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Overview

• Rapid introduction to terrestrial biota

• Recent changes in understanding of 

Antarctic biogeography and regionalisation

• Endemism and persistence

• Different timescales – Gondwana breakup, 

Miocene, Pliocene, Pleistocene, recent

• The need for refugia

• Possible role of cryptobiosis



Classic Antarctic Bioregions



Biogeographic Regions 2016!

Terauds et al. Diversity and 

Distributions 2012



Chown & Convey 2016 Ann Rev 

Entomol



Continental Antarctic





Maritime Antarctic





Terrestrial Fauna

•Limited “higher” insects

• microarthropods

• few species but high 

abundance

• microfauna

•simple food webs, few 

predators, detritivore

dominated

• highly endemic



Sub-Antarctic





Terrestrial Fauna – sub-

Antarctic



Svalbard – High Arctic







Microbial Ecosystems



Ice and Snow Ecosystems



Cryoconite

• Widespread on glacier/snow surfaces, in 

blue ice

• Potential glacial/interglacial refuge for 

some groups

• Sealed and isolated ecosystems, potentially 

great antiquity (even to ‘snowball earth’)

• Largely unaddressed in Antarctica



Endolithic Ecosystems



Life Persists!

• Only 0.2% of Antarctica is now ice 
free, (much) less at LGM

• Paradigm change over the last 
decade, away from assumption that 
large majority of biota must be 
recent post-Pleistocene colonists

• Examples now inferred from most 
contemporary biological groups, 
most regions of the continent, and 
all timescales from pre-LGM to 
pre-Gondwana-breakup

• Low altitude biota (majority) 
present an unresolved challenge to 
current glacial reconstruction

Convey & Stevens (2007) Science, Convey 

et al. 2008 Biol Rev, 2009 QSR



Antarctic Endemism
• Feature of many terrestrial species

• At least one third of the terrestrial invertebrates and near 50% of lichen 
species are endemic; Mosses appear an exception, at 5-10%

• Levels approach 100% in some groups (e.g. nematodes, rotifers)

• Many are endemic to particular regions within Antarctica

• Deep and ancient division at base of Antarctic Peninsula – Gressitt Line
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Gondwanan Relics?

• “Molecular clock” approach –
stochastic accumulation of 
mutations in DNA

• Applied to Antarctic Peninsula and 
South Georgia chironomid midges, 
endemic on separate tectonic 
elements

• Divergence dates c. 49 mya

• Possibly coincident with geological 
separation of Antarctic elements, 

• Work ongoing to identify how 
these relate to southern South 
America

Allegruci et al. 2006, Polar Biol, 2012 Biol J 

Linn Soc



Bipolar (Amphitropical) Moss 

Connectivity on 1-10 my Timescales

Biersma et al. 2017, Roy Soc Open Sci
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Polytrichastrum alpinum, 

Polytrichum piliferum,

Polytrichum strictum:

North to south

Polytrichum juniperinum:

South to north (and back again!)

BEAST tree + BIOGEOBEARS (ancestral distribution estimation)

All support values > .97 unless shown

Past movements of P. juniperinum:



Intra-regional Pleistocene 

Differentiation – Springtails
• South Shetland Islands

• Three indigenous springtails

• Local colonisation events linked 

with pre-LGM interglacials

• One species last interglacial 100-

160 kya, one 400-600 kya (two 

possible interglacials), one much 

earlier, 1.1-1.7 mya

• data strongly suggest expansion 

from refugia in the South 

Shetlands

• much wider area study required to 

pinpoint oldest representatives of 

the spp in their overall Antarctic 

distributions
Carapelli et al. Biol J Linn Soc, 2017



Recent Colonisation

• Can still apply!

• Bank forming moss Chorisodontium 

aciphyllum, up to 5.5 ky banks, unique 

climate proxy in Antarctica

• Southern S America and Antarctic Peninsula

• V little genetic differentiation, likely recent 

colonist, though could be up to 1 my

Biersma et al. 2018, Polar Biol



Increasing Examples

• Moss genus Schistidium – most speciose Antarctic moss genus; includes several 

endemics; 1-6 my divergences; suggestions of further complexity in regionalisation 

(James Ross Island, East Ant Pen, Alexander Island) (Biersma et al. 2018 Polar Biol)

• Oribatid mites Alaskozetes and Halozetes – Ant Pen/Scotia Arc differentiation on late 

Pleistocene to Pliocene timescale (van Vuuren et al. 2018, Antarct Sci)

• Oribatid mites Maudheimia – Queen Maud Land and Northern Victoria Land, four 

species in an endemic genus and family, nunatak specialist but potential refugia 

unknown; must be ancient! (Coetzee & Weigman 2012 Zootaxa)

• Tardigrade genus Mopsechiniscus – split from S American lineages 32-48 mya 

(Giudeti et al. 2017 Contrib Zool)  

• Bdelloid rotifers – almost all Antarctic species endemic (like nematodes), deep 

divergences with other relatives (Iakovenko et al. 2015 Hydrobiologia, in prep)

• Luticola diatoms – c. 200 spp globally, of which 42/43 Antarctic species are endemic; 

however radiation in Antarctic appears to be during Pleistocene, though pre-LGM 

(Kociolek et al. 2017 Polar Biol); 

• There are increasing microbial examples (Vyverman et al. 2010 Polar Sci; Chong et al. 

2015 Front Microbiol)



Volcanic Refugia?



Nunatak refugia?

• Often suggested, but only viable for species 

that can survive on them, i.e. not the 

majority of Antarctic biodiversity, which is 

low altitude and coastal

• Clear examples plausible in Victoria Land, 

Transantarctic Mountains, Queen Maud 

Land



Roads et al. 2014 Current Biol



Governance - Antarctic Specially Protected 

Areas

Terauds et al. Diversity and 

Distributions 2012; Shaw et al. 

PLoS1 2014; Coetzee et al. 

Conservation Letters 2017

• At present inadequate 

(Kyoto/Aichi)

• Unrepresentative 

regionally and in 

terms of biodiversity 

and environmental 

features

• Vulnerable to human 

activity, invasions, 

pollution, climate 

change

• Additional challenges 

in Arctic require trans-

boundary approaches 

and societal buy-in



Management of human pressures

• Tourism is a major industry, 

• Attracted by iconic wildlife, 

unrivalled scenery, human 

history and communities

• Brings threats and pressures 

too – fragile and easily 

damaged environments, 

biosecurity, pressures on 

communities, emergencies …

• Robust scientific evidence 

base required to support 

governance and management

• Engagement from all parties



Overview

• Much Antarctic diversity is ancient in origin; local radiation far outweighs 
colonisation rate, even for (some) microbes

• Far stronger regionalisation (isolation) and complexity in biodiversity than 
previously suspected

• Continuous presence of different groups in different parts of Antarctica on 
multiple timescales from recent to before final breakup of Gondwana

• Increasing progress in matching molecular dating with major glaciological 
events (interglacials, warm periods); cross-disciplinary challenge!

• Refugial locations hard to pinpoint, but must have been present; no single 
explanation covers all groups and regions

• Complex biodiversity and increasing human pressure are urgent challenges 
to governance for effective protection and conservation, although 
mechanisms are in place



Thank you!


