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Antarctic biodiversity is much more extensive, ecologically diverse and 

biogeographically structured than previously thought. Understanding of how this 

diversity is distributed in marine and terrestrial systems, the mechanisms underlying its 

spatial variation, and the significance of the microbiota is growing rapidly. Broadly 

recognizable drivers of diversity variation include energy availability and historical 

refugia. The impacts of local human activities and global environmental change 

nonetheless pose challenges to current and future understanding of Antarctic 

biodiversity. Life in the Antarctic and the Southern Ocean is surprisingly rich, and as 

much at risk from environmental change as it is elsewhere. 

 

The past two decades have witnessed a revolution in the approaches used to document 

patterns in and the functional significance of the diversity of life. Knowledge of the global 

distributions of organisms now extends to many groups. These include terrestrial plants and 

animals1, marine taxa2, components of the soil biota3, and, increasingly, microorganisms4. 
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Empirical and theoretical research is verifying the range of mechanisms, including energy 

and nutrient availability, and historical contingency, that are responsible for these patterns1,2, 

and the role of diversity in maintaining ecosystem services. New approaches are also 

revealing rapid changes in diversity across most ecosystems, their often negative implications 

for the future of the planet, and our struggle to address the problem5. 

 In tandem, biodiversity research has surged across the Antarctic and Southern Ocean. 

In part the increasing interest has been driven by the realization that any fundamental quest to 

understand life’s diversity requires exploration of the polar regions6,7. But it has also been 

underpinned by a growing appreciation of the particular challenges faced by Antarctic species 

and ecosystems. Climate change8, and economic activity in the form of fishing, tourism, and 

scientific research itself9,10 are all having impacts on Antarctic diversity. The intricacy of 

Southern Ocean food webs, best known for the region’s iconic seals, penguins, whales and 

albatrosses, has been further unveiled, so highlighting the complexity of the simultaneous 

impacts of changing climates, sea ice distribution and fisheries on this system11,12. New 

marine research has also exposed unexpectedly high benthic diversity, including in the deep 

sea13,14. In terrestrial areas, the diversity of higher plants and animals is relatively low (e.g., 

just two flowering plant species), but the diversity of lichens, bryophytes, invertebrates, and 

the microbiota is substantial15. Local and regional spatial patterning in these groups is 

extensive16, with the mechanisms underlying these patterns both recognizable from broader 

ecological theory and unusual in several respects. 

 Here we explore recent advances in our understanding of the biodiversity of the 

Antarctic. Given the many conservation challenges it faces, we also consider how well the 

region is performing in relation to an aspirational set of global conservation benchmarks, the 

Aichi Targets5. Biodiversity conventionally encompasses variability across the entire 

biological hierarchy, from genes to ecosystems and their functioning. In the Antarctic, 
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significant recent progress has been made on all of these fronts17. In this review we focus 

primarily on ecological diversity, its drivers, and changes that are being wrought by both 

local anthropogenic and global environmental change. We first bring together recent studies 

that have advanced our understanding of the diversity of marine and terrestrial groups, 

including the microbiota, and their evolution in the region. We then show how ecological and 

historical processes shape diversity and how they might change into the future. Finally, we 

assess Antarctic conservation in a global context, and highlight the biodiversity research 

challenges facing the region. Doing so is especially timely given the escalating political 

prominence of the Antarctic, owing to debates about use of its resources, and the growing 

extent of science, fishing and tourism and their likely impacts. 

 

Marine richness, species flocks and diversification 

The traditional view of Antarctic marine metazoan diversity has been of a species-poor fauna 

constrained by a harsh environment. Some groups are genuinely depauperate in the Southern 

Ocean, notably teleost fish, gastropods, bivalves and some crustaceans. Initial work on these 

groups largely shaped early views of the fauna as a whole. By the turn of the century, 

however, benthic diversity was thought to be high with much of the fauna remaining 

undiscovered or undescribed18. Substantial sampling and systematic campaigns associated 

with the Census of Marine Life have since supported this idea19. More than 8,000 valid 

marine species are now known for the Southern Ocean, most of which are benthic14. Many of 

the new taxa have come from sampling of the deep Southern Ocean. For example, campaigns 

in the deep Weddell Sea recovered 674 isopod species, of which more than 80% were new to 

science13. The Southern Ocean is clearly not the universally depauperate region it was 

originally thought to be. Benthic sampling has also improved understanding of the evolution 

of unusual groups such as the acorn worms. Individuals collected along the West Antarctic 
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Peninsula and in the Ross Sea live in secreted translucent tubes, making them similar to acorn 

worms of the Middle Cambrian, demonstrating conservation of this behaviour for 500 million 

years20. 

