A} azing Antarctica
CHE

L= - . _—

VW122015



Cont 'T\‘F'

urvoyagé (e — S

P - e —.

- AntarcticalOne TWo TIHree BEaFats

- .
e -
- .
o

graphy, Climate, Currents, Aurora, Ozone hole,
"eology, the Poles & Meteorites

- ® Fauna & Flora EiiE4

® Snap shots of our destinations EFEETE



AlIRVaiEiioNanding;. All water, landing; Air /Air with landingpAI/SEa WIS
[endingr Al Lland ( Currently 461 registered ships from 14:t673,000 passengers)
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@urchoice — he'M S FRAM

SENHERGNEaYtrpiIncludes a 19 day Cruise of up to 3,500 nautical
ERAVINVISIted the Falkland I"Iénds ' T0M60S5-South Georgla),
VERtmeAntarctica Fafine = (South rknEy Elephant IsIand South Shetland Islands)
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Suilt 2008 zjeibibiez 08tk dImE!
ExpIorersRoald Engelbregt Gravning ‘
slrrlveel _Jr' :rw South| Pole on 16% December 1! 4, FRAM in Norweian_langua_g_e_m_e_an_s__,-
SO RVVARID Y aXim UM KGAPACI Y AS L SN ASsEnGErS»OURVoyage had 230,passengers,
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" Structure & Size .
A
SutictinallysAntarctic is land FATCHE IS ocean. Size wise'at 14 million km2, it

J -'.g) timestaraer than mha_-—— il
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ihe Six Extremes 7S\fiis

<~
IHENCERtNERtISIsituated at the southern most part “a

-

T —

Stueunded by the Seuthern Oceans Ak, Antarctical is the most isolated
CONHNENRHEMOHUE RGP UKMNTOMMAELOPIORSOULIFAMERGaFS/500 kM
IomPAUStalialée4;000km from Africa

3. It is ;1; he highest with average height at 2,350 m ( Europe is 300 m, Australia
550 PAsia 950 m). The highest point is at Vinson Massif at 4,897m which is near
thenWeddelll Sea.
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Sliatically Antarctica’is the coldest, driest & windiest placeion Earth
JEMpErature : with lowest wﬁEl:temperature ever recorded was at
=892, C at Vostok and highest summer temperature at -12. 5 € &

eV EIYEN =25 NASATSatelliteTrecord 2010"Was at —C

71!
I

Lowest temperature Lowest temperature
measured of 2013

August 10,2010 July 31,2013
-93.2°C L : 93°C

: Previous record
NS A low temperature
b July 21,1983
5 5 89.2°C

South Pole Annual Temperature

=
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The temperature is so low because the Angle of the sun is very low

( highest only at 23.5 degrees ) and the sun’s Albedo ZH&% is as
much as 80-84% because 98% of the continent is covered by ice with
average thickness of more than 2,000 meters & in winter the sea ice can
double the size of the continent itself




IHENENSIStEnt Iow temperature in Antarctica Is also due to the e Sijerjr"
CHERGITCUMPOIaN Votex™ TRy ;,3; whichiis'a strongWWesteryacirculation o

WIRGSHIRERaNarge scale cyclone that b gls-.up during| the' winter months in the
IPPEMaVERGf the atmosphere over A CH Jihey: cut offithe central—— ————
Aritziretic Weeites iroml e egtaiiusoricie ,..J._Jlﬂs temperatiretoralliand
Sty Al oW talS50 adds to) the breakdown of the Ozone Layer by trapping clouds
el IEURROIaRSTatospheric Clouds™ that cause ozone depletion by chlorine

cor 'cainin gicompounds such as CFCs (Chlorofluorocarbons) . These clouds are
czlllae) J\J,.jc"ragm /Ek'ﬁ' as they look like nacre of shells or mother-of-pearl

-

Southern Hemisphere Upper Atmosphere

Total Column Ozona (DU)
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o 5 8 823838 323 FEBEELESEIBEE

100mb Wind Spead (m./sec)
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e Antalmm)lar Current (ACC) marmtzyn = Also knowniasithe West
WinelvEiRscfiermed around 30 My it is the largest & strongest windidiVen curr_e_qb—.
OIINEAT -»mgving huge volume ofswaterWhichis 600 timesith #the Amazon. Driven
YAtHERWESterly, it flows clockwise fromwest to east around Antarctica between 47-
BUISIsKeeping the warmpwateraway 8ckeepsithe continent cold:, ACC contains the
eworldfand ortencreates some of the roughest Seas
WhichRaremotorious to sailors particularly at the Drake Passage

colclage deelapige sawatern

“Antarctic Ocean Cizenlation
G
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IHEIOPENING UP. Of the Drake Pac s estimated to
B - - —
AR5 OKITAVIAE LRSS, 8400 r':‘,} the Passa Jl-‘ iesibetween Argentina 8 the Antarctic
PERIRsilarelocated Within'the erlveWir retching between 30'& 0 the
F’eJ't Earven by ‘the earth’s rotation. Asiit is surrounding Antarctica with no obstacles
INIEWNVEEN, AW ﬂ;épeed can easily reach Beaufort Scale 5 to 7 generating 4/5 m high
WEVESISCUPITO) 15 ‘miduring a storm. The sea condition is often worsen by the
r)ressn_.e oft the Antarctic Circumpolar Current (ACC) FEfERys resulting in the

— -s.
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SrosoolEIDrake passage takes 40 hours & Decembenisitieicalmest monthr
tordo'it -

Temperature (° C)

Iwand
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SR Antarctic Converdence or the Antarctic Polar Front EefiEiEs - .
EErserteNegion where colder Antarctic Seas,meetavaniiWaters tortHems
HoHINE tWo waters have marked differences;in salinity, density and
EMpEnatire (2-5"C) & whenmixed createsia highly: preductive areafor

el SR RS9 TGN

1 . Ty |
aotaibi0ledical Boundary between Antarctic & Sub Antarctic life forms
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"q the haces o s Antarctic food web as well
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. i
0N : Almost all precipitation falls as SHOWIHQ 166 mm

‘year, Only 20 mm in the interior. Antarctica is so dry that it is actually

world’s largest desert ( desert classification less than 250 mm ) !

%0 B0 100 120 140 180

Green bands are storm clouds
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Altheuah cipitation IS low, snow. inzzamg'%}Ekg do occur whenRawind -
SPEEUNEDCHES Jalerforce(@boyve 10 m persecond) andicaniyeVery dangerous;
WIILEBUEE K IS an opticai'PMgnqp caused by blizzardlin which uniform
IghReonditions effectively. maken impossible to distinguishishadows;

ENEEIRSIOIAUIE IO ZONMWHICANS aG i azanadous: SHOW CaiiS are " DEING

gragiec) i) maﬁ route and prevent people from getting lost




KINNPEIFIGU ommon. Below:60,S Katabatic wind SFszE, IS even morae
= "

Sevenenkatabatic in' Greek means “gongrdown hill”, It is the technical name for

creligzle/ehy indiwhich carriers hightdensity;airfrom higher elevation downia slope by:
_CJFEJV]'E‘/. Thﬂ** A GCanT I oW e stddenivaewel feVverurricane 1or -eaching 300
ITINPE!S h.g lastfor days & weeks which'is Killing. In some areas it scoured the

SHeWRaWay creating Dry Valleys or Antarctic Oasis such as the McMurdo Dry Valley

Warmer air Cold air -
, Tropospheric
~ Snow surtace . .

Katabatic wind ; < r ] 4
retic ]
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Katabatic™ "
Wind

Polynya

S o L :‘ ii-_a-ifabatic
- - s -::' ~ Wind %




Vierempictiresiofithe McMurdoe Deglaciated or dry. glacial valle
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. N
assification wise most of the continent is Ice Cap Climate (EF) JKiEsg &
average temperature never exceed 0 degree Qwhg;%-aﬂﬁé COASta| w_—
areas is classified as Tundra Climate (ET) &[f5%{% with a very short summer
average temperature above freezing. Some scientists now proposed
the An ic Peninsular should be classified as Maritime Polar (EM)

1%

R fE as it is cool & moist due to the extensive ocean influence.

4EM= Polar

4

-~
~

- .
— -4--’-'

Possible New Climatic Classification fpr’Antarctiéa“‘ '-

( E stands for Polar climate with extremely cold winter & summer
Koppen Climate classification system)



Climate Zones of Antarctica,..

South Georgia
Sub-Antarctic islands
5m
+18C
Orcadas 6.9C
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4m .
-4.3C
11C
? °
¢
e 2 o\ °
Rothera - R
Antartic Peninsula STl
5m
-5.3C : x
. 13.6C Y
- o
/ # N '
Byrd
Continental low plateau
1553m
-27.9C
22.3C McMurdo
Continental high
latitude coast
24m
-16.9C

238C

Station Name
Climate zone

Altitude

Average annual temp
Annual temp range

Vostok
Continental high
plateau
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tica has a very volatile climate record. Its average temperature has
' global warming !

Antarctic Temperature Trends

Antarctic Temperature Change
- NCEP R1 Reanalysis (60-90°S) oo Greenhouse Gas Forcing

Greenhouse Gas Forcing (w/m2)
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J,Jnl IGhS 'Quthern Summer is from; Sept to March wh UN IS i
continuously above the horzen & appears to anticlockwise

d]rer_" on. The short summe_F months are critical to' Antarctica wildlife

LONEEHRubrecdinierdertorsunviverdathnve

South Pole (90°S) Sunlight —2013

Day

Arctic Clrgla

Tropic of Cancer

Tropic of Capricom

Arnarctic Cirde

o 03 06 0% 12 15 18 21 24
Hour of the day (local time)
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zling Midnight'Sun in Antarctica
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he bedazzling Midnight Sun'in Antarctica,_ 3
I o : -

e |




he bedazzling Midnight Sun in Antarctica 4
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IepKinGlike.almonds and even space ships they are formed whenkalir;
RISeparate layers combined withjturb ‘
‘ - - -
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LHENEETUhSIselidRinner: core: & liquidiouter core together with its;own r’JJﬂt)rH‘Uhﬁ ke g
clyrizirno erezitisie) @ sifanic) il _Jr]dEJ'" erJ Wrllen) SEIVESIESId PIOLECUVESSHIEIW Y AINSISelar:
wincL AUNGIaraUustalls g_s,lrr—‘r ‘Wher rged particles of proton & electron carried by,
SelaimVindienter the Earth’s Therfhosphere Green color appears when they collided
WILIROXYGENREM ,)_jr,)LJl ccurred when collided with nitrogen & are more rare

¥ . o
e ™ i Thermosphere
e N YA 20K Mesopause
?“:/ oy
Al " Oval 70km
) 2
% i:; 350 km 11"-‘,::43
--i;_;-__"‘ PN | Stratosphere |,,,.&
- ¥ - e Troposphere
ooe 1o vk 00 ) 1000 md

Temperature (C)




g
AUTOIaMSRHENamE for the “Goddess of Dawn”.in Roman mythologysEan'be of curtaif

SHEPEIORaPPEArS as ,JerJr:L Theiorth & the South LightSioectr simultaneously & =
dierel oSt aeEntical mirt

off eaciiether appearing between latitude 65 to 805

HOWHRSIUIE AUTOra OVal Bl




11 Years Solar cycle

Cycle 24 Sunspot Number Prediction (2015/08)
300 T L L] T l T T 1§ L] l L] L] L] L3 I Al L T T I L L] L) T ] L L) T L ' L] T T T

71 e i v A R
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@zone Hole B&jE/EEH

UIEFENVIOIEt rays from the reaks down the €'s oxygen
natrallifinto ozone (03) = lich fiorms allayer some 10-30'km above
IEEETIHEE srface s Bainituraprotecting itfirom the Sun/s live.damaging,..
SliaVielEtradiation (FUV=Br&r UV-C)iwhich can cause skin cancer

Troposphere
(0-10 miles)




ANS0=50% reductioniwasidiscovered aboverthe South pole during the:80s formlng'é'_
HOIEMEIWEEN August & November each year. It is largely due to theien
PZONENEEPIELION substances suchias GECs =Bz (Chlorme L

iESH(R22), freons & halon Lﬁrlgerant & various klnds of foam & spray
prgduvrs whichiwere bandediin i 1987: by the Montreal Agreement but expect recovery
te) rpja 1Le _)j_nﬂc“- VA D)

