
THE SOUTHERNOCEAN



1570: WORLD MAP BY ORTELIU



QUESTION: WHEN WAS THE FIRST 
BROADLY ACCURATE MAP OF ANTARCTICA 

MADE? 



JAMES COOKõS 
SECOND VOYAGE 

(1772ð75)

ÅFirst to enter the 

Antarctic Circle, Reports 

of great numbers of seals 

and whales

ÅImage Source: 

Antarctic Map Folio 

Series, 1975



1819-1843



HEROIC AGE 1897-1922

Å"The Renewal of Antarctic Exploration", 

given to the Royal geographical Society in 

London, November 27, 1893



NAME SOME PEOPLE OF THE HEROIC AGE 
OF ANTARCTIC EXPLORATION



1897-1899 BELGIA N A NTA R CT IC 
EXP EDITION

ÅFirst international purely scientific expedition

ÅFirst expedition to winter within the Antarctic 

Circle

Å1 year of meteorological observations



ÅDetroite de Belgica



June 

3th

òThe calm before the stormó F. Cook



ÅDeparture Antwerp/Ostend 

Å16/23 August 1897

ÅStuck in ice 

Å4 March 1898

ÅEscape from the Ice 

Å14 March 1899

ÅArrival Antwerp 

Å05 November 1899



MAP STORY BELGICA EXPEDTION

Åhttps://ngi-ign-

gis.maps.arcgis.com/apps/MapJournal/index.html?appid=952cd3b208fc4e84a2fb

baa908966271

https://ngi-ign-gis.maps.arcgis.com/apps/MapJournal/index.html?appid=952cd3b208fc4e84a2fbbaa908966271
https://ngi-ign-gis.maps.arcgis.com/apps/MapJournal/index.html?appid=952cd3b208fc4e84a2fbbaa908966271
https://ngi-ign-gis.maps.arcgis.com/apps/MapJournal/index.html?appid=952cd3b208fc4e84a2fbbaa908966271


1920-1983

Å2nd International Polar Year

ÅInternational Geophysical Year of 1957-1958



Å Continent: 14 M km2

Å Continental shelf deeper than usual (500-900m: 4x global 
ocean average)

Å Due to isostasic subsidence > ice mass on the continent 
(24.1015 T)

Å Narrower: 30-200 km (except Ross and Weddell Seas)

Å Basins usually deep (Ó 3000m)

Å Favours offshore and inshore water exchanges 

Å Ocean encircles the continent: increases homogeneity

http://www.antarctica.ac.uk//bas_research/our_research/az/bedmap2/index.php



PHYSICO-CHEMICAL 
ENVIRONMENT



KEY CHARACTERISTICS OF POLAR MARINE 
ENVIRONMENTS

ÅCold sea ice temperatures

ÅIce covered oceans

ÅExtreme fluctuation in light levels



WATER MA SSES AND CIRCULATION



Å Coastal current: 

Å East wind drift (anticlockwise)

Å Offshore current: 

ÅWest wind drift = Antarctic circumpolar

current (ACC) (clockwise), main 

circulation system of Antarctic water 

masses



Sub Tropical 

Front

Sub Antarctic 

Front

Antarctic

Circumpolar

Current

Polar Front 

Southern 

ACC Front

Southern 

Boundary

Coastal 

Current/East 

Wind Drift



DIFFICULT TO DEFINEé

Antarctica is defined as all the land and ice shelves south of 60°S latitude

https://en.wikipedia.org/wiki/Ice_shelf
https://en.wikipedia.org/wiki/60th_parallel_south




WORLD HYDROLOGICAL ORGANISATION



LIGHT



SEA I CE

ÅSea Ice extent:

ÅMax June - 

September

ÅMin January ð 

March

ÅInfluence on light 

availability

Post et al. 2014 



Open Ocean

Seasonal Marginal Ice Zone 15-80% Ice cover

Perennial

Pack Ice Zone any area of sea ice other than 

fast ice no matter what form it 

takes or how it is disposed.

Shear Zone highly deformed ice along the 

coast

Fast Ice Zone ice anchored to the shoreline

Fast ice (left) and pack ice (right). (Left: Peterfitzgerald  (Own work) [CC BY -SA 3.0], via 
Wikimedia Commons; Right: Markus Trienke , 
https:// www.flickr.com /photos/ mtrienke /34281559366/in/ photostream / [CC BY-SA 2.0]).



TYPES OF  ICE

Frazil ice Photo: Frederique Olivier Pancake ice Photo: Sandra Zicus

Grease ice: Photo: Jen Wressell Nilas ice: Photo: Richard Youd



Å1-8 Marginal Ice Zone

8-10 Pack Ice



POLYNYAõS

ÅSatellite image of a coastal polynya with the direction of 
the strong (katabatic) winds that keep the ice from 
forming (Image Credit: Lamont-Doherty Earth 
Observatory)

