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Map of AntarcticaMap of Antarctica
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Antarctica is the 5th largest continent, almost 5,400,000 square miles (14 million 
km2 ) in area.  Less than 3% of this land area is free of ice and snow at any time.  
The ice sheet covering Antarctica contains 2% of all water on earth and it contains 
80%-90% of the earth's fresh water.  The average depth of the ice sheet is 2,160 
meters, and its maximum thickness is 4,000 meters!  This ice sheet began forming 
about 25 million years ago, and the weight of this ice mass is so great that it has 
pushed the continent down into the earth's mantle.  If all of this ice melted, the 
Antarctic continent would rise 300 to 400 meters.  Despite the enormous amount of 
snow and ice, Antarctica is the driest place on earth, with an average precipitation 
of only 5.7 inches (14.5 cm) per year ("rainfall equivalent").  However, the snow that 
has accumulated doesn't melt and the frequent blizzards are caused more by 
blowing snow rather than by new falling snow.
Circles of latitude:
Circles are 10 degrees apart.  (One degree = 60 nautical miles, so circles are 600 
miles apart.)  All of Antarctica is south of 60o South latitude; the South Pole is at 
90o South.  
The Antarctic Circle is at 66o 30' South.  South of this Circle the sun shines 24 
hours/day in between mid December and mid March, and in the winter the sun 
never appears above the horizon.  (Remember, winter and summer are opposite to 
our Northern Hemisphere seasons.)
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The Antarctic Peninsula, the "finger" that points northward toward the tip of South 
America, has most of the bare ground found in all of the continent.  The rocky 
shores of the peninsula and of islands that are exposed when the ice melts in 
summer provide major breeding sites for marine mammals and seabirds.  The 
photos in this slide set were all taken on islands or in coastal waters off the western 
side of the Peninsula. The stations shown are operated by the United States 
National Science Foundation.  McMurdo Station is the largest research station on 
the continent, with about 1,000 scientists and support personnel living there in the 
austral summer.  Many other countries also have research stations in Antarctica; 
these are not shown on this map. 
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1980s Satellite Image of Winter Sea Ice1980s Satellite Image of Winter Sea Ice

This is a computer simulation of microwave radiation recorded in a satellite 
photograph taken in winter in the 1980s. Ice completely surrounds Antarctica. The 
continent is white and the computer-generated colors represent different radiation 
temperatures from the ice cover. The light blue band represents the extreme edge 
of sea ice forming around Antarctica in winter.  By the end of winter (September) 
sea ice covered about 57% of the Southern Ocean. 
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1980s Satellite Image of Summer Sea Ice1980s Satellite Image of Summer Sea Ice

This is a computer simulation of microwave radiation recorded in a satellite 
photograph taken in summer in the 1980s.  (White areas over the ocean are places 
covered by clouds that the microwaves could not go through.)  By the end of 
summer (March) ice cover was at a minimum, covering a little more than 11% of the 
surface of the Southern Ocean.  This dramatic advance and retreat of ice cover 
each year strongly affects the biology of marine animals.  Almost all marine 
mammals move northward as the ice edge advances because they must surface to 
breathe.  Seabirds must find open water to catch marine prey.  Phytoplankton 
disappears in water under the ice because it is too dark for photosynthesis, but 
algae grows on the undersurface of sea ice when the ice is not too thick, providing 
some food in the spring and fall for herbivorous animals such as Antarctic krill.  As 
the ice cover melts in spring, waters at the retreating ice edge are extremely 
productive, i.e. phytoplankton flourishes, providing plenty of food for animals higher 
in the food web.
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Research Ship, the Research Ship, the Polar DukePolar Duke, Chartered, Chartered
by the National Science Foundationby the National Science Foundation

U.S. research ship Polar Duke pushing through pack ice: The Polar Duke
ferried personnel and supplies between the tip of South America and Palmer 
Station, supported scientists working on land at remote sites and was a platform for 
oceanographic research.