A

Ozone Depletion Process

UU Radiation
CFC

- CFCs released 4 - Cl destroys ozone

2 - CFCs rise into ozone layer 5 - Depleted ozone -> more UY
3 - UV releases Cl from CFCs 6 -More UV -> more skin cancer
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@zoneldepletion overAntarctica can causeraicooling of around 6 Cin
SiatOSphEere. The cooling has the effect of intensifying the wester
Sroindin the Antarctica PolarVontex by 15% thus t'the outﬂow 0
UHENCeldRair near the South Pm@sult_apart from the Antarctlc Peninsula there
sSWervAittle change in temperature & snowfall for the last 30/years
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eEpIegIcally; 250 Ma the continent was part of Gondwana whichawashitself:

rOURERI00 Ma by plate tectonicietAntarctica as We knew. today wWas
formedaround 35iMa. The continent: is actually:still drifting at about 10:mm

W) B SR

IETAVECTAOWATG SNVESK

. &

~a R 140 million years ago 110 million years ago

LEISONLherIportion ofitheiSuper Continent Pangaeassitifinally brokelaway



¥ Fdent of Iysoosawrnsfossils
| ¥ Baat of Glossoprensfossils

= | [ Ice cap 300 million years ago
== B




EvVidence offglaciation — moraines, striation, drop: Stenes
SR -
South America

Africa




nhe Antarctic Platelsiartectonic plate containing the Antarctic continent: &extending™ :
PUVErERINAerRthe surrounding oceans. At 60.6 million sg. kilometer, it
BUNIUESTpIate W ich.is bounded algosﬁc entirely by mid systems. The
PILENSIESHIMated to/be moving one e perRyear: towards the Atlantic Ocean

M\ African Somali
South American o \ Plate PlateI

Plate AN > A A
AL o, -
Sandwich  20ATEN \\\w\.\.--\.\ g
<\ % g :
\g !
47
Puna-Sierras- a A )‘
Pampeanas

=
oo | fren
/‘ {Shetland
| z ()Plato
- e

Australian
Plate




sE\\/est Antarctice
Caolgejiez]]lf el resgr_r.@es the Andes The Antarctic Peninsulai
Pl se metamorphism: of seab; ent durlng the Z0ic & early.
MIESOZOIC: Tihis uplift was accompanied withiigneous intrusion & volcanism. The
MosHeommonocksiarelandesite gzl 8urhyolite s7i4= formediduring  the
Jurassic ‘

[=0lS r\nr* ctlca

Is g _J—'J]Js ca y very old dating from the Precambrian with some rocks older than
3 e ln Vears. It is composed of a metamorphic & igneous platform or *Craton
7 . . j:m_ B which is the basis of the continental shield #J&. On top of this granitic
,j:—::,g lsseé are‘modern rocks such as sandstone, limestone, shale & coal laid down

= _durlng the Devonian to Jurassic to form the Transantarctic Mountain

\:
_—
_ oz_,.-

= Transantarctic Mountains (TAM)
Formed 65 Ma during the opening of the West Antarctic Rift. Consist of sedimentary
layers lying upon a basement of granites & gneisses and intruded by dikes and sills

—

( * A craton sgfi1zH/[%E = is an old & stable part of the continental lithosphere having
survived cycles of merging & rifting )



ANLEICEUEOCK ;" Garnetianeiss /5

700C. Active tector IoVEmENts subsequently exposed them on
thENEaTHh’S surface and subject tojintense weathering

OENELON

p— —
-

il

-

“(: k:ay Club Climate Change Museum CUHK Shatin)




Nihe West AntarciciRifit System PHpgfxsla & lying between West: & East

Afanctica it was Eormed 90 Ma (Cretaceous) & is still very active mo
HOME East Antarctic cratonron.a NNE direction at#2 (" approx
ir)e d]rer" of South Georgia )%‘ responsible fior aII the recent volcanic
deUVIESIWIthin Antarctica.

\ l.' 8 80 S
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' 3 : :‘ b X
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- & Mount
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“Wolcanic activities

PRNAROHENIEhERE Were as,many as 70 volcanos but now,enlysS6HEtand they
arelocatedimainly along Eﬁ@%twith many. being subglacial. Only a few
paverecently exploded. Famou OnEes, include M. Erebus (8,794m), Mt. Melbourne,

Mt Tarror & e, Berlin), Seisiile Jf"_JWI“/ IRNthElcontinen I rare 8aweakawithiMt.
MEILOUE

ot %a} /Ahtafctlc VOlcanoes with known activity
: ‘E since the Last Glacial Maximum I8

ANTARCTICA

Wes—E

?"" Mr Steere. Hoyal Sociely
Range

Mt h./(:/rsﬂj.\'\nm(h(w i ¢ I," Nort

rebus

Mount
Rittman

Mount
~ Melbournes’
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SENVIEREDUS & located on Ross Island is the world’s most southerly: activVEWolcanoi&
LHENERGESEINFANTArctica. At 3, 794.m it last*ertiptedinR200EJECHNG arge quantlgo!
Voleanicibombs from itslava IakeE ~||n |fs-s-ummit crater. Having the bottom half being a

ShieldVolcano and| the top halfarstratocone, it is classified as a polygenetic

SUE OV CanOIN O LENHEIIOWET Ol CE ST 2 TOrmEd Y Steam  EMERGES

‘v

EREBUS PLUME
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B
ake at. Mount Erebus is one ofi only four foqugrﬁﬂ"T I —

EXPLOSIVE
DEGASSING

NOTTO SCALE % SN PASSIVE
S DEGASSING
- "

e
. :ﬁ'

INTERMITTENT
BASANITE INPUT CONVECTION _i 23 r
+
CRYSTALLISATIUN

EXPLOSIVE SLUGS

FLUXING

DVDP - LIKE
. BASANITE EVOLVING TO
TEPHRIPHONOLITE
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Geological Milestone & fossils

- - A
SOViaiCambrian SEEZe We ctica located init

EANtarctica atithe equato — -
SAIGHVIE! Jewnun JER= 2 MOTEISOULIEHR YA OCatOR AN A MUCH COvIE!

299 M) Felinn an _ééa dominated by seed plants like GIossopterls %i@
Whichiater became coal

250 )z e _0|c dinosaurs lived

PSRN0 e Vast forest cover largely ferns & conifers
J ):3 ﬁfﬂ *pll‘t_ Wlth Australia & New Zealand SRR
7 ﬁn]oyed semi tropical climate while continuously ,"' o
f:’r drifting south il
_-‘-i_—f 60 Ma Antarctica developed a cool temperate climate
- ‘59 Ma Transantarctic Mountain formed by uplift

35 Ma whole continent covered with ice

23 Ma Drake Passage opened

12 Ma seals all over

2-5 Ma Ice sheets advanced & melted many times

rth' hemisphere.
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clsAINIESS I 3 |nated 0) synap5|d e.qg. KFEEL Lystyrosaur
PULIPATTCA) evidence of the Continents anﬂhEo

X Gondwana Studios
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JUIESSIC s Cryo/ophosaurus ellioti (“frozen crest reptile”) 7K pEie
AR

GalIVOTOUSIGINeSaURWRICH Was unigue to Antarctica, lengtn.Z mpweIgn 460 Kilograni
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&= = South Pole of Inaccessibility |
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“e 5. Ceremonial South Pole

® 6. The Pole of Cold



r K s
PUtH Geographlca| Pole EfxEL or Terrestrial South Pole : isione o

UERpeIhtsiwWhere the Earth’s axis of rotation mtersectgt_s%.e%mh s At cm—

POISTONV:EThe marker needs tolberadjusted each year astitisiocated on a glacier
wmcn__n moving| 10 km per year towards 43 W. It is'also the site of. USA’s
AMINNEEER=SCottRSOUtNIRoIE StationWhichS 0N tep,0fi2, 885 m ofisnon - —

pRarent wandering ¢f the geographic S
last 65 million years.

GEOGR APHIC
SOUTH % 4 POLE

ROALD AMUNDSEN "h /§<nm=m' F scorr B

VWepener proposad that the poles remained fored and
that the continents moved over line



el

SeuthiMagnetic Pole Fatfiseis where the magneticield lines are oriented

V-—‘r,.l ally: & come out of the surface 2 of the Earth. It is constantly shifting due to
GHENGESInthereanthismagneticifieldAt2015 it is|ocated ati64:285:136.50E. -l
gpproximately 1,800 miles from the'Geographical South Pole

Magnetic
north
| Geogmphical

|
| Magnetic
b
‘J SOUth Direct observation from nearby. \
|
{ |E| Estimates from remote observations.
Geographical

south

SOUTH POLE



http://en.wikipedia.org/wiki/File:Magnetic_South_Pole_locations.png

PR RSolbh Geomagnetic Pole Eafiiziitiax = At 78 30’S & 111E itisioneofth
LWORpoINtS of intersection ofithe surface of the Earthisiextended! axis of a

agnetic dipole &tz Whichisiassumed tobe located at the center
Ot Earthi 8 approximates the source of the Earthisimagnetic field

N —

S

s ~
Geographic /
eoﬁ Magnetic
Sou le Soﬁh
Pole




. b~ -
SRRSO ULh Pole of Tnaccessibility EEHifsx : is the furthest point fro
ALareuCTcoast. At 3,748im:high. it is located at:88
By0Kim from the geographi

in 19— - =t -

Ardortad Civide T : -
s —
_——

- ,emonial South Pole &% g4k : it is located near the Amundsen — Scott

~";’

~—— ~  South Pole Station



http://traverse.npolar.no/historical-traverses/images/pole-of-inaccessibility-1/image_view_fullscreen

S ERGPRI EN0INE0ld A1k & is the place in the south hemisphere wheresthe IoWest s
IRLETTPEratlire have been recordedsltis currently locatearatitnesRussian Antarctic
SStation Vostok BoFuE at 78.28' S &106.48'E which recorded - 89.2C€ on July: 215t
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Vostok Station, Antarctica
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Annual precipitation total: 0.2
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VIEteorites are most valuable for the study of the origin and stiticture: of:
LHERIRIVETSEUP 01 68:4%,0f all meteorites collested I@WS,OOO pices
WEresfiom Antarctica with thedapanese National Instittte of Polar

reseanch (INIPRIhaving the largest collection tetaling) 16,000; pieces

' ' I 1 —— o
Where Are

Meteorites
Found?

Antarctica
68.4%

Oman 6.8 %

North America 4.0%

~— World everywhere else 6.0 %
=== N =45458

Data from the Meteoritical Bulletin Database, April 6, 2013




Project AMLAMP &ANSMET,
IVeteorite collecting,in Antarcticais aimajersep

ANSMET

The Antarctic Search for Matootites

<

ANTARCTIC 3 xm— ‘o 2 ‘ ‘
METEORITE LOCATION AND e b ta bk
MAFPPING PROJECT

#¥ Smithsonian Institution










S BEesaiihe ancient

EJSEJCdeJV‘

950~ B accordmg to Polynesian legend an |ceberg dlscovered after a
o 3,;) _Jn-the sea near Rarotonga, northeast of New Zealand suggested the
|sténce of Antarctica. Maori legend believed that Ui-te-Rangiora actually
'-—‘-‘ =VISJted the South Ocean In the 7th Century
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“— - - . P
ihecontinent was originally to be named ™" Terra Australis Incomng_put
LHISIEMENWAS taken away by, the present.day,Au ' ST Rame ’
Afarcticarcomes from; ~Anti dieswith arktos referring to the Great

BEdRPeinter Star at the North Pole:

-

V72275 Gaptain James Cook’s HMS Resolution & HMS Adventure crossed
hENANILErCic circle S3itimes & came within 121 km of Antarctica

e 1820 : Adventurer Edward Bransfield led a British expedition & discovered
Trinity Peninsula. It was the first official record of discovery of the Antarctic
mainland




rest Henry Shackleton led the first winter scientific expedition to

—

& Balleny Cap Adare
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IOIH: British explorer Captain Robert Falcon Scott lost the ¢o jon to

I\Jerpu gigiexplorer Roald.Amundsen who, arnv_gda%
REIENOnI4 December some §_§arller Sadly. S'5 men team

atedlost their lives on the return thip.

