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 THE BIOGEOGRAPHIC ATLAS OF THE SOUTHERN OCEAN
Scope
Biogeographic information is of fundamental importance for discovering marine biodiversity hotspots, detecting and understanding impacts of environmental changes, predicting future 
distributions, monitoring biodiversity, or supporting conservation and sustainable management strategies.
The recent extensive exploration and assessment of biodiversity by the Census of Antarctic Marine Life (CAML), and the intense compilation and validation efforts of Southern Ocean 
biogeographic data by the SCAR Marine Biodiversity Information Network (SCAR-MarBIN / OBIS) provided a unique opportunity to assess and synthesise the current knowledge on Southern 
Ocean biogeography.
The scope of the Biogeographic Atlas of the Southern Ocean is to present a concise synopsis of the present state of knowledge of the distributional patterns of the major benthic and pelagic 
taxa and of the key communities, in the light of biotic and abiotic factors operating within an evolutionary framework. Each chapter has been written by the most pertinent experts in their 
fi eld, relying on vastly improved occurrence datasets from recent decades, as well as on new insights provided by molecular and phylogeographic approaches, and new methods of analysis, 
visualisation, modelling and prediction of biogeographic distributions.
A dynamic online version of the Biogeographic Atlas will be hosted on www.biodiversity.aq.

The Census of Antarctic Marine Life (CAML)
CAML (www.caml.aq) was a 5-year project that aimed at assessing the nature, distribution and abundance of all living organisms of the Southern Ocean. In this time of environmental change, 
CAML provided a comprehensive baseline information on the Antarctic marine biodiversity as a sound benchmark against which future change can reliably be assessed. CAML was initiated 
in 2005 as the regional Antarctic project of the worldwide programme Census of Marine Life (2000-2010) and was the most important biology project of the International Polar Year 2007-2009.

The SCAR Marine Biodiversity Information Network (SCAR-MarBIN)
In close connection with CAML, SCAR-MarBIN (www.scarmarbin.be, integrated into www.biodiversity.aq) compiled and managed the historic, current and new information (i.a. generated 
by CAML) on Antarctic marine biodiversity by establishing and supporting a distributed system of interoperable databases, forming the Antarctic regional node of the Ocean Biogeographic 
Information System (OBIS, www.iobis.org), under the aegis of SCAR (Scientifi c Committee on Antarctic Research, www.scar.org). SCAR-MarBIN established a comprehensive register of 
Antarctic marine species and, with biodiversity.aq provided free access to more than 2.9 million Antarctic georeferenced biodiversity data, which allowed more than 60 million downloads.
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Preface
Famous lines from the diary of explorer Robert F. Scott, 17 January, 1912: “Great God! This is an awful 
place, and terrible enough for us to have labored to it without the reward of priority. Now for the run home, 
and a desperate struggle.”  Scott and his companions would starve, freeze, and die ten weeks later in an Ant-
arctic blizzard, disheartened by the knowledge that Roald Amundsen had reached the South Pole a month 
before them.  A century later, we know in much greater detail the gigantic ferocity of Antarctica.  But, as the 
Biogeographic Atlas of the Southern Ocean proves, we also know the unpredicted diversity and fecundity of 
the waters around it, and that rewards of priority from Antarctic exploration are far from exhaustion.

Still, Antarctica does not yield secrets easily.  To modernize our knowledge of the diversity and distribution 
of its marine life required five years of field work and then three years of analysis by about 140 researchers 
from all the other six continents.  About equally men and women, they looked from the sea birds and the sea 
surface to the sea floor as deep as six thousand meters and into the sediments.  They looked on and under 
the ice.  They looked from the microplankton to the macroalgae, from the sponges and corals to the molluscs 
and the crustaceans, from the sea spiders and sea stars to the seals and the fish.  They looked at animals 
living off heat and gases coming from the crust beneath the ocean as well as those that bask in the seasonal 
sun above and enjoy its photosynthesis. They looked at the uniquely Antarctic and the cosmopolitan. 

To perceive the patterns and processes emerging from studying more than one million records of about 
ten thousand species, the fourteen editors of the Atlas organized knowledge on the evolutionary and envi-
ronmental settings, and finally prepared the way for a gratifying chapter that synthesizes knowledge on the 
realms and regions of the Southern Ocean.  Wizardly cartographers present the information in colorful maps 
that allow us to understand at a glance the grand carousel that whirls around Antarctica. 

Meanwhile, wizardly geneticists using molecular clocks allow us to explore deep time as well as space.  We 
learn about Antarctic ancestors, their kinships, and how past changes in the Southern Oceans may have 
sent species such as octopods venturing forth into the Pacific, Indian, and Atlantic oceans.

We also learn modesty, as do all who encounter high latitudes.  We learn of regions still little explored, such 
as the sea named for Amundsen below the South Pacific, and taxa, such as the sea squirts (tunicates) and 
roundworms (nematodes).  We also learn of threats to the life of the Southern Ocean, from fishing, tourism, 
pollution, and climate change, and proposals for new marine protected areas matching the richness of our 
hard-won knowledge.

This magnificent scholarly achievement comes to us because of organizations as well as individuals. The 
Census of Antarctic Marine Life (CAML) program of the global Census of Marine Life (2000-2010) fostered 
many expeditions that have provided observations, and the Scientific Committee on Antarctic Research 
Marine Biodiversity Information Network (SCAR-MarBIN) has carefully filtered and archived the data and 
made them accessible.  Founded in 1958, SCAR initiates, develops, and coordinates research in the Ant-
arctic region, and adds to its lustrous history with this volume.  National organizations such as the such as 
the Australian Antarctic Division and the Royal Belgian Institute of Natural Sciences in turn make possible 
cooperative international efforts such as CAML and SCAR-MarBIN.

Finally, only the truly visionary and persistent succeed in Antarctica, and here we salute Claude De Broyer 
and Philippe Koubbi, chief editors.  They together with their 140 co-authors prove conclusively that the 
Southern Ocean is not monotonously blank but a shining, stirring, diving world of anemone and albatross, 
jelly and whale, revealing Earth’s history and nature and still rich with rewards for the hard labor of future 
explorers.

Jesse H. Ausubel
Co-Founder, Census of Marine Life
Director, Program for the Human 
Environment, The Rockefeller University
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Foreword
Many people unfamiliar with the Southern Ocean regard this ice-bound region as still largely unexplored 
biologically.  This is far from the truth, for the study of the diversity and distribution of organisms in the South-
ern Ocean has a long and distinguished history.  James Cook got close to the Antarctic continent in 1774 
aboard HMS Resolution, although he never saw it.  His reports of the abundant wildlife led to an explosion 
of commercial sealing activity, but sadly none of this contributed much to a wider understanding of Southern 
Ocean biology as the knowledge gained was of powerful commercial interest and largely remained within 
the community of fisherman to whom it was valuable economically.