Recent work has consolidated the view that strong latitudinal marine diversity 

gradients, with declines in species richness to the poles, are more general for the northern 

than southern hemisphere21. Indeed, for groups such as hexacorals (excluding scleractinians), 

pycnogonids and bryozoans, current knowledge suggests that diversity in the Southern Ocean 

is comparable with many temperate and non-reef tropical habitats14. In others, such as the 

petrels, albatrosses and their relatives, diversity patterns are atypical, with diversity peaks not 

in the tropics, nor at the highest southern latitudes, but rather in the productive areas between 

35°S and 50°S22. The distinctiveness of the Southern Ocean fauna is also much higher than 

previously thought. Recent estimates suggest that 50 to 97% of Southern Ocean species in 

various groups such as sponges, tube worms, amphipods, molluscs, isopods, sea spiders and 

notothenioid fish are endemic14. The deep sea fauna is also quite different to that of other 

regions13. For example, the hydrothermal vent faunas of the East Scotia Sea lack the 

polychaete worms, alvinocaridid shrimp, and bathymodiolid mussels typical of other vent 

systems; instead these vents are characterized by peltospiroid gastropods, stalked barnacles, 

sea stars, and a previously unknown anomuran yeti crab species23. These differences suggest 

that the insights into metabolic functioning and the evolution of symbioses that have come 

from the exploration of deep-sea hydrothermal vents elsewhere24 may be significantly 

extended through examination of Antarctic vent faunas.  

Investigation of the high marine endemicity has revealed how a complex set of earth 

system processes, including glaciation, differential diversification, and isolation, has 

interacted to shape the evolution of the southern biota25. In turn, the outcomes of this 

evolutionary interaction, such as the uniquely high prevalence in the region of marine 
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invertebrate species lacking a planktonic larval phase26, have profound consequences for 

responses to ongoing global environmental change, and for forecasting them, owing to 

variation in dispersal capability. 

One factor contributing to the rapid rise in estimates of diversity of the Southern 

Ocean has been the identification, typically using molecular approaches, of many cryptic 

species19. For example, within each of four Orchomenella amphipod species, several well-

supported clades have been found that probably represent reproductively-isolated species27. 

Evidence of cryptic speciation is also present in Antarctic isopods28, echinoderms29, and sea 

slugs. In the latter, an original single species, Doris kerguelenensis, is now thought to 

comprise a species flock, with diversification driven by predation30. Several other 

invertebrate groups, including echinoids, isopods and amphipods, may also qualify as marine 

species flocks31. Notothenioid fishes have long been recognized as a species flock, 

particularly those with antifreeze glycoproteins31, and the broad group includes several sub-

clade radiations that have been linked to periods of climate change32 (Fig. 1). Exploration of 

the way in which these species flocks have developed has provided much insight into 

evolutionary processes associated with rapid diversification, and those associated with 

survival in Antarctic waters33. 

The cyclical waxing and waning of the ice sheets has been a major driver of range 

fragmentation and allopatric speciation in several marine benthic groups. Although much of 

the shelf and slope will have been inimical to life at glacial maxima34, and some shelf taxa 

undoubtedly retreated to the deep sea, palaeobiological and biogeographic evidence, coupled 

with recent molecular research, indicates that many species have persisted on the shelf 

throughout numerous glacial cycles35. These taxa could have survived glacial periods in situ 

in regions where the ice sheet did not extend to the edge of the continental shelf36, 

particularly where polynyas were formed by katabatic winds at shelf margins. Changes in sea 
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level, together with partial collapses of the West Antarctic Ice Sheet between 1.1 Ma and 125 

ka BP, may have allowed faunal exchange through seaways across the Antarctic continent, 

now closed by ice37 (Fig. 1). These events have resulted in substantial biogeographic 

structuring38. The Southern Ocean is therefore not a relatively uniform region, but is 

biogeographically complex, with considerably more local structuring than previously 

thought. Few taxa appear to be truly circumpolar, and in species initially believed to have 

broad (or even circumpolar) distributions subsequent phylogeographic work is revealing 

multiple species/divergent lineages with more restricted ranges27,29. 