Seawater freezes at about 28.8o F (-1.9o C).  Even in summer the 
Southern Ocean's water temperature remains near freezing, so the sea ice melts 
slowly, and is a hazard to shipping in Antarctica all year.  The Polar Duke has a 
steel hull especially strengthened to push through sea ice, but the hull is not as 
strong as the hull on ships classified as "ice breakers".  The red paint would help 
rescuers locate the ship if it became trapped in heavy sea ice. 
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Palmer Station, Antarctic Peninsula, 1982Palmer Station, Antarctic Peninsula, 1982

In the 1980s Palmer Station supported about 40 scientists and support personnel 
during the austral summer (Nov.-March), and 10-20 personnel during the winter. 
Palmer Station is supplied only by ship, so between arrivals of ships every few 
months the station must provide all necessities for research and daily life.
Except for the rocky point on which Palmer Station was built and a few other narrow 
coastal areas, Anvers Island was completely covered by a glacier in  the 1980s.  n.  
In the 1980s, water melting out of the glacier into a rocky pond provides most of 
Palmer Station's fresh water in the summer.  In the winter desalinization provides 
fresh water.  Now (2007) the glacier is retreating, and the station’s water is provided 
by reverse osmosis, removing salt from seawater.
The Hero, a wooden-hulled ship 125 ft. long, supported U.S. science in Antarctic 
waters for about 20 years, until she was retired in the mid 1980s.
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r/vr/v HeroHero & Glacier near Palmer Station& Glacier near Palmer Station

glacier near Palmer Station: Only about 1% of the surface of Antarctica is ice-free.  
Glaciers are frozen rivers of ice that continuously transport the ice burden of the 
Antarctic continent down to the sea.  At the ocean's edge the face of a glacier is 
often hundreds of feet high.  In this picture great cracks and crevasses are visible, 
created by physical stress as the ice slowly moves forward under the influence of 
gravity.  When the ice meets the sea the ice fractures and huge chunks break off, or 
"calve," to create icebergs.
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Grounded Icebergs at Palmer StationGrounded Icebergs at Palmer Station

Sculptured icebergs: Waves and currents sculpt icebergs into an endless variety 
of forms.  Icebergs slowly melt and are eroded beneath the water surface.  They 
frequently roll over as the center of gravity shifts due to melting, and expose 
beautiful surfaces like these to the air.  Because icebergs capsize frequently and 
unexpectedly, small boats and ships are warned to keep a safe distance away. 
These ‘bergs grounded in shallow water in front of Palmer Station and I took this 
photo from our bedroom window.
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Small Iceberg in Small Iceberg in LeMaireLeMaire ChannelChannel

LeMaire Channel, off the western side of the Antarctic Peninsula: A glacier is 
visible in the background.  Small sculptured chunks of ice that have broken off 
glaciers float in the channel.  Ironically, as the summer progresses, ice becomes 
more hazardous to shipping around the Antarctic Peninsula, even though much of 
the sea ice has melted, because more and more ice breaks off the glaciers.  
Icebergs slowly drift northward, sometimes taking 4-6 years to melt completely. 
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blue iceberg, Elephant Islandblue iceberg, Elephant Island

Blue iceberg, Elephant Island: Most icebergs are white but if the ice doesn’t 
contain bubbles they can appear black or emerald green or, like this one, brilliant 
blue.  Biologists ride ashore from the ship in a rubber boat to census the penguin 
population nesting on the steep hill behind the iceberg.  They wear bright flotation 
jackets in case the boat capsizes.  Shackleton’s crew spent the winter on a beach 
on Elephant Island after their ship, the Endurance, was crushed in the ice.
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Antarctic Krill, Antarctic Krill, EuphausiaEuphausia superbasuperba

Antarctic krill, Euphausia superba: Antarctic krill are small shrimp-like 
crustaceans that grow to about 6 cm long and can live 5-7 years.  They are of 
central importance to the Antarctic food web.  The Antarctic krill is primarily an 
herbivore and for much of the year it grazes on phytoplankton, microscopic plants 
growing in the ocean's surface waters.  Krill swim with the 6 posterior pairs of legs 
that are shaped like paddles.  As a krill swims forward, it collects phytoplankton 
cells in a "basket" formed by the 6 anterior pairs of legs, opening the legs wide, as 
in this picture, to capture a packet of water and phytoplankon.  The krill then pushes 
the 6 pairs of legs together and phytoplankton cells are trapped on the fine hairs, or 
setae, fringing the legs, while the entrapped water is squeezed out between the 
legs.
In winter, when no phytoplankon grows in the water column below the sea ice 
(because not enough sunlight penetrates the ice cover), krill use the tips of their 
front legs to scrape off ice algae that grows on the undersurface of sea ice. 



