
In collaboration with the Scottish
Association for Marine Science, The
University of Edinburgh, Newcastle
University and British Antarctic Survey



2 1

1. Introduction ........................................................................................................................ 04

2. Our Global Ocean ........................................................................................................... 06

3. Biodiversity & Habitat Loss in a Time of Rapid Climate Change .... 10

4. Climate Change, Ocean Acidification & Cold-Water Corals............. 16

5. Tropical Coral Reefs & Climate Change.......................................................... 22

6. Arctic Fjords connecting Ice with Ocean ....................................................... 28

7. Arctic Sea Ice & Primary Productivity ................................................................ 33

8. Project Snowfall & Climate Change .................................................................. 38

9. Antarctica: A Vision for the Future ....................................................................... 40

10. Blue Carbon & The Zooplankton Plastic Pump ......................................... 42

11. Penguin Planet ................................................................................................................. 45

12. The Unseen Beauty of Nature ................................................................................. 52

Content



2 3

Sea-levels are

rising,

storminess is

increasing,

extreme heat is more

common, rainfall

and droughts

are disrupting

societies

and agriculture



4 5

Introduction

Climate Change is Real

From the end of the last ice age, around 10,000 years
ago, Earth experienced a relatively stable climate and
human societies have flourished. The industrial
revolution, beginning in the 18th Century, began the
loading of the atmosphere with greenhouse gases. This
is warming our planet at a rate never previously
experienced and climate hazards are increasing. Sea-
levels are rising, storminess is increasing, extreme heat
is more common, and rainfall and droughts are
disrupting societies and agriculture. The oceans
dominate the decadal to millennial patterns of climate
and have so far absorbed 90% of all the excess warming
and 25% of greenhouse gas emissions. While mitigating
some of the short-term climate changes, the climate
balances at the slow rate of the oceans, committing the
Earth to many hundreds of years of change. Learning
how we can effectively mitigate or adapt to the
changing climate is one that is fundamentally about
better understanding the ocean now and better
understanding its future changes.

Prof Stuart Cunningham, Physical Oceanographer,
Scottish Association for Marine Science

Hello! Thank you for being here

The Climate Change Collection is a love letter to the
planet. It is a colourful collection of sustainable silk
scarves and written stories inspired by climate change
from the ocean perspective. Climate change is real. The
climate problem is an ocean problem.

The designs for this collection are very different from our
previous work. We wanted to convey a sense of urgency,
awe, and love through a series of case studies and
beautiful scarves showing the natural environment from
the perspective of the Anthropocene—the Epoch in
recent history where human activities are having an
impact on the planet and its climate.

We envision a better, more connected world where
humans are not separate from nature, but part of the
ecosystem. Art, science and fashion combined can be a
powerful platform for people to connect with each other
and with our planet, to celebrate the natural and
inaccessible beauty of the ocean and to share important
knowledge. You can elevate your outfit, wear your values,
and express yourself while supporting important science.

All Crùbag scarves are collectable, wearable art pieces
that serve as a tangible reminder of what we have and
love—our beautiful Gaia, a blue marble floating in space.

Crùbag developed this collection in collaboration
with scientists from the Scottish Association for
Marine Science, The University of Edinburgh,
Newcastle University and British Antarctic Survey.

Each scarf is finished by hand with care and love and
comes with a special Climate Change Collection
booklet, sharing the science stories and images that
inspired the collection. These stories are also available
to everyone on our website.

We give back 10% of our profits to support important
climate change research and towards our community
engagement activities. The scarves were designed and
made in the UK using (GOTS certified) organic silk.

By wearing your scarf and sharing the story, you are
now part of the ocean advocacy movement, educating,
inspiring others around you and helping
communicate and fund important environmental
science. Climate change science can become part of
the fabric of our culture, our identity and our hopes.

Marine Science Graduate & Founder of Crùbag
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The world ocean covers 71% of the
earth surface. Not surprisingly, the
ocean surface can have many faces.
It is super cold and covered in ice
close to the poles, it is stormy and
rough in the subpolar North
Atlantic or under the furious fifties
in the Southern Oceans or it is
absolute calm, rainy and warm
below the doldrums, a windless belt
embracing the world just north of
the equator. No matter how
different the ocean looks like, it is
still one. One ocean with great
value for human life, our economy,
culture, social life and for the
wellbeing of our planet's wildlife
below and above the ocean.

But all this is under threat. It is
threatened by climate change.
Global warming not only raises the
temperature on land but also that of
the ocean. In fact, over 90% of the
heat gained by global warming is
absorbed by the ocean. The ocean
acts as a large storage not only for
heat but also for 25% of the carbon

emitted by human mankind. And
this storage comes with severe
consequences, for us, for marine
life and ecosystems, and for the
climate of our planet.

The ocean is not still. It is in
motion. The oceans' conveyor belt
connects the different ocean basins
with each other and the ocean
surface with the deep. It is
transporting a vast amount of heat
and energy around the globe,
impacting the weather and climate
all over the world. It is also
important for the distribution of
nutrients, carbon and oxygen. The
conveyor belt consists of currents
either driven by the wind at the
surface or by changes in
temperature and salinity
(thermohaline currents) in the
deep. Warm water is light and stays
on the ocean surface; cold and salty
water is dense and sinks to the
bottom.

The main engine of the conveyor
belt is located far up in the North

Atlantic between Europe and
Greenland. The extension of the
Gulf Stream carries warm water
from the tropics into the colder
northern latitudes. The water cools
and partially evaporates, which
increases the salt content in the
surface waters. The water becomes
denser and sinks, where it becomes
a new deep ocean water mass. To
make space for new incoming water
masses, these dense waters flow
south, all the way down to
Antarctica. Eventually, wind-driven
upwelling or mixing return the
dense deep waters to the surface,
where they will continue their
never-ending trip around the world
as part of the conveyor belt.

