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W
elcome to this very special edition of ECO Magazine, celebrating the 
start of the United Nation’s Decade for Ocean Science for Sus-
tainable Development (2021-2030). 

The Ocean Decade marks a new era of ocean knowledge and 
understanding, and offers ocean stakeholders an unprecedented opportunity 
to drive global change. “It will be important that diverse actors come together to 
ensure that the Ocean Decade responds to the needs of users around the world, 
leaving no one behind,” writes Dr. Vladimir Ryabinin, executive secretary of 
the Intergovernmental Oceanographic Commission (IOC) of UNESCO, in his 
opening statement that inaugurates this edition. 

Within these pages, you will find a collection of stories about the different 
initiatives and debates contributing to each of the Ocean Decade’s seven 
societal outcomes: a clean ocean, a healthy and resilient ocean, a productive 
ocean, a predicted ocean, a safe ocean, an accessible ocean, and an inspiring 
and engaging ocean. It has been a privilege to provide a platform for our global 
and diverse ocean science community to share your views and initiate conver-
sations around how to achieve the science we need for the ocean we want. 
From citizen science projects and innovative solutions to thoughts on inclusivity 
and leadership, this edition has it all. 

In the words of the former UK Chief Scientific Advisor, Sir Mark Walport, 
science is not finished until it is communicated. Over the coming decade, we 
have a responsibility to share scientific progress with global audiences to 
improve our collective understanding of the complex issues surrounding the 
ocean. With this in mind, I’m pleased to see so many young and varied voices 
submitting stories to the magazine. 

Science storytelling will be essential for achieving public buy-in and driving 
change—but must represent the diverse voices and perspectives that form 
our global ocean science community. We live in a privileged time for science 
communication, a time where almost anyone anywhere can share science with a 
click of a button. Now is the time to use these tools and grow the global narrative 
around ocean science and sustainability—leaving no one behind. 

There is much we can learn from the likes of Mars Perseverance and the 
communication ethos employed by those in the Space sector. While significant 
discoveries happen few and far between—and in galaxies far, far away—our 
space colleagues have had enormous success in maintaining a continuous 
open dialogue with global audiences and gaining public engagement. They take 
everyone with them on a journey of discovery.

We all have a role to play in creating a continuous global narrative around 
ocean sustainability and taking the public with us through the Ocean Decade on 
this critical journey of ocean discovery and understanding.  

It has been an honor to produce this edition in partnership with IOC-
UNESCO. To our new and loyal readers, we hope to have the opportunity to 
share your stories through ECO Magazine in the coming decade and that you 
enjoy this very special edition. 

Environment Coastal & Offshore Magazine ISSN # 
2327-3445 is published by Technology Systems 
Corporation, 8502 SW Kansas Avenue, Stuart, 
Florida 34997 USA, Telephone +1-772-221-7720.  
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whole or part without the written permission of the 
publisher.  Unless otherwise stated in writing by 
the contributor, all images submitted to TSC may 
be used in other promotional materials belonging 
to TSC without permission.  Subscriptions are free 
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call TSC for subscription information.  Printed in 
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Welcome to the UN 
Ocean Decade: 
The Start of a Knowledge Revolution!
By Dr. Vladimir Ryabinin, Executive Secretary of the 
Intergovernmental Oceanographic Commission (IOC) of UNESCO

Based in Paris, Dr. Vladimir Ryabinin has served as Executive Secretary of the Inter-
governmental Oceanographic Commission (IOC) of UNESCO and Assistant Director-
General of UNESCO since 2015. Oceanographer, marine engineer, meteorologist 
and climatologist, his distinguished career in science largely focuses on the develop-
ment of mathematical models for the ocean, medium-range weather predictions 

and climate. At the helm of IOC-UNESCO, Dr. Ryabinin also leads the work of the UN Decade of Ocean Science for 
Sustainable Development (2021-2030).

T
he year 2021 has already been dubbed a “super 
year” for the ocean where an unprecedented 
mobilization is foreseen from the international 
community around a broad set of ocean issues, 

also involving climate change and biodiversity. A new 
level of understanding is emerging that building an equi-
table, sustainable ocean economy is feasible. However, 
for this we need to learn how to manage the ocean, 
based on integrated plans, which in turn should be based 
on ocean science and knowledge. There is already a 
commitment to do so on the part of 14 countries, whose 
heads of government or state are members of the High-
Level Panel for a Sustainable Ocean Economy.

That is, if we are to reverse the decline in ocean 
health and achieve a post-pandemic recovery for a 
more sustainable world, we need to mainstream and 
transform ocean science and ensure that the ocean 
knowledge generated, both quantitative and qualitative, 
is transformed into informed and resourceful action. In 
2017, the United Nations agreed to create a platform 
for such a transformation, the UN Decade of Ocean 
Science for Sustainable Development (2021-2030) – the 
“Ocean Decade”, a solutions-oriented global collective 
framework to create the “science we need for the ocean 
we want”. Such solutions will be varied and could include 
new policies, management frameworks, innovation or 
technologies, training materials and more - all based on 
scientific data and knowledge. It will be important that 
diverse actors come together to ensure that the Ocean 
Decade responds to the needs of users around the world, 
leaving no one behind. 

After three years of intense and all-inclusive plan-
ning, with many valuable contributions from the global 
ocean community, I am happy to see the Ocean Decade 
starting. This movement could not happen at a more 
critical time, especially against the current backdrop of 
the global COVID-19 pandemic and accelerating climate 
change. The Ocean Decade has great potential to create 
a robust enabling environment that brings together 
generators and users of ocean science so that the 

knowledge we generate supports a sustainable ocean 
economy.

Over the next 10 years, Decade initiatives will flourish 
and grow, building scientific capacity so we can effec-
tively conserve and protect the ocean. The momentum 
and inspiration are already building. For example, we have 
launched the Ocean Decade Alliance, a group of leading 
institutions and individuals committed to generating a 
multiplier effect on resource mobilization for the Decade. 
We are also organizing a wide range of activities, events 
and calls for actions to bring different ocean stakeholders 
together so they can co-design and co-deliver specific 
solutions or actions in support of the Decade objectives. 
The ocean science community is also engaged in the 
co-design of Decade scientific programs.

Having celebrated its 60-year anniversary in Decem-
ber 2020, the UNESCO’s Intergovernmental Oceano-
graphic Commission has a long history as the lead UN 
body for ocean science and services. We are developing 
a value chain of ocean science that starts with ocean 
observations, generation of data, modelling and analysis, 
resulting in ocean services, e.g., for tsunami warnings 
and assessments as well as acting at the science-policy 
interface and developing capacity for all. The Commis-
sion is uniquely placed to serve as an honest broker for 
the Ocean Decade, a global unifier that can leverage and 
build on past experiences and partnerships, so that the 
Decade can deliver on its mission to “catalyze transfor-
mative and tangible ocean science solutions for sustain-
able development, reconnecting people to our ocean”.

Although the pandemic has changed the world 
forever, it has highlighted the importance of science and 
knowledge in taking us further and allowing us to reinvent 
our relationship with the ocean and mother nature. 
The Ocean Decade is structured to transcend all ages, 
sectors and disciplines. I warmly welcome and invite all 
business partners, foundations, research institutions, 
universities, NGOs, educators, community groups and 
committed citizens to join this knowledge revolution and 
co-create The Ocean We Want!
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The Ocean Decade in a Nutshell
What is it?

Launched in January 2021, the United 
Nations Decade of Ocean Science for 
Sustainable Development (2021-2030), 
the ‘Ocean Decade’, provides a con-
vening framework for a wide range of 
stakeholders across the world. Through-
out the Ocean Decade, stakeholders will 
collectively align research, investments 
and initiatives, around a set of common 
challenges to generate the knowledge 
needed to support a well-functioning, 
productive, resilient, sustainable and 

inspiring ocean. The Ocean Decade will 
stimulate action at the local, national and 
regional and global scales while catalyz-
ing transformation that builds on existing 
achievements in ocean science to deliver 
action across all geographies, sectors, 
disciplines and generations.

Ocean Decade Vision: ‘The science 
we need for the ocean we want.’

Ocean Decade Mission: ‘Trans-
formative ocean science solutions for 
sustainable development, connecting 
people and our ocean.’