Legenddres Rennen
zum Siidpol 1911
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dhEthree fresh emperor penguin eggs collected by Captain mﬁcﬂa’s last
EXPEUIOnNeMAntarctica. It was hoped that the embrye,insi id confiria
IkERVEEn reptiles and birdsEi@ne specimen IS now' bemng exhibited in
IondonsiNatural History Museum:
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“TOTHE ENDS OF THE EARTH




1914 -16%ewy Shackleton’s'leditherBritish Imperial Trans
AtenciicExpedition to cross Antarctica. His ship Enduranc‘egvag‘Sﬁnk by ..
PEGRIGE S IS team of 27 Wereltrapped by for 500%dayste never arrived
auersouth Pole but became a legend for displaying brilliant leadership
IHGERextremelyiadverseiconaitionselisitipsawereknown tobe the most
SsEESSIUlNallUre™ & new being Usedifor great leadership training case

jELiels
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IMPERIAL TRANSANTARCTIC
EXPEDITION 1914 - 1917

&



g May 20, 1916:

Arrive Stromness
whaling station

7 Apr 24 - May 10,
1916: Depart
Grytviken whaling station

6 Apr 9, 1916: .
Launch boats &3
for Elephant Island |§

pack ice

1 Dec 5, 1914:
Depart
Grytviken

whaling station

z Dec 7, 1914:
Entered pack ice

4 Oct 27, 1915
Endurance

crushed, ship
abandoned
500 miles
- P —
.

\.’

Jan 18, 1915:
Endurance trapped

ANTARCTICA
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lGISEEkshelp Shackleton & his 3 men team managed to arfi)

5 ]NJ Station in Souﬂﬁ'GeE%fg battling a stormy'sea | .
lmbmg over the snow covered mountains. FHe then returned on a

Chilean '.tug“rra]; toipickauphisistrandedicien s EVEny one sunvives

; md* set masomble;

:expemuons. Ouaslomlly lndutglng
-mm ‘even !'f;:rﬁln& ﬂw'n being

Shackleton’s Way

@ Leadership Lossens
Grant Antarotic Caphirer
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Resources & Territorial Claim

olzitis)
r"o,JJ 2lfSigs

Key

- Silver
- Gold
o - Cobalt
Cu - copper
Cr - Chromium
Fe - Iron
Mb -
Molybdenum
Mn -
Manganese
Ni - Nickel
Pb - Lead
Ti - Titanium
U - Uranium
Zn - Zinc




%

% -
Aitercticarisidefined politically as land south of 60 southuHEWEVEr the
chuiie continent of Antarcticashas no official politicalibetindary althougr
ey, naﬂonsfdliii‘lmmsh include Argentina, Australia, Chile, France
NEWMZealandisathelUnited KingdomnUSA8ERUSSIa diSagreed

- -

Territorial
claims

— —_— e —
- —-
g — ——
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US Navy set up the Amundsen Scott South Pole statio

first?group of people who!igent winter in't h

P

seophysicals (IGY)~ more scientific.

/ 4 : 7‘1 » N b , ‘,',‘..' , 1; X B ]
INTERNATIONAL |
GEOPHYSICAL hrn Ol .
ol <

° 1959 : Antarctica Treaty signed by 12 nations & in force in 1961 calling for

Antarctica to be used for peaceful purpose only. China signed in 1983. Now
have 50 members with 28 having the right to vote in the annual Antarctic
Treaty Consultative Meeting (ATCM). The protocol will be open for review
after 50 years in 2048
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eaty signed by 12 nations & in force inpS61callingior
Or peacerilg gﬂﬁ@ﬂ@w gned in 1983. Now

ng the right to vote inithe annual Antarctic.
senSUI tetiVENVIEEURGNAT GV ) r fle pmrowl WIllBOEIOPENNOIAEVIEW
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IOPHAP] tocol on environmental protection to the Treaty des
Aflerclicatasiaaturalireserve

~ -

...'

WODERRecommendation XVIII=l adopted at the Antarcticilireaty Meeting

iYoo) coverinie) | _ »

= - Protect Antarctic Wildlife
. - Respect Protected Areas

~ - Respect Scientific Research

— - Be Safe

- Keep Antarctica Pristine

'SQBG7~19 - International Polar Year (IPY) carried out many research initiatives

J—
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difiererare now: 100 scientific stations operated by*3i countries with

Scientific Stations

—

st

ArejSniii having the most at 13; USA the biggest & China just increased to

HOITA(EEY OB 5) M=l O8O E 722000 =101y -at-aibudgetoflUSE55m
[EUIGEHING 2 Project to dr|II 2.5 km mto Antarctlca S highest ice dome

G

e
A 80

=
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o AMUNGSENESEOLE.

Eplacing the Id geodesic dome built in

.Uon(USA)

a brand new one open in 2008,"'
75 -
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SOUTH %, 4  POLE
A

L. /
ROALD AMUNDSEN k )‘.')I‘I:kf F. SCOTT

BECEMBER 14, 190 IANUARY 17, 112
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weer by te plist o wadet very diflerem
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Zistations operated by the Polar Rese_ailrcll_I:n'stitute Of CRIRE
atedito the ChineserAreue & Antarctic Administration (CAA)

China in the Antarctic

Research stations

Great Wall
Est. 198540
Capacity: 80 people:
Taishan
Main building
to be completed

2014 '..\__ =r/
E\.

+
South Pole

Kunlt'm
Est. 2009

ROSS ICE Alt: 4,087 m §
SHELF ‘

Surce: S! mf'a



L, Greglt

shan Station open 1989 focus on marine, glaciology, atmospheric
| »és:& J:)ase for inland expeditions. Also permanent
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Saknlun Station 2000 is situated at Dome A an area with the lewest

e 5. China is now planning to construct an additional station & as well as an
air port



S ENlonG e : China’s Ukrai ilt iceb '
a HE - raine built icebreaker. Will be joi
anie i 20108 il
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iliierhational /AssociationiofiAntarctica liour Operators
‘ PR A 2 S T > [

Trie ru IBErF O tourist have increased from 6,000 in 1990 to over 36,702

i) 200 4/ IISilraditional tourist US, Australia, Germany & UK. Chinese tourist
alBRENas tripled since 2011 to 4,123, The increase is adding heavy

- pr sSure o the environment & led to the formation of IAATO

— ' !’ -

= Growth of Tourism

',z_‘

_—
—

—_—

Tourist visits to Antartica

mAustralia mUK mChina 7,000

£9000 2 Swabormm with Lambenp
8 Seaborne w0 Landing
Al + Crime milh Landegs
WAL N Land

‘. 4,667
X

el
X ',37
: I l .l

nr’";s
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I i: SrnationallAsseciation ofiAntarctica Tiour Operators
I NIEO »
rlurrlain) c t ivitiest inrthe subrAntarctic islands have contributed to a large number of:
lnrm_l GUIPRSIO NON-Native species both intentionally (rabbits & reindeer for food) and
tlonaIIy (mice, rats, worms & grasses). Approximately 200 non-native species

ExIsiEdrontherislandsicausing alterations to the ecosystems through extinction &
cleer: sed abundance of native species

—

Non-Native Species in the Sub-Antarctic What types of non-native SpeCieS have

already arrived in Antarctica?
Vascular Plants

Invertebrates i + seeds
Fungi ‘

Mammals X / grasses
Birds : algae

Fish AR
Algas fruit flies

Microorganisms " worms
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w
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spiders
midges
microorganisms

Species Category
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ERNHENAYNIOWaS established INSY IR0 adVecate, pPromoLe 8 practice
St SReENVITonmental responsible pr 2ctor travel torAntarctica.
yotelimemberover 100

-

-
L

PNONE Ship one site at one time

-~

— e

= Antarctica

—

J S':Wifh capacity over 500 passengers can only cruise around

= -
B See— . —
~ ® Wessels carrying 200 to 500 passengers can land at certain sites only

I

® \essel carrying less than 200 passengers can land at more sites

o Maximum 100 passengers for every landing




NONIErng. No alien plant & animal. No foed. Do not take anything away.
NEEPISHTIRaWayA TN ocalMWildlENDeMO L SIEPFOR VEgEtation. Dernet damage
ISLENIGAINENC

Guidance for Visitors to the Antarctic

Protect Antarctic Wildlife

Respect Protected Areas

N e ——
GUIDANCE FOR
VISITORS TO THE ANTARCTIC

Respect Scientific Research

Be Safe

Keep Antarctica Pristine
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run‘-*u aSHtISTaMMRerganic solid formed naturally

Jef‘ 'chemlcal comp05|t|on and crystal structure

Space Ice/Atmospheric Ice/Land Ice/Sea Ice



- —— Land Ice [z=k

'érate/PoIar Glacier : A Tlemperate glacier is at the melting point

pUgheUt the year from its surface to its base. Iceland glaciers are
Emperate glaciers gt /K/I[. A Polar Glacier fixrzK/1] is always below

Figure 4a Figure 4b

Warm based (temperate) glacier Cold based (polar) glacier
Surface of glacier Surface of glacier

Increasing | Increasing
depth i

|

-30-20-10 O -30-20-10 0 10
"C C

Temperature S Summer surface temperature
Pressure melting point W Winter surface temperature



Glacial Ice

EleCiINCENS Tormed aboversealevel Where the'snewWprecpitation s nigh

SOGENTIEAN annual temperature fallsitorbelow 0:degrees €. The snow
BVERLallyAtransiorm Inte.Ice by Compression

- s TN
o —
e —

—— & Granular snow %1% : 50% air

—

o Firn H/K/[EFE : 20-30% air

e Glacial ice JKJI|Z : >20% air

20% air as’
bubbles
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. Antarctica Ice Sheet FEmARE = —

Q’ -y
v-vmfhe oldest ice core is dated at 100 Ma.

IEREVE auEthicknessiofitherAntarncticaice Sheet s 1,880 mi8uthe thickes
el SIa 750 Mk ISt represents 70% off the earth’s fresh water. If all'this
IGENGATIElted the sea level will rise by 65-70 m !

—

IBLANeIRATItarctica is covered

—
o T -

oo dis Cross section through the continent from A to B

West Antarctica East Antarctica

Transantarctic
Mountaing

fonne
Ice Shelr
East Antarctica

A.

ice Sheet Ice Sheet

Ross Ice Shelf

West Antarctica

Ross
Ice Shelt

Height above sea level

0 1000 2000 3000 4000 5000

Distance (km)



i Antarctica Ice Sheet t is land based, the
rrzEirine y:msd e eet on the continent is so, thi
PUSHINGNLIAOWN |

East Antarctic lce Sheet

-
g



Glaciers k1| -

A

ANGIEGERSIdefined as an area of ice in which the ice itself is moyifg: man ...

L

dredpeigdceumulation to an area dfless (@blation). In Antarctica  the weight of

LENGENShEET itself is.pressing the ice > 0 move outward at 10.to.30.m PEr year
forssisic) :JLWIALJ WRIchURRlthEMWayARtopieseanAntarncticaglasiensta
orl _JJJ‘ IFLEGRSOmE’ S5 MY, Famous ones ‘include Pine Island Beandmore,
IEEnNIalor Byrd & Axel Heiberg. At 563 km long, 100 km wide & 2,500 m

Erici, LJr r-3 -Glacuer IS the largest glacier in the world




stidyaindicate warming water is washing up against largeswathsiefithe
LENGEETSHEE accelerating the,meltingrofi glaciers: Pe?m reportall’6
WESIARLANCEIC glaciers located at the Amundsen Sea namely Pine Island,
IWVEILESAlIaVRES AROPE  STithiseKehierane melting much fasterthan
PIEVIBIISIVAPIECICIEM 3 as passed  the " point of-no return™. It'1s estimated that
eUEIen Ao this century the global sea level will rise by 26 to 82 cm & within
ir)e rl.e;g§'3 101,000 years just the melting of these glaciers will cause the sea
BYERioise 1.2.m !

|

www.AntarcticGlaciers.org

£

PR
“ 1/ \ Amundsen Sea

Pine Island Glacier

icebergs Floating ice shelf

C*  Embayment e

Thurston Island o -
Pine Island Bay /,‘L-W'L
Thwaites Ice Tongue | <

\ Melting ‘.'-. Thinning

&
3

S
T Aq

AMUNDSEN SEA

Cape Dart
500 Kilometers

708

% and recession

1.Early 1970s. Pine Island Glacier is grounded at a bedrock ridge.

2.Warm, inflowing Circumpolar Deep Water melts the base of the glacier. The glacier steepens and
accelerates.

3.Present day, observed by a remotely operated vehicle (ROV).Glacier is thinning and receding.