What happens now with all that
heat and carbon our ocean gained
through anthropogenic climate
change? The heat and carbon
gained at the surface are transported
into the deep ocean by the
conveyor belt. That allows
additional heat and carbon to be

Our Global Ocean

Prof Stuart Cunningham

The climate 

problem 

is an ocean 

problem ”Design of the global ocean circulation shown in the Spilhaus
World Ocean Map Projection by Prof Michael P. Meredith &
Jamie Oliver, British Antarctic Survey. 2020.
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absorbed by the ocean surface,
which helps to moderate the
warming of the atmosphere. But
this also means that the entire
ocean is getting warmer and more
acidic. This has severe
consequences for life below and
above the ocean surface. A warmer
ocean is losing its breath. The blue
lung of our planet provides 80% of
the oxygen we breathe but its
oxygen content is decreasing due to
warming. Warmer water can hold
less oxygen than colder water.
Consequently, the upper ocean is
losing oxygen. But warming also
leads to changes in the ocean
circulations, mixing and oxygen
respiration which leads to a
decrease in oxygen in the deep
ocean.

As the ocean warms sea level rises.
Warmer water is lighter than colder
water and needs more space. About
42% of ongoing sea-level rise is due
to this thermal expansion. The

other 58% is caused by the addition
of seawater, mainly due to the
melting of land ice. Sea level rise
especially affects coastal areas and
islands. Close to the coast, homes of
humans and wildlife alike are
threatened by the sea through
floods, storms, or tsunamis.

A warmer ocean can make tropical
cyclones like hurricanes more
destructive. It can intensify the
wind speeds of tropical cyclones. As
a warmer atmosphere can hold
more moisture, the rainfall rates of
tropical cyclones are increasing. In
combination with sea-level rise, this
can increase the damage a tropical
cyclone causes when hitting land.

How does a warmer ocean impact
the conveyor belt? One of the major
predictions of climate change in the
21st Century is a slowing of this
circulation, and this will have
profound impacts on how Earth's
climate changes. For that, we look
again at the engine of the conveyor

belt in the North Atlantic. Model
simulations suggest the conveyor
belt will slow down in a warming
world. This is due to a change of
fuel. The ocean warms and at the
same time, it gains more freshwater
due to more rainfall and ice melt.
The surface waters become lighter,
the sinking in the conveyor belt
reduces and the entire circulation
slows down.

Because of its importance, the
conveyor belt is continuously
observed in the Atlantic since 2004.
The observations show that it varies
from year to year. However, based
on these observations, it is too early
to say for sure whether there are any
long-term trends in the conveyor
belt. It is likely that it will weaken
but the changes will be slow. That
does not diminish the crucial role
the conveyor belt plays in the global
climate.

One Global Ocean design:

By Jessica Giannotti

Left: Overturning Spilhaus Red, using as basis the global ocean circulation shown in the Spilhaus Global Ocean Map Projection by Prof Michael P.
Meredith, & Jamie Oliver, British Antarctic Survey. 2020

Centre:

Right: Global Stripes, using as basis the Warming Stripes for GLOBE from 1850-2020 by Prof Ed Hawkins, University of Reading with data from
Berkeley Earth, NOAA, UK Met Office, MeteoSwiss, DWD, SMHI, UoR, Meteo France & ZAMG.

Text by Dr Kristin Burmeister, Scottish Association for Marine Science.

With thanks, Prof Stuart Cunningham and Dr Kristin Burmeister, Scottish Association for Marine Science; Prof
Michael Meredith and Jamie Oliver, British Antarctic Survey.

www.sams.ac.uk



Swimming polar bear. © Karl Attard

Prof Michael Burrows ”
”
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Introduction

While I’ve always been motivated to understand how populations
and communities “work” in ecology, it has been increasingly
evident that doing that in a period of rapid climate change is going
to be the most important thing we can do as scientists in our
generation. Seashores and seashore life have always been my
inspiration; so easy to study, so diverse in terms of life and the
physical conditions that animals and plants experience, and a rich
history of theory and experiments to help us achieve that
understanding of climate change impacts on the natural world.

Geographical limits to species-range shifts are suggested by
climate velocity

All species of life on earth have a defined set of environmental
conditions under which they can successfully survive, grow and
reproduce – the ecological “niche”. Usually, the global distribution
of each species coincides with the limits of those conditions that
define the niche. The coldest average temperature where the species
exists gives the species’ cold limit, and likewise, the warmest average
temperature where the species is found is their warm limit.
Warming temperatures with climate change mean that places where

All species of life on earth have a 
defined set of environmental conditions
under which they can successfully 
survive, grow and reproduce – the 
ecological “niche”.

Biodiversity & Habitat
Loss in a Time of

Rapid Climate Change
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these temperatures are found will move away from the
equator and towards the poles, with a speed and
direction known as climate velocity.

Considering patterns of climate velocity in the past and
future give useful insights into the likely shifts of species
distribution limits. Limits will move faster where warming
is strongest and where lines of equal temperature
(isotherms – white lines above) are widely spaced.
Likewise, limits will move slower where isotherms are
tightly packed. Species need to move less to shift into or
out of favourable temperatures in such areas.