Some Antarctic marine species were, however, described as early as the 19th century, reflecting how even 
the earliest voyages of exploration contributed something to science.  The initial exploration of Antarctica 
was dominated by political, geographical and economic considerations, but even so many of the expeditions 
undertook biological collections and observations.  These were typically fairly limited in scope and often un-
dertaken by participants whose primary role was elsewhere.  This early work was dominated by collection of 
shallow-water benthos and fish, although Bellingshausen did undertake some plankton tows.

Although these early collections were valuable, we can trace the dedicated scientific investigation of the 
Southern Ocean fauna and flora to the seminal voyages of HMS Challenger (1872-1876), which penetrated 
to the Antarctic Circle off Queen Maud Land in the Southern Indian Ocean whilst sailing eastwards in 1874.  
The concept of a purely scientific voyage was novel at that time and although the equipment and approach 
were perhaps somewhat conservative, this voyage revolutionised our understanding of the biology and 
chemistry of the oceans.  Working up the material took a great many years, but in the end some fifty vol-
umes of scientific findings were published, all beautifully illustrated, and these remain an important scientific 
resource to this day.

During the Heroic Era of Antarctic exploration, many national expeditions included biologists in their comple-
ment and these added incrementally to our knowledge.  For some expeditions science was a minor compo-
nent, whereas for others it was integral to the enterprise as a whole.  The next significant contribution to our 
knowledge of Southern Ocean marine diversity, however, came from the Discovery Investigations.  Field-
work was initiated in 1925, based at South Georgia, and the work was intended to provide an understanding 
of the biology of the great whales on which the whaling industry depended.  In doing so, these extensive 
voyages of biological oceanography covered the entire Southern Ocean and provided the single greatest 
advance in our understanding of the system since the voyage of HMS Challenger.

The legacy of this important early work can be seen in the sharp increase in the rate of description of new 
marine species from the Southern Ocean during the early half of the 20th century.  At this time ecology as a 
discipline was developing rapidly, and the attention of many biologists was moving away from the documen-
tation of new species to understanding how species interacted with each other and with their environment.  
Although the description of new taxa continued to be important in museums, university researchers were 
busy exploring this new field of ecology and the rate of description of new Antarctic taxa slowed markedly.

The later decades of the 20th century were a time when Antarctic science started to flourish and many new 
young researchers starting their careers in Antarctic research at this time rapidly became aware of the im-
portance of this early work.  When I started my first Antarctic work in 1970, I decided to explore aspects of 
the biology and physiology of the caridean decapod Chorismus antarcticus in the shallow waters of South 
Georgia.  In those days there was no easy way to identify Antarctic marine invertebrates, and so to be certain 
I was working on the animal I thought I was, I had to find a copy of the original description by Georg Johann 
Pfeffer, from specimens collected by the German South Georgia expedition which was based at Moltke Har-
bour for the first International Polar Year in 1882/83.

In the late 20th century many funding agencies became less interested in funding primary taxonomy, but the 
documentation of Antarctic marine diversity remained important for many national Antarctic programmes.  
The next important phase in the study of Southern Ocean diversity and biogeography was the support of 
Antarctic marine biology by the Scientific Committee on Antarctic Research (SCAR), and in particular the 
EASIZ (Ecology of the Antarctic Sea Ice Zone) programme which ran for ten years from 1994.  Whilst this 
international programme was focussed primarily on ecology, it also stimulated a considerable volume of 
primary taxonomic work and prompted the first comprehensive assessments of marine diversity for all of 
Antarctica.  Whilst these assessments were valuable in themselves, they were also important in directing 
attention at gaps in our knowledge.  In particular they identified how little was known of the fauna of the con-
tinental slope and the deep-sea around Antarctica.  Other important features of the EASIZ programme were 
the emphasis placed on understanding the relationship between marine organisms and the oceanographic 
environment within which they lived, and also the evolutionary context in respect of the climatic and tectonic 
history of the Southern Ocean.

After the EASIZ programme had drawn to a close, the ANDEEP (Antarctic Deep-Sea Biodiversity) pro-
gramme undertook a series of cruises directed specifically at improving our knowledge of the Antarctic 
deep-sea fauna.  At about this time another significant development was the initiation, under the auspices 
of SCAR and hosted by Royal Belgian Institute of Natural Sciences, of an interactive database for Antarctic 
marine diversity, MarBIN (Marine Biodiversity Information Network).  As science becomes ever more reliant 
on information being available on-line, SCAR-MarBIN has been instrumental in improving the quality of ma-
rine diversity data for Antarctica, and in disseminating this information to those who need it.  The Southern 
Ocean is now part of the global information network, and no longer an isolated region of the world.

These important developments meant that when the Census of Antarctic Marine Life (CAML) was initiated, 
and fieldwork undertaken in conjunction with the second International Polar Year (2007/08), the stage was 
set for a major step forward in our knowledge and understanding of Southern Ocean marine diversity.  This 
volume shows the extent to which this opportunity has been taken and the potential realised.  CAML has 
delivered the single largest step in our knowledge of Antarctic marine diversity and biogeography since the 
first half of the 20th century.  The Biogeographic Atlas has sections devoted to every major taxonomic group, 
with detailed maps of distribution, as well as chapters documenting the environmental background and 
evolutionary history, and synthetic analyses.  This is a magnificent achievement and testament to the vision 
of those who planned and developed the programme.  It will undoubtedly remain an important resource for 
many years to come.

Andrew Clarke
Emeritus fellow
British Antarctic Survey, Cambridge
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 Introduction

1.1.  The biogeography of the Southern Ocean
Claude De Broyer1 & Philippe Koubbi2

1 Royal Belgian Institute of Natural Sciences, Brussels, Belgium
2 Sorbonne Universités, UMR BOREA 7208, Université Pierre et Marie Curie, Muséum national d’Histoire naturelle, Paris, France

1. introduction
Biogeographic information is of fundamental importance in providing the nec-
essary geospatial framework to the marine biodiversity knowledge and under-
standing, and for assessing its gaps. It is for example essential for discovering 
biodiversity hotspots, detecting impacts of environmental changes, monitoring 
biodiversity, and modelling future distributions. In the context of increasing 
human pressure, it appears a key resource for supporting conservation and 
sustainable management strategies and designing marine protected areas.

The Southern Ocean (SO) (Map 1), was the last discovered on Earth and 
some of its parts, far from the scientific stations and their supply-ship routes, 
remain unexplored. Its depths have only been sampled by a few dedicated 
exploratory campaigns. 

Its biodiversity - adapted to extreme conditions of life - appears unique 
and at the same time vulnerable to effects of global change such as climate 
warming, UV exposure and ocean acidification. In places, the region is warm-
ing more rapidly than the global ocean average and the Southern Ocean acts 
as a sentinel in detecting the impact of environmental changes upon marine 
ecosystems. It is also well recognized that it plays a critical role in the glob-
al ocean circulation, biogeochemical cycles and climate by connecting the 
ocean basins and the upper and lower limbs of the ocean overturning circula-
tion (Rintoul et al. 2009). 