Who will coordinate it?
The Intergovernmental Oceano-

graphic Commission (IOC) of UNESCO 
will coordinate the work of the Ocean 
Decade at the global level. This work 
will be supported by decentralized 
coordination structures hosted by other 
UN agencies, governments, international 
or regional organizations and other 
partners. A Decade Advisory Board is 
currently being set up to provide advice 
on the implementation of the Ocean 
Decade. 

See all the details in the Ocean Decade Implementation Plan in 6 languages! 

Full Version:   
 > www.oceanexpert.org/document/27347 

Summary: 
 > www.oceanexpert.org/document/27348
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What will guide it?
The work of the Ocean Decade 

will be guided by the Implementa-
tion Plan. This document, which 
was prepared over the last few years 
with valuable input from a wide range 
of stakeholders, provides a flexible 
framework on which the Decade 
is structured. This Plan is a living 
roadmap to achieve the Ocean 
Decade’s vision. It provides guiding 
principles and priorities, information 
on how stakeholders can participate 
in the Decade, how resources will be 
mobilized to support the Decade, 
how the Decade will be promoted and 
coordinated, and how impacts of the 
Decade will be measured. 

The Plan is organized around seven 
Decade Outcomes that describe 
the ‘ocean we want’ at the end of the 
Ocean Decade. Ten Ocean Decade 
Challenges represent the most 
immediate and pressing needs of 
the Decade. These may evolve over 
the next ten years and will guide the 
design and implementation of differ-
ent Decade Actions to be carried by 
diverse partners and stakeholders. 
Decade Actions will be co-designed 
and co-delivered by diverse partners. 
Regular Calls for Action will solicit 
these Decade Actions and boost 
investment towards specific priorities 
and regions of the world. Actions that 
meet specific endorsement criteria will 
be officially recognized as part of the 
collective effort to meet the Ocean 
Decade’s vision and mission.

 What kind of science is 
needed for the ‘ocean we want’?

The Ocean Decade addresses 
ocean science in its broadest sense. 
The Decade is not just about sci-
entists – it is also about convening 
actors from all sectors within govern-
ment, industry and philanthropy. It 
aims to harness invaluable skills and 
knowledge from local and indigenous 
communities. 

The Ocean Decade calls on all 
actors to work together in the co-

creation of the ‘science we need 
for the ocean we want’ so that the 
knowledge generated is actually used. 
In concrete terms, three key elements 
underpin the science we need to 
achieve the vision and mission of the 
Ocean Decade:

• Transformative ocean science, 
i.e., not ‘business as usual’;

• Science that leads to solutions 
for sustainable development 
by linking generators and 
users of knowledge including 
by strengthening the science-
policy interface; and,

• Science that incites behaviour 
change at the institutional 
and individual level to change 
humanity’s relationship with 
the ocean.

Who can participate?
Anyone can join and participate 

in the Ocean Decade! Its spirit and 
mission are ‘Transformative ocean 
science solutions for sustainable 
development, connecting people and 
our ocean’. This means that the scope 
of the Ocean Decade is beyond the 
capacity of any single nation, stake-
holder group, generation or scientific 
discipline. Only a collective effort that 
mobilizes the entire global ocean 
community will succeed in protecting 
the ocean worldwide. 

The IOC invites and welcomes 
all research institutes and universi-
ties, governments, other UN entities, 
intergovernmental organizations, other 
international and regional organiza-
tions, business and industry, philan-
thropic and corporate foundations, 
NGOs, educators, community groups 
and individuals from pole to pole and 
coast to coast to come together for 
the co-design and co-delivery of 
actions to help meet the ten Decade 
Challenges.

Why should you participate?
There are so many incentives and 

reasons to participate! Imagine being 
part of a highly visible, shared, global 

effort which builds on decades of 
achievement in ocean science. Joining 
the Ocean Decade community may 
also open new opportunities to foster 
collaborations across disciplines, 
geographies and generations, and 
create possibilities to tap into new 
sources and types of support.

How can you engage?
There are many different ways to 

get involved in the work of the Ocean 
Decade. The Global Stakeholder 
Forum will be progressively rolled out 
during 2021. This Forum will convene 
various communities of practice via an 
online platform and in-person events 
around the ten Decade Challenges 
to foster exchanges between stake-
holder groups with similar interests. 
Together these actors will create new 
ideas, knowledge-based solutions and 
partnerships that will help achieve a 
healthy ocean which contributes to 
an equitable and sustainable ocean 
economy. Funding opportunities, part-
nership opportunities, training events, 
meetings or conferences and requests 
for inputs to the Decade will also be 
broadcast via the Forum. Over the next 
few months, stakeholder groups and 
networks will be able to start register-
ing to become part of the Forum. 

Generation Ocean (GenO) is a 
communications campaign that will 
be launched on 8 June 2021 to rally 
individuals around ideas and concrete 
actions. Over the course of the 
Decade, GenO will inspire and mobilize 
all generations across all genders and 
geographies to protect and restore the 
ocean. GenO is anchored in scientific 
research and calls on the public to take 
everyday actions that make a differ-
ence for the health and well-being of 
people and the ocean.

There are many other ways to 
engage, so please send a message 
or visit the Ocean Decade website to 
explore and discover more about how 
to follow and join the movement!

 > oceandecade@unesco.org

 > www.oceandecade.org/ 
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Fighting Ghost Gear from Space 
Nets, traps and lines – connecting fishing gear by satellites 

to limit plastic pollution and support fishers
By Group CLS
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S
eventy percent of the plastic 
we use is not recycled. When 
discarded, much of this waste is 
washed into rivers through the 

streets or into our ocean from beaches. 
A recent FAO report on plastic pollution 
estimates that five billion plastic pieces 
are currently floating in our seas. And 
every year, 640,000 tons of nets, lines, 
life jackets, and other ropes are lost or 

abandoned by the fishing industry. This 
“ghost gear” accounts for 10 percent of 
the plastic pollution in the ocean. 

CLS, a French Space Agency (CNES) 
subsidiary, works daily to find solu-
tions from space. Created in 1986, the 
global company is a pioneer provider of 
monitoring and surveillance solutions for 
Earth. CLS has been looking for a means 
to locate and recycle fishing equipment 
while supporting traditional fishing 
communities. The Group is also looking 
at how to optimize plastic collection on 
the high seas and beaches by deploying 
coastal waste management teams at 
the right place at the right time. In this 
context, the company is working with 
the Indonesian government to under-
stand how waste moves throughout 
Indonesia’s waterways. Gaetan Fabritius, 
Director of Innovation at CLS, and Jean-
Baptiste Voisin, CLS Indonesia CEO, 
explains how space and science are 
game-changers in the fight against this 
plastic scourge.  

A Connected Ocean: An Ecosystem of 
Actors Committed to Sustainable Seas

As part of the European Connected 
Ocean initiatives to map and digitize our 
seas and its activities, CLS, supported 
by IFREMER and CNES, is launching a 
ground-breaking program to track fishing 
gear by satellite in partnership with a 
fishing association specializing in the 
circular economy and recycling. With 
more than 30 years of experience in 

the sustainable management of marine 
resources, equipping over 50 national 
fisheries monitoring centers, and install-
ing more than 15,000 active satellite 
terminals on fishing boats, innovators at 
CLS bring together players who want to 
change the world.

“This program is a further demonstra-
tion of the value of space technologies 
in preserving and managing the maritime 
space. We have already deployed tens 
of beacons on Mediterranean, French 
Guyanese’s, and soon on Brittanie’s 
fishing vessels,” said Fabritius. “Our 
future satellite constellation, Kinéis - 
composed of 25 nanosatellites and 
loaded with Argos, location and data 
collection instruments - will enable us to 
connect millions of fishing equipment.” 

Tracking Fishing Gear: A 
Win-Win Operations

This system has been well received 
by the fishing industry, which is increas-
ingly eager to adopt environmentally 
friendly practices to protect the future 
of the ocean that sustains them. Such 
monitoring will make it possible to limit 
the loss of fishing equipment and reduce 
operating costs at sea. Knowing the 
location of their equipment will save 
fishermen time searching for it and thus 
save fuel. They will also reduce their 
carbon footprint, the time spent at sea, 
and the risks associated with operat-
ing in isolated and sometimes hostile 
environments.

