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QUESTION:WHEN WAS THE FIRST
BROADLY ACCURATE MAP OF ANTARCTICA
MADE?




JAMES
SECOND VOYAGE
(1772575)

A First to enter the
Antarctic Circle, Reports
of great numbers of seals
and whales

A Image Source:
Antarctic Map Folio
Series, 1975
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HEROIC AGE 18971922

"The Renewal of Antarctic Exploration”,
given to the Royal geographical Society in
London, November 27,1893

The

Geographical Journal

JANUARY, 1894.  VouIIL

THE RENEWAL OF ANTARCTIC EXPLORATION.*
By JOHN MURRAY, Ph.D.,, LL.D., of the “ Challenger” Expedition.

WHEN we cast a retrospective glance at the history of knowledge
concerning our planet, we find that nearly all the great advances in
geography took place among commercial—and in a very special
manner among maritime—peoples. Whenever primitive races com-
menced to look upon the ocean, not as a terrible barrier separating
lands, but rather as a means of communication between distant
countries, they soon acquired increased wealth and power, and beheld
the dawn of new ideas and great discoveries. Down even to our own
day the power and progress of nations may, in a sense, be measured by
the extent to which their seamen have been able to brave the many
perils, and their learned men have been able to unravel the many
riddles, of the great ocean. The history of civilisation runs parallel
with the history of navigation in all ils wider aspects.




NAME SOME PEOPLE OF THE HEROIC AG
OF ANTARCTIC EXPLORATION




1897-1899 BELGIAN ANTARCTIC
EXPEDITION

First international purely scientific expedition

First expedition to winter within the Antarctic
Circle

1 year of meteorological observations




A Detroite de Belgica
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Departure Antwerp/Ostend
16/23 August 1897
Stuck in ice
4 March 1898
Escape from the Ice
14 March 1899
Arrival Antwerp
05 November 1899




MAP STORYBELGICAEXPEDTION

https://ngiign

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

19201983

2nd International Polar Year

International Geophysical Year of 193958

ANTARCTIC REGIONS.
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Continent; 14 M kra

Continental shelf deeper than usual (8800m: 4x global
ocean average)

Due to isostasicubsidence > ice mass on the continent
(24.1657)

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

i
§:
3

Basins usually deep (O 3000n
Favoursoffshore and inshore water exchanges

Ocean encircles the continent: increases homogeneity




PHYSICOCHEMICAL
ENVIRONMENT




KEY CHARACTERISTICS OF POLAR MARINE
ENVIRONMENTS

Cold sea ice temperatures
Ice covered oceans

Extreme fluctuation in light levels



WATER MASSES AND CIRCULATION
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A Coastalcurrent:;

A Eastwind drift (anticlockwisg
A Offshorecurrent:

A West wind drift = Antarctic circumpolar

current (ACC) (clockwisg, main

circulation system oAntarctic water

masses

FIGURE 4. Circulation of the Southern Ocean, which
is bounded by the Antarctic continent and the seafloor
south of the Subtropical Convergence (Subantarctic
Front Zone). The predominant clockwise trajectory of
the West Wind Drift (Antarctic Circumpolar Current)
extends south of the Antarctic Convergence (Antarctic
Polar Front Zone), which is the northern boundary of
the Antarctic marine ecosystem. South of the West
Wind Drift is the counter-clockwise East Wind Drift and
the Antarctic Divergence between them. (Modified from
References 75, 93, and 214.)
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DI FFI CULT TO DEF]}] NEe&e

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

CCAMLR

Commission for the
Conservation of Antarctic
Marine Living Resources

Convention Area
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WORLD HYDROLOGICAL ORGANISATION

1953 (British)
— 2002 (draft]
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SEA ICE

A Sea Ice exten

A Max June

A Min Januarg
March

A Influence on light
availability

o
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Ice Extent:
Current: 10.0x10° km? (12/10/23) -
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Current: 7.4x10°% km? (12/10/23)
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I I

Seasonal Marginal Ice Zone 15-80% Ice cover

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

Open Ocean

Perennial

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

Conditions and forms of sea ice

Ice
Thickness

v
Calm Conditions = Cooling » Snow

M
Troubled Water/Wind
v

Frazil lce Frazil Ice

v
Grease lce
neues Eis v

———  Sludge
I —

- Granular Ice
v

Dark Nilas 1 Wa:e
Impact *
v Wind and v
Waves

Light Nilas > Pancake Ice

Young Ice Refreezing

> HeavySnow <
v
Flooded Ice
M
Refreezing
\

v
Granular Ice Refreezing

Further Ice Growth

First-Yearlce <«

meereisportal.de Portal

Grease icePhoto:; JertWressell Nilasice: Photo: Richardoud



ANTARCTIC MARGINAL ICE ZONE NIC. ANALYST@NOAA GOV

( U. S. NATIONAL ICE CENTER POC: USNIC CDO
PRODUCED: 30 OCT 2019

A 1-8 Marginal Ice Zone
8-10 Pack Ice

§éa Ice Concentration (Tenths)
1-8 s
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Terra Nova Ba
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Katabatic =%
Wind