 

Diversity in the terrestrial biota 

Although flowering plant diversity is low in the Antarctic, other groups, such as the lichens 

(> 200 species) and mosses (> 100 spp.), are comparatively species-rich39. Some terrestrial 

invertebrate groups are also well represented, including the tardigrades, nematodes, 

springtails and mites40,41. The distribution patterns of these organisms are highly variable. 

Recent phylogeographic work shows that while some species appear truly circum-Antarctic 

in their distribution (e.g. rotifers and nematodes41,42), others, such as springtails, are much 

more differentiated43. By coupling the growing availability of continent-wide biodiversity 

databases with ecoinformatic approaches, recent analyses have shown substantial spatial 

patterning in diversity across the continent, with fifteen distinct ecoregions now recognized 

on the continent itself, and another eight across the Southern Ocean islands44. Much diversity 

within species, at local spatial scales of hundreds of metres to hundreds of kilometres, is also 

being discovered through phylogeographic approaches, reflecting the effects of both older 

glacial history and more recent events7. 

As with marine groups, substantial cryptic diversity has been unveiled in the 

terrestrial metazoan biota42,45 and its diversity is likely much higher than is currently 
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appreciated. Moreover, for most groups, including those that are considered well known, the 

full extent and structure of the continent’s diversity remains partially understood because 

much of it has not been thoroughly surveyed46. Although the overall area of ice free land is 

small, about 46,000 km2 (about 1/3 the area of England) or less than 0.5% of the continent’s 

surface area, a great deal of it is remote and difficult to access. 

 The bulk of Antarctica’s terrestrial diversity lies in the less visible groups, represented 

by the microbiota. Metagenomics has substantially improved current understanding of both 

its structure and functioning6,47,48. Early, culture-dependent studies provided only a 

superficial glimpse of the resident terrestrial microbial diversity. Independent, comparative 

studies from around the continent, using next-generation sequencing technologies and 

metagenomic approaches, concur that terrestrial microbial community phylogenetic and 

taxonomic diversity are typically higher than once thought. Nonetheless, this diversity is 

lower than in many temperate soil systems, probably the result of selection imposed by the 

generally cold, dry, oligotrophic nature of the Antarctic soil system49,50,51, though in some 

areas soils are moist and enriched by the activities of seabirds and seals. 

 At the phylum level, Antarctic soils appear to be structured similarly to soils 

elsewhere, dominated by the Acidobacteria, Proteobacteria, Actinobacteria and 

Bacteroidetes. However, when examining individual “species” composition, the picture is 

very different, suggesting selection for a highly adapted and specialized community52. 

Metagenomic approaches have revealed much higher community-level genetic plasticity than 

originally suggested for these extreme oligotrophic mineral soils, especially in autotrophic, 

heterotrophic, and diazotrophic lifestyles along with significant representation of thermal, 

osmotic, dormancy and nutrient limitation stress response pathways51,53. These metagenomic 

surveys are beginning to provide clues as to what might drive community assembly and 

interactions and ultimately their success. They have also identified the presence of antibiotic 
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resistance genes and a prominence of phage signals48, suggesting that some level of cell 

competition and interaction may exist that could also play a critical role in structuring these 

communities where the role of grazers remains uncertain. 

 Terrestrial Antarctica also harbours a remarkable diversity of aquatic systems ranging 

from thousands of small ponds and lakes scattered across the terrestrial and ice shelf 

landscape to the recently accessed, extensive network of subglacial lakes and streams. The 

lakes and ponds range from permanently ice covered to perennially ice free, freshwater to 

hypersaline, and highly stratified to permanently mixed, with much variation in 

geochemistry6. These features are all microbially dominated and, like Antarctic soils, 

generally support relatively low diversity communities when compared to similar temperate 

systems54. Metagenomic surveys suggest that this might not be the case for viruses, with 

Antarctic lakes supporting the highest diversities of viruses in any aquatic system yet 

examined15, emphasizing their functional and evolutionary significance55. Microbial mats, 

especially important systems in polar aquatic environments, also harbour high diversity, with 

members that include cosmopolitan and apparently endemic elements, both in mats on land 

and those on ice shelves56. Perhaps most significantly from an evolutionary perspective, the 

retrieval of samples from subglacial Lake Whillans has validated the assertion that life exists 

below the Antarctic ice sheets57. The lake supports a diverse, metabolically active, 

chemosynthetic community of Bacteria and Archaea, possibly relying on the oxidation of 

ammonia originating from microbial mineralization in the sediments laid down some 120,000 

years ago. 

