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Antarctica’s terrestrial ecology

IN a changing climate

Antarctica’s Ross Sea region has a range
of terrestrial environments, including ice-
covered lakes, isolated mountain ridges,
and ancient soils. A changing climate may
fundamentally impact the region’s unique
ecosystems in ways that can affect species
distribution, abundance, and productivity.

About this document

This summary aims to inform policy makers and
scientific peers about terrestrial ecosystem research
conducted in the Ross Sea region by New Zealand’s
Antarctic Science Platform (ASP). This research
synthesis:

P shares fundamental information about
terrestrial ecosystems in Antarctica

P highlights climate-related risks to terrestrial
ecology in the Ross Sea region

p provides critical baselines and new insights
to understand how terrestrial ecosystems
have developed over time and are likely to
change in a warming world

p provides examples of how the research can
be applied by domestic and international
collaborators to advance science,
environmental management; and ecosystem
resilience
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Key points

Our research demonstrates that ecosystem structure
and function result from highly complex interactions

of physical and biological processes that operate over
different time frames. This interaction means a holistic
approach is needed to identify critical vulnerabilities and
support effective management.

Our emerging network of weather monitoring stations
at sensitive sites has identified recent climatic extremes
in the terrestrial Ross Sea region. These extremes are
caused by atmospheric rivers flowing to Antarctica from
the north.

Research demonstrates that the availability and
distribution of meltwater is a critical driver of how the
Ross Sea region’s terrestrial ecosystems will respond to
a warming world.

Biogeographic patterns provide critical insights into the
connectivity with and within Antarctica. New data will
help to validate and improve modelling of the drivers
that change biogeographic patterns.

A new biogeography register represents the first
meta-analysis of findings from over 50 years of biology
research in the Ross Sea region, across multiple
National Antarctic Programmes. This register can

help environmental managers include biogeographic
patterns in their decision-making.

Lakes, ponds, and streams are particularly challenged
by changing volumes of meltwater production. Many
inland lake levels are rising due to increasing discharge in
tributary streams, forcing National Antarctic Programmes
to remove lake shore infrastructure to avoid flooding.

A biogeography-driven and climate-responsive
framework to assess the environment will support
national and international policy makers, including

the Antarctic Treaty System. This framework will help
people make informed decisions around environmental
management in a changing world.
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Terrestrial environment changes and
ecosystem responses are important
challenges in the Ross Sea region

The Ross Sea region has a range of diverse
environments from perennially ice-covered lakes

to isolated mountain ridges to ancient soils. The
extraordinary McMurdo Dry Valleys region is the
largest ice-free region in the Antarctic, as well as
the Earth’s coldest and driest desert. These habitats
contain highly specialised terrestrial ecosystems
including both widely distributed species and others
unique to Antarctica, or even unique to a single
location.

How these habitats change, and how organisms
respond to these changes, will determine the
impacts of climate change on terrestrial ecosystems.
To manage such impacts, at multiple scales, we
need to consider:

e how environmental conditions will change, over
space and time

e how ecosystem functions will respond to gradual
change, as well as short, intense, extreme events
and abrupt transitions

* how easily organisms can move to exploit newly
suitable habitats.

The volume and distribution of
meltwater is crucial

Other climate variables, weather extremes,

and impacts need to be understood along with
atmospheric warming. In particular, the availability
of meltwater water drives important changes in
terrestrial habitats, nutrients, and productivity.
Meltwater refers to the water generated from the
melting of snow and ice, which can form surface
ponds and streams, or flow beneath glaciers. The
production of meltwater is determined by a range of
variables, including air temperature, windiness, cloud
cover, and the presence of wind-blown dust on ice
surfaces.

Growing evidence also shows that localised climatic
extremes, such as heat waves, are increasing in

the terrestrial Ross Sea region. These extremes are
influenced by climatic processes at the regional scale
and can lead to hydrological extremes (for example,
increased meltwater), in areas that currently have
high biodiversity. Where climate change affects

the generation of meltwater, Antarctic biodiversity

is threatened because the productivity and
performance of individual organisms is altered. The
distribution of habitats and connectivity among them
(biogeography) can also change.

A new biogeography register for
Antarctica is an important tool

Biogeography is a key vulnerability and ecological
modelling to explore the impact of climate change
on biodiversity and biogeography requires robust
data. The ‘Evolving Biogeography Register’ is a
new information pipeline. This register collates for
the first time the enormous body of information
distributed across journal articles, book chapters,
student theses, and institutional reports into a
single, taxonomically, temporally and spatially
comprehensive source of Antarctic biogeographical
knowledge. More than 250,000 potentially relevant
articles were identified and assessed using natural
language processing, data structuring, and machine
learning.

