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Brief Overview 

• Initiated by the SCAR scientific research programme "Antarctic Thresholds - Ecosystem 
Resilience and Adaptation" (AnT-ERA, 2013-2021), 26 experts synthesized knowledge on 
impacts and risks of climate-change on biological processes and ecosystem functions in the 
Antarctic1.  

• The ten main scientific messages that emerged addressed (1) accelerating marine and 
terrestrial biogeochemical cycles, (2) response to ocean acidification, (3) ecological changes in 
climate change hot spots, (4) unexpected dynamism of marine seafloor communities, (5) 
biodiversity shifts, (6) low temperature limitation of protein synthesis, (7) life intrinsically 
linked to changing sea ice conditions, (8) pollution, (9) genetically distinct terrestrial 
populations under threat, and (10) newly discovered habitats. 

• Two-thirds of the literature included in this synthesis was published between 2010 and 2020 
and only one-third was published earlier. 

• The fast mounting, recent decadal evidence indicates various Antarctic biological communities 
now experience climate stress, or will experience such stress in the coming decades. 

• The responses of organisms, ecosystem functions and services to environmental changes are 
complex and varied. Key knowledge gaps remain and need addressing to adequately assess 
future prospects for life in the Antarctic. 

 

Detailed Overview 

Twenty-six experts, representing the breadth of 
Antarctic scientific disciplines, identified the most 
relevant research on biological and ecological 
processes and functions, across all levels of biological 
organization in marine, terrestrial and limnetic 
ecosystems in the Antarctic1 (Figure 0). The identified 
research spans from molecule biosynthesis playing an 
important role in adaptation and plasticity of 
organisms, shaping biodiversity2; to ecosystems, 
including their resilience (or self-repair capacity); 
biological interactions, such as prey-predator 
relationships; biogeochemical cycles; and ecosystem 
services3,5,6. Results with a wider scientific significance, 
of particular novelty and with obvious stakeholder 
relevance were clustered into ten main messages. 
Here we present a condensed description of these key 
messages. Since only the overarching literature is cited 
herein, please refer to Gutt et al.1 for the 
comprehensive list. 

 
Fig. 0: Links between the ten scientific key messages from the 

Antarctic continent and Southern Ocean (abbreviated) and 
fields of applied research comprising mostly ecosystem goods 
and services (nature's contributions to people). Thicker lines 

indicate stronger relationships 

https://doi.org/10.48361/2cpq-8t02


        

(1) Climate stress intensifies the transfer of elements 
among organisms and the environment 
(biogeochemical cycling). Melting ice increases the 
release of nutrients into terrestrial and marine 
ecosystems (Figure 1). Ice mass loss also results in the 
appearance of new terrestrial and marine habitats, 
which, due in part to increased nutrient inputs, results 
in greater net photosynthesis and biomass. Under 
exceptional periods of increased water turbidity or 
particular weather conditions, biological activity may be 
inhibited. 

 

 

 

 

(2) Species respond differently to ocean acidification: 
some may acclimatise, but ecosystem responses are 
unknown. Responses, including growth and 
photosynthesis, of primary producers vary among 
species and with duration of exposure. Early life-history 
stages are generally more vulnerable (e.g. krill hatching, 
shell development). Long-term studies reveal the 
potential for compensatory responses to acidification. 
Predictions of changes at the community and ecosystem 
level require knowledge of which key species and 
functional groups will and will not be impacted by 
acidification, in combination with other stressors, and 
particularly, their ability to adapt in the long term. 

 

 

 

(3) Marine and terrestrial ecosystem changes are 
occurring rapidly in climate change hotspots. The 
Western Antarctic Peninsula (WAP) region may 
represent a harbinger of the fate of other Antarctic 
areas of climate-influenced biological hotspots. Changes 
in local features, as well as in regional winds, ice quality 
and extent, and water column stratification, modulate 
the occurrence of WAP algal blooms (Figure 3). Coastal 
areas, such as fjords along the WAP, harbour high krill 
and whale biomass, and unique seafloor species 
assemblages. These rich areas may be under threat from 
climate change, especially where glaciers retreat. 

