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Simply put, the oceans are our life support system.
They are the blue heart of the planet. But despite
this, we have witnessed the ocean undergo massive
changes in just the last 50 years. Overfishing has
reduced thriving populations of big fish to tiny
remnants of their formerly prosperous masses.

Dead zones incapable of supporting marine life have
arisen in some places around the world and climate
change is placing ever increasing stresses on marine
species and habitats. It is not only marine life that
has been affected: even the water itself has begun
to acidify because of rising carbon dioxide levels in
the atmosphere.

Despite these and other problems, there is still hope
that we can restore and protect the health of the ocean.
This hope led to the identification of a global network
of Hope Spots, special places that can help restore

the ocean we depend on for our survival. Two of those
Hope Spots, the Ross Sea and East Antarctica, are in
the Southern Ocean. This is a special area of the world,
where the continent is protected, but the surrounding
ocean is not. Nevertheless, the Antarctic remains a
place of vibrant marine life, and every year scientists
learn more fascinating details about the diverse and

unusual species that thrive in this harsh but beautiful
environment. Protecting these magnificent creatures and
their home is critical for the knowledge base we need.

The 33 species profiled here are a small sample of
the many that live in the Southern Ocean. Each one
matters, whether beautiful or ugly, large or small,
predator or prey. Antarctica is known for its iconic
penguins, seals, and whales, but its other species
are just as interesting. From coral that can pick itself
up and move across the ocean floor in search of
food to a squid that has the largest eye of any known
animal, Antarctica’s ecosystems have a richness and
complexity that we are only beginning to appreciate.
New species are discovered regularly. Perhaps most
important, some areas of the Southern Ocean, like
the Ross Sea and the Weddell Sea, have been found
to have some of the lowest levels of disturbance

of any marine ecosystems. These areas serve as
natural laboratories where we can learn how healthy
ecosystems function, and how species within them
interact, without human interference — something that
is sadly no longer possible in most of the world. This
is one of the best areas for us to continue to learn the
nature of nature.



We therefore have an important opportunity to
protect these ecosystems while they are healthy.
Antarctica has some of the largest marine mammal
and seabird populations left on the planet. Some of
those species are at serious risk from climate change,
as warming temperatures reduce the availability of
food and change their habitat. Others may have
trouble surviving as ocean acidification, which will
affect the polar regions first, takes hold in large areas.
While we know little about many Antarctic animals,
we do know that they have often evolved to be slow-
growing, with adaptations that suit them for extreme
cold conditions. Many may not be able to tolerate
warmer temperatures and increased human impacts.
If we don’t want to lose these creatures before we
even have the chance to study them, we must take
action now.

These areas serve as natural
laboratories where we can

learn how healthy ecosystems
function, and how species within
them interact, without human
interference — something that is
sadly no longer possible in most
of the world. This is one of the
best areas for us to continue to
learn the nature of nature.

Climate change is likely to be the main threat to
Antarctic species over the next century, but as
other human activities such as tourism, shipping,
bioprospecting, and fishing increase, additional
strain will be placed on these ecosystems. Fishing
lines, trash and plastic can inadvertently damage

delicate seafloor creatures. Invasive species may take

advantage of warmer temperatures and crowd out
native species unable to adapt quickly. Oil degrades
much slower under cold temperatures. Singularly and
collectively, these threats are placing increased stress
on the marine life of the Southern Ocean. Marine
Protected Areas (MPAs) and no-take marine reserves
cannot stop climate change, but they can help limit
the number of stressors in a given area. In addition

to protecting unique areas that may not be found
anywhere else in the world and increasing their

resilience to a changing climate. MPAs can also serve
a very important function as reference areas where
we can measure climate change impacts without the
influence of other human activities, such as pollution
and overfishing.

The organisation that has authority over the Southern
Ocean, the Commission for the Conservation of
Antarctic Marine Living Resources (CCAMLR) has
taken a bold step in ocean conservation by declaring
its intent to create the world’s first high-seas MPA
system around Antarctica. Most of the ocean is
beyond national borders, and if the nations that make
up CCAMLR succeed in designating a full system

of MPAs, they will have accomplished something
extraordinary and leave a lasting legacy for our
grandchildren and beyond.

Years ago when CCAMLR was created, its members
declared that it would manage fisheries with a
precautionary, ecosystem-based approach. The MPA
network is entirely consistent with this approach and
the next logical step in protecting Antarctica’s diverse
and irreplaceable ecosystems for future generations.
CCAMLR has been debating proposals for MPAs

in the Ross Sea and East Antarctica for several

years now.

This report underpins the urgency for these nations to
live up to their commitments and demonstrate their
global leadership by designating the proposed MPAs
at their 2014 meeting. Doing so would show the world
that it is possible for nations to come together, put
aside their individual issues and do the right thing

for the ocean and all the people who depend on it

for survival.
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19 Areas of

Proposed Protection

In 2011, the Antarctic Ocean Alliance (AOA)
identified 19 areas that should be included in a
representative system of marine protected areas
and marine reserves. As CCAMLR meets for its 33rd
meeting, the 33 species presented in this report
broadly represent those that should be protected.
Many species have extensive, even circumpolar
distributions, while others can only be found within
a limited geographic range and nowhere else in the
world. The adaptations that allow these species to
survive and thrive are as varied and different as their
survival strategies, size and appearance. However,
what these species all share, from the giant blue
whale to miniscule zooplankton, is a dependence

on the unique ecological balance found in the
beautiful yet harsh Southern Ocean environment. It
is CCAMLR'’s mission to ensure that this balance is
maintained. For some of the species in the report,
where appropriate, we have provided information
about the relevant taxonomic group to which they
belong rather than just information on the individual
species. While mammals and birds have been fairly
well studied, many fish and invertebrates have not.
By profiling an entire group of related species, we
can provide more fascinating facts and information
and further understanding of some of the less well-
known groups.
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The two groups of mammals that have made Antarctica their
home are pinnipeds (seals) and cetaceans (whales) and these
marine mammals display a wonderful array of adaptations
that enable them to survive in what is possibly the most brutal
climate on earth.

Special adaptations are found in many Antarctic mammals.
From the Weddell seal, whose teeth have evolved into forward-
pointing incisors that allow them to bite and carve holes in the
ice, to the lithe-bodied, massive-jawed leopard seal, whose
hunting prowess in the icy waters is surpassed only by the orca,
it is truly survival of the fittest in Antarctica.

Food supply is also an issue for most of the Antarctic
mammals. All except killer whales are at least partially if

not solely dependent on krill as a food source. Temperature
changes in the Southern Ocean may already be affecting the
abundance and location of krill, which in turn affects where krill-
eating mammals will mate and breed. But most importantly, it
will determine whether or not they survive at all.

Read on to learn about the small community of mammals who
have been able to adapt to the harsh Antarctic climate, but are
facing increasing threats to their existence.

MAMMALS
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Weddell Seal

Leptonychotes weddellii

eddell seals have a reputation for being easy
W for humans to approach and study on the ice
or on land, but in the water they are skilled
predators with an unusual hunting strategy. They are
rather large, with a length of about 3 m and a weight
of 400 to 450 kg'. They are distinguished by their
extraordinary ability to dive to depths of 600 m for more
than an hour?. This allows the Weddell seal to feed on
deep-dwelling fish such as the Antarctic toothfish and
other fish in the family nototheniidae. They also feed
on invertebrates such as krill and they occasionally
hunt penguins®4.

Photographer John B. Weller relates an extraordinary
experience while diving in the vicinity of these
amazing pinnipeds:

“The blast was so loud that | didn’t recognise it as a
noise. It seemed as though a jet engine had started
in my head, a shockwave of buzzing bees exploding
through my body. | couldn’t see! My eyes defocused.
My entire body felt numb and unresponsive. | had no
idea if | was breathing or not.>”

Weddell Seals are distinguished
by their extraordinary ability to
dive to depths of 600 m for more
than an hour?.

Scientist David Ainley connects Weller’s experience with
an unexplained Weddell seal behaviour. Some seals have
been observed bringing large Antarctic toothfish up to
the surface. These fish don’t have any injuries and are
still alive, and it was unknown how the seals manage to
capture such large prey alive without biting it. Weller and
Ainley hypothesise that the seals likely use “sonic bursts”
to stun and thus easily capture their prey®.
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eopard seals are at the top of the food web in East

Antarctica and the Southern Ocean, and are only

preyed on by killer whales. They have large heads
with massive jaws, big eyes and lithe bodies, making
them well adapted for stalking, hunting and grabbing
prey. They feed on a variety of species, including fish,
krill, penguins and other seals, often feeding on whatever
species is most abundant nearby’. LLeopard seals are an
ice-loving species and regularly haul out onto pack ice or
seasonal ice®. Males are about 3 m long and females are
typically a little larger. They can live for 20 to 40 years®.

As very solitary animals, they do not leave the water to
court or mate and only females and pups are seen in
pairs. This seal is not easily disturbed by humans but is
quite curious and known to stalk, approach, and even
grasp people™®,

Leopard Seal

Hydruga leptonyx

This seal is not easily disturbed by
humans but is quite curious and
known to stalk, approach, and
even grasp people™.

National Geographic photographer Paul Nicklen
encountered one of these curious leopard seals while
diving in Antarctica. The seal, a female, appeared to be
trying to nurture Nicklen, bringing him penguins she had
caught. When he didn’t eat the live penguins, she tried
dead ones'". This fierce predator could just as easily
have decided to turn him into dinner instead of feeding
him dinner, but fortunately didn’t identify Nicklen as food.
Despite their excellent predation skills, their association
with ice (and the association of some of their prey
species with ice) may put them at risk from changes in
ice extent and location due to climate change'.

[ Paeo



Antarctic Fur Seal

Arctocephalus gazella

seal species in the Antarctic. Throughout most of

the year, they are dispersed at sea but aggregate
in colonies in October and November during their
breeding season. Males arrive before females to claim a
territory, which they defend aggressively with loud noise
and physical fighting. Although their territories might be
small, they are necessary for males to monopolise the
affections of multiple female seals at once. Once females
arrive, they pup, mate after about a week, and then leave
for hunting trips. Males are much larger than females,
and can be more than three times their weight and
almost half a metre longer™®.

B ntarctic fur seals are one of the most numerous

Depending on availability, Antarctic fur seals primarily
hunt fish and krill, but will also eat other crustaceans,
squid and penguins™. They in turn are hunted by killer
whales and leopard seals. Although sealing once came
close to wiping them out, Antarctic fur seals have
staged a comeback even more impressive than Elvis
Presley’s'®. At one point, there were only a few thousand
seals left’®'”, Today, there are an estimated four to
seven million'. Well over 90% of the population breeds

Although sealing once came close
to wiping them out, Antarctic fur
seals have staged a comeback
even more impressive than

Elvis Presley’s™.

in the South Georgia Islands, which is an incredibly large
aggregation of mammals. Though we don’t exactly
know how fur seals have recovered from exploitation so
quickly, their growing numbers represent a conservation
success story. In the rest of the world, many large
mammals are experiencing declines. It's heartening to
know that they are currently thriving in the Antarctic.
Nevertheless, emerging research suggests that climate
change-related impacts, specifically decreases in krill in
some areas, have already started affecting at least one
fur seal population on South Georgia'™®.
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ny description of blue whales includes a number

of superlatives and startling comparisons. With

lengths of around 30 m and weights of over
100 tonnes, they are the largest animals on earth®.
Blue whales can live for at least 80 years?'. Blue whale
calves give some idea just how large these creatures
are. Calves are about 8 m long at birth (that’s more than
four men of above average height) and drink enough milk
(over 300 litres) to pack on 3.6 kilograms of additional
weight every hour?. But all that food is necessary to
grow to more than triple their birth size and weight.

Perhaps one of the most intriguing facts about blue
whales is their choice of diet. Tiny krill are the blue
whale’s primary prey, and blue whales consume millions
to sustain their huge bodies. Conveniently for them,
Antarctic krill habitually congregate in large swarms

of billions of individuals, making it somewhat easier to
consume the quantities they need. These swarms draw
blue whales to the Southern Ocean every year. Because
of their size, these giants have almost no predators, but
may be attacked by orcas on occasion?®,

S VERW L ELE

Balaenoptera musculus

Blue whale calves are about 8 m
long at birth (that’s more than four
men of above average height).

Blue whale hunting was banned in 1966 by the
International Whaling Commission?* and the species is
now on the IUCN Endangered List?®. It is unclear why
the blue whale population, though increasing, has not
recovered significantly since the end of the whaling era.
Part of the reason may be that they only give birth every
two to three years. The global population likely exceeded
350,000 prior to whaling, which depleted them by over
95%?°. Since then, the population has grown slightly

to about 10,000 to 25,000%". Though hunting has
ceased, they still may be impacted by human activities.
For example, krill are considered to be very sensitive to
climate change. Changes in the krill population caused
by fishing or climate change would likely affect blue
whales significantly.
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Antarctic Minke Whale

Balaenoptera bonaerensis

he Antarctic minke whale is a baleen whale often

found in the Southern Ocean and, together with

the blue whale, is the furthest south migrating
rorqual (the largest group of baleen whales, from the
Norwegian word rayrkval, meaning “furrow whale”%).
Antarctic minke whales have been observed migrating all
the way to the Arctic®!

Antarctic minke whales mostly eat Antarctic krill and
other krill species and as a result are most common

near the edge of pack ice but can also occur within it
These relatively light and lean whales, which are smaller
than most other baleen whales, are also clever. New
information gleaned from tagging minkes in the Southern
Ocean reveals that they are skilled at feeding on krill
under sea ice®', lunging more quickly than any other
baleen whale®?. Sea ice is thought to be a place of refuge
for krill, but minkes may have figured that secret out.
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Antarctic minke whales have been
observed migrating all the way to
the Arctic®°!

