
 

COULOIR CLIFFS at 
Granite Harbor…  are granite cliffs, three miles long and from thirty to sixty 
meters high, at the east side of Avalanche Bay in Granite 
Harbor, Victoria Land (lattitude 77°01'S; longitude:162°48'E). That's 
a diver field camp pitched on the frozen ocean near that base of 
Couloir Cliffs.  
 
Couloir Cliffs were named by the Granite Harbor Geological 
Party, led by the geologist Griffith Taylor, of Robert Scott's 
British Antarctic Expedition (1910-13), because these cliffs 
have numerous chimneys and couloirs (a mountainside gorge). 
In summer 1911-1912, Taylor led a four-man field party on a 
survey of Victoria Land and finished their Granite Harbor work 
in the second week of January 1912. 
 
 
 
 
 
 
 

 
 
 

 
 
Steep rock walls underwater at Couloir 
Cliffs are coated with ice giving the 
appearance of an underwater ice 
waterfall. The bottom is fifteen feet deep 
next to the icefall in this picture and 
covered with rocks and boulders and 
anchor ice. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 



 

 
 
The exposed rock topside soaks up 
warmth from the sun, melting the 
covering snow. This underwater ice cliff 
may be formed from this meltwater 
migrating through permeable rock and 
freezing when it encounters cold 
seawater, or it may be formed from a 
very cold underwater rock mass freezing 
seawater.  

 
 

A huge ice mound hung down from the 
sea ice ceiling and touched bottom. The 
underside of the sea ice ceiling is not 
always flat; it can be mounded and there 
can be scattered stalactites.  

  



 
 
 

The sea urchin Sterechinus neumayeri 
is a ubiquitous scavenger in shallow 
water here at the Couloir Cliffs icefalls. 
The urchins are in right foreground of 
this photo. Animals trapped in the 
frozen icefall are a food source. Nearby 
there was a long nemertean worm 
frozen in place on the icefall 
suggesting that it had been crawling 
along when meltwater streamed down 
over it and froze it in place. It was a 
frozen meal awaiting the arrival of the 
urchins.  

 
 
 

The Sterechinus neumayeri urchins look 
for food on the bottom and up on the 
icefall itself. The brown color of the 
icefall is due to diatoms which the 
urchins scrape off and eat.  

 

 



 

GROUNDED 
ICEBERGS….. 
Icebergs are large masses of floating ice 
calved from the fronts of glaciers or 
from permanent ice shelves. Pushed 
along by wind and mostly by the 
prevailing current, icebergs become 
grounded in shallow coastal water by 
plowing into the seafloor, just like a ship 
running aground.  
 
 
 

 
 
 
When the ocean freezes over in winter, the 
grounded iceberg is locked in by the 
surrounding sea ice. This grounded iceberg 
was just south of Cape Evans on Ross 
Island. It is about two hundred feet long 
with about forty feet of iceberg showing 
above the sea ice. 
 
 
 
 
 
 
The keel of the grounded iceberg causes 
gouges, scouring and plow marks on the 
sea floor. This natural physical disturbance 
of the seafloor, along with seafloor 
disturbance caused by anchor ice and drift 
ice, contributes to making shallow water 
undesirable for sessile (attached) 
organisms. 
 
 
 
 

  



 
The iceberg is a solid wall of ice all the 
way to the bottom, 90 feet deep at the 
dive hole. This iceberg cut a large trench 
into the bottom when it drifted towards 
shore and ran aground; it is about 120 
feet deep near the trench. How deep can 
icebergs scour the bottom? Tabular 
icebergs (flat-topped bergs that break 
away from ice shelves) can have a draft 
down to 330 meters depth; non-tabular 
icebergs (bergs from glaciers) and tilted 
tabular icebergs are the majority of 
Antarctic icebergs and can increase their 
draft 50% by rolling, so their draft may 
go down to 500 meters depth [1]. 

 
Icebergs may possess underwater spurs 
and ledges which extend a considerable 
distance from the visible topside 
portion of the iceberg. Here a diver 
explores the shallower reaches of the 
Cape Evans grounded iceberg which 
has a shelf of ice that sticks out at about 
the twenty foot level. The shelf is 
covered in ice algae and loaded with 
bright red amphipods grazing for food. 
These amphipods in turn attract fish 
that feed upon them. 
  



 
 
Diving under the ice on a grounded iceberg is a visually 
stunning experience ! 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
References: 1: Antarctic Journal of the United States 30(5):130-131, 1987 
 
 



SEAFLOOR 
ZONATION…. 
 
Zone 1: Natural physical disturbances 
of the seafloor in shallow water under 
fifteen meters in depth make it 
undesireable for sessile (attached) 
organisms. Ice is the dominating 
influence, not predation. The formation 
of anchor ice on the seafloor can 
smother and kill sessile and motile 
organisms. As the anchor ice becomes 
buoyant enough to float free, it can lift 

entrapped organisms off the bottom and imprison them in the sea ice ceiling. In addition, the seafloor is scoured 
by drift ice (and icebergs) pushed in by winds and currents. This shallow zone appears devoid of invertebrate 
life with only motile organisms found. There is an absence of competition for food and space and little 
predation; the animals present are predominately detritus feeders. Common occupants are seastars and sea 
urchins and other motile organisms like fish, sea spiders, and nemertean worms may be found. 
 

 
Weddell seal feces and the occasional seal pup 
carcass (as shown here) provide a rich food 
resource in shallow water under fifteen meters in 
depth (Zone 1). Seastars and urchins swarm in to 
feed and long nemertean worms join in as well.  