The extensive exploration and assessment of the Southern Ocean biodi-
versity by the Census of Antarctic Marine Life programme (CAML 2005-2010; 
see Chapter 1.2) and the intense compilation and validation efforts of bio-
geographic data by the SCAR Marine Biodiversity Information Network (www.
biodiversity.aq ; see Chapter 2.1) and other Antarctic data centres provided 
a unique opportunity, a strong collaborative framework and the appropriate 
momentum to attempt to synthesise the current biogeography knowledge of 
the Southern Ocean. This new synthesis was able to draw on vastly improved 
occurrence datasets from recent decades, as well as on new insights provided 
by molecular and phylogeographic approaches, and new methods of analysis, 
visualisation, modelling and prediction of biogeographic distributions.

2. Mapping the Southern ocean biodiversity patterns
2.1. Historical background
Since James Cook’s second voyage in 1772-1775, which allowed the first 
descriptions of Antarctic animals (the birds of South Georgia by Forster, from 
1777), the naturalists onboard a number of pioneer Antarctic exploratory 
expeditions progressively revealed the composition of the unique Southern 
Ocean biodiversity (see Fogg 1992). 
(Fig. 1)

The very first attempt to characterise the Southern Ocean zoogeography 
may be that of Allen (1878), who, on the basis of mammal distribution, distin-
guished 8 main zoogeographical regions (“realms”) on Earth. He named the 
last one the “Antarctic or South Circumpolar Realm” that was described as 
follows: “The Antarctic Realm …embraces not only the Antarctic Zone, but a 
large part of the cold south-temperate… It will hence include not only the few 
small groups of Antarctic Islands, but also Tierra del Fuego and the Falkland 
Islands, …, while some of its characteristic forms also extend to New Zealand, 

and even Australia and the Cape of Good Hope. The only mammals that can 
be considered as strictly characteristic of this region are Pinnipeds and Ce-
taceans, of which several genera of each are almost wholly restricted to it.” 

Few years later, in his “Principles of Zoogeography” (1884), Gill, relying 
mostly on fish data and records along the southern South American coasts, 
distinguished an “Antarctalian Realm” that “may cover the antipodal ocean up 
the isocryme of 44°F” [i.e. 6.7°C] and a “Notalian Realm”, the south temperate 
realm, that “may provisionally be said to extend from the southern isocryme of 
68° to that of 44°” [i.e. 20°C to 6.7°C]. It seems that Gill was the first to intro-
duce an obvious reference to sea surface temperatures.

At the end of the 19th century, the important results of the Challenger 
voyage in 1872-1876 were published, describing parts of the fauna of Ker-
guelen, Heard, Crozet and Prince Edward Islands. The results of the German 
Polar Expedition to South Georgia in 1882-83, in particular Pfeffer 1890, were 
also available. This allowed Ortmann (1896) in his influential “Grundzüge der 
Marinen Tiergeographie” to attempt a first generalisation of the SO fauna dis-
tribution patterns. For the benthos of the “littoral life zone” (which limit was set 
at the depth to which daylight is able to penetrate, which was “about 400 m”) 
he distinguished an “Antarctic Region” (without stipulating its precise northern 
limits) with “numerous local faunas”, which comprised: 1. A supposed coastal 
circumpolar fauna (fairly unknown); 2. A “Chilean-Patagonian” fauna, which 
may likely include South Georgia, South Orkney and South Shetland Islands; 
3. A (South African) “Cape” fauna; 4. An “Australian-New Zealand” fauna. An 
Antarctic Region was also recognised for the “pelagic life zone”, which was di-
vided in two sub-regions: the “Antarctic-circumpolar sub-region” under sea ice 
influence, and the “Notal-circumpolar subregion”. He did not define precisely 
“notal” (see Baur 1896), but in a footnote he referred to the (loose) concept 
originally introduced by Gill (1884). The term “notal” was subsequently used 
inconsistently by some Russian workers but was unambigously rejected by 
Hedgpeth (1970).

Taking advantage of a new wealth of faunistic data collected by the Ant-
arctic “heroic age” expeditions at the turn of the century (Belgica, Valdivia, 
Southern Cross, Gauss, Antarctic, Discovery, Scotia, Français, Pourquoi Pas, 
Terra Nova,…), Ekman (1935, 1953), in his seminal “Zoogeography of the 
Sea”, was the first to summarise Southern Ocean distributions in a compre-
hensive biogeographic scheme. Relying on both the hydrographic framework 
(in particular the sea surface temperatures) and mostly echinoderm and fish 
records, he divided the Southern Ocean shelf and slope fauna (<1000 m) into 
two main regions: an Antarctic Region and an Antiboreal Region, the latter 
corresponding to the Sub-Antarctic Region of subsequent authors such as 
Hedgpeth (1969). The Antarctic Region, with a suggested northern limit at the 
Antarctic Convergence, was subdivided into two sub-regions (or provinces): 
the “Low Antarctic”, which includes South Georgia and the Shag Rocks Bank, 
and the “High Antarctic” which includes the rest of the region. The High Ant-
arctic was in turn subdivided into a “West Antarctic” sub-region (Weddell Sea, 
Peninsula and Scotia Arc islands) and the “East Antarctic” including the Ross 
Sea and the regions lying south of Australia.

His Antiboreal Region comprised a South American well-defined sub-
region, several isolated oceanic islands and a possible Kerguelen sub-region. 
The South American sub-region includes south Chile from about 40-42°S, 
Tierra del Fuego, and the Patagonian shelf, which northern limit “may possibly 
be put as far north as Rio de la Plata mouth” (36°S), although Norman (1937), 
relying on the fish fauna, placed the boundary of his “Patagonian Region” at 
42°S. Ekman noted the great similarity of the Falkland fauna with the Patago-
nian fauna. He grouped among the Antiboreal oceanic islands: Gough Island, 
Prince Edward and Marion Islands, Crozet Islands, Auckland and Campbell 
Islands (noting nevertheless their close affinities with New Zealand) and Mac-
quarie Island, recognizing, however, that their fauna was still poorly known 
and that they do not form a homogeneous faunal region. Kerguelen Islands 
(grouped with Heard and McDonald Islands) is considered a transitional, 
mixed region with strong endemism (about 50%) as well as strong affinities 
both with the Antarctic but even stronger with cold temperate regions.

A general scheme for the littoral regions of the southern cold temper-
ate and Antarctic zones was proposed by Knox (1960), based on wide infor-
mation about oceanographic conditions and distribution patterns of shallow-
water organisms. His occurrence dataset of macroalgae and several animal 
groups was limited to distribution data obtained to the lower depth limit of algal 
growth, which may restrict the comparison with previous and following stud-
ies taking also into account the deeper shelf benthos. After characterising the 
littoral zonation patterns of an array of species typical of the various southern 
regions considered (Table 1), Knox (1960) distinguished an Antarctic Region 
with two provinces: the Antarctic Province, which includes Bouvet and Heard 
Islands as well as the South Sandwich Islands, and the South Georgia Prov-
ince, considered a very distinctive biogeographic unit. Within the Antarctic 
Province, two sub-provinces are further recognized: the Scotian sub-province 
comprising Antarctic Peninsula and the Scotia Arc, while the Ross Sea and 

Figure 1  Rate of description of Southern Ocean species (from Griffiths 2010)
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Introduction Map 1  General map of the Southern Ocean. 