Recently, research on minke whales helped solve a
mystery that had puzzled scientists since the 1960s.
During winter and spring, scientists would record what
they termed a “bio-duck” sound at various locations in
the Southern Ocean, but did not know what made the
sound®. Researchers recently tagged two Antarctic
minke whales with microphones, and subsequently
recorded the quacking noise. It is unknown what

the noise means. However, whales are known for

their complex underwater communications so we

can probably assume they aren’t just doing animal
impressions. Like other krill consumers, minkes may be
at risk if climate change results in diminished sea ice or
reduced krill populations.
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and encountered in almost all oceans and seas,

although a large portion of the global population
is found in Antarctic waters. Recent research suggests
that there are several distinct “ecotypes” of killer whales,
some of which may be separate species®. The ecotypes
B and C are among those likely to be separate species
and are common in Antarctica. Type B eat marine
mammals and Type C, also known as the Ross Sea killer
whale, specialise in fish, particularly Antarctic toothfish®.

K iller whales are a very distinctive toothed whale

Among all animals, killer whales are second only behind
the sperm whale for having the heaviest brain®. They
use this brain for some terrifyingly effective hunting.
Orcas are fond of eating Weddell seals, and to get at the
seals more easily, they “wave wash” them off ice floes.
Working in groups, several whales send large waves of
water over the floes to dislodge the seals, who fall into
the sea and are summarily eaten. This hunting technique

Killer Whale

Orcinus Orca

Orcas are fond of eating Weddell
seals, and to get at the seals more
easily, they “wave wash” them off
ice floes.

is an example of their extremely complex social
behaviour, cooperating in groups and teaching younger
whales in the pod®”. They are also incredible travellers.
Type B killer whales sometimes migrate enormous
distances into the subtropics and an individual has been
recorded to travel 9400 km in only 42 days®8.
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Antarctica boasts a huge diversity of fishes that are supremely
adapted to their unique and harsh environment. Many Antarctic
fish species, particularly in the Notothenioid suborder,
(notothenioids are a fish suborder that make up the majority

of Antarctic fish species) possess antifreeze molecules called
glycopeptides that help enable them to survive Antarctica’s
cold waters. Members of the icefish family lack hemoglobin,
the protein that most vertebrates use to transport oxygen in
their blood, but instead are able to absorb oxygen directly from
the surrounding water. Some fish species are adapted to live
their entire lives near the deep seafloor and lack swim bladders,
the gas filled organs used by most fish to adjust their buoyancy.
Other species have developed special fat reserves to provide
the neutral buoyancy they need to lay their eggs directly under
the sea-ice. Each Antarctic fish species plays an important

role in the food web, many as prey items for animals like seals,
whales, colossal squid and penguins.

The unique life histories and habitat use of most Antarctic

fish are not well understood. Some of these species share a
common set of characteristics — they are slow growing, late
maturing and long lived. Whether exploited directly or taken as
bycatch, these characteristics make populations of these fish
species highly susceptible to being overfished. Because these
species are particularly well adapted to the unique conditions
of the Antarctic, they are expected to be very sensitive to
small changes in climate as well as sea-ice loss. Read on to
learn about a few of our favourite Antarctic fishes that need
protection from the combined threats of climate change

and fishing.

FISH
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Antarctic Silverfish

Pleuragramma antarcticum

rill seem to get a lot of the attention in the

Antarctic. But they aren’t the only ones keeping

the Southern Ocean ecosystem functioning.
The Antarctic silverfish is highly abundant in areas such
as East Antarctica and the Weddell and Ross Seas
and an important prey fish for many species such as
seals, whales and penguins in those regions.94041:42,
Unlike similar prey fish, it is slow-growing and lives up
to 10 years®. Like an experienced scuba diver, it has
attained neutral buoyancy, which is due to its minimal
skeleton and high fat content*. This enables silverfish
to lay their eggs just under sea ice, where they are
better protected from being eaten, which is a threat for
eggs of bottom-dwelling species®. Silverfish are also
protected in the frigid waters by antifreeze glycopeptides
in their tissues?.
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Unlike similar prey fish, the
Antarctic silverfish is slow-growing
and lives up to 10 years®.

This small fish is well adapted to the seasonal changes
of the Weddell Sea, and feeds on available zooplankton,
including copepods and krill of any size depending

on the stage of fish’s life*"#¢. This opportunistic fish

will even eat its own kind“°. Both its feeding as well

as reproductive ecology are connected with the
availability of sea ice and polynyas — areas of open water
surrounded by sea ice that are crucial food sources

for many species®®, making it potentially vulnerable to
climate change despite its diverse diet.
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he species Antarctic toothfish is a key species

in Antarctic marine ecosystems, known as the

“shark” of the Southern Ocean because of its
role as top predator. Toothfish, also known as Chilean
sea bass, produce antifreeze proteins that keep their
body fluids from freezing in the frigid waters®'. Unlike its
relative, the tiny silverfish, it is one of the two largest fish
in the notothenioid suborder, and grows up to 1.6 min
length with a life span of 30 years®. It is usually found
in fairly deep waters®, though it is neutrally buoyant
and can ascend to midwater areas. Females and males
spawn after about 16 and 13 years respectively. This
high reproductive age makes this species particularly
vulnerable to overfishing. Additionally, toothfish
spend significant amounts of time in areas difficult for
researchers to access and key aspects of their life
histories are not yet known.

As the Southern Ocean lacks many of the sharks

and other large fish species found in other ocean
ecosystems, Antarctic toothfish therefore fill a shark-
like niche in the Antarctic ecosystem. They feed mainly
on smaller fish and cephalopods, but also on other
invertebrates and even birds®. Nevertheless, they are

oothfish

Dissostichus mawsoni

Females and males spawn

after about 16 and 13 years
respectively. This high
reproductive age makes this
species particularly vulnerable to
overfishing.

thought to be an important prey species for Weddell
Seals, orcas, and colossal squid. Antarctic toothfish
fisheries occur in many regions of the Southern Ocean
including East Antarctica, the Ross Sea and the Weddell
Seas. Antarctic toothfish fisheries are regulated, but
there remain significant uncertainties about their life
histories and their role in the food web, making it difficult
to understand the impact of fishing on the ecosystem.
A growing body of research indicates that top predators
play incredibly vital roles in many ecosystems, and
without them significant and often surprising changes can
occur®. More research is urgently needed to unlock the
mysteries of these bird-eating, deep-dwelling predators.



Image by Darci Lombard

Icefish

family Channichthyidae

embers of the icefish family (Channichthyidae)

are abundant in parts of the Southern Ocean,

but perhaps because they live on the bottom,
in depths of up to 800 m, not much is known about
them. At about 30 to 60 cm in length, most icefish are
larger than an Antarctic silverfish but smaller than an
Antarctic toothfish. Their exact role in the ecosystem
is unknown, but at least one study found that several
species of seal eat them®¢. With Antarctic toothfish and
silverfish, they belong to the notothenioid suborder, but
anti-freeze proteins make it even more unique than the
average notothenioid.

Members of the icefish family are almost entirely lacking
in hemoglobin. All other vertebrates use hemoglobin to
transport oxygen in their blood, but icefish are able to get
their oxygen directly from the surrounding water. They
have also developed other adaptations to go along with
their hemoglobin-free, clear blood: larger hearts that
pump more blood than those of other notothenioids, and
wider capillaries®. One might think that there must be
some advantage to abandoning red blood, but strangely
enough, so far one hasn’t been found. Researchers think
that perhaps icefish got lucky and lived in areas with

few other fish species®. Thus it didn’t matter much that
icefish had less efficient circulatory systems, because
they had few competitors.
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All other vertebrates use
hemoglobin to transport oxygen in
their blood, but icefish are able to
get their oxygen directly from the
surrounding water.

Some evidence suggests that icefish may be particularly
sensitive to changes in their environment. Researchers
found that after iceberg scouring events, the abundance
of a species called Myers’ icefish declined®. The breakup
of ice shelves such as Larsen B due to climate change
may therefore indicate that threats to this species will
increase, since the breakup of major ice shelves can
enable glaciers to flow more quickly from land to sea,
increasing scouring events. Icefish may also be more
sensitive to changes in ocean acidity®®, and the Southern
Ocean is expected to experience the impacts of ocean
acidification before other parts of the world’s oceans®’.
Icefish have managed to hold on for millions of years, but
they may not be able to survive for much longer.
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pecies in the Myctophid or lanternfish family

are found all over the world, including in the

Southern Ocean. Major species include Electrona
antarctica, Electrona carlsbergi, and Gymnoscopelus
nicholsi. In pelagic regions of the Southern Ocean, there
are more Electrona antarctica lanternfish by number
and by weight than any other fish. This, however might
not be what you find most interesting about them. As
their name implies, they carry their own light source
around with them in the form of photophores, which
are organs that bioluminesce by means of a chemical
reaction. Interestingly, these photophores aren’t primarily
used to illuminate the water around them, but instead
are hypothesised to play a role in communicating
with other members of their species as well as in
confusing predators.

Lanternfish are typically not very large. E. antarctica

only measures about 10 cm or fewer in length, but
nevertheless makes a huge journey every day, travelling
up to the 0-300 m depth range at night, and descending
to 650-920 m during the day®2. Other lanternfish species
in the Southern Ocean undertake similar migrations.

[t sounds like a lot of work, but it is actually a pretty
smart way to stay in the dark and out of sight of

anternfishes

family Myctophidae

Lanternfish photophores aren’t
primarily used to illuminate the
water around them, but instead
are hypothesised to play a role
in communicating with other
members of their species.

predators all day®. Of course, that doesn’t mean they
don’t get eaten. Birds and seals are their main predators.
These unassuming fish, about which not much is known,
are yet another reminder of the complexity of Antarctica’s
marine ecosystems. While krill are a keystone species in
many areas of the Southern Ocean and are the subject
of much scientific research, lanternfish and other species
which also occupy the lower trophic levels of the food
web may play an important role in the wider ecosystem.
Acquiring a better understanding is important particularly
since it has been suggested that lanternfish could be
targeted to make fish meal or fish oil, both of which are
growing industries®.
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Antarctic Eel Cods

family Muraenolepididae

ntarctic eel cods (Muraenolepididae family) are

not true eels, although they do resemble them —

hence their name. These fish were originally
thought to live only in the Antarctic and sub-Antarctic,
but new species have been discovered outside of these
areas. Eel cods are not a well understood fish family.
For example, only a few years ago, it was determined
that the species Muraenolepis microcephalus should
actually belong to a different genus, Notomuraenobathys
instead®. Like many other Antarctic fishes, eel cods
have antifreeze substances in their blood to prevent
freezing in cold water. For the eel cod Muraenolepis
marmoratus this anti-freeze substance is similar to that
found in notothenioid family®®, although they are not
related. This is unusual because most non-notothenioids
have a different type of antifreeze protein®’. In any
event, eel cods can withstand the Southern Ocean
much better than the average human. Most species
are around 30 cm in length, and unlike many Antarctic
species that hide in the depths during the day, juvenile
M. marmoratus hang out in shallow waters near the
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Like many other Antarctic
fishes, eel cods have antifreeze
substances in their blood to
prevent freezing in cold water.

surface®. This means that they are eaten by king
penguins® (and possibly others), which is bad for the
eel cods but good for hungry penguin chicks. Generally,
eel cod adults stay near the bottom of the ocean, in
waters anywhere from 100-1000 m or more deep,
depending on the species. As with so many Southern
Ocean fish, more studies are needed to truly understand
the mysterious life histories of eel cods.
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ntarctic Grenadiers are also known as rattails, and

this unflattering name is an accurate reflection of

their less than beautiful appearance. Though little
known, Whitson’s grenadier (Macrourus whitsoni) seems
to be of the most abundant non-notothenioid species in
some areas of the Southern Ocean’®. However, research
has not been comprehensive, so we don’t really know
how many there are. We do know that they are the kind
of fish (long-lived, slow-growing) that are vulnerable to
overfishing, so the amounts caught accidentally in the
Antarctic and Patagonian toothfish fisheries (sometimes
as much as 480 tonnes) could threaten the health of the
overall population’.

The organisation with management authority over the
Antarctic toothfish fisheries in the Southern Ocean,
CCAMLR, operates by following the ecosystem and
precautionary approaches. This progressive way of
managing fisheries and ecosystems ultimately means
that managers institute rules to make sure that fishing
doesn’t take place unless there is a good reason

to believe it will not harm the target species or the
ecosystem as a whole. Bycatch of grenadiers presents
a challenge for CCAMLR. It is difficult and expensive

renadiers

Macrourus genus

A new species, Macrourus

caml, was only confirmed in
2013 (previous examples of the
species had been misidentified),
underscoring how little we know
about this group.

to do research in the Southern Ocean, but there is a
risk to this species from fishing. CCAMLR has set limits
on the amount of bycatch that a toothfish vessel may
take before it is required to move to another location.
Still, more research will be required to fully understand
whether these rules are enough to protect the grenadier.
A new species, Macrourus caml, was only confirmed

in 2013 (previous examples of the species had been
misidentified), underscoring how little we know about
this group.
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McCain’s Skate

Bathyraja maccaini

he McCain’s skate is one of several species of

rays and skates living in the Southern Ocean. It

inhabits waters from inshore to 500 m depth’.
This large skate is probably very slow-growing, reaching
its total length of 120 cm after 10 years or more. This
late maturity and the fact that it is common bycatch in
bottom trawl for icefish and longline fisheries for Antarctic
and Patagonian toothfish put it at risk. McCain’s skate is
currently listed as an IUCN Near Threatened species’,
one of the few Antarctic species to be on this list.
Worldwide, skates and rays are threatened by human
activities. Out of seven Antarctic species in the IUCN
Red list database, three, including the McCain’s skate,
are listed as Near Threatened. The other two species are
Murray’s Skate (Rhinoraja murrayi) and the Kerguelen
Sandpaper Skate (Bathyraja irrasa). Both of these skates
have limited ranges, and have been caught as bycatch
in fisheries both legal and illegal, making it difficult to
assess the status of their populations™. Further efforts
to assess and study all Antarctic skates will be critical to
ensuring that their populations stay healthy.
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McCain'’s skate is currently listed
as an IUCN Near Threatened
species’, one of the few Antarctic
species to be on this list.
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Marbled Rockcod

Notothenia rossii

hese days, only a few species of fish in the

Southern Ocean are being commercially fished.