 
 
 
 
  



 
Zone 2: In water from fifteen 
meters depth down to thirty-three 
meters depth, much less anchor 
ice forms and the seafloor is 
below the scouring effect of drift 
ice. The reduced impact of anchor 
ice affords anemones an 
opportunity to attach to the 
seafloor. The invertebrate fauna 
has numerous sessile (attached) 
organisms and is predominated by 
cnidiarians: anemones, soft coral, 
hydroids, hydrozoans, etc. Also 
found are ascidians (tunicates), 
fish, seastars, sea urchins, 

nemertean worms, and sea spiders. This picture shows the demarcation between Zones One and Two: anchor 
ice above and anemones below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Zone 3: Where anchor ice ceases to form in 
water below thirty-three meters depth, the 
seafloor community changes dramatically. 
Sponges dominate this zone below thirty-three 
meters and there is a rich and diverse 
community of invertebrates. This zone is 
physically stable being below the depth of 
anchor ice formation. This stability 
encourages the development of a complex, 
diverse community regulated primarily by 
predation (rather than physical factors as in 
Zones 1 and 2). The seafloor is covered with a 
mat of sponge spicules laid down by many 
generations of sponges. Seastars are the most 
conspicuous motile animal in this zone and 
some of them are sponge predators. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
References: 1: Ecological Monographs 44(1):105-128, 1974; 2: Antarctic Ecology, Volume 1. MW Holdgate, 
ed. NY: Academic Press, 1970. pp244-258; 3: Science 163(3864):273-274, 1969 



SEA ICE 
MICROBIAL 
COMMUNITY….  
The fish Pagothenia borchgrevinki is 
perched on a grounded iceberg just 
south of Cape Evans on Ross Island. 
The surface of the ice is covered with a 
sea ice microbial community comprised 
of diatoms and other microalgae, 
bacteria and protozoans. The brown 
coloration is due to photosynthetic 
pigments in the microalgae. Crustaceans 

and molluscan pteropods graze on the microalgae and fish prey on the crustaceans. Antarctica in the area of 
McMurdo Sound is continuously dark for four months in the winter and continually light for four months in the 
summer; these are separated by two-month transition periods in which the light increases or decreases by twenty 
minutes per day [1]. To the human eye, lighting can be dim under the sea ice. The sea ice reduces light as does 
its overlying snow cover and the organisms living on its underside. At noon during McMurdo Sound summer, 
the sea ice undersurface receives less than 1% of the sun's irradiance [2]. This isn't much light to use for 
photosynthesis yet the sea ice microalgae have adapted. Called cryophiles for their ice lifestyle, the sea ice 
microalgae live in low light intensity and make a significant contribution to primary productivity under the ice 
[2].  
 
References: 1: Science 238:1285-1288, 1987; 2: Polar Biology 2:171-177, 1983 



SUNBEAMS 
UNDER THE 
ICE…. 
Sunbeams are seen by the diver under 
sea ice cracks on a sunny day. The word 
"sunbeam" is commonly used for rays of 
light formed by the shadows of scattered 
clouds in the atmosphere. When 
sunbeams form from the sun shining 
through a gap in the clouds, they are 
bright; bright sunlight streaming through 
sea ice cracks is analogous. Other names 
for sunbeams are "crepuscular rays", 
"Buddha's fingers", "ropes of Maui", 

"sun drawing water", and "backstays of the Sun." The contrasting light scattering by seawater inside and outside 
the sunbeam makes the sunbeam visible to the diver. Depending on the sea ice crack, the sunbeam may 
strikingly illuminate the seafloor with a spot beam, a long band of light, or both in combination.  

 
 
 
Sunbeams are usually one or more shafts of light 
appearing to diverge from the sun. Sunbeams are 
parallel and the viewer's perspective makes them appear 
to diverge due to the small distance of the viewer to the 
sunbeams compared with his distance from the sun.  

Sunbeams have been depicted in Western art since 
medieval times where they were sometimes shown 
emerging from a gap in the clouds created by the hand 
of God. When Western painting increasingly depicted 
cloud cover after 1500, sunbeams have been painted 
realistically and were no longer shown simply as thin 
lines.  

References: 1: Journal of the Optical Society of America A, Optics and Image Science 4(3):609-611, 1987; 2: Applied Optics 
30(24):3514-3522, 1991  



 
SEA ICE CRACKS…. 
 
Sea ice cracks are either blatantly obvious or spotted as 
roughly straight raised features on the sea ice. A sea ice 
crack can be jammed closed or still open with snow 
drifted over obscuring its presence visually. This sea ice 
crack was at Couloir Cliffs at Granite Harbor and its 
open stretch was about a half meter across. The sea ice 
surrounding a crack becomes reduced in thickness 
approaching the center of the crack and field teams have 
to be vigilant when approaching a sea ice crack. Ice 
drills are used to determine the thickness of the sea ice 
surrounding a crack if a crack is questionable for 
supporting the passage of tracked vehicles.  

 
 
Sea ice cracks form due to forces working on the sea 
ice sheet. Ice sheets move in response to current and 
wind and they rise and fall with tidal rhythms. 
Deposition of snow by wind builds up pressure on the 
sea ice surface. Waves move into shallow water, 
increase in height and cause stress in the overlying ice 
sheet. Where the ice sheet comes in contact with an 
island or shoreline, sea ice cracks and pressure ridges 
will be evident. When a fast moving ice sheet comes 
into contact with a slow moving or stationary ice sheet, 
a pileup of ice blocks of angular shapes may form.  
 
Sea ice sheets fold, fault and crumple; they compress 
and stretch. Sea ice cracks are an inevitable result. Here 
is a tidal pressure ridge at the Cape Evans shoreline 
with the Royal Society Range in the background across 
McMurdo Sound. Tidal sea ice cracks are observed 
near sea ice bound to a shoreline; tidal action lifts the 
sea ice sheet above or below the level at which it is 
bound to the shoreline. Pressure ridges or blocks may 
jut up from these shoreline cracks. Sea ice cracks tend 

to form parallel to shore at a distance dependent on the sea ice thickness; they open, refreeze and reopen and are 
of variable width. 
 
 
 
 
 
 



 
 
The Weddell seal depends on sea ice cracks in 
stable contiguous sea ice for breathing and for 
entry/exit. The Weddell seal keeps a hole open 
year round with its teeth; its strong teeth project 
forward and are used to ream ice. Here a 
Weddell sea mother and pup sun themselves 
next to a sea ice crack; the sea ice blocks in the 
background were thrown up by forces on the sea 
ice sheet. 
 