Fig. 1: Sea cucumbers usually colonize the deep-sea floor but 
can also occur on Antarctic shelves in high densities, 

especially if food is abundant. They contribute considerably to 
the remineralization of organic particles, which sink from the 

upper water column 

Fig. 3: Microalgae such as the diatom species Thalassiosira 
scottia respond sensitively in their composition and growth 
to changes in temperature and sea-ice dynamics. © Irene 

Schloss 

Fig. 2: Corals can occur in high abundances at several places in 
the Southern Ocean. They are particularly vulnerable to ocean 
acidification because of their calcareous skeletons. © J. Gutt & 

W. Dimmler, AWI/MARUM 



        

(4) Sea-bed communities exhibit unexpected 
dynamism - from explosive growth to mass 
mortality. Antarctic sea-bed organisms and 
communities were considered for decades to be slow 
growing (Figure 4). However, some recent surveys 
covering several years to a few decades show that 
sponges and ascidians can grow faster than expected, 
and can also experience high mortality rates due to 
climate-induced changes to ice shelf and sea-ice 
conditions and glacier retreat. 

 

 

 

 

 

(5) Environmental changes and an increased human 
footprint trigger shifts in species distribution, and 
invasions. The distributions of most marine species are 
expected to move poleward and contract, but some 
species show evidence for contraction in the north. On 
land, habitat availability increases with glacier retreat. 
Under favourable conditions, such as along the 
Antarctic Peninsula, this could result in increased 
terrestrial plant productivity, also called "Greening of 
Antarctica" (Figure 5). Non-indigenous species, 
predominantly terrestrial, imported by human visitors, 
can become established and change original ecosystem 
functions. 

 

 

(6) Thermal resilience responses of species are poor, 
complex and variable. Terrestrial species have 
significant abilities to survive warming, while marine 
species do not. However, terrestrial species are 
vulnerable to freeze-thaw cycles. Genetic adaptations 
are unlikely to keep pace with rapid environmental 
changes because of the typically long generation times 
of most species. Both high and low temperatures can 
cause proteins to unravel or be damaged. In marine 
species at low temperatures this affects organismal 
function, including slow growth rates and impacts on 
oxygen supply where cytoglobins help to control 
damage (Figure 6). Low temperature limitations may 
also drive protein functional innovation, and low 
temperature proteins. Especially cold-active enzymes 
may be amongst the most promising targets for 
bioprospecting.  

Fig. 5: Vegetation on the Antarctic continent consists mostly 
of lichens and mosses, whose distribution is expanding 

regionally due to warming. © Claudia Colesie 

Fig. 6: Structure of the protein cytoglobin of the Antarctic 
toothfish Dissostichus mawsoni, Cytoglobins are 

important in oxygen supply and control of protein damage 
in Antarctic fishes. © Daniela Giordano and Cinzia Verde 

Fig. 4: Glass sponges are sensitive to fluctuating 
environmental conditions. Some species grow faster than 
previously thought, but are also affected by high mortality 

rates. © J. Gutt & W. Dimmler, AWI/MARUM 



        

 

(7) Sea-ice strongly controls the functioning of almost 
all marine ecosystem components.Changing sea-ice 
conditions, including extent, concentration and 
duration, have major impacts on marine food webs, 
including the diatom - krill - top predator system, as well 
as seafloor communities (Figure 7). Sea-ice variability 
also affects the availability and quality of foraging and 
breeding grounds for predator groups such as penguins 
and seals. 

 

 

 

 

 

(8) Known and new pollutants are increasingly found 
in the Antarctic environment, but responses of 
organisms and communities remain under-surveyed. 
Antarctic ecosystems are sinks for anthropogenic 
bioaccumulative persistent organic pollutants (POPs) 
and heavy metals. Also, macro- and microplastics are 
increasingly found in terrestrial and marine habitats and 
organisms in the Antarctic.  