This was not always the case, however. The
marbled rockcod (Notothenia rossii), along with several
other species you've probably never heard of, including
the grey rockcod (Lepidonotothen squamifrons),
humped rockcod (Gobionotothen gibberifrons), and
the spiny icefish (Chaenodraco wilsoni), used to be
fished in Antarctic waters. The story of why the marbled
rockcod fishery and others have been closed is a useful
cautionary tale. Fishing began in the 1970s, but huge
catches quickly caused the population to collapse.
Over 500,000 tons were harvested from the fishery
around South Georgia Island in just two years, and then
catches rapidly declined’®. Fisheries for other species
experienced similar booms and busts. At the time,
there was no country or group of countries managing
Southern Ocean fisheries, making it difficult to set catch
limits or understand what was happening to the fish
populations being harvested. Fortunately, the problem
was recognised and in 1982, when the Convention on
CCAMLR was signed by 14 countries, so establishing
rules and a management framework for fisheries
around Antarctica.

The marbled rockcod populations
have not recovered despite

not being fished for more than
two decades.

Soon afterwards, CCAMLR began closing fisheries,
including those for N. rossii. However, it was too late.
The marbled rockcod populations have not recovered
despite not being fished for more than two decades.
Unlike the Antarctic toothfish, which is vulnerable to
overfishing because of its slow growth, late maturity and
long lifespan, marbled rockcod are a relatively short-
lived species, not living much longer than 16 years’”.
Overfishing of the Elephant Island stock seems to have
occurred because catches were almost as large as the
entire stock’. The hope is that such disasters will not
happen in the future, thanks to CCAMLR’s adoption

of a precautionary and ecosystem approaches to
management. This approach prevents the kind of “fish
first, ask questions later” policy that led to the collapse of
N. rossii and other populations.

Page 23



Image by John B. Weller



The birds of Antarctica are like no others. Able to withstand
the harshest climate on earth, each species has its own unique
survival techniques and characteristics ranging from shared
parenting and monogamy to walking on ice or plunging into
near freezing waters. From the wandering albatross who can
soar for hours and has the largest wingspan of any living

bird, to the flightless emperor penguin who may waddle and
toboggan up to 120 kilometres to reach open water to forage,
these Southern Ocean birds have found a way to make the
most of this icy environment. Others, such as chinstrap

and Adélie penguins seek ice-free areas and build nests of
pebbles, or prefer to nest on rocky cliffs and ledges, like the
Antarctic petrel.

Long-lived and slow to reproduce, the common thread

among these fearless birds is the important role they play in
Antarctica’s intricate food web, both as predator and prey.

Not only do they provide a glimpse into the great bio-diversity
of this region, but they also provide invaluable insight into the
effects of climate change and human activity on ocean health.
Read on to find out more about how these incredible birds have
adapted to survive in this demanding environment and what
they can tell us about the future.

BIRDS
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Emperor Penguin

Aptenodytes forsteri

his largest of all penguins can grow to nearly

1.15 metres tall and weigh up to 40 kg™. The

emperor’s stature may be one of the reasons
why they are the only penguin species to breed on sea
ice during Antarctica’s dark and frigid winter®. Their
devotion to their chicks in this harsh environment makes
them some of the most impressive parents in the animal
kingdom. Emperor penguins pair up each year at the
breeding site and stay together throughout the season.
Shortly after the female lays the pair’s sole egg and
carefully transfers it to the male, she begins a trek of
up to 120 kilometres to reach open water to forage for
food®'. Meanwhile the male incubates the egg in a brood
pouch above his feet for a little more than two months as
temperatures drop. By the time the females return, the
male has fasted for almost four months and has lost up
to 50% of his body weight.

Emperor penguins inhabit colonies around the coast of
Antarctica® and forage primarily on Antarctic silverfish,
krill and squid®. They can dive up to 565 m® and have
developed an extraordinary adaptation. Their heart rate,
which is usually around 73 beats per minute, speeds up
to as high as 256 beats right before and after a dive and
slows down in the water to as low as 6 beats per minute
toward the end of the dive®®.

Climate change is predicted

to have disastrous effects on
emperor penguins, with projected
losses in some colonies by as
much as 81% by the end of the
century®.

While they can live up to 40 years®, emperor penguins
are one of the most ice dependent of all penguin®”
species and their life cycle is strongly linked to changes
in sea ice. A decrease in sea ice concentration can have
a negative effect on population size and reproductive
success. Climate change is thus predicted to have
disastrous effects on emperor penguins, with projected
losses in some colonies by as much as 81% by the end
of the century®. However, these tough birds may be able
to adapt and breed in new locations®.
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Adélie Penguin

penguins®, but they make up for it by having a

range along the entire Antarctic coast and on
some of its nearby islands. Similar to emperor penguins,
Adélies have a unique dependency on pack ice and live
in the outer portion but not on the edge of the pack ice
in winter. They use breathing holes in the ice created by
minke whales to enter and exit the water®' where they
hunt for fish, krill and squid®. Due to its dependency on
the ice and its sensitivity to changes in the ecosystem,
the Adélie penguin is often seen as an indicator species
for environmental changes.

a délies may be the smallest of Southern Ocean

In spring, Adélies migrate toward land to join a breeding
colony. The male establishes the territory and both mates
are involved in building and maintaining the nest, which
involves protecting it from neighbouring pairs as the
penguins are known to steal pebbles from each other.
The female usually lays two to three eggs before leaving
to forage. Upon their return, both mates take turns
hunting, incubating the eggs, and feeding the chicks.
After 50 days, many of which the chicks spend without
their parents, they will have developed their juvenile
plumage and head for the sea®.

Pygoscelis adeliae

Adélie penguins use breathing
holes in the ice created by minke
whales to enter and exit the
water’” where they hunt for fish,
krill and squid®.

While fairly slow on land, Adélies travel much more
efficiently in the water, swimming or “porpoising”
(periodically leaping out of the water), and reach speeds
of 4.4 metres per second®. They usually dive for several
minutes and go down as far as 170 metres deep.
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Chinstrap Penguin

Pygoscelis Antarcticus

ost penguins are considered to be cute, but

the chinstrap penguin’s horizontal facial stripe,

gives it a particular charm. But don’t be fooled
—they are far from cuddly. Longtime penguin researcher
Ron Naveen notes that unlike their close relatives the
gentoo and Adélie penguins, chinstraps “will rush up to
you immediately, squawking like crazy, and loudly, as if
they need to closely inspect your passports...They will
stab if you don’t back off®.” Like their close relatives,
the Adélies and gentoos, they also have a penchant for
stealing rocks from their neighbours to build the nests
where they incubate their eggs. Currently there are
millions of chinstrap penguins, some of them in colonies
ranging from 55,700 pairs on the Antarctic Peninsula®®
to 20,000 pairs in the South Shetland Islands®. In the
1990s, the estimated world population of chinstraps
was 7.5 million pairs®, which, now, is believed to be
declining® — and in the Antarctic Peninsula, chinstraps
are declining significantly’®. For example, at Deception
Island, the large chinstrap colony at Baily Head now
stands at 50,408 breeding pairs™!, down from previous
estimates of as many as 100,000 breeding pairs'®.
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Chinstraps ‘will rush up to you
immediately, squawking like crazy,
and loudly, as if they need to
closely inspect your passports’.

Chinstrap penguins stick to relatively warmer Antarctic
and sub-Antarctic climates, not venturing further south
than the Antarctic Peninsula. When at sea, they also
inhabit areas with less dense sea ice. Thus, it had
previously been hypothesised that the warming of the
Peninsula (part of the overall pattern of climate change)
would benefit chinstraps, due to their affinity for less icy
areas. However, recent research, as noted above, has
shown that chinstraps (along with Adélies) are actually
significantly declining in the rapidly warming Peninsula
region'%31%4, Although scientific knowledge of Antarctic
ecosystems has advanced considerably over the past
few decades, there’s clearly still a long way to go before
we can predict how Antarctic ecosystems will change as
the planet continues to warm, and what this means for
its birds and wildlife.
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Antarctic Petrel

Thalassoica Antarctica

he Antarctic petrel is found along the entire
Antarctic coastline, and also breeds on nearby
islands'®. Its range includes the pack ice, where

it can be found throughout the year, an area where it has
little competition from other birds %,

Antarctic petrels breed further south than all other
birds'?”. Although they depend on the sea to feed, they
nest much further inland'®®. The Antarctic petrel breeds
in colonies on cliffs or on the ground of the Antarctic
continent'®, Mating pairs perform elaborate courtship
rituals during which they clash bills, toss their heads
and wag their tails''?. Feather care is very important in
Antarctic petrels as they protect the bird from the harsh
Antarctic environment only if clean, dry and oiled by
the bird™".

These birds feed mostly on fish and krill but also on
crustaceans and squid'2. To find their prey, they use
their excellent eyesight to follow other birds to feeding
grounds, where they congregate in large numbers™?,

Feather care is very important in
Antarctic petrels as they protect
the bird from the harsh Antarctic
environment only if clean, dry and
oiled by the bird'".

The shelter provided by some Antarctic petrel nests

is of particular importance because shelter prevents
chick predation from predators like the south polar

skua (Catharacta maccormicki)''*. Regional climate
change has made Antarctic petrel nests more vulnerable
to predation by southern giant petrels (Macronectes
giganteus), leading to decreases in breeding success
and survival''®,
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Snow Petrel

Pagodroma nivea

he beautiful, entirely white snow petrel is one
l of the most southern breeding of all birds'*®. Its
thick plumage protects it from the wind and icy
water and these birds meticulously oil and clean their
feathers, sometimes by taking “baths” in the snow'"".
They breed in colonies further inland where the female
occupies a nest and is courted by the male with dance-
like movements and beak “fencing”''é.

Snow petrels mostly eat Antarctic silverfish along with
krill and some other fishes™®. They typically hunt in icy
areas', The global population is thought to be larger
than 4,000,000 individuals'™', and they are found on
Antarctica and the nearby islands of South Georgia and
the South Sandwich Islands.??

As with many Antarctic species, snow petrels are
abundant and not directly threatened by humans.

Still, they are a decidedly cold-climate species and
changes due to climate change may impact them
directly. Scientists are studying them closely through
tracking devices that will provide information on foraging
and thus potentially give clues to changes in marine
ecosystems'?,

Snow petrels breed in colonies
further inland where the female
occupies a nest and is courted
by the male with dance-like
movements and beak “fencing”’’s.
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he huge wandering albatross has the largest

wingspan of any living bird. Thanks to their

amazing wingspan, which can spread between
2.5t0 3.5 m (8 ft. to 11.5 ft.) they can remain in the air
for many hours without flapping their wings'“. They also
are resilient despite the harsh environments they inhabit
and are able to live for half a century'.

The wandering albatross reproduce on a number of
islands in the Southern Ocean, including South Georgia,
Crozet, Kerguelen, Prince Edward, and Macquarie'®.
During their courtship they display rituals that make

use of their immense size and unusual sounds,
including a rapid sequence of head movements, snaps,
ritualised preening and vocalisations™’. Their nighttime
feedings consist of a range of squid, small fish, and
crustaceans'®. They have a unique gland above their
nasal passage, which allows them to get rid of salt from
seawater they take in along with their food'?°.

ing Albatross

Diomedea exulans

Thanks to their amazing wingspan,
which can spread between 2.5 to
3.5 m they can remain in the air
for many hours without flapping
their wings'#.

The International Union for Conservation of Nature now
lists the wandering albatross as a species of vulnerable
status'®. This is unfortunately due to bycatch in toothfish
fisheries™'. Measures introduced by CCAMLR have
reduced bycatch of albatrosses'? in Southern Ocean
fisheries to near zero'® although they still end up as
bycatch in non-CCAMLR management fisheries north

of the Southern Ocean and by lllegal, Unregulated and
Unreported (IUU) fishing.



Image by JJ Harrison

Antarctic Fulmar

Fulmarus glacialoides

hough not as well-known or well-studied as its

l penguin neighbours, the Antarctic fulmar (also
known as the Southern fulmar) is quite abundant
in the Southern Ocean4, with an estimated population

of 2,000,000, Like other albatrosses and petrels, its
plumage is grey and white, and it has a hooked beak.

However, it is unique from other species in several ways.

For example, this bird does not nest on the ground, and
instead prefers rocky ledges on high cliffs. That might
make them sound like they prefer to be alone, but they
are far from solitary. They spend much of their lives in

a flock with other Antarctic fulmars, or in large colonies
during breeding season. Antarctic fulmars lay a single,
white egg during late November or early December.

They spend much of their lives

in a flock with other Antarctic
fulmars, or in large colonies during
breeding season.