— Warm Circumpolar Deep Water is penetrating beneath Pine Island Glacier’s ice shelf
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SRN@iwddaglaciers located in the Antarctica peninsula 87% haveretieated
QVERGHE Past 50 years =

= a—

A——"
w—

RETREAT 64°W —_— B . ADVANCE
S6°w 56°
100 0 100 200 Fooy o2°s e 62°

km
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= Melting of glaciers Wil also affect the @cean Conveyor Belt(
irElfivhalineciiculation. ) by produce a layer ofi fieshawatertnat ot
BVeUIdiSiow or prevent normalisaline mixing, weakening the circulation

5 2Ven shutting)it:down leading|to drastic global climatic changes

——
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(BIEVEASSES /Kk%g [/KPs : A crevasse is a deep crack in an ice ShEetor glacier
fOIEaIBYISheer stress:lt.can be spraying, longitudinalsmarginallor s
eVerse depending on the speedrofithe ice flow. Seme canireach 50-100 m
WEERBLoTten cover by a thin layerofisnow. bridge makingjthem;lethal

rlzizzrels . ——

Ice slowing down | Steady ice flow | Ice accelerating

Compressive tlow with  Compressive flow |
sideways extensions  with shear at sides | Shear at valley '"Extending flow

walls

e | |
Jeumm S A

t/// ."'t‘ X
.ﬂ'/
- Marginal crevasses | Transverse

Splaying Longitudinal| Elod dbaaiion | crevasses

crevasses l crevasses _
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MOIGINESY/KT4a - a moraine is any glacially formed ac
IfGensoelidated glacier debrlsxﬁon & rock ) tha SHnTCUrrently
gleeiated or formerly gIaaated‘i*egm’ns through geomorphologlcal
PrOGESSESH Liateral moraine, medialimoeraine, ground moraing, ice cored

rrloralineEeiy

Medial moraines

p— e <

\. Laferol ==
% Mmoraine ——

_‘Lorcrol moraines |\ 7 “Lateral
4 Join to, form- , moraine |
f 8 medis! moraine



o0 Sastilldl 25 KR s sharp & hard' irregular groves or ridgesifor, -
SHeWASUiace by wind erosion, saltation of snow! particles & deposi
iEGESICan be as high as 1.8'm &wen d_iffMto Cr




SR GelCore Study K2 : Ice core are cylinders of ice drilled outiefian ice
SHEEHOIRGIaGIER ICe core contain a lot ofi information alg.o‘utt e past climate
senditions particularly throughitheranalysis of the CO2 & methane (CH4) Bz

gontained in the smalllair bubbles as welllas studying the historical temperature

pEUEINOYATIEASURREHENElatiVEaTOUNRROROIRGIEONHthepVater -

a

Mauma Loa stsmcspheric
Law Dome

Siple

EMCA DML

South Pole

¥ W L R B LS _”Q/

1400 1600
Dare (Year AD)

Year AD



TEMPERATURE: 425,000 YEARS

Vostok Ice Core- Antarctica

o o net®

3

A0 =
450000 400000 -350000 300000 -250000 -200000 -150000 -100000 S0000 o
Time (yrs)

Vostok Ice Cores 50,000 - 2,500 years ago

Temperature

50,000 40,000 30,000 20,000 10,000



| Subglacial llakes K - -
neyaareNormed by .geothermal heating plus thw STTect & —

ENORNEUS pressure exerted® e overlying ice

hEneane 400 known subglacial lakes in Antarctica most are between
55 KJ‘H-'” SRgtreSmany aretinked A4, 000 m below thetice 5001
I9EI OIS ea level, |'ake Vostok (Lake East 57574 ) is the largest

S _JL}f‘ Jakes actually serve as very effective lubricant for the ice sheet

o)f) o) ;‘~move forward

0° W K
SUBGLACIAL LAKES | S
IN ANTARCTICA |- RS

Lak

WEST +'2 'y, QUEEN
ANTARCTICA x w2 3% AUD LAND,

.". .
. A T
.. ~

g EAST *
ANTARCTICA

: 3
%. aka Voutuk

.."-;’

.*«,.%

.
\\ll XES LAND
- -




SNTHeNater at Lake Vostok has probably been isolated for 15 25
WinEGaNProVIdera Iotiofipalacoclimaticiiecord toscien first
GhlliRGAVas completed in ZOIQMR-USSBHS down to: 3,786 m. A special

tyos of nlee ter-dﬁllin IS Used torprevent contamination: ©ver 3,500 life

forens Were eiseeyeiciel n)aiiolloefis

\ Cored i

22 Mileg

: y * - e 3 Nz -
i A. ] B
flow of glacier Vostok drill L)
= borehole

- meteoric ice type | accretion ic s
= type Il accretion ic =

———
— _' D
T
<= - - L AL LT

southern main
lake basin

salt or brine
sediments 10 km

mbaymen
sbsyment geothermal

activity

S00

M
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Ice Shelf K/ k2
ISHSHiPEtENGENont only found in Antarctica, Greenland & Canadamice s'hzlf CON wi—
exuenaromiland from 100 to 1,000 kmieut at sea. In Anta?Etica‘,'Eé' shelves are
AltaCheart0145% of the coastline totaling 1.5 million km2. At 500,000 km2 which is the
Sizelolis anGCERtNe ROSSIIGEISHE!fiSithe langestintheworld being fedi by 30iglaciers. Its
vertiez) fElee s

wwwAntarcticGlaciers.org
Simplified schematic figure of a grounding line

ice thinning at margins

> i
Suszbargat Ross
jee Sheit  Sea

Cook ice Shell
//

1,000 KILOMETEy
3]

e



PUeto globaliwanming;the Llarsen A Ice Shelffalready collapsed in; 1995, Formed-"
10,000 /E8 ago the Larsen B Ice Shelf is fast reducing in size from

IOESRONGIE00 kM2 N 2002:and now.: only 1,600 km ' iZeror:
EOREeRN It Will probably dlsap'pm;o M S also cracking up

o Larscn A lce Sheﬁ
Collapse Event)
January 1995 \

X \

Wilkins Ice Shelf
Break up

observed by *
Envisat since

February 2008 - \
70" s \ ;

/. Larsen B Ice Shelf
“ ¢ Break up
observed by Envisat
E in March 2002

.
(Bl

31 JAN 2002 17 FEB 2002 MAR 2002 7 MAR 2002
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JIce Canvingudulce Fall

ASKEIAbUbIESIrappediin the glacier are being compressed, internalicamving will begin
Witheudibands which sounds!i , Ultimately thefrontiortheic

he'ice shelfi breaks
PiienCerthere is no bedrock suppo spectacular ice fall'called! ™ ice or glacier
- 4L - W = - - . A - - -
calvinge@arving can create miniklistinami which is;still dangerous to life ashore

VIR VLAY
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Icebergs kil :
— —

- - —.
IhEYAreNiormed when the glacier reaches therocean and pieces of: it eventually: broke
cWayasaioating i epen water: Sinceltisimade of fresh waterwith Jower density than
SEENNVALEING:O1 66 KA/ IVErSUS 1), 0N IROIRILIS aboverthersearsuriace: [Cebergs can

aSURIONERS BEfore melting & canibe of very different shape & size. Small ones are
selledMEIButing Ice. Those displaying beautiful blue color are million years old as they
zre o) o ‘"baCt that they can absorb most of the light

glacier surface

<
clean ice ocean surface

iceberg
ice flow

sand and gravci

_end morame
ndge




Shape

W

Sketch

[ceberg classification by  shapeidusizer

Large Medium Small Growler

Tabular

=\
- \

Blocky

o e

F W

Wedged

Dome

Size Cawgory
Grovder

Height
Less than 1 metre (3 3n) Less than 5 metres (16 )

Length

Pinnacle

Bergy Bit 1-5 metres (3. 3—16 R) 5-15 metres (16-49 /)

Smal 5-15 metres (16-498) | 15-60 metres (49-200 )
Medium 15-45 metres (49-148 &) 60—120 metres (200390 ft) |
Large :45;75 metres (148-246 a): 120-200 metres (390-660 )

Over 75 metres (246 ft)

Over 200 metres (660 ft)



Color of'Iceberg

ICEETYNLSENINEIColorless. Some appeared white because 859 | SIE
[EIEGLEUNYAthe Ice crystals acting irror. Old compact W|th little air
dPPEAISIIUE because the ice is so compact that aII the colors have been absoerbed except
BINERhIGhNIEs theshortestavavelengthnSonie sebergsican beitintes PINKSALEG, OlaNgE;
IEENMNVE!IOWISrgray dUe to thel presence ofisingle celled Snow' Algae. Dark bands in
SEENGNEPIESET rock deposit or deposit of volcanic ash collected when the ice sheet

oriricls Wil e 'grds the sea




LIgNt penetration In the water column




Atianylone time there'are's00,000 icebergs bigi& small floating inithe So ern Qcean :

HEnyAbEInG shped beautifully by nature — melt tunnels, ripple _b
— - » b

‘




T—
AtUgeENCERErgigrounded & eroded@y&ig,& melt water. When afloat
dNGEDENG even up to the size of a mountain can fl| over suddenly

WHERNSEA




Tabular icebergs =kl

- =
Formed by, breaking up of {@ﬁ@} .

——

Sea level
i Floating ice shelf | Grounded ice sheet

|



‘ -
- . Iceberg B15: -
WEieNargest Tlabular Iceberg formed in ZOOO‘With a surface area off 145000kKmMm2.
ShiapPEUNIRENRUBEN - brokeno the Rossilce Sheetumeasurngr295 kmX 37 Kn
YLt then broken up into

Ross
Ice Shelf
Iceberg B-15



Iceberg B31™

INNBVAZ0 e MEassive city sizeticeberg B31 of 700 km2i8adsy, Ri¥hich is 6 -
LMESHYlanhattan and same size of: S.E_; apL'ore-broke away. from the Pine Island Glacier
SSIEWNIOating towarnds the Southern @cean;southward:

S i gt

Sl

Pine Island
Glacler

_ - ——a

WEST ANTARCTICA

Amundaen
Sea
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Sea Ice 5’@)7J<

Figure D:

: greater than 30 cm o Furst-year ice

oA ’." o
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'\,),)rur,m WiseiSea lce can be inimany different forms dep‘em;ling_'v-ery muche
nthEIsealcondition — Pancake Ieesis formed under roligh ocean & Grease Ice
SNeHHEdRUnder calm ocean "

Ice Growth Process

Rough ocean Frazil ice Calm ocean
(Congelation growth)

(Pancake cycle) / \
Grease ice

Pancake ice }
l Nilas
|
Rafting

Cementing and " I‘ o
consolidation ongelation ice

~—~.

Sheet ice

Smooth-bottomed: Grease ice pathway
Rough-bottomed: Pancake ice pathway

Rafting or ridging

When ice form in sea water, salt accumulates into brine & is expelled back into
the sea making it denser. The ice floats on it thus creating a barrier between
the ocean and the atmosphere which prevents heat exchange & keeps it cool



Seallce unm%iﬁcant yearly. cycling in surface extend. In winter
ARLArCLC Sea ice has a coverage up 5 million square miles. When'Sea Ice
mellEUNRRtherSummer, it can reduce the size of An_ggrctica,hyfup to 50%.
SEaMEENS extremely importantforthie Antarctic Ecosysteém as it provides :

el —

N HEEbIlat e sealsrrpenguins

; 5h.aj, {in.g the phytoplankton (Diatoms) & krill population from predators

5. Keep the coastal temperature cool as it reflects up to 80% of the sun’s
o yi-"compared to only 2% by unfrozen sea surface
e =

Winter sea e

(modern)




I

.—"- i
g

Relationship between: Sea Ice & pﬁ'{/toplankton

Magnification into brine channels

Sea |ce

nutrients

i bactera g ‘ worms

oo d : unicellular algae and diatom chains 9 crustaceans



SHORAOLCERSEURNGErous torship;
JelIsiandineeded to be rescu

-
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Sea Ice
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Sea Ice
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IRthedast 50 years temperature has risen by 2.5 C. As a result the Antarcticilce Ma§_s_
OnIthecontnent is shrinkingpespecially. in ther west: & fastesthinthe Antarctic
PEnnstlasAntarctic land ice istlosingimore than =100 'km2/year. since 2002. However.
_)-J- CElaround Antarctica is growing & exceeding 20imillion km2 for- the first time in
2014 Ja:'r EHENECHu Bt EISeUthEINOGeanNSTacuual |y AWarming rat 0X7AC per:
WEGaEENE total massiof Antarctic land'ice is at 25-30 million km2)