A further insight, resulting from the need for species to
shift gradually along environmental gradients, is that gaps
or breaks in these gradients impose real limits to implied
shifts. Coastlines that face toward the equator prevent
oceanic species from shifting their distributions towards the
poles, while those coastlines that face the poles stop
terrestrial species from expanding towards cooler areas with
warming. Similarly, there are no accessible cooler places at
mountain tops, so land species cannot expand further

upwards in such places. The consequences are that these
breaks may be places for local extinctions and those species
facing such fates may need help to thrive elsewhere. Such
places may be where climate velocity is low, in areas of
sharp gradients in temperature.

Global-scale species distributions predict
temperature-related changes in species composition
of rocky shore communities in Britain

Changes in populations and communities of animals
and plants are generally more subtle than the total loss of
a cold-loving species in an area or the sudden
appearance of a warm-loving one. Species tend to have a
Goldilocks temperature where conditions are just right,
and their abundance is highest. Above this temperature,
a further increase in temperature should lead to a
decline while below that ideal temperature, warming
should bring the species closer to its optimum, resulting
in an increase in abundance. Responses to climate
change should therefore be predictable where the local
temperatures lie in the thermal range of that species.

Top left: Beach after a storm. © Cihan Bektas
Centre left: Barnacles on a rocky shore on the West Coast of Scotland.
© Dr Raeanne Miller
Bottom left: Rocky shore in Argyll. © Scottish Association for Marine
Science
Right: Stormy lake. © Scott Murdoch
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We tested that idea by looking at changes in UK rocky
shore organisms since 2002. Sure enough, cold-loving
species in the warm half of their distribution range,
including many UK seaweed species, declined when
temperatures warmed and increased when temperatures
cooled. The result was that the average of the ideal
temperatures of species in a community (the Community
Temperature Index) tended to track changes in the
average temperature of the region in southwest Britain
over the last two decades. The same effect can be seen
in plankton and fishes across the whole North Atlantic.

Impacts of Pervasive Climate Change and Extreme
Events on Rocky Intertidal Communities

Effects of climate change can seem slow and slight, and
therefore easily dismissed as unimportant. Yet extreme
climate events such as storms and heatwaves can throw
the process into sharp, albeit temporary focus.
Heatwaves are becoming more frequent and more
intense everywhere on the planet, including the UK
(below).

Heatwave events since 1982 in southwest Britain, shown by daily sea
surface temperature measurements. Black circles show summer
heatwaves.

Looking at changes in UK rocky shore species, we
found that the majority of species responded negatively
to the number of heatwaves in the summer. Warm

spells in winter did have negative consequences for the
abundance of cold-loving species but not warm ones.
This work is ongoing, but it already suggests that there
are effects of climate change that can be felt and
measured on a more immediate timescale. Where the
sensitive species provide services to people, those effects
can be extremely important for society.

Final thoughts

Climate change forms the backdrop to almost
everything we do, and increasingly is driving changes in
all our lives. The natural world supports the demands of
our huge human population and is straining to do so
under increasingly difficult and changing conditions.
Understanding those natural responses to climate
change is vital to set a course through the coming
decades that will minimise the negative aspects of the
inevitable consequences for ourselves and the planet.

Left: Busy city intersection in Thailand. © Scott Murdoch

Designs by Jessica Giannotti
Climate Change is Real Carbon
Climate Change is Real Mustard

Text and graphs by Prof Michael Burrows, Scottish Association for
Marine Science.

www.sams.ac.uk



The more that is being 

discovered, 

the more we realise 

how precious and 

diverse, and important, 

and endangered these 

corals are.
Sir David Attenborough, 2010”
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Introduction

When we hear the word coral, most of us think of rich
and colourful tropical coral reefs in the shallow seas of
the Caribbean, Australia or the Pacific. But did you
know that over half of all living coral species known
today grow in the cold dark deep ocean around the
world? Cold-water corals are among the hidden heroes
of Scotland's marine ecosystems.

In the North Atlantic, cold-water corals can form
extensive deep-sea reefs and off the west coast of
Scotland, such reefs have been discovered of 150-200
m, defying the conventional wisdom that corals thrive
only in the warm shallows of the tropics. Beautiful and
fascinating in their own right, these cold-water corals
also create crucial habitats for thousands of other
species. Cold-water corals also form important
biological habitats on seamounts and on the walls of
deep-sea canyons. Their beauty often remains unseen
and their importance unappreciated.

Right: Lophelia pertusa skeleton with evidence of dissolution around
the outside walls. © Dr Sebastian Hennige, University of Edinburgh.

Left: A Gorgonian coral ‘forest’ formed by Paragorgia arborea and
Primnoa resedaeformis at 690 m depth in the Northeast Channel off
Atlantic Canada, northwest Atlantic. © ROPOS 2006

Climate Change, Ocean
Acidification &
Cold-Water Corals
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Climate change and ocean acidification

Since the industrial revolution, the amount of carbon
dioxide released into the atmosphere has increased. But
not all carbon dioxide stays in the atmosphere. Around a
quarter is absorbed by the ocean and dissolves in
seawater. The marine carbonate system, which is
assumed to have started in shallow seas about 570 million
years ago and then moved to the deep sea about 150
million years ago, plays a key role in regulating carbon
dioxide in the atmosphere and the ocean's pH levels.

This ocean-atmosphere feedback loop leaves less carbon
dioxide in the air to warm the planet but at the cost of
changing the ocean's chemistry. The ocean is acidifying
at an unprecedented rate. When carbon dioxide enters
the ocean through the atmosphere-ocean interface, it
dissolves in seawater, forming aqueous CO2 and then
carbonic acid (H2CO3). The water becomes more
acidic (the ocean's pH drops). Compared to the last 50
million years, the ocean's chemistry is changing rapidly.
Due to human activity, the ocean is now 30% more
acidic than it was 200 years ago.