Victoria &
Land, ~Rw
Antarctica L S

POLYNYAOS

Satellite image of a coastal polynya with the direction of
the strong (katabatic) winds that keep the ice from
forming (Image Credit: Lamoioherty Earth
Observatory)

NASA image courtesy Jeff Schmaltz, ANCE/EOSDIS
MODIS Rapid Response Teaat NASA GSFC. Caption
by Michon Scott, based on image interpretation by
Walt Meier and TedScambos National Snow and Ice
Data Center



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

Eleanor Maedhbh Honan

A Shelf Zone

Marginal Ice Zone
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A Marginal Sea ice zone

A Polar Front Zone

Continental shelf
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https://blogs.egu.eu/divisions/cr/2021/06/04/antarctic-seabird-seaice/
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QUESTION WHICH DIRECTION IS THE
CORIOLIS DEFECTIONEKMANN
TRANSPORT IN THE SOUTHERN

HEMISPHERE




EKMAN
TRANSPORT

A Northern Hemisphere

wind

surface movement
20°- 45° to the right
of the wind

average movement
due to Ekman transport
90° to the wind

B Southern Hemisphere

surface movement
20°— 45° to the left
of the wind

ﬁ wind

average movement
due to Ekman transport
90° to the wind

- O
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Antarctic
Divergence
Easterfies Westerfies

Net precipitation = % stiiiios
(Freshwater gain) é J’l Easterlies Heat , 8
% gain Z

Katabatic fi Y
wind Z RONOVAPRR, ””*
Heat
38loss . 5
Ice formation " —» » >

ey Heat
53

Ice shelf

uptake by
biological &
solubility

Jseaice 4 Carbon ,/

Dense water =g
production €

Antarctic
Bottom Water

—

Mixing over rough
topography

http://hdrake.github.ivesearch.html

Upwelling ofCircumpolarDeep Water (>
North AtlanticDeep Water)

CDW mixes with cold Ice Sheliwater Y sinks
asAntarctic Bottom Water (Y up to 5°S)
CDW alsomixeswith lesssaltyAntarctic
SuperficiaWater Y Antarctic Intermediate
Water

AIW sinksbelowwarmer Subantarcticwater =
Polar Front =Antarctic Convergence
(downwelling



1. PHYSICGCHEMICAL ENVIRONMENT
1.1. WATER MASSES AND

CIRCULATION

South Central & North Atlantic
. Atlantic North Central  |ntermediate
Subantarctic \yara, Atlantic Water Water

W?tef 0° Equator

Antarctic”

=
8 e
~—~

Depth (m)

60°S 40°S 20°S 0° 20°N 40°N 60°N

Segar1997  The Southern Ocean plays a key role in the general thermohaline circulation



THERMOHALINE CIRCULATION

Pacific-Indonesian

P RS Throughflow
. ) 133+1.8
A\’
P
- Y ~ e - °
. )
B \_./ ¥ Tasman Leakage
c >N r| 13.616.2
2 | R
K CDW: 11.045.1
57
< PACIFIC
‘\?*0 3>
o Lumpkin &
Nﬂc Speer 2007

The SouthernOceanplaysa keyrole in the generakhermohaline circulation



1. PHYSICGCHEMICAL ENVIRONMENT
1.1. WATER MASSES AND
CIRCULATION

A Antarctic convergence =orth
limit of Antarctic zone

A BetweenAntarcticand
Subtropical convergences =
Subantarctizone

A Antarctic + Subantarctizone=
SouthernOcean

A Subantarctizone 24°C warmer
thanAntarctic zone

U Antarctic convergence (Polar
front)= strongbiologicalborder




ECOSYSTEM STRUCTURE

Producers
Consumers

Top predators

Sea ice
(MesQpelagic
Bethic




SEA ICE




Sample sea-ice habitat

seaice

algae/diatom

e ;
alga chains

nutrients

seawater bacteria

meereisportal.de

nematodes

SEAICE
Portal

ice structure

‘— brine pockets

growing sea-ice
crystals

SEAICE
Portal




DaiLy ANTARCTIC SEA ICE EXTENT 1979 10 2024
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https:/theconversation.cofthe-limits-of-iceewhata-19th-century-expeditiortrappedin-
seaice-for-ayeartellsusaboutantarcticaduture-224063