 
 
 
 

 
 
 
 
Weddell seal mothers and pups float in 
shallow water under a sea ice crack near 
where the mother gave birth to the pup. 
The seals' entry/exit/breathing holes in 
the sea ice crack are visible as bright 
lights above them. When young, pups 
do not swim very far away from the hole 
in which they enter and exit the water. 
 
 
 
 
 
 

  



 

Sea ice cracks break up the deep blue visual 
continuity of the sea ice ceiling for the diver. On 
sunny days, sunbeams may stream down 
through open sea ice cracks and illuminate the 
seafloor with a band of light. Sea ice cracks that 
are jammed closed are seen by the diver as a 
light fine line running along the sea ice ceiling.  

 
References: 1: Ice Shelves of Antarctica. NI Barkov. Washington DC: Office of Polar Programs, National Science Foundation, 1985; 
2: Ice and Snow: Properties, Processes, and Applications. Proceedings of a Conference held at the Massachusetts Institute of 
Technology, February 12-16, 1962. WD Kingery, ed. Cambridge, Massachusetts : MIT Press, 1963. pp.322-334  

 



FAST ICE 
EDGE… 
McMurdo Sound is covered by sea ice 
for 10-11 months of the year. Fast ice is 
sea ice which forms and fastens to the 
coastline; the boundary between fast ice 
and open ocean is the fast ice edge. The 
fast ice edge is dynamic; sea ice cracks 
form and enlarge while ice floes (large 
relatively flat pieces of sea ice) break 
off. Drifting ice crunches up against the 
fast ice edge piling up angular ice 
blocks. Emperor and Adelie penguins 

can be seen in small groups taking rest breaks between group fishing excursions. Predators are on the prowl for 
penguin prey. In this photo, killer whales Orcinus orca cruise in a pack along the McMurdo Sound fast ice edge 
looking for penguin prey. Leopard seals Hydrurga leptonyx also hunt along the fast ice edge. In mid-November 
when this photo was taken, the fast ice edge joined Ross Island at Cape Royds; Mt Erebus is in the background.  
 

 
 
The diver looks up at a sharp vee in the 
fast ice edge and sees swimming 
Emperor penguins. Emperor penguins 
swim in groups to increase their safety 
from predators. Emperor penguins eat 
fish, squid, and euphausid and amphipod 
crustaceans which they dive and pursue 
to capture at speeds up to 3.4 meters per 
second.  

 
References: 1: The Penguins, Spheniscidae. TD Williams. Oxford : Oxford University Press, 1995. pp.152-160 



GELATINOUS 
ZOOPLANKTON… 
Weddell seals cruise by underwater but 
gelatinous zooplankton -- medusae 
(jellyfish), siphonophores, salps, 
ctenophores (comb jellies), and some 
molluscs -- are the most prominent 
midwater organisms seen by divers 
under the ice near McMurdo Station. 
Gelatinous zooplankton refers to a 
general grouping of animals that are well 
adapted to life in open water and that 
lack rigid skeletal structures [6]. 

Gelatinous zooplankton can be quite small and so transparent that a diver's underwater light is needed to see and 
highlight their bodies; others can be longer than a diver. Gelatinous zooplankton are more numerous near the ice 
edge or in open water than under the McMurdo Sound sea ice but there are plenty to see while diving [1]  Large 
gelatinous carnivores, like ctenophores and the medusa Desmonema glaciale shown here, are a predominant and 
sometimes the main component of the macroplankton and nekton community in the Southern Ocean 
surrounding Antarctica [3,4]. Gelatinous carnivores are important components of the food web because they are a 
control mechanism for its structure [6].  
 

 
Here, the diver shoots underwater video 
of the medusa Desmonema glaciale, 
drifting along with the prevailing 
current. Desmonema glaciale occurs 
near the surface in Antarctic continental 
shelf waters and its bell can be over one 
meter in diameter [5].  

The larger medusae are active swimmers 
and more properly classified in the 
nekton than the plankton.  

  



 
 
 
 
The sea butterfly Clione antarctica is a free-swimming shell-less pteropod mollusc up to 
4.2 centimeters long [7]. Clione antarctica is commonly found in McMurdo Sound near 
the undersurface of the sea ice and is sparse in water deeper than twenty meters [7].  

Clione antarctica preys on a planktonic shelled pteropod mollusc Limacina helicina [7]. 
Clione antarctica is also part of a unique relationship with the hyperiid amphipod 
Hyperiella dilatata; this amphipod holds onto Clione antarctica, using it to chemically 
defend itself from predators [10]. 

 

 

 

 

The ctenophore or comb jelly Beroe cucumis completely engulfs prey 
as large as itself; larger prey are bitten into pieces with bundles of fused 
cilia lining the inner lips [8].  
 
In the open ocean, there is no place to hide from predators so gelatinous 
zooplankon appear to use their transparency to hide in a transparent 
environment [6]. 

 

 
 

 
 

 
Some gelatinous zooplankon are carnivores while others are 
particle feeders or herbivores, like this shelled pteropod mollusc 
Limacina helicina which filter feeds on phytoplankon [6,9]. 

 



 
 
 
 

 
 
 
Medusae brush the bottom in shallow water and are captured by 
the tentacles of anemones like Urticinopsis antarcticus or, as 
shown here, Isotealia antarctica, devouring the medusa 
Periphylla periphylla [2]. The struggle continues for quite 
awhile; the medusa pulses its bell as it tries to swim away while 
the anemone slowly pulls the medusa into its mouth.  
 
Oftentimes, two adjacent anemones pull in different directions 
while devouring the same medusa -- a slow-motion tug of war. 
It may be that the initial capture and struggle with one anemone 
leads to the medusa bumping into an neighboring anemone and 
getting captured by that neighboring anemone as well.  