ÅNASA image courtesy Jeff Schmaltz,LANCE/EOSDIS 
MODIS Rapid Response Teamat NASA GSFC. Caption 
by Michon Scott, based on image interpretation by 
Walt Meier and Ted Scambos, National Snow and Ice 
Data Center

http://rapidfire.sci.gsfc.nasa.gov/
http://rapidfire.sci.gsfc.nasa.gov/


ÅShelf Zone

ÅMarginal Sea ice zone

ÅPolar Front Zone

Eleanor Maedhbh Honan

https://blogs.egu.eu/divisions/cr/2021/06/04/antarctic-seabird-seaice/


Post et al 2014



QUESTION WHICH DIRECTION IS THE 
CORIOLIS DEFECTION/EKMANN 
TRANSPORT IN THE SOUTHERN 

HEMISPHERE



EKMAN 
TRANSPORT





Å Upwelling of CircumpolarDeepWater (> 

North Atlantic DeepWater)

Å CDW mixes with cold IceShelfWater Ÿ sinks

as Antarctic Bottom Water (Ÿ up to 5°S)

Å CDW alsomixes with lesssaltyAntarctic

SuperficialWater Ÿ Antarctic Intermediate

Water

Å AIW sinksbelowwarmerSubantarcticwater = 

Polar Front = Antarctic Convergence 

(downwelling)

http://hdrake.github.io/research.html



1. PHYSICO-CHEMICAL ENVIRONMENT

1.1. WATER MASSES AND 
CIRCULATION

The Southern Ocean plays a key role in the general thermohaline circulationSegar 1997



The SouthernOceanplaysa key role in the generalthermohaline circulation

Lumpkin & 

Speer 2007

THERMOHALINE CIRCULATION



1. PHYSICO-CHEMICAL ENVIRONMENT

1.1. WATER MASSES AND 
CIRCULATION

Å Antarctic convergence = north

limit of Antarctic zone

Å BetweenAntarctic and 

Subtropical convergences = 

Subantarcticzone

Å Antarctic + Subantarcticzone= 

SouthernOcean

Å Subantarcticzone 2-4°C warmer

thanAntarctic zone

ü Antarctic convergence (Polar 

front)= strongbiologicalborder



ECOSYSTEM STRUCTURE

ÅProducers

ÅConsumers

ÅTop predators

ÅSea ice

Å(Meso)pelagic

ÅBethic



SEA ICE



Autumn and winter: viruses, bacteria, archea and protist get incorporated in the growing sea ice



SEA ICE 
EXTENT



https://theconversation.com/the-limits-of-ice-what-a-19th-century-expedition-trapped-in-

sea-ice-for-a-year-tells-us-about-antarcticas-future-224063



SEA ICE ALGAE

ÅTemperature

ÅSalinity

ÅLight

Åavailable food

Å2-24%  of total primary production

ÅBlooms

ÅSpring

ÅOccasionally in autumn

ÅBiomass rich layers

ÅBioaccumulation

ÅMacronutirients

Å Iron



SEA ICE ALGAE

Å large species Amphiprora 
 Pinnularia
 Pleurosigm
 Synedra
 Tropidoneis.

Å Diatoms Thalassiosira
 Porosira
 Chaetoceros
tend to dominate in the newly formed sea ice orplatelet iceof the Antarctic. 
Some diatom species form large structures : Berke leya (filaments up to  15 cm) 

Å Flagellates haptophytes
 dinoflagellates
 prasinophytes

 chlorophytes (green algae)
 silicoflagellates
 chrysophytes
 cryptophytes



SEA ICE 
BACTERIA

Åbacterial density in sea 
ice >>> seawater
bacterial enrichment 
factor 

ÅTypically 5 - 10 times 

ÅCan range from 2 to 54

ÅRemineralisation

Åextracellular polymeric 
substances (EPS) 

Bacteria form, together withice algae, a 
reserve of organic material, which becomes 
encased in the ice in winter, offering both a 
food source for overwintering organisms and a 
ΨƪƛŎƪ-ǎǘŀǊǘΩ ŦƻǊ ǘƘŜ ŜŎƻǎȅǎǘŜƳ ƛƴ ǎǇǊƛƴƎΦ







FACTORS: LIGHT



P1 parallelsFe 

distribution

Å Coastal zone and 

abovecontinental 

plate (Weddell and 

Ross Seas)

Å DownstreamDrake 

passage

ÅMarginal icezone

The mapdisplays the composite 

of all Nimbus-7 Coastal Zone 

Color Scanner data acquired

betweenNoverber 1978 and June 

1986. Approximately66,000 
individual2 minutes sceneswere

processedto producethis image



MEASURING CHLOROPHYLL-A 

https://doi.org/10.3389/fmars.2020.00671

https://doi.org/10.3389/fmars.2020.00671


1. Sea Ice Algae

2. Phytoplankton 
beneath Sea ice

3. Ice edge 
phytoplankton bloom

4. Mixed Layer 
phytoplankton

5. Deep Chlorophyl 
maximum



2.1. 
CONTROLL ING 
FACTORS: LIGHT 
ŶŸ  ICE COVER

Å No bloom if icecover> 20%

Å => nanoplanktoniccommunities
Mathot et al 1992



WHAT IS SPECIAL ABOUT THE 
SOUTHERN OCEAN IN RELATION TO 

NUTRIENTS AND PRODUCTIVITY?



Offshore upwelling Ÿ

HNLC zone

NO3
-: 32.5µM

PO4
3-: 2.5µM

SiO4
-: 100 µM



WINTER SURFACE 

(A) NITRATE (B) SILICATE 


