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INTRODUCTION

Antarctica is the coldest, driest, highest, and windiest continent on
Earth. Its total land area is 14 million square kilometers, approxi-
mately 1.5 times the size of the United States including Alaska. In
winter, pack ice (frozen ocean) increases the area of Antarctica
about 2.5 times, or up to 35 million square kilometers, The conti-
nent and its surrounding oceans south of the Antarctic Convergence
comprise just under 30 percent of the Eanth’s surface and are the
wilderness home of penguins, sea birds, whales, seals, fish, krill,
and other organisms. About 90 percent of the warld's ice and snow
are located in Antarctica. It containg glaciers, snow-capped peaks,
and icebengs, and is the restling place of thousands of meteariles.
Depending on seasonal and atmospheric conditions, its skies dazile
with shimmering displays of auroras, halos, and other phenomena
cavsed by reflection and refraction of light from the sun and moon
by almospheric ice crystals,

There have been over three hundred recorded expeditions 1o
the maainland of Antarctica, dating from 1675, The first landing was
made in 1821 (Figure 1), but it was during the early part of the twen-
tioth century that the greal romantic explorations, centering on
reaching the South Pole as well as on scientific investigation, took
place. The feats of Sir Ermest Shackleton (United Kingdom), Roald
Amundsen (Morway), Robert Falcon Scott iUnited Kingdom), and
Richard E, Byrel (Linited States) captured the attention and the imagi-
nation of the Western woerld,

Although few people have visited Antarctica, it is creeping in-
creasingly into our collective consciousness, As examples, demand
for Antarctic krill {a shrimplike crustacean) and fish is increasing,
Also, there is rising concern about possible future exploitation of the
continent's mineral, oil, and gas resources. We read that the deterio-
ration of the ozone layer in the stratosphere above Antarctica may
threaten fo disrupt the entire Amtarctic food web. Also, global warm-
ing may melt the continental ice, which constitutes 90 percent of the
Earth's freshwater; if it were all to melt, world mean ocean levels
would rise by 55-00 meters (see CBR 165, The Greenhouse Effect),

This Reader provides an overview of Anlarchic gealogy, geogra-
phy, climate, marine and terrestrial ecosystems, and of man’s scien-
tific and political imvolvement on the continent.

GEOLOGY AND GEDGRAPHY

About 160 million yvears ago, in the Jurassic peripd, the super-
continental plate called Gondwanaland, located in the Southern
Hemisphere and stretching from the Equator to the South Pole, began
to break up (see CBR 113, Plate Tectonics and Biological Evalition).
Ower roughly the next 60 million years its fragments became what
we know today as South America, Africa, India, Australia, and Ant-
arctica. The final separation, which left the Antarctic lancdmass iso-
lated, accurred when South America finally separated from Antarc-
tica about 23 million vears ago, forming the Dirake Passage (Figure 25,
an event that drastically altered the worldwide oceanic circulation,



Present-day Antarctica is divided into two distingg por-
tions, East and West Antarctica, separated by the Trans-
antarctic Mountains, which stretch for some 3,200 kilomelers
(2,000 miles) from the Weddell Sea to the Boss Sea (Figure 30,
Many Transantarchic peaks are more than 3,000 meters high,
the highest being the Vinson Massif al 5,140 meters (16,865
[ELIR

East Antarclica is an elevated e sheet resting on a rock
base that is mostly above sea level, Almast nothing is known
aboul the underlying rocks, but the depth of the ice sheet can
b masured by radar, and enting mountain ranges completely
covered by foe have been found in this way (ior example, the
Pensacola Mountains, Figures 3 and 4}, East Antarchica les
mastly in the Eastern Hemisphere, 1t is geologically older,
miGnE guiescent in erms of volcanic activity, and twice as lage
as Wiesst Antarctica, The average depth of the wce sheet 15 2000
meters, Only about 1 percent of the Antarctic land mass is not
coviered by ice. [ce-free areas generally occur only along the
eilges of West Antarctica, In places, glaciers have carved deep
Li-shaped valleys that ane curmently characlerized by the ab-
sence of snow and ice cover, Some of these dry valleys (Figures
5 and b) contain lakes formed by the deposition of glacial mo-
raings, which, at depth, are 13 times more saline than seawa-
ter and have freezing points as low as —48° Celsius, These
lakes receive small amounts of melt water, but this is often nod
enough to match the rate of evaporation, and the lakes be-
come more saline, or dry up altogether. Bacteria, algae, and
zooplankion live even in these inhospitable surroundings
(Figure 7).