The compiled open-source information is likely

the most comprehensive body of knowledge on
Antarctic biodiversity and biogeography in existence.
Researchers and policy makers can use this
information to identify:

e the natural rate of change and variability in
ecological systems

e which additional biological variations may be due
to climate change

e sites where the greatest biogeographic change is
expected

e under-sampled sites or areas where more focus
is needed.
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Studying climate effects on terrestrial
habitats and biogeography is essential

Evidence-based protection and management of

the Antarctic environment relies on understanding
how patterns and drivers of biogeography are likely
to respond to warming. We have used modern
data-science approaches to harvest data to model
biogeographic responses to climate change.

We’ve applied newly synthesised knowledge of
terrestrial biogeography and new spatially-explicit
predictions of climate-driven meltwater generation
and distribution to project Ross Sea region terrestrial
biogeography in the warming world. This research
has identified sites where we expect the greatest
change in terrestrial ecology as a result of a changing
climate, or where new on-ground data for validating
models is most important.

Local models help us understand the
impact of more meltwater

To understand the potential impact of more
meltwater, we’ve created models of the generation
and distribution of localised surface meltwater.
Regional scale models are too large to be useful
for localised ecological conditions. We've used
automatic weather stations to ensure that climate
variables from regional data can be used at a local
level.

Melting glaciers will increase the volume and change
the distribution of water, affecting the productivity,
distribution, and biodiversity of terrestrial species.
Enlarged areas of habitable soil and increased
frequency of extreme events also increases the

risk of successful colonisation by new organisms.
Some species will be winners, others, perhaps those
occupying ‘goldilocks’ habitats with just the right
combination of water and warmth, may be losers.
For example, as meltwater pools on surfaces in lakes
and valleys, Antarctica gets wetter (more water is
available), which supports more vegetation growth.
The dominant vegetation of wet soils in Antarctica
today are slow-growing mosses and algae, which
will slowly extend into newly-wet areas, altering the
habitat for bacteria-dominated communities that
inhabited previously dry soils. This change means
that the portion of the ecosystem that is uniquely
powered by bacteria will shrink in a wetter Antarctica.

Our research will help people:
e manage human activities on the continent to
minimise risk to biodiversity

e develop protected area networks, focused
on maximising the probability that existing
biodiversity will persist.

Antarctic lakes are being impacted
by excess meltwater
Antarctic desert lakes can help show the:

e effects of increased meltwater on terrestrial
ecology

e need for evidence-based intervention.

Changing lake area requires research
infrastructure to move

Most of these freshwater lakes have closed
basins, with an inflow but no outflow, fed by
melting glaciers. When inflow exceeds water
loss through evaporation and ablation, lake
levels rise. In recent decades, the discharge
of water into Lake Vanda has increased and
the level of the lake has risen. This rise has
led to the removal of lakeside facilities and the
introduction of careful remediation to mitigate
flood impacts. The ASP has helped develop
strategies to minimise legacy effects during the
infrastructure removal and decontamination of
such sites.

Higher lake levels reduce available light
for aquatic moss

To date, the biodiversity of dominant microbial
communities in Lake Vanda has kept pace with
rising lake levels, and no evidence yet exists of
species turnover. However, this lake is the only
known location in the McMurdo Dry Valleys

of a particular aquatic moss. This moss is
threatened as an increasing lake level reduces
the amount of light available to the moss.

Heat and water level changes harm
microbial biomass on the lake floor

Other effects are not so obvious. In a shallower
lake, Lake Fryxell, changes in heat and water
influx are warming the water and thinning the
ice cover. The ecological response has been

a dramatic loss of microbial biomass from the
lake. More light through thinning ice increases
the rate of photosynthesis, and promotes
oxygen supersaturation and bubbles in the
microbial, mat-forming plants that cover the
lake floor. These bubbles cause the mats to
float up under the ice, freeze during winter, and
be lost from the lake.




Research offers opportunities to
connect, collaborate, and deepen
understanding

The ASP investment creates opportunities for new
collaborative research in Antarctica and beyond. The
programme facilitated the unprecedented collection
of biogeographical records across Antarctica.

Most immediately, terrestrial ecology research

feeds into the McMurdo Dry Valleys Antarctic
Specially Managed Area (or ASMA) Management
Plan evolution and the work of the Environmental
Management team at Antarctica New Zealand.

This research also helped:

e contribute to submissions to the Committee of
Environmental Protection (CEP)

the initiation of an New Zealand Antarctic
Environmental Assessment (NZAEA)

e advise the New Zealand delegation to the CEP.

We're also supporting the CEP’s Climate Change
Response Work Program, with a particular focus on
developing ways to protect the Ross Sea region’s
unique terrestrial biodiversity.
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Definitions

Biodiversity: the variety of plant and animal life in a
particular habitat.

Biogeography: the geographic distribution of
organisms over space and time.

Dry valleys: largely snow-free valleys with low
humidity and a lack of ice cover.

Terrestrial ecology: the relationships between land-
based organisms and their physical environment.
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