They are predominantly surface eaters, although they
will occasionally dive for their food'®® and dine mostly
on Antarctic silverfish, krill and squid'’. Though several
species of albatrosses and petrels that feed or breed in
the Antarctic region have experienced steep population
declines due to entanglement in fishing lines, fulmars
do not appear to be at a similar risk'®, even though
they have been observed around fishing vessels. Like
many Antarctic seabirds, they are threatened by climate
change'™®, and are already breeding later in response’®.
And like other species in the Antarctic ecosystem, they
are affected by human pollution, including DDT used

in other parts of the world and found to accumulate in
their bodies™!.
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Even though these animals do not have backbones,
invertebrates are critical to the backbone of the Southern
Ocean ecosystem. These incredible animals, including worms,
clams, crustaceans, octopuses, shails, and sea stars, appear to
have had an evolutionary field day in the isolated frigid waters
of Antarctica. From the tiny bone-eating worms to the largest
invertebrate species known on earth, these organisms have
developed bizarre and unique adaptations as diverse as the
species themselves.

Antarctica is known for its spectacular underwater geological
formations including seamounts, canyons, and ridges that
support unique and diverse invertebrate species assemblages.
Combined with the continental shelf, these special places
host rich benthic communities dominated by invertebrates like
bivalves, polychaetes, and sea stars. These organisms in turn
provide habitat for others, such as the glass sponge, which
some fish species use as a place to lay hundreds of eggs, or
urchins that provide elevated habitat for other species.

Invertebrates are also crucial to the pelagic and sea-ice
portions of the Southern Ocean ecosystem. While many
invertebrates are important prey, Antarctic krill (Euphausia
superba) are considered to be the keystone species
supporting the entire Antarctic food web. Other zooplanktonic
invertebrates are important for energy transfer: copepods
transfer plant energy up the food web, and gelatinous salps
export nutrients to the deep sea through rapid excretion.

New invertebrate species are being discovered every year in
the waters surrounding Antarctica, and little is known about
the biology and distribution of the species already known to
science. Antarctic invertebrates are extremely vulnerable to
climate change and ocean acidification, the consequences of
which are expected to cascade through the entire Antarctic
food web. Read on to learn about a few of our favourite
Antarctic invertebrates that need protection from the combined
threats of climate change, ocean acidification and fishing.

INVERTEBRATES
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Euphausia superba

he Antarctic krill lives up to its name (superba

means magnificent or superb in Latin). No other

species is considered to be as central to the
functioning of Antarctic ecosystems. Everything from
small fish to huge whales depends on Antarctic krill for
survival, which is why their response to climate change
is the focus of many scientific studies. Krill are small
shrimp-like crustaceans of about 6 centimetres in length.
They are found throughout the Southern Ocean, and
they form very large swarms of billions of individuals in
some areas. They mostly eat plant plankton, or algae
growing on the underside of sea ice, and therefore
transfer plant energy to species higher in the food web,
an important ecosystem function.

Because they are so critical to the ecosystem, krill

have long been a particular focus of scientists and
policymakers. Concerns about the impacts of the
development of a fishery for krill were an important
consideration in the decision to establish CCAMLR,
which implements the ecosystem and precautionary
approaches to management. Unfortunately, these may
not be enough to protect them. Climate change impacts

Krill mostly eat plant plankton, or
algae growing on the underside
of sea ice, and therefore transfer
plant energy to species higher in
the food web

such as warming leading to reduced sea ice and ocean
acidification are projected to have a negative effect on
Antarctic krill habitat, particularly in the Weddell Sea'#?,
which could adversely affect their predators'. The life
cycle of krill is linked to the availability of sea ice, which
provides feeding grounds in the winter as well as nursery
grounds for larvae'*. Nevertheless, CCAMLR can take
these impacts into account to ensure that the fishery
does not stress krill populations even further. This will be
a critically important task in the coming years.



ctic Anemones

order Actiniaria

ntarctic anemones are an interesting group, and

new species discovered in the past few years

have revealed more about the diversity of this
group. Two species of anemones, Isosicyonis striata and
Isosicyonis alba, have only been fully studied relatively
recently'. They are usually a few centimetres tall, and
are pinkish or brownish in colour. /sosicyonis striata
has stripes. Despite their small size and unexceptional
appearance, the species of this genus have a few
remarkable traits. /. striata has an unusually high
number of nematocysts, cells that fire stinging barbs
for protection or to capture prey'*¢. Most unique is the
relationship both species have with Antarctic sea snails.
The sea snails host the anemones on their back, and
appears to aimost merge with them. Further details of
this relationship are not yet known'’, but one hopes
that the snail gets something in return for hauling the
anemone all over the seafloor.

l. striata has an unusually high
number of nematocysts, cells that
fire stinging barbs for protection
or to capture prey'°.

Another new anemone species, Edwardsiella andrillae,
has adopted the puzzling strategy of living on the
underside of the ice shelf-upside down€. Most
anemones prefer more hospitable surfaces, such as the
seafloor (or snail shells), and no other anemone species
is known to latch onto ice. E. andrillae burrows most

of its body into the ice shelf, with only the tentacles
exposed and in the water. Scientists are not yet sure
how they can do that, since they don’t appear to have
any special adaptations that would allow them to get
through hard ice'*. Sea anemones have also been
found in the very deepest Antarctic waters. One recently
identified species, losactis antarctica, makes its home

in soft seafloors in depths of 2800 to 3200 metres'®,
Antarctic anemones clearly are able to make the most of
any habitat they encounter.



Source unknown

Colossal Squid

Mesonychoteuthis hamiltoni

espite its enormous size, the colossal squid

remains the most elusive animal of the

Southern Ocean, living in depths of more than
2000 metres. With a mantle length of up to 4 metres™’
and a record weight of 500 kg, it is the world’s largest
invertebrate'®. It has huge eyes, a large beak and
hooks on the clubs at the end of its tentacles. With
these characteristics, it sounds like a real-life sea
monster. However, as a rather slow-moving species
that ambushes its prey'®, its behaviour is unfortunately
not very monster-like. The colossal squid is an apex
predator, feeding on large fish such as Antarctic
toothfish, but, especially as a juvenile, it is also important
prey for toothfish'*4, sleeper sharks and sperm whales'®.

Most of what we know about these mysterious creatures
comes from accidental encounters. Colossal squid
occasionally are hauled in by longliners fishing for
toothfish. When the squid try to pluck a free dinner off
the lines, they sometimes refuse to let go even when the
line is hauled back onto the fishing vessel, resulting in
the retrieval of all or part of the animal. Other information
about them has been gleaned from examining the
stomach contents of toothfish and sperm whales.

With a mantle length of up to

4 metres’’ and a record weight of
500 kg, the colossal squid is the
world’s largest invertebrate’

One specimen obtained from a New Zealand fishing
vessel in 2007 was pulled in on a fishing line intact, and
is now on display at the Te Papa Museum in Wellington.
This squid’s eye measures 27 cm across, which is the
largest known animal eye. However, its beak is smaller
than some of those that have been found in sperm whale
stomachs, indicating that perhaps this squid had not
reached its maximum size. We clearly still have a lot to
learn about these deep-sea giants.
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hen you think of Antarctica, you probably think

of gorgeous icescapes and charming animals.

You probably don’t think about a place
swarming with spiders. Yet the Antarctica of stunning
scenery is the same place where hundreds of sea
spider species (pycnogonids) lurk in the water. In fact,
there are well over 200 different species of sea spider
in the Antarctic and sub-Antarctic'®, with 20% of all
pycnogonid species living in that area'’. The diversity of
Antarctic sea spiders may be greater than that found in
warmer areas of the ocean, with some regions such as
the South Shetland Islands and the eastern Weddell Sea
having particularly high numbers of distinct species™®.

Antarctic sea spiders live in both shallow and deep
waters, proving that there are few corners of the world
safe for those terrified of arthropods. Because they

are not actually arachnids, they do not look like typical
land spiders, with bodies that are much smaller and
thinner and extremely long legs. Some species are also
quite large. The leg span of the species Colossendeis
megalonyx can reach 50 cm across, while other species
have leg spans as small as 3 cm™®,
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There are well over 200 different
species of sea spider in the
Antarctic and sub-Antarctic’®,
with 20% of all pycnogonid
species living in that area’™".

They eat mostly invertebrates'®. When they aren’t
draining the liquids from their prey, the males of some
species act as incubators, carrying around eggs and
sometimes the larvae of their offspring'®'. These creepy
Antarctic inhabitants are quite fascinating, and despite
being well-studied, we are still learning more about them
and discovering new species.
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Salps

Salpa thompsoni and Ihlea racovitzai

alps (Salpa thompsoni and Ihlea racovitzai) have

received some negative publicity in the past few

years. These marine invertebrates are tunicates,
which are part of the subphylum that includes sea
squirts, and thus are filter feeders and low in the food
web. In 2004, an important study of the relationships
between salps and another prey species, Antarctic
krill, determined that warming temperatures benefited
salp populations while harming krill, potentially causing
problems for animals that eat krill'®2. Salps are clear,
gelatinous blobs and may not be as appetising as krill
to predators, who would be deprived of a major food
source. Although population increases may pose a
problem for large swaths of the Antarctic ecosystem, it
might not be all bad. Some evidence suggests that salps
may be a more popular and nutritious food source than
previously thought, with their tendency to move slowly
a bonus for predators and their fellow zooplankton®s.
Krill and other tiny crustaceans seem to feed on them
as well'®, Some crustaceans even enter the salp and
feed on its insides, then make the leftover shell their
new home'®,

Salps excrete faecal pellets
containing lots of nitrogen and
carbon, and these pellets fall
down to deep sea areas where
not a lot of these nutrients are
available’®.

Another benefit of salps is their waste, which benefits the
marine environment. Scientists, who probably are not
allowed to talk about their work at the dinner table, have
measured the content and rate of salp defecation, with
intriguing results. Salps excrete faecal pellets containing
lots of nitrogen and carbon, and these pellets fall down
to deep sea areas where not a lot of these nutrients are
available'®®. Therefore, salps can potentially provide a
valuable source of organic material for creatures that

live on the seafloor. Nevertheless, changes in the salp
population are indicators of potentially widespread
impacts on the Antarctic ecosystem from climate
change. Despite their contributions to the ecosystem,
their expansion may spell trouble for krill predators unless
they can develop a taste for tunicate.

Page 38 33 Antarctic Species We Love* (‘and wh



Image by Bjern Gulliksen [

Glass Sponges

class hexactinellid

his year, it was reported that a human woman

has lived to be 120 years old™". If the glass

sponges that live in Antarctica could read, they
would be utterly unimpressed by this news. Glass
sponges are a type of long-lived, deep-sea sponge
found throughout the world, but are especially numerous
in Antarctica'®. They are thought to live hundreds and
perhaps thousands of years, so making it to 120 is quite
easy for them. They get their name from their skeletons,
which are composed of silicon dioxide, the same
material we use to make glass.

Although their lifespan is exceptionally long, in some
ways it is not surprising. Glass sponges are suspension
feeders feeding on plankton'®, but most live at depths
where plankton is in relatively short supply (1000 m or
more). Even Antarctic species that live in shallow depths
of 30-40 m, such as the glass sponge Rosella nuda,
have limited food because they live in ocean areas where
plankton is not abundant at any depth'”®. Slow growth
rates and long lives mean that glass sponges can survive
without needing as much food as other organisms
might'"'. However, recent research suggests that glass
sponges can grow quickly when the opportunity arises,
such as when an ice shelf collapses'”?. The collapse of

They are thought to live hundreds
and perhaps thousands of years.

the Larsen A ice shelf created new open-ocean areas in
which plankton could grow, and this new food source
appears to have allowed glass sponges to move fairly
quickly into formerly ice-covered areas'’®.

The ability of these species to move into new areas is
very important for seafloor communities. Glass sponges
are important components of Antarctic seafloor life,
providing food as well as shelter and transforming the
ocean floor into a habitat for other species such as small
mollusks and polychaetes'”. Fish have been found to
deposit thousands of eggs onto a single glass sponge’.
They also shelter the juveniles of many species, including
brittle stars and sea spiders'’®. Because sponges are

so critical to the broader ecosystem, policymakers have
designated special areas in Southern Ocean where
fishing gear that touches the seafloor is not allowed

so that it will not disturb or kill them'””. Given that their
usually slow growth means they will recover slowly from
disturbance, such protection efforts are necessary to
protect the whole community of bottom-dwelling animals.
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Southern Ocean Mollusks

phylum Mollusca

C urrently 163 species'”®'7® of bivalve mollusks
(e.g., clams, oysters, mussels, scallops) and

568 species'®®" of gastropod mollusks (e.g.,
snails, slugs, nudibranchs) have been discovered in the
Southern Ocean. There have been 195 new species
described since 2003'®2, and new species continue to
be discovered'®®. While parts of the continental shelf,
Western Antarctic peninsula, and Subantarctic islands
have been sampled; more species may be discovered in
these areas and via exploration of deeper waters'®.

Most Antarctic bivalve and gastropod species are rare,
and relatively few have circumpolar distributions'®®.
Recent research has discovered thriving ecosystems
rich with species new to science including species

of mollusks and other invertebrates like sponges

and worms. These mollusk “hot spots” are found on
unique geological formations throughout the Southern
Ocean including parts of East Antarctica (Maud Rise'®,
Gunnerus Ridge, Enderby, Prydz, Wilkes, MacRobertson,
and d’Urville Sea-Mertz seamounts)'®”, Bouvetoya'®,
Peter | Island™®®, and South Orkney'®® and South Georgia
Islands™" near the Antarctic Peninsula.