East Antarctica originated from a large continental plate
that was once part of Gondwanaland. Some of its underlving
rocks are as much as 3.5 billion vears old. {The Earth was
formed about 4.5 billion yvears ago.) About 400 million vears
ago these rocks sustained an extensive erosion, which pro-
duced an almost flat landscape. Sedimentary rocks were later
deposited on this surface, and those from the Permian period,
about 280 million vears ago, show evidence of the glaciation
that then affected huge areas of the southern continents. A
warmer climate succesded in which forests flourished; these
are the origin of the large coal seams that are today exposed in
the Transantarctic Mountains. In the Jurassic pericd, about 170
million yvears ago, enormous amounts of igneous rock welled
up from the Earth's mantle into the Antarctic sedimentary
rocks. One bady of this igneous rock in the Pensacaola Moun-
tains covers more than 8,000 square kilometers. There was
little subsequent geological activity in East Antarctica until
volcanism commenced along the coast of Victoria Land abowt
15 million vears ago. Mount Erebhus on Ross Island is still an
active volcano.
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Flguare 1. Some of the principal expeditions 1o
Ardarciica.

West Antarctica is thought to have had a separate geological
arigin from East Antarctica and to have been formed from several
small continental blocks that moved independently of each other



and independently of East Antarctica. The process ge-
ologists call subduction has been taking place in
Wiest Antarctica for the last 200 million vears.
This meeans that the oceanic crust of the Earth
is being dragged downwards into the
mantle along the margin of West Artanc-
fica (see CBR 113, Plate Tectomics and
Biological Evolution). Subduction is
associated with valcanic activity,
and volcanic rocks are found along
the Antarctic Peninsula, Therne
have been volcanic eruptions on
Deception lsland in the South
Shetland Islands since 1967, Al-
though ancient rocks underlie the
Peninsula (Figure 1), the oldest ex-
posed rocks are vounger than 500
million vears.

West Antarctica lies wholly
within the Western Hemisphere, It has
more exposed mountain ranges and
more nunataks (isolated mountain peaks
surrounded by glacial soek than East Antarc-
fica (Figure &), West Antarctica is topographi-
cally lower than East Antarctica and would be re-
duced 1o a group of scattered islands if its present ice

cover melted,

Figure 2. The Antasctic contiment, subantarctic i There may be lape amounts of minerals, oil, and gas in Antarc-
lancs, and adjscer continents, Hj“ut' the '""'-' tica. The Antarclic Peninsula may comain extractable quantities of
ﬁ'"ﬁ:‘mm‘i:mﬂ:ﬁ e coppe, lead, and zinc, and precious metals like gold and silver. The
appeonamabely 5075, 1 is & pone 30-50 km wide  joe-covered inland Dufek Massif in the northern Pensacola Mouni-
whene ool Antarctic ':'ﬂfﬁ““:“t“r:j“" ""'"*‘*"" tains could yield platinum, chromium, copper, cobalt, and nickel.
ﬂ.t;mm fwh.n-r ?I':;:allltmr:m Antarctica’s offshore sedimentary basins, particularly the Weddell
dderaily, smd Teots and Ross embayments in West Antarctica, and Prydz Bay and the

Wilkes Basin in East Antarctica, offer the prospect of oil and gas

MESETES,

The lce

The Antarctic continental landmass is 99 percent covered by a gen-
ily domed sheet of ice. In a crude sense, Antarctica consists of one
huge glacier, of which the gently domed sheet and the floating ice
shelves are integral parts, The sheet creeps downwards to the sea,
where it is continuous with ice shelves that float on open sea and
comprise about 10 percent of the continental area, The shelves con-
sist mainly of freshwater, though they do contain frozen seawater,
They are particularly distinctive features of the Weddell Sea and the
Ross Sea. with the Ross Ice Sheli covering an area larger than
Framce.

The ice flows outward at a rate of a few meters per year in the
interior and as much as 200 meters per year al the continental mar-
gin. The flow is greatest at the surface and slowest at bedrock level.



In the ice shelves the rate of
movement is as much as 1,204
miefiers per yvoear, and the outer
miarging “calve” up to ten thou-
sand flatopped icebens through-
oul the yvear (Figure 9). lcebergs
are alsg calved from the moaths
ol land-based glaciers. loebergs
are mowviesd by ocean curments and
wintd as much as G0 Kilometers
per day, and some reach as far
north as South Geangia. Al pre-
senl, il is not known whether
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mone ioe is being lost from Ant-
arctica than is being replenished
by fresh smowialls,

The continenl possesses
SR Lac |.||||r L'Il'H. ers, Imaany LE]]
which pass through the Trans-
antarctic Mountains and may be
up 1o 100 kilomesters wide, Thiey
ustally reach the ice shelves and
ihe sea, but some, like those in
the dry valleys, end on land, The
greal Beardmore Glacier, which
proviched access 1o the Amarctic
interior for Shackleton, Amuond-
seen, and Byrd, 5 more than 200 kilometers long, 22 kilometers
wide, anl monses mone than 1 mesler each day. The Lambert Glacier,
openimg into Predz Bay in East Antarctica, is the world's Lingest gla-
cier: 400 kilometers long, 40 kilometers wide, and moving 225-
1 U miebers pesr year.