The place-names used in the Atlas are based on the following gazetteers: SCAR Composite Gazetteer:  https://data.aad.gov.au/aadc/gaz/scar/ , GEBCO Gazetteer of undersea 
feature names:  http://www.ngdc.noaa.gov/gazetteer/ , and USGS: United States Board of Geographic Names:  http://geonames.usgs.gov/antarctic/

Table 1  Characteristics of the water masses of the southern temperate and Antarctic regions with the corresponding biogeographic provinces (from Knox 1960)   
  
Characteristic temperature 

range
Characteristic   
salinity range WATER MASS

BIOGEOGRAPHIC PROVINCE
New Zealand sector South Australian sector South American sector South African sector

Winter: 3 to 11,5°C 
Summer: 5,5 to 14,5°C 34,0 to 34,5‰

Subantarctic cold 
temperate Antipodean Kerguelenian

Magellanic
Kerguelenian

Mean range: 1.3 to 3.7°C Transitional zone Georgian
Winter: -1,8 to 0,5°C 
Summer: -1,0 to 3,5°C 33,0 to 34,0‰ Antarctic Rossian sub-P. Antarctic Scotian sub-P. Antarctic
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adjacent regions are considered to be a separate 
Rossian sub-province. In the sub-Antarctic or cold 
temperate regions, the Kerguelenian Province is 
formed by the scattered islands of Prince Edward 
and Marion, Crozet, Kerguelen and Macquarie, and 
the Subantarctic islands near New Zealand are con-
sidered the Antipodean Province. The southernmost 
part of South America and the Falkland Islands con-
stitutes the Magellanic Province (Map 2).

Summarising the early works on Antarctic 
zoogeography done by ichthyologists (in particular 
Regan 1914 and Nybelin 1947) and relying on his 
more recent findings, Andriashev (1965) proposed a 
scheme based on coastal fishes, comprising an Ant-
arctic Region with a Glacial Sub-Region and a Ker-
guelen Sub-Region. The Glacial Sub-Region com-
prised a South Georgian Province (South Georgia, 
South Sandwich Islands and Bouvet Island) and a 
Continental Province, which was in turn subdivided 
into an East Antarctic District (including the coasts 
from the eastern Ross Sea to the western Weddell 
Sea) and a West Antarctic District (Antarctic Pen-
insula, South Shetland and South Orkney Islands). 
His Kerguelen Sub-Region included Marion Island, 
the Crozet Islands, Kerguelen and Heard Islands, 
and Macquarie Island. At the difference of previous 
biogeographic schemes, Andriashev did not retain 
the sub-Antarctic islands into a Sub-Antarctic Re-
gion but kept them in a large Antarctic Region. This 
view was subsequently supported by DeWitt (1971).

Although recognising that biogeographical re-
gionalisation should ideally be carried out on the 
basis of distribution patterns of whole communities 
of organisms and should not be based only on data 
from any one group, Kussakin (1967) proposed a 
biogeography of Antarctic and sub-Antarctic waters 
based on his extensive studies on isopods and ta-
naids. These brooding peracarid crustaceans have 
poor dispersal capabilities and thus can be useful 
biogeographical indicators. Relying on endemism 
data and records down to 2000 m depth, and us-
ing Preston’s index to calculate affinities between 
localities, his zonation scheme retained three main 
regions: the Antarctic, Kerguelen and Patagonian 
Regions. The Antarctic Region comprised an East 
Antarctic Province extending from the eastern Wed-
dell Sea to Eights Coast (at about 100°W), a Graham 
or West Antarctic Province (Bellingshausen Sea, 
Antarctic Peninsula, South Shetland and South Or-
kney Islands), and a South Georgia Province (South 
Georgia, Shag Rocks, South Sandwich Islands, and 
possibly Bouvet Island). The Kerguelen Region in-
cluded a Macquarie Province, a Kerguelen Province 
(with Kerguelen and Heard Islands) and a Marion 
Province (with Marion, Prince Edward and Crozet 
Islands). The Patagonian Region comprised a Ma-
gellan Province (south Chile from 40-42°S, south 
Argentina from 40°S, Tierra de Fuego and Falkland 
Islands), an Arauca Province (central Chile) and an 
Argentinian Province (from 40°S to north of Rio de 
la Plata).

2.2. The Antarctic Map Folio Series (1967-
1978) and beyond
The first comprehensive effort to systematically map 
the distribution of the Southern Ocean biota is due 
to the “Antarctic Map Folio Series” published by the 
American Geographical Society (1967-1978). At the 
same period, the “Biology of the Antarctic Seas” 
monographs (1964-1995, in the Antarctic Research 
Series, published by the American Geophysical 
Society) substantially contributed to document the 
Antarctic and sub-Antarctic biodiversity and its dis-
tribution. Five Antarctic Map Folios were devoted to 
marine biodiversity: the biogeography of macroal-
gae was covered by Balech et al. (1968), the inver-
tebrates by Bushnell & Hedgpeth (1969), the fish 
by DeWitt (1971), the birds by Watson et al. (1971), 
and the mammals by Brown et al. (1974).

Resulting from these efforts, Hedgpeth (1969, 
1970) biogeographic synthesis was the first modern 
attempt to establish the SO biological regionalisa-

Introduction Map 2  Biogeographic division of the littoral zone of the southern cold temperate and Antarctic 
regions according to Knox (1960).
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Introduction Map 3  Biogeographic divisions of the Southern Ocean according to Hedgpeth (1969).

45°S

55°S

65°S

75°S

0°

30°W 30°E

150°E150°W

180°

60°E60°W

90°E90°W

120°E120°W

1

5a

4

4
3

2

4a

4a
5

ANTARCTIC REGION

4. Continental or High Antarctic Region
4a. Extension of Continental Region

3. Kerguelen Subregion

1. Magellanic Subregion

SUBANTARCTIC REGION

5. Scotia Subregion
5a. South Georgia District

2. Tristan da Cunha District

45°S

55°S

65°S

75°S

0°

30°W 30°E

150°E150°W

180°

60°E60°W

90°E90°W

120°E120°W

1

5a

4

4
3

2

4a

4a
5

ANTARCTIC REGION

4. Continental or High Antarctic Region
4a. Extension of Continental Region

3. Kerguelen Subregion

1. Magellanic Subregion

SUBANTARCTIC REGION

5. Scotia Subregion
5a. South Georgia District

2. Tristan da Cunha District

45°S

55°S

65°S

75°S

0°

30°W 30°E

150°E150°W

180°

60°E60°W

90°E90°W

120°E120°W

1

5a

4

4
3

2

4a

4a
5

ANTARCTIC REGION

4. Continental or High Antarctic Region
4a. Extension of Continental Region

3. Kerguelen Subregion

1. Magellanic Subregion

SUBANTARCTIC REGION

5. Scotia Subregion
5a. South Georgia District

2. Tristan da Cunha District



Biogeographic Atlas of the Southern ocean 5

tion on the basis of a largely documented and diverse dataset – the occur-
rence records of 17 benthic and 4 pelagic invertebrate taxonomic groups. 
Hedgpeth recognised two main Antarctic and Sub-Antarctic Regions. The 
Antarctic Region extended south of the Antarctic Convergence (as suggested 
initially by Ekman and essentially valid for plankton) and divided into a Conti-
nental or High Antarctic Sub-Region (with an extension to Bouvet Island and a 
second one to Heard Island), and a Scotia Sub-Region (Peninsula and Scotia 
Arc Islands) with a separate district (or sub-province) for South Georgia. The 
Sub-Antarctic Region included a Magellanic sub-Region, a large Kerguelen 
Sub-Region and a separate district for Tristan da Cunha and Gough Islands 
(Map 3).

