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Evolution and Adaptation of Antarctic Fish. 
“Evolution is the major unifying principle of biology, and evidence of evolutionary processes 

pervades all levels of biological organisation from molecules to ecosystems” 
(JT Eastman, Antarctic Sci 12(3):276, 2000) 
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During drift, Antarctica played a key role in altering ocean circulation and forcing climate 
toward cooling. Over geological time, environmental conditions and available habitats have 
changed dramatically. As cooling developed, Antarctic organisms evolved physiological and 
biochemical mechanisms to ensure survival. 

SCAR needed an umbrella to coordinate existing work and stimulate new areas of research on 
evolution of the unique Antarctic biota in response to climate change, and to integrate this with 
knowledge of the climatic and tectonic context within which evolution occurs. Thus, “Evolution in 
the Antarctic” (EVOLANTA, an international and multi-disciplinary programme) was launched in 
2000. It acts in synergy with other programmes, e.g. EASIZ, ICEFISH, CCAMLR, etc.  

One of the main areas of EVOLANTA is addressed to fish of the dominant suborder 
Notothenioidei, which, during the past 40 my, replaced the Eocene ichthyofauna. Non-Antarctic 
notothenioids are also useful to investigate, since comparison between cold-adapted and non-cold-
adapted species helps to understand their evolutionary history.  

Evolution is at work in Antarctica; there are many examples of links between long/short-term 
global climate changes and evolution. EVOLANTA, besides highlighting the great potential of 
Antarctica as a centre of evolution, draws the attention on important areas of future research. Links 
are sought between evolutionary processes and adaptations by which Antarctic organisms are 
adapted to survive, grow and reproduce. Antarctic/Arctic comparisons are also envisaged 

Antarctic life has experienced cycles of global environmental change, driven by periodic 
glaciations, and recently by anthropogenic global warming and increased UV radiation due to ozone 
depletion. Regional-scale and short-term climatic variations seem to be more frequent and intense in 
recent years. Climate change can affect every aspect of an organism's biology, from cellular 
physiology and biochemistry to food web and habitat. Marine organisms are susceptible to 
environmental changes, and must alter their physiology/biochemistry to cope with changes in 
enzyme activity and DNA damage. In studying evolution and climate change/variability, areas of 
research of micro- and macro-evolution comprise evolutionary response across organisation from 
molecules to species (utilising advanced molecular, cytogenetic and biochemical technologies 
integrated with taxonomy, physiology, ecology, ethology and morphology). 

Although high latitudes and cold climates are common to both the Antarctic and the Arctic, in 
many respects the two regions are more dissimilar than similar. Due to the Antarctic Polar Front, 
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the climatic features of the Antarctic waters are more extreme and constant than those of the Arctic. 
In the Arctic isolation is less stringent, and the range of temperature variations is wider. In addition, 
the anthropogenic impact on the environment is greater. At different times during the Cenozoic, 
regional tectonic and oceanographic events played a key role in delimiting the two polar ecosystems 
and in influencing the evolution of their faunas. The Antarctic has been isolated and cold longer 
than the Arctic. The modern polar faunas therefore differ in age, zoogeographic distinctiveness, 
endemism, taxonomy, and range of physiological tolerance to various environmental parameters. 

There are advantages in using organisms from both poles in evolutionary studies. The 
comparative approach permits examination of convergent and parallel evolutionary trends at levels 
ranging from molecules to organisms. The differences in the two polar environments are differently 
reflected in global changes. Accordingly, studies are likely to provide answers to different 
questions, often complementary to one another. In summary, the Arctic is the connection between 
the more extreme, simpler Antarctic system and the more complex temperate and tropical systems. 

The study of adaptive evolution of Antarctic (and Arctic) fish is steadily gaining momentum. 
Besides biodiversity, ongoing research concerns molecular evolution (proteins, genomes, nucleic 
acids), antifreeze compounds, hemoglobin/myoglobin and loss of their expression in icefish, 
microtubules, chromosomes, sensory and cardiovascular systems, cytogenetics, morphology, 
taxonomy, phylogeny. Coordination within an international, multi-disciplinary and integrated 
framework is useful and appropriate, considering that collaborative investigations (involving young 
scientists) are already in progress and others are likely to be planned in the future. 
 
 