13

School of Antarctic krillSchool of Antarctic krill

School of Antarctic krill: Krill swim in schools very much like fish schools.  
Schools can be very small or they can contain thousands of individuals, like this 
school silhouetted against the sea surface.  For their small size, krill are strong 
swimmers, and they can make headway against a current.  Because krill occur in 
these enormous schools they are a rich source of food once they are found.  
Sometimes their predators must search a long time for krill because the schools are 
scattered and krill rarely occur outside a school.  In this photo thousands of krill 
swim pver the cameraman as he looks up toward the ocean surface.
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Krill in Aquarium, Feeding on Ice AlgaeKrill in Aquarium, Feeding on Ice Algae

Krill feeding on ice algae: In early and late winter, when no phytoplankton can 
grow in the water column below the sea ice (because not enough sunlight 
penetrates the ice cover), krill use the tips of their front legs to scrape off ice algae 
that grows on the undersurface of sea ice.  Note the green color of their stomachs, 
full of algae.
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Divers Wear Divers Wear ThinsulateThinsulate™™ Underwear Under Their Dry SuitsUnderwear Under Their Dry Suits

Divers must be well insulated in the frigid water of the Southern Ocean (-1.2o -30

Centigrade). Layers of underwear underneath dry suits sealed at the neck and 
wrists keep divers warm and dry. (Dr. Willaim Hamner, left, and his post-doctoral 
fellow, Dr. Jim Stretch)
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SCUBA Divers Prepare to Study KrillSCUBA Divers Prepare to Study Krill

Divers prepare to enter the water: In order to understand the biology of living 
organisms, scientists must join them in their own environment.  Until biologists went 
underwater to study how krill behave no one realized that krill actually swim in 
oriented groups just like fish schools.  Divers can observe and photograph the 
undisturbed krill and bring back undamaged individuals in jars for study in laboratory 
aquariums.

The ocean around Antarctica remains close to freezing year round.  In just a 
bathing suit, a swimmer would die from exposure within minutes. Divers wear 
hoods and mittens over gloves in addition to dry suits and layers of underwear to 
stay warm.  With this protection, time in the water is limited by exposure of the face, 
which can get frostbitten by the cold. In order to sink underwater, divers must wear 
lead weights, sometimes 50 pounds or more, to  compensate for buoyancy caused 
by air trapped in the layers of underwear.  (William Hamner on left, Dr. Jim Stretch 
on right, wearing their SCUBA tanks and buoyancy vests)



17

Diver Resting at Ocean SurfaceDiver Resting at Ocean Surface

Diver (Dr. William Hamner) in his dry suit, ready to snorkel.  In the Southern Ocean 
water temperature can drop to about 28.4°F (-2°C) before the salty water freezes.  
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Net of IsaacsNet of Isaacs--Kidd Midwater TrawlKidd Midwater Trawl

Isaacs-Kidd midwater trawl for collecting krill: Krill and other zooplankton are 
caught in the net as it is towed behind the ship, and they are washed down into the 
white jar at the bottom of the net, which is then emptied into containers.  Much 
information about krill can be gathered by collecting large numbers of krill in nets.  
Biologists can learn about life stages, reproduction, food items, and population 
distributions from specimens caught in this trawl.  However, behavioral studies on 
krill caught in nets are hard to do because most individuals are damaged as the net 
is pulled through the water.
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Commercial Trawler Pulling in Net Full of KrillCommercial Trawler Pulling in Net Full of Krill

