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Welcome to this Special Issue of 
The Marine Biologist, focused on 
research across the Russian Arctic, and 
the new connections and successful 
partnerships between researchers 
based in the UK and Russia. 

We embark on an exciting journey 
to discover recent research projects, 
marine expeditions, and initiatives that 
shed new light on the rapidly changing 
Arctic environment. That change is 
inextricably linked to global climate 
change, as both cause and consequence. 
Having the best possible understanding 
of the scale and pace of Arctic 
change—especially in the marine 
environment—is the best way to help 
explain the links and help to predict 
future climate impact. A look at any 
map of the Arctic (see P. 14) shows 
that the Russian Arctic is by far the 
largest region. To understand the 
Arctic properly, it is vital to under-
stand the Arctic in Russia.

From the earliest scientist-explorers 
such as Mikhail Lomonosov in the 
18th century, through the Soviet 
pioneers of the 20th century, and right 
up to today’s internationally-connected 
universities and research institutes, 
Russian researchers have made the 
Arctic their centre of expertise and 
skill. Their success, experience, and 
desire to work in partnership makes a 
strong foundation on which to develop 
new international science connections. 
The UK, in turn, has a dynamic and 
well-connected Arctic research 

community—over 70 universities and 
research centres are involved in Arctic 
research—as well as brand new research 
capabilities, such as those on board the 
RRS Sir David Attenborough (see P. 
18). 

It is exciting to see a growing 
number of research projects being 
formed between scientists in the UK 
and Russia, bringing the best of both 
to our understanding of change in the 
region and its global impact. The 
NERC Arctic Office and the UK 
Science and Innovation Network in 
Russia are working to support and 
promote those new links wherever we 
can, recognizing that there is so 
much more that researchers from 
different countries can do together, 
rather than apart. 

We very much hope that you enjoy 
this Special Issue. If you have ques-
tions, ideas or thoughts for future 
partnerships we would definitely like 
to hear from you.
Henry Burgess (henry.burgess@bas.
ac.uk), Natural Environment Research 
Council (NERC) Arctic Office, and 
Tatiana Iakovleva (tatiana.iakovleva@
fcdo.gov.uk), UK Science and 
Innovation Network in Russia
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Celebrating 30 years of plankton 
sampling in the Southern Ocean

A multinational science programme 
using ships of opportunity to record 
plankton in the Southern Ocean has just 
clocked up 30 years of surveys, covering 
more than 290,000 nautical miles.

Led by the Australian Antarctic Division 
(AAD), the Southern Ocean Continuous 
Plankton Recorder (SO-CPR) Survey was 
established in 1991 to monitor zooplankton 
patterns in the region, to determine the 
health of the marine environment. The 
survey has since grown to involve 16 ships 
from twelve nations, today providing the 
world’s largest comprehensive and 
systematic Antarctic zooplankton dataset. 

Zooplankton biologist John Kitchener at 
the AAD’s plankton ecology and monitoring 
program said, ‘The CPR has proven to be 
the most cost-effective and efficient 
method for long-term monitoring. It quickly, 
routinely, and consistently collects real, 
on-site data about zooplankton popula-
tions over large oceanic distances using a 
standard sampling method.’

Antarctic plankton are expected to be 
particularly sensitive and vulnerable to the 
effects of climate change. Collection of 
baseline information on zooplankton 
abundance and distribution is essential in 
helping understand the impacts of climate 
change on the ecosystem.

The SO-CPR Survey was set up with 
the support and encouragement of the 
original CPR Survey, operated by the 
Marine Biological Association. Both 
surveys belong to the Global Alliance of 
CPR Surveys, an international group of 
organizations who use CPRs to collect 
plankton samples across vast swathes of 
ocean.

Jennifer Leigh

Octopus rubescens may be able to 
adapt to ocean acidification

Ocean acidification, caused by rising 
atmospheric CO2 levels, is a major issue 
accompanying climate change. Negative 
effects have been shown in hermit crabs 
and fish amongst other organisms, but 
there is still little understanding of the 
long-term effects of ocean acidification in 
many animals.

In a collaboration between Walla Walla 
University and La Sierra University, 
researchers have shown that at least some 
species may be able to adapt. By exposing 
Octopus rubescens to raised levels of 
acidity, it was discovered that after a 
short-term change in metabolism, the 
subject’s metabolic rate returned to normal 
and stayed there for the remainder of the 
five-week experiment.

Despite also finding a reduced ability to 
function in low-oxygen levels, the work—
which has been published in Physiological 
and Biochemical Zoology—suggests that 

octopuses may be better able to cope with 
long-term increases in ocean acidity than 
some other marine organisms.

Source: https://www.sciencedaily.com/
releases/2021/01/210113144507.htm

Nathan Chrismas

Marine conservation on air
Armstrong Fernando, a former fisherman 

of Pamban Island in the Gulf of Mannar, India, 
came up with a novel way to warn men at 
sea of storms—he created the radio station 
Kadal Osai (Sound of the Sea). Operating 
since 2016, the 24/7 broadcast reaches 
about 50,000 people in a 15 km radius, 
mainly addressing fishermen and their 
families. 

The radio station has evolved to discuss all 
areas of life such as tips on health and 
cooking as well as beauty and poetry. In 
recent years, there has been increasing 
coverage of climate change and marine 
conservation in the show Samudhram Palagu 
(Learn About the Oceans). The topics 
covered range from plastic pollution to rising 
sea levels and overfishing, and these have 
had noticeable effects on the local 
community. 

Hearing about these topics from members 
of their own community has transformed the 
way many fishermen think about their 
environment. For example: how to treat sea 
turtles that eat invasive jellyfish, allowing fish 
to thrive; or how plastic waste from 5,000 
boats in the Gulf would quickly add up and 
hurt local wildlife—most importantly, the fish 
on which many livelihoods in the area 
depend.

‘I’ve seen that when it comes to the health 
of one’s own body or of the seas, you need 
to show people how their actions matter, and 
to gradually ensure that they embrace the 
cause willingly’ says Raj, one of the radio 
jockeys.

Source:   Hakai magazine https://bit.
ly/3vYphis

Birthe Zancker

In brief

Retrieving a continuous plankton recorder (CPR) from the Southern Ocean on an RSV Aurora 
Australis voyage to the Davis research station, 2019. © Australian Antarctic Division.

Supremely adaptable? An East Pacific red 
octopus, Octopus rubescens. © Kirt L. 
Onthank / https://commons.wikimedia.org/
wiki/File:O-rubescens.jpg / CC-BY-SA-3.0

Underdone Comics by Rob Lang. You can find 
him on Instagram and other social media 
outlets. @underdonecomics.com
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Climate-driven changes in the Arctic are progressing 
faster than anywhere else on the planet, and 
will generate major changes in the region’s 

diverse, yet still poorly understood, ecosystems.
Marine researchers from the United Kingdom and 

Germany identified two key questions which needed 
to be urgently addressed. Firstly, how best to gain a 
much more detailed understanding of the structure 
and functioning of Arctic ecosystems, from the base of 
the food web right up to large marine mammals. And 
secondly, how to assess the sensitivity of those intricately 
connected systems to the changes that are being seen in 
areas such as ice-cover, light levels and biogeochemistry. 
All with the aim of being able to develop better 
projections of the impact of change on those systems.

The Changing Arctic Ocean programme started in 2017 
with four large United Kingdom-led projects funded by 

the Natural Environment Research Council (NERC). A 
dozen other projects joined the programme a year later, 
co-funded by NERC and the German Federal Ministry of 
Education and Research. These include the Micro-ARC 
project, led by the MBA’s Dr Michael Cunliffe1. Each 
team is investigating a different aspect of the changing 
Arctic Ocean. Combined, this major £20 m programme 
involves 32 research institutions and organizations in 
the UK and Germany, and more than 200 scientists.

Such a concerted international effort has enabled 
researchers to look right across the connected system—
often using innovative technology and techniques—
from the concentrations and prevalence of chemical 
contaminants, through the seasonal behaviour of plankton 
and sea bird foraging patterns, right up to the feeding 
patterns and distribution of seals. In this Special Issue we 
highlight two of the CAO projects which have developed 
particularly strong connections with researchers in Russia.

All the teams will be sharing their results as their work 
approaches completion this year. You can find more details 
and stay up to date with results through www.changing-
arctic-ocean.ac.uk and on Twitter via @NERC_CAO

Henry Burgess (henry.burgess@bas.ac.uk) Head, NERC 
Arctic Office.1  Cunliffe, M. (2019, October) Paradise lost? The changing Arctic Ocean.  

The Marine Biologist, 13, 28.

Ice core and under-ice water sampling on the Laptev Sea as part of the Ice core and under-ice water sampling on the Laptev Sea as part of the 
Changing Arctic Ocean CACOON project. © Jens Strauss. Changing Arctic Ocean CACOON project. © Jens Strauss. 

Henry Burgess introduces the Changing Arctic 
Ocean programme, a major UK-Germany research
initiative. Two CAO projects—ARISE and 
CACOON—have developed particularly strong 
connections with researchers in Russia.

An introduction to

The Changing Arctic Ocean programme
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Research digests

It wasn’t until I glimpsed the 
magnificent Lena River first-hand, 
snaking through the tundra and taiga 

below me during my first flight over 
Siberia, that I began to fully appreciate 
the sheer size and beauty of Arctic Rivers 
(Fig. 1). Imagine: the UK’s largest river 
catchment—the Humber—drains 
around 20 per cent of England, a 
land area of around 24,000 km2 (or 
0.02 million km2). The Lena River 
catchment below me covered more than 
2.4 million km2 of the surrounding 
landscape and filled the plane window 
with huge river arteries that reached 
out over the ground like fingers. These 

fingers were surrounded by sparkling 
lights, reflections from thousands upon 
thousands of small lakes dotted into 
the distance as far as the eye could see.

Gazing down on the vast plumes of 
deep-coloured waters emanating from the 
river’s mouth and penetrating deep into 
the Arctic Ocean coastal waters, I was 
struck by the clear interconnectedness 
of the land and ocean. I was agog when 
I later learned that the Lena River 
wasn’t even the largest of the Arctic 
rivers. Along with the Yenisey, Ob, 
Mackenzie, Yukon, and Kolyma, these 
‘big six’ collectively drain over 67 per 
cent of the entire Arctic land surface 
(Fig. 2) and combined, deliver around 
63 per cent of all freshwater runoff 
entering the Arctic Ocean. I imagined 
all those arteries of water criss-crossing 
the entire Arctic landscape, and the 
intimate link between the land surface 
and fresh waters that covered them.

Coastal inputs are responding to 
landscape change 

That initial experience took place 
over ten years ago now, and still strongly 
shapes my research group’s approach. We 
investigate how the chemistry of these big 
rivers alters in association with climate-
driven changes happening over their 
catchments. This has been likened to 
diagnosing health problems in humans by 
taking regular blood samples1; the blood 
measurements providing information on 
the state and health of the entire body. 

This work, and that of others, has found 
that these rivers carry extremely old 
carbon (in some cases dating back over 
30,000 years) that had previously been 
locked up, frozen in catchments. These 
ancient ‘permafrost’ soils (ground that has 
been continuously frozen for over two 
years) are now on the move (see Fig. 3) 
and are interacting with our modern-day 
carbon cycle in terrestrial and aquatic 
environments. We’ve also found that 
river bacteria can rapidly consume this 
ancient carbon, releasing it back into 
the atmosphere, raising real concerns 
that permafrost carbon feedbacks may 
exacerbate future climate change. 

Today, the Arctic is arguably the 
epicentre for climate change. Due to 
a process called Arctic amplification, 
average air temperatures here are 
increasing by almost twice the global 
average. Parts of the Siberian Arctic 
experienced temperatures during the 
first half of 2020 as high as 3–5°C 
above average. In response, landscapes 
inevitably change. These unusually warm 
2020 air temperatures, for example, 
have led to record lows in snow cover 
across the Eurasian Arctic, and came 
before a summer of unprecedented 
wildfire activity in north-eastern Russia. 
Future model projections only confirm 
that we can expect profound Arctic 
warming to continue apace. Variation 
in when and how much it rains, the 
timing and amount of coastal and river 
ice cover, and how frozen the ground 

Arctic coasts under Arctic coasts under 
future climate changefuture climate change

Figure 2. The ‘big six’ Arctic river catchments 
covering over 65 per cent of the entire Arctic 
land surface. © Greg Fiske.

Figure 1. The majestic Lena River.  
© Chris Linder.

1  Nod to my past postdoc supervisor Dr Max 
Holmes (Woodwell Climate Research Center, MA, 
USA).

How will the chemistry of Arctic 
rivers alter as changing climate 
impacts their catchments, 
and what will that mean for 
land-ocean relationships? Paul 
Mann describes his research 
and the Changing Arctic Ocean 
CACOON project.
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continues to be, are just a few of the 
changes the scientific community are 
already documenting. These changes are 
manifesting in how Arctic rivers flow, 
and in the origin of the carbon and 
nutrients they carry to coastal ecosystems. 