 > www.youtube.com/watch?v=Sv9HEni3hsU&t=1s
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Located, Recovered, Recycled 
Plastic Pollution: A Virtuous 
Circular Economy

After fishing vessels, the granular-
ity of the monitoring of fishing effort is 
becoming more refined, allowing admin-
istrations and scientists to continuously 
improve the sustainable management 
of marine resources. Monitoring fishing 
gear will not only encourage the industry 
to adopt more environmentally friendly 
practices, but will also start a virtuous 
circle of waste collection and recycling 
of marine plastic debris in accordance 
with the guidelines of the International 
Maritime Organization Convention 
(MARPOL Appendix V).

Fabritius added, “With already eight 
satellites in orbit, we are looking to move 
forward in close collaboration with all 
the players in the fishing industry. Our 
DNA at CLS is to preserve the Earth from 
space, and with this innovative project, 
we are convinced that we will soon be 
able to reduce ocean plastic pollution 
significantly.”

Indonesia Calls on European 
Expertise in Space to Optimize 
Marine Waste Collection

Indonesia is among the biggest 
contributors to marine plastic pollution. 
In response to this emergency, the 
Indonesian government is engaging 

a range of actions to tackle a scourge 
that has disastrous consequences for 
the environment, public health and the 
economy. Its national marine pollution 
plan aims to reduce plastic waste by 70 
percent between now and 2025.

To this end, the Indonesian Ministry 
of Marine Affairs and Fisheries (KKP) has 
turned to CLS and the French Develop-
ment Research Institute (IRD) to get a 
clearer picture of where this waste is 
going in Indonesia’s maritime territories.

The program is being supported by 
the French development agency (AFD) 
and the World Bank. Its objective is to 
gain new insight into how marine plastic 
and other waste from rivers and large 
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cities drifts, accumulates, and is washed 
ashore in order to prioritize and optimize 
collection at sea and on land.

Why Model Drift of Marine 
Plastic Pollution from Rivers?

Understanding the mechanisms 
at play is crucial to inform decisions 
about human and material resources for 
collection in the field. Indonesia is fully 
committed to reducing its marine plastic 
waste, and KKP will be playing its part in 
supporting that effort. 

Indonesia’s researchers are working 
in concert with French CLS and IRD 
teams to predict where waste is likely to 
come ashore along its coastlines and 
establish the role of the most heavily 
polluted rivers. Understanding the role of 
ocean currents and surface winds, that 
carry plastic waste from river mouths 
to the sea and coasts, is important to 
optimize their collection. 

Indonesian and European research 
scientists are working hand in hand to 
resolve the problem of marine waste 
polluting mangroves, soiling beaches 
and causing health complications. This 
project provides KKP precise data and 
simulations and, complemented by other 
ongoing activities, will enable Indonesia 
to achieve its objectives by 2025. 

 “CLS is very attached to Indonesia. 
When you consider this country’s rich 
biodiversity and natural resources, it’s 
not hard to understand why we feel such 

a strong bond with the place. It’s a rich 
and fragile archipelago that needs to be 
preserved, and our projects—like this 
one—are making a big contribution,” 
explains Voisin.

Modeling Tools and Techniques
KKP and CLS teams are pursuing two 

complementary approaches, one on the 
ground and one based on modeling.

The field approach consists of 
deploying 70 Argos transmitters from the 
river mouths of the Cisadane in Jakarta, 
the Bengawan Solo (Central Java) and 
the Musi in Palembang (Sumatra). The 
transmitters’ positions are tracked by 
satellite every hour to precisely monitor 
their paths, allowing research scientists 
to see where they are coming ashore or 
accumulating.

At the same time, CLS teams are 
applying a proven drift model to generate 
simulations.

Voisin adds, “This proven tool allows 
us to study the drift of macro-waste from 
the mouths of the rivers. The combina-
tion of modeling, simulation tools and 
in-situ data from our Argos transmitters is 
CLS’s great strength. Our drift models are 
proven for monitoring biodiversity. Past 
projects include predicting the arrival of 
sargassum seaweed on beaches in the 
Caribbean, tracking icebergs that threaten 
competitors in ocean yacht races, oil 
spill mitigation from Grande America, 
and supporting emergency responders 

when tracking ships adrift at sea. CLS has 
acquired unique experience and expertise 
in monitoring and protecting the world’s 
ocean.” 

The system and new plastic pol-
lution program are complemented by 
several dedicated studies pursued by 
IRD’s teams. For example, providing 
high-resolution models of river mouths is 
used to better understand local effects, 
where ocean models begin to show their 
limitations.

Initial results suggest that 90 percent 
of plastic waste is being washed ashore. 
This is good news, as it is easier, cheaper, 
and safer to collect it on land than at sea.

International Cooperation and 
Prospects for the Future

The KKP and CLS teams are now 
poised to launch a plastic drift simulation 
portal for research scientists. The portal 
will help us understand the periods 
and processes involved when plastic 
accumulates or is washed ashore and 
establishes fundamental relationships 
with biodiversity habitats.

This portal will be a key tool for 
predicting volumes of waste likely to 
wash ashore and, more importantly, 
identifying accumulation and dispersion 
points in rivers. Such information will 
be of strategic benefit to prevent future 
marine pollution.

 > Visit www.cls.fr for more information.
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Monitoring Kenya’s 
Plastic Problem
How citizen science can help 
monitoring macroplastics in Kenya 
using mobile technology
By Gilbert Atuga (Kenya Marine and Fisheries Research Institute, 
Kenya) and Johannes Teuchies (University of Antwerp, Belgium)
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N
estled on Africa’s eastern shores, Kenya is well known 
for its diverse wildlife and rich habitats. With access 
to the crystal blue waters of the Indian Ocean, millions 
of tourists’ flock to Kenya each year to visit its iconic 

savannah, Great Rift Valley and mountain highlands. But now 
the country is awash with plastic pollution, threatening the rich 
biodiversity for which Kenya is known, with widespread conse-
quences for both nature and humans. 

According to the World Forest Organisation, Kenya produced 
around 4,000 tons of plastic each month, with 100 million bags 
offered by supermarkets alone. In September 2017, the country 
implemented the world’s most stringent plastic bag ban prohibit-
ing producing, selling, and using plastic bags, with sentences 
of up to four years in jail or a $40,000 fine. While this measure 
was well received by many, one of the main limitations of making 
informed waste management decisions is the lack of available 
data. Data collection costs money and is, in most cases, limited 
to areas that are easily accessible by scientists.

Since July 2019, the Kenya Marine and Fisheries Research 
Institute and the University of Antwerp have been jointly imple-
menting a citizen science project with funding from VLIR-UOS. 
Using mobile technology and the general public’s data collection 
power, we plan to monitor plastics in Kenya’s different environ-
ments and their contribution to plastic pollution to the Indian 
Ocean. Now we are at the start of the Ocean Decade, and we 
hope this initiative will contribute to a cleaner ocean by:

1. Generating data that will provide the baseline and 
trend on plastic pollution to inform decision-makers to 
come up with data-driven solutions on plastic pollution 
reduction.

2. Creating awareness on the extent of plastic pollution in 
Kenya to motivate behavior change on plastic pollution 
among the general public.

3. Monitoring the contribution of new COVID-19 related 
plastics. 

In January 2020, the mobile application was launched 
and uploaded into Google under the name “Macroplastics 
app.” We are training volunteers to collect data using the 
mobile app guided by Standard Operation Procedures 
(SOPs). Training will help achieve standardized data col-
lection to allow for the reproducibility and comparability of 
results from different locations. 

The use of our new mobile application by the wider public 
will provide data on plastic pollution from a wider geographi-
cal scale at a lower cost. This crucial data will enable the 
country to make better decisions on how to manage plastic 
waste. The information collected by the mobile app will also 
provide baseline data to understand the impact of Kenya’s 
ban on plastic bags and how it contributes to the reduction 
of plastic flowing into the Indian Ocean. Accessible data 
such as this could enable the eradication of specific types 
of plastic waste by allowing the scale-up of similar bans 
throughout the Indian Ocean region and serve as a tool to 
advocate for change.