Ship collecting krill in a commercial trawl: Humans are now the top predator in 
the Antarctic food web.  This net catches 10 to 12 tons of krill in one haul. The 
enormous size of the net can be estimated by the size of the 2 men bending over 
the net at the top of the ramp.  The krill caught in this net will be processed for 
human food or for fodder for domestic animals and aquarium fish. Krill, contain a 
high percentage of protein, and occur in enormous numbers.  They are a vital link in 
the Antarctic food web, and human competition with other animals for this food 
resource raises concerns about overfishing and its effects on survival of all the 
marine animals in the Antarctic food web.
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Ctenophore with Krill in its GutCtenophore with Krill in its Gut

ctenophore with krill in its stomach: This tentacled ctenophore, about 3 inches 
tall, is a planktonic animal similar in appearance to jellyfish.  Its body is transparent, 
revealing krill in its stomach, partially digested except for the krills' eyes.  When the 
ctenophore is fishing, its tentacles stretch out many times the length of the body, but 
in this photo they are tightly retracted into 2 white bunches on either side of the 
body.  Ctenophores are among the smallest predators on adult Euphausia superba
and often hunt for their prey by swimming horizontally beneath sea ice.  
(photgraphed in a plankton kreisel, a specialized tank for observing planktonic
animals)
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Humpback Whales in Harbor at Palmer StationHumpback Whales in Harbor at Palmer Station

Humpback whales in Arthur Harbor, Palmer Station: Humpback whales migrate 
every austral summer to the Southern Ocean to feed on krill before returning to 
warm equatorial areas where their calves are born.
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Tail Flukes of Humpback WhalesTail Flukes of Humpback Whales

Humback whales diving: Individual humpback whales can be recognized by 
markings on their flukes, and photographs of flukes are kept in catalogs to help 
scientists learn about their travels.  The whale on the left was photographed near 
Anvers Island, Antarctica, and months later it was photographed again, north of the 
equator, off the western coast of South America.  This sequence of identifications 
documented the longest known migration of any whale.
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Weddell Seal & ScientistWeddell Seal & Scientist

Weddell seal (Leptonychotes weddelli): Weddell seals primarily eat fish, but they 
also eat invertebrates and squid.  (Still, their survival depends on krill indirectly 
because their prey eat krill.)  Feeding dives to 600 meters by Weddell seals have 
been recorded, and they can stay under water more than one hour. Unlike other 
seals on the Peninsula, Weddell seals don’t migrate north in the winter.  They open 
breathing holes in the winter ice with their canine teeth, and progressive tooth wear 
can eventually cause death by drowning when they can no longer open the holes.  
Like most other Antarctic marine animals that come ashore to breed and molt, 
Weddell seals are usually unconcerned about being close to humans because they 
have no terrestrial predators (except humans, in the last 200 years!).
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Southern Elephant SealsSouthern Elephant Seals

Southern elephant seal (Mirounga leonina): In summer elephant seals haul out 
on rocky beaches to reproduce and to molt. The bulls (male seals) can weigh more 
than 4 tons! They eat fish and squid, not krill, and can dive to about 300 meters 
(about 1,000 feet) to catch squid.
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Southern Fur SealSouthern Fur Seal

Southern (or Antarctic) fur seal (Arctocephalus gazella): These eared seals 
were hunted nearly to extinction by 1900 because their fur was highly valued for 
coats. Males can be up to 4 times the size of females and growth rings in the teeth 
indicate that a fur seal can live up to 30 years.  Since they became protected in the 
1930s the population has boomed, spreading southward along the Antarctic 
Peninsula.  Krill is the fur seal's major food, but they also eat squid and fish. 
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Leopard SealLeopard Seal

Leopard seal (Hydrurga leptonyx): Leopard seals can grow to almost 12 feet in 
length and to almost 1,000 lb. in weight.  Their major food is krill, but they also eat 
penguins, other seals, fish, and squid.  Their tooth structure reflects this varied diet.  
Behind the strong canine teeth used to kill large animals, leopard seals have 
complex molars shaped to form a sieve which keeps krill inside the mouth.  Along 
with killer whales, leopard seals are apex predators in the Southern Ocean.  
Humans deal cautiously with these seals; In 2003 a a snorkeling British scientist 
died when she was dragged underwater by a leopard seal.
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GentooGentoo PenguinPenguin

Gentoo penguin (Pygoscelis papua): The Gentoo is larger than than Adelie and 
Chinstrap penguins, which also breed on rocky shores along the northern half of the 
Antarctic Peninsula.  They eat fish and squid as well as krill. 
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Chinstrap PenguinChinstrap Penguin