Far from being only passive filter feeders, mollusks
increase oxygen concentration in upper sediment

Many important predators,
including Weddell seals’ and
fishes*% rely on mollusks
for food.

layers via bioturbation — the natural mixing of sediments
through biological processes’™?. Many important
predators, including Weddell seals' and fishes'*'% rely
on mollusks for food. A natural product called lovenone
found in the skin of the nudibranch Adalaria loveni has
shown toxicity against certain human cancer cells'®.

Scientists are still discovering new species and
understanding their ecosystem services, but even as
we begin to learn about them, Antarctic mollusks are
at risk'®”. Antarctic calcified organisms are particularly
vulnerable to increasing ocean acidification™® because
many are weakly calcified'®. As the ocean acidifies,

it can result in the calcium carbonate-based shells

of invertebrates dissolving. In their absence, the
communities they compromise are likely to be among
the first to experience the cascading impacts of
ocean acidification®®.
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n the Antarctic, the crustaceans that get all the

attention are krill, which are certainly a major food

source for a huge variety of species. But they are not
the only ones propping up the upper levels of the food
web. At 1-2 mm in size, copepods are smaller than krill,
and in fact are eaten by them, but they comprise a large
percentage of the zooplankton floating at the top of the
water column. One study of zooplankton in the Weddell
Sea found that copepods were the most numerous and
had the most number of distinct species®'. In addition
to being eaten by krill, they are also eaten by silverfish
and lanternfish, and in some areas may be part of an
alternative pattern of energy transfer to organisms higher
up in the food web?®. Typically, krill are often considered
the primary link between plant plankton and upper level
predators such as fish, penguins and whales. However,
scientists have reported an alternate scenario in which
copepods, lanternfish and squid are the link instead of
krill2%, Even in the famously krill-centric ecosystem of
Antarctica, there can be surprises.

Copepods

subclass copepoda

When ice melts and blooms

form, plankton eaters and the
animals that eat them have to take
advantage of the short-lived feast.

Since copepods are dependent on plant plankton for
food, they are strongly influenced by seasonal changes
in ice®**. Many Antarctic species similarly have life cycles
tied to the formation and melting of sea ice because
plankton blooms do not occur under ice. When ice
melts and blooms form, plankton eaters and the animals
that eat them have to take advantage of the short-lived
feast. Different copepod species respond to these
seasonal changes in different ways. Some copepods
show slower metabolic rates in pack ice compared to
ice edge or open ocean regions®®. They additionally
time reproduction to coincide with plankton blooms?®.
Copepods may also be affected by climate change?”,
highlighting the potential for warmer temperatures to
affect the ecosystem at every level.
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Antarctic corals

subclass octocoralia

ike many of their Antarctic counterparts, Antarctic

corals remain little known, lacking the popularity

of their tropical relatives. But there are corals in
Antarctica, proving once again that the Southern Ocean
has everything you’d want in an ocean, except warm,
sunny beaches. While many corals are in the deep sea
and are therefore difficult to study, there have been some
interesting research findings. While some species of
coral possess stinging cells called nematocysts that can
ward off predators, some Antarctic corals do not have
very good nematocysts. Instead, they give off chemicals
that send a strong message to stay away. An order of
soft corals called the Alcyonaceans, eight species of
which live in Antarctic waters, produces compounds
that seem to keep sea stars and amphipods away, and
kill bacteria08209,

There are corals in Antarctica,
proving once again that the
Southern Ocean has everything
you’d want in an ocean, except
warm, sunny beaches.

Although producing chemicals that keep predators
away is a pretty ingenious adaptation, one Alcyonacean,
Gersemia antarctica, has another amazing adaptation.
To feed on seafloor sediments, it bends itself over,
brushes against the sediments, and stands back up
again. Then it picks itself up and moves to find new
sediments to eat?™®. If you're thinking that you weren’t
aware that coral can move, you are not alone. No other
soft coral has been known to do this. Thus Antarctic
corals are yet another incredible species populating the
rich and diverse Antarctic seafloor. They provide yet
another reason to study and map these habitats, so that
they can be sufficiently protected from potential damage
by human activities.
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Il over the world, bone-eating worms seek out
fallen whale and fish bones resting in sediments
deep in the ocean. Until recently, it was unknown
whether there were any in the Antarctic. A group of
scientists suspected that the large number of whales
in the Antarctic would provide a good food source for
these worms, and hypothesised that there were likely
to be previously undiscovered species in the Southern
Ocean®'. The researchers therefore placed whale
bones in the Southern Ocean in a few locations around
the Antarctic Peninsula, and left them for a year. Upon
retrieving the bones, they found large numbers of worms
devouring them. Just one rib had 202 specimens within
100 square centimetres. They determined that these
worms constituted two new species. The most abundant
species, Osedax antarcticus, has red frond-like body
parts called “palps” that stick out of the bone while
the rest of the body burrows into the bone. Only one
individual of the other species, Osedax deceptionensis,
was found?'2,

All bone-eating worms, including O. antarcticus, lack
sharp teeth or other body parts that can cut through
bone, and instead produce acids that can break it
down?'®. As they also lack a digestive system, they rely
on symbiotic bacteria to turn the bone into nutrients?'4.

Bone-eating worms lack sharp
teeth or other body parts that can
cut through bone, and instead
produce acids that can break

it down?"s,

Bone-eating worms also exhibit the phenomenon of
male dwarfism, in which the male is a mere fraction of
the size of the female. Multiple males attach themselves
to a single female, apparently devoting their entire lives to
doing little more than mating with her. In general, larvae
of this species develop into females if they happen to
land on bone and into males if they land on a female?'®.
Males keep their grips on females with chaetae, a type of
bristle possessed by many worm species. The existence
of Antarctic bone worms, which were only discovered

in 2012, highlights both how much we still have to learn
about marine ecosystems, and how incredibly diverse
marine life can be. Even in the depths of the Southern
Ocean, there exist at least two different kinds of worms
whose sole purpose in life is to digest whale bones.
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Antarctic Crabs

infraorder Brachyura

hile Antarctica is rich in many types of marine

life, such as echinoderms and sponges,

it has relatively few crustaceans. This is
likely because few species can tolerate cold water
temperatures?®'®, Still, there are plenty of crabs in some
parts of Antarctica. There were enough king crabs
(Paralomis spp.) around South Georgia and South
Orkney Islands to try to establish a fishery in those areas.
However, the fisheries were not found to be economically
profitable, so for now the crabs can rest easy.

Yet maybe not too easy, since some of these crabs have
a parasite that renders them sterile?'”. Furthermore,
some scientists have further suggested that Antarctica’s
lack of crabs may not last long because increasingly
warmer waters will allow, and already are allowing,
species to invade new territories and possibly destroy
seafloor dwellers that don’t have any adaptations to
protect them from powerful claws?'®. Sounds horrifying,
but some recent evidence suggests that the situation
might not quite be so dire and that there is no invasion
so far?™®, As one of the scientists involved notes, though
there may be good news on crabs, the apparently
conflicting information highlights that there are large gaps
in our understanding of Antarctic ecosystems. This could
hamper our ability to understand the impacts of climate
change, including the impacts of invasive species®®.

Yeti crabs are typically hairy, but
the new species has hair is on
its chest instead of its limbs?%?,
leading scientists to nickname it
the “Hoff” crab after actor David
Hasselhoff*%:,

Another kind of Antarctic crab has also drawn media
attention recently, but for different reasons. In 2012,
scientists reported that during the discovery of deep-sea
hydrothermal vents in Antarctica, a new species of yeti
crab was also found®?'. These crabs have to deal with the
opposite kind of temperature problem as others in the
Southern Ocean — the liquid coming out of the vents is at
the toasty temperature of 352.6°C. As their name implies,
yeti crabs are typically hairy, but the new species has hair
is on its chest instead of its limbs???, leading scientists to
nickname it the “Hoff” crab after actor David Hasselhoff??.
Scientists have not yet discovered whether the crab looks
good running down the beach in a red swimsuit. The
exciting discovery of these new vents, the first known in
the Southern Ocean, illustrates once again how little we
know about the deep sea, including its hairy inhabitants.
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rctic Echinoderms

Phylum Echinodermata

chinoderms are a phylum of sea animals with a

large variation in appearance, encompassing sea

cucumbers, sea urchins, and starfish. Though
you might think of such species inhabiting tide pools,
there are also plenty of representatives dwelling in the
Antarctic, including in the deep sea. There are 219
different species of brittle stars (ophiuroids) alone®**. The
Scotia Sea and East Antarctica are the most diverse
regions, with over 70 different brittle star species found
in each??. Antarctica is also home to a species of
starfish that can have as many as 50 arms, Labidiaster
annulatus, and can grow to be over 60 cm??®, Though
it lives on the bottom with glass sponges and other
seafloor dwellers, it can eat moving animals such as
krill and is one of the few starfish that can do so??’. The
cidaroid sea urchins are another unusual group. Lacking
a covering or epithelium on their spines, which repels
uninvited guests in other urchin species, they actually
seem to attract seafloor animals looking for quality high-
rise habitat??®, Researchers have found that the presence
of cidaroids increases local populations of some species
and the number of different species represented??.
Another unusual looking echinoderm is the sea pig, a
type of pig-shaped deep-sea sea cucumber with short
legs. They live in very deep waters and congregate in
herds numbering in the hundreds.

Another unusual looking
echinoderm is the sea pig, a
type of pig-shaped deep-sea sea
cucumber with short legs.

Unfortunately, some recent evidence indicates that
echinoderms may be at risk. One of the major impacts
of increased carbon dioxide emissions is ocean
acidification, the process by which increasing amounts
of atmospheric carbon are incorporated into the ocean,
decreasing the pH. The poles will experience ocean
acidification earlier than other areas, and the more

acid environment is expected to have a wide range of
impacts on marine species. Analysis of the impacts of
acidification on the sea star Odontaster validus indicate
that at the pH levels predicted to occur in the Antarctic in
the near future, fertilisation and larvae will be negatively
affected?. This would be problematic for them as well
as entire seafloor communities, since O. validus plays an
important role in maintaining the balance of species®'.



MPA Proposals

CCAMLR is currently considering two mature proposals for the Ross Sea
and East Antarctic regions. Proposals for the Weddell Sea, Antarctic
Peninsula and other areas of the Southern Ocean are underway. It is
critically important that CCAMLR designate the current proposals in
Ross Sea and East Antarctica in 2014, with no further changes to scale
or strength, in order to protect the habitats of the incredible species
represented in this report. It is equally important that these and future
designations are visionary, and of sufficient scale that they collectively
provide comprehensive, adequate and representative protection of the
Southern Ocean.

- 2014 Proposed MPAs
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|

Page 46 33 Antarctic Species We Love* (*and whose homes must be




10.

11.

Kooyman GL. 1981.

Kooyman GL. 1975. “A
Comparison between Day and
Night Diving in the Weddell
Seal.”. Journal of Mammalogy.
56 (3): 563-574.

Jefferson TA, MA Webber,
and RL Pitman. 2008. Marine
mammals of the world: a
comprehensive guide to

their identification. London:
Academic.

Cobley ND, and G Bell. 1998.
Weddell seal (Leptonychotes

weddellii) feeding on Gentoo

penguins (Pygoscelis papua).
Marine Mammal Science.

14: 881-882.

Weller J. 2014. Rob Robbins
and Weddell Seal. Accessed
3 September from http://www.
johnbweller.com/last-ocean-
story.php.

Ibid.

Casaux R, A Baroni, A Ramon,
A Carlini, M Bertolin, and C
DiPrinzio. 2009. Diet of the
Leopard Seal Hydrurga leptonyx
at the Danco Coast, Antarctic
Peninsula. Polar Biology 32:
307-310.

Jessopp, MJ, J Forcada, K Reid,
PN Trathan and EJ Murphy.
2004. Winter dispersal of leopard
seals (Hydrurga leoptonyx):
environmental factors influencing
demographics and seasonal
abundance. Journal of Zoology
263: 251-258.

Jessopp et al. 2004.

Jefferson TA, MA Webber,
and RL Pitman. 2008. Marine
mammals of the world: a
comprehensive guide to

their identification. London:
Academic.

National Geographic Daily News.
2014. How a Leopard Seal

Fed Me Penguins. Accessed
on 4 August 2014 from http://
news.nationalgeographic.
com/news/2014/03/140311-
paul-nicklen-leopard-seal-
photographer-viral/?afsrc=1.

20.

. Southwell C. (IUCN SSC

Pinniped Specialist Group) 2008.
Hydrurga leptonyx. The IUCN
Red List of Threatened Species.
Version 2014.2. Accessed on

12 August 2014 from
www.iucnredlist.org.

Bonner W.N. 1968. The Fur
Seal of South Georgia. British
Antarctic Survey Reports:
No. 56. London: British
Antarctic Survey.

Casaux R, A Baroni, F Arrighetti,
A Ramon, and A Carlini. 2003.
Geographical variation in the
diet of the Antarctic fur seal
Arctocephalus gazella. Polar
Biology 26: 753-758.

. Boveng PL, LM Hiruki, MK

Schwartz, and JL Bengtson.
1998. Population Growth Of
Antarctic Fur Seals: Limitation
By A Top Predator, The Leopard
Seal? Ecology 79 (8): 2863-
2877.

Bonner NW. 1968. The Fur
Seal of South Georgia. British
Antarctic Survey Scientific
Reports 56. London: British
Antarctic Survey.

. Weddell J. 1825. A voyage

towards the South Pole,
performed in the years 1822-24.
London: Longman, Hurst, Rees,
Orme, Brown and Green.

Scientific Committee on Antarctic
Research. 2006. Proposal to
De-List Antarctic Fur Seals as
Specially Protected Species.
Working Paper 39. Antarctic
Treaty Consultative Meeting 29.
Edinburgh.