The next step will be testing the mobile app’s applicability 
among the wider population, but moving forward is chal-
lenging and will require partnerships with other like-minded 
institutions. Additionally, the maintenance and hosting by 
Google comes with yearly costs. A public-private partner-
ship is ideal for ensuring long-term sustainable use of the 
app by the broader public. 

The United Nations estimates that 13 million tons of plas-
tics are dumped into the ocean each year. With the recent 
rising use of personal protective equipment, the situation is 
likely to worsen during and after the COVID-19 pandemic. 
Novel and cost-effective methods to collect data, such as 
through mobile devices, will continue to grow in importance 
as we continue to fight for a sustainable and clean ocean. 

If you would like to discuss potential partnerships, please 
contact Gilbert Atuga at atuga2004@yahoo.com
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Mechatronics engineer walking 
down a dock with a profiler



eco  UN DECADE OF OCEAN SCIENCE FOR SUSTAINABLE DEVELOPMENT20



I
n the middle of the sea, when the 
sails go up and the engine turns off, 
everything goes quiet except for 
the sound of the wind and the sea 

rushing past the hull. The coastline is 
but a haze on the horizon, and a small 
mass of clouds allows for the sun to 
shine through while the breeze slightly 
bites the skin. Above deck, a sense of 
calm passes over, yet the blue water 
below bursts with life. This is what the 
perfect day on the water feels like 
for Ocean Diagnostic’s CEO, Dean 
Wenham. That is, until the avid scuba 
diver and sailor began to notice the 
accumulation of plastics in the other-
wise pristine ocean waters he voyaged 
through.

In 2018, after a few years of witness-
ing the ever-growing problem of ocean 
plastic pollution, Wenham – a scientist 
himself - was curious about how he 
could use his sailboat as a vessel for 
microplastics research. He began 
searching for ways to contribute to 
science, but to his shock, learned that 

no such technology existed. Instead, 
most microplastics research was being 
conducted from large research vessels 
with heavy, expensive equipment or 
nets being dragged from the back 
of a boat. The data analysis process 
included laborious hours spent with 
calipers, a ruler and a microscope.

  With a mission to bring innovative 
technology to the field of microplastics, 
Wenham sought out the expertise of 
Ethan Edson, a marine science student 
who was, at the time, developing a 
microplastics sensor at Northeastern 
University in Boston. Seeing the need 
for new technology that could collect 
and analyze data as rapidly as the 
problem was growing, Wenham and 
Edson set sail to advance microplastics 
science through revolutionary technolo-
gies and services. 

“I started out doing microplastics 
research just like everyone else does,” 
Edson recalls. “Generally, you drag a 
plankton net with a small mesh size 
behind a research vessel, and then you 

manually have to pick out microplastics 
particles by hand and count them, 
which takes a really long time. From 
the early days of doing that type of 
microplastics research, I really wanted 
to find a faster, better way for scientists 
to collect more samples and not spend 
all of our time sitting there in the lab 
picking particles out of organic debris.” 

  Collecting microplastics samples 
at depth, where most feeding grounds 
reside, have always proven a challenge. 
Edson’s depth profiler is a 22-pound 
portable sampler that can reach depths 
of 400 meters with an Autonomous 
Underwater Vehicle or 200 meters with 
a tether. It can be deployed from any 
two-man vessel, including small boats 
and even canoes. Whereas renting a 
research vessel with a winch system 
and traditional equipment can cost 
scientists hundreds of thousands 
of dollars for only a couple of weeks 
per year, the manual profiler can be 
transported in a rolling pelican case and 
deployed off any type of vessel. 

Sailing, Seas and Microplastics
Advancing ocean microplastic science 
with revolutionary technology
By Amanda Nsiah, Ocean Diagnostics

Sample of microplastics found off the coast of Victoria, BC
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Microplastics - small pieces of plastic 
under 5 millimeters in size that either 
break off from larger plastic products or 
can be found in cosmetic applications 
or clothing fibers - are a bigger problem 
because of their size. By 2050, it is 
estimated that there will be more plastic 
in the ocean than fish. Almost every day, 
new studies find microplastics particles 
in air, food, water and human organs. Due 
to the chemical composition of plastics, 
scientists predict that they are harmful 
to food chains, ecosystems, ocean 
economies and human health. Their 
production also emits harmful green-
house gases which contributes to global 
climate change.

Scientists have been trying to 
discover the long-term effects of micro-
plastics to influence informed decision 
making. With only archaic methods avail-
able to try and answer these questions, 
the process has been slow. Replacing 
calipers and microscopes, and saving 
researchers hundreds of lab hours, the 
new Imaging System uses machine 
learning to rapidly categorize 12 differ-

ence size and color characteristics for 
microplastic particles. The company’s 
in-lab analysis services and online portal 
rapidly provide publication-ready and 
standardized data.

Curious explorers themselves, 
Wenham and Edson are committed to 
making science accessible not only for 
researchers but also for citizens. 

“The more people that are able to 
investigate their own communities 
and even their own household taps,” 
says Wenham, “the more informa-
tion and awareness on the threats of 
microplastics can be generated to 
influence change.” With this in mind, and 
as an Ocean Decade member, Ocean 
Diagnostics partners with researchers, 
government, industry and citizens.

“We’re building collaborations to test 
our technologies in the ocean, rivers 
and lakes, collecting data at lower sea 
depths using underwater autonomous 
vessels, equipping superyachts to 
become ocean sentinels and setting 
up monitoring systems in harbors. By 
working together, we can better support 

scientists to make new discoveries that 
could protect our food chains and food 
security, ecosystems, ocean economy 
and human health,” explains Wenham. 

  Through a partnership with Environ-
ment and Climate Change Canada, 
Ocean Diagnostics will soon pilot a 
citizen science project to collect and 
analyze microplastics data from beach 
sites close to wastewater and storm-
water outflow systems. As part of the 
project, new citizen science-focused 
technologies are being introduced to 
make science accessible to anyone who 
wants to get involved.

“Citizen participation in microplastics 
research is important because it can 
help to collect greater amounts of 
scientific data than would have been 
possible through traditional academic 
institutions alone,” says Edson. “We 
can’t just rely on academic researchers 
to collect data. It’s really important for 
citizens to get involved, as they have the 
power to engage their local communities 
in science and inspire action.”

The company sees all ocean-going 

Co-founders Dean Wenham and Ethan Edson off the coast of Victoria, BC
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vessels as ‘vessels of opportunity.’ 
Edson says, “Cargo ships, ferries, cruise 
liners, coast guard vessels, sail boats 
and yachts already cover mass amounts 
of ocean and could be used as sentinels 
to monitor the waters and collect all 
kinds of ocean data. We are already in 
the process of developing sensors and 
imagers that work in-situ and in real time 
that could be put onto these types of 
platforms.”

Microplastics pollution affects all 
creatures on Earth. Solving the problem 
will require all hands-on deck and 
different industries coming aboard the 
mission. This will involve studying plastic 
particles in different environments and 
developing technologies and policies to 
regulate microplastics. 

“People care and want to be 
involved,” Dean states. “Now they can 
access the tools needed to make real 
change.” 

 Microplastics profiler prior to deployment off sailboat)

Ethan and Dean with Craig Norris, CEO of Victoria International 
Marina at Victoria International Marina Microplastics profiler prior to 

deployment off sailboat
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Ocean Plastic Webinars 
By Audrey Hasson (GEO Blue Planet / 
Mercator Ocean International, France), 
Delphine Lobelle (University of Utrecht, The 
Netherlands), Ryota Nakajima (JAMSTEC, 
Japan) and Takunda Chitaka (University 
of the Western Cape, South Africa) 

Current estimates show that up to 250 million metric 
tons of plastic could end up in the ocean by 2025. With 
the wide-ranging potential impacts on marine life and 
human health still requiring extensive research, interdis-
ciplinary global collaborations are paramount. 

The Ocean Plastic Webinars (OPW) series is a new 
space created by four early-career ocean profession-
als (ECOPs) where scientists from different fields with 
an interest in the origin and fate of ocean plastics can 
network efficiently, share their research, and exchange 
ideas. 