Crurimg the southerm, oF ausiral winter, from Late March to Octo-
b, the seawaler Ireeres along the coasl, forming pack ice several
mtors thick, and by msdvaieter this has moee than doubled the size
i the continenl. Pack ioe s ol a confinuous solid mase bol fonms
floes that ame movied by the wind and sea corrents (Figone 100, B
melts in e spring, and B5 percent of i has disappeansd by the end
o thee Antarctic sumumer in Fehniary,

WEATHER AND CLIMATE

Antarctica s an icy deser, and the
continent averages only 14 centi-
meters of precipitalion per year,
O the coast there may be as
much as 60 contionebers, hat loss
than 4 centimeters in the interior,
absoul as much as that falling in
the Sahara Deserl. In the morh.
ermmiost coastal regions the mean
sumsmer temperalune 15 just above

o
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freezing, but af the South Pobe it is around -257 Celsius,

The lowest temperature ever recorded on Earth was
B9.6% Celsius i-129.3° Fahrenheit) at the Russian

Vostok station near the South Geomagnetic Pole,

Antarctic weather influences the global climate. The
extent of loating sea ice varies groatly betwoen the aus-
fral summer and winter. In winter, when there ane 24
hours of darkness, the pack ice is at its most oxtensive
cover, andl il prevents 1he transfer of heat from the sea to
the atmosphere. In summer, when there are 24 hours of
daylight, the great Antarctic ice cap reflects as much as
B0-90 percent of the incident radiation. (By contrast,
ice-iree ocoan reflects anly 5 percent of incident rudia-
tion, and snow-free Land up to 35 percent.)

The local gravitation of cokd, dense air down steep slopes pro-
duces katabatic wings, which make some Antarctic coastal sites the
windiest places an Earth. The strongest winds known, up 1o 300
kilometers per hour, have been reconded a1t Commomwealih Bay in
Victoria Land, In general, however, there are few calms or full gales,
The katabatic winds drive the pack ice from the shore and produce
lramids of OPen walier 11||'_:||'|:|: this Antarctic coast and 2ince
the ocean south of latitude 407 5 s unobstructed, these
winds help 1o generate the "Roaring Forties™ and “Furi-
ous Filties™ thal have always harassod Antarcilc ocean
travelers, Katabatic winds caouse siucer-shaped benticu.
lar chiosucks {Figure 11}, telliales -.-i|..:l'h. (o mariners that foul
winds and w05 ane iImmneni,

Antarctica’s ice cap. its high winds, ang the open
ocean surronding the whole continent, combine o pro-
duce an enormaous global weather machine. In the ags-
tral winter, the seas ane copled and pack ice forms. Sink-
ing, colder water displaces warmer waler, which rises o
the surface, whene it loses its heal fo the atmospherns,
Conled water |5 bloswn northwards fromn the coast by the
katabatic winds, and the todal effect of these forces is o divide the
Soruthasrn Clcean indo two distinct aneas, like concentnic rings arouimd
this contiment, | the nobern dng, the dominant westerly winds
bl cold curments clockwise around Antarctica (West Wind [vif,
of Antarciie Clecumpolar Currenf, Figure 25, This current has mone
thian four times the low ol the Gull Stream, and il strelchies
wnobsiructed around the contimrsent tor 24,000 kilomseters. [1s nosth-
ern margin is the fvorite aveground of albatrosses (Figure 120, In
the southern ringg, the ocean circulates in the opposite direction (the
Easl Wirned Dhrerhh,

BIOLOGY

Antarctic fossils reveal that the continent was at one ime linked to
ather continents and that its climate has varied through geological
fime, Fossil invertebrates—trilobites, ammonites, belemniles, and
Clams-—are known, and one of the most important finds, from the
Begrddimore Glacier in the Tramsantarclic Mounlains, has been the



bones of a reptile some 250 million yvears old, 1§ is called
Lystrosaurus and was about the size of a cogi dog, Bep-
tibezs woerre the dominant terrestrial fauna al that Gimee, and
Lystrosaorus bt also been fownd i Afnca, Indea, and
China, showing that these contiments wese then linkead
(see CBR 119, Blogeographyl, In 1997, dinosaur iossils
were found on ML Kirkpatrick, Fossil plants found in the
transantarctic coal seams include fems and gymno-
SIS,

The present-day land fauna of the Antarctic conti-
nent is unlike that of any other major landmass. Spring-
tails and mites exist in greal numbers in the soil and
among the mosses and lichens, They are small, and the
continent's largest invertebrate is the 12-millimeter-long midpe, Figare 7. Lake Vanda, The soil is covened by mats
Belgica anfarctica, Oither small inveriebrates found in the Antarctic 'I-';ri ;r::_::h :L*lﬂ:ll‘-um'n algae, (Couisy
lakes aml in the moist mosses and solls are protozoa, nematodes, ' )
rostifiers, and tardigrades (microscopic arthropods). Apart from seals
and irds, which feed on fish, no terestrial vertebrates live there.