Chinstrap penguin (Pygocelis antarctica): The Chinstrap is smaller than either 
the Gentoo or the Adelie.  Chinstrap penguins feed primarily on krill, and dives as 
deep as 70 meters have been recorded.. They are agile climbers, and in locations 
where all 3 kinds of penguins share nesting areas (rookeries), the Chinstraps 
choose the highest, rockiest areas, using beaks and claws to climp up to their nests.  
Note the bare, pink feet. In the Antarctic summer penguins have trouble staying 
cool.  They cool down by heat exchange through their highly vascularized feet and 
by panting.
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AdélieAdélie PenguinPenguin

Adélie penguin ((Pygoscelis adélie):  The Adélie is the most abundant and best 
understood Antarctic penguin.  They breed on bare rocky shores around the entire 
continent, coming back to the same nest site year after year.  They feed on krill, 
swimming rapidly in flocks underwater to catch individual krill. They can hold their 
breath up to 6 minutes, but most dives are shorter.
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Breeding colony of Breeding colony of AdélieAdélie PenguinsPenguins

Breeding colony of Adélie penguins: Look for the chicks - most of the nesting 
penguins have at least 1 plump, downy chick.  The rocks are tinged pink from krill-
rich feces and regurgitated krill. (Krill contain carotene, which gives them a reddish 
color.)  Penguin colonies smell terrible because of the enormous quantity of rotting 
krill! 

In the right foreground is a Macaroni penguin (Eudyptes chrysocome), 
facing toward the right.  Macaronis do not breed near Palmer Station and are not 
often seen there.

In the 1980s, when this photo was taken, huge colonies of Adélie
penguins occupied islands near Palmer Station. In the 21st century, as the climate 
warms, changes in the timing of sea ice formation and break up have affected the 
biology of the krill which these penguins must find to feed their chicks.   As krill 
populations move farther south and disappear from these waters, the number of 
nesting Adélie penguins is dropping and it is estimated that in the not-too-distant 
future no Adélie penguins will breed on the islands around Palmer Station.
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Macaroni PenguinMacaroni Penguin

Macaroni penguin (Eudyptes chrysocome),:  This is an enlargement of the previous 
photo to show the elegant plumage of the Macaroni penguin.  This penguin eats 
krill, fish and squid, usually catching them on dives to depths of 50-200 feet.  They 
breed farther north, and huge colonies containing millions of birds occur on South 
Georgia Island and other islands in that part of the ocean.
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AdélieAdélie Penguin & scientistPenguin & scientist

Dr. Steve Strand, a biologist from UCLA, face-to face with a curious Adélie
Penguin: Except for some other species of seabirds, Antarctic penguins have no 
natural predators when they are on land.  They have little fear of humans and seem 
to be curious about these strange giants who periodically invade their breeding 
colonies.  
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AdélieAdélie Penguin with chickPenguin with chick

Young chicks can't thermoregulate because of their high surface-to-volume ratio 
and the adults must keep them warm.  The pink, vascular, featherless feet of the 
parent act like a hot water bottle, protecting the small chick from the cold ground. 
Adélie chicks are fed regurgitated krill by their parents until they molt and get their 
adult feathers.

The penguin’s dense coat of short feathers overlays a layer of blubber 
for insulation.  The stubby wings are useless for aerial flight but they propel 
penguins rapidly through the water.  When the adult penguin is swimming, its black 
back and white ventral feathers create a camouflage called countershading; seen 
from below, the penguin's white stomach blends with downwelling light, and from 
above, its black back blends in with the dark ocean surface.  
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AdélieAdélie Penguin chicks in crèchePenguin chicks in crèche

When they are big enough to leave the nest, juvenile penguins congregate in a 
large group called a crèche.  Aggregation provides warmth when the weather turns 
bad and provides some protection to individual chicks against avian predators.  The 
chicks must lose the downy coat and grow their adult plumage before they can 
swim. 
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juvenile juvenile AdélieAdélie Penguin & parentPenguin & parent

This chick has almost completely molted its juvenile feathers, except for the 
“Mohawk” on its head and back.  It takes about 50 days from hatching for a chick to 
get a full set of adult feathers and start to forage in the sea. When their chick is big 
enough to join a crèche, both parents go to sea to feed.  A parent returning to the 
colony recognizes the call of its own chick and regurgitates partially digested krill 
into the chick's gaping beak.  Note the shiny, clean coat of the adult, which indicates 
that it has just come out of the sea. 