The video presented in this special edition features 
our very first speaker Erik van Sebille. He is a renowned 
physical oceanographer at Utrecht University who uses 
numerical Lagrangian particle tracking techniques to 
find out where marine litter ends up in the ocean. In this 
webinar, Erik gives a thorough overview of 15 years of 
ocean plastic research, highlighting the pressing open 
questions.

Since our first webinar in June 2020, we have already 
organized 11 events covering a wide range of topics 
from physical oceanography to biochemistry, having 
experts answer a total of over 300 questions from our 
live viewers. Our webinars, which are available on our 
YouTube channel, have reached over 4,000 views in total 
and are mobilizing scientists from across the globe.

Visit our website for more information on this webinar 
series: 

 > www.oceanplasticwebina.wixsite.com/homepage

 > https://www.youtube.com/channel/UCDv-
bsREugXdpurCx04Eq1Q
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Intercepting Litter in 
Southeast Louisiana
By Pontchartrain Conservancy

Pontchartrain Conservancy’s (PC) mission is to 
drive environmental sustainability and stewardship 
through scientific research, education, and advocacy 
throughout the Pontchartrain Basin in Southeast 
Louisiana. PC has partnered with the River Network 
and Osprey Initiative to install one of their patented 
Litter Gitter devices. 

A Litter Gitter is a tactical in-stream litter collection 
device used to intercept floating litter from stormwater 
runoff. The biomass and recyclables that get col-
lected will be weighed and separated weekly. This new 
device is one of the many ways we can tackle litter at 
its source from getting in our waterways. Volunteer 
clean-up events and educating the public are also just 
as important to putting an end to litter.

Discover more at:
 > www.scienceforourcoast.org
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A
s a ship’s propellors move 
through the ocean, noisy 
bubbles are formed. This 
process is called ‘cavitation’ and 

results in one of the most adverse envi-
ronmental byproducts of commercial 
shipping: Underwater Radiated Noise 
(URN). It is as loud as a jet engine on 

take-off (140dB), deafening and disori-
entating marine fauna, disrupting their 
communication signals, making mating 
difficult and leaving them vulnerable to 
predators and local extinction. Unlike 
other forms of marine pollution, there is 
no legislation yet in place to prevent this 
type of environmental damage. 

“Due to maritime activity, noise 
levels in the ocean have been rising 
for decades from a growing number 
of sources, including shipping, motor-
boats, oil prospecting, offshore energy 
installations and military activity. Loud 
sound can cause irreversible damage to 
marine wildlife through stress, deaf-

Reducing the Sound of 
Commercial Shipping
A revolutionary technology helps reduce a lesser-known form 
of ocean sound pollution: underwater radiated noise
By Lars Eikeland, Oscar Propulsion Ltd
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ness, habitat displacement, reduced 
reproduction, lost feeding opportunities 
and even death,” said Stephen Simpson, 
associate professor in Marine Biology 
& Global Climate Change, University 
of Exeter, a leader in marine noise 
pollution research. “Any way to reduce 
our acoustic footprint in the ocean will 
benefit marine ecosystems.”

Now, a collaboration between 
Strathclyde University and Oscar Pro-
pulsion Ltd (an innovation development 
and technology transfer company) has 
resulted in the launch of a new revolu-
tionary technology. PressurePores™ is 
capable of substantially reducing URN 
and thus, mitigating the impact of noise 
pollution from commercial shipping 
sources on marine life.

Professor Mehmet Atlar, research 
director of the Department of Naval 
Architecture, Ocean and Marine 
Engineering at the University of 
Strathclyde, explains, “Propeller cavita-
tion can generate as much as 180dB of 
underwater radiated noise and can be 
heard by marine life 100 miles away. For 
a ship with non-cavitating propellers, 
the dominant source of URN comes 
from the hull and propeller flow, as well 
as the ship’s machinery and electrical 
sources.” 

“As soon as the propeller cavitation 
is introduced, this becomes the domi-
nant source, while these other sources 
still contribute in the background. As 
a result, a series of periodic tones at 
discrete blade rate (low) frequencies 
takes place. This is accompanied 
by a spectrum of broadband (high) 
frequency noise due to different types 
of cavitation, their interaction with the 
ship’s aft end flow and hence resulting 
complex cavity dynamics.”

The patented Oscar Pressure-
Pores™ system reduces propeller tip 
vortex cavitation by applying a small 
number of strategically bored holes 
in the propeller blades. The addition 
of these pressure-relieving holes now 
allows ships to operate with more silent 
propellers with a minimum of compro-
mise on efficiency, therefore avoiding 
slow steaming. Reducing cavitation also 
reduces its associated erosive effect. 

“It’s not a case of simply drilling 
holes into the blades, as this will affect 

the propeller’s thrust capability. CFD 
modeling at Strathclyde allows us to 
know exactly where to place the holes 
for maximum efficiency and optimum 
noise reduction,” said Lars Eikeland, 
director at Oscar. “It was so exciting 
seeing the early tip vortex cavitation 
disappear at low to medium shaft 
speeds when PressurePores™ were 
tested, along with the remarkable 
reduction in noise.”

Full-scale sea trials carried out in 
the North Sea during August 2020 
using Research Vessel Princess Royal 
demonstrated that the PressurePores™ 
system could substantially reduce URN 
by up to 10 dB with a dramatic reduction 
in cavitation.

The trial involved running Princess 
Royal at various speeds past the 
support vessel deploying the hydro-
phone system to measure the research 
vessel’s URN. Propellers, with and 
without PressurePores™, were tested 
on each double run and the URN was 
recorded. High-speed video record-
ings of the propeller cavitation were 
made onboard through the boat picture 
observation window. 

“We now have a cost-effective, 
easy-to-apply solution to the problem of 
the URN. Introducing holes in propeller 
blades to reduce root cavitation, for 
example, is not in itself new, but achiev-
ing high levels of noise reduction by 
strategically placing relatively few holes 
while maintaining efficiency, is new,” 
Eikeland added.

“PressurePores™ has a major miti-
gating effect on propeller cavitation and 
URN and can be incorporated into new 
propellers or can be retrofitted to exist-
ing propellers either in drydock or pos-
sibly in-water. While PressurePores™ 
are suitable for all types of vessels, 
they are particularly suitable for naval 
vessels, fishing fleets, offshore vessels, 
yachts and cruise ships operating in 
sensitive environments. The technology 
can be applied to all types of propellers, 
including pods and thrusters.”

Oscar Propulsion is now in talks 
with shipping companies and propeller 
manufacturers to commercialize the 
PressurePores™ technology to help the 
shipping industry operate in an environ-
mentally safer way.
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Fashion for the Ocean
 By Runa Ray, Fashion Environmentalist and Documentary Designer 

E
very day is beautiful by the coast of half 
moon bay in California. The sun has the 
ocean glittering like a million diamonds 
as the seagulls incessantly chatter 

while wading through pools of saltwater; ducks 
fly overhead while the heron stands upright, 
absolutely still, camouflaged in the foliage; and 
the waves roar and chase each other playfully 
with unfading zeal. These are the days that one 
feels truly blessed, blanketed by nature and the 
elements.

Growing up, I was at a crossroads with my 
professional career. I had the choice of taking 
up medicine or join the arts. Thinking I could 
make a difference in the creative field, I took up 
studies in fashion.

Fashion proved to be quite an eye-opener 
with its scores of hidden secrets, from wasteful-
ness to the lack of transparency. The industry 
had me torn with its ever-extending fork of the 
dichotomy between beauty and the decay it 
was contributing to the planet.

Processes within the fashion industry 
contribute to water pollution and wastage, and 
ultimately account for 20 percent of the global 
wastewater. Microfibers from synthetic clothes 
find their way into our waterways and pollute the 
delicate marine food chain. Fashion also con-
tributes towards the clearing of forests for crops 
such as cotton, which is highly water-intensive.
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Using Nature-Based Solutions in Fashion

Through ancient traditional knowledge, we 
can use the ocean and its fruits to educate and 
advocate for policy change. The ancient art of 
Suminagashi, which is the ‘art of floating inks,’ is 
an ancient technique practiced in the Japanese 
royal courts in the 12th century. It is a technique 

that requires an aqueous solution of seaweed 
(commonly termed as ‘size’) to be held in a 
trough. 