Forcada, J and JI Hoffman.
2014. Climate change selects
for heterozygosity in a declining
fur seal population. Nature 511:
462-465.

American Cetacean Society.
2014. Blue Whale Balaenoptera
musculus. Accessed 12 August
2014 from http://acsonline.org/
fact-sheets/blue-whale-2/.

21.

22.

23.
24.

25.

26.

27.

28.

29.

Sears R and J Calambokidis.
2002. Update COSEWIC

status report on the blue whale
Balaenoptera musculus in
Canada. Ottawa: Committee on
the Status of Endangered Wildlife
in Canada.

American Cetacean Society
2014.

Sears and Calambokidis 2002.

Best PB. 1993. Increase rates
in severely depleted stocks of
baleen whales. ICES J. Mar Sci.
50 (2): 169-186. doi:10.1006/
jmsc.1993.1018.

Reilly SB, JL Bannister, PB
Best, M Brown, RL Brownell Jr,
DS Butterworth, PJ Clapham,
J Cooke, GP Donovan, J
Urban and AN Zerbini. 2008.
Balaenoptera musculus. The
IUCN Red List of Threatened
Species. Version 2014.2.
Accessed on 4 August 2014
from www.iucnredlist.org.

American Cetacean Society
2014,

Reilly SB, JL Bannister, PB
Best, M Brown, RL Brownell Jr,.
DS Butterworth, PJ Clapham,

J Cooke, GP Donovan,JJ
Urban and AN Zerbini. 2008.
Balaenoptera musculus. The
IUCN Red List of Threatened
Species. Version 2014.2.
Accessed 12 August 2014 from
www.iucnredlist.org.

lberia Nature. Etymology of
mammal names in English.
Accessed 21 July 2014 from
http://iberianature.com/
britainnature/miscellaneous/
etymology-of-mammal-names-
in-english/

Glover KA, N Kanda, T Haug, LA
Pastene, N Qien, M Goto, BB
Seliussen, and HJ Skaug. 2010.
Migration of Antarctic Minke
Whales to the Arctic. PLoS ONE
5(12): €15197.

| “Pege o7



30.

31.

32.

33.

34.

35.
36.

37.

Shimada H and A Kato. 2006.
Tentative population assessment
of the Antarctic minke whale
within ice field using a sighting
data on the Ice Breaker, Shirase
in 2004/2005. International
Whaling Commission Scientific
Committee.

Knight, K. 2014. Minke
whales lunge to feed under
sea ice. Inside JEB [Journal
of Experimental Biology].
Accessed 28 August 2014
from http://jeb.biologists.org/
content/217/16/2815.1.

Owen, J. 2014. Minke Whales
Feast Under Antarctic Ice, Study
Finds. National Geographic.
Accessed 29 August 2014 from
http://news.nationalgeographic.
com/news/2014/08/140813-
minke-whale-feeding-antarctica-
animals-ocean-science/?afsrc=1.

Payne T. 2014. 50-year mystery
of the ocean ‘quack’ finally
solved by scientists. The
Independent. Accessed on

12 August 2014 from http://
www.independent.co.uk/news/
science/50year-mystery-of-the-
ocean-quack-finally-solved-by-
scientists-9277824.html.

Hesman Saey, T. 2010. One
ocean, four (or more) killer
whale species. Science News.
Accessed 29 August 2014

from https://www.sciencenews.
org/blog/deleted-scenes/one-
ocean-four-or-more-killer-whale-
species.

Ibid.

Spear K. Killer whales: How
smart are they? Orlando Sentinel,
7 March 2010. Accessed July

21 2014 from http://articles.
orlandosentinel.com

Pitman RL and JW Durban.
2012. Cooperative hunting
behavior, prey selectivity and
prey handling by pack ice
killer whales (Orcinus orca),
type B, in Antarctic Peninsula
waters. Marine Mammal
Science. 28 (1): 16-36.

38.

39.

40.

41.

42.

43.

44,
45.

46.

47.

Durban JW and RL Pitman.
2012. Antarctic killer whales
make rapid, round-trip
movements to subtropical
waters: evidence for
physiological maintenance
migrations? Biology Letters. 8
(2): 274-277.

Poetz J, R Knust, A Schoeder,
M Bester, and H Bornemann.
2001. Foraging behaviour of
Weddell seals, and its ecological
implications. Polar Biology

24: 901-909. doi:10.1007/
s003000100297.

Klages N. 1989. Food and
feeding ecology of emperor
penguins in the eastern Weddell
Sea. Polar Biology 9: 385-390.

Lockyer C. 1976. Body weights
of some species of large whales.
ICES Journal of Marine Science
36 (3): 259-273.

Eastman JT.1985. Pleuragramma
Antarcticum (Pisces,
Nototheniidae) as Food for Other
Fishes in McMurdo Sound,
Antarctica, Polar Biology 4: 155—
160, doi:10.1007/BF00263878.

Hubold G and AP Tomo. 1989.
Age and growth of Antarctic
Silverfish Pleuragramma
antarcticum Boulenger, 1902,
from the southern Weddell Sea
and Antarctic Peninsula. Polar
Biology. 9 (4): 205-212.

La Mesa and Eastman 2012.

Biodiversity.AQ. Pleuragramma
antarcticum Boulenger, 1902

in The SCAR Antarctic Field
Guides. Accessed 7 August
2014 from http://afg.biodiversity.
ag/species/31-pleuragramma-
antarcticum.

Woehrmann APA. 1996.
Antifreeze Glycopeptides and
Peptides in Antarctic Fish
Species from the Weddell Sea
and the Lazarev Sea. Marine
Ecology 130: 47-59.

Hubold G. 2009. The Weddell
Sea and the Pleuragramma
Story. In Biological Studies in
Polar Oceans: Exploration of
Life in lcy Waters, edited by
G Hempel and | Hempel, 1st
ed. Wirtschaftsverlag NW:
Bremerhaven. Pp. 165-170.

Page 48 33 Antarctic Species We Love* (“and who:

48.
49.
50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

La Mesa and Eastman 2012.
Eastman JT. 1985.

La Mesa M and JT Eastman.
2012. Antarctic silverfish: life
strategies of a key species in the
high-Antarctic ecosystem. Fish
and Fisheries. 13 (3): 241-266.

Woehrmann APA. Freezing
resistance in Antarctic fish. In:
Battaglia, B., J. Valencia, and D.
W. H. Walton. 1997. Antarctic
communities: species, structure,
and survival. Cambridge:
Cambridge University Press.

Burchett M, AL DeVries, and AJ
Briggs. 1984. Age determination
and growth of Dissostichus
mawsoni (Norman, 1937)
(Pisces, Nototheniidae) from
McMurdo Sound (Antarctica)
Cybium 8: 19-28.

Arntz W and J Gutt. 1997. The
Expedition ANTARKTIS XI1113
(EASIZ |) of ‘Polarstern’ to the
Eastern Weddell Sea in 1996.
Vol. 1113.

Roberts J, DJ Agnew, and JC
Xavier. 2011. The diet of toothfish
species Dissostichus eleginoides
and Dissostichus mawsoni with
overlapping distributions. Journal
of Fish Biology 79: 138-154.

Estes JA et al. 2011. Trophic
Downgrading of Planet Earth.
Science 333: 301-306.

Casaux R, ML Bertolin and A
Carlini. 2011. Feeding habits
of three seal species at the
Danco Coast, Antarctica: a re-
assessment. Polar Biology 34:
1615-1620.

Sidell BD and KM O’Brien. 2006.
When bad things happen to
good fish: the loss of hemoglobin
and myoglobin expression on
Antarctic icefishes. The Journal
of Experimental Biology 209:
1791-1802.

Sidell and O’Brien 2006.

Gerdes D, E Isla, R Knust, K
Mintenbeck, S Rossi. 2008.
Response of Antarctic benthic
communities to disturbance: First
results from the artificial Benthic
Disturbance Experiment on

the eastern Weddell Sea Shelf,
Antarctica. Polar Biology 31:
1469-1480.



60.

61.

62.

63.
64.

65.

66.
67.

68.

69.

Jabr F. 2012. How the Antarctic
Icefish Lost Its Red Blood

Cells But Survived Anyway.
Scientific American. Accessed
on 14 July 2014 from http://
blogs.scientificamerican.com/
brainwaves/2012/08/03/how-
the-antarctic-icefish-lost-its-
red-blood-cells-but-survived-
anyway/.

Australian Antarctic Division.
2007. Ocean acidification.
Accessed 21 July 2014 from
http://www.antarctica.gov.au/
about-antarctica/environment/
climate-change/ocean-
acidification-and-the-southern-
ocean.

Greely TM, JV Gartner Jr. and JJ
Torres. 1999. Age and growth

of Electrona antarctica (Pisces:
Myctophidae), the dominant
mesopelagic fish of the Southern
Ocean. Marine Biology 133:
145-158.

Greely et al. 1999.

Gon O and PC Heemstra. 1990.
Fishes of the Southern Ocean.
Grahamstown: J.L.B. Smith
Institute of Ichthyology. Pp. 146.

Balushkin AV and VP Prirodina.
2010. Notomuraenobathys gen.
nov.—a New Genus of Eel Cods
(Muraenolepididae: Gadiformes)
from the Southern Ocean.
Journal of Ichthyology 50:
226-230.

Worhmann 1996.

Wohrmann APA. 1996.
Antifreeze glycopeptides and
peptides in Antarctic fish species
from the Weddell Sea and the
Lazarev Sea. Marine Ecology
Progress Series 130: 47-59.

Duhamel G, P Koubbi and C
Ravier. 2000. Day and night
mesopelagic fish assemblages
off the Kerguelen Islands
(Southern Ocean). Polar Biology
23:106-112.

Duhamel et al. 2000.

70.

71.

72.

73.

74.

75.

76.

77.

Eastman JT, MO Amsler,

RB Aronson, S Thatje, JB
McClintock, SC Vos, JW Kaeli,
H Singh, and M La Mesa.
2013. Photographic survey of
benthos provides insights into
the Antarctic fish fauna from
the Marguerite Bay slope and
the Amundsen Sea. Antarctic
Science 25: 31-43. doi:10.1017/
S0954102012000697.

Hanchet S, R O’Driscoll, S
Ballara, and A Dunn. 2008.
Grenadier Bycatch in the
Toothfish Longline Fishery in the
Ross Sea, Antarctica. American
Fisheries Society Symposium 63.

Pinkerton M, P McMillan,

J Forman, P Marriott, P Horn,

S Bury, and J Brown. 2013.
Distribution, Morphology,

and Ecology of Macrourus
whitsoni and Macrourus caml!
(Gadiformes, Macrouridae) in the
Ross Sea Region. CCAMLR 20:
37-61.

O Gon and PC.Heemstra (eds),
Fishes of the Southern Ocean.
J. L. B. Grahamstown: Smith

Institute of Ichthyology. Pp. 91.

Stehmann M and C Huveneers.
2009. Bathyraja maccaini. The
IUCN Red List of Threatened
Species. Version 2014.2.
Accessed on 4 August 2014
from www.iucnredlist.org.

Stehmann M and Huveneers,
C. 2009. Rhinoraja murrayi. The
IUCN Red List of Threatened
Species. Version 2014.2.
Accessed on 4 August 2014
from www.iucnredlist.org.

O’Brien K and EL Crockett.
2013. The promise and perils of
Antarctic fishes. The remarkable
life forms of the Southern Ocean
have much to teach science
about survival, but human activity
is threatening their existence.
EMBO Reports 14.1: 17-24.

Luna SM. 2014. Notothenia
rossii Richardson, 1844 Marbled
rockcod. FishBase version
06/2014. Accessed 7 August
2014 from http://www.fishbase.
org/summary/468.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Kock K-H and CD Jones. 2005.
Fish Stocks in the Southern
Scotia Arc Region — A Review
and Prospects for Future
Research. Reviews in Fisheries
Science 13: 78-105.

Australian Antarctic Division,
Australian Government
Department of Environment.
2013. Emperor Penguins.
Accessed 7 August 2014 from
http://www.antarctica.gov.au/
about-antarctica/wildlife/animals/
penguins/emperor-penguins.

Levin D. 2013. The Decline and
Fall of the Emperor Penguin?
Oceanus. Accessed 7 August
2014 from https://www.whoi.
edu/oceanus/feature/the-
decline-and-fall-of-the-emperor-
penguin.

B Oskin. 21 Nov 2012.
Emperor Penguins Need Sea
Ice for Foraging. Live Science.
Accessed 7 August 2014

from http://www.livescience.
com/24977-emperor-penguins-
rest-ice-antarctic.html.

del Hoyo J, A Elliot, and J
Sargatal. 1992. Handbook of the
Birds of the World, vol. 1: Ostrich
to Ducks. Barcelona : Lynx
Edicions, Barcelona, Spain.

Klages N. 1989. Food and
feeding ecology of emperor
penguins in the eastern Weddell
Sea. Polar Biology 9: 385-390.

Australian Antarctic Division
2013.

Meir JU, TK Stockard, CL
Williams C.L, KV Ponganis
,and PJ Ponganis. 2008.
Heart rate regulation and
extreme bradycardia in diving
emperor penguins. Journal of
Experimental Biology. 211 (8):
1169-1179.

Australian Antarctic Division
2013.

Levin D. 2013.

| Peoo co



88.

89.

90.

91.

92.

93.
94.

96.
96.

97.