~ Antarctic Ice Mass _
Average Monthly Antarctic
Sea Ice Extent, June 1979-2014

wo

]
!
:
]
s

1078 1962 19886 1990 1904 1908 2002 2006 00 2
Year

2003 2004 2005 2006 2007
Year

The loss of Ice from West Antarctica between 2009 and 2012 caused a dip in the gravity
field over the region
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Jb ;rgr ctthaticein,Antarctica could melt
[IEIREstimate made by the UnitediNation’s Intergovert htal Panel on
CIJrr gLENChange ( (IPCC) This isidue to two preVIous ignored phenomenon
rizirnily nydrairzieitiflpe] <t cavingmhichiparticularlyiafiectedithe e

AN GUGCARCESHEEL S MOSE OF It IS DEIoW sea IeveI Their revised estimate IS

for gez] d!dL 0 rise by 1 meter at the end of this century & 15 meters by 2500
| a

e

i

= Red'line shows current ice sheet extend
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ANTARCTIC FLORA & FAUNA
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aracterﬁlcs

® Drne | to the Nortt

TS —

Tfevm’Antarc-t-lca*ls Very sparse

L

NORFEES = 0Ny MOSSEs, lIChens & grass
Q-

u
] \-4._

Noraturally: occurred mammals, reptiles or amphibians
U aJJ (0 " ’an‘d

p— —:':'-7“
_J"'

2= :err:estrlal animals are arthropod — 130 species most insects
_'f ~ are parasites

— e —

— e ——
e —— —

o 10 species of birds

® Compared to land animals, Marine animals have more
varieties with some of them huge in quantity
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Mllegele)fe anist Si(bacteria & IS-:M“ CIEAHTONTCTCC ojig)
1 aboverthe subglacial lake Vostok

| V3590 %' 4
o { 3 % o
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Antarctic plantlife -

NERSEIFRe abitableyperma frost (teo)cold 8. toordR)MVErR TEW SPECIES
-

gaverbeen recorded in theslYs o1 the continent WHICHIIS ice free

- " .
- - —

-

JUEYANEIUETSVUISPECIESTOTalgdEs 2 100 SPECIES O M
B007400Ispecies of lichens Hfxk, 27 species of liverwo
SPECIesiof fungl' i & 2 species of grass
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Antarclcialgaeses00) species ofi terrggﬁal-& aquatic algae hayve

IS

——




ARLACHE IiEMﬁOO-%O species divided into 3 main types;— crustose
IchERRVRIchiforms a thin crust on the surface of the substratethey agrow
ichen which havelobe like leaf*and fruticesetichen which have

foliese lichen

e T

?/v";& Scyphus Apothecia

Podetium

fruticose

A. Crustose; B. Foliose; C-E. Fruticose



icose lichen that grows

MAZE IS a frut

=i

[arctica
Jefie]
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EIFANTe
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XAntarchic hair arass Fafe=rs : ( Deschampsia antarctica )

ROt F= A2 it (Co/obanthus guitens/s ) are the on
HEWErRnGIplar ’

d that each year visitors bought with them some 70,000 seeds
ca 3 & some non native plants like Pao annua F#k has already
t—& became a resident plant




.

Antarctic a'm ds
eas, Pk, Midges iupiStmites i Nave
| SUrvivevery cold temperature. ow -30 C.
Vienyareparasites,ofiseals 8ibirdsi At 1.3 cmilong;, a flightless: rrﬂdg# O
calllee Zelglez)ciglizigei/e] ,‘_;.I‘ET:? iy PROLO at Ieft shows a mating pair.

-

I"c SEERGEEMIC & JJSO J)“'“ C -1. anlmal in the continent ! Live one week

‘_‘v

'l.
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S —

MILES (,: laskozetes: antarctucus ) i :gack ones are herbiVeres, the

J.)FLFL C is ( Cryptopygus énta/'ct/cus) a terrestril mveftebrate 1-2 mm
JJﬂe i ‘ d on lichen, algae & fungus Life span 3 years
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Antarctic Marine Life & the Food Web

TompPHyLoplankton &zooplankton torkrill, fishpsquidsyiseabirds, seals,
— PENGUInSs & wWhales

———

e

Bg%% va?tll:lretsoothed Sperm whales
\\ v 7 Wepham seal
\ _~~  Leopard seal \
&
Other seals \ Fish ) N r’““’ "
|

R%&g--—m_m

: iy Other herbivorous
Carnivorous

zooplankton
zooplankton _ 3 W — _ v -

= =} ——
Phytoglankwﬂ /
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Phytoplankion & Zoop‘gkton D)

ONIVASIYsreIrtNe totall global Voelumefiorm the HE r\&”....l o]




DMS = dimethyl sulphide
DMSP = dimethylsulfoniopropionate

atmospheric
DMS




i Jﬁl ) . 1 wl e ) =L I .-,
SGIEnLStSrecently discovered that the Antarctic ocean floor is rich! in life

NEINEINERSHONYESWOISFCIANS [SHIFE Ily arouna nydrmnerrrul




oral, Sea urchins &, Star fish






— .
Medusa’s bell jellyfish & others




' . T
“Abizanresiost World” underithe Ice Shelf

INPOISICIEtists dri ed| through 740 m d@Ros using a RO
GISGOVEREUia hiuge guantity of strang elooking =ﬁsh amphlﬁbds & unknown

SreatiTes Iving in| the dark -2C water. Chemical.energy. rather than sunlic
could p2 susEliglinle) J,chsru SCOUTEFMICTODES O tNETISN to TEea on

) pe——




arctic krill (Fuphausia superba) BEE

Stiallicriistaceans that are dif: [ SO many. e 1to6cm

IENSPEIUP to 5 years consume algae 8¢ plankton forfood. Day time in
“_ - :

GEED; y\ur.-lr‘?hfjr_jw,f]r nignEREARLancticakillasiabiomassiofi 600,000

IIEHISLIeNg WeIghing 500 million tons making it the most abundant anlmal
RRhENWeRd !~




I

Riteleticiigllican be found in water not deeper than 100 m: located so throfthe 50
UEUYIEESHEALLIAEADOUL 5570 Offitsibody s protein. Eachiear around 115 million tens
zre be]ﬁg Baten by seabirds. Another 2()0;000 tons off Krillfis:being harvested by 9
GoURtESHINGINdIng Chinal for fish fieed as welliasimaking krill'oil- whichiis rich in two

HUGERSHIEMEN OMETa=5""ct PHOSPRGIIPIC antioxidant marketed as Astaxanthin

NUTRACEUTEAN
X M

] [P —
Mede In USA i

Pet Krill Antarctic Krill
100% Azantis Pure Antarctic

oll
500mg




e : =—sea & o'l? return to'land for
pidSMaIn

4. Mobility — dive & “fly” in water, Dynamic soaring is very
- ~ energy efficient

5. Breeding ground — must be close to food source



il - = - T . = - e
EENEUIRSH P rtuguese is “Pingug%’m‘ng fat. They are aquatic flightless birds
J]v]ng exclusivelyan the Southerniemisphere probably evolvedifrom petrel v

e

Sl EOSEN S5 o UM OINEaSia U B IEFEEVEI OPEUN IO dIEENTSPECIESWE
SEENOUYISOME 251 million years ago. In 2014 scientists have discovered an ancient
oariejuis) 2zl Eydyntes Kiekowskii =B et e#E which lived 37 million years ago.
AEZ ) nlle)nl ‘lghed 1157kilos it was taller than the Emperor penguin by 90 cm &
WEIghE o fde _é‘s much & able to stay in water for over 40 minutes !

-
. P -




.

.

) ; 2 e T .
HEPANLANCUIC Waters they also havesshort legs, thick & de
Eekiaparbs and hefty store of: body fat™ 8¢ nictitating membrane to protect the eyes.

HESENEStHEt themlivinaunpwanrmerRplaces: dineyiane alsomnoenomonphic

- — — e —

Garitae) -~ Macaroni ' ROC




Proposing.

~

eStervay thanwaddling
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S
{'1 " = “
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Waddling
I
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PENgUIn'S taste buds are underdeveloped: & canionly: differentiate sour*&galtiness
UROWSWEEL ibitter & freshness probably. due to the extreme%!d!tﬁﬁlperaturein"
ARLarcica dihat penguins swallowstheir: food whole & theirrtengues are laden with

they lost that receptor millions
of years ago when they

began evolving

Pengen sopert, Dyvas delapot

(L
o i
‘a&(
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PENGUINTEALSTa™ 0101 kallwhich containsianiexceptionally. highiamount-ofsss
esphiteawhich is poisonous. The way penguins protect themselVeshs ,
JIGESHRG the Krill very quickiy: s oison'is also beit '
WHIChNSIEhEN excreted from the

The power of penguins

- ‘ 2 “‘Measurements used to calculate rectal
L pressure necessary to expel faecal
material over a distance of 40cm

diameter = 8mm

120cm

v _Stm

nest Yoy
3 g *
- -:.{fm . '\—

SOURCE: FACULTY OF ENG)| hElF‘ NG AND SCIEN:




T

o p—
ish, crustacean & sag Average life spaniinitheswild

ins lay one egg each yearwhereastsmall*ones
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Baby PENYUINSHTIGINCESO  are adults-ta@aﬁe damaged feathe

WERIRELES

BIUNESHErS Deing pushedio
LENENGUIN has instlation to Warm

b~ A 3
, > ;a\ﬂ. T %



! SUNVEIGypLes) covering 18 species Z of which live in Antarcticartotaling: 120 millions
ey’ are the Emperor, KingpAdelie, Gentoo, Chin‘&‘raﬂ%faroni & Rock hopper.

Emperor Penguin
Adélie Penguin

Chinstrap Penguin

Gentoo Penguin Pygoscelis papua

King Penguin Aptenodytes patagonicus ‘

Southern Rockhopper ' Eudyptes chrysocome
Penguin

Northern Rockhopper

Eudyptes schlegeli

Eudyptula minor
Eudyptes robustus

Little Blue Penguin

Snares Crested Penguin

Magellanic Penguin_____ Spheniscus magellanicus _

Galdpagos Penguin ‘Spheniscus mendiculus

African Penguin Spheniscus demersus |

Look for these

CHINSTRAP
Thén chinstrapthe
line

visual clues
GENTOO ADELIE
White triangular Wiete nog
paeh Sver around £ye
eye Es

=
.
e ——————

ROCKMOPPER
Spiked, yellow
feathers droopin
from srde &
of head —

Enpia‘;)o‘:d How
Furzy-edged ye -
ovange patch behind
cheek

(

MACARONI

Spiked, yelow
feathers

2,
of o /, -

_m K

KING

Solid yellow-srange,
CUTVaoeEuUs patch
beahind chosk

.

-

1




Ve SIZes

Penguins of the world showing their relati
: a — et

Penguins of the World

17 Emperor 2. King 3. *Gentoo 4. *Chinstrap 5. *Adelie 6. Yellow eyed

/. Royal 8. Macaroni 9. Erect crested 10. Snare 11. Flordland 12. Rock
hopper 13. Magellanic 14. Humboldt 15. African 16. Galapagos 17. Fairy

(* Bristle tail penguins BEE %8 )
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EIor peNguin (Aptenodytes forsten) TR4EHsE i
pENgUIn (Aptenodyt ) T —
Ifgest of aII PENGUINS with.male & female of'the sﬁe Size being

E\' 4

Emperor
Penguin

Flgparite wing

Weage-shaped ta



e ﬁpéror Penguin Annual Life Cycle .