Hedgpeth’s biogeographic scheme, which was very close to Knox 
(1960)’s proposal for littoral regions, was widely accepted by subsequent 
workers analysing patterns at the level of the whole benthic fauna (e.g., White 
1984; Arntz et al. 1997; Clarke & Johnston 2003) or at the level of particular 
taxa.

Soon after Hedgpeth’s contributions (1969, 1970, 1971), Dell (1972) 
published a comprehensive analysis of the Antarctic benthos, and critically 
reviewed the previous biogeographic schemes. He supported in general 
Hedgpeth’s scheme, but at the same time drew attention to the difficulties to 
properly define and delineate biogeographic provinces valid for many different 
organisms, bathymetric regions, or isolated islands. His view of the East 
Antarctic sub-region, including part of the Weddell and Bellingshausen Seas, 
is similar to Kussakin’s view. In contrast to the findings of Hedgpeth and Knox, 
he considered Heard Island – located south of the Antarctic Convergence - as 
essentially sub-Antarctic, like Kerguelen and Macquarie Islands. 

From a detailed analysis of the benthic Amphipoda (450 spp., 2151 
records) and the Polychaeta (558 spp., 4476 records), Knox & Lowry (1977) 
attempted a biogeographic synthesis of the Antarctic shelf benthos (<500 m). 
Their affinity matrix differentiated 4 distinct areas in the Southern Ocean:  1. 
The Sub-Antarctic area, which includes the Auckland and Campbell Islands, 
Macquarie Island, Kerguelen and Heard Islands, and the Prince Edward 
Islands;  2. The East Antarctic area, which includes the Ross Sea, the Adélie 
Coast and the Davis Sea;  3. The Scotia area, which includes South Georgia 
and the islands of the Scotia Arc, plus the South Shetland Islands and the 
islands along the western coast of the Antarctic Peninsula;  4: The Magellanic 
area, composed of the southern tip of South America, the Falkland Islands and 
the Burdwood Bank.

Briggs (1974, 1995) established a system of coastal and shelf provinces 
for the world ocean, which was largely based on fish distributions and defined 
by their degree of endemism (of >10%). For the Southern Ocean the system 
was recently reviewed by Briggs & Bowen (2012) relying in particular on the 
new inputs provided by Linse et al. (2006), Clarke et al. (2007) and Griffiths 

et al. (2009). They distinguished in their “Cold-Temperate and Polar Southern 
Hemisphere” zone, 4 regions and 13 provinces as follows:  1. South American 
Region, with 4 provinces: Southern Chile, Tierra del Fuego, Southern 
Argentina, Falkland Islands;  2. New Zealand–Australian Region, with 3 
provinces: Tasmania, New Zealand, Antipodes;  3. Sub-Antarctic Region, 
with 6 provinces: South Georgia, Bouvet, Crozet, Prince Edward, Kerguelen, 
Macquarie;  4. Antarctic Region considered a single entity, without provincial 
subdivision, following the suggestion by Griffiths et al. (2009) (Map 4).

This selective “historical” review, focusing mostly on benthos, showed 
the difficulties in adopting consistent concepts, methodology and terminology 
for establishing biogeographical subdivisions, but this has been a recurrent 
topic in biogeography (see the review of the biogeographic province concept 
by Lomolino et al. 2010).

Since Ekman (1953), all workers agreed on a latitudinal division between 
the southern part of the SO, the Antarctic zone located south of the Polar Front 
(or Antarctic Convergence), and a sub-Antarctic zone located north of the 
Polar Front, but with different northern limits and components according to the 
data used. Within the Antarctic zone, most authors recognised for the benthos 
a continental (“high Antarctic”) biogeographic unit around the continent and a 
longitudinal division into a “West Antarctic” part, including the Peninsula and 
(some of) the Scotia Arc Islands, and an “East Antarctic” part, of various extent 
but always including the Ross Sea. South Georgia is generally considered a 
distinct biogeographic unit, within the Antarctic zone. Within the sub-Antarctic 
zone, the southernmost South American shelf is always clearly individualised 
(with however different northern limits), and the various oceanic islands were 
grouped in different ways according to the taxa investigated and the level of 
their knowledge. Several authors identified the West Wind Drift (now Antarctic 
Circumpolar Current) as the main potential dispersal factor for the sub-
Antarctic fauna, which may explain the faunal links between South America 
and the eastward sub-Antarctic islands or between New Zealand and South 
America.

2.3. The last decades: time of biodiversity
Probably triggered by the application of the Rio Convention on Biological 
Diversity (1992) and the threats of environmental change impacts, the last 
two decades have seen a strong resurgence of interest for biodiversity issues 
and the development of macroecological approaches. An important number of 
biogeographic studies of Antarctic taxa were published, some quite recently in 
connection with the Atlas project and the development of online, open-access 
biodiversity databases, such as SCAR-MarBIN/ANTABIF and OBIS (www.
iobis.org). We may cite the following examples, limited to contributions dealing 
with the whole SO benthic fauna of selected taxonomic groups:  sponges : 
Downey et al. (2012) ; hydrozoans: Peña Cantero & Garcia Carroscosa (1999); 
sea-anemones: Rodriguez et al. (2007) ; cephalopods: Collins & Rodhouse 
(2006); gastropods and bivalves : Linse et al. (2006), Clarke et al. (2007) ; 
pycnogonids : Munilla & Soler Membrives (2009), Griffiths et al. (2011) ; 
crustaceans : De Broyer et al. (2003); mysids : Petryashov (2007); amphipods : 
De Broyer & Jazdzeswki (1996), De Broyer et al. (2007) ; isopods : Brandt 
(1992, 1999); decapods : Gorny (1999), Boschi & Lavio (2005); bryozoans : 
Barnes & Griffiths (2008), Hayward (1995) ; ophiuroids: Martín-Ledo & López-
González (2014); echinoids : David et al. (2005); ascidians: Primo & Vasquez 
(2007). This renewed interest in biodiversity patterns was noticeable also 
in plankton, fish (e.g. Gon & Heemstra 1990) or top predators studies. For 
the zooplankton, the SCAR “Continuous Plankton Recorder (CPR) Survey” 
(see Chapter 10.3) recently published the “Zooplankton Atlas of the Southern 
Ocean” (Mc Leod et al. 2010). 

We will not try to summarize here the various findings of these recent 
contributions as most of their authors were invited to write a synthesis chapter 
in this Atlas.