More acidic seawater poses a challenge to many marine
organisms, some of which are the base of entire food
webs. Many marine species, including shell-forming
organisms and corals, need calcium carbonate to build
their shells and exoskeletons. More acidic seawater and
more carbonic acid mean less calcium carbonate can be
held in solid form. Ocean acidification decreases
calcification and in extreme situations can even dissolve
seashells made of calcium carbonate. The cold-water
corals that build deep-sea reefs form their skeletons
from a mineral form of calcium carbonate called
aragonite, and aragonite is particularly vulnerable to
dissolve as seawater becomes more acidic.

Coralporosis

Prof Murray Roberts and his team at the University of
Edinburgh have been studying cold-water corals for
over 20 years. More recently, they focused their research
on the impact of ocean acidification on cold-water coral
ecosystems. They have discovered that the dead coral
foundations of the reefs are becoming more porous,
akin to osteoporosis in humans. Evidence of this
porosity can be seen by the naked eye with very detailed
3D scans of coral skeletons showing how the skeletons
change in future ocean conditions.

Cold-water corals form fascinating reef structures made
of living coral on top and dead coral beneath, which
accumulates over time. These dead coral skeletons are
critical and rich habitats (homes) for many species but,
because they are no longer covered in living coral
tissue, they are also the most vulnerable to ocean
acidification. Increased porosity will make the
vulnerable sections of these coral reef structures fragile
and simpler to a point where the reef systems will start
to crumble and even collapse. Cold-water coral
ecosystems are found all around the globe and can take
many thousands or even millions of years to form. Rapid
climate change and the resulting increase in ocean
acidification threatens to cause an extinction crisis on a
vast global scale. Geologists have related many previous
marine mass extinctions to the disturbance in the
ocean’s carbonate chemistry – but the rates of change
we are seeing now are very much faster than in the past.
The stability of these precious reef structures and
changes at the depth at which the corals can retain
mineralisation will cause a massive change in habitat
distribution.

Above: Images of the synchrotron radiation micro-computed tomography scans. Dissolution and porosity increase in Lophelia pertusa. © 2020
Hennige, Wolfram, Wickes, Murray, Roberts, Kamenos, Schofield, Groetsch, Spiesz, Aubin-Tam and Etnoyer.
Below: Squat lobsters (Gastroptychus formosus) on black coral. © Changing Oceans Expedition 2012.
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Areas that have been optimal for coral growth for
thousands of years will become unsuitable within a few
decades. The climate change problem is an ocean
problem. Understanding how our planet's
interconnected systems work and how to better manage
human activities in the deep-sea to limit additional
ecological stressors will help us develop the appropriate
tools and measures to mitigate and hopefully reverse, to
an extent, the negative effects of climate change.

At times the prospects for cold-water
corals seem so bleak it’s hard to remain
optimistic. But as we understand more
about which areas of the ocean will be
climate refuges and learn more about
cold-water coral ecology we can create
climate resilient protected areas and
start work to restore these beautiful
hidden habitats.

J Murray Roberts

”

”
Brosme brosme is a highly commercial fish species found on cold-water coral reefs. © Changing Oceans Expedition 2012. Designs

By Jessica Giannotti
Left: Blah Blah Blah Red
Centre: Coral Blossom Blue
Right: My Pink Heart

Text by Jessica Giannotti, Crùbag.

With Thanks, Prof Murray Roberts, Nadia Jogee, Christine Gaebel, Dr Sebastian Hennige, Dr Theoni Massara.

changingoceans.com / www.ed.ac.uk
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Coral reefs support the wellbeing
and livelihoods of hundreds of
millions of people worldwide
through fisheries, tourism and
coastal protection. They are home
to a quarter of all marine species
making them one of the most
biodiverse marine ecosystems on
the planet. In addition, medicines
to treat diseases (i.e. cancer, heart
diseases, asthma) are derived from
20,000 compounds produced by
marine invertebrates. Sadly,
approximately 75% of the world’s
coral reefs are currently threatened
by local and global pressures. As a
consequence, corals are the living
group moving towards increased
extinction risk most rapidly. The
biggest threat that coral reefs are
currently facing on a global scale is
climate change. The production of

carbon dioxide from human
activities has resulted in an increase
of global temperature by 1.2°C
since the Industrial Era, with the
oceans absorbing 93% of the heat
emissions generated by human
activities. Consequently, seawater
temperature increases in tropical
areas during the last two centuries
have been more frequent, lasted
longer, and reached higher values
over time. As a result, five severe
mass bleaching events have affected
hundreds of reefs around the world.
During the last mass bleaching
event, the Great Barrier Reef lost
half of its coral cover, and during
the last 30 years, coral cover
worldwide has decreased by 20%.
Without drastic cuts in greenhouse
gas emissions, we risk losing most
coral reefs by the end of this

century. Scientists are now working
hard to develop interventions that
buy time for some corals until
carbon emissions are curtailed. One
intervention currently under
research is selective breeding. After
identifying coral colonies that have
a high tolerance to heat stress, these
are bred together. The resulting
baby corals that are expected to
inherit the tolerance from their
parents are transplanted to degraded
reefs or areas that are projected to
be subjected to high seawater
temperatures under future climate
change scenarios. If successful, this
intervention may help some corals
to adapt more rapidly to the fast-
warming conditions that our planet
is currently experiencing.