 

Drivers of diversity 

Globally, the drivers of diversity have become increasingly well characterized, although 

controversy about their relative significance continues. Historical events such as glaciations 
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and continental drift, along with dispersal have played major roles. Energy availability, in the 

form of primary productivity, is likewise important for determining variation in species 

richness1. Other factors influencing diversity include temperature, surface area, spatial and 

temporal heterogeneity in conditions, and interactions among organisms such as through 

predation and disease. Spatial scale and location play major roles in determining which of 

these factors are most significant. For Antarctic marine and terrestrial systems the same sets 

of drivers are often important. 

In marine systems, richness varies with available energy, disturbance, and local 

heterogeneity, while climate cycles and long-term oceanic conditions have influenced which 

groups are diverse and which are less well-represented7. Nonetheless, some of the drivers of 

diversity in the Antarctic are unusual, providing unique insights into the ongoing controversy. 

For example, spatial variation in the global richness of albatrosses, petrels and their relatives, 

which peak in diversity in the region, is positively related to the availability of large, 

contiguous areas of ocean, temperature and wind speed, all of which nonetheless represent 

forms of available energy22. Wind energy is especially interesting because it is rarely 

considered during investigations of the drivers of species richness, but can clearly be 

important, as studies of individual species of seabirds have demonstrated58. Moreover, winds 

are strengthening substantially in the region as a consequence of a southward shift and 

increase in intensity of the westerlies, partly as a result of anthropogenic ozone depletion8. 

For species which rely on wind energy these changes should prove beneficial. Recent 

analyses of long-term life history and population data on wandering albatrosses support such 

an effect59. For breeding adults on the Crozet Islands (located at 46°S in the Southern Indian 

Ocean), rates of travel and flight speeds have increased and the duration of foraging trips has 

decreased over the past 20 years. Breeding success has consequently improved. Breeding 
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birds have also gained about 1 kg in mass (individual birds weigh about 8-11 kg), which may 

represent an adaptive response to windier conditions.  

 In terrestrial Antarctic systems, as is the case for those elsewhere, the availability of 

energy and water are the two most important drivers of metazoan diversity. Across broader 

scales, moss, lichen and liverwort species richness is positively related to temperature16,60, 

though south of 72°S a suite of local microclimate factors including temperature, available 

water, light and shelter may be more important than energy alone. These gradients emphasize 

the importance of temperature in dictating the availability of water, though at local scales 

individual species distributions are typically also influenced by soil parameters, such as 

Carbon and Nitrogen availability7,42. Where geothermal energy warms the ground, the 

availability of resources is higher both spatially and seasonally. Such consistent energy 

availability has played a major historical role in determining patterns of diversity across the 

continent. Analyses of a large database on the distribution of diversity in the region have 

revealed that for plants and fungi (mostly lichens) the presence of geothermal sites, such as 

volcanoes, explains much of the variation in diversity. This pattern extends beyond the 

immediate vicinity of these areas, suggesting that such sites have served as refugia for long 

periods, including during the Pleistocene glaciations61. Refugia such as these, as well as 

inland nunataks and coastal areas, have likely all played major roles in determining the 

distribution of many of the continent’s terrestrial organisms62. The extent to which the 

importance of these drivers varies among different groups remains unknown, however, 

because of limited biodiversity surveys. Nonetheless, the importance of energy availability 

and refugia in terrestrial systems mean that the drivers of diversity for metazoans here have 

many parallels with those of the Antarctic marine environment. 

 Although most macrofauna and even some micro-eukaryotes show strong continental 

regionalization, much local structural heterogeneity in soil microbial communities has been 
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revealed by regional and landscape-scale studies. Prokaryotic diversity variation, especially 

south of 70°S, may thus be driven predominantly by local microclimate and landscape 

history63,64. Soil surface ages and frequency of water availability establish severe gradients in 

pH, soil moisture and salinity that appear to be primary drivers for microbial community 

selection. Certain dominant components of the edaphic community, such as cyanobacteria, 

may be structured both by niche-related factors, such as in the case of communities living 

below and within rocks64, and in other circumstances by dispersal-related spatial filters (i.e. 

wind processes) at a local scale. Recent studies examining the presence, composition, and 

local contributions of a possible continental-wide aeolian microbial community suggest that 

this community is primarily of Antarctic origin with some contribution of more resilient taxa 

from off-continent sources65. The Antarctic aerosolized community appears to have little 

impact on the less optimal cold dry edaphic mineral soil communities, but makes a 

substantial contribution to the significantly more selective geothermal soils66. 