Other recent studies on spatial patterns were oriented toward particular 
ecosystems, or regions of the Southern Ocean, e.g., Brandt et al. (2009) and 
Kaiser et al. (2011) on bathymetric distribution of benthos, Barnes et al. (2006) 
and Hogg et al. (2011) on South Georgia biodiversity, Arntz et al. (2006) on 
Bouvet island, Barnes et al. (2008) on South Orkney archipelago biodiversity, 
or Koubbi et al. (2011) on the d’Urville Sea demersal and pelagic fish fauna, 
to cite just a few.

Some more general overviews of patterns and processes of the SO 
biodiversity distribution were provided by Clarke (2008); Griffiths (2010); 
Convey et al. (2012, 2014); and Kaiser et al. (2013). In addition, Griffiths et al. 
(2009) attempted to generalise the SO benthic biogeography.

The first insights to the Southern Ocean deep sea biogeography were 
given by Brandt et al. (2007a, b, 2012) reporting the significant results of the 
ANDEEP campaigns in the deep basins of the Weddell and Scotia Seas. 
These investigations revealed high level of unknown abyssal biodiversity and 
showed that bathymetric and biogeographic trends varied between taxa. They 
also indicated that the Antarctic abyssal fauna has stronger links with other 
oceanic abyssal basins (particularly in the Atlantic) than with the Antarctic 
shelf fauna, but this is mainly valid for taxa with good dispersal capabilities. 
On the contrary, the poor dispersers include many species with high apparent 
SO endemism.
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2.4. Ecosystem biogeography or the 
macroecological approach
Departing from the classical faunistic and floristic 
approach of biogeography, i.e. the “compositionist” 
approach, there were recent attempts to establish 
biogeographic classifications by reference to the 
characteristics of regional marine ecosystems, 
shaped by hydrographic features, oceanographic and 
bio-geochemical processes (i.e. the “functionalistic” 
approach).

The “ecological geography of the sea”. Longhurst 
(2007) proposed a new “ecological geography 
of the sea” based on regional oceanographic 
characteristics and on pelagic bio-geochemical data 
obtained from satellite imagery and in situ data. This 
classification, mostly applicable to the pelagic realm, 
identified seven biogeochemical provinces south 
of the Sub-Tropical Front, among the 50 provinces 
in 4 major biomes (Polar, Westerlies, Trades and 
Coastal) detected in the global ocean. 

Within the “Polar Biome”, two provinces have 
been defined south of the Polar Front. The “Austral 
Polar Province” comprises the seasonally ice-
covered sea from the coasts of the continent to 
the level of the Antarctic Divergence at 60-65°S 
and includes the Antarctic Peninsula as well as the 
Scotia Arc islands of South Orkney, South Sandwich 
and South Georgia. The “Antarctic Province” is 
an annular province lying between the Antarctic 
Divergence and the Polar Front at about 55°S, which 
is synonymous with the southern branch of the 
Antarctic Circumpolar Current (ACC). The Bouvet, 
Kerguelen and Heard islands are attributed to this 
province.

North to the Polar Biome lies the “Antarctic 
Westerly Winds Biome”, which includes the “Sub-
Antarctic Water Ring Province” that is formed by 
the northern flow of the circumpolar ACC lying 
between the Sub-Tropical Front and the Polar 
Front and covering the Sub-Antarctic Zone and the 
Polar Frontal Zone. It is circled to the north by the 
“South Sub-Tropical Convergence Province” that 
covers the entire Sub-Tropical Convergence Zone 
at about 35-45°S, marking the boundary between 
waters of sub-Tropical and sub-Antarctic origin.  The 
Patagonian shelf and the Falkland plateau are parts 
of the “Southwest Atlantic Shelves Province” within 
the “Atlantic Coastal Biome”. This province extends 
from the latitude of Mar del Plata (38°S) to the tip of 
Tierra del Fuego at 55°S. On the Pacific side, the 
south Chilean waters are included in the “Humboldt 
Current Coastal Province” within the “Pacific Coastal 
Biome”. The sub-Antarctic islands of New Zealand 
on the Campbell and Bounty plateaus are part of the 
“New Zealand Coastal Province” within the same 
“Pacific Coastal Biome” (Map 5).

The Large Marine Ecosystems of the World. 
With a perspective to support the application 
of practical management issues for the marine 
ecosystem goods and services, the system of “Large 
Marine Ecosystems” (LME) (http://www.lme.noaa.
gov) was conceived by a number of regional experts 
to classify relatively large marine regions (on the 
order of 200,000 km2 or greater), characterized by 
distinct bathymetry, hydrography, productivity, and 
trophic relationships. Based on these four ecological 
criteria, 64 LME’s have been delineated around the 

Southern Ocean realm: Continental High Antarctic 
province:  224. East Antarctic Wilkes Land; 225. East 
Antarctic Enderby Land; 226. East Antarctic Dronning Maud 
Land; 227. Weddell Sea; 228. Amundsen/Bellingshausen 
Sea; 229. Ross Sea. Scotia Sea province:  219. South 
Sandwich Islands; 220. South Georgia; 221. South 
Orkneys Islands; 222. South Shetland Islands; 223. 
Antarctic Peninsula. Sub-Antarctic Islands province:  
212. Macquarie Island; 213. Heard and McDonald Islands; 
214. Kerguelen Islands; 215. Crozet Islands; 216. Prince 
Edward Islands; 217. Bouvet Island; 218. Peter I Island. 
Sub-Antarctic New Zealand province:  230. Bounty and 
Antipodes Islands. 231. Campbell Island; 232. Auckland 
Island.Temperate South America realm: Magellanic 
province:  185. Patagonian Shelf; 186. Falklands/
Malvinas; 187. Channels and Fjords of Southern Chile; 
188. Chiloense. (map source: http://www.worldwildlife.org/
science/ecoregions/marine/item1266.html) 

Introduction Map 5  The biogeochemical provinces of the Southern Ocean according to Longhurst (2007).
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Introduction Map 6  The Southern Ocean marine ecoregions according to Spalding et al. (2007).The numbering 
of ecoregions followed the “MEOW” nomenclature.
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Introduction Map 7   The bathyal provinces (801 to 
3500 m) of the Southern Ocean according to Watling et 
al. (2013). The Antarctic Province encompasses all the 
slope and ridge areas around the Antarctic continent 
connected by Circumpolar Deep Water. The Sub-Antarctic 
Province extends northward around the Southern Ocean, 
encompassing a 10–20° of latitude band from 40–45°S 
to 55–60°S; defined by the extent of 1–2°C Circumpolar 
Deep Water.
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Introduction Map 8  The abyssal provinces (>3500 m) 
of the Southern Ocean according to Watling et al. (2013). 
The Antarctica East Province include the areas where very 
cold bottom water flows into the adjacent basins (Cape, 
Agulhas, Natal, Crozet, and South Indian Basins). The 
Antarctica West Province includes the Amundsen Plain in 
the region from the Ross Sea to the Antarctic Peninsula 
and north to the Antarctic-Pacific Ridge and the Southeast 
Pacific Basin.
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ocean coastal margins. The Antarctic LME (# 61) includes the shelf around 
the continent (with the Peninsula) to a depth of 1000 m. The Patagonian Shelf 
(LME # 14) extends from the southernmost tip of South America to north of the 
mouth of Rio de la Plata and includes the Falkland Islands. 