The few very slow-growing plants could not support terrestrial verte-

brate herbivores, so there is no ecological basis for terrestrial verte-

brate camivores, 1 s only very recently thal man has
lived there, and he can do so only by taking his own
rrleroenvEronmsent with him.

Animals and plants have crossed more formidable
pcean barriers than those that isalate Antarctica, but the
very bad weather, and especially the cold summer, pre-
verits the grovdh of nearly all plants. Only wo species of
flowering plants ame native to Antarclica, both confined
fo the Anfarctic Peninsula, These are Deschampsia
antarctica, the Antarctic hair grass (Figure 135, and
Colobanthus quitensis, the Antarctic pearbwort. Thiy
groaw o moisl, sunny shopes mear the shore, The pre-
dominant band vegetation is slow-growing lichens and
miosses (Figures 13 and 141, which literally kieep a very
low profile. Their growth is so slow that a bootmark on a mosshank  Fguee B, Exposed mountain geaks sunoursdied by
may m.wﬁm.lur 10 years. A fow species of liverwarts and toadstoals ﬂ":_:: #ﬂf;:f';nrim-"ﬂ:fﬂ?alt"ﬁﬁ"ﬁf
are found in w moss banks, and freshwater algae and cyano- G | Lester )
bacteria (Figure 7) occur in the freshwater lakes which, as we have
spen, may be very saline,

Antarctic Food Weh

The ccosystims af the Southesn iof Amarctic) Ocean ane the largest
andd most fertile on Earth, They extend over 36 million sguare kilo-
meders, egquivalent 0 10 percent of the planet’s oceanic surface,
Their noathern Himit is marked by ihe Antarctic Convesgence whene
the cold Antarctic surface waler sinks beneath the less dense,
warmer subantarctic surface water from the Allantic, Pacific, and
Indhan oceans, The Convergence is a lloating amd changing bound-
ary between latitodes 47° and 63° 5 (Figure 2}, Waters south of it
cantain higher concentrations of chemical nutrients, and these pro-
witche the focsd busis of the rich Antarctic marine eoosysbem,

g



Figare 9. Up o 10,000 flatopped lcebengs are
cabvid froum Andarcbica’s great reshwater ices
shasets each vear. iPhaolograph by the author |

Figure 10, Ditirg the Austral wirder, pack icecan
e Bhan ol the sive ol thee Antaecta Conls.
diehil, (Coaitesy Britesh Andaittic Surwey, Pholo
map by WL Shrvwrighd, )

Phytaplaakion, Near o the continent, cold water
sinks and forms bottom water that moves nosthward fo-
seards the Convergence and bevond, Above this layer,
warmer, more saline water lows southward, and this
movernent creates a zone al upaaelling that brings nutr-
efils 10 the coean suace. Here the photosynthesizing
phylaplankion, 11_i1'llq,llrlil'|H_ uprwaircds af 170 ',.F:u.-r.ir."; ol
singtle-celled algae, the prmary producers of the Anfanc-
tic food web, Mourishes (see CBR 91, Ecological Energel-
ros, CMishone wanidls tend to rresend 1 ;:||'|'!.l|t1|_l|.||'||n|.t-| Wl
irom inhabiting s oplimal position near the surface,
where daylight in the sunny seasons could be best used
oo phiodosynihesis,

Eanp.'m.ﬁl'nn. A varied rooplankbon, animals that canmod swim
againsi coean currents and theretore drift, fesds on the phyvioplank-
ton. Two imporlan! components are copepods and euphausids,
iAntarctic euphausids collectively are called knill) Copepods and
krill are both crustaceans, though naot closely related. There are over
four thousand species of copepods. They have a typical crustacean
appearance, and nearly all are from one 1o a few millimeters long.

There are upwards of a hundred species of krill. Closely related
tox shrimips and lobeters, krill are filter-feeders perfectly suited to con-
suming floating phytoplankion, About 1-6 centimeters long, they
contain up to 20 percent protein when wet, and since they them-
sedves are the food of lagger animals—notably cephalopods, also
fish, penguins, seals, and several species of whale—they form a very
important link in the oceanic food web. The most abundant Antarc-
tic krill is Eephacsia superba (Figure 15).