EVETYAEdRtie mating pairs trek 50-120 kiIometequcross _ eﬁm&tiw
Welstele .to-their ancestral breeding grounds on sea ice'& laid only one

SUdiE male is respoensible for incubation which takes 2 months standing

PRV BN OOERSMWatEM N hHEICOIdMVIRER(EY0NE) undertotal’darknessitmtil s

DEINGNENE /ed! by the female. Note the nursing sag #IF2& on the feet

Vo -

Migration

Chick
Rearing
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o KNG PEnguins (Aptenodytes: patagonicus«)ﬁ =
sonalangest eums 90 cm tall welghlng 1 kilo

Woru St
r):JIJ‘:) |

SCC L - Clgle
HEIFdIVE can last W orange patch at the
< Of _c'r SINECK. ChICkS are bel <after for 14 months SO they. give birth
of ) chicksHinI 3 years: Parentsidentify their chicks by their distinct individuall
IINETCHICKSTSEatEd molting at 2 te 'S moent




rnaJe d‘ 'i:h.e fiemale

[ESEIVes to survive. The parentsiun m e o) trlps eturnlng
enlyArarely to fieed the chicks. Adultbil mve_beenﬁtked toymake 50 days
EURGRRPS covering, 1,800 km L King penc faverite food is lantern fish
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SIENargeSt penguin thIith@,-DOO Bairs . The fastest
SIImmer: with speed up to 36 km per hour & dive to 100m. They
brecdnnvAntarcticabutiaresesidentsiofithe Falklands. 76 cmitall
WEIGt 6 'th'ey built their nest on rock. Note the white triangular
DEILGH) Oy er-eyes and long stiff tail for balancing when walking on ice

- -, .
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EENLOONIVES together in'sizeéable,colonies. No _ ed tongue

- -

Y

gy r
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S AGENIEPENgUINS (Pygocellis adeliae) Bzl
45e55'cm tall weighin;mws,tuxedoed PeENgUIn is the

Sallest penguin living only iniAntarctica totaling) 2.5 million pairs,
VEIYAGEOAISWIMMEN Canjumprairecty from:tr 0 SHore. They.
SPENUISIMOnths at'sea and go ashore for breeding building their
HEStSWith pebbles, produce two eggs but raise only one chick. Note
thed’ ~' ?tive white ring around the eyes & feeding its young by
iEgurgitation

e

e~

—_—
—_—

—
———

e
-

-
—

\

—
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AGElIE PENgUINS bUIIT'their nests vm they pick‘ed upiwith m@pﬂ

mouthsy Seme lazy ones st H; the other's.nests

a4

| ]
u

* Y et
’r‘!ﬁ



¢ Chinstrap PEnguins (Pygocellisantarctica) e A
AlseNeallEedirnged or bearded pengum Most common sp i

mllionipait Welgh 61@5&_’%341 IMMERC:
f1) & seejeje qwckly on its belly am'dlet krills & like to nest on hill tops of:

yolGaniGiash.




R 1eRenquins (Eudyptes chirysolop/us), -

Bl = /(%2 The smallest of the crested Wgh —
Weighing 5=4 kilos. Normallyd_ys tWo eggs bu one is smaller

SASEIAoMm) survive., Very. soaable anlmal OftenISEen preening one

N OUHERMIWOISPEGIESIHENNOREMICAtIE SOUthErRtealiAg SIS
million pairs mainly living in Sub Antarctic islands especially. in the

Fallidz rlqls where they nest among albatross & called “Rockies” by

UhEN! k] people Note the spike yellow feathers dropping from side

1}
[ Pnkwabbed
feet with pin
splotches




;—5}5_:5 145 One off 6icreste
toEAntarctic Peninsular weighing 5.5 kg & 70, Gm*iﬁé'hgth . Nest on
Jlor)e_, e A0iSyARRaGIIESIVES WJrn 2amillion pairs they.are

HESHaUREantPENGUIRNTBUE NOW: Classiiied as vVUlnerable
...‘ ..‘;'-ﬁ .'







A tale of three penguin species

ﬁ{f@ceaniteg

Gentoo Adélie Chinstrap

expanding population + range populations declining, disappearing

opportunistic colonizer colonial, minimal “pioneering”

less specialized diet

? ®
? ®
? @ krill specialists
? ®

more likely to re-lay unlikely to re-lay

Source: Antarctic Site Inventory data & analysis

Slide courtesy of Ron Naveen, 2012



—Adelie
=& Chinstrap

=ir—-Gentoo
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CHINSTRAP AND GENTOO (% INCREASE)

Long-Term Ecological Research Network 2010, based on Ducklow et al. 2007




Palmer 2001-02 Heavy spring snowstorms: near- total
penguin breeding failure

Torgersen Nov — 2001 — Effect of physical environment



2013 Giant Iceberg B09B killed 150,000 Adelie penguins
by blocking their way to feed with 10,000 survivors now
struggling for life at Cape Denison



e INGEM ba‘th!So d W
hebir mateSJfor-Ilfe‘a‘ﬁd start breedlng —

Or =) r_rf_)—‘ .

AEoNGallEd Snowy, W
SeamIid or the albatross fami
£ er)

ERIUE of 10, gTv ) J eJr]ielefe] T e years:;INestin colonie
IRHERSOULH Jr'—'r argest ofFf WHIChTIS In"South Georgia. Their numbers
EVerdeclined|d Stlcally to only 6,000 pairs due to long line fishing for

tzlejailz) e ﬁur' *sth See slide on Patagonia fish for more details




P Black=Browed Albatroess (Tha/assa”e melanophrs
AISOIIOWHIAS Dlack=briewed mollymawk 'siih' MOESHEOMIMBNR"MEMDEF Of

410 ), 70 y—r-r ifespan. 75% are breeding in the
Ikerarcup,, the net ﬂHF on the groun dwithmud

—
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"~ SKUAS'Bks o

A SOUUINEEIATSK E scavengen & an,ag
LITERWOKIAISImMOost southerIme 2

4 “rm -—Skuas %5&




T

Skilas was very cUrios as well as destructive:

7 e Heastr
: 2 }".‘-t.‘&.’f-ﬂ
s et




I

> 3 1 =i 5zle)
“ArCtic Trerns Jdefsseks (Sterma para@ac) —

IhEYAaemigratory birds that travelievery year betwWeen themorth Pole & the
SEUCINEEIEMIIE average flight distanceninits life time will be more than 2.4
IIGHEKMNWAICH EdUalS t0,5 rEtlirn Journeys to the moon. ihey feed on fish &
leirge zagokigiy;




“ "Q"'

r /2 ExXLen |ver in the Southe; i) t‘ ea‘ﬁs Loo I to the Arctic
510! ler feeding prlmarlly onfish plus some M@IIusca INSects & algae

e mf—
tgp— -
o
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ONBoLRNandSeseakilling PENFUINSISESCAVENG £al COIONIES
srsquIds Note thertubenoise™
g’&i o

lacronectes halll ) /N E he “vulture of Antarctica”.
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nt petrel played.the role of vulturesinyAni
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halassolca Antarctica.) most commonlyAioundin

ea. They eat lﬂi‘]lffﬁmpjd -




.

@ape. Petrel Hys:5e (paption capensel;

AiSeicallEuNEapeTPigeon o Rintado Petrel, it is-averny coniiion

LERSEUthErn Ocean & Caleyé;t@ﬁhaﬂo
- — i -

B allhfish) & s guid -
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sStorm_petrels ——

SiiallESHeclightest'sea ,irﬁ!i!éhe world weighstenlyA85a' ¢ _
enRplankionic crustaceans & smallifish picked from the surface

i

WiIlESIOVENNg . Striculy pElagictneyienly iand When breeaing
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SR STIOWRREHHE| (Pachyptila spp.) Z5E& they breed exclusi




T

-Q—

| King Comorant g%
peciesiwhich are closelyirelated to the cormorant. The inside ofithes
SHOULHNSHECNTIFCOIO!



Ex A L~

r=r I'T f'v; =t

AEeNGalIEd e Dominican' gulltEbreeds on coas
pIeUEHoUE the ern hemisphere '

e




*Sheathbill(cainoss) -
IVOISPEGIESE Pk faced Snowy. Sheathbilli(Chimoss

Stieatbill (Ghaiors minor). They arelomnivore & scaveng d the only land
pincNEbVEtorAntarctica & also m,e_ogly Alj‘tarctica bird without webbed feet

T

Pink-faced Atlantic Ocean .. W Black-faced
Sheathbill il ' Indian Ocean | Sheathbill

Chionis alba e Chionis minor
’ sy .