The “Marine Ecoregions of the World”. Aiming at supporting global and 
regional strategies for the conservation and sustainable use of marine re-
sources, the “Marine Ecoregions of the World” (MEOW) system consists of 
a bioregionalisation of coastal and shelf areas (Spalding et al. 2007). MEOW 
is a nested system of 12 realms, 62 provinces and 232 ecoregions, based on 
“taxonomic configurations influenced by evolutionary history, patterns of dis-
persal, and isolation”. The Southern Ocean is classified as one realm compris-
ing 4 provinces (Continental High Antarctic, Scotia Sea, Sub-Antarctic Islands, 
Sub-Antarctic New Zealand) sub-divided into 21 ecoregions, mostly based 
upon Linse et al. (2006) results (Map 6).

The deep ocean floor. As largely confirmed by the ANDEEP results (see 
supra), the SO deep sea fauna clearly exhibits different composition and 
distribution patterns than the coastal and shelf faunas. Watling et al. (2013) 
proposed a deep-sea biogeographic classification for the lower bathyal and 
abyssal benthos of the global ocean. After reviewing existing classifications 
and data, they conducted a comprehensive analysis of high-resolution data 
of depths, water mass characteristics (temperature, salinity and dissolved 
oxygen) and particulate organic flux to the seafloor, encompassing two large 
bathymetric zones: the lower bathyal, set at 801–3500 m, and the abyssal, 
3501–6500 m. Due to the limitation of available biotic data, these physical and 
chemical proxies were selected as potential good predictors of the distribu-
tions of deep-sea floor organisms. This process resulted in the delineation of 
14 lower bathyal and 14 abyssal provinces, which are “to be considered as hy-
pothetical”, and “need to be tested with species distribution data” (Maps 7, 8).

3. The Biogeographic Atlas project
Taking advantage of an unprecedented amount, availability, diversity, and 
quality of biogeographic data, and of new conceptual and methodological 
developments in biogeography, the Atlas contributors have attempted to 
establish a benchmark of the Antarctic and sub-Antarctic biogeography 
knowledge, covering a large number of species and assemblages from the 
phyto- and zooplankton, macroalgae and zoobenthos, nekton, and birds 
and mammals top predators. More than 140 contributors (biogeographers, 
taxonomists, ecologists, molecular biologists, IT experts, environmental 
dataset providers, modellers, and GIS experts) contributed to the Atlas, under 
the aegis of SCAR.

This Biogeographic Atlas is based on the analysis of more than 1.07 million 
occurrence records of 9064 validated species from ~434,000 distinct sampling 
stations.  It presents a collection of 66 syntheses describing the distribution 
patterns and processes of a significative representation of Southern Ocean 
organisms, illustrated by more than 800 selected distribution maps. The Atlas 
covered the Southern Ocean at large, south of the Sub-Tropical Front, but 
focused in particular to the Southern Ocean s.s., the Antarctic region, south of 
the Antarctic Polar Front. Most analyses and syntheses relied on data south 
of 40°S; however, some few studies were limited to the Southern Ocean s.s. 

Preceding the analysis and synthesis phases, the first and fundamental 
step of the Atlas project was to compile and database all occurrence records 
available from the literature (since the very beginning of Antarctic exploration), 
from museum collections, as well as from CAML and other recent Antarctic 
sampling campaigns. This required facing problems of data discovery, data 
quality assessment, correct interpretation and standardisation, and, vitally, 
required significant validation effort by numerous experts. It is important here 
to emphasize the key role of basic descriptive taxonomy in gaining these 
results. Despite being often disregarded by funding agencies, morphology-
based taxonomical identification remains an essential step in biodiversity 
studies, and has to be supported in conjunction with molecular taxonomy in 
an integrative approach (see De Broyer & Danis 2011).

This wealth of expert-validated data has been made publicly available 
on the SCAR-MarBIN/ANTABIF portal (www.biodiversity.aq), allowing further 
improvements and additions, as well as multiple uses and applications, 
including in particular the predictive modelling of biogeographic distributions 
in face of the potential impacts of environmental changes.

This “Biogeographic Atlas of the Southern Ocean” is primarily intended 
to fulfil the needs of biogeographic information for science, conservation, 
monitoring and sustainable management of the Southern Ocean, in the 
context of environmental changes and increasing human pressure.

In addition to this printed version, a digital dynamic version of this 
Atlas with further functionalities is developed on the www.biodiversity.aq portal.
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 CAML

1.2. The Census of Antarctic Marine Life (CAML)
Michael Stoddart

Institute for Marine and Antarctic Studies, University of Tasmania, Hobart, Tasmania, Australia

In 2000 the Alfred P. Sloan Foundation in New York launched a Census of Ma-
rine Life, an ambitious ten-year long international project that was to examine 
the world’s oceans and log the occurrence and demise of marine species. Its 
principal objective was to assess the state of marine biodiversity at the start 
of the 21st century to enable predictions to be made about what species might 
inhabit oceans in the future. By supporting scientific coordination, rather than 
putting ships in the water, the Foundation leveraged over USD 650 million 
in total outlays. The Census ran until a final meeting in October 2010 in the 
Royal Society in London at which outcomes from the six ocean realms under 
study were presented. In total, some 2700 scientists from 80 nations partici-
pated in the Census, undertaking 540 research expeditions and producing 
over 2600 publications. A quarter of a million new species have been identified 
and recorded and there remain about three times that number waiting to be 
processed.

The ocean realm “Ice Ocean; Arctic and Antarctic” was the responsibility 
of two projects – Arctic Ocean Diversity (ArcOD) for the north of the globe, 
and the Census of Antarctic Marine Life (CAML) for the south. Both projects 
worked closely together and engaged in a number of joint initiatives. CAML 
started its activities mid-way through the Census, in 2005, following a deci-
sion to hold a third International Polar Year (IPY) in 2007–2009. The Scientific 
Committee on Antarctic Research (SCAR) accepted a proposal from its Life 
Sciences committee that CAML should go ahead as one of fifteen biological 
projects to be undertaken in Antarctica during the IPY; in the event CAML 
turned out to be the largest of them. The Alfred P. Sloan Foundation provided 
a grant of USD 1.4 million from 2005 until 2010 to SCAR for purposes of scien-
tific co-ordination of CAML. SCAR contracted with the Australian Antarctic Di-
vision based in Hobart, Australia, to co-ordinate and manage the project, and 
appointed an international Steering Committee to oversee it and report back 
on progress. The Steering Committee met for the first time in Bremerhaven 
in October 2004 to write a scientific justification for Foundation support and 
in early 2005 Dr. Victoria Wadley was appointed as Project Manager. Work-
ing with Professor Michael Stoddart, Chief Scientist of Australia’s Antarctic 
research program as CAML’s Administrator, an initial workshop was held in 
Brussels in June 2005. This meeting set the broad objectives for CAML. The 
Steering Committee, supplemented by a number of experts, met annually or 
in some years more frequently, and held its last meeting at a Final Symposium 
held in Genoa, Italy, in May 2009. At this meeting decisions were made about 
final publications.