Krill are found at the ocean sudace and down o depths of 3,500
meeters; they swarm in almost unbelievable numbers, often extend-
img over hundreds of square kilometers, Krill migrate vertically,
coming o the surface during the long Antarctic nigght and moving 1o
T00=200 meters below the surface duringg the daylight seasons. Mil-
lions of tonnes of keill are consumed annually—one estimate is 500
millicn tonnes, Estimates of the Diomass of knll range inoim 100 1o
70 miillion tonnes. Besearch s cummently being comducted into the
faciors that affect kel liomass, including their lite span, the amount
of mewly spaswied kol per yvear, and the natural

mmartality of keill other than by peedation,

Human explodtation of Antarctic keill began in
the 196is, In recent years, ane-third to one-half
millisn fennes have been taken by international
tishing feets annually and used mosily for animal
beed and tishing bait, Seme s processed lor human
consumption in the oem of paste, frozen sticks,
amd tails. Erill deteriorates rapidly, and larpe-ca-
pacity freezer ships are meeded to exploit it The
current small take compares with a total world
consumplion of fishing products of about 80 mil-
lion tonnes, The 1982 Comvention on the Conser-
vation of Antarctic Living Marine Resountes (parl of



the Antarctic Treaty System, see below) repulates the ex-
ploitation of krill and s desigmed (o ensume that knll does
niot suffer the fate of the greal whales, namely baing
husnted to near extinction,

Sq-!.ﬂ-lf, nrl'npui, il ﬂ,ﬂl, '!'u:‘t|||||;:| and o Toapns hath
1'1"|1h.\|1'||::~|'rd mndlusks)] ane i1'|1|‘5-C|r1.|l'|I COEmpROrEnis |_:||' Ihl_'
Antarctic marine ecosystem. They consunmse perhagps 100
miilliesn toanes of keill por vear and are themselves eaten
by fish, sea hirds, penguins, seals, and sperm whales,
Sperm whales alone consume absowt 50 million tomnes of
sqquid annually. As et squid ane nob explotied Comamer
cially.

Viery little is knoswn about the mapgnitude of Antarctic sh stocks,
and this is another area where international scientific investigation
is needed. Antarctic fish show adaptations to life at losw tempera-
fwres (such as the presence of glycoproteins acting as antifreese in
thie Iood) that are unigue in vertebrates, These adaptations are the
subject of much current research.

Whales, Whales are mammals iwarm-blooded, air-breathing
animals), which spend their entire existence in the sea. They are
classificd in the mammalian Order Celacea, and the subocder
Mysticeti (ibaleen whales) feed by filtering huge numbers of krill
from ihie Antarctic plankton. To accomplish this, balesn whales have
iMattened baleen plates that project downwards from the sides of
iheir palates, The Lage whales all breed in warmer, more northern
winters, Thay fecd in the Southern Ocean and build wup large reserves
afl Blubbser, which custains them during their migration in the breed-
M SR,

Whaling operateons in Antarchica once fourished, bul under the
auspices of the Intermational YWhaling Conventson thiey have ceased,
saves for 3 small take for scientific purposes, The central north coast
af South Ceemagia Island don the northem edipe of the Anarctic Con-
vergence, Figure 21 s dofted with rusting, abandoned whaling sta-
timns. In the 6 years of thelr operation, these stations processed
between omne-hall o twio=thinds of the Southe
ern Coean’s whales, Some species wiene
browgeht to the brink af extinction

Penguins. Vertebrates of the Antarciic
conlinent are limited to some 30 breeding
species of sea birds lincluding penguins], and
6 species ol seals. These animals feed from
the ocean and show many adaptations for
swimming, diving, and prolonged submer.
L Tal 8

There are 17 species of penguins world-
wide, and G are lound regularly on the Ant-
arclic continent, The langest of these §s the
emperor penguin, at 1.4 meters and 40 kilo-
grams. The three members of the penus
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Penguins rest and beeed on Land (or in the case of
CINEPErOr penguins, on fast ioe, the marine e that abats
thie continentl, where they waddle rather clumsily. In the
weater they mone with expent ease, and they possess ad-
aptations that enable them to exploil this envinonment
iully. In their forelimbs icormesponding 1o wings), the
e, wnlike those of other binds, are solid, lattened, and fsed
sir that the limb moves only at the shoulder; their fect ane webbed,
and their bodies fusitorm. Penguins cammy up to 70 well-oiled
(umwettable) teathers per square inch, the denses! armangement on
any bird. With the air trapped by their feathers, and a layver af subcu-
tanenus blubber, penguins are well insulated.

Thiey can swim up to 12 miles per bour in burss, and the em-
peror penguin can dive to 274 meters and stay submerged for almost
20 minutes. These adaplations make penguins good hunters of fish
anl cophalopods.