Inks extracted from the chlorophyll of 
discarded flower markets are splashed on the 
surface of the aqueous solution. The designs 
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formed are organic with no two alike, and the 
viscosity of the ‘size’ enables one to draw 
beautiful patterns on its surface.

The fabric is laid flat upon the ‘size’ to 
absorb the inks. It is then skimmed over the 
surface, pulling out the fabric to reveal the 
pattern transferred upon it.

This method solves two challenges: 
water wastage and water pollution, as water 
is contained in a trough and the natural inks 
eliminate the need for chemically harmful 
digital prints. Using this technique, 250 meters 
of fabric can be printed using only 50 liters of 
water.

An Alternative to Plastic Fashion
Fashion’s greatest faux pas of all time is 

plastics. Plastic packaging, hangers, tags, and 
mannequins contribute to the waste that ends 

up in the landfill. Eventually, items break up into 
small pieces that ultimately make their way into 
the ocean as microplastics, tiny particles that 
can range from different sizes. Microfibers, on 
the other hand, are fibers released due to the 
washing of synthetic clothes. Fast-fashion can 
be blamed for the use of cheap synthetics, which 
shed microfibers in every wash. These micropar-
ticles clog waterways and are incredibly harmful 
to marine life. 
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All over the world, researchers are staring 
through microscopes at tiny pieces of plastic—
fibers, fragments, or microbeads—that have 
made their way into the stomachs of marine 
and freshwater species, both wild-caught and 
farmed. Scientists have found microplastics in 
114 aquatic species, and more than half of those 
end up on our dinner plates. Now, they are trying 
to determine what that means for human health.

The problem of plastic pollution is hercu-
lean. Even the process of recycling plastic can 
produce dangerous byproducts while it contin-
ues to exist on our planet. Therefore, alternatives 
to plastics need to be reimagined. 

Cyanobacteria (commonly known as 
blue-green algae) were one of the first oxygen-

producing organisms on the planet. These 
microscopic, single-celled living fossils are found 
naturally in all types of water (including fresh, 
brackish, and marine) and use sunlight to make 
their food. In warm, nutrient-rich (high in phos-
phorus and nitrogen) environments, cyanobac-
teria can multiply quickly, creating blooms that 
spread across the water’s surface.

While blue-green algae are important to life 
on our planet, human activity is causing harmful 
algae blooms (HABs) which can be detrimental 
to marine life by blocking the sunlight and vital 
removing oxygen and nutrients from the water.

On the bright side, the algae are fire resistant 
and highly absorbent. It is also an excellent 
source for nitrogen-fixing soil and a superior 
regenerative textile to displace plastic. Further-
more, it is not water-intensive and does not take 
up large spaces of land.

Cyanobacteria, or ‘The fabric of the Oceans,’ 
was collected off the coast of half moon bay in 
California, washed of its impurities, and sculpted 
into dresses that echoed and advocated for 
clean seas. 

As a fashion designer with a sustainable 
mission, my journey into bio-couture was a 
cross-over between science and the arts, where 
fashion can help advocate and educate for policy 
change.

Bio-couture is entirely nature-based, circular, 
and solution-oriented, using nature to give back 
to nature.

Collaborations with the scientific communi-
ties, non-profits, governments, and indigenous 
people are instrumental in making these small 
changes go a long way.

The outreach of fashion is necessary to 
impart critical knowledge to inform the world 
about climate change and the steps necessary 
for climate action.

Decades ago, I stood at the crossroads of 
science and the arts. Now I have successfully 
entwined the two to ensure that we as individu-
als are taking steps in the right direction and 
together as a community making a positive 
impact.
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The Complex Ocean-Human System
Bringing marine systems ecotoxicology and human 
health forward in the Ocean Decade
By Anders Goksøyr, Marta Eide, Iain G. Johnston, Dorothy J. Dankel, Jutta Dierkes (University 
of Bergen, Norway), Heli Routti (Norwegian Polar Institute), Katrine Borgå (University of Oslo, 
Norway), and Matthew O. Gribble (Emory University Rollins School of Public Health, USA)

The Ocean supports planetary health 
through many vital processes, such as 
oxygen production, CO2 absorption, and 
providing habitats for marine life. Human 
health, nutrition, and well-being all rely on 
the health of the Ocean. In the emerging 
science of marine systems ecotoxicology, 
we study the the flow and magnification 
of pollutants through marine food webs, 
and the uptake and effects on different
organisms and populations, including humans. 
Our aim is to merge the environmental and 
human dimensions of marine pollution 
into innovative and feasible research that 
answers questions critical to science and 
policy in the Ocean Decade. Image credit: 
Linley Kristoffersen (LinesByLinley).
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I
n January 2017, a sick Cuvier’s beaked whale was dis-
covered in a cove on the western coast of Norway. After 
euthanizing, more than 30 plastic bags and many smaller 
pieces of plastic were found in its stomach. Now on display 

at the University Museum of Bergen, the whale is a visual and 
alarming example of how the acute threats of marine environ-
mental pollution may impact marine wildlife.

The “Plastic Whale”, 
as it is more commonly 
known, has opened the 
eyes of both policymak-
ers and the public all 
over the world to the 
issue of marine pollu-
tion. But where plastic 
is a visible pollution, the 
ocean is also exposed 
to thousands of invisible 
pollutants. 

The ocean supports 
planetary health through 
many vital processes, 
such as oxygen produc-
tion, CO₂ absorption, 
and providing habitats 
for marine life. Human 
health, nutrition, and 
well-being all rely on the 
health of the ocean. Fur-
thermore, aquaculture, 
marine bioprospecting, 
and other approaches 
harnessing ocean 
ecosystem services 
are promising avenues 
for a sustainable future 
in a blue bioeconomy. 
This is especially true 
for Norway, which is our 
base, with its 2,500-kilo-
meter-long coastline 
and status as the world’s 
second largest exporter 
of seafood.

In the Anthropocene 
era, where human activities significantly impact Earth’s geology 
and ecosystems, the ocean serves as a sink for human-made 
chemicals and litter, including microplastics. Chemicals that 
have been banned for decades, such as polychlorinated 
biphenyls (PCBs), still contaminate sediments, coastal fish, and 
marine mammals. The pollutants cause problems throughout 
marine ecosystems – from accumulation threatening the health 
and reproduction of top predators to the cross-ecosystem 
negative impacts of ubiquitous plastics. In the report “Human 
Health and Ocean Pollution”, Philip Landrigan (Boston College, 

USA) and colleagues recently summarized the alarming find-
ings linking ocean pollution and human health. They concluded 
that ocean pollution is a global problem arising from multiple 
sources and crossing national boundaries, constituting a 
growing threat to human health. With incidents like the “Plastic 
Whale”, the dire needs to understand these pressures, and 
respond to them, are increasingly recognized.

The interface 
between humans and 
the ocean is what 
scientists call a complex 
system.  That is, the 
whole is more than the 
sum of the individual 
parts. For example, the 
ocean is more than the 
sum of the different 
water molecules, salts, 
and living organisms. 
How the ocean as a 
whole behaves cannot 
be easily predicted from 
these individual mol-
ecules and organisms, 
and may be surprising 
and chaotic. Complex 
systems are hard to 
study and particularly 
hard to predict, but 
studying them can 
address questions that 
would otherwise remain 
inaccessible. Learn-
ing about how human 
influences may affect 
the ocean – and, in turn, 
may affect human health 
– is a large scientific 
challenge but vital for a 
sustainable future.

For humans, ocean 
pollution makes seafood 
safety a rising issue. 
Major food sources are 
often rendered unsuited 

for human consumption. While it is evident that consumption of 
seafood is associated with positive nutrition effects and health 
effects, fish consumption is also associated with elevated 
levels of persistent organic pollutants and heavy metals in 
blood. The effects of different levels and combinations of 
pollutants and nutrients are not well understood. Some links 
between marine human-derived pollution and human health 
outcomes are suggested, but many remain highly debated. As 
an example, several non-communicable diseases with high and 
increasing societal costs, like cardiovascular disease, diabetes, 

The Cuvier’s beaked whale is being hauled on shore for inspection 
at the University of Bergen Marine Station in January 2017. The 
“Plastic Whale”, as it has become known, has opened the eyes of 
both policy makers and the public all over the world to the issue of 
marine pollution. Photo credit: Frode Ims/University of Bergen.
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and obesity, have been linked to persistent organic pollutants 
and endocrine disrupting compounds which tend to end up on 
our plate through seafood. 