The main source of funds for CAML came from the National Antarctic 
Programs of a number of countries who, with a commitment to support the 
IPY, agreed to provide ship-time and research staff to work on CAML projects. 
France, Japan, New Zealand, Australia, UK, USA and a consortium of Latin-
American countries provided research voyages dedicated to CAML; many 
other countries provided periods of ship-time for CAML work (Map 1). A con-
servative estimate of the value of National Antarctic program support to CAML 
is over USD 60 million, through their support of infrastructure and personnel. 
Thirty countries and fifty institutions participated on, and following, eighteen 
research voyages that delivered CAML data. The Washington Declaration on 
the International Polar Year and Polar Science, made at Baltimore, USA, in 
April 2009 urged “states, national and international scientific bodies, and other 
interested parties to cooperate to deliver a lasting legacy from the IPY, and to 
support appropriate infrastructures to achieve this..” and called upon “states, 
organisations, scientists, and other stakeholders to continue to engage with 
young people to cultivate the next generation of polar scientists, and to com-
municate with the general public to develop an awareness of the importance 
of polar research for life in all regions of the world..”. In both respects CAML 
achieved considerable success and can be confident it has materially ad-
vanced understanding of the biodiversity of the high latitude Southern Ocean.

CAML quickly established a series of scientific goals, as follows:

1. Undertake a species inventory of high-latitude Southern Ocean slopes 
and abyssal plains

2. Undertake an inventory of benthic fauna under disintegrating ice shelves
3. Undertake an inventory of plankton, nekton and sea-ice associated biota 

at all levels of biological organisation from viruses to vertebrates
4. Assess critical habitats for Antarctic top predators
5. Develop a coordinated network of interoperable databases for all Antarc-

tic marine biodiversity data.

In addition CAML participated strongly in the Barcode of Life Data Sys-
tem (BOLD).  Over 11,500 sequences (C01) from more than 2,330 morpho-
species in 18 phyla have already been completed, providing a solid basis for 
future research.  

A key element in CAML’s success as a project was its close association 
with SCAR’s Marine Biodiversity Information Network (SCAR-MarBIN, www.
scarmarbin.be), a data portal initiated by the Royal Belgian Institute of Natural 
Sciences in Brussels, implemented by the Belgian Biodiversity Platform and 
supported financially by the Belgian Science Policy Office. It was accepted 
by SCAR as the main repository for marine biodiversity data in 2005. SCAR-
MarBIN became CAML’s database. SCAR-MarBIN has recently transmogri-
fied into an Antarctic Biodiversity Information facility (AntaBIF), financially sup-
ported by a number of countries with ongoing interests in Antarctic marine 
biodiversity. SCAR-MarBIN established data protocols and developed a suite 
of analytical tools for interrogating the data. A register of Antarctic marine spe-
cies currently carries information on over 25,000 taxa (De Broyer et al. 2013), 
and almost 3 million occurrence data records (http://www.marinespecies.org/
rams/, www.biodiversity.aq). The mass of data is growing since then, with 
data quality assured by an international editorial panel. Many successful ven-
tures are springing from this central data portal, including a dynamic Antarctic 
field guides system (http://afg.biodiversity.aq), the Biogeographic Atlas of the 
Southern Ocean. CAML (http://atlas.biodiversity.aq) or the Microbial Antarctic 
Resource System (http://mars.biodiversity.aq). CAML succeeded in drawing 
together over 200 distributed databases for inclusion in SCAR-MarBIN, and 
captured publications dating from the very beginning of Antarctic exploration. 
It catalogued the largest collection of marine biodiversity data in Russia, at 
the Zoological Institute of St Petersburg, adding almost 300 publications and 
about 1.7 million data items relating to over 15,000 taxa occurrences. This is 
only one example of data that might otherwise be lost or inaccessible, which 
are now preserved for permanent access by the scientific community.

A significant legacy of CAML is a series of special publications that have 
appeared over recent years, stemming from CAML’s association with national 
Antarctic programs, e.g. “BIOPEARL Expedition in the Scotia Sea” (Linse 
2008), “Antarctic Biology in the 21st Century” (Fukuchi et al. 2010), “Coopera-
tive East Antarctic Marine Census CEAMARC” (Hosie et al. 2011), “Diversity 
and Change in the Southern Ocean Ecosystems” (Schiaparelli & Hopcroft 
2011).

Many other papers appeared in the normal scientific literature, including 
in several special IPY and CoML publications (e.g. Bathmann 2010, Gutt et al. 
2010, Danis et al. 2013, Schiaparelli et al. 2013).  Together these publications 
carry almost 161 papers on Antarctic marine biodiversity.

The need to understand the marine diversity of the high latitude Southern 
Ocean didn’t stop with CAML. Knowing what is there, and the environmental 
conditions that support the biota is still needed for the successful conserva-
tion management of the region, and for understanding the consequences of 
climate change. SCAR has initiated two new major Scientific Research Pro-
grams (SRP): the “Status of the Antarctic Ecosystem” (AntEco), and “Antarc-
tic Thresholds – Ecosystem Resilience and Adaptations” (AnT-ERA). These 
complementary programs are successors to the long-running SRP Evolution 
and Biodiversity of Antarctica (EBA), of which CAML was a part. Ant-Eco seeks 
to “understand the patterns of biodiversity across the marine environments, as 
well as the terrestrial, limnological and glacial marine environments within the 
Antarctic, sub-Antarctic and Southern Ocean regions.” AnT-ERA will examine 
“the current biological processes in all Antarctic ecosystems, to define their 
thresholds and thereby determine resistance and resilience to change.” CAML 
has contributed much groundwork to these new programs, ensuring a solid 
base for future studies.

When SCAR’s Steering Committee met for the first time in Bremerhaven 
in 2004 few people could have imagined how CAML would grow and capture 
the imagination of countless people around the world. Through the highly ef-
ficient media arm of the Census of Marine Life, CAML scientists gained much 
international exposure for their work and reached out to the general public 
about the need for an awareness of what cannot be seen beneath the sea’s 
surface. The Washington Declaration asked no more of us, and we delivered. 
We are still delivering, with the Biogeographic Atlas being our latest initiative.
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CAML Map 1  Tracks of selected CAML-dedicated cruises

Map 1
Akademik Fedorov, 2007/08
Ary Rongel, 2007/08
Aurora Australis, 2007/08
James Clark Ross, 2007/08
L’Astrolabe, 2007/08
Papanin, 2008-2009 

Polarstern, 2006/07
Polarstern, 2007/08
Tangaroa, 2007/08
Umitaka Maru, 2007/08
Yuzhmorgeologiya, 2007/08

Acknowledgments
Huw Griffi ths (BAS, Cambridge) and Anton Van de Putte (RBINS, Brussels) 
prepared the map. This is CAML contribution # 89.
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