Projecting future coastal 
processes in the Arctic Ocean 

Arctic coastal ecosystems and food 
webs are heavily subsidized from their 
landward neighbours. The Arctic 
Ocean receives greater quantities of 
material from land than any other 
ocean, enriching its coastlines with 
vast quantities of soil and nutrients. 
Representing a modest one per cent 
of global ocean volume, the Arctic 
Ocean receives almost 11 per cent of 
all global river runoff, creating distinct 
estuarine gradients across the nearshore 
and coastal shelf. Nutrients and carbon 
exported from land via rivers, or delivered 
from coastal erosion, help fuel oceanic 
plant growth (phytoplankton): the 
key base of the oceanic biological food 
chain, its ecosystems and fisheries. 

Our current work on the Changing 
Arctic Ocean CACOON project2 
examines how future changes in the 
amount and type of carbon and nutrients 
(for example, greater permafrost 
subsidies) supplied from land to the 
Arctic coast will affect food-web 
structures and ecosystem functioning. 
Filling in some of the gaps between 
limnologists and oceanographers, we 
are creating bespoke computer models 
that will allow us to explore land-ocean 
relationships, specifically over the rapidly 
changing East Siberian Shelf region (the 
largest continental shelf on Earth). We 
need models as the influence of terrestrial 
inputs on coastal ecosystems depends 
upon a complex balance between often 
competing factors. For example, it has 
been suggested that terrestrial nutrient 
enrichment will drive up Arctic Ocean 
marine phytoplankton growth (net 
primary production), yet opposing 
trends could also be observed if greater 
concentrations of coloured materials 
(organic matter) from land increase 
light limitation on phytoplankton 
production. Data is often also sparse 

across the hard-to-reach Arctic coast. 
We’ve been tackling this with a suite 
of extensive field campaigns across 
the nearshore regions of the Siberian 
Lena and Kolyma Rivers and coasts, 
traversing long transects and sampling 
under-ice, as well as through the spring 
and summer months (Fig. 4). This 
work involved close collaboration with 
Russian colleagues from the North-
East Science Station, the Arctic and 
Antarctic Research Institute (AARI), 
and the Melnikov Permafrost Institute, 
as well as the German Alfred Wegener 
Institute3, who know the environments 
intimately and provide crucial support 
to getting the science done—even under 
challenging conditions. Using our 
new modelling approach, informed by 
essential field data, we aim to provide 

future projections of how a wide range of 
coastal processes may adapt to multiple 
stressors. These include how patterns 
of ocean acidification may evolve with 
terrestrial organic matter degradation, or 
how greater permafrost inputs in parallel 
with greater volumes of fresh water may 
alter regional greenhouse gas exchange. 

With even greater changes 
anticipated for the Arctic over the 
coming decades, it is vital that we 
advance our understanding of these 
highly dynamic and rapidly changing 
coastal regions and explore how the 
interactions between physical, chemical, 
and biological factors will combine to 
shape ‘new’ Arctic coast ecosystems. 
Dr Paul Mann (paul.mann@
northumbria.ac.uk) Associate 
Professor, Department of Geography 
and Environmental Sciences, 
Northumbria University.

Figure 3. Permafrost cliffs slumping materials into the Kolyma River mainstem. Our small 
research boat can be seen in the background. © Aron Stubbins.

Figure 4. Under-ice water and seabed sediment sampling from sea ice covering the Laptev 
Sea—the coastal sea waters influenced by the Lena River outflow. Camp consisted of a cabin 
on sledges (balok) used for accommodation and laboratory work (white/blue/red structure 
in background), which was pulled along using a Russian vezdekhod (caterpillar all-terrain 
vehicle). © Jens Strauss.

3 https://www.awi.de/en/science/geosciences/
permafrost-research.html

2 https://www.changing-arctic-ocean.ac.uk/pro-
ject/cacoon/
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The Arctic Ocean is the smallest, shallowest, freshest and 
most isolated ocean on Earth. It is unique in that 
it is ice-covered and dark for half the year, making 

it a challenging environment for marine organisms. 
But the ice itself supports life, providing an essential 

platform for a range of organisms, from microscopic 
plankton that live in brine channels in sea ice, to fish, 
through to seals and polar bears that use sea ice to 
haul out, moult, breed, and hunt. However, the Arctic 
Ocean is changing rapidly: the annual sea ice extent is 
declining year on year (Fig 1b) enhancing the amount of 
light that enters the ocean, and causing phytoplankton 
biomass and primary productivity to increase. Primary 
productivity underpins the entire Arctic ecosystem, from 
lipid-rich zooplankton, to commercially fished species, 
to predatory marine mammals. Detecting the impact of 
the changing environment on the entire Arctic ecosystem 
is a significant challenge, due to the remote and extreme 
location, diverse range of habitats, and the highly seasonal 
and migratory behaviour of animals that live there. 

To tackle this challenge, scientists from the Universities 
of Liverpool, Edinburgh, St Andrews and Manchester, 
as well as research organizations the Marine Biological 
Association and National Oceanography Centre, 
developed a novel research project, ARISE, which is part 
of the NERC Changing Arctic Ocean programme1. 

Using stable isotope biomarker analysis, we are studying 
how marine ecosystems are responding to environmental 
change in the Arctic Ocean. Rather than study the entire 
marine ecosystem, we elected to study only two components 
of the Arctic food web: specifically phytoplankton at the 
base of the food web, and two ice-dependent predators, 
harp seals and ringed seals, near the top (Fig 2). These two 
components are inextricably connected within the food 
web. Our project has proven that it is essential to assess the 
effects of changes at the base of the food web in order to 

Can we detect change 
in Arctic ecosystems?
The Arctic Ocean is filled with water from the 
Atlantic and Pacific Oceans, as well as rivers. The 
Changing Arctic Ocean project, ARISE, described 
by Claire Mahaffey and colleagues, traces the 
chemical signatures from oceans and rivers into 
the Arctic Ocean food webs from plankton to top 
predators.

Figure 1. (a) Arctic sea ice extent for September 15, 2020. The areal extent was 3.74 million km2. The orange line shows the 1981–2010 
average extent for that day. (b) Arctic sea ice extent as of 4th January 2021, along with daily ice extent for five previous years and the record 
low year. Colour codes as follows: 2020–2021 (blue), 2019–2020 (green), 2018–2019 (orange), 2017–2018 (brown), 2016–2017 (magenta) 
and 2020–2013 (dashed brown). The median from 1981 to 2017 (dark grey) are shown along with the interquartile and interdecile ranges of 
the data (grey area). Images © National Snow and Ice Data Center (https://nsidc.org). 

Figure 2. Harp seal off the coast of Newfoundland with a satellite 
tag attached. © Dr James Grecian, University of St Andrews, 
Postdoctoral Researcher in ARISE.

1  https://www.changing-arctic-ocean.ac.uk

Arctic Sea Ice Extent
(Area of ocean with at least 15% sea ice)

a b
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decipher food web structure across the Arctic Ocean. If 
environmental change alters the biomass, activity or stable 
isotope biomarkers of phytoplankton, then predators near the 
top of the food web will reflect these changes through changes 
in body condition, or in their stable isotope biomarkers. 
Our novel approach means we can study Arctic food webs 
over a large geographical range, allowing the diversity of 
ecosystems and environments to be accounted for. 

Biomarkers are analysed in phytoplankton using 
isotope ratio mass spectrometry. The values obtained 
provide invaluable information on the availability of 
nutrients and level of productivity, as well as reflecting 
water mass properties; key parameters used to assess 
environmental change in the Arctic Ocean. 

The ISSS-18 cruise (see Box 1) also provided ARISE with 
an opportunity to collect samples in Arctic coastal waters that 
are strongly affected by freshwater outflow from three large 
Arctic rivers: the Yenisey, Lena, and Ob. These are the first, 
second and third largest Arctic rivers by annual discharge, 
respectively, and the fifth, sixth and thirteenth largest globally, 
with permafrost representing 77–88 per cent of the watershed 

of the Yenisey and Lena, respectively2. Our goal was to 
characterize how the outflow from these large rivers influences 
nutrients and carbon in Arctic seawater and sediments, and 
in turn their role in controlling the abundance, activity 
and stable isotope biomarkers in phytoplankton at the 
base of the food web. Based on our preliminary data, 
we discovered that nitrogen exported from Arctic rivers 
originates from fresh topsoil and not permafrost, although 
this may change with continued climate warming. This 
land-derived nitrogen is delivered to coastal waters, altering 
the biomass, productivity and stable isotope biomarkers 
within phytoplankton. The link with top predators, such 
as seals, means that any future change in riverine inputs of 
nitrogen will likely be reflected in, and affect, Arctic food 
webs. Thus, understanding the current impact of Arctic 
rivers on food webs is vital to detect and predict their 
impact under future environmental change scenarios.
Claire Mahaffey1 (claire.mahaffey@liverpool.ac.uk) Professor 
of Ocean Science, Dept. of Earth, Ocean and Ecological 
Sciences. Louisa Norman1, Robyn Tuerena2, Bart van 
Dongen3, Emma Burns3, Adam Francis4, Rachel Jeffreys1, 
George Wolff1 and Sophie Smout5.

1. University of Liverpool
2. Scottish Association of Marine Science (SAMS)
3. University of Manchester
4. University of Edinburgh
5. University of St. Andrews

Further reading

De la Vega, C., Mahaffey, C., Tuerena, R.E., Yurkowski, D.J., 
Ferguson, S.H, Stenson, G.B., Nordøy, E.S., Haug, T., Biuw, 
M., Smout, S., Hopkins, J., Tagliabue, A. & Jeffreys, R.M. 
(2020). Arctic seals as tracers of environmental and ecological 
change. Limnology and Oceanography Letters, doi.
org/10.1002/lol2.10176

Meredith, M., Sommerkorn, M., Cassotta, S., Derksen, C., 
Ekaykin, Hollowed, A., Kofinas, G., Mackintosh, A., Mel-
bourne-Thomas, J., Muelbert, M.M.C., Ottersen, G., 
Pritchard, H. & Schuur, E.A.G. (2019) Polar Regions. In: IPCC 
Special Report on the Ocean and Cryosphere in a Changing 
Climate [H.-O. Pörtner, D.C. Roberts, V. Masson-Delmotte, P. 
Zhai, M. Tignor, E. Poloczanska, K. Mintenbeck, A. Alegría, M. 
Nicolai, A. Okem, J. Petzold, B. Rama, N.M. Weyer (eds.)]. 

Lewis, K.M, van Dijken, G.L., Arrigo, K.R. (2020). Changes 
in phytoplankton concentration now drive increased Arctic 
Ocean primary production. Science, 369: 198-202.

A key logistical challenge for ARISE was how to collect 
samples across the entire Arctic Ocean. As well as 
participating in UK-funded research cruises on the RRS 
James Clark Ross, we were fortunate to participate in 
research cruises on international research vessels, to have 
samples collected on behalf of our project, or to have 
access to datasets.

We had the unique opportunity to participate in the 
International Siberian Shelf study 18 (ISSS-18), led by Chief 
Scientist Professor Igor Semiletov on board the research 
vessel the RV Akademik Keldysh (Fig. 3). Our participation 
was facilitated by ongoing collaborations with Professor 
Örjan Gustafsson (Stockholm University) and ARISE 
Principal Investigator, Dr Bart van Dongen. Samples were 
collected in surface waters as well as from depths down to 
180 m for stable isotope biomarkers in seawater and 
particles.

In addition, sediments were collected from the seafloor (Fig. 
4) for PhD student Emma Burns (University of Manchester).

Box 1: The importance of international 
collaboration in studying the Arctic 

2  arcticgreatrivers.org

Figure 3. The RV Akademik Keldysh. © Adam Francis.

Figure 4. Scientists on board the RV Akademik Keldysh with the 
research cruise ISSS-18 collecting samples from the sea floor in the 
Laptev Sea. © Adam Francis.
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Plastics are the most abundant form 
of anthropogenic litter in the 
ocean and microplastics—usually 

defined as plastic particles under 5 
mm, manufactured or occurring as 
the result of partial degradation of 
larger plastic litter—are of particular 
concern, as they become bioavailable 
for marine organisms from different 
trophic levels that consume particles 
from water or sediments. Plastics have 
adverse ecological, physiological, and 
biochemical impacts ranging from 
transportation of non-native species to 
causing mortality from entanglement 
or blockages of digestive systems. 
However, any long-lasting impacts 
from ingestion of plastics and associated 
chemicals remain uncertain, both for 
marine organisms and for humans who 
consume plastics through seafood. 