SEA ICE ALGAE

Temperature
Salinity

Light
available food

2-24% of total primary production
Blooms

Spring

Occasionally in autumn
Biomass rich layers
Bioaccumulation

Macronutirients

Iron



SEA ICE ALGAE

large species Amphiprora
Pinnularia
Pleurosigm
Synedra
Tropidoneis

Diatoms Thalassiosira
Porosira
Chaetoceros
tend to dominate in the newly formed sea ice platelet iceof the Antarctic.
Some diatom species form large structureBerkeleyéfilaments up to 15 cm)

Flagellates haptophytes
dinoflagellates
prasinophytes
chlorophytes (green algae)
silicoflagellates
chrysophytes
cryptophytes

Sea-ice algae

Sea-ice algae communities are
mostly found in the upper
metres or at the bottom of sea
ice with the abundance and
community compoisition
dependent on the time of year.

Composition:
Motile diatoms, small flagellates




SEA ICE
BACTERIA

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

A Typicallys - 10 times
A Can range fron? to 54
A Remineralisation

A extracellular polymeric
substances (EPS)

Relations in the microbial food web in sea ice

dissolved organic matter

(DOM) and dissolved organic mixotrophs
carbon (DOC)
small heterotrophic
protists
: v
bacteria and large heterotrophic
algae protists
SEAICE
meereisportal.de

Bacteria form, together witlce algae, a

reserve of organic material, which becomes
encased in the ice in winter, offering both a

food source for overwintering organisms and a
WIROT NIQ F2NJ 6KS SO2ae.



SUMMER

Temperature
Nutrients

Heterotrophic
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MEASURING CHLOROPHAXLL

A phytoplankton cell

chl-a
pigments EE | T
chl-a
fucoxanthin
Satellite chl-b ¢
Lab Analysis
ﬁ Fluorometry
ocean colour %.—L Oextractiop _
O pigment

PrecCision ey
.. .. .
LN

Fluorometer R J
' HPLC
O S

ACCUraCy e—

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



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

Base of the mixed layer

Sea-ice algae

Sea-ice algae communities are
mostly found in the upper
metres or at the bottom of sea
ice with the abundance and
community compoisition
dependent on the time of year.

Composition:
Motile diatoms, small flagellates

Area observable by satellite

Phytoplankton

Most (>80%) primary production
in the Southern Ocean occurs
in the mixed layer.

Composition:
~350 species, including diatoms,
dinoflagellates, and haptophytes
(coccolithophores, Phaeocystis)

K

Deep chlorophyll maximum

Deep chlorophyll maxima support
blooms of large diatoms that can
grow to high abundance and
contribute significantly to carbon
and silica flux.

Composition:
Mostly large diatoms

Sea Ice Algae

Phytoplankton
beneath Sea ice

Ice edge
phytoplankton bloom

Mixed Layer
phytoplankton

Deep Chlorophyl
maximum



1.5

Marginal ice zone

& Phytoplankton
4 Net primary p

Closed pack
ice zone

respiration
roduction

2.1. s
CONTROLLING : i :

FACTORS.LIGHT s} NG
Y Y ICE COVER A A
LY ‘\‘
0 —————————
0 20 40 60 80 100

Ice cover (%)

Fig. 7. Relationship between daily rate of net primary production
(A) and ice cover field in the sea ice associated areas (i.e. the
marginal ice zone and the closed pack ice zone) of the northwestern
Weddell Sea during spring 1988. Phytoplankton respiration ( A) is
also shown

A No bloom ifice cover> 20%

Mathot et al 1992

A => nanoplanktonicommunities



WHAT IS SPECIAL ABOUT THE
SOUTHERN OCEAN IN RELATION TO
NUTRIENTS AND PRODUCTIVITY?




Offshore upwellingy
HNLC zone

NOj: 32.5uM
PO,%:2.5uM
SiO,: 100 pM

Sea-surface nitrate [mmol N m = ]

i | N N
0 5 10 15 20 25 30

Fig. 17.3 Map of High Nutrient-Low Chlorophyll (HNLC) regions around the world.
Measurement in map is of nitrate, with the scale as a gradient of color pictured on the bottom
(http://www.atmosphere.mpg.de/media/archive/1058. gif)




WINTER SURFACE

(A) NITRATE (B) SILICATE