The biggest threat 
that coral reefs 
are currently 
facing on a global 
scale is climate 
change Acropora sp. with polyps with their tentacles

extended. Palau. © Adriana Humanes
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Far left: Coral bleaching. © Adriana Humanes
Left top: Baby corals. © Adriana Humanes
Left centre: Acropora digitifera 1 year old colony, Palau. © Eveline van der Steeg
Left bottom: Coral fragments at the Horniman Museum and Gardens, London. © Adriana Humanes
This image: Dr Adriana Humanes and Dr James Guest deploying transects at Mascherchur Reef, Palau. Image. © Helios Martinez
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Designs
By Jessica Giannotti
Top left: Coral Garden Red
Top centre: Coral Garden Gris
Top right: Coral Garden Blue
Middle left: Coral Bouquet
Middle centre: Coral Cathedral
Midde right: The Anthropocene
Bottom left: Coral Black & Bleached

Text by Dr Adriana Humanes, Newcastle University.

With thanks, Dr Adriana Humanes and Dr James Guest, Newcastle University.

www.ncl.ac.uk | www.coralassistlab.org

Acropora sp. Palau. © Adriana Humanes
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Two of the most significant elements of the earth system
are oceans and glaciers. Oceans are huge stores of heat
and carbon dioxide, with plant life that generates
oxygen; glaciers are huge stores of freshwater. There is
compelling evidence that both oceans and glaciers are
undergoing unprecedented changes through human
induced climate disruption. These two vital components
are connected at the coastline by fjords. Fjords are
found in many high-latitude regions where glacial
erosion has cut through the coast creating relatively
small and narrow connections between ocean and
glacier that touch the sea.

Long term measurements of fjord water temperature in
Svalbard over the last 20 years has shown that the water
temperature is rising at a rate of 1 °C per decade. This
warming is not just occurring in the warmest months of
the year, but also in the coldest months. The typical
seasonal cycle of the fjords are changing – there is very
little freezing at the surface and warm ocean water
accumulates in the fjords for longer. These warm
conditions in the fjords impact the nearby glaciers. The
warm water melts the glacier ice, causing them to
become unstable. The glaciers are calving or crumbling
more rapidly, as they are undercut by melting. The effect
is for the glaciers to become thinner and to retreat.

Arctic Fjords
connecting

Ice with Ocean

Autonomous Surface Vehicle (by Maritime Robotics)
surveying close to the face of the Kronebreen glacier in
Svalbard. © Scottish Association for Marine Science
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There are complexities to the process. The ocean affects the glaciers but the
melting glaciers also affect the ocean through addition of freshwater. Warm
ocean water and fresh glacial melt cycle through the fjords in a complex
conveyor belt. It’s important that computer simulations of the earth’s future
state can capture the communication between the oceans and the glaciers. To
get those simulations right we need to measure what’s happening in fjords and
fully understand the important role that they play in future of our planet.

Above: Arctic Fjords by Dr CallumWhyte
Below: Icebergs in the Arctic by Dr CallumWhyte

Graph shows the temperature of the fjord season by season (upper graph), also the
temperature of the warmest period of the year October (red – middle graph) and the
temperature of the coldest part of the year April (blue – lower graph).

For nearly 20 years there has been a steady increase in fjord water temperatures of more
than 1°C per decade in all seasons.



The species that have evolved to live under the shade of
 the ice don’t actually like too much light. in fact, they 
can get sunburn just like us and just like us, when we 
get badly sunburned, they don’t feel like doing much.

Dr CallumWhyte”
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Arctic Sea Ice &
Primary Productivity

Standing on the shore looking out to the seas around Scotland
they can often look pretty uninviting. Cold grey slabs of
undulating water populated by large silvery grey fish, a few crabs
and the odd seal. However, these seas abound with life of all
sizes. Indeed, in a teaspoon of seawater you can find hundreds of
tiny zooplankton, thousands of microscopic algae, millions of
bacteria and tens of million viruses. Think of that the next time
you go for a swim and swallow a mouthful of water!

Designs
By Jessica Giannotti
Top row: Glacier White, Celeste and Rosa
Bottom row. Left: Kronebreen Glacier Cascade; centre: Arctic Fjords Rule the World Blue Gray; Arctic Fjords Rule the World Pink Red

Text and graphs by Prof Finlo Cottier, Scottish Association for Marine Science.

With thanks, Prof Finlo Cottier and Dr Callum Whyte, Scottish Association for Marine Science. www.sams.ac.uk
Sea ice flow in the Arctic by Dr CallumWhyte
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My job at the Scottish Association for Marine Science in
Scotland is to try and understand the thousands of
species of microscopic algae known as phytoplankton.
Plankton because they drift through the seas like planets
drift through space and phyto because they use light to
photosynthesize their food. But you might ask yourself
why should we care about things that we can’t see
without a microscope and that frankly, most people
aren’t even aware exist. Well without these tiny little
organisms the world would be a sorry place to live.
Together, they produce half of all the oxygen we
breathe. They also produce half of all the food on the
planet and lie at the base of nearly all marine food webs.
If that wasn’t enough, they draw large amounts of the
greenhouse gas, carbon dioxide, out of the atmosphere
and lock it away in deep-sea sediments.

As they produce their food from sunlight, we call them
primary producers and the amount of food they create,
primary production. As you can imagine knowing how
much food they will produce and what will happen to
them as the earth warms up is vitally important. One of
the areas that is experiencing a lot of change and
warming faster than the average is the Arctic. Warmer
water temperatures mean less sea ice, particularly in the
summer. Less ice means more sunlight will reach the
surface of the sea. That might seem like a good thing
given that phytoplankton need light to grow but like all
things in the natural world, it’s not that simple. The
species that have evolved to live under the shade of the
ice don’t actually like too much light. In fact, they can
get sunburn just like us and just like us, when we get
badly sunburned, they don’t feel like doing much.