 

 

 

 

 

 

(9) Continental biota are highly endemic and, thus, at 
risk from climate change. Increasing terrestrial habitat 
connectivity by melting ice increases the dispersion of 
organisms and mixes populations which are genetically 
more distinct than previously thought (Figure 9). 
Consequently, competition for resources among 
populations and species may increase, particularly as 
habitats become more connected. Novel niches and/or 
favourable habitats for invasive species are also likely 
to develop. 

 

 

 

 

Fig. 7: Crabeater seals live in the pack-ice zone and are, thus, 
sensitive to changes in the extent and dynamics of the sea-

ice. © Ryan Reisinger 

Fig. 8: Seabirds, such as the black-browed albatross, suffer 
from water-borne pollutants and debris, e.g., microplastics and 

lost fishing gear. © José Xavier 

Fig. 9: Increased retreat of ice on land and on lakes leads to 
the mixing of previously isolated populations of nematodes 

due to glaciation. © Byron Adams 



        

(10) Recently-discovered rare, patchy and small 
assemblages thriving under particular 
environmental conditions are especially vulnerable 
to climate risks. Highly adapted biota, characterized 
by a unique biodiversity and performing unique 
ecosystem functions, were discovered in special 
habitats. These include subglacial lakes; the 
subsurface or under ice shelves; hydrothermal vents 
and seeps; as well as geothermal habitats on land; 
coral aggregations; and seamounts (Figure 10). 

 
 
 
 
 
 
 
Challenges 
 

The research of the previous years provides sharply increasing evidence that a number of important 
ecosystem components in the Antarctic and Southern Ocean are already under environmental stress 
or are expected to be at even more risk in the future 7,8,9,10,11. Improving projections on how life in 
the Antarctic will respond to climate change demands a combination of additional basic information 
on long-term natural variability in patterns and processes and a better understanding of ecosystem 
functioning12. To achieve this aim, more year-round and multi-year observations need to be carried 
out. Cross-disciplinary synoptic ecological surveys should have a high temporal and spatial resolution 
and provide the basis to analyze and detect the impact of multiple stressors13. In addition, sound 
information on the adaptive capacities of key species and ecological functions, including 
interactions, can provide a basis on which to develop reliable future scenarios. 

A few research themes are under-represented in the scientific literature including for example, 
remineralization of dead biomass to new nutrients (recycling) at the sea-floor and response of 
organisms to pollution, which are recognised as being important in an environmental context, and 
essential knowledge for answering urgent questions. Techniques with a high potential to advance 
scientific progress in this field include, among others, an increased use of autonomous sampling 
platforms (e.g., robotic floats, unmanned aerial and underwater vehicles), rapidly improving non-
invasive imaging and acoustic methods for biological surveys, analyses of environmental DNA, and 
ecological modelling. These can assist not only in developing spatially explicit projections for the 
future, but also identifying key ecological functions. 

Conclusion:  

The past decade was very successful for research on biological and ecological processes and 
functions in Antarctica and the Southern Ocean. We now know that climate change will result in 
winners and losers among ecologically key species, increasing and decreasing biodiversity and 
primary production, as well as changed biogeochemical functions 14,15,16. 

We conclude that our current knowledge on the human footprint is essential to inform Antarctic 
Treaty policy and national legislation to ensure healthy Antarctic ecosystems. It already justifies an 
extended protection of Antarctic biota from the risks of climate change, pollution and other 
anthropogenic disturbances17,18. 

Fig. 10: This many-armed starfish (Freyella fragilissima) lives 
only under ice shelves and in the deep sea. As ice shelves 

break up due to climate warming, the survival of such species 
is threatened. © J. Gutt & W. Dimmler, AWI/MARUM 



        

We also gained a significantly better understanding of which processes, regions or organisms in the 
Antarctic we have to look at to elucidate the future of all Antarctic ecosystems and to design novel 
integrative studies of ecosystem research4,19. 

Finally, our synthesis also highlights that major advances in question-driven Antarctic research 
depend on a good balance between applied scientific approaches, such as solving climate-, 
conservation- and ecosystem-management problems, and the academic freedom to carry out 
fundamental research, which in turn informs the applied approaches. 
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