The Arctic Ocean was for a long time 
seen as a remote and pristine region free 
of plastic pollution. This, however, was 
a misconception, mainly due to a lack 
of research. In recent years plastic and 
microplastic particles have been found in 
Arctic sea water, deep-sea sediments, sea 
ice, and biota, which is why mitigation 
of plastic pollution in the region is now 

placed high on the agenda on both 
regional and international frameworks 
including the UN decade of Ocean 
Science for Sustainable Development, 
Protection of the Arctic Marine 
Environment (PAME), and the Arctic 
Monitoring and Assessment Programme 
(AMAP) Working Groups of the Arctic 
Council. A recent desktop study by 
PAME revealed that our understanding 
of the distribution, pathways, sources, 
and fate of plastics in the Arctic remains 
fragmented, with some areas particularly 
lacking in-situ measurements. Collecting 
baseline data is, therefore, essential. 

My PhD is based in the Changing 
Oceans research group in the University 
of Edinburgh, where I am looking at 
benthic ecosystems of the Pechora Sea 
in the Russian Arctic and the multiple 

stressors challenging these ecosystems, 
including plastic pollution. In 2019 I 
was fortunate to join the AMK-78 cruise 
to the Russian Arctic, coordinated by 
the Institute of Oceanology, Russian 
Academy of Sciences, and led by Igor 
Semiletov. As part of this cruise, I had the 
opportunity to look at the bigger picture 
by collecting samples of macrobenthic 

invertebrates for assessment of plastic 
ingestion from other areas of the 
Arctic Ocean. In the 45 days of the 
cruise, we crossed the Barents, Kara, 
and Laptev seas, reached the East-
Siberian Sea, and returned to the port 
of Arkhangelsk (see Fig. 1). Some of 
these areas had never been studied for 
the presence of microplastics before.

Perhaps the most exciting aspect 
of the expedition for me was the 
opportunity to collaborate and join 
efforts with other scientific teams 
on the cruise (Figs 2 and 3).

Microplastic sampling was conducted 
together by the hydrochemistry, 
oceanography, and biology units of 
the crew, which enabled a complex 
assessment of the different elements 
of marine ecosystems. Sampling of 
surface and subsurface water revealed 
low but consistent levels of microplastic 

Microplastics 
in the Arctic
Anna Gebruk is part of an 
interdisciplinary and international 
collaboration investigating plastic 
contamination in the Arctic Ocean.

Figure 1. Map illustrating the two major drivers of plastic and microplastic contamination in the 
Arctic Ocean: (1) blue vectors show river outflow and yellow dots correspond to density of human 
populations in the Arctic coastal areas and near the rivers contributing to annual freshwater 
discharge; (2) blue arrows show main ocean currents. © Gebruk et al. (in press). 

Figure 2. The author (on right) on the AMK-78 cruise to the Russian Arctic. 
© Anastasia Zagovenkova.

Sampling of surface and 
subsurface water revealed 
low but consistent levels of 
microplastic contamination
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contamination, whilst chemical and 
morphological structure of the particles, 
together with oceanographic parameters 
of water samples suggested two main 
sources of plastic contamination in the 
Arctic Ocean: (1) the spread of Atlantic 
waters controlled by global thermohaline 
circulation; and (2) continental inflow 
controlled by large riverine plumes (see 
Fig. 1). The outcomes of this study 
have recently been published in (see 
Further reading: Yakushev et al., 2021).

My own research continued in 
the UK, where I was assessing the 
geographical and temporal variation 
of microplastic ingestion by benthic 
invertebrates in the Arctic, as evidenced 
by a wide range of field and historical 
biological samples. Whilst the results 
are provisional, I can conclude that 
microplastic particles are present in 
gut contents of Arctic invertebrates 
of different feeding modes, including 
filter and suspension feeders (Fig. 4a), 
grazers, and omnivores (non-specified 
eaters). Furthermore, samples collected 
in the Pechora Sea in 2008 were 
compared to the field samples collected 
in 2017–2018, demonstrating that 
the level of microplastic ingestion by 
macrobenthos in the Arctic significantly 
increased over the last ten years. (Fig. 4b).

Recent studies have shown that 
seafloor ecosystems, and specifically 
the deep sea, form a global sink 
for oceanic plastics, which is why 
understanding the interaction of seafloor 

organisms with plastics is crucial. More 
experimental studies and long-term 
observations are needed to understand 
the ecotoxicological consequences of 
ingested plastics, and more consistent 
and geographically extensive sampling 
is needed to improve our understanding 
of patterns of distribution of ingested 
microplastics by benthic invertebrates. 
Even though I have only started on 
the path as a researcher in the field of 
marine microplastics, there are some 
important lessons I have learned from 
participating in the cruise: international 
and interdisciplinary collaboration 
is key to a better understanding of 
complex ecosystem impacts of marine 
plastics; plastics are widely spread 
across the Arctic marine ecosystems 
and are present even in the most 
remote areas; significant behavioural 
change is needed to reduce plastic 
pollution; and action is needed now.

Arctic pollution, including plastic 
pollution, is truly a matter of global 
significance. The UK research 
community has broad expertise and 
cutting-edge technologies in microplastic 
research, specifically in advanced 
methods of chemical characterization 
of particles (i.e. RAMAN spectroscopy) 
as well as QA/QC approaches. 
Although the UK is not an Arctic 
state, it has a great history in polar 
sciences and my research is just one 
example of the extensive and ongoing 
scientific collaboration in the region. 
Anna Gebruk (anna.gebruk@ed.ac.
uk) PhD candidate, School of 
GeoSciences, University of Edinburgh.

Further reading

Kane, I.A., Clare, M.A., Miramontes, E., 
Wogelius, R., Rothwell, J.J., Garreau, P. 
& Pohl, F. (2020). Seafloor microplastic 
hotspots controlled by deep-sea 
circulation. Science 386 (6495): 
1140–1145.

Halsband, C. & Herzke, D. (2019). 
Plastic litter in the European Arctic: what 
do we know? Emerging Contaminants 5: 
308–318. 

Yakushev V., Gebruk, A., Osadchiev, A., 
Pakhomova, S., Lusher A … & Semile-
tov, I. (2021). Microplastics distribution in 
the Eurasian Arctic is affected by Atlantic 
waters and Siberian rivers. Communica-
tions Earth & Environment. DOI 10.1038/
s43247-021-00091-0

Figure 3. Hydrobiology Unit of the AMK-78 science crew (author on left), Autumn 2019.  
© Anastasia Zagovenkova.

Figure 4a. Microplastic fibre found in bivalve 
mollusc Astarte montagui from the Pechora 
Sea. © Anna Gebruk.

Figure 4b. Diagram of occurrence of ingested microplastics in benthic fauna from different 
feeding guilds for all studied samples of macrobenthic invertebrates from the Arctic Ocean. *SF – 
suspension feeder; DF – deposit feeder; Om – omnivores; MP – microplastics.
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Nowhere on the planet does 
climate change progress as fast 
as in the Arctic. Since the 1970s, 

average near-surface temperatures have 
risen by around 2°C and the volume 
of Arctic sea ice has shrunk by 75 
per cent. This has implications not 
only for polar bears and indigenous 
cultures, but also for us here in the 
UK and elsewhere, because a weaker 
polar jet stream promotes extreme 
weather patterns across the northern 

hemisphere, and melting glaciers and 
thawing permafrost can lead to sea-
level rise, wildfires, and vast emissions 
of greenhouse gases. However, in 
global climate models, processes in the 
Central Arctic are poorly represented, 
because scientific data from this region 
are very scarce, particularly from the 
winter months. In the long Arctic 
winter, the sea ice is too thick for 
research vessels to penetrate. The only 
alternative is to anchor the vessel to a 
large ice floe, await freezing, and use 
the natural forces of the Transpolar 
Drift Stream to traverse the North Pole 
region in winter, as first shown 125 
years ago by Fridtjof Nansen’s famous 
Fram expedition (1893–1896). The 
dream of climate scientists to repeat 
Nansen’s expedition with a modern 
research icebreaker materialized in 
September 2019, after ten years of 
preparation. Instead of Nansen’s 13 
crew, the RV Polarstern carried 100 
scientists and crew. Instead of Nansen’s 
three years, this expedition lasted 
one year; and rather than being fully 
self-reliant and hunting seals and polar 
bears for food, Polarstern was ‘refuelled’ 
four times by support vessels (Fig 1). 

Two points were key to the scientific 
concept of this expedition. First, to 
gain a mechanistic understanding 
of the Arctic climate system, over 
100 relevant parameters from the 
atmosphere, snow, ice, ocean, 
ecosystem, and biogeochemistry were 
sampled simultaneously and in a 
consistent manner over the whole year. 

This gave the expedition the name 
‘Multidisciplinary drifting Observatory 
for the Study of Arctic Climate’ 
(MOSAiC). Second, to allow spatial 
extrapolation of the findings, data 
were acquired by dedicated sampling 
from the ship and ice floe (termed the 
‘central observatory’), by autonomous 
platforms and helicopter flights within 
a radius of 50 km from the ship 
(the ‘distributed network’) and by 

permanent observatories, satellites and 
manned aircraft up to over 1,000 km 
from the ship (‘large scale linkages’). 

Such an ambitious task far exceeds 
any single nation’s capabilities. 
MOSAiC required international 
collaboration for funding, expertise, ice 
breakers, equipment, and manpower. 
Conducted by the Alfred-Wegener-
Institute (Germany), the expedition 
involved more than 80 institutions 
from 20 countries. With the motto 
‘One team! One mission!’ it sets an 
example of how different nations can 
cooperate peacefully in the Arctic 
despite different economic interests 

The MOSAiC expedition: The MOSAiC expedition: 
international collaboration international collaboration 
sets a new milestone in sets a new milestone in 
Arctic climate researchArctic climate research

2020 was the year of MOSAiC, 
the largest Arctic expedition in 
history. Participating scientist 
Katrin Schmidt presents the 
background of the expedition, the 
scientific concept and some of 
the logistical challenges involved.

Figure 2. The Arctic copepod Calanus 
hyperboreus with filled lipid sac.                                 
Body length ca. 7 mm. © Bob Campbell.

Figure 1. The MOSAiC expedition vessel 
Polarstern (right) and the Russian research 
icebreaker Akademik Tryoshnikov meet at 
the ice edge of the Fram Strait to exchange 
personnel, cargo and fuel.  
© Steffen Graupner. 

MOSAiC sets an example of 
how nations can cooperate 
peacefully in the Arctic despite 
different economic interests
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(Box 1). The people on board were 
trained and well-equipped for known 
challenges of the high Arctic, such 
as rapidly emerging ice rafts, lead 
openings (a large fracture within an 
expanse of sea ice), bottomless melt 
ponds, blizzards, permanent darkness, 
temperatures of -42°C, and polar 
bear visits. Even so, the expedition 
came under unforeseen threats. First, 
it proved difficult to find a suitable 
ice floe that could hold 70 tonnes 
of equipment for a whole year, then 
the Russian resupply-icebreaker 
Kapitan Dranitsyn couldn’t reach the 
fast-drifting Polarstern, and finally, 
the expedition was on the brink of 
being terminated early when the 
Covid-19 pandemic hit Europe. 

But thanks to the determination 
of the people in charge and their 
teams, solutions were found, and 
in October 2020 the ship returned 
home with its mission accomplished. 

I participated in the final leg of 
the expedition (‘leg 5’), spanning 
the time from summer ice melt to 
autumn freeze-up. My role on board 
was to sample ice algae, pelagic 
algae, zooplankton, and fish, using 
ice corers, water-column samplers, 
various nets that could sample from 
the ice underside to water depths of 
several thousand metres, along with 
visual and acoustic devices. The role 
of tiny crustaceans such as copepods 
in the Arctic climate system may not 
be immediately obvious. However, 
the seasonal migration of zooplankton 
into deep water is, in terms of the 
biomass involved, one of the largest 
animal migrations on the planet. Their 
metabolism at depth is fuelled by 
lipid reserves that they accumulated 
the previous summer when feeding 
in surface waters (Fig. 2), and is 
therefore an important pathway of 
carbon sequestration known as the 
‘lipid pump’, a part of the biological 
carbon pump. Ice algae are considered 
the Arctic’s superfood and their 
imprint can be traced throughout 
food webs from copepods, amphipods, 
benthic deposit feeders, up to fish, 
seabirds and even polar bears. This is 
because ice algae are often enriched in 
omega-3 fatty acids essential for the 
animals’ growth, development and, 
in the case of copepods, migration 
into deep water. Our NERC-funded 
contribution to MOSAiC is using 
a range of biomarkers to investigate 
how individual zooplankton 

species and the functioning of the 
Arctic lipid pump are affected by 
the replacement of ice algae with 
open-water primary producers such 
as Phaeocystis spp., Micromonas 
spp., and Synechococcus spp.  