The emperor penguin bresds on fast ioo near the continental
margin. It Fays a single eog at the onsetof austral winter (e Marchl,
which the male incubates for about two months during the lons,
elark Antarctic winter, heddied with other males inoa group called a
criche, Al this time, the female heads rorth fooopen water o feed far
bw o more monthe, She refume in the spamg, when the pack jce
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By conirasi, the breeding seasons of brashtails
chinstrap, and gentoo penguing
bireaks ugpy in the austral spring,. For Adélie penguins, wintering on
ihe edpge ol the pack ioe, and chinstrap penguins, wintering in the
open wales bevond the pack, the breeding season
reguines o refum migralion af many hundreds ol
miles 1o reach particular mest siles, Genloos ane
bess migratory, and winter in the Antarctic as long
as thene is open water inowhich to teed, These spe-
cres breed on land, and their nest siles are mene
scrapes in the oock, often ringed with pefibles and
small siones. The heiel heeeding season af two o
three-and-a-hall meonths includes courting, ©opu-
Lation, laying amd incubating exis, and fledging the
wirumE, Adclies and Chinstraps lorm huge colonies
iofien many thousand breeding pairs), Genloos ane
numercus, and their colonies are much
smallor. These three species are called Droushbails
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hescause of thelr stiff, woodpeckerlike tail feathers
which help to hobd them erect (Figure 17), The female
normally lavs bwo epgs, with incubation and feeding
sharel by both parents, The chicks hatch alter apgrmoxi
mately one month ol incubation (Fieuane T8 Thay ane
Bacachese] anel 1asl e s B Si% weeks. Then Adélie and
i |||-'n.I|.'||:-| licks imstinctively leave the 1-rﬁ'th|m urlﬁllfﬂh
anl 1k b LT LM ||r1'h||r1|.|-l'|.'.' II||;.:|'.II|I"||', narbnyarel, as sisli-
sidfic el bards. Gentoo chicks ane bess |nrlt'53r-ne|-'r'|. lin-
pering for a few more wieeks io be ted by their parents

Adilios and chinstraps are site-specific andmals and
refuare b their previous year’s breeding ground, Mates do
e spend the nonbreeding season together, IF both mem
bsers ol a PRI sUnyive the vear, thaey swill mate again; odheraise They
change mates. The chinstrap male returms o Bast year's breeding site
arly in the breeding season. The mone CH TN vl brecihers access
the taller, more nugeed nesting sites that have been own free of
sow by the spring winds. The male dsplays in 1w expeclaton that
last season's female will retuem in sheart argder 1 e 170 0 shue thoes
niat, b will mate with another availabde femalbe, I e -|r|:.1|r:.|| (ML
ultimately does returm, a batthe ensues, with the losing iemale being
pummeeled and oiten tossed downhill

Ceentosos have @ strong pair-bond, and pairs may shny Bogbethes
viear-round, They tend o change beeeding sies affen. Unlike thi
civer brushtails, if thee first cluatch ol egms i lewiad, Benlon parents will
Ly again, Young gentoos gracdually beam 0 forage on thelr own,
piing 1o sea at about cight weeks bat seturming each night to be fed
i omie il thoor pancnis, By thisir tenthe wessk of Teles, By mgsd
b tully incependont, since a that Time TR | [AFEIS DO
asheee o mcll and cannol provide amy feod 10 ther young.
Thie voung pendons rum o their natal grosands the iolloaing
seascn but will nol attempl beeccing wntil the ae of s years
i |'||"|'\.Ir.'||.:|~1 may relurm Eoh thisr matal Hrl:u.lllrl in therr soconid
wear. Adéhies in their therel, Bul mseitber ol thesss spiacbes broesds
until the age o thasi visfirs

Seals, Seals ane the only indigenous ieorestreal mammals in
Antarciica. They show many anatomical and physiological
adaptations for swimming and diving, bat of course they are
alr-breathing and, unlike whales, which spend their whole
liwvies in water, breed on the ice or the shingle beaches.

Six speecies are encountered, all belonging to the mamma-
lan subosder Pinnipedia, Five belong to the Family Phocicdae:
thir crabaeater seal, Lodwadan carcinophapes; the leopard seal,
Hyelrurga leptonyx: the Ross seal, Crrmatophoca rosse the
Wisildell seal, Lepfompcfotes wedldelli; and the elephant seal,
Mirrarega feovaing, The remaining species, the Antarctic fue
seal, Arctocepilas gagella, belones to the family of eared
geale (e Otariedae, which also includes sea lions.