Jenouvrier S, M Holland,

J Stroeve, C Barbraud, H
Weimerskirch, M Serreze, and H
Caswell. 2012. Effects of climate
change on an emperor penguin
population: analysis of coupled
demographic and climate
models. Global Change Biology
18(9): 2756-70. doi:10.1111/
j.1365-2486.2012.02744.x

British Antarctic Survey. 2014.
Antarctic emperor penguins
may be adapting to warmer
temperatures. Accessed 29
August 2014 from http://
www.antarctica.ac.uk/press/
press_releases/press_release.
php?id=2459.

Borboroglu PG and PD
Boersma. 2013. Penguins,
Natural History and
Conservation. Seattle, WA:
University of Washinton Press.

Ainley DG. 2002. The Adélie
penguin: bellwether of climate
change. New York: Columbia
University Press.

Ainley DG, CA Ribic, and

WR Fraser. 1992. Does Prey
Preference Affect Habitat
Choice in Antarctic Seabirds?
Marine Ecology Progress Series.
90:207-221.

Meir et al. 2008.

Culik B. and RP Wilson. 1991.
Energetics of Under-Water
Swimming in Adélie Penguins
(Pygoscelis adeliae). Journal
of Comparative Physiology. B
161:285-291.

Ron Naveen, pers. comm.

Ainley DG and N Nur. 1995.
Factors Affecting the Distribution
and Size of Pygoscelid Penguin
Colonies in the Antarctic.

The Auk 112 (1): 171-82.
doi:10.2307/4088776.

Barbosa A, J Moreno, J Potti,
and S Merino. 1997. Breeding
Group Size, Nest Position

and Breeding Success in the
Chinstrap Penguin. Polar Biology
18: 410-14.

98.

99.

100.

101.
102.
103.

104.

106.

106.

Woehler, EJ. 1993. The
distribution and abundance

of Antarctic and subantarctic
penguins. Scientific Committee
on Antarctic Research,
Cambridge, UK.

Lynch, HJ, R Naveen, PV
Casanovas. 2013. Antarctic Site
Inventory breeding bird survey
data 1994/95-2012/13. Ecology
94: 2653; Naveen, R. and H
Lynch. 2011. Antarctic Peninsula
Compendium (3rd edition).

US Environmental Protection
Agency; Oceanites, Inc.; Lynch,
HJ, R Naveen, and WF Fagan.
2008. Censuses of Penguin,
Blue-Eyed Shag Phalacrocorax
Atriceps and Southern Giant
Petrel Macronectes Giganteus
Populations in the Antarctic
Peninsula, 2001-2007. Marine
Ornithology 36: 83-97

Naveen, R, HJ Lynch, S Forrest,
T Mueller, and M Polito. 2012.
First direct, site-wide penguin
survey at Deception Island,
Antarctica, suggests significant
declines in breeding chinstrap
penguins. Polar Biology 35:
1879-1888.

lbid.
Woehler 1993.

Lynch HJ, R Naveen, PN
Trathan, and WF Fagan. 2012.
Spatially Integrated Assessment
Reveals Widespread Changes
in Penguin Populations on the
Antarctic Peninsula. Ecology 93
(6): 1367-77.

[3] Lynch HJ, R Naveen, PN
Trathan, and WF Fagan. 2012.
Spatially Integrated Assessment
Reveals Widespread Changes
in Penguin Populations on the
Antarctic Peninsula. Ecology 93
(6): 1367-77.

del Hoyo J, A Elliot and J
Sargatal. 1992. Handbook of

the Birds of the World, vol. 1:
Ostrich to Ducks. Barcelona Lynx
Edicions, Barcelona, Spain.

Ainley DG, CA Ribic and

WR Fraser. 1994. Ecological
Structure among Migrant and
Resident Seabirds of the Scotia
— Weddell Confluence Region.
Journal of Animal Ecology. 63 (2):
347-364.

Page 50 33 Antarctic Species We Love* (“and who:

107. Warham J 1990. The
petrels: their ecology and
breeding systems. London:
Academic Press.

108. Warham 1990.
109. Warham 1990.
110. Ainley et al. 1994.

111. Pryor MA. 1964. The avifauna
of Haswell Island, Antarctica.
Antarctic Research Series 12:
57-82.

112. Warham J. 1990. The
petrels: their ecology and
breeding systems. London:
Academic Press.

113. Ainley et al. 1994,

114. Tveraa T and @ Varpe. 2005.
Chick Survival in Relation to Nest
Site: Is the Antarctic Petrel Hiding
from Its Predator? Polar Biology
28: 388-94. doi: 10.1007/
s00300-004-0695-0.

115. Van Franeker JA, J Creuwels, W
Van Der Veer, S Cleland, and G
Robertson. 2001. Unexpected
Effects of Climate Change on the
Predation of Antarctic Petrels.
Antarctic Science 13: 430-39.

116. Warham J. 1990. The
petrels: their ecology and
breeding systems. London:
Academic Press.

117. Pryor MA. 1964. The avifauna
of Haswell Island, Antarctica.
Antarctic Research Series
12: 57-82.

118. Warham 1990.

119. Ainley DG, CA Ribic and WR
Fraser.1994. Ecological structure
among migrant and resident
seabirds of the Scotia-Weddell
Confluence Region. Journal of
Animal Ecology. 63: 347-364.

120. BirdLife International 2012.
Pagodroma nivea. The IUCN
Red List of Threatened Species.
Version 2014.2. Accessed 18
July 2014 from www.iucnredlist.
org.

121.Brooke M De L. 2004.
Albatrosses and petrels across
the world. Oxford: Oxford
University Press, Oxford.



122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

del Hoyo J, A Elliot and J
Sargatal. 1992. Handbook of the
Birds of the World, vol. 1: Ostrich
to Ducks. Barcelona: Lynx
Edicions, Barcelona, Spain.

O’Brien, A. 2010. Aussies head
south to track Antarctic seabirds.
Australian Geographic. Accessed
12 August 2014 from http://
www.australiangeographic.
com.au/news/2010/10/aussies-
head-south-to-track-antarctic-
seabirds.

Rattenborg NC. 2006.

Do Birds Sleep in Flight?
Naturwissenschatten 93: 413-
425,

PHYS.ORG. 3 March 2010.

Is foraging efficiency a key
parameter in aging? Accessed
17 July 2014 from http://phys.
org/news188587622.html.

Shirihai H. 2002. Great
Albatrosses. Antarctic Wildlife
The birds and mammals. Finland:
Alula Press. p. 90. ISBN 951-
98947-0-5.

Pickering SPC and SD Berrow.
2001. Courtship Behaviour of the
Wandering Albatross Diomedea
Exulans at Bird Island, South
Georgia. Marine Ornithology 29:
29-37.

Harrison C and A Greensmith.
19983. Non-Passerines. In
Bunting, E. Birds of the World
(First ed.). New York, NY:
Dorling Kindersley. Pp. 48. ISBN
1-56458-295-7.

Ehrlich PR, DS Dobkin, and

D Wheye. 1988. The Birder’s
Handbook (First ed.). New York,
NY: Simon & Schuster. Pp. 29—
31. ISBN 0-671-65989-8.

BirdLife International. 2012.
Diomedea exulans. The IUCN
Red List of Threatened Species.
Version 2014.2. Accessed 17
July 2014 from
www.iucnredlist.org.

Rolland V, H Weimerskirch, and
C Barbraud. 2010. Relative
influence of fisheries and
climate on the demography of
four albatross species. Global
Change Biology 16: 1910-1922.

132.

133.

134.

135.

136

137.

138.
139.

140

CCAMLR. 2012. Conservation
Measure 25-02: Minimisation

of the incidental mortality

of seabirds in the course of
longline fishing or longline fishing
research in the Convention Area.
Accessed 17 July 2014 from
https://www.ccamir.org/en/
measure-25-02-2012.

CCAMLR. 2012. Conservation
Measure 25-02: Minimisation

of the incidental mortality

of seabirds in the course of
longline fishing or longline fishing
research in the Convention Area.
Accessed 17 July 2014 from
https://www.ccamir.org/en/
measure-25-02-2012.

BirdLife International 2012.
Fulmarus glacialoides. The IUCN
Red List of Threatened Species.
Accessed on 18 July 2014 from
www.iucnredlist.org.

Creuwels JCS, S Poncet, PJ
Hodum and JA. Franeker. 2007.
Distribution and Abundance of
the Southern Fulmar Fulmarus
Glacialoides. Polar Biology

30: 1083-1097. doi:10.1007/
s00300-007-0276-0.

. del Hoyo J, A Elliot and J

Sargatal. 1992. Handbook of
the Birds of the World, Vol. 1:
Ostrich to Ducks. Barcelona,
Spain: Lynx Edicions.

Creuwels JCS, GH Engelhard,
JVJ Van Franeker, W Van Der
Veer, JG Hasperhoven and

W Ruiterman. 2010. Foraging
Strategies of Antarctic Fulmarine
Petrels. Marine Ornithology 38:
17-22.

Creuwels JCS. 2007.

Korczak-Abshire M. 2010.
Climate Change Influences

on Antarctic Bird Populations.
Papers on Global Change IGBP
17: doi:10.2478//10190-010-
0005-3.

. Barbraud C and H Weimerskirch.

2006. Antarctic Birds Breed
Later in Response to Climate
Change. Proceedings of the
National Academy of Sciences
108: 6248-51.

141. Geisz HNC. 2010. HNC.

142.

143.
144,

145.

146.

147.

148.

149.
150.

15

i’y

Persistent Organic Pollutants
(POPs) as Tracers of
Environmental Change and
Antarctic Seabird Ecology. PhD
dissertation, College of William
and Mary.

S Kawaguchi et al. 2013. Risk
Maps for Antarctic Krill under
Projected Southern Ocean
Acidification,” Nature Climate
Change 3: 843-847; SL Hill, T
Phillips and A Atkinson. 2013.
Potential Climate Change Effects
on the Habitat of Antarctic Krill
in the Weddell Quadrant of the
Southern Ocean. PloS One 8:
e72246/

Hill et al. 2013.

Quetin LB, RM Ross, CH Fritsen
and M Vernet. 2007. Ecological
responses of Antarctic krill to
environmental variability: can

we predict the future? Antarctic
Science 19: 253-266.

Rodriguez E and PJ Lopez-
Gonzalez PJ. 2008. The
gastropod-symbiotic sea
anemone genus Isosicyonis
Carlgren, 1927 (Actiniaria:
Actiniidae): A new species from
the Weddell Sea (Antarctica) that
clarifies the taxonomic position
of the genus. Scientia Marina.
72:73-86

Rodriguez and Lopez-Gonzalez
2008.

Rodriguez and Lopez-Gonzalez
2008.

Daly M, F Rack and R Zook.
2013. Edwardsiella andrillae, a
New Species of Sea Anemone
from Antarctic Ice. PLoS ONE 8:
e83476.

Daly et al. 2013.

Rodriguez E. 2012. Another
bipolar deep-sea anemone: new
species of losactis (Actiniaria,
Endomyaria) from Antarctica.
Helgoland Marine Research 66:
211-218.

. Griggs K. 2003. Super squid

surfaces in Antarctic. BBC News
Channel. Accessed 15 July 2014
from http://news.bbc.co.uk/1/hi/
sci/tech/2910849.stm.

| “Peoosi



152.

15683.
154.

1565.

156.

1567.

1568.
159.

160.
161.
162.

168.

Rosa R and BA Seibel. 2010.
Slow pace of life of the Antarctic
colossal squid. Journal of the
Marine Biological Association of
the United Kingdom.

90: 1375-1378.

Rosa and Seibel 2010.

Xavier JC, PG Rodhouse, MG
Purves, TM Daw, J Arata and
GM Pilling. 2002. Distribution

of cephalopods recorded in the
diet of the Patagonian toothfish
(Dissostichus eleginoides) around
South Georgia. Polar Biology 25:
323-330.

Cherel Y and G Duhamel. 2004.
Antarctic jaws: cephalopod
prey of sharks in Kerguelen
waters. Deep Sea Research
Part I: Oceanographic Research
Papers. 51 (1): 17-31.

Munilla T and AS Membrives.
2009. Check-list of the
pycnogonids from Antarctic
and sub-Antarctic waters:
zoogeographic implications.
Antarctic Science 21: 99-111.

Griffiths HJ, CP Arango, T
Munilla and SJ Mclnnes. 2011.
Biodiversity and Biogeography of
Southern Ocean pycnogonids.
Ecography 34: 616-627.

Griffiths et al. 2011.

Brueggeman P. 1998.
Arthropoda — Chelicerata: sea
spiders. In Underwater Field
Guide to Ross Island and
McMurdo Sound, Antarctica.
Accessed 7 August 2014 from
http://www.peterbrueggeman.
com/nsf/fguide/.

Brueggeman 1998.
Brueggeman 1998.

Atkinson A, V Siegel, E
Pakhomov and P Rothery. 2004.
Long-term decline in krill stock
and increase in salps within the
Southern Ocean. Nature 432:
100-103.

Dubischar CD, EA Pakhomov, L
von Harbou, BPV Hunt, and UV
Bathmann. 2012. Salps in the
Lazarev Sea, Southern Ocean:
Il. Biochemical composition and
potential prey value. Marine
Biology 1569: 15-24.

164.
1665.
166.

167.

168.

169.
170.
171.
172.

173.
174.
175.

176.
177.

178.

Dubischar et al. 2012.
Dubischar et al. 2012.

Phillips B, P Kremer, and

LP Madin. 2009. Defecation

by Salpa thompsoni and its
contribution to vertical flux in the
Southern Ocean. Marine Biology
156: 455 - 467.

McCoy T. 2014. 120-year-old
Guatemalan emerges to claim
title of world’s oldest human.
Accessed 17 July 2014 from
http://www.washingtonpost.
com/news/morning-mix/
wp/2014/05/28/120-year-old-
guatemalan-emerges-to-claim-
title-of-worlds-oldest-human/.

