projected
to shrink by an average of 10-15%. This reduction could
be up to 30% in some regions, meaning that species
that are heavily dependent on sea ice, such as the
Antarctic minke whale (Balaenoptera bonaerensis) are
projected to lose between 5-30% of ice-associated
habitat within 40 years - little more than the life time

of an individual whale.

Reductions in ice cover is also likely to affect the ice-
dependent Antarctic krill (Euphausia superba). Less
availability of Antarctic krill would have significant
ramifications for both resident and migratory whales, as
well as the Antarctic ecosystem, as these small shrimp-
like zooplankton are a critical component of the Antarctic
food web.

In order to avoid dangerous climate change that would
bring irrevocable consequences worldwide, especially to
polar marine ecosystems, it is imperative that the world
makes immediate and concerted efforts to reduce global
climate-damaging emissions. At the same time, it is
equally important to make efforts to increase the
resilience of ecosystems and species by incorporating
observed and projected climate-change impacts into
conservation plans, assessments and strategies.
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Preventing Irrevocable Consequences
of Climate Change: why 2 degrees?

Global warming is real and is happening. Warming is widespread over
the globe; the average global temperature has increased by 0.74°C
over the past 100 years and warming is widespread across the planet,
with 11 of the last 12 years (1995-2006) ranking among the twelve
warmest years in the instrumental record of global surface temperature
(since 1850) (IPCC, 2007a). The impacts of climate change are diverse
and are evident across the planet — from melting snow and ice, to more
frequent heat waves and heavy rain events, to rising global sea levels
and more areas affected by drought. This global warming is the direct
result of human activities since industrial times: Burning fossil fuels,
clearing forests and intensive farming have released and accumulated
unprecedented amounts of greenhouse gases into the atmosphere.

Leading scientists, some national governments, as well as other
organizations such as WWEF, have identified the urgent need to limit the
emissions to maintain the warming below 2°C above the temperature
in pre-industrial times, in order to prevent “dangerous climate change”
with irrevocable consequences. While it is still possible to achieve this
target if we act quickly, the window of opportunity of staying below 2°C
is closing fast.

While remote, the polar regions of the world have not escaped from the
effects of global climate change. In fact, they are among the regions
that are exhibiting the most dramatic effects of climate warming. Over
the past 50 years, the Western Antarctic Peninsula has warmed more
than four times faster than the average rate of Earth’s overall warming
(IPCC, 2007a). The vast Southern Ocean has warmed all the way down
to a depth of 3,000 m (Jacobs, 2006). Not all of Antarctica is warming,
nor has the warming been uniform. However, in areas where significant
warming has been experienced, terrestrial and marine ecosystems
have undergone major changes (IPCC, 2007b). Where sea ice cover
has reduced because of the warmer temperatures, populations of
Antarctic krill, Weddell seal (Leptonychotes weddellii) and Adélie
(Pygoscelis adeliae) and emperor penguin (Aptenodytes forsteri) have
dropped. On the other hand, species that do not like sea ice, such as
shallow-water sponges and chinstrap (Pygoscelis antarcticus) and
gentoo (Pygoscelis papua) penguins, have expanded into ice-free
territories (Ainley et al., 2005 ; Atkinson et al., 2004; Ducklow et al.
2007). On land, warmer summer temperatures have probably caused
the two only native flower plants in Antarctica to increase in numbers
and area (Fowbert and Smith, 1994).

Assessing the impacts of climate change on cetacean species (whales,
dolphins and porpoises) is not a straightforward task. However,
emerging scientific evidence points out that climate change is likely to
decrease or restrict the preferred habitat of all cetacean species listed
as threatened by the IUCN for which projections can be made
(Learmonth et al. 2006). The impacts of climate change on whale
species are likely to be most significant in the polar regions, where the
effects of warming on ecosystems are happening first, and fastest.

It is with this in mind that WWF commissioned new research from US
scientists Cynthia Tynan and Joellen Russell. Combining the
projections of state-of-the-art climate models with expert knowledge
on the Southern Ocean whale ecology, Tynan and Russell (2008)
assess what a globally-averaged 2°C rise in temperature will mean for
the Antarctic ecosystem, and for the whales that rely on it.

Right;
Antarctic sunset © André Schafer
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Modeling the Southern Ocean under 2°C global warming
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Antarctic Peninsula has contributed to a shift
from large diatoms, which krill prefer to eat,
to small cryptophytes (Moline et al., 2004).
Therefore, krill populations might be
diminished from both a direct loss of ice
habitat and subsequent shifts in their

Right; preferred phytoplankton food.

Iceberg, Pleneau Bay. Antarctic Peninsula. e
© Sylvia RUBLI / WWF-Canon
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Effects of poleward displacement of ocean fronts

Fronts are transition zones between
water masses of different physical
characteristics (e.g., temperature,
salinity). They are predictably
productive foraging areas for many
species and are of critical importance
to the functioning of the Southern
Ocean ecosystem (see 'Whales, food
and sea ice in the Southern Ocean).
They are particularly important for
several migratory whale species
including the blue whale, humpback
whale, fin whale (Balaenoptera
physalus), and sperm whale (Physeter
macrocephalus) which travel
thousands of kilometers each year to
feed here in the summer. Under 2°C
global warming, Southern Ocean
fronts are projected to move
southward by 2-5° latitude (about
200-500 km). Migratory whales would
have to travel even farther to reach
and feed at specific frontal zones
during their southward migration.
These longer migration paths to
frontal zones and the ice edge could
increase the costs of movement and
reduce the duration of their main
feeding season. At the same time, as
frontal zones move southward, they
also move closer together,
compressing the space between them
and reducing the area of valuable
foraging habitat for migratory whales.