 For most lakes and ponds, geochemistry appears the primary driver for microbial 

community composition and structure, in keeping with the situation for many water bodies 

globally. Although mixing between nearby and disparate ponds and lakes probably 

occurs67,68, those with similar geochemistry (i.e. conductivity and/or nutrients) support 

similar communities, at least at the higher taxonomic level, regardless of location69,70. This 

appears especially true for the more isolated bottom water of permanently stratified lakes as 

evidenced by the high level of sequence divergence seen in certain groups71. Even some of 

the micro-eukaryotes appear to have very specific geochemically driven requirements, while 

others are considerably more cosmopolitan72. 

 

Diminishing isolation 
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An enduring concept is that the Antarctic biota has been isolated since the breakup of 

Gondwana. Geologically, the terrestrial link between Antarctica and South America was 

severed in the Eocene, and deep-water flow of the Antarctic Circumpolar Current (ACC) was 

initiated in the late Oligocene73. With the onset of the ACC came circumpolar thermal fronts 

such as the Subtropical Front (STF) and Antarctic Polar Front (APF) (Fig. 1), which define 

the boundary zones between Antarctic, sub-Antarctic and temperate waters. Steep 

temperature gradients and limited water exchange across these zones created dispersal 

barriers, exacerbated by strong, circumpolar winds and currents that promote eastward 

dispersal, but hinder north-south movement74,75. Although the APF has been a formidable 

challenge to faunal exchange, it is not an absolute barrier76,77. Phylogeographic research now 

supports the idea of dispersal across the APF in a range of marine groups, such as 

molluscs78,79, echinoderms80,81, and crustaceans74. Many successful colonisations appear to 

have preceded Pliocene intensification of the ACC77, but occasional dispersal events into and 

out of Antarctic waters have occurred since that epoch75,82. Similar dispersal events across the 

APF, over the same timescales, have occurred in terrestrial bryophytes and invertebrates45,46. 

For important elements of the terrestrial microfauna, such as the tardigrades, rotifers and 

nematodes, information remains too sparse to reach general conclusions41, though long-term 

isolation in the continental Antarctic seems to be the case for some groups such as the mites 

and springtails62.  

 The rarity of natural dispersal events has, until recently, allowed Antarctica’s biota to 

evolve and diversify in relative isolation83. Signals of natural dispersal, colonisation and 

diversification for Antarctica are now at risk of being overwhelmed by impacts associated 

with changing climates and rapidly increasing human movement both into the region and 

between its distinct ecoregions. For example, 20% of tourist and 45% of scientific visitors to 

Antarctica carry plant propagules from species growing elsewhere, with more than 70,000 
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seeds estimated to be entering the region annually84. Many of these are from regions such as 

the Arctic and sub-Antarctic, where conditions are similar to more benign parts of the 

continent, making establishment in Antarctica more likely. Some of these species have 

already established at several locations, such as annual bluegrass, Poa annua, which is a 

superior competitor to the only two indigenous vascular plant species found along the 

Antarctic Peninsula85. Newly arrived terrestrial species continue to be documented86, and 

climate change is expected to increase the likelihood of establishment and further impact by 

non-indigenous species. 

Some parts of the Antarctic marine system may be similarly affected, especially shelf 

environments. Ship traffic to the Antarctic carries a diverse assemblage of non-indigenous 

species as fouling87, and such traffic is heavy to the Antarctic Peninsula. Here, one widely-

discussed risk is the spread of crabs with the potential for substantial changes to the benthic 

system88 (Box 1). What the risks are for invasion of other areas of the Antarctic by marine 

groups is not clear, with understanding for the broader region poorly developed compared 

with terrestrial systems, stimulating controversy about the likely significance of marine 

invasions89. 