Above: Arctic Sea Ice. © Dr CallumWhyte
Next page: A net sample containing lots of species and Chaetoceros
(the spiny one). © Dr CallumWhyte

Right: Dinophysis acuta. © Dr CallumWhyte
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The ice also has a calming effect on the sea surface so
no big waves crashing about. However, phytoplankton
need nutrients, as well as light, to grow and these are
found in deeper waters near sediments. Phytoplankton
quickly use up all the nutrients at the surface and rely
on waves and wind to churn up the water and bring the
deeper, nutrient-rich waters up to the top. Less ice
means more mixing more food and happy
phytoplankton.

So, you can see things aren’t quite as simple as we’d
like. Some species will thrive while others may not
survive the changes. That’s why there is a lot of effort to
try and understand these tiny organisms. But, because
they are so small, and the ocean is a pretty big place,
working out how well they grow isn’t easy. If it was a
seagull, maybe I could count how many fish it ate and
measure how much weight it put on, but I can’t easily
count how many molecules of carbon one of my
phytoplankton has sucked in. As I said, not easy but it
can be done. One method is to take a ship out to sea,
collect a sample of seawater, divide it up into a lot of
smaller samples and add some radioactive carbon 14
them. These are then left to incubate for 24 hours. The
samples are covered with a shade so that the light level
on the deck of the ship is the same as the light level in
the water where they were collected. At regular intervals
during the 24 hours three of the samples are removed
and the water is filtered to collect the phytoplankton.
This filtered phytoplankton is put into a vial that
contains a liquid called a scintillation fluid. As I
mentioned earlier, the phytoplankton usually suck up
molecules of carbon but that has been replaced and
now, they only have radioactive carbon 14 to eat.
Carbon 14, like all radioactive substances decays and as
it decays, sub-atomic particles fly into the liquid and

cause a little flash of light. These flashes can be
measured in an instrument called a scintillation counter
and this lets us estimate how much carbon the
phytoplankton has absorbed which is a good proxy for
how much it has grown.

Of course, all of this takes a lot of time and a lot of
resources. Taking a ship out to sea is a costly business.
More and more, scientists are relying on methods that
let us study what’s going on at sea remotely, so that we
can sit in our offices, where it’s nice and warm. A
popular method is to use satellites which can be fitted
with sensors and circle the planet continuously taking
measurements. However, I can’t hang up my
waterproofs just yet. These remote measurements have
to be verified so that we know they are accurate and that
means another trip out to sea and another set of
samples.

Below: Filtration rig for chlorophyll sampling; toy bumblebee alongside,
on an adventure to the arctic for the Girls' Brigade Scotland. © Sharon
McNeill, Scottish Association for Marine Science

Arctic Sea Ice
Design

By Jessica Giannotti
based on

photography by
Dr CallumWhyte

Text by Dr Callum Whyte, Scottish Association for Marine Science.

With thanks, Dr Callum Whyte and Sharon McNeill, Scottish Association for Marine Science.

www.sams.ac.uk



Project Snowfall: This image shows a snowy survey camp among Antarctic
mountains. Snow controls global sea levels and is also an extraordinary
generator of wealth and wellbeing worldwide, but falling snow is poorly
understood because it is difficult to measure. The British Antarctic Survey’s
Project SNOWFALL has developed a ground-breaking newmethod for making
detailed measurements of falling snow on the landscape scale, which will
help predict the future of snow resources in a changing climate. After
developing and testing this method over several winters in the Finnish Arctic
and Swiss Alps, the team now has SNOWFALL sensors quietly ready to record
the blizzards of coastal Greenland and the storms of the Indian Himalayas, as
winter sweeps in.

Image © Dr Hamish Pritchard, British Antarctic Survey. Text by Jessica
Giannotti, Crùbag and Dr Hamish Pritchard, British Antarctic Survey.

For the Antarctic Region, we are very excited to present our
science and art collaboration with the British Antarctic
Survey (BAS) as part of Crùbag’s Climate Change
Collection.

We selected a range of themes from BAS entries of images
and stories to the COP26 UK Universities' Climate
Innovation Showcase. This curation of themes around
zooplankton, microplastics and blue carbon, and penguins in
aerial images inspired our designs and became the basis for
the climate change stories shared in this section.

38 39

Project
Snowfall &
Climate
Change
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Discovering our Future: Antarctica - Visions of the future. Architect’s
visualisation of the Discovery Building, Antarctica. The building will be a new

world-class scientific support and operations facility at Rothera Research
Station for British Antarctic Survey. The Discovery Building commemorates the
discovery of Antarctica just over 200 years ago by British naval officer Edward
Bransfield. It has a unique design to meet the challenges of living and working
in Antarctica, along with helping British Antarctic Survey achieve its target of

Net Zero carbon emissions by 2040.

BAS delivers and enables world-leading interdisciplinary
research in the Polar Regions to advance our understanding
of Earth as a sustainable planet and to help society adapt to a
changing world. Through this work, BAS is committed to
improving the relationship between science and society.

The British Antarctic Survey’s cutting-edge research,
innovation projects and bold visions of the future can be an
inspiration to all of us. Explore how climate change can
impact the ocean’s capacity to mitigate anthropogenic (man-
made) carbon emissions. Discover how multidisciplinary
team effort and cutting-edge technology can assist polar
scientists in studying and protecting precious penguin
populations and biodiversity in general in one of the most
stunning places on Earth, the Antarctic Region.

Antarctica:
A Vision for
the Future

Image © Hugh Broughton Architects, Sweco, BAM, British Antarctic
Survey. Text by Jessica Giannotti, Crùbag and Jon Ager, British
Antarctic Survey.