It will take many years until all 
the MOSAiC samples and data are 
analysed. Meanwhile, 2020 provided 
a sobering glimpse into the future. 
On reaching the North Pole on 
August 19, we found large stretches 
of open water, and the ice was badly 
eroded, thin and brittle. The MOSAiC 
expedition leader, Markus Rex, told 
Agence France-Presse: ‘We witnessed 
how the Arctic Ocean is dying.’ At the 
same time, scientists from the British 
Antarctic Survey have forecasted the 
first ice-free Arctic summer for 2035, 
just 15 years from now. An ocean that 
has a long ice-free summer to warm 
up will also require a long time to cool 
down enough to re-freeze. Therefore, 
an ice-free autumn is likely to follow 
an ice-free summer. The summer of 
2020 saw an exceptional heatwave 
and wildfires in the Russian Arctic, 
and as a consequence the sea ice of 
the adjacent Laptev Sea did not form 
until November, making 2020 the 
year with the lowest October sea ice 
extent in the satellite era (Fig. 3). 
Only immediate actions to drastically 
reduce our greenhouse gas emissions 
may prevent ultimate ice loss and a 
potentially serious chain of positive 
feedbacks on our climate system.
Katrin Schmidt (katrin.schmidt@
plymouth.ac.uk, University of 
Plymouth) works in one of UKRI-
NERC’s projects ‘SYM-PEL’ (PI’s 
A. Atkinson, Plymouth Marine 
Laboratory & S. Belt, University of 
Plymouth) that contribute to MOSAiC. 

The MOSAiC expedition was divided 
into five legs: Sep–Dec 2019; Dec–Feb 
2020; Feb–Jun 2020; Jun–Aug 2020; 
and Aug–Oct 2020. On average, there 
were 100 participants per leg: 37 crew 
and 63 ‘scientists’. The latter worked in 
the following teams: Atmosphere (13), 
Ice (13), Ocean (4), Ecology (7), 
Biogeochemistry (5), Data (2), Logistics 
(9), Media (4), Weather forecast (2) and 
Helicopter service (4). 

The flags symbolize the 35 nationalities 
of the 247 scientists that joined 
Polarstern during the one-year 
expedition. One-third were women.

Box 1: The MOSAiC 
expedition in figures

Figure 3. Chart showing monthly sea ice extent anomalies for the whole Arctic (relative to the 1981 - 2010 average). Deep blue colour depicts 
exceptionally low sea ice extent. © National Snow and Ice Data Centre, University of Colorado Boulder.
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At a meeting of the Royal Geographical Society (RGS) in 
London in 1881, Benjamin Leigh Smith presented 
a groundbreaking report that was to pave the way 

for future Arctic exploration. Leigh Smith was the very 
epitome of the English explorer whose lesser-known feats 
of leadership and survival in adversity mirrored those 
of Sir Ernest Shackleton in the Southern Ocean. 

On that January evening just over 140 years ago, 
the report, The Voyage of the Eira and Mr. Leigh Smith’s 
Arctic Discoveries1 was introduced with high praise by Sir 
Clements Robert Markham, Honorary Secretary of the 
RGS: ‘The Arctic Expedition undertaken by Mr. Leigh 
Smith, during the summer of last year, has met with 
unparalleled success. The discovery of a navigable route to 
Franz-Josef Land, and of the coast trending westward and 
then northward, will in all probability open a new era in 
the history of Polar discovery’. Later that year, Leigh Smith 
was awarded the Patron’s Gold Medal of the RGS ‘for 
important discoveries along the coast of Franz-Josef Land’.

Mr Leigh Smith was, however, a singular and modest 
man who never sought fame for his discoveries. He neither 
appeared in public at RGS meetings dedicated to his voyages, 

nor did he turn up for his award ceremonies. Soon, like his 
vessel the Eira in the Arctic, his name sank into obscurity, not 
only on the world arena, but in his home country as well. 

In August 2017, our expedition ‘Open Ocean: Arctic 
Archipelagos – 2017’ navigated the ice-filled waters 
of Franz Josef Land in search of traces of the Russian 
expedition on the St Anna which vanished here in 1914.2 
Heavy ice and storms forced our SY Alter Ego (Fig. 1) to 
shelter off the southern coast of the archipelago. Here, on 
the level sandy bottom, our navigation system located a 
shadow the shape and size of a shipwreck. This was not 
a complete surprise as we knew that somewhere here, 
off Northbrook Island, lay the remains of the Eira.

The next season, the Open Ocean Project launched 
an expedition in commemoration of the 190th 
anniversary of Leigh Smith. The aim was to explore 
our underwater finding and visit historical sites 
discovered by the Eira in 1880 and 1881–1882. 

Leigh Smith had already made three voyages to Spitsbergen 
using rented whalers, and had come to the conclusion that 
he needed a vessel of his own that was capable of exploring 
remote ice-covered regions. In early 1880, the purpose-built 
research vessel Eira was constructed for him at the Scottish 
shipyard of Stephen & Forbes. During her first voyage, the 
Eira was forced by pack ice to navigate along the edge of 
the ice east of Spitsbergen, and eventually approached the 
recently discovered Franz-Josef Land. Leigh Smith explored 
and described some 180 miles of the archipelago, outlining its 
previously unknown southern parts to their western limits. 

Leigh Smith planned to continue his exploration of 
Franz-Josef Land the following summer, but the season had 
markedly heavier ice conditions. Soon after arrival on 21 
August, the Eira, having been crushed by a sudden movement 
of ice, sank off Northbrook Island, leaving the crew of 25 

Figure 2. SY Alter Ego in Eira Harbour. In front is Mable Island, behind Bell 
Island, and on the horizon is Prince George Land, with capes discovered 
by Leigh Smith in 1880. © Open Ocean Project 

British legacy in the Russian high-Arctic 

1    Markham, C.R. (1881). The voyage of the Eira and Mr. Leigh Smith’s Arctic 
Discoveries in 1880. Proceedings of the Royal Geographical Society and Month-
ly Record of Geography, 3 (3) 129-150. http://www.jstor.org/stable/1800456

2 For more information, read V. Albanov: In the Land of White Death 

Figure 1. Boarding Alter Ego via the dive-deck. As part of the 
preparation for the archaeological expedition, Alter Ego was upgraded 
with a dive-deck. © Open Ocean Project / Vladimir Melnik. 

A tribute to the memory of a forgotten Victorian polar pioneer.

By Maria Gavrilo.
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men stranded on uninhabited land. They survived the long 
Arctic winter, and the following summer managed to cross 
the Barents Sea and reached Novaya Zemlya, where they 
were rescued by a relief expedition led by Sir Allen Young. 

In the late summer of 2018, sailing in the places discovered 
by Eira (see Fig. 2), we did not encounter any sea ice. 

But our goal was to explore the shipwreck and confirm 
that it was, in fact, the Eira. Our team consisted of six 
divers led by underwater archaeologist Mark Stepanov 
and professional rescue diver Sergey Kovalyev. Arctic-
experienced diver Alexander Chichaev—who had found 
the Eira the previous season—supervised the overall 
logistics of this pioneering underwater venture.

Constantly changing tidal and permanent currents up 
to 1 m/sec significantly impacted the work and limited the 
daily time window for diving. At the same time, storms, 
waves, and occasional icebergs limited overall conditions 
suitable for diving. The challenges facing the survey team were 
compounded by low light and poor underwater visibility: 
factors which also affected safety. Nevertheless, over two 
working days, our highly motivated team made 13 dives to 
20 m depth, logging 336 minutes underwater, which allowed 
them to measure the wreck, make a visual survey, carry out 
photo and video documentation, and collect artefacts. 

The Eira lies flat on her keel. The haul and steam engine 
are largely destroyed. The superstructure is missing, as are 
the bow and stern parts, all likely due to iceberg movement. 
Forty-four artefacts collected include ceramic fragments of 
laboratory dishes and tableware, parts of the ship’s decorations 
and mechanisms, rifle cartridges, and so forth. One of the 
most important pieces—proving the identity of the ship—is 
a fragment of glazed stoneware flagon bearing the inscription 
‘Robert K[idd] wine & spirit [Merchant] Peterh[ead]’(see Fig. 
3). This must be a fragment of a rum flagon, the spirit which 
was supplied to the expedition in good quantity. Robert Kidd 
was an influential merchant, one of the six trustees of the 
Peterhead Harbour, and the owner of the Hope, which rescued 
Leigh Smith’s expedition. Arguably, the most impressive 
artefacts are the three decorative bronze dolphins which were 
used as supports for the ship’s compass binnacle (Fig. 4). 

All the artefacts have been delivered to the World Ocean 
Museum in Kaliningrad. The wreck of the Eira has been 
approved by the Russian Ministry of Culture and entered 

into the State Register as an 
underwater archaeological 
monument. Additional 
hydrobiological observations 
suggest that the shipwreck is a 
monument not only of cultural, 
but also of natural value. The 
Eira has become an underwater 
oasis in the surrounding sand 
desert, with kelps and a variety 
of bottom-dwelling invertebrates 
(see Fig. 5): an oasis whose 
age is precisely known. 

Our survey of the Eira 
appears to be the first research 
on any underwater archaeological 
monument in the Russian Arctic. 
The Eira carries the distinction 

of being the world’s northernmost discovered shipwreck; 
a unique piece of underwater cultural and natural Arctic 
heritage that deserves further research and protection. 

This is not the only legacy of the British explorer in the 
high-Arctic Russian archipelago: some 40 place names track 
the Eira’s route on the map, while the expedition logbook and 
collections provide unique baseline data on the wildlife and 
environment of Franz-Josef Land, revealing the environmental 
changes that have taken place over the century since Leigh 
Smith’s adventures in this remote and pristine area.
Dr Maria Gavrilo (m_gavrilo@mail.ru)

Open Ocean Project leader, Association Maritime Heritage, 
Russia.

Further reading

Capelotti, P.J. (2013). Shipwreck at Cape Flora: The 
Expeditions of Benjamin Leigh Smith, England’s Forgotten 
Arctic Explorer. University of Calgary Press, Calgary.

Capelotti P.J. & Forsberg M. (2015). The place names of 
Zemlya Frantsa-Iosifa: Leigh Smith’s Eira expeditions, 1880 
and 1881–1882. Polar Record, 51 (1): 16-23. 

Guggenberger E. & Voitl H. (2008). Eis und Ego: Arctis 
Expeditionen.

Figure 3. Part of a glazed stoneware flagon with inscription ‘Robert 
K[idd] wine & spirit [Merchant] Peterh[ead]’. © Open Ocean Project / 
Vladimir Melnik.

Figure 5. A part of the Eira wreck overgrown with kelp and benthic 
invertebrates. Image credit Figs. 4 and 5 © Open Ocean Project / 
Alexander Chichaev.

Figure 4. One of the three 
bronze dolphins which 
supported the ship’s 
compass binnacle.
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Why should we care about the sea in 
these distant places?

Jane: The polar regions are the 
places on Earth most sensitive to 
climate change, and the Arctic is 
warming faster than anywhere else 
on Earth. The polar regions also 
respond first to climate change, so by 
understanding what is happening at 
the poles we get an early warning for 
lower latitudes. What is happening 
now is that change in polar regions 
is affecting the rest of globe. 

The Southern Ocean has been a 
focus for research because we know 

that it is taking in heat and carbon. It 
is really important that we understand 
exactly what is going on in that 
ocean: where is the heat and carbon 
stored? What will happen in future?
What do new technologies mean for 
the future of manned research 
vessels? 

Jane: Research vessels increasingly 
act as mother ships for surface and 
underwater autonomous vehicles 
(AVs). These AVs can reach further 
to collect more data to help us 
understand the big science questions. 
As the main ship stays stationary, this 
helps cut our carbon emissions, and 
this is a big quest for UK Research 
and Innovation (UKRI), BAS, and 
the Natural Environment Research 
Council (NERC).

The future may 
be autonomous 
mother ships 
powered by 
renewables 
that launch fleets of submersibles, 
remotely operated vehicles 
(ROVs), AVs, and so forth. 

Sophie: Research vessels are still 
needed because AVs can’t reach 

distant places yet. Looking ahead, I 
can see individual AVs that can do 
specific tasks, and an armada of AVs 
that make boundary measurements 
while the ship staff focus on taking 
physical samples and analysis on 
board—the human sampling that 
it isn’t yet possible to automate. 

New technology will enable access 
to areas we haven’t been able to reach 
before. Seasonality is a massive topic 
at both poles and we are interested in 
resolving what happens in winter. 
What special features does a research 
vessel need for polar work? 

Sophie: The SDA is designed to 
operate in polar conditions where 
it will encounter sea ice, icebergs, 
growlers (small icebergs, often 

transparent, that 
sit low in the 
water), underwater 
obstructions, 
unknown 
bathymetry, and 

extreme wind and weather. A research 
vessel needs to be ice-capable with a 
strong, double-skin hull, and plenty of 
power. The SDA is not an ice breaker, 
but rises up on the ice and uses its 

The RRS The RRS Sir David AttenboroughSir David Attenborough, a new , a new 
research vessel for the United research vessel for the United KingdomKingdom

The RRS Sir David Attenborough at Liverpool 
Cruise Terminal. © Rich Turner / BAS.