 

Antarctica and the strategic plan for biodiversity 

Knowledge of the negative consequences of global change for the increasingly apparent 

scope and novelty of Antarctic biodiversity is growing (Box 1). A useful perspective on how 

well conservation of the region is performing by global standards comes from the Convention 

on Biological Diversity’s (CBD) Aichi Targets of the Strategic Plan for Biodiversity 2011-

20205. 

The Antarctic region is largely an international space governed predominantly 

through the Antarctic Treaty System (which applies to all areas south of 60°S), to which 52 
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countries are party. Environmental matters are the main concern of its Committee for 

Environmental Protection (CEP) and the Convention on the Conservation of Antarctic 

Marine Living Resources (CCAMLR)90. In consequence, the region is typically not subject to 

many global agreements such as the CBD. Nonetheless, many of the Antarctic Treaty Parties 

are also signatory to these international agreements, including the CBD, and are actively 

developing plans to achieve the Aichi Targets91. 

 The Aichi Targets encompass 20 aspirational goals for global biodiversity 

conservation. Not all of them are immediately relevant to the Antarctic. For example, Targets 

7, 13 and 18 are not germane because the activities and species they cover, and indigenous 

human populations, are typically absent from the region. Many of the targets could, however, 

be applied to the Antarctic (Box 2). Of these, only performance against Target 11, concerning 

protected areas, has been explicitly assessed92. Just 1.5% of the continent’s ice-free area is 

formally designated as specifically protected, and five of its 15 ecoregions have no 

protection. Antarctic terrestrial biodiversity protection thus falls short of the 17% area 

coverage proposed in Target 11, and by some accounts management is insufficiently effective 

too93. Similar assessments have not been made for marine protected areas (MPAs), but only 

one exists in the Treaty Area. Together with recent controversy about the inability of the 

parties to CCAMLR to agree on Antarctic MPAs, this situation suggests that for marine 

systems, area protection is poorer than for the terrestrial Antarctic. 

 For the remainder of the relevant Aichi targets, the available evidence suggests that 

were assessments to be made, the region might fare poorly in all except perhaps Targets 8 

and 9 (Box 2). The reduction of pollution to levels that are not detrimental to ecosystem 

function and biodiversity is the subject of Target 8. Much progress has been made in 

addressing pollution, though in some areas significant problems still exist94. Target 9 

specifies that by 2020, invasive alien species and pathways of introduction should be 
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identified and prioritized, priority species controlled or eradicated, and measures put in place 

to prevent the introduction and establishment of such species. The Antarctic Treaty Parties 

have taken significant, evidence-based steps to identify pathways of invasion and priority 

species, and to prevent introduction and establishment, based on the advice of the CEP95. 

 

Outlook and challenges 

The importance of science in and about the Antarctic region has recently been re-emphasized 

by the identification of 80 key questions that are on the scientific horizon for the region17. 

Many of these questions illustrate the major role science will play in mitigating the 

consequences of environmental impacts in the Antarctic and in providing the information 

required for evidence-based policy to do so both locally and globally. Perhaps more 

importantly from a fundamental science perspective, they also recognize that human activities 

in the Antarctic and elsewhere may be compromising current approaches and future ability to 

understand biodiversity and ecosystem functioning in the region. 

From this perspective and from what is now known about biodiversity in the region, 

several challenges remain. First among these is inadequate knowledge of terrestrial diversity 

in many areas, for many taxa, and the absence of any coordinated program to rectify the 

situation. In the face of substantial activity across the region, and the clear indication of 

regional diversification in many groups, signals of phylogenetic and functional 

distinctiveness, especially in the microbiota, may be compromised substantially. Risks of 

introduction of non-indigenous taxa are not only from outside the continent, but also from 

regions that are significantly differentiated on the continent, at both continent-wide and local 

scales93. Comprehensive understanding of how diversity patterns and the mechanisms 

underlying them vary among major groups, and among major areas (such as above and below 

about 70°S), is yet to be developed, restricting comparisons with elsewhere and with marine 
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systems. Biotic homogenization as a consequence of both scientific and non-scientific 

activities would certainly obscure understanding, though to what extent this might happen is 

itself unknown. 

The importance of limiting local impacts from human activities has been further 

emphasized by recent work showing that responses to climate change, and in particular to 

pulse events, may be rapid96. Increases in water availability and carbon as a result of warmer 

wetter summers, and progressively warming regional climates as seen in the Peninsula8, 

could radically alter biodiversity in the continent’s ice-free areas on a near-immediate time 

scale, such as by increasing growth rates and activity periods, so increasing abundance and 

richness. Understanding the likelihood of such change and documenting it presupposes a 

limited influence of local disturbance. 