With thanks: Dr Beatrix Schlarb-Ridley, Dr Hamish Pritchard, Jon Ager,
Livia Oldland, British Antarctic Survey, Ice Dynamics and Paleoclimate
team at British Antarctic Survey, Antarctic Infrastructure Modernisation
Programme.

www.bas.ac.uk
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Did you know that microplastics pollution could reduce the ocean's
capacity to remove CO2 from the atmosphere? The ocean absorbs about
30% of atmospheric CO2, helping mitigate the effects of climate change,
with huge benefits for our society. Zooplankton, tiny marine organisms
with a global biomass higher than that of humans, play an important role
in this process through the so-called Blue Carbon pathway. They promote
the transport and storage of large quantity of carbon to the deep oceanic
sediments through the sinking of their faeces, moults and carcasses and
through their movement along the water column.

Nowadays, this process is potentially threatened by a global emerging
stressor: plastic pollution. Once in the ocean, plastic litter breaks down into
millions of small fragments called microplastics, which can find their way
into zooplankton.

The amount of plastic entering our oceans is increasing worldwide, with
global implications for the health of our planet.

Blue Carbon & the
Zooplankton Plastic Pump

Zooplankton Plastic Pump. © Dr Clara Manno, British Antarctic Survey.
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Once in the ocean, plastic litter breaks down into
millions of small fragments called microplastics (< 1
mm), which can then be ingested by zooplankton, thus
lowering the sinking velocity of their faeces, moults and
carcasses. Researchers at British Antarctic Survey
suspect that the pathway of plastic from the ocean
surface to the depth, when incorporated into
zooplankton (named the Zooplankton Plastic Pump),
will interfere with the capability of the ocean to regulate
atmospheric CO2 emissions.

To find out more, British Antarctic Survey started the
innovative CUPIDO (CalcUlating the strength of the
Plastic pump In counteracting the Deep export of
Oceanic carbon) Project to quantify the amount of
microplastics transfer in the deep sea, once incorporated
into zooplankton. Long-term measurements conducted
in the field (open ocean) during multidisciplinary
scientific research cruises can help us further
understand the role of microplastics in reducing the
zooplankton's ability to transport carbon into the deep
sea sediments and, therefore reducing the ocean's
capability to sequester atmospheric CO2.

The potential decrease in carbon storage in the deep sea
related to the Zooplankton Plastic Pump can affect our
planet's natural buffering capacity and welfare for
society. The CUPIDO outcomes will support effective
science-driven policymaking on plastics to develop
environmental management and targeted actions for the
benefit of people and planet.

Image of microplastics. © Kirstie Jones-Williams

The Antarctic region is one of the most remote and inaccessible places on
Earth. The Danger Islands lie at the northern tip of the Antarctic Peninsula
and are home to over 1.5 million Adélie penguins, more than all other
colonies in the region combined. Many penguin colonies have not been
visited for decades, therefore determining how penguins might be
responding to climate change, krill fishery and marine mammal
populations is impossible for many sites. High-resolution satellite and aerial
photography can be a powerful tool to carry out remote wildlife studies,
transforming our understanding of penguin populations.

British Antarctic Survey's Antarctic Peninsula Penguin Census (APPC)
project plans to measure penguin population change against a 2013
baseline survey, assessing the combined impacts of regional ecosystem
change, including climate change. Over half of the 500+ known colonies
have no recent population estimate in this century. The image highlights
the size of some penguin colonies.

The resolution of the aerial image is about 5 cm, allowing individual birds
to be counted with computer-assisted techniques. This information is vital
to assess climate change-related impacts on penguins, including habitat
change and effects on krill abundance and distribution, providing an
ecosystem 'health check' and informing future management options.
Monitoring is now essential in the context of a changing climate,
particularly for the Antarctic Peninsula, which is one of the fastest-warming
parts of the Southern Ocean.

Penguin Planet

Text by Dr Clare Manno, British Antarctic Survey. Edited by Jessica Giannotti, Crùbag.

With thanks: Dr Beatrix Schlarb-Ridley, Pilvi Muschitiello, Dr Clara Manno and Dr Elisa Bergami, British Antarctic Survey.

www.bas.ac.uk
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Jessica Giannotti ”

”Leave nothing but your
footprints, to help us
understand your world.
Take nothing but pictures,
as with those we can see
you and find you when you
are lost.

Penguin Metropolis © Nathan Fenney, British Antarctic Survey
The Heroína Island, at the northeast end of the Danger Islands in the
Antarctic, is the host of over 500,000 Adélie penguins, the third-largest
colony known. The image was taken during an airborne survey in November
2019 as part of the British Antarctic Survey's Antarctic Peninsula Penguin
Census (APPC) project.
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Of Giants And Kings

In July 2017, a giant iceberg the size of the UK county
of Somerset – named A68 - broke off from the Antarctic
peninsula. One of the concerns was its potential to
ground near the island of South Georgia and block
access for iconic species, such as king penguins, to
offshore foraging areas. In anticipation, a British
Antarctic Survey science team equipped 18 king
penguins with GPS and Depth tags. These recorded the
location every half hour and depth every 5 seconds,
allowing 3D tracks to be reconstructed. Data were
downloaded by a radio link to a base station situated at
the colony, so tags did not need to be recovered to
obtain the data.

In addition to trackers, aerial images of king penguin
colonies were taken, allowing population counts to
examine potential effects of the giant iceberg on
population size and breeding success. In this lucky case,
no large fragments of iceberg obstructed penguin
foraging, but had it grounded, it would have obstructed
access to feeding areas, with potential consequences for
chick growth and survival.