36

AdélieAdélie Penguins ready to go to seaPenguins ready to go to sea

After chicks become independent, the adults spend a few weeks feeding at sea, 
then return to land or ice to molt.  Penguins cannot go in the water while they are 
molting because of lost insulation, so they must fast until the new coat of feathers 
grows in.  Molting can take 20 days, during which the adult penguin loses almost 
half its body weight.
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SkuasSkuas

A pair of skuas (genus Catharacta) displaying to each other: Although skuas
belong to the gull family, to us they seemed to be a cross between a seagull and a 
hawk.  Two species, similar in appearance, breed along the Antarctic Peninsula -
the South Polar Skua and the larger Antarctic Skua.  In addition to krill, they eat fish 
and penguin eggs and chicks.  They're aggressive and territorial, and will dive bomb 
humans approaching their nests too closely. 
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American SheathbillAmerican Sheathbill

American Sheathbill (Chionis alba): This is the only bird in Antarctica without 
webbed feet.  Although it can swim, it is usually seen on land. Its diet is carrion, 
eggs and small chicks of blue-eyed shags (cormorants) and penguins, but it will also 
feed on algae, molluscs, and crustaceans along the shore.
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Southern Giant Petrel with chickSouthern Giant Petrel with chick

Southern giant petrel (Macronectes giganteus) with chick: The wingspan on 
this large bird, a relative of the albatross, reaches almost 6 feet.  They may live 
more than 50 years.  Most adults have brownish feathers, but some (fewer than 
10%) have almost all white feathers.  Usually each pair incubates just 1 chick.  
Nesting giant petrels have an unusual defense - if an intruder, such as an 
unsuspecting human, approaches too close, the bird spits foul-smelling stomach oil.  
In addition to defense, the oil is used to feed the chick.  Adults feed on krill but also 
scavenge on dead animals and prey on live birds smaller than themselves.  This 
bird is in a group called tubenoses because of the horny appendage on top of the 
bill, which they use to get directional information about airborne odors that help the 
bird find food at sea. 
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Wilson’s Storm PetrelsWilson’s Storm Petrels

Wilson's Storm Petrels (Oceanites oceanicus): The tiny Wilson's Storm Petrels 
are among the most abundant seabirds in the world, and they migrate annually 
between the Antarctic and high northern latitudes.  In Antarctica they feed primarily 
on krill, fluttering just above the ocean surface ("pattering") to pick up individual krill.  
Occasionally they will make a quick, shallow dive.  They will also eat pieces of 
blubber or dead animals and sip oil from decaying animals that floats to the surface.  
(We lured them with bacon grease to the ship's stern for photographs.)  They nest 
in burrows or in crevices between rocks.  Adults digest the krill themselves and feed 
their chicks with a high-energy stomach oil.
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Wandering AlbatrossWandering Albatross

Wandering Albatross (Diomedea exulans): This species and the Royal Albatross 
together are called the "great albatrosses".  Often described as huge, the body can 
be up to 53 inches long and the wingspan as great as 138 inches (12.5 feet)!  They 
don't breed until they are 9 or 10 years old, and may live more than 50 years.  
Albatrosses often soar on outstretched wings alongside or behind ships, providing 
an opportunity to take photographs like this.
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DallmanDallman Bay, 11 pm on Christmas EveBay, 11 pm on Christmas Eve

Dallman Bay at 11:00 pm, Christmas Eve: In polar regions it never gets dark in 
midsummer.  In Antarctica, midsummer is December.  In Dallman Bay, slightly north 
of Anvers Island, floes of sea ice reflected the lingering sunset which imperceptibly 
became sunrise because the sun never dropped completely below the horizon. 
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I hope you enjoyed the show!  I hope you enjoyed the show!  