Pinnipeds have streamlined, torpedo-shaped bodies
(Figures 19 amd 20, The fomdlipper is shot and claswed; the

animal dhoses ol ase i io padedbie and keeps it close o the tlank
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when swimming, The hind flippers are webbed and furmed
backward, soles together, making a rudder. Seals use these
flippers, together with side-to-side movements of the body, 1w
propel themselves through the water, The Phocidae cannot
tuirm their hind flippers forwards; they are useless for lecomo
tion on land, which is accomplished by an awkward humping
af the body with some assistance fram the forellippers, The
{Chnaridae, by contrast, can rotate the hind flippers forsard
with sales turned against thie ground; and these animals walk
in an u|:r||*;h1 |1|:'|-.i|ir|rt The pinmipsed upper ||;| laisars imany
vibrissae (whiskers), which are important sercory ongans (Fig
ure 19

Wiedde |l seals imhabst thes et e g thi= <home around the
whole Antarctic contimenl, They fod 4:|1.||||||',. an sk, thoush
SEHTIE u;||,|i|:1 and otk inverebrates are taken, The birth and
rearing of pugs takes place from '~:|-|r.|-rr||u-r tor Movermibss on
the ice near cracks that allow the male o patrol an underwater
lerribory.

Expenments an Wiedddell sesals show they can dive as |l|.'-|.'|.l
A% GUE) mieters for |u'r||:1||- (o g o 1 F mmimuebes; they also undler-
take shallower, coplorabory dives to around 1 30 meters, ravel-
ik a5 bar s 4 400 maers an D munutes, r.|'IJrII1H diving, the
anmimal®s heart rate sbows, and its blood is selectively redistrib-
wtied bo the oentral nereos svsiem ardd heart and away lrom
thier other viscera, Elicctively, the animal becomes a “hearty
The Wieekdell seal has characteristically arranged
imcmor and canine teeth 1o ream beeathinge holes in the ice and kKeeg
thiem from freczing up, I is ol understood how e animal knows
the locaton of a distand, vital breathing hole.

A 34 mebers, leopard seals (Figuee 200 are larger than i raks-
caters: they inhabit the pack ice and are easily recognized by thekr
sinuwous neck and reptilian-shaped head. They have complicated
teeth e straining krill, though a lange portion of their diet is pen-
guins amdl voung crabeaters. They also take smaller quantitics o
fish, squid, and other invertehrates.,

The crabeator seal (Figure 21) &5 the world's most aliandant seal,
perhaps with a population exceeding 30 million, which is greater
than the tatal population of all other seals put ogether. Perhaps o
should be called “krilleater seal”™ because it feeds
predominantly by gulping water and strainmg oul
the krill threugh specially modified weth and pal
ates, much in the fashion of baleen whales
Crabeaters are abundint o the oulter frimges ol the
|h|-:l. e, Thisy are usually salitary exe il |L|r|rl||.1
the spring brseding season w hi=n thisy foem Exmilly
groups of maol her, {ather, amd wolitary Pup
Crabeaters of all ages are proved on b heil it
whatles (Ercines oreal,

brain preparalion

A gorowy of Killer whales
may rack an ice fose ok arsd foetks wntil ome of the
spals slides off inlo waiting jaws. Younser orab.
eaters ane prisved upon by leopard seals, and scars
an a crabeater’s body aften indicate a close brush



with this predator. Crabeater numbers have increased
presatly because of the decimation of whale populations
by swhaling leses,

Ecological Productivity

Tor gl an iedea af thae prodiectivity of the Antarciic soosys-
e, wiou must mealize that between 240 amd 6,400 mil-
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Threat to the Antarctic Food Web

Miasurements made since 1957 on the “orone Lver” in the sirato-
sphere, 20-25 kilometers abowve the Earth, show thal il beoomes
thinmer in the austral spring, producing the so-called “orone hole®

{Figure 220, Ozone (D) is a molecular form of oxygen that is
al great imporance o lile on Earth becawse it absorbs solar
uliraviolet radiation of wavelength 280-320 nanomeders,
called LNV-B. This radiation produces mutalions—changes in
ihe DA of living omganisms—and it kills mamy microongan-
isms. Marine phytoplankton are susceptible bo LV-B, and it is
possible that if the UV shield were 1o disappear, the whale
Antarctic marine ecosystem, whose primary producers are
single-celled algae, such as dinoflagellates, and cvano-
bacteria, would be disrupted, or even destroved. UNV-B has
been shown o penetrate down o b mebers in Antarctic wabers,
bt predictions are ot simple because many of the planktonic
photosynthesizers migrate downwards during the day; and

pack ice reflects UV radiation during the austral spring and part of
the austral autumn. Mevertheless there s concern for the ozone
laver and its depletion at the hands of man, largely, it is thought,
because of the release into the atmosphere of chloroflusrocarbons
(CFCs), which are used in refrigerators, aerosols, and as foam-pro-

ducing agents.