The RRS Sir David Attenborough 
(SDA) was launched in July 2018 
and is scheduled to make its 
maiden voyage to Antarctica in 
late 2021. The UK has a history of 
facilitating collaborations in both 
polar regions, and the SDA will 
support international partnerships. 
We are delighted to present 
Professor Dame Jane Francis 
(Director of British Antarctic 
Survey) and Dr Sophie Fielding 
(Zooplankton Ecologist at BAS) in 
conversation about the new vessel 
and the future of polar research.

Research vessels increasingly 
act as mother ships for surface 
and underwater autonomous 

vehicles
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weight to break through. This requires 
good power management. The SDA 
also has searchlights and acoustics to 
see obstacles such as growlers, as well 
as rocks in poorly surveyed areas.

To cope with extreme wind and 
weather, polar research vessels need 
good sea-keeping and dynamic 
positioning capability. This enables 
complex instruments, particularly 
ROVs and drills, to be deployed 
safely at specific locations.

The SDA has a moon pool — 
like a bottomless swimming pool 
on the centre of the ship. This is 
a safe, sheltered area from which 
to deploy instruments, reducing 
motion, keeping instruments 
unfrozen, and keeping workers 
safe from the elements. 
What new techniques or approaches 
will be made possible with the new 
research vessel? 

Sophie: The SDA is one of a few 
ships with a giant piston corer. This 
opens up huge opportunities to 
look at the extended palaeo-record 
from polar waters. Long sediment 
cores from the 
seafloor contain 
high-resolution 
records of past 
climates through 
several glacial-interglacial cycles.

It also provides new capability for 
the UK to trawl or deploy instruments 
to 8,000 m depth. We find similar 

organisms in vastly different locations 
in the deep sea, and deep access will 
give us a better idea of connections 
between these populations—a 
key question in marine biology.

We have novel laboratory facilities 
too—one lab holds a dedicated 
environmental scanning electron 

microscope (SEM). 
This will enable us to 
be far more reactive 
to what we see in the 
environment. For 

example, examination of the influence 
of ocean acidification on gastropod 
shells, currently undertaken on 
dried samples, is revealed by SEM. 

The SDA has the capability to 
investigate dynamic processes in 
situ. It is the only global ocean RV 
with a dedicated system for metal-
free, clean sampling, enabling 
us to undertake trace metal-free 
sampling. Also, with a current 
focus on microplastics, plastics, and 
eDNA techniques, it is important 
to have a clean environment in 
which to carry out assays. 
What new avenues of research are 
you most excited about? 

Jane: Understanding the impact 
of the loss of sea ice on the ocean 
carbon cycle, circulation, and biology 
is critical. This has been hard to 
study because the sea ice is in the 
way. Autonomous vehicles are much 
more sophisticated now, and we can 
send AVs with cameras kilometres 
underneath the ice shelf and actually 
see what is happening at the point 
where the ice shelf is attached to the 
rock. We can understand the effects 
of warming waters and discover new 
ecosystems living on the underside of 
the ice. All of this is revolutionary. 

The Sir David Attenborough is owned 
by UK Research and Innovation and 
the Natural Environment Research 
Council and will be operated by the 
British Antarctic Survey. The vessel 
is part of BAS’s support for the UK 
scientific community.

See the pull-out poster of the SDA 
in the back of this edition.

Aerial view of the Sir David Attenborough. The helideck and hangar can support two small 
helicopters. The main cargo crane at the stern has a lifting capacity of 50t. © Glenton Media.

Looking towards the bow of the Sir David Attenborough from the port quarter. © PZ Dynamics.

The SDA has the  
capability to investigate 

dynamic processes in situ 
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Jellyfish have had a bad press. In 
some respects, they deserve 
it. For many people they 

are a slimy nuisance at the beach. 
They can also be problematic for 
fishermen, aquaculture operators, 
and even power plants. Some 
tropical species can—although 
rarely—cause fatalities. However, 
specialists recognize that the roles of 
jellyfish are complex and much more 
diverse than previously thought.

To illustrate this, and to try 
to improve the public image of 
jellyfish, I would like to introduce 
a little-studied, yet fascinating, 
group: zooxanthellate jellyfish. 
These jellies are peculiar in that 
they host in their tissues tiny 
algal symbionts (zooxanthellae). 
While the jellyfish itself hunts for 
planktonic prey, the zooxanthellae 
use sunlight and nutrients to 
perform photosynthesis. The two 
partners then exchange resources, 
complementing one another’s 
needs (Fig. 1). The zooxanthellate 

jellyfish, as a whole, is therefore 
mixotrophic (i.e. simultaneously 
predator and photosynthetic).

One of my first surprises when 
I started working on these jellyfish 
was their stunning diversity. From 
the data currently available, it can be 
estimated that the symbiosis between 
jellyfish and zooxanthellae originated 
independently at least seven times 
during their evolution, and it is likely 
that there are still more originations 
to be discovered. When looking at 
the large and most-studied jellyfish 
(called scyphozoans), it appears that 
being zooxanthellate is quite normal, 
as 20–25 per cent of scyphozoan 
species can have zooxanthellae.

The fact that zooxanthellate 
jellies are mixotrophic has many 
fascinating implications for their 
adaptations, life cycles, and roles 
in ecosystems. For instance, the 
adoption of mixotrophy implies that 
one resource might compensate for 
the other if one is lacking. This may 
allow populations of zooxanthellate 

jellyfish to be generally more stable 
and less ‘bloomy’ than populations 
of comparable, non-zooxanthellate, 
jellyfish. Another example of the 
peculiarities of these jellyfish is in 
their behaviour. Zooxanthellate 
jellyfish indeed tend to favour 
exposure to sunlight by swimming 
near the surface during the day, 
actively avoiding shadows, and 
even, in the very peculiar upside-
down jellyfish Cassiopea spp., spend 
all their time lying on shallow 
seafloors exposed to the sun. Such 
adaptations may, however, imply 
trade-offs such as reduced ability to 
hunt for prey. These trade-offs and 
their low propensity to form blooms 
imply that zooxanthellate jellyfish 
have differing ecologies compared 
to non-zooxanthellate jellyfish. 
Although few studies are available, 
future comparison of zooxanthellate 
and non-zooxanthellate jellyfish 
could allow a better understanding 
of the roles of mixotrophic 
organisms in ecosystems, making 
them a novel ecological model.

Jellyfish in general have a complex 
life cycle, beginning their life as a 
polyp living on the seafloor. The 
polyp then forms young jellyfish 
through a process called strobilation. 
Interestingly in zooxanthellate 
jellyfish, the polyp does not have 
zooxanthellae at the beginning of 
its life and needs to acquire them 
from its environment. However, 
most of the time zooxanthellae 
are needed for strobilation. It 
is not known how and why the 
polyp appears to ‘wait’ to acquire 
zooxanthellae before strobilating, but 
it may be to ensure that the young 
jellyfish, which can rely heavily 
on them, have zooxanthellae. This 
particular aspect is of tremendous 

Jellyfish are unloved and misunderstood, yet diverse and essential to 
marine ecosystems. Nicolas Djeghri speaks up for the under-studied 
zooxanthellate jellies.

Figure 1. The symbiotic relationship 
between jellyfish and zooxanthellae. 
Organic matter is provided by both 
photosynthesis of zooxanthellae (using 
sunlight, CO2 and inorganic nutrients) and 
predation. This organic matter is then 
used by both partners which, through 
respiration, regenerate CO2 and inorganic 
matter. Through this symbiosis, the jellyfish 
and the zooxanthellae complement each 
other’s needs.
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As 2020 dawned there was 
excitement about what was 
being badged as the ‘super-

year for the ocean’. This was due to 
a number of important events and 
milestones in 2020 including: the 
‘Biodiversity in Areas Beyond National 
Jurisdiction’ (BBNJ) discussions on 
a legally binding treaty to create new 
international high seas regulation; 
a UN Oceans Conference to assess 
the implementation of Sustainable 
Development Goal 14 and to 
identify new ways to promote its 
application; a meeting of the IUCN 
World Conservation Congress; 
the 15th Conference of the Parties 
(COP15) to the Convention on 
Biological Diversity (CDB), aiming 
to renew the now-expired (and not 
achieved) Aichi Targets (2010–2020); 
the COP26 of the United Nations 
Framework Convention on Climate 
Change in Glasgow, UK; and 
the Our Ocean Conference. 

As the Covid-19 situation developed, 
the landscape became one of cancelled 
meetings, postponed negotiations, 
and a scramble to reorganize marine 
conferences online. It is understandable, 
therefore, that the marine science and 
policy community was rather cautious 
going into 2021 concerning the status of 
numerous events. At the time of writing, 
some events organizers have already 
decided that 2021 is too risky. This 
includes the UN Oceans Conference, 
where the physical in-person meeting 
in Lisbon, Portugal, will not happen 
now until 2022, although a hybrid 
format High-Level event is planned 
for summer 2021. Other events 
nearer the end of the year, such as 
COP26, are planned to go ahead but 
should still be considered at risk, and 
a raft of others are in discussion.

Despite the ongoing situation, there 
are grounds for optimism. It is hoped 
that negotiations at COP26 will benefit 

from a new political impetus, with the 
US signalling its intent to rejoin the 
Paris Agreement. As COP26 is seen as 
the most important climate summit 
since the COP21 Paris Agreement, 
US re-engagement is all the more 
important. Also, in addition to the 
‘super-year’ events, a number of other 
significant activities are underway. 
The UN Decade of Ocean Science for 
Sustainable Development kicked off in 
January (see The Marine Biologist, issue 
17) with an excellent response from the 
marine community to January’s call for 
action. The global marine community is 
not allowing the situation to dampen its 
enthusiasm for international cooperation. 

The UK takes the presidency of the 
G7 in 2021, and this is another area 
where it is hoped progress will be made. 
‘Tackling climate change and preserving 
the planet’s biodiversity’ is a priority, and 
‘supporting a green recovery’ has been 
adopted as a key aim as the world looks 
to bounce back from the devastation 
wreaked upon the economy by the 
pandemic. Ensuring we have a sustainably 
managed ocean will be fundamental to 
meeting these aims. Activities linked to 
this will be looked at by the Future of 
the Seas and Oceans Working Group. 
This group, formed in Tsukuba, Japan, 
in May 2016, launched the ‘Future 
of the Seas and Oceans Initiative’ (the 
‘Tsukuba Communiqué’), and provides 
a link between high-level political 
ambition and tasks required for delivery.

There will be more postponements 
and re-scheduling, and the pandemic will 
no doubt continue to dominate global 
agendas. However, with remote working 
and meeting part of the ‘new normal’, the 
international marine science and policy 
community is much better placed in 
2021 to address the challenges faced in 
our global oceans. So physical meetings 
or not, 2021 can still be a super-year!
Matt Frost (matfr@mba.ac.uk) MBA 
Deputy Director and Head of Policy 
and Engagement.

Can 2021 be the 
‘super year’?

© MBA

interest for developmental 
and symbiosis biologists.

To conclude, I hope I have 
contributed to a more balanced 
view of jellyfish. The zooxanthellate 
jellyfish, in particular, may be of 
enormous, but largely unexplored, 
scientific interest. Jellyfish can 
also inspire new research routes, 
and perhaps more importantly, 
some sense of wonder.
Dr Nicolas Djeghri  
(nicolas.djeghri@gmail.com)

Further reading

Djeghri, N., Pondaven, P., Stibor, H. 
& Dawson, M.N. (2019). Review of 
the diversity, traits, and ecology of 
zooxanthellate jellyfishes. Marine 
Biology, 166: 147.

Ohdera, A.H., Abrams, M.J., Ames, 
C.L., et al. Upside-down but headed 
in the right direction: review of the 
highly versatile Cassiopea xamachana 
system. Frontiers in Ecology and 
Evolution, 6: 35.

Population of the zooxanthellate jellyfish 
Mastigias papua in one of Palau’s marine 
lakes. The large population in this lake is 
present year-round and is part of normal 
ecosystem functioning.  
© Philippe Pondaven.

This is the case most notably in the 
Palau archipelago (Western Pacific 
Ocean) where Ongeim’l Tketau, the 
‘jellyfish lake’, attracts tourists from all 
over the world and represents an 
important source of revenue for the 
local economy. This marine lake hosts 
millions of zooxanthellate jellyfish of 
the species Mastigias papua. No 
stings are to be feared, as the 
stinging cells off these jellyfish are not 
large enough to pierce human skin, 
and I can testify first hand that 
snorkelling in the lake is an amazing 
experience. 

Box 1: Zooxanthellate jellyfish 
can be a tourist attraction



22  The Marine Biologist | April  2021

Policy

Scotland’s Marine Assessment 2020 
(SMA2020) is the product of a 
substantial collaboration between 

statutory agencies and academia. It was 
launched on 21 December, and is 
primarily delivered through a web 
portal1.