 
References 1: Antarctic Journal of the United States 23(5):135-136, 1988; 2: Antarctic Ecology, Volume 1. MW Holdgate, ed. NY: 
Academic Press, 1970. pp. 244-258; 3: Marine Ecology Progress Series 141(1-3):139-147, 1996; 4: Annales de l'Institut 
Oceanographique 73(2):139-158, 1997; 5: Pelagic Scyphomedusae (Scyphozoa: Coronatae and Semaeostomeae) of the Southern 
Ocean. RJ Larson. Washington, DC: American Geophysical Union, 1986; 6: Annales de l'Institut Oceanographique 73(2):123-124, 
1997; 7: American Malacological Bulletin 8(1):67-75, 1990; 8: Guide to the Ctenophores of the Southern Ocean and Adjacent Waters. 
D O'Sullivan. ANARE Research Notes No.36. Kingston, Tasmania : Australian National Antarctic Research Expeditions, 1986; 9: 
Polar Biology 8(1):41-48, 1987; 10: Nature 346:462-464, 1990  

 



How do these fish 
keep from 

freezing?.....FISH 
ANTIFREEZE 
Pagothenia borchgrevinki lives in the 
upper six meters of water swimming 
beneath the sea ice undersurface and 
entering it to feed and take refuge. In 
McMurdo Sound, the seawater has a 
nearly constant mean annual 
temperature of -1.86 degrees Celsius 
(28.65 degrees Fahrenheit) and 
temperature doesn't vary much with 

depth or season -- 0.2 degrees Celsius (0.36 degrees Fahrenheit). Ice grows in the uppermost thirty meters of 
McMurdo Sound during spring and early summer when water temperature is below the seawater freezing point 

[1]. Ice formation decreases with increasing depth due to the effect of pressure on the freezing point.  

Shallow water fish have evolved to live in close association with ice. Pagothenia borchgrevinki (and all 
nototheniid fish in McMurdo Sound) are protected by glycopeptide and peptide antifreeze compounds 
which lower the freezing point of their body fluids below the freezing point of seawater [2,5]. These 

compounds are synthesized in the liver, secreted into the blood, and distributed to body fluids where they 
prevent freezing by adsorbing to, and inhibiting the growth of ice crystals [3,5]. These fish actually have ice 
present on their external tissues (integument, gills, and intestinal tract) while their internal tissues (except the 
spleen) are ice-free [1]. The presence of ice in the spleen suggests that the spleen removes ice crystals from the 
fishes' circulation [1].  
 
These antifreeze compounds are being commercially marketed for product development by A/F Protein; their 
web site mentions several potential applications, including cell protection during cold storage (animal and 
human eggs, blood platelets) and improved quality of frozen foods [4].  
 
References: 1: Freezing Avoidance and the Presence of Ice in Shallow Water Antarctic Fishes. R Tien. PH.D. dissertation. University 
of Illinois at Urbana-Champaign, 1995; 2: Science 172:1152-1155, 1971; 3: Antarctic Communities: Species, Structure and Survival. 
B Battaglia, J Valencia and DWH Walton, eds. Cambridge: Cambridge University Press, 1997. pp.202-208; 4: www.afprotein.com; 5: 
Water and Life : Comparative Analysis of Water Relationships at the Organismic, Cellular, and Molecular Levels. GN Somero, CB 
Osmond, CL Bolis, eds. New York : Springer-Verlag, 1992. pp. 301-315  

 



Gigantism........ Why do 
some Antarctic marine invertebrates seem 
to be unusually large compared to related 
species elsewhere? 

Shown here is a crustacean, the giant 
Antarctic isopod Glyptonotus antarcticus. 
Only those Antarctic benthic invertebrates 
whose growth is not hampered by calcium 
deficiency seem to reach a large size [1]. 
Those using little calcium are arenaceous 
foraminifera, crustaceans, and tubicolous 
polychaete worms; those not using calcium 
are hydroids, nudibranchs, ascidians, and 
many polychaete worms [1].  

Why is calcium an issue? It is difficult to 
precipitate calcium carbonate at low temperatures and as a result, Antarctic calcareous (calcium-using) 
invertebrates like molluscs, echinoderms, and bryozoans are usually very fragile [1]. Extracting calcium 
carbonate for shell building and maintenance requires more energy than in warmer waters [8]. Antarctic 
invertebrate animal groups that are physically small include calcareous foraminifera, prosobranch gastropods 
(have calcareous shells), bivalves (have calcareous shells), scaphopods, and brachiopods (have calcareous 
shells) [1]. When an organism in very cold water isn't hampered by a need for calcium, gigantism can be a 
consequence of a slow rate of development and growth [1]. Biochemical processes relating to growth are 
influenced by temperature; slower growth occurs in colder water and sexual maturity is somewhat delayed, with 
a resulting larger adult body size [1,7].  

 
 
Here is a pile-up of the proboscis worm 
Parborlasia corrugatus, which grows 
up to two meters in length; it is 
chemically defended by an acidic 
mucus (pH 3.5) which potential 
predators avoid [2,4].  

When an organism in very cold water 
isn't hampered by a need for calcium, 
gigantism can be a consequence of low 
predation pressure --- when predation 
and competition for food within one's 
own species are low, organisms grow 
to a larger size, and to an older age 
[1,7,8].  

 
 
 

  



 
This siliceous hexactinellid sponge 
Scolymastra joubini can be up to two 
meters high and 1.4 meters in diameter 
[5].  

When an organism in very cold water 
isn't hampered by a need for calcium, 
gigantism can be a consequence of a 
high abundance of available silica --- 
siliceous organisms like radiolarians, 
hexactinellid sponges, and diatoms can 
reach large sizes because the availability 
of silica is not a limiting factor in 
Antarctic waters [1].  

 
 
 
Here is the inside of the volcano sponge 
Scolymastra joubini (which, as mentioned above, 
can be up to two meters high and 1.4 meters in 
diameter) [5].  

As shown here, a cold-water animal can increase its 
body size by constructing a silica lattice skeleton 
occupying a large volume; this huge lattice skeleton 
could not be constructed with calcium carbonate in 
cold water due to the calcium precipitation problem 
[3].  