@ Summer - breeding
(O Winter & non- breeding

® Non-migratory
residents

13BN
DORIELY

RO
2

~~~~~~~~~~~~
-
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riated carac ERRTLRE “4
ANITCROTRPTEYHIVIRG IR Severalli & pariixiular-ly COMMERNRLthE Fe .:
Phneniyaarscavenger feeding| &&-dead shggp Ut aIso attack at

: ~ SMmg Jj:}FrJJ,rrr RGUins _

q; .‘_ '. T e 7 A R —
ARk “ J







' SEAL ( Pinnipeds fz2%s)

extemal ears

postedior Hlippers
cannot rotate
forward

. ~

\,\__\ -~ used for

_\“\\‘3 swimming

——

posterior flppers

ot nteror fh rotate forward
N “"““—ﬂ‘ —————————— anterior flippers
cannot mave forwaed well and backwards rotate backwards

cannot rotate backwards and backwards
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EEOPaANU*SEaISNHydrurga leptonyx) 597425y —
SIUEMIGIeANtarctica living on sea ice. The total populatieRNsibetween
0000 10,400,000. Leopardisealsiare solitary carniverefmeasuring up to
PN . weighing 350 kilos making mﬁhﬂmmﬁrctica :
Sezlls, J\Ju N cSISIIMERIURLHEYACERIGIVENOIRISE2ONMINULES I SEEOWR
eI 00m. Their favorite food is Adeline penguin but also eat krill & fish
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_A\Part (M penguins, Lea ard seal also eﬁlrds fish, squids
EYAIEVEISPECIal tooth t the back of the mouth to sit o

| Weddell Seal
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$esSeuthern Elephant Seals (M‘/r-o%ga leoning) FAR S
IarYESHoTallSeals'malebm !ong weighing 3,600.kilosiemale’s

WEIghIng 900 Kilos, larges , 'jmojphism of. alllmammals. Once hunted
fertheIrblubber for oil extract, they.can dive for 98 minutes & down o 2

) g

MG EEPRS FEMalNFSUBMERGEANOFZ NOUIS I the SUmmer they KEep  coa

wyApEddling wet sand onto their bodies. A “Beach Master” male keeps a
eremrofiasimany 100 females & ready to fight to for them !
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Huge Beach Master surrou
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Anethergiant elephant seal resting among fur: seals & pen:




®) (Crabeater'seals (Lobodon carcinophaga) SEess

ERNEEMIC 2m longweighing 227:kilos: Living € they:
have the largest populationrefiall’seals totaling 50 million*. Despite

tSiname  the mainidiet is not crabibut krill. They: have speciall =
U PLECFLEEUI WItRTEXTa PrOJECHOT [EVELOrStraln
puthe krill-which they consume about 20 kilos per day

— o
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- o

S e
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e —~o

* probably the second largest animal population after human






YglESiarER2Nntong weighing, 200 Kilosiwhereas fiema :
prREonlyAWeIghs only 55 kilos: “can|dive down to 100 m or
MerEROnceIbeing slaughterediortheir furat 1,000 perday, they have a

il? neany: 2 million. 9595 of the

~

rarrlzlriciele redaanay [otal poepUIation e
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R RESS Seals (Ommatophoca ross/'): 4 m long weighs\600/kg.
ENCEmIC Known forits big eyes &usiren like vpcahzaﬁﬁonﬂned'

o)t é‘Antarctlca pack ICE"W: tﬁ-populatlon of 200,000, they are usually
found alone or injpairs. Rarely seeniin recent years




Se\\edalersealsNepionychotes weddeli) Eea iy
SUEMIERAmostisoutherly breeding seal. 3:m Iogg.weguﬂﬁmaqb’

FemaleNsiarger than the maleﬂfeverse dimorphism): Circimpolar.
distigytition & liveron fast ice aII-year round using thelr teeth to keep air;

B ESHRRCHEN CENOPERNOIREIVIREGNEOWRRON SN iptor qmﬁﬁ-_d

only 20 y—r as their teeth deteriorate by scrapping ice in order to keep

HENIOIENG JF &t at the end can no longer eat anything. Total population 2 m
Weddell Seal ‘ i

Loyeonycholos wedkeiy




WHALES (€etacean)

WHALE COMPARISON CHART
30 Meters

Types of Whales I
* Toothed whales — suborder Odontoceti .\

* Baleen whales — suborder Mysticeti

p——

Sei Whale

~—

Humpback Whale

Gray Whale
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HlmpPhack Whale Often called the “canarle!f the sea” due ta

HESIENZNEISONGS, it iS.a,species of baleen whale lengthd2=i6 miweigm
SYU0IKiloS Bulikes tc e H)Jurmwﬂgﬂﬁ oulatlcm‘“
i ical durir summer months to) feed!on krill & small fis

quJ e uruu,ﬂ JuJJJ—* HENEEEING EdCfJﬂJq,Jd toygeluigleliinisinghle




Weeneountered many humpback as well CE minke whale ehroute.
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S KilliermWhales (Orcinus orcas )i‘ﬁﬁfgﬁ?ﬁ/ﬁg Nz [ @ A main or in
AVitarchicanProbably the Jargest population of a%%_ s here,
iEyAoteEnhunt in schools Orpods for seals & penguins with delicate team
WOIRSOESWamp ™ of “wave Wasiing™ a seal resting on ice as well as by

seroNRGINdEonthebeachAaypesefikillermwhales have beeniidentified




- S FISHES

- -
PRthE 0000 of the known speciestofifish only 200 live South of the Antarctic
EONVEUENCE of which 122 are notethenioid (Antarctic Icefish) pasm K& which

I 2 sUboreer ¢ fiSHRhaICOntaINSIVCOPROLEINSY =S NnNtSTbloodractingrasian
ghbieezerenabling them torlive invery frigid water (-2 C to 4 C). They account
for 959%, oftallifishibiomass in the region. Some fish also hibernate to conserve

SHEIGYAINONIShING)iS allowed below 60 degree south except for scientific
IESSOISISHING N the South Ocean is now monitored by the Convention on

‘ feconservation of Antarctic Marine Living Resources (CCAMLR) signed in

= —10RD
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fezisigle) ¢ _J_J~ (ONAETTIESSal Igng INENISTTAGI Q CALCH!
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IENSIEISPECIES Of ' cod' Icefishifound,in very. coldiwateri=4 e
BORsyB50IMI & a close relative of htarctic Toothfish. Can grow to 100, kg in
WEEht: and 2.3'm long|living upiterd5iyears. Eavorite food of albatross. Alsoibeing
sl 1 RO T ErCIE AU E E LI EN BT ENO R EANTSEATSASS MWLM EAIFEASES Nortt
r\rn#rm JJ;L the main markets

Fhe Rise of the P, lymunlo«ll-h




B T

16na)line fishing for Tooth fish can ﬁ |ong as 130 wiﬁ:h 40,000
994, it has killed as many as 300 ifdstESpecially; |

HOOKSHSIREE 19
gD UOSSES | W

PELAGIC LONGLINE

3/*1 RADIOC BEACON

— Longline fishing is 2a commercial ﬁshiﬁ technique. It uses a long line, called the main line, with baited
= = hooks attached at intervals by means of branch lines called “snoods”. A snood is a short length of
line which is attached to the main line using a clip or swivel, with the hook at the other end. Longlines

In some unstable fisheries, such as that of ) i » fishermen may be limited to as few
as 25 hooks per line. In contrast, large commercial longliners in certain robust fisheries of the Bering
Sea and North Pacific generally run over 2500 hand-baited hooks on a single series of connected lines

many miles in length.
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directly or by turning a blind eye, pirate and.
dp wish you well in your endeavours, You have
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2 r\n' i':J' SieiSTIverdish (P/euragramma antarcticurm g
-a-speaes off cod 1@@ to the Sout cean & the only
'.r:rLJJy JElagic enelin Antarcticawaters Which s of key importance: to the
2c0) "\/3 SINEaVOIEG , AGEIIEMNPERTUIRNS TSV ECAIETSEalS
. - ‘“

R
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25 3,Jru—k With'lengthibetween 25a

iShNiS colorless because it'co L..J[l.s vhemoqlobmt&nr\ed bleod

ells; Ralts Tr”‘,r"ﬂ"a ble becalse the fish has avery low,metabolic

NG RENIG 1_;‘;J_J.er\ of OXYJET INTWater at Iow temperatur
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S \Warty Squid ( Moroteuthis /ngens) there are around /05 r)r—'CL,_)l. - l
OIfEEPhialopod in'therSouthern Oceans withWVantyssguidrbeit
TOSt preyea “ ICh makes| —Vﬁlydmmt—pamof the

) — e R~ e —_




Colossal Squid (Mesonychotelss hamilton;) AT R
AISORIEWIlasIAntarctic squid or Giant cranch squid, it is 14 m lon fle)
Sfalllinyertebrate & also has the world’s largest eyes (diameter 35 .
IOPRSANHIGCHT Car rotate 360 degreesionlitsibase. Has 3 hearts &t its blood is blue !
HISeonIplete specimen only caught:in 2003
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Argentinean Patagonia -

RatdeRIaNSENEFIontin theisouthern part. off Seuthi AmEric Ome dneW
SeligreNkilemetersiwhich is shared bﬁmen Argentinal & Chile: The word Patagonia
meansttnestland ofithe bigfooted people”. We stayed in El Calafate & visited Lake

Arcentng 23 Welll aigiinis Uese aNGlaCIERRAthERE LoV orenorGlacier:

. Gr: Copyright © 2000 Interiabe S.A,
Gl ande louo'ﬂos derechos reservados
Reserva Nadmal
Zona Viedma

‘cb%r Vieg
my

Gl. Moyaro

Reserva Nacional
Zona Centro
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BaKEA ntin0' IS the largest lake in"Argentina between 2005t6)700
GEEPN 'cJ byaglacialimelt water of many. rivers

By
‘ %. “ﬁ‘}ﬂicbd




JihelUpsala Glacier at 5 km wide, it |s'?e‘second largest compoﬁmuev glacier.
INATEERERENEEEd by, two other glaciers, |t flows from the SouthenniPat )
HEldNocated in the Andes Jeshdnrelelelinl
MereEnoe Glacier. The Upsala Glaci amous, for its rapid retreat as evidence for
giepEIWarmMInNG. OUr Visit includ.—a-bat trip passing| LakerArgentina

Perito Moreno
~ Glacier

Upsala Glacier El Calafate.
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dihe Upgaj'gj Glacier has retreated moreMers SinCé"|a'tE"j_9 SO mlb

IOPSIENEICOntinUES to retreat at 200 m per year

L. v
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Retreated glacier exposed shattérea E highly polished bedrock
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1 h:—) H—‘"'C‘ VIOIENONE acier ; Iocatedliﬂjmét'os Glaciares Nationa

Clzle

Patagoniarice Field. Unlike'Upsala
euheaning. It is one of the major .actlon in Pata.pla to watch icebergs
DB eNNEd as they break awz ay w,r a bigibang whichiis called| ice calving”
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"Ushuaia E&xm

ealthe Fram e at Ushuaia which is the capital of Tiem@a.[D
.

INIRERS) I outhernm& also known asithe'end of the world City.
NEVATGENTNA government eradicated the'lo al tribes & operated a penitentiary: here =
EUNEEHRICOZAR NI A7AUSInGAConYictsitojclearthelforest: forbuilding materia andifires
WORLMIOGEYAENETEPIICalStEam tralf ansportation of wood' are used by
OITISISINEHRNIES ;ﬁ’Win visitedi Tierra Dell Fuego onboard the Beagle in 1835. The city is

2ll5 flrlets ey "téSty “Centolla” ( King Crab or Snow Crab or Spider crab )

e

O




JSHaiatis no: | on tourism




Another view of Ushuaia City center
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!aikland Islands (Islas Malvinas)
B

ANIHOUPIGT 700 i'slands largestibeingpEast Falkiand & \WestEalkiend ying 480'km from
,'-\rgent]r? 1,000 km from Antarctica total anea 15,000 km2

BORLeVErsial regarding its discoveny. Claimed by Erance, Britain, Spainias well as
A OENGIENEWEEN 16160 161 CentU ' -
LNSHIOWIaBritiSh Overseas Terfitory

peLalpoplIation 5,060: Capital Port Stanley first settled in the 1840s current citizen
Z,000 =

SUIMer temp 24(C Winter just above freezing. Annual rainfall 600'mm

Vg neconomy sheep farming, fishery & tourism. Falkland Patagonia tooth fish
BEpresents 6.5% of the world’s total catch.

::-"ﬂ*‘ﬁlade famous by the war with Argentina in 1982

Atlantic
Ocean

£

\\{’ Falkland

: _ Islands
Pacific - (U.K.)

Ocean
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~ Falkland"Geology.

JNZO0NYENGondwWana broke apart & the Falklands were detachedNiom the sout:
*t SIUEROIESeULN Africa. By 1S0MVianlay adjacent torthesmangintor the new: Seutn

AMERGarcontinent. GdJlrJgIﬂlI‘/ FalKIanAadSsvery similartorthat of Cape Town !

s
AT .'-_.l —d

Thim block eventuaih
becane o Elswort!
Mauntning

n Antarchca

NNING OF EX
., 'l“. L " 25 .
FOLDING % “ 3l |
ICE AGE AND GLACIATION

GONDWANA

ANTARCTIC
PLATE 4
u.uu,.’ MTTARCTICA @

— Stath Pl



Sowth Javon |

Istand

Passage
Islands

Carcoss ”

Westpoint o= ﬁ

West Falkland —~ 7

Carcass '
Saunders
Island ‘lsland

N

<&

3 & / Intrusive dykes

.

) / Lafonia Group

0\\%@(\ ; ;
S [ Fitzroy Tillite
(v o [ Formation
& 8 Port Stanley
L 0 Formation

0?. 0\7

& Fox Bay and Port
&Y & / Philomel Formations
& Port Stephens
: Formation

N

&
\_/&,cﬁ / Cape Meredith Complex

_—Basalt and dolerite
ii ] Sandstone
- and mudstone

Glacial mud with
boulders

I:l Quartzite

Sandstone
and mudstone

- Quartzite

10 20 30 40 50 miles
10 20 30 40 S0km

Caper Dogbwn

Cagw Bougarmke

‘?tlvely
. Island

“‘r&m’en o
Island N
Sea Lion Islands
Geology of the
Falkland Islands
Beauchene Island
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sstoneruns/river”, mud a ers & tillite J7KfE= Which are unsorted
E p— y ~ — .--_ -
PERIGEPOSIted by glaciers. Identical rocks are found inisouthern Africa,
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he Falkland"War ;-

hewariasted day‘squ-thArﬁentina invaded' theIsland pril 1982'.;i$

ridl e Argentine surrendered on 14t June 1982

WSHISENT an armada on 5t
asUialby s death Argentina 649; British 255, locals 3

’:&N ' =

546 April Falklands
Task Forcu sails

North Atlantic

PERU '~

\.- ] . [
-,___.,;BOLIWA

N
Atlantic Ocean

Dianarron bom s tokes 10 FulMands.

N It 4000 KA
1070 KA

JA UL BOUTH GEORGLA
Sk 8 Ay
;l SOUTH SANDWICH ISLANDS

SCALE OF MILES
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regueEntyAIsited by Southielephant seals asiwell as
ViSIledMNEst Point Island, Carc ort Stanley

——
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- N T
seNestaPoint Island : covered with tussock grass & yellow goose bu
SHBMENOIMIdCKk=browed albatress & rock hopper pengui |
PALISONpad a4 km walk to seem.lg_lack browed albatress living togetner
WIthRROCKSHopper penguins & thenwisited allocal sheepifarm ( air temperature 16,C)-

e 4 ".:l 8y
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o2 Avsmallcelonyreifmagellanic penguinsicanibe seen out of: theirburrows