SMA2020 uses a large evidence 
base to deliver a peer reviewed 
assessment of the status of the seas 
around Scotland, identify trends and 
pressures in each of the 21 new marine 
regions, and report against the vision 
for clean, healthy, safe, productive, 
biologically diverse marine and coastal 
environments, managed to meet the 
long-term needs of people and nature.

 A lot of thought was devoted to 
the overall look and accessibility of the 
SMA2020 which should ensure that 
the Assessment is picked up and used. 

The primary purpose of the 
Assessment is to provide the evidence 
base for a review of Scotland’s National 
Marine Plan. However, SMA2020 
is a data-rich resource which can be 
used by schools, students, planners, 
regulators and decision-makers, and, of 
course, the Scottish Government. By 
using internationally agreed indicators, 

the information is also relevant to 
neighbouring nations. The section 
on natural capital, ecosystem services 
and the blue economy introduces the 
concepts and lays the foundation for 
the further development of Scotland’s 
Blue Economy Action Plan. The 
Regional Assessments are a first attempt 
at providing an assessment at the 
scale of the new marine regions. 

There are a number of clear messages 
from SMA2020 (see Box 1). A key 
message, given that SMA2020 has 
been prepared to inform a review 
of Scotland’s National Marine Plan, 
is that there are insufficient data 
to allow detailed assessment at the 
scale of the Scottish Marine Regions 
and Offshore Marine Regions. 

For SMA2020 to have impact, people 
must know about the assessment, visit 
the site and spend time digesting the 
information. The approach taken has 
included using internationally recognized 
indicators and datasets—for example, 
the data derived from the Continuous 
Plankton Recorder (CPR)—as well as 
linking the outcomes with international 
initiatives including the United Nations 
Sustainable Development Goals. The 
themes and colour schemes used on 
the web portal will be familiar to many 
users, having been used in Scotland’s 
Marine Atlas—the previous status 
assessment. The provision of references 
and metadata-embedded web links 
will, hopefully, make SMA2020 
the ‘go to’ source of information in 
respect of the seas around Scotland.

SMA2020 also addresses new and 
developing areas such as blue carbon and, 
in the case of the Blue Economy, a series 
of icons have been produced to present 
the information in a very visual manner 
(see Fig. 1), a critical element of our post-
publication communications strategy.

Delivering clean, healthy, biologically 
diverse and productive seas is possible, 
but will only happen through closer 

coordination and collaboration, 
including with coastal communities 
and international partners.

SMA2020 was compiled by staff 
at Marine Scotland, NatureScot, the 
Scottish Environment Protection Agency, 
and the Joint Nature Conservation 
Committee, as well as very significant 
contributions from others including 
the academic sector, delivered through 
the Marine Alliance for Science 
and Technology for Scotland.

Colin Moffat1, John Baxter2 (john@
oceanperspectives.com), Martyn Cox1, 
Adam Cox1 and Katie Gillham3

1. Marine Scotland, Scottish 
Government 

2. Marine Alliance for Science and 
Technology for Scotland

3. NatureScot

Colin Moffat, John Baxter, Martyn Cox, Adam Cox and Katie 
Gillham describe how delivering Scotland’s Marine Assessment 
2020 has gone beyond simply providing an assessment. 

Making Scotland’s Marine 
Assessment 2020 count

• Progress is being made in 
improving the state of Scotland’s 
seas, but there are increasing 
pressures associated with 
non-indigenous species, climate 
change, and ocean acidification; 
the latter two being the most critical 
factors affecting Scotland’s marine 
environment.

• Many marine industries are of 
growing importance to the Scottish 
economy, which is worth (2017) 
£14.66 billion gross value added 
(GVA).

• Bottom-contacting and pelagic 
fishing continue to be the most 
geographically widespread, direct 
pressures affecting Scotland’s seas.

• Marine Protected Areas and 
measures to tackle marine litter 
have developed quite recently and 
need more time to be fully effective. 

Box 1: Highlights and next 
steps from SMA2020

Figure 1. Examples of benefits from 
Scotland’s seas are presented in a pictorial 
manner in SMA2020.

1      https://marine.gov.scot/sma
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The ocean, according to the ancient 
Greeks, was a child of the 
earth and the sky. The Titan 

Oceanus was seen as the divine 
personification of the river that 
encircles the earth, hence the 
etymological source for the body of 
water that surrounds all land masses.

While his name defines his kingdom 
to the present day, the latter was taken 
from him when the gods defeated his 
brother Cronus and divided the earth 
between themselves. The ocean went 
to the fiery tempered Poseidon who, 
when enraged, struck the ground with 
his trident, producing earthquakes and 
storms (see Fig. 1). Antique gods were 
often personifications of their element, 
and attributes regarding the gods 
were taken from human experiences 
with nature. For the ancient Greeks, 
the ocean was a frightening world 
they could not control, even when 
establishing the first navy in history. 

When Christianity replaced 
polytheistic religions, the ocean found 
a new master who, like his predecessor, 
used oceanic forces to enforce his 
will. When Jonah flew from his 
orders, he was forcefully reminded 
of his duties, and the people of Israel 
only escaped Egyptian persecution 
via a corridor in the Red Sea. 

The reason why oceanic deities 
were almost exclusively male might 
be that people attributed to the 
ocean such qualities as power and 
destruction, which were thought to be 
predominantly male characteristics.

This view turned the ocean into 
an opponent, especially when the 
Enlightenment began to erode its 
sacred qualities. The ocean became 
an enabler of human progress, 
providing food, the transport of 
goods, and chemical novelties like 
whale oil; but obtaining these services 
often meant risking one’s life. 

It might not come as a surprise 
that the ocean is masculine in most 
languages that employ a grammatical 
gender (a quarter of the world’s 
languages), a construct resulting from 
cultural experiences and manifested 
as a grammatical rule. Grammatical 
constructs like this are tools of daily 
thought processes, but people rarely 
question whether they might have an 
effect on their perception of the world.

Spending much of his later life in 
Cuba, Hemingway made an 
observation which he used in his novel 
The Old Man and the Sea: the old 
fishermen called the sea ‘la mar’ 
(feminine), which is grammatically 
wrong, while the young fishermen 
used the word in its masculine form. 
Hemingway wrote that the young 
fishermen with their speedboats and 
high-tech gear saw the ocean as an 
opponent, while the older fisherman 
saw it as something nurturing, 
life-giving. 

To test whether the gender of a 
word affects its perceived attributes, 
neuroscientists at Stanford University 
gave German and Spanish speakers 
words that possess opposite genders 
in their respective language with 
the task to describe them. The 
word ‘key’ (masculine in German/
feminine in Spanish) was described 
with words like ‘hard’, ‘metal’, and 
‘serrated’ by the former, while the 

latter used ‘lovely’, ‘intricate’ and 
‘shiny’. After repeating the test 
with different words, the scientists 
concluded that the gender of a word 
determines its perceived attributes, 
and further, that these attributes 
can be predicted. For instance, if 
a word is masculine, its attributes 
are expressed by words traditionally 
connected with masculinity. 

The concept of a masculine ocean 
comes from a time when humans 
had to fight nature to survive, but 
in today’s world, where it seems like 
the only way to survive is to stop this 
fight, grammatical constructs that 
emphasize the life-giving qualities of 
the ocean might be more appropriate. 

The English language does not 
use a grammatical gender system, 
but it is not a genderless language, 
and especially emotionally charged 
terms can receive a metaphorical 
gender like ‘mother earth’, a construct 
already used by some of the first 
civilizations, but primarily intended 
for the terrestrial environment. 

The ocean has not been labelled 
with a metaphorical gender yet, 
therefore, given the masculine past 
and the current state of the ocean, I 
suggest to add the (admittedly not 
very imaginative) term ‘mother ocean’ 
to the list of grammatical tools that we 
use to think about this environment. 
 Jasper Grond (jasper.grond@web.de)

The case 
for a female 
ocean
By Jasper Grond.

Neptune’s Horses by Walter Crane. Neptune was the Roman god of the sea, and was identified 
with the Greek god, Poseidon. Public Domain, via Wikimedia Commons.
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A British territory in southern Iberia, Gibraltar is a 
peninsula surrounded by the Mediterranean 
Sea on three sides. Historically, it was extremely 

important militarily, allowing the British to control naval 
traffic through the Strait. Today, the Strait of Gibraltar is a 
hotspot for oceanographic and marine biological research. 

This dynamic marine environment where Atlantic Ocean 
water meets the warmer, more saline Mediterranean Sea, 
has much to teach us about marine communities and 
determining factors which drive changes in their structure 
over time. The importance of researching the Straits has 
been recognized with the opening of the University of 
Gibraltar in 2015, and there has subsequently been a 
resurgence in scientific research and community outreach.

Dynamic environments and free enquiry are the 
bedrock for quality scientific research, and it is on 
this canvas that we founded the Nautilus Project. 
Our aim is to perform scientific research, community 
outreach and to raise marine environmental issues 
locally and globally. Combining marine biology with 
computer science, the charity has created a mobile 
app called NEMO. The app is the project’s flagship 
citizen science programme and is a user-friendly way 
for tourists to engage with our local marine wildlife.

NEMO is a reporting platform which alerts other users of 
marine sightings. The home user can receive notifications of 
nuisance events such as jellyfish blooms, or of observations 
of particular interest such as marine bird migrations. The 
app facilitates the reporting of eight different non-scientific 

categories (see Fig. 1) and 
these reports are shared 
with other NEMO users. 

The app is able, through 
user sightings, to track 

the progress of invasive species such as lionfish as they eat 
their way from Cyprus to eventually arrive in, and move 
beyond, Gibraltar. The flesh of the lionfish is very tasty 
and NEMO could help indicate the correct time to open 
a new fishery, or even when local councils should shut 
beaches due to the dangers the invaders pose to swimmers.

NEMO attracted thousands of users over the last 
year around the Mediterranean. Although mainly from 
Gibraltar, sightings have also been recorded in Italy, UK, 
Portugal, Spain, Cyprus, Turkey and Tunisia. The Nautilus 
Project is seeking to grow the user base to obtain a more 
complete picture of changes in the marine environment.

The app reached the semi-finals in the Welcome 
Challenge Global Forum 2018 in Tbilisi, Georgia, which 

seeks to promote and advise start-up organizations 
on a wide range of business development. It also 
provides access to investors and mentor initiatives 
to maximize start-up efficiency. We are constantly 
seeking to improve the way we engage with our 
audience to maximize our scientific output, and 
the trip provided great opportunities for NEMO to 
receive greater exposure in Mediterranean countries 
and among influencers in environmental education.

NEMO collaborations from data generated in the 
Bay of Gibraltar with Spanish and Turkish research 
institutions are presently being negotiated, with more 
announcements expected at the end of the year.

Data collected on Rhizostoma sp. jellyfish was shared 
with a Granada University, Spain, PhD student. Dr 
Kienberger and The Nautilus Project received its first 
public acknowledgement in a published thesis.

Collaborations are taking place with Dr Brendan Godley 
from Exeter University, who is ‘fattening up’ datasets by 
collecting turtle sightings data at British Overseas Territories 
around the world. The data from these locations is longer-
term than could ever be collected by a visiting researcher. 

Dynamic environments require novel approaches 
to research, and 2021 promises to see the Nautilus 
Project go from strength to strength as new initiatives 
come online. With a solid and committed team of 
expert volunteers, the project will continue to bring 
cutting-edge science to our local population and the 
surrounding regions. We are focusing on expanding 
NEMO’s user base in order to increase information on 
marine species. If you would like to help, the best way to 
get involved is to download the app and get spotting!
Lewis Stagnetto (info@thenautilusproject.co)

https://thenautilusproject.co/nemo/

Citizen science 
without frontiers
Lewis Stagnetto introduces NEMO, a new app 
aimed at engaging citizens to share marine life 
sightings, which is attracting thousands of users in the 
Mediterranean and beyond.

NEMO is a reporting 
platform which alerts other 
users of marine sightings

Figure 1. The NEMO app facilitates species recording in a user-
friendly way.
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What are the most dangerous 
places for sharks? 

Abstract

Sharks have lived in our oceans for more than 400 million 
years. These incredible animals come in a range of shapes 
and sizes – from the 22cm/9in dwarf lantern shark, to the 
18m/60ft whale shark! Many sharks are top predators. They 
are important because they keep the food web balanced and 
the oceans healthy. Unfortunately, dangers from fishing and 
other threats (like pollution and climate change) mean shark 
populations are struggling.

Sharks can live to be very old (the Greenland shark can live up 
to 400 years!) and usually have only a few babies. This means 
they are very vulnerable to fishing because their populations 
take a long time to recover. Sometimes sharks are accidentally 
caught in fishing gear. Other times they get caught on purpose. 