 
 
 



Here is the sea spider or pycnogonid 
Colossendeis australis. This sea spider 
shows how an animal can increase its 
body size with little building effort 
simply by elongating its appendages; it 
occupies a large amount of space with 
very little body mass [3].  

 
 
 

This serolid isopod illustrates how body 
size can be increased by flattening to 
occupy more two-dimensional space; 
flattening helps an organism minimize 
sinking into a fine-grained soft bottom on 
which it may live [3].  

 
 
 

  



 
This giant arborescent agglutinated 
foraminiferan Notodendrodes antarctikos 
stands up to 3.8 centimeters high -- 
remarkably large for a unicellular 
organism [6].  

Relatively large body size can be gained 
by using prefabricated building blocks, as 
in the sediment grains glued together by 
this foraminiferan Notodendrodes 
antarctikos [3].  

 
References 1: Adaptations within Antarctic Ecosystems, Proceedings of the Third SCAR Symposium on 
Antarctic Biology. GA Llano, ed. Washington DC : Smithsonian Institution, 1977. pp. 135-157; 2: Biology of 
the Antarctic Seas XIV, Antarctic Research Series 39(4):289-316, 1983; 3: The Environment of the Deep Sea, 
Rubey Volume II. WG Ernst & JG Morin, eds. Englewood Cliffs, NJ : Prentice-Hall, 1982. pp. 324-356; 4: 
Journal of Experimental Marine biology and Ecology 153(1):15-25, 1991; 5: Ecological Monographs 
44(1):105-128, 1974; 6: Zoological Journal of the Linnean Society 69(3):205-224, 1980; 7: Adaptations within 
Antarctic Ecosystems : Proceedings of the Third SCAR Symposium on Antarctic Biology. GA Llano, ed. 
Washington : Smithsonian Institution ; Houston, Tex. : distributed by Gulf Pub. Co., 1977. pp. 327- 334; 8: The 
Biology of the Southern Ocean. GA Knox. New York : Cambridge University Press, 1994. pp.193-220  

 



Explorer's Cove is at the northwest head of New Harbor, on the western side of McMurdo 
Sound (Ross Island with McMurdo Station is on the eastern side of McMurdo Sound). Explorer's Cove was named by the US 
Advisory Committee on Antarctic Names in recognition of the large number of explorers that have worked in 
area. New Harbor was discovered by Scott's British National Antarctic Expedition (1901-1904) and was named 
because this new harbor was found while the Discovery was seeking a southernmost anchorage along the coast 
of Victoria Land.  

Here at Explorer's Cove, the crinoid 
Promachocrinus kerguelensis is 
perched on a large volcano sponge 
Anoxycalyx (Scolymastra) joubini, 
surrounded by a muddy sandy 
bottom. The criniod is perched up 
high to better position itself for 
filter feeding where it can take 
advantage of near-bottom currents. 
The crinoid's arms are edged with 
feathery pinnules containing 
sensory tube feet and reproductive 
organs; the arms are used to trap 
drifting plankton and they have 
grooves down which food particles 
are carried by hair-like cilia to the 
upward-facing mouth. On the left of 
the sponge is the Antarctic scallop 
Adamussium colbecki and on the 
right is the brittle star Ophionotus 
victoriae.  
 

Here is a typical bottom scene at 
Explorer's Cove: Antarctic scallops 
Adamussium colbecki (on the left and 
upper right); the brittle star 
Ophionotus victoriae (in the middle); 
the seastar Notasterias armata (on 
the right). The western side of 
McMurdo Sound which includes 
New Harbor differs ecologically 
from the eastern McMurdo Sound 
along Ross Island [1]. The large 
shallow-water filter feeders seen 
along Ross Island are relatively rare 
at New Harbor and along western 
McMurdo Sound; there are fewer 
benthic species and benthic animal 
densities are an order of magnitude 
less compared to the eastern 
McMurdo Sound [1]. Bathed by a 

northerly current from under the permanent Ross Ice Shelf and more completely covered throughout the year by 
sea ice, New Harbor is a food-scarce environment (oligotrophic) and doesn't experience the plankton blooms as 
does eastern McMurdo Sound [1]. 
  



 
Here at Explorer's Cove is a pencil 
urchin Ctenocidaris perrieri 
surrounded by Antarctic scallops 
Adamussium colbecki. New Harbor has 
been described as similar to a deep sea 
environment, with a soft bottom with 
occasional biological structures like 
sponges and foraminiferans, fecal 
pellets, and depressions left by animals 
[1]. The Antarctic scallop Adamussium 
colbecki is the dominant species in 
shallow water and frequently found in 
shallow depressions it makes in the 
seafloor; this digging resuspends 
bottom detritus for filter feeding by A. 
colbecki [2,3]. As seen on the left here, 
juvenile A. colbecki are usually 
attached to larger individuals [2]. This 
survival enhancement for the juvenile 
A. colbecki gives them a better position 

for filter feeding in the water column where they can take advantage of water flow generated by adults as well 
as near- bottom currents [3]. The bush sponge Homaxinella balfourensis is seen attached to the spines of the 
pencil urchin. There is little hard substrate in Explorer's Cove so pencil urchin spines and scallop shells are what 
is available; the sponge's resulting elevated position as well as the urchin's movement undoubtedly facilitates its 
filter feeding. 
 

 
 
 
Other similarities between New Harbor 
at 30-45 meters depth and the deep 
seafloor from 180 to 1800 meters depth 
(bathyal) are water temperature, 
constancy of physical environment, low 
terrestrial sedimentations, and the brittle 
star Ophionotus victoriae, which is 
similar to a particular deep sea brittle 
star in population density and 
distribution, size, and morphology [1]. 
Ophionotus victoriae uses its two 
leading arms in a typical brittle star 
rowing fashion as it moves on the 
seafloor searching for food [6]. 
 

 
 
  



 
 
The predatory brittle star Ophiosparte 
gigas moves quickly and efficiently on 
the muddy sand bottom of Explorer's 
Cove using its paddle-like arm spines 
and stilt-like tube feet [5]. Ophiosparte 
gigas preys on the brittle star 
Ophionotus victoriae above, which 
responds to O. gigas contact by quickly 
fleeing [6,7,8]. If successful in capture, 
Ophiosparte gigas holds the disc of 
Ophionotus victoriae under its own and 
clips off arms to ingest [7]. 
 