 A similar situation is true of marine systems (Box 1), where understanding of the 

functioning and dynamics of large, relatively undisturbed ecosystems remains a significant 

goal of ecology. Until recently, this goal may well have been possible for the Antarctic given 

low impacts on the Ross Sea system, acknowledging the roles played by whales and seals that 

were removed in large numbers in the 19th and 20th centuries97. Now, that possibility is under 

threat. Changes in stratospheric ozone and greenhouse gases are driving substantial 

alterations to sea ice concentrations and seasonality, and ocean pH in the system97, and little 

progress has been made in securing the area from the local, and significant, impacts of 

fishing98. Establishing a substantial Marine Protected Area for the Ross Sea is not only 

significant for conservation, but also for the scientific value of retaining a large marine 

system that is not being simultaneously affected by both global anthropogenic drivers and 

local ones. Few such other marine systems exist. More generally, the situation reflects the 

absence of substantial national collaboration to achieve region-wide conservation objectives. 

No commitment to anything equivalent to the Aichi Targets exists for the region, and the 
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Antarctic Treaty System remains underfunded, with new activities typically not reaching 

consensus because of budgetary concerns. In the face of growing challenges presented by 

fishing and interest in the Antarctic’s other resources99,100, the situation is especially 

concerning. 

 Rapid developments in a range of areas nonetheless suggest that, from a science 

perspective, many of the challenges can be overcome. These include new DNA archival 

approaches that enable samples collected from rare visits to remote sites to be stored and re-

investigated repeatedly101, satellite remote sensing that enables total population counts102 and 

identification of areas with significant metazoan diversity103, and new analytical tools to 

enable comparisons among multiple groups and regions104. Approaches that limit the 

influence of scientific activities on the very systems being investigated are also developing 

rapidly57. The application of these developments will mean a larger transformation in 

understanding of Antarctic biodiversity over the next 20 years than its change over the last 

century. In so doing investigations of a globally unusual and important system will continue 

to contribute to general understanding of the planet’s diversity and ecosystems, and at the 

same time provide further evidence to support its stringent conservation. 
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Box 1 | Impacts of anthropogenic environmental change on Southern Ocean systems 

Conceptualized impacts of local (resource exploitation, invasive species) and global (climate 

change, including increasing CO2 concentrations which result in ocean acidification) 

environmental change drivers on Southern Ocean systems. Direct impacts are shown by light 

blue arrows and indirect impacts by light red ones. The large red and green arrows indicate 

declines or increases in populations, respectively. Human impacts commenced with the 

exploitation of whales and seals, which has now largely ceased. The main focus of 

exploitation is now fish10,98 and krill, which not only has direct impacts on their populations, 

but can also affect other species which either depend on these organisms as a resource105, or 

which are caught incidentally (such as some seabirds). Fishing outside the region also 

influences seabird populations as a consequence of incidental mortality. Climate change is 

having complex impacts through changes in sea ice distribution and temperature97,105. In the 

future, limited physiological tolerances and their capacity for change may have considerable 

effects both on vertebrates and invertebrates11,106. Ocean acidification is already affecting 

calcified organisms107, and may influence krill via impacts on eggs108.  Although records of 

marine invasive species are uncommon, introductions, such as of crabs, may pose 

considerable threats to local communities88.    
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Box 2 | The relevance to the Antarctic of the 20 Aichi Targets under the Strategic Plan 

for Biodiversity 2011-2020 of the Conference of Parties to the Convention on Biological 

Diversity. Highlighted targets are most relevant to the region 

 

Aichi Target topic areas  Relevance of Target to the Antarctic 

1 Awareness of 

biodiversity values.  

 While some Antarctic Treaty nations have coordinated 

programs promoting awareness of the value of the region, 

others do not. No coordinated regional program to do so exists.  

2 Biodiversity values 

integrated into 

planning and 

reporting.  

 Biodiversity values are recognized in the Antarctic Treaty 

System though the Committee for Environmental Protection 

(CEP). 

3 Incentives for  

conservation and 

sustainable use.  

 Most applicable to nations fishing in the region, though the 

extent of such incentives is not widely known. 