In marine systems ecotoxicology, the flow and 
magnification of pollutants through marine food webs, and the 
uptake and effects on different organisms and populations 
- including humans - are key components. However, these 
processes are challenging to measure and lack theoretical 
foundations. Although previous research has outlined 
connections between ocean health and human health, and it 
is clear that the health burdens on the ocean and humans are 
substantial, the inextricable link between marine ecosystems 
and human health is limited by our understanding of the 
intricate social and ecological systems we inhabit. 

To meet the urgent need for research in supporting the 
sustainable development of our ocean, the UN have declared 
the start of the Ocean Decade this year, 2021. As a theme 
aligned with this decade, Ocean and Human Health has 
emerged as an area for research, training, and policy over 

the past two decades across the world. As a research area, it 
demands interdisciplinary cooperation and collaboration. We 
(the authors) have spent much of our careers studying aspects 
of Ocean and Human Health, but from separate, yet linked, 
disciplines: Marine ecotoxicology, mathematical modeling, 
epidemiology, and human nutrition (health effects of marine 
foods), marine resource management and policy. Now, we are 
joining efforts into an interdisciplinary, inter-institutional, and 
international initiative to address the complex Ocean-Human 
system. 

The Centre for Marine Systems Ecotoxicology and Human 
Health (MariSET) is currently under funding consideration as a 
Norway-based international initiative to meet these challenges. 
Our aim is to (1) understand the underlying mechanisms 
governing the flow and effects of pollutants in marine ecosys-
tems, including humans; and (2) to merge the environmental 
and human dimensions of marine pollution into innovative and 
feasible research that answers questions critical to science 
and policy in the Ocean Decade. 

The University Museum of Bergen has made a permanent 
exhibit of the “Plastic Whale” and its plastic content 
as a reminder of the dangers of plastic pollution in 
the ocean. Photo credit: University of Bergen.
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The Cuvier’s beaked “Plastic Whale” is now a permanent 
exhibition at the University Museum of Bergen, a lingering 
reminder for our community of the dangers of plastic pollution. 
The University of Bergen, through the Ocean Sustainability 
Bergen, SDG Bergen and MariSET initiatives, have already 
brought together researchers from many different disciplines 
and backgrounds and led both to new research and to new 
project proposals as we jointly work on bids for major central 
funding of the MariSET approach. The exciting challenge of 
working in mixed teams has already made it clear that diversity 
brings “more than the sum of its parts” in insights and tools 
for scientific progress. Perhaps the way to learn more about 
the Ocean-Human complex system is indeed with a complex 

system of scientists, where the whole can behave in ways that 
the individuals could not!

Endnote:
Through Ocean Sustainability Bergen (OSB), the University of Bergen has 
taken on a leading role internationally in the work to promote knowledge and 
understanding of a sustainable ocean. To learn more about OSB and SDG14-
related activities, see: https://www.uib.no/en/ocean.

To learn more about the MariSET initiative, please see the Centre website 
https://www.uib.no/en/mariset.

The whale’s stomach was filled with more than 30 large 
pieces of plastic which had caused its demise. Photo 
credit: Christoph Noever/University of Bergen.
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Civil Society: 

A Major Force for Global 
Litter Monitoring 

By Carmen Morales-Caselles and Andrés Cózar, University of Cadiz
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A
t the beginning of the 20th 
century, humans discovered how 
to synthesize the first artificial 
plastic polymer. With it, a world 

of possibilities opened up for humankind, 
and the Plastic Age began. 

Since its creation, global plastic 
production has increased exponentially, 
escalating from five million tons in the 
1960s to about 400 million tons in 2020. 
Undoubtedly, plastic has proven to be 
a cheap and multifunctional material, 
bringing us significant advances and 
comfort. But, there is a consequence to 
the snowball manufacturing of plastic 
products. Accompanied by a linear 
economic model of production-use-
disposal, we lack the necessary man-
agement actions to close this material’s 
life cycle. And so, it lingers in nature.

Nature Wrapped in Plastic 
Humans’ mass production and 

consumption of products pose a serious 
global disposal problem. Our inability to 
manage waste means a stream of dis-
carded products continues to leak into 
nature, eventually reaching our ocean 
– the final destination of most discarded 
products. Around eight million tons of 
plastic waste end up in the ocean every 
year, accumulating on Earth’s coasts, 
surface waters and seabed. From eleven 
thousand meters deep in the Mariana 
Trench to more than eight thousand 
meters high on Mount Everest, plastic 
litter is everywhere. 

The pervasiveness of plastic litter 
jeopardizes the basic functions of marine 
life including feeding, reproduction and 
even breathing. And as it makes its way 
across the ocean, disturbing images of 
debris-covered shores and entangled 
cetaceans, sea lions, and turtles are left 
in its wake. Indeed, the accumulation of 
litter in the biosphere has become one 
of the foremost environmental concerns 
of the 21st century, as acknowledged by 
the United Nations Ocean Decade, the 
G7 and G20 coalitions, and the European 
Parliament.

Global Social Response 
The visual impact of plastic pollution 

has sparked one of the most common 
forms of social response in modern 
history: litter clean-ups. Over recent 

years, there has been a sharp rise in 
community clean-up initiatives, with 
millions of litter items regularly col-
lected worldwide, far more than those 
retrieved by scientific surveys. While we 
don’t know how much litter is removed 
by global clean-up activities, there is 
no doubt that they play a crucial role in 
preventing further impacts on the planet. 

Clean-ups by civil society networks 
also generate important information 
on the nature and abundance of litter 
in various ecosystems. This data has 
contributed to the design of market 
restriction actions by national policies 
such as the EU Directive 2019/904 and 
UK Draft Legis. 62, 2020. 

Unique Litter Inventories
The ability to identify the most-abun-

dant items is paramount, especially if we 

are to effectively manage the produc-
tion of synthetic products and prevent 
further leaks into the environment. 
But, with all the different types of litter, 
collecting useable and comparable data 
comes with its challenges. The rapid rise 
of clean-up initiatives has meant each 
program uses different litter categoriza-
tion methods. Consequently, the poor 
comparability of global measurements 
is constraining the use of this important 
information. 

Metrics used in litter inventories are 
based on item counts from lists of over 
100 types of products, such as OSPAR 
codes and UNEP codes. As a result, a 
single dataset may include over 100 
different measurement units, combining 
counts of items of a few centimetres, 

such as cigarette filters, with items up to 
several meters in length, such as fishing 
nets. Different inventories, different crite-
ria, and different units make it difficult to 
integrate litter information into quantita-
tive maps to identify baselines, areas of 
high pollution or monitor time series to 
analyze trends. Therefore, despite the 
unprecedented global social response 
to combat litter pollution, this lack of 
standardization makes it difficult to use 
the data to effect change at national and 
international levels. 

An Opportunity in the 
Ocean Decade 

Within this context, the Ocean 
Decade offers the ideal scenario to 
develop a system of harmonization 
and compilation of litter data. Firstly, 
this could be achieved by connecting 
global efforts and creating convergence 
pathways to accommodate the different 
information sources into an interoper-
able interface, as shown in the study 
Morales-Caselles et al. (2021). Secondly, 
by promoting new ways to report litter 
pollution on a comparable basis, such 
the mobile phone sensing. 

Today, there are 3.5 billion smart-
phones globally, and each one may act 
as an imaging device, geo-tagger, effort 
gauge, and processing engine. Data 
acquisition facilities from mobile phone 
sensing join the advantages derived from 
the digitalization of information, data 
sharing, open scrutiny, and bottom-up 
improvement of datasets and services.  

Now, scientists at the University of 
Cadiz have created a Global Litter Obser-
vatory (GLO), an open access system 
that collects litter data and translates it 
into useful information for stakeholders, 
to help address this challenging task 
from a participative and transformative 
multi-stakeholder perspective. Through 
a mobile sensing app, users are able to 
measure litter pollution on a mass load 
basis in a comparable way.