 

 
 
 
 
 
 
 
 
 
 
 
  



 
 
 
 
 
 
 
 
The nephtheid soft coral Gersemia antarctica is 
occasionally seen by the diver at Explorer's Cove.  

Soft corals have internal skeletons consisting of calcium-
containing needle-like spicules and are colonial, 
composed of numerous cylindrical polyps with mouths 
surrounded by eight tentacles. The tentacles are armed 
with harpoon-like stinging structures, called nematocysts, 
that paralyze prey.  

G. antarctica colonies can inflate to over two meters in 
height [4]. .  

 



 
 
In addition to an upright feeding 
posture, Gersemia antarctica can bend 
its entire colony down so that the 
polyps reach the bottom to feed there 
[4].  

The food that G. antarctica seeks on 
the bottom includes benthic diatoms, 
foraminiferans, and particulate organic 
matter [4].  

This grazing behavior has likely 
evolved to supplement plankton capture 
from the water and is useful in 
Antarctica where plankton in the water 
column is seasonal [4].  

 
 
 
Here is a partially buried brittle star 
Ophionotus victoriae in front of 
Gersemia antarctica stretched out on 
the bottom.  

A G. antarctica colony can move 
along the bottom like an inch worm, to 
reach undisturbed sediments for 
grazing [4].  

G. antarctica colonies have been 
observed moving over fourteen meters 
in one year's time [4].  

When a moving G. antarctica colony 
encounters sediment previously grazed 
by G. antarctica, it contracts from it 
[4].  

 
References 1: Science 197:55-58, 1977 ; 2: Marine Biology 78(2):171-178, 1984; 3: Ecology of the Circumpolar Antarctic Scallop, 
Adamussium colbecki (Smith, 1902). Paul Arthur Berkman. Ph. D. Dissertation, University of Rhode Island, 1988; 4: Marine Ecology 
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Antarctic Ecosystems : Proceedings of the Third SCAR Symposium on Antarctic Biology. George A. Llano, ed. Washington : 
Smithsonian Institution ; Houston, Tex. : distributed by Gulf Pub. Co., 1977. pp.293-326; 7: Polar Biology 16(5):309-320, 1996; 8: 
Norbert Wu, personal communication, 1999  

 



SYMBIOSIS… is a living arrangement between two different species, called symbionts, 
wherein the species benefit, harm, or have no effect on each other. There are several types of symbiotic 
relationships, including mutualism, commensalism, and parasitism.  

 
Mutualism is an association between 
two different species which benefits 
each species.  

Sterechinus neumayeri urchins attach 
algae to themselves as a detachable 
shield to shed when a potential predator 
(including anemones, seastars) grabs onto the 
attached algae [1,2]. The algae 
manufactures unpalatable defensive 
chemicals to avoid getting eaten by the 
urchin [1,2]. The urchins pick up loose 
algae drifting on the seafloor and move 
fertile drift algae throughout sunlit 
waters, thereby keeping the fertile algae 
in the reproductive area with other 

attached and drift algae [1]. The urchins also extend the vertical and horizontal range of the algae and facilitate 
recolonization after ice scouring of the bottom or when conditions allow growth of attached plants at greater 
depths [1].  

  



 
 
 

Commensalism is a relationship between two 
species in which one species obtains food, 
shelter, support, locomotion, or another benefit 
from the other, without harming or benefiting it.  

The free-swimming Antarctic scallop 
Adamussium colbecki may have the bush sponge 
Homaxinella balfourensis attached [3,4]. The usual 
position of the sponge on the scallops is near the 
shell's peripheral margin, suggesting that the 
sponge is seeking the water flow over the scallop 
shell in order to facilitate its own filter feeding 
[3].  

 

 

 

 

 

 

 

 

Another commensal relationship 

The crinoid Promachocrinus kerguelensis can be 
seen perched on large volcano sponges Anoxycalyx 
(Scolymastra) joubini, using the sponge for support 
to feed higher up in the water column, where they 
feed off particles and organisms drifting in the 
current [9]. 

 

 

 

 

 



Parasitism is a relationship 
between two species in which one 
benefits at the expense of the other, 
without killing it. 

Parasitic copepods like this one on 
the Antarctic cod Dissostichus 
mawsoni are free-swimming as 
juveniles [5,6]. Females find a host, 
attach, and are stationary for life, 
diverting their energy to 
reproduction; males move or swim 
around to find females to reproduce 
[5,6]. This female parasitic copepod is 
burrowed into the skin, sucking blood 

and fluids or grinding away at flesh [5,7]. The female stores the male's sperm and fertilizes its eggs as it expels 
them into chitinous sausage-like ovisacs [7,8]. The ovisacs gradually lengthen as eggs are expelled [8].  
 
References: 1: Marine Ecology Progress Series 183:105-114, 1999; 2: Journal of Phycology 34(1):53-59, 1998; 3: Ecology of the 
Circumpolar Antarctic Scallop, Adamussium colbecki (Smith, 1902). Paul Arthur Berkman. Ph. D. Dissertation, University of Rhode 
Island, 1988; 4: Tethys Supplement 4:9-24, 1972; 5: Copepod Parasites of Marine Fishes. NK Pillai. Calcutta : Zoological Survey of 
India, 1985; 6: Parasitic Copepoda of British Fishes. Z Kabata. London : Ray Society, 1979; 7: Parasitic Copepodes on the Fishes of 
the USSR = Paraziticheskie Veslonogie Ryb SSSR. AP Markewitch. New Delhi : Published for the Smithsonian Institution and the 
National Science Foundation by the Indian National Scientific Documentation Centre ; Springfield, VA : available from the National 
Technical Information Service, 1976; 8: British Parasitic Copepoda. T Scott & A Scott. London : Ray Society, 1913; 9: Antarctic 
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ICE 
STALACTITES… 
Looking up slope, the diver swims under 
a six foot thick sea ice ceiling in shallow 
water under twenty feet in depth. The 
seafloor is carpeted with clusters of 
newly formed anchor ice. The sea ice 
ceiling is mounded and has ice 
stalactites hanging down. Sea ice 
stalactites are hollow, tapering structures 
up to several feet long. As ice forms 
from seawater, the salts do not become 
part of the ice lattice and remain as a 

dense and cold brine solution. This dense chilled brine drains downward from tiny brine channels and pools in 
the sea ice and enters the near-freezing seawater below the sea ice (the seawater is not as cold as the brine 
however). Ice forms around the draining cold brine streamers, thus forming a hollow ice stalactite. Sometimes 
this brine streamer can be seen draining downward from the tip of the stalactite; it has a different density than 
seawater which makes it visible.  
 