ERJEINING tea & tasty cookies in a local sheep farm — veryaBrtish




Carcass Island : U ke West Point,- this'island is rat free a
SlauiGateasthem: We landed on Port Patterson & took a
I

cEPENEEACH to sem.%e:ﬂoo pen mdy on the
etiintleg. A Iso visited' another rm and wereht{eated with tea coffee |

tgp— -

i -~ - *——. g ~ =
eNUNBLSIefRcOoKIES | (aintemperature 15.€). — —




Falkiana Isiar rds'including up‘M@ese, kelp goose,oyster
atcher & heron

——!
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Ashyheaded geese, pipit & caracara

-y
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BOVEROr House, Pioneer Row, local residence & Post Office
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ihelkalkland Museum — settlement hisFory, natural history & the\)




20000  WHALES
|. WERE KILLEDBY)
THIS GL"J_N BETWEEN |
37 TO
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B AeOVERPOtiStanley, a medium size King pengui
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L,

o
. “v-}f?-‘

-~

e



T
'fFij; unnamed

Passing by fromja,distance itiis a sancilliaryAforsea birds
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outh Geor'a =S

L

PENHERIDOImIIES oG Islandiisiremote & unhospitable with half of it covered by glaciers
PURHESEaNeVer freezes making it the island home to tens of millions of breeding
PENYUIRS) egls & seabirds. Used as whaling station called Grytviken by the
NErWegianstuntil'closed down in 1965 having slaughtered 175,250 whales since 1904

] | e

S:outh Atlantic Oczean

:lfﬂ

T A

South Georgia
Heights in Feet i S

Sea NG
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South Georgia Geology. ——

— - " =
SeUhEELrgia-was the child of«atal Divorce” result"of a " Big Kick” which

OPENEUNUp the Drake passage be P gonla & Antarctica & formed the Island
WIMINIEIE Jsdjmﬂnr dlERGHENE M ejte) ereziceots, It thereforeelativelyayoung
cofflzireel e e 1€/ fFd and with 13 mountains above 2,000 m. The Scotia Arc is still
AGUVERWIthiearthguakes of magnitude 6/7 to 8.2. Folds and faults abound.

The Big Kick

The Scotia Arc
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South
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EVidence of Inteénsive folding i&m-y.Where In South'Georgie
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South Georgia " South Georgia
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REINUEersiand Brown Rats (" Rattus novvegicus HE roduced by visiting ships
HEVOCRORHENOGalWIld life artlcularly birds. The South Georgla Pipit.ha
OIRHEIFPOPUIALION & Species °5',J”‘ els are als
SrauiGaledmRats are still'an issue Withfsystematic eradication. by using poisen pellets
SiRGCERINENIhE project Is managediby: the Sout ch"J:IeriLagg;I'fust (SGHT;




IHErcUIESTBay A aied after a Norw@ﬁwhaler, It is rock ho
PERYUIRS cCoUNtry.
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Rock hoppers at home, so very active
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SR ERYIVIKEN : It was the first whaling station intAntarctica water found
NOIWEiaRNEarAnten Larsen in 1904. We can still see the sever:

POWETEAWNaIE catcher Iikéﬁe}%oﬂ the beach: IWalking distance is a
HUSEN) 8 Shackleton's grave. Furtherto the left is KinglEdward Point which used to
eRhEsitexorthe formenBritishiGarrsoniandiowshome.toja British Antarctic Surve
SAVENRESTEVIaine OiCer, sole representative. Up a small hill*is

SHEGKIELONS Cross
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KingrEdWardiRointion the left ofithe Bay where Shackleton
' & the British Research Station are locatec
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Shackleton's: grave, a traditional toast to homersthesexplores

(J
'\



B T
yihedecal Musetmicovering whalingrhistory & Shackleton’s expedi oﬁ‘_-
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-4 T
kleton’s boat “Ja caird”, his gear &clething.
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Sinday.sermon given by a fellow passenger: in the Whaler;
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J FonitplE Bay. . namea tor one of the first Whaling ships in the area'which a_ctuall?

enegreundatHope Point in 1916. Shackleton & his companion 'sfcarted.thejr-"
SISIITINIKETOm One side of SoutnNEesrgia to the other torget D at Stromness.
AVIIEHE Cove, saw King penguins; gentoos, fur seals, elephant seals, albatross
SNuNIantpEtiel(fairtemperature sy Cavhichisiexceptionallyawari

-

metres

L G ) Foruna ey

Whistle Cove

Route to King Penguin
colony. Keep to west
of braided river

£S

L o

£S

Closed Area A

Tussec
Sparse vegetation
Mixed vegetation

Southern Etephant Seal

Light.-mantied Sooty Albatross
ire-chinned Petrel

Hrown Skug

Gentoo Penguin

Antoretic Tern



——rr mmwwm 07

o Aa e 400N 4 aha aTh S

:

-~ = < Lot S e <L i
. S e Tt Ty g S M

hai-.







“—

-
JEsldiwhaling station at Port Leith operated from, 190€
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SSWOMNESS Bay. « home for three deserted whaling stations Stromnessplieith — l

-

Harbor anarhusvik. First attemptito,save the'ShackletonicrewifromrElephant islanc
euNfom here but failed. Elephantisealsiand fur seals are e foul .along;__g beach
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seal county, fierce at time




o5 DrVaalsKINE eraSRabeautiful fiord na rich Dagobert von, Drygalskise
PIOJESSON fiom Berlin Unlver5|ty who led the German South Polar EXp r)r*d]rjgf] 1901-03,
ieENicraNsiediby 8iglaciers & is actually at.the boundany,efiasfatltiine: Rocks
OlIation on) the starboard! sidelisiofiGond vana origm onsisted of 1 billion years old
Oetameiliding gneiss with marked basaltic intru jon’ 8 much older than those on the
POIsIdewhich is basaltic (Lair Temp 8iC). o
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W of the fiord. Not:
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St Andrew’s Bay'™: Largest concentration ofi king penguin (200,000)breeding
PEIISICIO/000abies togqllﬂg halffa m|II|on') & elephant sea I uIIy’
EXPOSE |t the OPEN sea & the_f@%?cumng strong Winds that plummets from
LERSUTIM ts of the Allardyce Range WRICHIIS Up to 2,000 m high. The 3fkm long fine
clziri¢ _).Jrld\/J:.:nrr getsynte ,)r'r DYASOMENIVESHIoN rr OMIthEFEanE!
BUXLORISNEOOK Glaciers (Falr temperature 9°C
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Another view of the large colon
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South Orkneys Islands
SCOVEreGNN 821 by A 'eﬁ(‘ﬁnﬁﬂ itish sealers; it is'aig 5 in'the..
SEerGlaimed by both Argentina & ichris 600 km northieast ofi the Antarctic
re Thsilamline B r|t|sh.nam|ng it as pari _of British Antarctic Terrltory with a base
Sta)IShEdIonISianyalslandsiiheArgentinalNavalibaseiisicalled Base Orcadaswhichiis:
gczliad) o ﬂurlé Sland™




Argentinian naval*base located on Laurie Islandiat 66: 42
The base has over 200 days of fog per year & ofe -
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Base Orcadas, cold and snowing, no visitors for 9'moenths
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Elephant Island' &2 o

IHISEESGlatENsiandwas home to 22 marooned . member; fabled‘lw
XPEdibiGRNorfour & a half montMl_e;hey awaited rescue. Led by John Robert
eneisiildithe team barely survivediliving beneath two overturned lifeboats, until
airie) rescliae b Jy Cegizlin Luis Zzlrelo of tje Criilezi Nes We deissded oY Deine il
w'mc WEihamed after Francis Wild but could not see much due to hurricane force wind
NghiseaN( air temperature -2 C )
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ISland, South Shetland Islands (62.36 S 59:55 W)™
_Ar

ASSIiielINSlandl 2 km long island being classified as an “Impo
@BAY) By Birdlife International. iSﬁﬁqes include Z‘CG‘IMmstrap

PENENRS, Antarctic terns, kelp gulls; petrels, skuas, Imperlal shags and
DErature —2€
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Deception’Island, South Shetland Islands S42JE

ASHICIAOESOUtIShetland it is a live volcano recently eru m .;LQW
"f IOy Iie |ast one destroye_m_saentlﬂc sta ted respectively.
oyAeHIERe the UK. The island| contaifis'an'8 km crater now flooded by the
SeaNonmingiacential lageon: Movements ofitheimolten magma cause hises
Sl ISHIINGHE SE N ORI B SCIEN LSS Predict anoth e Erlptiontis kel inTthe
Weamuire: Landing was at Whaler’s Bay, a whaling station known as Hektor
WiIChNVasin operation between 1912 & 1931
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heNsiand s a distinctiVe ring-shaped' caldera approximately 12k
digiEerpAportion of the caldera wall has collapsed & created
BPENNENRLONIE fIooded intenion \We entered the'calderamtnrotigh the narrow
NEPLIRESIBElIoWs which! is alscﬁé'd.-!ehe Hell's Gate or Dragon’s Mouth
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ISland, South Shetland Islands (62.36 S 59:55 W)™
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ASSIiielINSlandl 2 km long island being classified as an “Impo
@BAY) By Birdlife International. iSﬁﬁqes include Z‘CG‘IMmstrap

PENENRS, Antarctic terns, kelp gulls; petrels, skuas, Imperlal shags and
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'he Antarctic Peninsula
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IHERANLEnGHE PEnnsula or Graham.a,lmo km longmountain chain running

HoeMENATtarctic Continent towards Seuth America which are the relics off a chain, of
Vol clBESRHEIMVEEldCHVEEWEEHNIBBIEA NI IORNEarSIagOMlIEICOaSINENSVET:
SO EXaVIthRpERinSUlarseparated by fiords & many islands lying between' straits &
JeieWIChEnRnElS: Glaciers are everywhere. We visited Port Lockroy, Curville, Paradise
pereIiEmaire Channel, Neko Harbor, Danco Island & Wilhelm Bay

South Shetland Islands

Argentina
' King George Island ———

_: | *\\ Uvingston Isiand. ——— __—— Deception Island

Gerlache Strait ——— Danco Coast
Ushuaia  cyyerville Isfand \ /
Port LOC'“OY> Antaretic
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Lemaire Channel Petermann Island
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VoleaniGocks of the “ring of fire” exposed at the entrance of Lemairerchannel

Rusty patches caused by oxidation
of iron in volcanic layers v

Bedding picked out by
5 snow-covered ledges
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Port Lockroy.

CRITYNOpEration Tabarin in 1941, the British established two bases

Hort Eejd <o) At Base B at Whale@gy__Deceptlon ISland?

Westuientconyverted mto a research center until being closed in' 1966. The place was
Estoreadnn 996, by the: AntarcticiHeritage dirust (AHT) & became a Historical Site &

[

MERUMERE(HSM)FContaifingrarmusetm, Poest Office st SoUVenirsnop. It 1S alsorhome

LN Génrco colony

Weicome to
Antarctic Treaty
Historic Site No. 61
British Base A,
Port Lockroy
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uverville : Z64.$" S 62.38 W)

SEEfreraNehiannellis arscenic, narrow waterway, Sla
RALHENATCLOWSKI Peninsula on%ﬁ land & home to Cuverville & Danco.

slvEnVilledsland supports,one of thelargest known gentoo penguin colony:
LOLERSHO00RBrEEMING " Palls. SHOW COVErS IMPECES UL dOES NOL
PERGUINS g'their nest through “penguin highways” carved into the
SHOWAINE shial 6’\.7§'7'7waters between Cuverville & Ronge Islands often trap &
cjreuipicleel JC.:‘.I} which makes for superb cruising through the channel
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Ice Cruising 1/14







Ice Cruising 3/14
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Paradise Bay,

Brown Station, Argentina

Brabant
Island !

Anvers Island
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Lémaire Channel &2 5K

ASORkReWHYas the KodakiGapjit.is 11, kmilongi& onlysly600 amous fS?
SEENICIEaUY With steep cliffis anﬂWeberg filled passage on sh‘éltered water. Crab
cauijgisealiand waddle seal can of‘ten belobserved resting on the sea ice. We were
,HLLﬂdEO,L} ‘throughithisipassage dueitoithickisea ice but evenitheientrance, is
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ARUVOIMBSEVAPEnELates: deep,into the Antarctic Peninsula
SEaNEHUSEHS50km away. The sceni@i"s;%lprrqunded on all'sidi
cIpIENgIaciens & fills:with castlellated icepergs 8cwildlife. At the bottom ofi the Bay,
EINEROErbonemed efterRemhalingshipawhichienchoreditherelinitieiearlyaionns,
eTENeIAVeddlerseals & Crab eater seals. We did'a two and a half hour kayaking
AIIESIGERENGS &t magnificent glaciers & came ashore on the Antarctica mainland on

WIERISL Daggf;p“r e wWhich was the 140 years anniversary for Amundsen’s successful

W [IRLONINE! Sgﬁ thiPole (‘air temperature 4 C )

o \agvcsrsuw, B Ny SR







T

-

2:5 hiour glaround glaciersi8uicebergs around Danko,I: Iand"'

S afaan is 7 '%“%7






















SV ENICeNSIand













T
ilhelmina Bay -

BihENnelRicinsiandihigh glacier walls of the Antarctic Peninsulasaround:
WIlREIRasEay are Very Scenic Withrequer ICE CarVINGIIhe Day. IS a choice

Eeaingplace for whales. Weddell,"crabeater; leopardisez S & Antarctic terns
GaIDENOUREasWell — |

e i—

— C —










Ihe DrakeiPassage —

SNIE20ihours crossing was unbelievably calm — wi
temperature -2 C, wat iperature 1

e result of; the presence of-an anticyclone




- Cape Horn -
PHENOREIENdreatest graveyard for ships anywhere. Discovered by: Dutch nendakoble
MaressmWVillEmeScehouten inil616,8& named aftertheir shiwggmgﬁgf itselr
gyaNnawVIthstriking black: cliffs. We-ﬁSegQ the Cape and turned north through the
BEaUIESIChiannel to return to) Ushuaiar Werhad a extremely: smooth' passing
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Usky dolphins welcoming us back near Cape‘l;l'grn'-
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