4 Impacts of natural 

resource use 

maintained within safe 

ecological limits. 

 No agricultural production takes place in the Antarctic.  

Resource extraction (fisheries) supplies consumers outside of 

the region.  

5 Reduction in the rate 

of habitat loss. 

 Changing climates are altering both marine and terrestrial 

systems.  

6 Sustainable fisheries 

and aquatic 

ecosystems. 

 A substantial fishery exists, overseen using an ecosystem 

approach by the Convention on the Conservation of Antarctic 

Marine Living Resources. Much concern exists about the 



33 
 

sustainability of the fishery10,98. 

7 Sustainable 

production systems. 

 No area is currently under production.  

8 Pollution reduction.   Point source pollution is limited with significant effort to 

reduce it.  

9 Prevention and 

management of 

biological invasions. 

 Non-indigenous species are a major concern for the region, and 

are a priority for the CEP. Activity to control species and 

pathways is inconsistent and uncoordinated.  

10 Pressures on marine 

ecosystems impacted 

by climate change.  

 Ocean acidification is a substantial threat to Southern Ocean 

ecosystems97,107,108. 

11 Targets for protected 

areas.  

 Only 1.5% of terrestrial biodiversity area is formally protected. 

Management is inadequate93. The designation of Marine 

Protected areas is controversial.  

12 Improvement in 

species conservation 

status. 

 Knowledge of the conservation status of taxa is poor, other than 

for most birds and mammals.  

13 Safeguarding genetic 

diversity of valuable 

species. 

 Largely not relevant, although bioprospecting is growing100. 

Southern Ocean ecosystems are important for whales, which 

have cultural value.   

14 Restoration of 

ecosystem services. 

 Antarctic ecosystems provide several services essential to 

planetary stability, including maintenance of land ice to prevent 

sea level rise, and climate regulation. 

15 Contribution to 

climate change 

 Not relevant to terrestrial systems. Its likely relevance is 

through marine system contributions to CO2 sequestration. 
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mitigation. 

16  Fair and equitable 

access and benefit 

sharing. 

 Bioprospecting takes place widely in the region, with no 

agreement on access and benefit sharing100.  

17 Up to date 

biodiversity strategy 

and action plans. 

 Most of the nations with activities in the region are party to the 

Convention on Biological Diversity and have national 

biodiversity strategy and action plans. The Antarctic region is 

seldom considered in them. No comparable regional plan exists. 

18 Respect for traditional 

knowledge.  

 No indigenous or local communities in the region are 

recognized by the Antarctic Treaty System.  

19 Improved knowledge 

of biodiversity. 

 Scientific activity is supported by many national programmes, 

communicated inter alia via the Scientific Committee on 

Antarctic Research. 

20 Mobilization of 

financial resources. 

 

 No mechanisms exist for mobilizing financial resources in 

support of a strategic plan for biodiversity in the region.  
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Figure 1 | The Antarctic region is neither as isolated nor as depauperate in biodiversity 

as once thought. Oceanic fronts can be permeable, with meso-scale eddies transporting 

pockets of water and associated organisms across them (inset figure lower left modified from 

ref. 109). Dispersal of marine species around Antarctica has been facilitated by the Antarctic 

Circumpolar Current (ACC) and Antarctic Coastal Current (ACoC), as well as by trans-

Antarctic seaways during some interglacials37. Glacial cycles have driven diversification, 

with some species surviving within the Antarctic region during glacial periods – e.g. in 

terrestrial refugia such as geothermal areas61 or marine shelf refugia36 – and undergoing 

allopatric divergence. Species flock radiations have been inferred for some groups, such as 

Antarctic notothenioid fish which have diversified during periods of climate change (tree 

derived from ref. 32). The mean positions of the major oceanic fronts are shown: Southern 

Antarctic Circumpolar Current Front (SACCF), Antarctic Polar Front (APF), Subantarctic 

Front (SAF) and the Subtropical Front (STF). Locations of possible terrestrial geothermal 

refugia (volcanoes and heated rocks) are indicated by yellow dots61. Antarctic bedrock (> 0 

m) is roughly indicated in pale brown (derived from ref. 110), and the Antarctic continental 

shelf in blue (not shown for other continents). The diversity and position of the 15 distinct 

Antarctic Conservation Biogeographic regions44 are indicated in the central panel on the 

right. 
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