Once the ice tube is formed, heat is 
horizontally transferred between the 
brine and seawater through the ice wall 
of the stalactite. However salt cannot be 
laterally transferred. After a tube forms, 
the relatively warm brine is in contact 
with the inner ice wall and the brine is 
above its equilibrium temperature. To 
reestablish its phase equilibrium, the 
brine must be both cooled and diluted 
which is accomplished by melting the 
inner tube wall with the heat of melting 
coming from ice forming on the outer 
wall. Thus the lengthening sea ice 
stalactite grows on the outside while 

ablating on the inside.  
 
References: 1: Polar Biology 8:377-391, 1988; 2: Science 163(3864):273-274, 1969; 3: Science 
167(3915):171-172, 1970; 4: Geophysics of Sea Ice. Norbert Untersteiner, ed. New York : Plenum Press, 1986. 
pp.110-111 



 

The Weddell seal Leptonychotes 
weddellii can be over three meters (ten feet) in 
length and 400 - 450 kilograms (880 - 990 
pounds) in weight. Its population is estimated at 
800,000 individuals. Weddell seals are 
commonly found at 8 - 12 years of age with 
individuals 18 and 22 years old noted in the 
literature.  

Half or more of the Weddell seal diet is fish with 
the rest being squid, octopus, krill, mysids, 
isopods, amphipods, and decapods [3,4].  

 

 

 

 

 

 

The Weddell seal commonly occurs on fast 
ice and nearshore pack ice along the 
Antarctic coast and in small populations in 
some subantarctic islands. The McMurdo 
diver will see them around sea ice cracks 
along islands, coastlines, and grounded 
icebergs. Weddell seals move around the 
sea ice, are not gregarious, and are spaced 
apart when seen hauled out on the sea ice. 
Due to the Weddell seal's preference for fast 
sea ice, the impact of predators such as 
leopard seals upon the Weddell seal 
population is minimal. 

 

 

  



 

Here's a Weddell seal swimming up through 
a hole to haul out onto the ice.  

The Weddell seal dives beneath stable 
contiguous sea ice and it keeps breathing 
and entry/exit holes open year round with 
its teeth. Its strong teeth project forward and 
are used to ream ice. These teeth are so 
critical to survival that they influence adult 
survival; when the teeth wear out, Weddell 
seals may lose their ability to maintain 
breathing holes and die at an earlier age 
than other seals. 

 

 

 

 

 

 

Weddell seals can store a large amount of 
oxygen in their bodies mostly in their 
blood and muscles [5]. This enables them to 
stay underwater for a usual dive to 300-400 
meters (980-1,310 feet) for fifteen minutes 
[5]. Weddell seals have been observed 
staying underwater for 82 minutes and 
diving down to 700 meters [5]. Weddell 
seals glide a lot in deep dives rather than 
swim continuously [2]. The lungs of the 
Weddell seal collapse from water pressure 
during a dive, thus decreasing the seal's 
buoyancy on descent [2]. The Weddell seals' 
limited oxygen storage is thus conserved 
by taking advantage of this physical change 
during a deep dive and reducing the 

amount of swimming during deep dives looking for fish [2]. After several dives, they can be observed coughing 
up a foamy white lung surfactant [6]. Their underwater swimming speed is estimated at 4-7 knots (4.5-8 mph or 
7.4-13 kph) [5]. 

  



 

Weddell seals are restless when breathing 
at a hole when other seals are nearby. 
They peer down and if a hole fits only 
one seal, the seal will either dive as 
another seal comes up or reverse and face 
down to prevent the intruding seal from 
surfacing. Weddell seals adopt a head-
down fighting posture with eyes looking 
forward, foreflippers extended and 
sometimes their jaw open. If a hole is 
large enough for two seals and the 
breathing seal refuses to leave, the 

arriving seal may surface with a fight usually ensuing. It has been suggested that a Weddell seal does not defend 
an area to the complete exclusion of other seals but to the discouragement of other seals. An intruding seal may 
be physiologically forced to take a breath which would override territorial aggression. 

 

Breeding and pupping occur in the summer 
months. Breeding Weddell sea bulls set up 
under-ice territories of twenty meters 
diameter and tend to remain in the water 
where breeding takes place. Female 
Weddell seals move freely through the 
territories of the bulls. Subordinate males 
have their activity restricted by the 
dominant bull when moving through a 
territory. Females claim less well defined 
territories, individually or jointly with other 
females. 

 

The mother gives birth to her newborn on 
the sea ice and stays with it for the first 
twelve days; after that, the mother will 
spend 30-40% of her time in the water 
while the pup remains on the sea ice. The 
pup is born at 29 kilograms and gains 10-15 
kilograms per week. 

 

 

 

 

  



 

 

Here a Weddell sea mother and pup float in 
shallow water under a sea ice crack; their 
entry/exit/breathing holes are visible as 
bright lights above them. By seven weeks 
of age, the pups can remain submerged for 
five minutes and dive down to 92 meters. 
The moulting of the pup's fur is complete 
in thirty days. The pup nurses for 45 days 
and, when weaned, the pup weighs 113 
kilograms. Weddell seals have high 
juvenile survival due to a lack of predation 
in fast sea ice. 