The foraging time spent in the
Southern Ocean is of critical
importance to migratory whales, as it
is their primary feeding season.
During migration, and during breeding
and calving seasons which occur

WOAO1 GFDL21-2°C

Figure 4: Locations of Southern Ocean fronts;
Left: Modern observations;

Right: Projections for the year of 2°C warming using the GFDL-CM2.1,
one of our four coupled climate models. The red band is the Subtropical
Front; the green band is the Subantarctic Front, the blue band is the Polar
Front; and the purple band is the southern boundary of the Antarctic
Circumpolar Current.

further north, the whales fast — or feed far less - relying on the energy
stores they had built up during their time in Antarctic waters.

To provide a regional example, the fronts near the Kerguelen Plateau, at
the time of 2°C warming, are projected to move closer together while
shifting southward by 3° latitude (300 km). The compression of whale
habitat that this will cause is likely to most affect minke whales,
humpback whales, sperm whales, killer whales (Orcinus orca) and
southern bottlenose whales (Hyperoodon planifrons) which congregate
in high density in these regions (Tynan. 1996, 1997).

Glacier broken at multiple places
© Mario Loiselle
Left;

Tabular iceberg. Scotia Sea, Antarctica
© Sylvia RUBLI / WWF-Canon
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The ice edge is
an area of intense
algal blooms in
summer

and a refuge

for krill larvae

In winter

Left;

Krill. Euphausiacea Size: 6cm Weight: 1g

Group name: Swarm. It is estimated that the total
weight of all the Antarctic krill is more than the
total weight of all humans on Earth.

© British Antarctic Survey

Right;

Humpback whales gather in Tonga each winter to
give birth and mate before returning to Antarctic
feeding areas. © Cat HOLLOWAY / WWF-Canon

Whales, food and sea ice in the Southern Ocean

The Southern Ocean teems with life and supports one of the most
productive marine ecosystems on Earth. Most species of baleen
whales and male sperm whales in the Southern Hemisphere migrate
between low-latitude breeding grounds in winter and highly
productive Antarctic feeding grounds in summer. Both migratory and
endemic species of whales, seals and birds thrive on the abundance
of their principal food in the area: Antarctic krill and cephalopods,
such as squids and cuttlefish. These prey species congregate in the
waters that contain the most food for them, i.e. the boundaries
between frozen sea ice and open water (or “ice edge”), and the
transition zones (or “fronts”) between water masses of different
characteristics (e.g. temperature, salinity, etc).

Why is there more whale food at the sea ice edge?

The ice edge is an area of intense algal blooms in summer and a
refuge for krill larvae in winter. As sea water freezes in autumn,
microscopic algae and other microbes which are at the very bottom
of the food chain are trapped between the newly formed ice crystals.
These microbes then live and thrive within the ice throughout the
cold dark winter, providing an important source of food for young,
growing krill larvae. When summer comes, the ice melts, the
microbial organisms are released into the sea water and they thrive
under the constant sun. Through photosynthesis, they flourish,
bloom and multiply, providing an annual feast for many species
including krill and larval fish. These species multiply, providing a
prey base for the fish, seal, seabird and whale predators of the
Southern Ocean.

Why is there more whale food at ocean fronts?

Sea water is not the same everywhere. In different regions and
depths, water is different in density, salinity, temperature and other
physical characteristics. A large body of water whose properties are
essentially homogeneous is referred to as a ‘water mass’. At
Southern Ocean transition (or frontal) zones, such as the Southern
Boundary of the Antarctic Circumpolar Current, there is the potential
for older water, low in oxygen and high in nutrients, to move closer
to the surface. This allows the increased growth of phytoplankton,
which supports the growth of krill, and subsequently the
communities of whales, birds, and seals that rely on these dense
concentrations of prey. Krill-feeding baleen whales and cephalopod-
feeding sperm whales all congregate in high densities near Southern
Ocean fronts, indicating the critical importance of these fronts to the
function of the entire Southern Ocean ecosystem.

Every country has a role to play in
response to the scale and the type
of challenges arising in its territory

Recommendations

Emissions Reductions

It is clear that the world must urgently
make dramatic changes in order to
avoid irrevocable consequences of
dangerous climate change by limiting
global mean temperature rise to well
below 2°C above pre-industrial
levels. WWF, and many other
organizations and scientists, have
demonstrated that technologies and
sustainable energy resources known
or available today are sufficient to
meet this challenge, and there is still
sufficient time to build up and deploy
them, but only if the necessary
decisions are made soon (WWF,
2007). It is critical that emissions
peak and start to reduce within the
next 5 to 8 years. This is especially
true for the energy sector, which is
the largest polluting sector and is
responsible for 40% of global climate
damaging emissions. Reducing
energy demand, improving energy
efficiency, deploying renewable
energy and other low-carbon
technologies, stopping and reversing
loss and degradation of forests and
prairies are all crucial elements to
keeping global warming to below
2°C. In addition, the following
considerations are imperative:

1. Urgency - Delays will make staying
below 2°C increasingly more
expensive and difficult, with much
greater risks of failure. The case for
early, decisive action to agree new
emissions targets for post 2012 and
begin a reduction in global
greenhouse emissions in the next
two years is overwhelming.

2 A global effort - Every country has
a role to play in response to the scale
and the type of challenges arising in
its territory.

3 Leadership - Action is needed by
governments of the world to agree to
targets, to collaborate on effective
strategies, and to influence and
coordinate the investment of the
many trillions of dollars necessary so
that future needs are met safely and
sustainably. Otherwise trillions of
dollars will be spent in recovery from
damage related to climate change.
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sure that the world’s whales have a secure and

ant emissions reductions if they are to keep global

Humpback whale (Megaptera novaeangliae), close-up. South-Pole, Antarctica
© Wim VAN PASSEL / WWF-Canon
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