As King penguins take two years to fledge, two cohorts
of chicks were observed in a colony in February. The
old ones survived the South Georgia winter with
minimal parental care, being fed between five and zero
times over a 5-month period.

Tracks and surveys are being compared to previous
comparable data from non-berg years and with
oceanography data to determine whether there is
evidence for the berg causing changes (e.g. due to
lowered temperature, salinity or increases in iceberg
fragments). This innovative combination of remote
sensing technologies helps develop our understanding

of how wildlife populations are affected by and adapt to
climate change and contributes to informing
management decisions to protect fragile and iconic
ecosystems.

Emperor Penguins On Thin Ice

Another example is the failure of sea-ice near the Brunt
Ice shelf, which has left emperor penguins searching for
other breeding sites. At the poles, sea ice is changing
rapidly, reducing in extent, breaking out earlier and
becoming more unstable. Many Antarctic species rely
on this ecosystem for food and as a stable breeding
platform.

Remote sensing, machine learning and deep learning
techniques can be combined to automate the process of
finding and counting animals in satellite imagery,
including penguins, whales and albatross. The
development of these techniques and the use of new
satellites has enabled us to develop methods to track
species population trends over time, making some of
these animals, that live in some of the most remote
environments on Earth, to be some of the best studied.

Knowledge of animal population trends and breeding
behaviour are vital to understanding how species will
cope with the long-term implications of climate change.
The polar regions are warming on average twice as fast
as other parts of the globe and understanding how
endemic polar species are adapting to these changes
allows us to better predict their future numbers.

Above - Of Giants And Kings: Aerial photograph showing adult king
penguins in Antarctica brooding chicks (the regularly spaced dots) and
last year's chicks, identifiable by the irregularly spaced, bigger dots.
© John Dickens, British Antarctic Survey

Right - Emperor Penguins On Thin Ice: This image shows emperor
penguin tracks over thin ice at the Halley Bay colony near the Brunt Ice
Shelf in 2017. The sea-ice here, on which penguins breed, has failed for
four consecutive years leading to breeding failure of emperor penguins.
British Antarctic Survey Wildlife from Space project uses very high-
resolution satellite imagery to count and track the behaviour and
reactions of penguins and other polar species to environmental
change. Text by Dr Peter Fretwell. Satellite imagery. © 2021 Maxar
Technologies.
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Top designs: Inspired by Blue Carbon & the
Zooplankton Plastic Pump
Top left: Blue Carbon
Top centre: Blue Carbon Acid Yellow
Top right: Blue Carbon Pink Tangerine

Middle designs: Inspired by Penguin Planet
(Penguin Metropolis, Heroína Island).
Centre right: Penguin Planet Look Closely Black
Centre: Penguin Planet Look Closely Natural

Bottom designs: Inspired by Penguin Planet
(Of Giants And Kings and Emperor Penguins
On Thin Ice)
Bottom left: Penguin Metropolis Eclectic
Bottom centre: Penguin Metropolis Lava
Bottom right: Penguin Metropolis Pale Rosa

Text by Nathan Fenney, Dr Norm Ratcliffe, Dr Peter Fretwell. Edited by Jessica Giannotti, Crùbag.

With thanks: Dr Beatrix Schlarb-Ridley, Pilvi Muschitiello, Nathan Fenney, Dr Norm Ratcliffe, Dr Peter Fretwell,
Dr Adrian Fox and Dr Phil Trathan, British Antarctic Survey; and Maxar Technologies.

www.bas.ac.uk/wp-content/uploads/2021/08/COP26-Innovation-Exhibition-Submissions_final.pdf

Emperor penguin. © British Antarctic Survey Adélie penguin. © British Antarctic Survey
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Tunicates are beautiful and often colourful
marine invertebrate animals found all over the
world. The beauty of nature was evident when I
saw this organism. A colonial tunicate
(Botrylloides sp.) was growing over one of the
substrates that I used to estimate the percentage
of natural coral babies in a reef at Los Roques
National Park, Venezuela. I spent hours under
the microscope examining it, creating small
disturbances at the surface of the water to see
how it closed the several mouths of its syphons.
Then I discovered more of these in other
substrates with different colours: orange, purple,
red, black. Nature's beauty is a gift that never
stops giving.

By Dr Adriana Humanes, Marine Biologist

This natural pattern (Los Roques Tunicates
Emerald and Peach) was inspired by the hidden
beauty of colonial tunicates living on corals in
the Archipelago Los Roques, Venezuela. Los
Roques National Park is one of the most
beautiful places on Earth and a biodiversity
hotspot. Adriana and I come from Venezuela,
and this design is very close to our hearts. By
working with scientists like Adriana, we have the
privilege of having access to so many incredible
images of organisms and knowledge from the
ocean, which we use to create our designs. My
mission and responsibility at Crùbag are to share
this mostly unseen beauty and knowledge
through colourful textiles and written ocean
stories. By revealing these hidden patterns from
nature and bringing marine science and art
together, I propose a new aesthetics that is
rooted in love, curiosity and the search for
scientific knowledge to advance society's
sustainable development and protect our planet.

By Jessica Giannotti, Founder of Crùbag

The Unseen
Beauty of Nature

Booklet Editor: Jessica Giannotti, Crùbag. Booklet Design: Jessica Giannotti, Crùbag & Vanessa Lopez, Lumberjack Digital.

This publication and collection would not exist
without the exciting science and kind support
from:

Thesciencestoriesof thisprojectareshared
withall.Wegiveback 10%ofourprofits to
support importantmarinescience.

crubag.co.uk/collections/climate-change-collection
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Keep me, I am made with paper from responsible sources.

Share the story; become an ocean ambassador.

www.crubag.co.uk

#climatechangeisreal