This is because there is a global demand for shark fins and 
meat. Before the 1950s, the high seas (areas of open ocean) 
were a safe place for sharks. But since then, big fishing vessels 

have moved into the high seas. Marine Protected Areas 
(MPAs) often exist near our coasts and some protect sharks 
from fishing. But currently, only 1.18% of the high seas are 
MPAs! Fortunately, many countries have pledged to protect 
30% of the oceans by 2030.

We wanted to better understand where sharks and fishing 
vessels are within the world’s oceans. This would allow us 
to give information to governments and fishing management 
organizations about the best places for MPAs to protect sharks. 

Many people are scared of sharks, but they are actually a 
very important part of the ocean’s ecosystem. Did you know 
that falling coconuts are actually more deadly to humans than 
sharks? Each year, tens of millions of sharks are caught by 
fishing vessels (ships). So actually, they should be afraid of 
us. And instead of fearing them, we should protect them – 
from ourselves!

We wanted to find out where sharks are most at risk from 
fishing across all of the world’s oceans. We used tracking data 
from both sharks and fishing vessels to create maps of where 

sharks like to hang out and where ships go fishing. When 
they overlap, sharks are at risk of being caught! We found 
the areas that are most dangerous for sharks to swim. These 
areas are unique to different species and different oceans. 
We can use our findings to tell people who manage the seas 
how to best protect sharks and the other marine life that rely 
on them.

Introduction

Authors:
Nuno Queiroz, Nicolas E. Humphries, 
David W. Sims, and others
Associate Editors: 
Lois Flounders and Lindsay Martin

There are more than 500 
different shark species in 
the world today.

Image: @HelenTheShark 
on Twitter
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WHAT ARE THE MOST DANGEROUS PLACES FOR SHARKS?

Results
We found that many different species of sharks like to spend 
their time in the same locations. These areas, like the Gulf 
Stream or Galapagos Islands, were major shark hotspots! 

Some regions (like the southwest Indian Ocean) were very 
popular for fishing vessels, while other areas had very little 
fishing activity. 

There was a 24% overlap between sharks and fishing vessels 
across all oceans (Figure 2). This amount was different across 
different oceans and shark species. For example, the highest 
amount of overlap (76%) for the blue shark was in the North 
Atlantic Ocean (Figure 3). A risky place for this species!

We found that sharks spent 2-6 months in the riskiest regions 
each year. This was different from species to species.

Sharks and fishing vessels went to the same areas because 
these regions were very productive. This means there are lots 
of fish for the sharks to eat and for the vessels to catch!

Methods

Blue sharks are the ocean’s widest-ranging sharks. 
They migrate across the high seas and visit coastal 
areas during the warmer months. Where would a 
marine protected area really help them?  

Figure 3. Movements 
of tagged blue sharks 
across the oceans.

We carefully put satellite transmitter tags (we call them SATs) 
on 23 different species of shark (Figure 1). This meant we 
could track shark movements across the high seas. We did 
this all over the globe – from the Atlantic, to the Indian, to the 
Pacific Oceans.

Most of our movement-tracking data came from 11 out of the 
23 shark species. We used 1,804 tags in total! All these tags 
meant we could develop a map of where the sharks liked to 
hang out. We call these shark hotspots.

We then looked at the global movements of fishing vessels 
using something called automatic identification systems (or 
AIS). All vessels over a certain length and weight have these 
systems, which track where they go.

We could then combine our map of shark hotspots with 
information about the location of fishing vessels. Next we 
figured out when and where sharks and fishing vessels 
were moving in the same area  (overlapped). This led us to 
important questions, like which species were most at risk from 
fishing, and where are the riskiest locations for sharks?

Figure 2. Areas where sharks and fishing vessels overlapped. 
The white/orange areas are riskier for sharks.

Figure 1. A bull shark 
with a satellite tag on the 
dorsal fin. Photo: Christine 
Shepard/
www.SharkTagging.
com
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The high seas might seem too far away for you to make 
a difference. But you can! Many big fishing vessels like to 
catch tuna. Unfortunately, they often catch sharks and other 
species such as manta rays, whales, and dolphins too. 

If you or your family buy tuna, try to find “pole and line” tuna. 
Pole and line is the most shark-friendly and sustainable type 

of tuna fishing. Sustainable fishing means leaving enough 
fish in the ocean, respecting habitats, and ensuring people 
who depend on fishing can maintain their livelihoods. When 
you buy sustainable fish, you are helping to protect sharks 
and other species as they travel across the oceans!

Conclusion

There is a great deal of fishing activity happening in shark 
hotspots across the world’s oceans. Sadly, some shark species 
are at risk almost everywhere they go. These hotspots are 
very important areas for many threatened species  – and 
need protecting! We made the first maps of the locations 
where sharks and fishing vessels overlap across the seas.  
One way to protect sharks is to use large-scale Marine 
Protected Areas (MPAs). Using our maps to locate the most 
important shark hotspots, we can ask governments and 
fishing management organizations to protect the hotspots 
from fishing. This leads to fewer sharks getting caught in 
fishing lines.  

There are also places where sharks go, but little fishing 
happens there. There may be less fish, so sharks do not stay 
in these regions but just pass through. But we should still 
target these spots for protection! This is because we can make 
them a protected area for sharks without causing problems 
for fishing vessels.

In the future, it could be possible to track the movements of 
sharks and fishing vessels in real time! If we can get fishing 
management organizations on board, this could be a game-
changer for shark protection. Imagine lots of sharks starting 
to feed in a new area. We could quickly put a new MPA in 
place to protect them! This would mean fewer shark deaths 
in the high seas, which helps shark populations to recover.

Glossary of Key Terms

Automatic identification system (AIS) – a tracking system for larger ships to prevent collisions and to track a ship’s location.

Climate change – global changes in temperature, usually over a very long time – 1000s of years. 

Fishing management organization – an organization that manages fishery resources in a certain area of the ocean. For example, 
the Indian Ocean Tuna Commission (IOTC) manages tuna fishing in the Indian Ocean. The IOTC also manages other species such as 
sharks and rays which are caught by tuna fishing vessels.  They are also called Regional Fisheries Management Organizations (RFMOs).

Food web – the way that plants and animals are connected to help them all survive.  Imagine a tree that grows acorns. The mice, 
squirrels, and insects eat the acorns. Then, weasels, snakes, and racoons have lots of mice to eat.  

High seas – areas of open ocean that are at least 200 miles from any country’s coast. They are also known as Areas Beyond National 
Jurisdiction (ABNJ).

Marine Protected Area (MPA) – areas of the ocean where there are rules about activities such as fishing. The level of rules can vary 
from highly protected (where no fishing is allowed), to less protected (where some types of fishing are still allowed).

Satellite transmitter (SAT) – a tag placed on an animal that tracks information about where that animal is and what the 
environment is like.

Shark hotspot – an area where sharks (either of the same species or multiple species) come together and tend to spend time.

Vessel – a large ship or boat, like those used in commercial fishing.

Discussion

WHAT ARE THE MOST DANGEROUS PLACES FOR SHARKS?
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WHAT ARE THE MOST DANGEROUS PLACES FOR SHARKS?

Мore free environmental science resources 
аt: www.ScienceJournalForKids.org
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Check your understanding

Sharks are caught by fishing vessels both by accident and on purpose. What other threats to sharks can 
you think of?

Why are sharks so vulnerable to fishing?

How can you help to protect sharks? How can fishing management organizations help to protect sharks?

Why do sharks and fishing vessels go to the same places?

1

2

3

4
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L ast summer was a strange one, for sure. Only 
part-time school from March, no football, and very 
little contact with friends except online. After the 

lockdown was relaxed, our family started visiting the 
coast again. 

Our first visit to the shore was at the end of May (Fig. 1). 
It was not a particularly good tide but it was really nice to 
get out of the house and explore some rock pools again. The 
usual spots were covered by sand from winter storms, so we 
ended up in a new place. One rock proved to be the best: 
there was a common grey sea slug (Aeolidia papillosa) 
underneath, with eggs, and we saw a sea spider run off. It 
was these unusual finds that started me thinking about 
keeping a record of my shore visits.

The following week 
Dad helped me set up a 
WordPress blog1 and, 
after a bit of research, 
found out about 
iRecords. iRecords allows users to manage and share their 
UK wildlife records. It can be found on the Recording page 
of the Biological Records Centre website.

The two records go hand in hand. I write a post about 
each visit and then, having identified the species, submit 
iRecords for each discovery. Knowing that someone will 
be checking records makes me try my hardest to identify 
the species correctly. If the species is corrected on the 
iRecord then I can go back and change my blog post. 

To submit your own iRecords you will need to 
open an account with the Biological Records Centre 
and to be logged in when filling in the form. See Fig. 
2 for a screenshot of my first accepted iRecord.

On our next shore visit we saw lots of common spider 
crabs, but I did not get the 
photos for identification. At the 
end of June, we packed ready 
for rock-pooling and recording, 
and we have been refining ever 
since. Dad now brings his digital 
camera, a tripod and a set of 
close-up lenses that he already 
had. These allow us to get really 
good shots of details which might 
be important for identification.

On another visit Dad had 
downloaded an app for his phone 
(UK Grid Reference Free) which 
uses the GPS to record locations 
very accurately. It even has a 
place where you can enter a name 
against a location, which we 
used to record species (see Fig. 
3). The WGS84 (GPS) Decimal 
format is one of the options on 
the iRecords, so we do not have 
to argue about 10 m boxes on the satellite view any more.

Once you have a Biological Records Centre account 
you can explore all records on the system. I enjoy that, 
seeing how many other people have found the same 
species. I have really enjoyed submitting iRecords; it 
gives me a purpose when rock-pooling and I am thrilled 
every time another record gets verified. It is good to 
know that I will have a permanent record of my finds and 
that these might also help a scientist with their research. 
I want to be a marine biologist, and, who knows, one 
day I may even be looking at my old discoveries.
David Ford

Please note:

If you are thinking about starting your own blog it is 
important to be aware of the e-safety guidance. I found 
this page very helpful: https://www.thinkuknow.
co.uk/11_13/Need-advice/Ready-for-social-networking/

How and why I 
submit iRecords
By explaining the process of recording his marine 
wildlife sightings, David Ford hopes to encourage 
other readers to do the same.

Unusual finds started me 
thinking about keeping a 
record of my shore visits

Figure 1. David at Polhawn Cove, South West England.Figure 1. David at Polhawn Cove, South West England.

Figure 2. iRecord for an edible crab (Cancer pagurus) found at 
Whitsand Bay, Cornwall, South West England.

Figure 3. Species names 
and locations in iRecord.

1 https://david.fordie.net/irecord/
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We continue our series of 
introductions to Fellows of the 
Marine Biological Association. 
The status of FMBA reflects 
distinguished and long-term 
contributions to marine biology at 
the highest level. In this edition we 
meet Shubha Sathyendranath, 
a marine scientist studying 
phytoplankton and light 
underwater. 

What motivates you in your career?

I drifted into marine biology like 
phytoplankton! I studied physics for 
my undergraduate degree, and then a 
masters in oceanography at the Cochin 
University of Science and Technology, 
Kerala. After my MSc when I started 
doing research I learned how important 
light is for phytoplankton, and in 
turn, how phytoplankton modify 
light and so I studied phytoplankton 
in relation to light. I didn’t set out 
to be a marine biologist and felt a 
little unsure about how I would fit 
in as a member of the MBA, but 
they let me in and now here I am!
What questions are you trying to 
answer in your research?

Absorbed light is used for 
photosynthesis, but the efficiency of 
photosynthesis is low, so most of the 
absorbed energy is dissipated as heat. 
Phytoplankton need the light for 
photosynthesis but by absorbing and 
dissipating light they also contribute to 
the stability of the water column. And 
this stability in turn determines the 
supply of nutrients that phytoplankton 
require. So they are all interconnected 
with each other and with light. 
That’s the area that I look at.

Furthermore, some of the light 
not absorbed in the water gets 
scattered back into the atmosphere 
and the colour of the scattered light 
gets modified depending on the 
concentration of phytoplankton 
in the water and also the type of 
phytoplankton present. The changes in 
colour of the water can be picked up 
by satellites in orbit around the earth 
so you can use ocean colour to monitor 
phytoplankton at sea. Ocean colour and 

its use in understanding phytoplankton 
dynamics and primary production in 
the ocean is a big part of my research. 

Photosynthesis by phytoplankton 
fixes a huge amount of carbon: 40 – 
60 gigatonnes C/yr globally, and the 
net primary production of the sea 
is considered to be roughly equal to 
net terrestrial primary production. 
Phytoplankton are big players in the 
ocean carbon cycle, and therefore 
also in the big questions relating to 
climate change. The other element 
of climate change is temperature and 
phytoplankton have an influence 
in modulating the distribution 
of solar energy in the ocean.

The other aspect of phytoplankton 
in the context of climate change is 
that, being very small, they are highly 
dynamic and respond very quickly 
to any change in their environment. 
Their turnover time is in the order 
of days and so we can think of them 
as sentinels of change in the ocean.