 

The Weddell seal vocalizes underwater and 
the diver is very aware of their presence 
even when they cannot be seen. Their calls 
make an eerie symphony for the diver. 
Weddell seals produce a wide range of calls: 
lengthy buzzes descending from a higher 
pitch to a lower pitch called "trills", 
whistles, and chirps. Certain vocalizations 
are associated with aggressive displays and 
have been characterized as a trill, a rapid 
chi-chi-chi, an eeeyo, and a chirrup. A teeth 
clacking sound was observed as seals passed 
one another entering and leaving breathing 
holes. A trill is used by mature males to 

establish and mark their underwater territory; it is associated with tense situations. When a trill isn't heeded, a 
fight may ensue. 

 

 

 

 

 

 

 

 



 

Here's a mother and her pup. Weddell seals 
are highly vocal during the peak of 
breeding season at the Hutton Cliffs 
colony; researchers recorded almost twenty 
underwater calls per minute [1]. In mid-
December when mating is almost over, the 
pups are being weaned, and adults 
dispersing, the underwater calls of Weddell 
seals at Hutton Cliffs decreased to two per 
minute [1]. Why? Their predators, leopard 
seals and killer whales, showed up at the 
fast ice edge about twenty kilometers away 
[1]. Weddell seals are no longer so isolated 
from their predators by distance from the 

fast ice edge since the edge shifts south as summer progresses [1]. Killer whales prowl the fast ice edge for prey 
and leopard seals can swim long distances under ice seeking out Weddell seals and their breathing holes [1]. 
Leopard seals and killer whales vocalize underwater and Weddell seals hear them [1]. Sounds are important for 
Weddell seals to communicate with their species but they also need to avoid detection by predators [1]. Absence 
of sound from Weddell seals is an anti-predation strategy when the risk of predation by leopard seals and killer 
whales is increased [1]. 

 
 

Reviews: Handbook of Marine Mammals, Volume 2, Seals. SH Ridgway & RJ Harrison, eds. London: 
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Symposium on Antarctic Biology. GA Llano, ed. Washington, DC: Smithsonian Institution, 1977. pp.749- 768; 
4: Journal of Mammalogy 46(1):37-43, 1965; 5: American Scientist 85: 530-539, 1997; 6: Peter Brueggeman, 
personal communication, 1997 



Cape Crozier forms 
the eastern extremity of Ross Island 
and was discovered in 1841 by a 
British expedition under Captain 
James Clark Ross and named for 
Commander Francis R. M. Crozier, 
captain of the Terror, one of the two 
ships of Ross' expedition.  

The jagged edge of the vast Ross Ice 
Shelf is seen rising up above and 
beyond the relatively flat fast ice 
that lies in between Cape Crozier 
and the Ross Ice Shelf. This fast ice 
can break up each year by late 
summer but the Ross Ice Shelf is 
permanent and thick.  

 
Adelie penguins surround the Cape 
Crozier message post erected on 22 
January 1902 by Scott's National 
Antarctic Expedition of 1901-04. The 
edge of the permanent Ross Ice Shelf 
can be seen in the distance. 

The emperor and Adelie penguin 
colonies at Cape Crozier are the subject 
of long-term studies of population 
dynamics and social behavior. The 
Adelie penguin colonies are located on 
the bare ground of Cape Crozier. The 
emperor penguin colony is located 
along the base of the jagged cliffs of the 
Ross Ice Shelf in the distance and was 
the first discovered breeding colony of 
emperor penguins.  

 
 

  



 
Here's the emperor penguin colony on 
fast ice at the base of the permanent 
Ross Ice Shelf at Cape Crozier.  

The Cape Crozier breeding colony of 
emperor penguins is the farthest south 
of the emperor penguin breeding sites. 
The most important physical 
characteristics of emperor penguin 
colonies are stable fast ice, nearby 
open water, access to fresh snow, and 
shelter from the wind [1].  

 

 

Here's a closer view of the emperor 
penguins on the fast ice at the base of 
the permanent Ross Ice Shelf. The 
chicks are the shorter downey gray 
penguins. During Scott's second 
Antarctic expedition starting in late 
June 1911, Wilson, Bowers, and 
Cherry-Garrard undertook the famous 
"worst journey in the world" to travel 
seventy miles from Cape Evans to 
visit this breeding colony during polar 
darkness. They were beset by bitter 
cold and winds throughout their thirty-
six day trip and were successful in 
collecting several emperor penguin 
eggs for embryological studies. 

 
 

 

 

 

 

 

 

 



 

 

 
 
An emperor penguin chick begs a parent 
for a feeding of regurgitated food.  

The small Cape Crozier emperor 
penguin colony has varied in the 
number of fledgling chicks over the 
years, from total losses some years due 
to blizzards and other hardship to a 
recorded high of 1,325 [1,3]. 
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ICE LEADS… 
McMurdo Sound is covered by sea ice for 10-11 
months of the year. Fast ice is sea ice which 
forms and fastens to the coastline; the boundary 
between fast ice and open ocean is the fast ice 
edge. The fast ice edge is dynamic; sea ice 
cracks form and enlarge while ice floes (large 
relatively flat pieces of sea ice) break off and 
float away, joining the pack ice further offshore. 
The long cracks that form in the fast ice are 
called leads.  

Mt. Erebus on Ross Island is in the background, 
with Mount Bird and Cape Bird on the left of 

Mt. Erebus.  
 
 
A hunting pod of killer whales Orcinus 
orca travels down an opening lead or 
crack of ice.  

Killer whales will travel up these sea ice 
cracks a considerable distance from the 
open ocean, hunting penguins and 
diving deep under the ice to hunt 
Antarctic cod.  

 
 

  



 
A mother and calf are seen in an 
opening lead of ice.  

By mid-summer in McMurdo Sound, 
the plankton bloom reduces underwater 
visibility dramatically. Killer whale 
calves nurse for twelve months and may 
remain with the mother for as long as 
ten years [1].  

 
 

A pod of killer whales reaches the end 
of an opening lead in the ice of 
McMurdo Sound and rests, spyhopping 
to take a look around.  
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