McClintock JB, CD Amsler, BJ
Baker, and RWM. van Soest.
2005. Ecology of Antarctic
Marine Sponges: An Overview
1. Integrative and Comparative
Biology. 45: 359-368.

McClintock et al. 2005.
McClintock et al. 2005.
McClintock et al. 2005.

Fillinger L, D Janussen, T
Lundalv, and C Richter. 2013.
Rapid Glass Sponge Expansion
after Climate-induced Antarctic
Ice Shelf Collapse. Current
Biology 23: 1330-1334.

Fillinger et al. 2013.
McClintock et al 2005.

Barthel D. 1997. Fish eggs and
pentacrinoids in Weddell Sea
hexactinellids: further examples
for the structuring role of
sponges in Antarctic benthic
ecosystems. Polar Biology 17:
91-94.

Barthel 1997.

Downey R, HJ Griffiths, K Linse
and D Janussen. 2012. Diversity
and Distribution Patterns in High
Southern Latitude Sponges.
PL0S One 7: e41672.

Clarke A and NM Johnston NM.
2008. Antarctic marine diversity.
Oceanography and marine
biology: an annual review 41:
47-114.

Page 52 33 Antarctic Species We Love* (“and who:

179.

180.
181.

182.
183.

184.
185.
186.

187.

Linse K, C De Broyer, A Clarke,
P Koubbi, E Pakhomov, F Scott,
W Vanden Berghe W and B
Danis B, eds. 2014. The SCAR-
MarBIN Register of Antarctic
Marine Species (RAMS): Bivalvia.
Accessed 24 July 2014 from
http://www.marinespecies.org/
rams/.

Clarke and Johnston 2003.

Linse K, S Schiaparell, C De
Broyer, A Clarke, P Koubbi, E
Pakhomov, F Scott, W Vanden
Berghe and B Danis, eds. 2014
The SCAR-MarBIN Register

of Antarctic Marine Species
(RAMS): Gastropoda. Accessed
24 July 2014 from http://www.
marinespecies.org/rams/.

Clarke and Johnston, 20083.

Clarke A, HJ Griffiths, K

Linse, DKA Barnes and JA
Crame. 2007. How well

do we know the Antarctic
marine fauna? A preliminary
study of macroecological and
biogeographical patterns in
Southern Ocean gastropod and
bivalve mollusks. Diversity and
Distributions 13: 620-632.

Clarke et al. 2007.
Clarke and Johnston, 2003.

Brandt A, U Bathmann, S Brix, B
Cisewski, H Flores, C Gocke, D
Janussen, S Kragefsky, S Kruse,
H Leach, K Linse, E Pakhomoy,
| Peeken, T Riehl, E Sauter, O
Sachs, M Schuller, M Schrodl,

E Schwabe, V Strass, JA van
Franeker, and E Wilmsen. 2011.
Maud Rise — a snapshot through
the water column. Deep Sea
Research Part Il: Topical Studies
in Oceanography 58: 1962-
1982.

Constable AJ, B Raymond, S
Doust, D Welsford, P Koubbi,
and AL Post. 2011. Identifying
marine protected areas (MPAs)
in data-poor regions to conserve
biodiversity and to monitor
ecosystem change: an Antarctic
case study. WS-MPA-11/5.
Hobart: CCAMLR.



188.

189.

190.

191.

192.
193.

194.

195.

196.

Arntz WE, S Thatje, K Linse,

C Avila, M Ballesteros, DKA
Barnes, T Cope, FJ Cristobo,
C De Broyer, J Gutt, E Isla, P
Lopez-Gonzalez, A Montiel,

T Munilla, AA Ramos Espla,

M Raupach, M Rauschert, E
Rodriquez, and N Teixido. 2005.
Missing link in the Southern
Ocean: sampling the marine
benthic fauna of remote Bouvet
Island. Polar Biology 29: 83-96.

Troncoso JS, C Aldea, P
Arnaud, A Ramos and F Garcia.
2007. Quantitative analysis of
soft bottom mollusks in the
Bellingshausen Sea and around
Peter | Island. Polar Research
26: 126-134.

Barnes DKA, S Kaiser, HJ
Griffiths, and K Linse. 2009.
Marine, intertidal, freshwater
and terrestrial biodiversity of
an isolated polar archipelago.
Journal of Biogeography 36:
756-769

Hogg OT, DKA Barnes, and HJ
Griffiths. 2011. Highly Diverse,
Poorly Studied and Uniquely
Threatened by Climate Change:
An Assessment of Marine
Biodiversity on South Georgia’s
Continental Shelf. PLoS One
6:19795.

Brandt et al. 2011.

Casaux R, A Baroni, and A
Carlini. 1997. The Diet of the
Weddell Seal Leptonychotes
Weddelli at Harmony Point,
South Shetland Islands. Polar
Biology 18: 371-75.

Vacchi M, R Cattaneo-Vietti, M
Chiantore, and M Dalu. 2000.
Predator-Prey Relationship
between the Nototheniid Fish
Trematomus Bernacchii and the
Antarctic Scallop Adamussium
Colbecki at Terra Nova Bay
(Ross Sea). Antarctic Science
12: 64-68.

Foster BA, and JC Montgomery.
1993. Planktivory in benthic
nototheniid fish in McMurdo
Sound, Antarctica. Environ. Biol.
Fishes 36: 313-318.

Lebar MD, JL Heimbegner, and
BJ Baker. 2007. Cold-Water
Marine Natural Products. Natural
Product Reports 24: 774.

197.

198.

199.

200.
201.

202.

203.
204.

205.
206.
207.

doi:10.1039/b516240h.

Peck LS. 2005. Prospects

for Survival in the Southern
Ocean: Vulnerability of Benthic
Species to Temperature
Change. Antarctic Science 17
(4): 497-507. doi:10.1017/
S0954102005002920.

Fabry VJ, JB, JB McClintock,
JT Mathis, and JM Grebmeier.
2009. Ocean Acidification at
High Latitudes: The Bellweather.
Oceanography 22: 160-71.

McClintock JB, RA Angus,
MR McDonald, CD Amsler,
SA Catledge and YK Vohra.
2009. Rapid Dissolution

of Shells of Weakly
Calcified Antarctic Benthic
Macroorganisms Indicates
High Vulnerability to Ocean
Acidification. Antarctic Science
21: 449-56. doi:10.1017/
S0954102009990198.

McClintock et al. 2009.

Boysen-Ennen, E and U
Piatkowski. 1988. Meso- and
Macrozooplankton Communities
in the Weddell Sea, Antarctica.
Polar Biology 9: 17-35.

Barrera-Oro E. 2002. Review:
The role of fish in the Antarctic
marine food web: differences
between inshore and offshore
waters in the southern Scotia Arc
and west Antarctic Peninsula.
Antarctic Science 14: 293-309.

Barrera-Oro E 2002.

Kawall HG, JJ Torres and SP
Geiger. 2001. Effects of the
ice-edge bloom and season on
the metabolism of copepods

in the Weddell Sea, Antarctica.
Hydrobiologia 453/454: 67-77.

Kawall et al. 2001.
Kawall et al. 2001.

Parry, W. 2011. Incredible
Shrinking Animals: Surprising
Effect of Climate Change.
LiveScience. Accessed 23
July 2014 from http://www.
livescience.com/16360-
shrinking-animals-climate-
change.html.

208.

209.

210.

211.

212.
213.

214.

215.

216.

217.

Nunez-Pons L, M Carbone, J
Vazquez, M Gavagnin and C
Avila. 2013. Lipophilic Defenses
From Alcyonium Soft Corals of
Antarctica. Journal of Chemical
Ecology 39: 675-685.

Slattery M, MT Hamann, JB
McClintock, TL Perry, MP
Puglisi and WY Yoshida. 1997.
Ecological roles for water-borne
metabolites from Antarctic soft
corals. Marine Ecology Progress
Series 161: 133-144.

Slattery M, JB McClintock, SS
Bowser. 1997. Deposit feeding:
a novel mode of nutrition in

the Antarctic colonial soft coral
Gersemia Antarctica. Marine
Ecology Progress Series 149:
299-304.

Glover AG, H Wiklund, S
Taboada, C Avila, J Cristobo, CR
Smith, KM Kemp, AJ Jamieson
and TG Dahlgren. 2013.
Bone-Eating Worms from the
Antarctic: The Contrasting Fate
of Whale and Wood Remains on
the Southern Ocean Seafloor.
Proceedings of the Royal Society
B: Biological Sciences 280:
doi:10.1098/rspb.2013.1390

Glover et al. 2013.

Davies L. 2012. Bone-eating
zombie worms ‘drill’ with acid.
BBC. Accessed 25 July 2014
from http://www.bbc.co.uk/
nature/18594493.

Davies L. 2012.

Glover et al. 2013.AG, H
Wiklund, S Taboada, C Avila,
J Cristobo, CR Smith, KM
Kemp, AJ Jamieson and TG
Dahlgren.Eating WormsThe
Contrasting Fate\WWhaleWood
RemainsSeafloor: Biological
Sciences (1768):—20131390.
doi:10.1098/rspb.2013.1390.

Griffiths H, RJ Whittle, SJ
Roberts, M Belchier and K Linse.
2013. Antarctic Crabs: Invasion
or Endurance? PLoS One 8:
€66981.

Watters G. 1997. Models of
Parasitism and Hyperparasitism
on Paralomis spinosissima.
Dissertation. University of
California, San Diego.

| “Peoo 5o



218.

219.
220.

221.

222.
223.

224.

225.

University of Alabama at
Birmingham. 2011. King
crabs invade Antarctica.
Accessed on 17 July 2014
from www.sciencedaily.
com/releases/2011/04/
110419191022.htm.

Griffiths et al. 2013.

Gass H and ClimateWire.

2013. Are King Crabs Invading
Antarctic Seas? Accessed on

17 July 2014 from http://www.
scientificamerican.com/article/
are-king-crab-invading-antarctic-
sea/.

Rogers AD, PA Tyler, DP
Connelly, JT Copley, R James,
RD Larter, K Linse et al.

2012. The Discovery of New
Deep-Sea Hydrothermal Vent
Communities in the Southern
Ocean and Implications for
Biogeography. PLoS Biology 10:
€1001234. doi:10.1371/journal.
pbio.1001234.

Rogers et al. 2012.

Amos J. 2012. ‘The Hoff’ crab is
new ocean find. BBC. Accessed
25 July 2014 from http://
www.bbc.com/news/science-
environment-16394430.

Martin-Ledo R and PJ Lopez-
Gonzalez. 2014. Brittle Stars
from the Southern Ocean
(Echinodermata: Ophiuriodea).
Polar Biology 37: 73-88.

Martin-Ledo and Lopez-
Gonzalez 2014.

226.

227.
228.

229.
230.

231.

Dearborn JH, KC Edwards,
and DB Fratt. 1991. Diet,
feeding behavior and surface
morphology of the multi-armed
Antarctic sea star Labidiaster
annulatus (Echinodermata:
Asteroidea). Marine Ecology
Progress Series 77: 65-84.

Dearborn et al. 1991.

Heterier V, B David, C De

Ridder and T Rigaud. 2008.
Ectosymbiosis is a critical factor
in the local benthic biodiversity of
the Antarctic deep sea. Marine
Ecological Progress Series 364:
67-76.

Heterier et al. 2008.

Gonzalez-Bernat MJ, M Lamare
and M Barker. 2013. Effects

of reduced seawater pH on
fertilisation, embryogenesis

and larval development in the
Antarctic seastar Odontaster
validus. Polar Biology 36: 235-
247.

McClintock J. 2013. Why
Seastars Matter. Accessed 17
July 2014 from http://www.uab.
edu/antarctica/blog/170-why-
seastars-matter.

Page 54 33 Antarctic Species We Love* (‘and whose hol



Authors: Nicole Bransome, Claire Christian, Barbara
Cvrkel, Julie Janovsky, Dae Levine, Rob Nicoll,
Leah Weiser

Reference Group: Stephen Campbell, Mark Epstein,
Andrea Kavanagh, Richard Page, Bob Zuur

Editors: Stephen Campbell, Amanda Sully

Design: Metro Graphics Group

Maps: Geomancia and Metro Graphics Group

Photos: AOA is grateful for the generous photographic
contributions from Ben Arthur, Lara Asato, Daniel

Beltra, Pete Bucktrout, Thomas Dahlgren, David
Fleetham, Chris Gilbert, Bjorn Gulliksen, Julian Guitt,

JJ Harrison, Uwe Kils, Philippe Koubbi, Darci Lombard,
Peter McMillan, David Neilson, NIWA, Hartmut Olstowski,
Liam Quinn, Rob Robbins, Jeff Rotman, Francisco Viddi,
John B. Weller, Dr Paul Zahl and Bob Zuur.

Specimens and photographs collected by and made
available through the New Zealand International

Polar Year-Census of Antarctic Marine Life Project are
gratefully acknowledged.

This report was printed on recycled paper.

| Peoo 5o



ANTARCTIC
ALLIANCE( |

www.antarcticocean.org

The following organisations make up the Antarctic Ocean Alliance:

PE\Y ‘C’ areenvesce Oceans b 0

Y. WWF

LASTOGEN 'O @ sy WoC{ =
‘ E BLUL MARINE FOUNDATION " R
roensny O3 QIFAWE ED¥sizas LI

ranms i srme e mmeman wEiran P GREENOVATION: HUR

Associate AOA organisations:

m INTERNATIONAL
CEANA  %S¥ BSitbaron
O pl,%pt

oot plinet v ocean CHI'B