INTERMATIOMAL SCIEMTIFIC INVESTIGATION

The early twentieth century expeditions of Shackledon,
Scot, and Amundsen involved feats of eadurance and
hesroisem, From 1928 (o 1947, Admiral Byed of the United
States mude three extensive investigative expeditions.,
With improvement in ransporation and communica-
tions, many nations have established permanent basies
and extensive scientific programs, These are bevond the
capacity of any one nation, nol least because of the great
size of Antarctica and its very long coastline
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The Antarctic Trealy

The success of the International Geophysical Year (July 1957 -De-
cember 1959), when scientists from many couniries paricipaied in
an unprecedented, cooperative scientific research program, bed in
1959 b the signing of the Antarctic Treaby, 10 was ratified in 1961 by
the 12 nations principally involved, namely Great Britain, Norway,
France, New Zealand, Argentina, Australia, and Chile (all countries
which had previously laid claim (o sovereignty over areas of Antarc-
tica and who now agreed to stop discussing this issue, as well as
South Africa, Belgium, lapan, the United States, and the Sowviet
Uinion, nations that had never claimed any Antarctic lerritory,

Thie Trealy is short and simple, It defines Antarctica as the amea
sotth of 607 5 latitude and provides that Antarctica shall be used for
peaceiul purposes only; there shall be freedom of scientific investi-
gation and a free exchange of scientific informateon; there shall be
e military measunes nor weapons wsting, o nuclear explosions,
and no nuchear waste disposal; there shall be free movement and
inspection among the various nationals working in the Antanctic;
countries shall take measures 1o further the Treaty's objectives, in-
cluding the preservation amd conservation of living resounces: and
countries shall discourage activities that are contrary 1o the Treaty's
principles. Any United Mations member is eligible 1o join, but only
those conducting significant scientific operations may become vol-
ing parties, Al present, thene ane 26 vating and 14 noavoling paries.
These 40 nations represent more than two-thirds of the waorld's
population.

Simce 1961 the Treaty has been supplementsd by the consensas
recommendations of the parties and two additional agreements ithe
Conservation of Antarctic Seals, 1972, andl the Convention on the
Conservation of Antarctic Marine Living Resources, 1972). Also, in
1991, the parties signed an environmental protocol that deals with
marine pollution, waste disposal, and environmental impact assess-
ments, and which contains a 50-year prohibition on oil, gas, and
minerals exploitaton, The whole system of treaties and recommen-
dations is colbectively called the Antarctic Treaty System (ATSL

Cne of the most important recommendations adopted by the
parties is called the Agreed Measures for Fauna and Flora, which, for
example, prohibits the killing, wounding, or capturing of native
mammals and birds; requires participating counries 1o take appro-
priate measures to minimize harmiul inteference with these ani-
mals; requires these countries 1o prevent the pollution of Antarctica;
and prohibits the introduction inte Antarctica of nonnative species.
An outgrowth of the Agreed Measures has been the creation of Spe-
cially Protected Arcas (SPA) and Sites of Special Scientific Interest
(55505, The new environmendal prodocoel contemplates revisions 1o
this scheme of protected arcas and new measures for prolecling
flora and fauna.

The Antarctic Treaty has had remarkable success, especially
considering that it comains na palicing provision, It forms a political
framework for Anfarctica. A separate Scienfific Commilies on Ant-
arctic Research (SCAR), based at Cambridge, England, initiates, pro-
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events in the history of the Earth, the breakup of Gondwanaland
some 160 million years ago. Other geological studies will assess the
mineral resources of the continent, including its coal reserves,

The ice sheet containg evidence of the past climatic and envi-
ronmental conditions of up to one millien years ago, which can be
studied in ice cores. Minute bubbles of ancient atmospheres irapped
in the e show the rise of greenhouse gas concentrations since
preindustrial times. The ratios of oxygen and hydrogen isolopes can
reveal palectemperatures, Acids and particulate matter trapped in
the ice reveal past volcanic activity.

Biological research. Organisms living in this extreme environ-
meni survive because of many specialized anatomical and physi-
ological adaptations. We noted some of those applying 1o seals and
whales, There are 80-100 species of bottom-dwelling fish in Antanc-
tic waters, They are able to exist at temperatures that frecze the body
flubds of most animals because their tissue fluids contain an anti-
freeze, and this substance has been isolated and has already found
medical applications. The flow of energy through the marine eco-
system is a major area of research interest. The stocks of krill, fish,
and sguid in the Southern Ocean have a potential econamic value
exceeding that of fisheries in all the other world aceans combined,
Since the world’s human population has already passed 5.3 billion
and is predicted to reach 12 billion before the middle of the next
century, demands on this unexploited ecosystem may well increase
substantially. If this does happen, the Amarctic ecosystern can be
regulated and conserved wisely only if it is first understood.

Let us hope that the spirit of international cooperation generated
by inmernational research in Antarctica, which has so far prevented
the spoilage of this last pristine ecosystem, persists into the future,
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