A lot of our effort these days is going 
into creating a long time-series of 
climate-quality data on phytoplankton 
distribution from ocean colour data 
for use in climate research. We can use 
phytoplankton data in combination 
with information on light reaching the 
sea surface to model light penetration 
and the photosynthetic response of 
phytoplankton to light, to calculate 
primary production at the global scale. 
We can thus look at these indicators 
of marine ecosystems, and examine 
whether they are changing over time.

I am also involved in research 
looking at the implications for 
higher organisms, notably fish, to 
understand whether the variability in 
commercially important fish species 
could be related to changes in the 
dynamics of the phytoplankton.

And there is another line of 
research we are pursuing related to 
water-borne diseases, particularly 
looking at cholera bacteria in 
water and their association with 
phytoplankton, and how they 
are influenced by environmental 
conditions. The goal is to make 
the work relevant for generating 
cholera risk maps in vulnerable 
areas. The problem is complex, 

with the added difficulty of linking 
environmental factors with sanitation 
and how humans use the water.
How do you see your work in relation to 
the big environmental challenges faced 
by society?

I’m from India, a developing 
country. When I drifted into 
oceanography I wondered if that was 
the right thing to do: should I spend 
a life researching the oceans when 
there were so many urgent problems 
that India was facing? It was curiosity-
driven, exciting, but it seemed a bit 
disconnected at the time with the real 
problems in India and the relevance was 
not so clear. Anyway, I did it and now, 
some 30–40 years later, our perception 
of the importance of the oceans has 
changed tremendously. So rather than 
wondering if it was worthwhile looking 
at it, if a young person asked me now, 
I would say the opposite—we cannot 
afford not study the ocean because it 
impacts us in so many different ways. 
What is your ambition / next step in 
your career?

More of the same: I’m not 
planning a career change.
Which marine scientist(s) do you most 
admire and why?

If I am to pick one, it is easy: it is 
Trevor Platt, my closest colleague for 
more than 30 years. But it is difficult 
to talk about it, because Trevor was also 
my husband, my partner in everything, 
and he passed away less than a year ago. 
I am still learning to live with my loss. 
He brought mathematical and physical 
rigour to analyses of biological systems. 

Interview

Dr Shubha Sathyendranath FMBA.
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He insisted on attention to detail, on 
clarity of presentation, on structuring 
papers with a logical flow that would 
lead inexorably to the conclusion. His 
idea of elegance, in life as in science, 
contained no frills, finding instead 
beauty in simplicity. As a scientist, he 
believed in treating all colleagues with 
respect, even those with whom he 
disagreed, scientifically. He only asked 
one thing of all he worked with: that 
they do their best. He was a perpetual 
student, always learning new things, 
whether it was science, languages, 
cooking, or music. He always made 
time for anyone who turned to him 
for help, and he got immense pleasure 
watching them develop and grow as 
scientists and spread their wings. I 
think of many of his papers as classics 
that retain their freshness and relevance 
with the passing of years, and in which 
you find fresh gems every time you 
read them. Of course, there are many 
other marine scientists I admire, but I 
am afraid if I try to list them all I will 
forget to mention someone important. 
Have you had any experiences with 
marine life that changed your life?

There are these charismatic 
organisms such as dolphins 
and whales, but again what I 
find fascinating is the beauty of 
phytoplankton: under the microscope 
they are so varied, magnificent 
and diverse, and most people don’t 
even know they are there. But their 
collective impact is huge—so huge that 
you can see them from a satellite. And 
if you look at the large-scale patterns 
that phytoplankton create in the 
oceans, they make stunning images, 
ever-changing, ever-fascinating.
What advice would you give to a young 
person who wants to be involved in 
marine biology?

There is an imperative to study 
marine life for all the reasons 
mentioned earlier and more, but 
marine life is also very fascinating 
and full of surprises: you’ll walk 
into an enticing life if you let 
the ocean show you the way.

Dr Shubha Sathyendranath, Merit 
Remote Sensing Scientist in the 
Remote Sensing Group at Plymouth 
Marine Laboratory.

MBA SciArt competition
For our SciArt competition 2021 we asked MBA staff and members, 
and Ocean Conservation Trust staff, to send in their ocean-themed art, 
taking inspiration from the big, the small, and everything in between.
A huge thank you to all our entrants and our panel of judges (Professor 
Dan Laffoley, Debby Mason, Olly Reed, Georgie Bull, and Paul Naylor). 
The winning art will be displayed in the National Marine Aquarium, 
Plymouth, UK.

Winner of the Aquarium category

Calvadosia (focus stacked) by Alix Harvey
This tiny St John’s jellyfish, despite looking alien and exotic, is only found in the UK. This 
specimen was brought into the Marine Biological Association aquarium on some seaweed, 
photographed, and returned to the sea.

Winner of the UN Decade of Ocean Science category

Undersea Scene by Jake
‘When my son grows up he wants to be a marine biologist; he is very interested in the sea life 
and wanting to take care of it. Throughout lockdown he has learnt a lot about the sea plants 
and what lives in which level of the sea.’
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Winner of the Mega category
Blue Whale in the Deep Sea by Alosha Samaraarachchi
‘By protecting our oceans, we are preserving them for the next generation to enjoy’. This beautiful painting of a blue 
whale comes from one of our Young Marine Biologist members based in Sri Lanka.

Winner of the Micro category
Iridescent plankton – Diatom / Jewel of the Sea by Gemma Brice
In setting up the microscope I adjusted the light channels to give this iridescent appearance  
on the diatom Coscinodiscus. 
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Driven to exploreDriven to explore 

DDr Sonia J. Rowley is an Assistant 
Researcher at the School of Ocean 

and Earth Science and Technology 
(SOEST), University of 
Hawai’i at Mānoa. 
She is determined to 
explore the biological 
success of gorgonian 
corals, particularly at 
mesophotic depths 
in the Indo-Pacific 
using technological 
advances in rebreathers.

An abundance of the gorgonian coral Annella 
at 54 meters depth, Palikir Pass, Pohnpei, 
Federated States of Micronesia. This 
species can form huge colonies (over 6 m 
in diameter and height) as well as fields or 
‘animal forests’ at mesophotic depths.
They host many species including the 
enigmatic pygmy seahorse, Hippocampus 
denise, and provide critical habitat for 
juvenile reef and food fishes.
Protection of these vibrant deeper reef 
locations is critical to support marine 
biodiversity over a greater depth range, 
particularly where temperature regimes can 
vary by ca. 20°C in a single day.
© Dr Sonia J. Rowley.

Dr Rowley teaches chief Sounihrek Pakin and 
his community how to identify new species 
of gorgonian corals collected at depths of up 
to 154 m, and play ‘count the brittle stars’ 
with the children. This image was taken 
during the research expedition to Pakin Atoll 
in Micronesia, for which Dr Rowley later 
received the Sir David Attenborough Award 
for Fieldwork from The Linnean Society of 
London and The Systematics Society. 
© Julie Hartup. 

Whether in an office, a laboratory, or in free time, 
what motivates us to explore and discover  
the secrets of the marine realm? 
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Author: David A. Ebert and 
Marc Dando
ISBN: 978-0-691-20598-4
Format: Flexi-cover, 386 
pages
Published by: Princeton 
University Press
Within the last few decades, 
populations of many elasmo-
branchs have declined sharply 
due to human activities. Given 
that some species have been 
impacted before much was 
known about their biology or 
ecology, the need for 
information across species to 
be collated becomes even 
more urgent.
This new field guide, written 
by the fish biologist David 
Ebert and illustrated by Marc 
Dando, pulls together an 
impressive array of informa-
tion. The authors lead us 
through the different species 
and regions in an engaging 
and logical manner: the 
introduction details cartilagi-
nous fish biodiversity and 
habitats, and is followed by a 
comprehensive and expertly 
written section on current 
conservation and manage-
ment by the Shark Trust’s Ali 
Hood. 
Following this, there are 
sections on morphology, and 
superbly illustrated guides on 
dentition types and eggcases 
of the oviparous species. I 
defy anyone not to be 
awestruck by the complexity 
of the chimaera eggcase.
The main sections of the guide 

focus on the 200-plus species 
of chimaeras, skates, rays, and 
sharks, and are abundantly 
illustrated: if there are better 
illustrations of cartilaginous 
fish then I haven’t seen them. 
Dichotomous keys are spaced 
throughout the book to aid 
identification, with especial 
focus on similar-looking 
species. The anatomically 
accurate colour illustrations of 
each species are accompanied 
by information on distribution, 
biology, behaviour, ecology, 
and conservation status. 
Condensing this large amount 
of species information into 
generally just one page per 
species is helped by clever use 
of icons depicting a broad 
range of data, including 
species temperature range, 
reproductive mode (egg-laying 
to live bearing), gestation 
period, and diet.
In short, this book is a tour de 
force and will become the 
authoritative field guide and 
species reference for this 
region and an essential part 
of any interested person’s 
wildlife tool kit.

David W. Sims, (dws@mba.ac.
uk), Marine Biological 
Association  

Authors: Karl S. Matlin, Jane 
Maienschein and Rachel A. 
Ankeny (Eds)
ISBN: 978-0-226-67293-9
Format: Paperback, 344 
pages
Published by: The University 
of Chicago Press
In the mid-19th century the 
Naples-based scientist, Felix 

Anton Dohrn and his Ukrain-
ian-Russian colleague Nicholas 
Miklouho-Maclay discussed a 
plan for a ‘global network of 
zoological research stations’. 
The term ‘stations’ was chosen 
to be analogous to railway 
stations: well-connected and 
facilitating movement of 
people and sharing of 
expertise. The ‘boom’ in 
marine station building 
heralded a golden age of 
coastal exploration and 
biodiversity mapping as well as 
facilitating fundamental marine 
scientific discoveries.
Today, marine stations 
worldwide are still at the 
cutting edge of marine 
biological research and the real 
surprise is that there has been 
so little that truly celebrates or 
details their history and 
importance, or the amazing 
contribution these stations 
have made to the field.
Matlin et al’s fascinating book 
steps into this gap. It shows 
how the marine station 
network facilitated a move 
‘from beach to bench’ 
allowing scientists to address 
new questions in new ways, 
taking advantage of new, 
superbly located coastal 
facilities as well as the sharing 
of knowledge and expertise 
across locations. Individually 
authored chapters provide 
examples from stations 
around the world showing the 
part they played in key 
scientific discoveries and their 
importance to marine biology 
more broadly. Examples range 
from how the availability of 
Amphioxus was a crucial 
factor in the establishment of 
the first marine station in 
China to the discovery of 
molecular motor protein 
Kinesin at the MBL, Woods 
Hole in 1985.
This book is a treasure trove 
of historical detail and shows 
the vital scientific contribu-
tions made by marine 
stations. More importantly, it 
highlights the ongoing need 
for marine stations in the face 
of new scientific and 
environmental challenges. 

Matt Frost (matfr@mba.ac.uk), 
Marine Biological Association 

Directors: Pippa Ehrlich, 
James Reed
Format: Documentary
Production company: Netflix

Octopuses make great movie 
stars. In It Came from The Sea 
(1955) a giant radioactive 
octopus trashes San Francisco, 
but is driven back by flame-
throwers. And in Tentacles 
(1997) a mutated giant octopus 
wreaks havoc in a Californian 
sea side community—just two 
of many such tales. You don’t 
have to be a film critic to see a 
theme emerging.
My Octopus Teacher by 
filmmaker Craig Foster takes a 
completely different tack, 
believing that marine life has its 
own, more complex and 
interesting, story to tell.
We are introduced to the 
stunning world of a kelp forest 
off the ‘Cape of Storms’, South 
Africa. Here we see Foster 
forming what seems an unlikely 
friendship with a small common 
octopus. Some critics might 
feel that the octopus’s 
behaviour, and Foster’s 
reactions to that behaviour, are 
a little over-romanticized. I 
confess that when this wee 
mollusc landed on Foster’s 
hand and stayed there as he 
swam, I was blown away! The 
behaviour and intelligence of 
this animal is wonderful to 
watch. That wonder though is 
tempered by shock—the attack 
of a predator, and the final 
scene, I found almost 
harrowing.
Beautifully filmed and 
meticulously presented, this 
film is both a visual delight and 
food for thought. I thoroughly 
recommend it.

John Spicer (J.I. Spicer@
plymouth.ac.uk)

Reviews
Field Guide to Sharks, 
Rays and Chimaeras of 
Europe and the 
Mediterranean

Why Study Biology by 
the Sea?

My Octopus Teacher
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MBA academic publishing
The MBA publishes scientific journals in support of its charitable aims. 

If you would like to publish original research or reviews in the MBA’s journals, 
please contact the editor:

JMBA: Professor Jane Lewis lewisjm@westminster.ac.uk

Marine Biodiversity Records: Dr Nova Mieszkowska nova@mba.ac.uk
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