The GLO offers open and free access 
to all interested parties, from citizens to 
scientists and policymakers. The main 
objective of a GLO is to add an unprece-
dented value to the vast flow of informa-
tion on litter pollution generated by both 
research institutions and civil society 
networks by means of the improvement 
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of its comparability, quantitative char-
acter, and accessibility. As a bottom-up 
program, the GLO was created to provide 
the necessary global empirical support 
to the management strategy of the litter 
problem.

For society at large, this type of 

data processing will allow analysis 
services such as on site identification 
of the degree of contamination or its 
comparison with other time periods and 
places. For governments, it would imply a 
supply of the necessary global empirical 
knowledge for decision-making. 

The fragmentation and dispersion 
of global information, together with 
the compartmentalization of the litter 
problem per environment (i.e., surface 
waters, shores, rivers, seafloor), are 
the main obstacles to building bridges 
between citizen science and policy. 

Global distribution of the data sources on macro-
litter (> 2 cm). The circles show the locations of 
sampling sites, while the circles’ color relates to the 
source of data: citizen science (pink) and scientific 
surveys (blue). The circles’ size represents the number 
of items retrieved from each sampling site (map 
compilation by Josué Viejo, www.marinelitterlab.eu).
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We would like to see the Global Litter 
Observatory work with the massive 
clean-up efforts worldwide to enhance 
data quality and multi-level transfer 
of knowledge, making room for social 
engagement and big data as a strategy 
to address one of the biggest challenges 

of the Decade of the Ocean Science for 
Sustainable Development: the global 
accumulation of litter. 

Find out more:
Carmen Morales-Caselles, Josué Viejo, Elisa 
Martí, Daniel González, Hannah Pragnell-Raasch, 
J. Ignacio González-Gordillo, Enrique Montero, 
Gonzalo M. Arroyo, Georg Hanke, Vanessa Salvo, 

Oihane C. Basurko, Nicholas Mallos, Laurent 
Lebreton, Fidel Echevarría, Tim van Emmerik, 
Carlos M. Duarte, José A. Gálvez, Erik van 
Sebille, François Galgani, Carlos M. García, Peter 
S. Ross, Ana Bartual, Christos Ioakeimidis, Gorka 
Markalain, Atsuhiko Isobe, Andrés Cózar. An 
Inshore-Offshore Sorting System revealed from 
Global Classification of Ocean Litter. Nature 
Sustainability 2021

UCA Marine Litter Lab: www.marinelitterlab.eu
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Achieving A Clean Ocean: 
New Ways to Clean 
Up Our Old Mess
By Gordon Watson, Zoe Morrall and Andrew van 
der Schatte Olivier, University of Portsmouth

W
e live on a planet that is getting increasingly crowded. 
According to the UN, the world’s population is expected 
to reach 10 billion in just 30 years from now, with 80 
million people born each year. As human civilization has 

developed, so has our consumption of the world’s resources and, 
in turn, our production of waste, resulting in significant impacts 
on ecosystems and the biosphere. One of the most insidious 
problems is eutrophication, caused by our sewage, runoff from 
agricultural fertilizers, and the feces from billions of livestock. 

Eutrophication occurs where nutrients (primarily nitrogen and 
phosphorus) are found in excess within an aquatic ecosystem. The 
consequences manifest themselves in different ways depending 
on the ecosystem in question, but can be catastrophic for organ-
isms and the environment. 

In the wild, nitrogen and phosphorus naturally limit the growth 
of plants and algae. When excess nutrients leak into the environ-
ment, it can lead to the sudden, rapid growth of photosynthetic 
organisms such as algae. In coastal regions, phytoplankton are 
the first marine algae to respond, leading to blooms that are so 
dense and extensive they can be seen from space. However, other 
algal species, particularly fast-growing green seaweeds, can also 
develop rapidly.  

Unlike phytoplankton blooms, these seaweeds tend to accumu-
late in intertidal areas leading to the formation of thick algal mats 
several centimeters thick. As they breakdown, the mats remove 
the oxygen from the seawater producing low-oxygen regions that 
have been known to kill large numbers of fish.  Critical and often 
protected habitats such as saltmarshes, seagrasses and intertidal 
mudflats are also smothered, affecting the organisms beneath 
the mats, while preventing wading birds and fish from feeding.  In 
extreme cases, the generation of hydrogen sulfide gas from the 
breakdown of the mats can hospitalize beach walkers and has even 
been known to kill horses!

Solutions to tackle eutrophication, including improving sewage 
treatment systems, the reduction of fertilizer use and implementa-
tion of catchment-sensitive farming techniques, have been used 
for many years.  However, many ‘upstream’ interventions (i.e., higher 
up the river catchment) could take decades to have an impact 
on the algal mats piling up along our coastlines.  This is because 
water flowing from agricultural land to the sea takes many years to 
percolate through the soil and bedrock before reaching the rivers 

eco 41



and estuaries.  
For eutrophication, meeting the goal set by the UN of 

achieving a clean ocean in less than a decade is, there-
fore, a significant challenge without faster and more direct 
approaches.  Finding solutions that can have rapid results is the 
mantra for the RaNTrans (https://rantransproject.com/) research 
project, funded by The Interreg France (Channel) England 
program, and led by the University of Portsmouth. 

Bringing together scientists, aquaculture businesses and 
government agencies from southern England and northern 
France, the RaNTrans program will test and assess a number of 
interventions and techniques that can rapidly reduce algal mats 
and the underlying nutrient concentrations in coastal waters. 

Finding Solutions
Physical removal is a common solution for dealing with the 

unsightly (and potentially dangerous) algal mats that accumu-
late on tourist beaches.  For example, on the coast of Brittany, 
diggers and bulldozers collect hundreds of tons of algae and 
remove it from beaches each season.  As anyone who has tried 
to walk on a mudflat will soon discover, large machinery and 
intertidal mud flats are not happy partners. A new approach has 
to be adapted for these soft-sediment habitats using boat-
based platforms to remove the algal mat at high tide. Testing 
the efficacy of this method at a number of French and English 
sites, but also the subsequent effects on benthic sediment 
communities, bird populations and sediment structure, will 
enable us to calculate the environmental impacts for areas that 
are often highly protected. In addition to the scientific results 
generated, the project will calculate the economic value.  Costs 
per ton of algae (or nitrogen and phosphorus) removed from 
the system will be generated to enable upscaling for other 
harbors and estuaries across the Channel and beyond. 

Mechanical removal of the algal mat also brings its own 
problems; what to do with the algae that has been removed?  
The high salt content increases processing costs before it can 
be used as a biofuel or as fertilizer on agricultural land.  In addi-
tion, the burning of biofuels still pumps significant quantities 
of carbon dioxide into the atmosphere, contributing to climate 
change. 

Aquaculture is the fastest growing food-producing sector, 
but most cultured species rely on food manufactured from 
other fish. This results in overfishing of many species critical 
in the marine food chain such as sardines and anchovies. 
Although the industry is developing plant-based feeds (e.g., 
soya), these compete directly with agriculture, and can contra-
dict environmental efforts to protect other terrestrial habitats. 

Polychaete worms are an excellent source of protein, fatty 
acids and essential micronutrients and are avidly eaten by 
cultured fish and crustaceans. Assessments of polychaete 
growth and biomass production being fed algal mats will 
underpin a sustainability strategy for dealing with the algae from 
the mechanical removal processes. Not only could this produce 
a valuable and sustainable aquaculture food source, but would 
also substantially increase the value of the removed algal mats.

Bioprospecting for chemicals from organisms in the ocean 
is a multi-million-dollar industry that has the potential to gener-
ate billions of dollars of profit if the company ‘strikes it lucky’.  
Seaweeds contain thousands of chemicals, but only a small 
number have been tested for human benefits. Polysaccharides 
and polyphenols to name but two, are groups of bioactive 
substances substances that protect seaweeds from grazers 
and other stressors, but also have anti-bacterial, anti-viral and 
anti-fungal properties. The diverse species that can make up an 
algal mat present an ideal opportunity to find novel biochemi-

Harvesting salt water algae/weed in a harbor’s intertidal zone. Credit: Harbour Clean 
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cals that could make the algae more valuable than gold on a 
price per kilogram basis. 

The methods described above to reduce nutrient concen-
trations in coastal waters are indirect; focusing on the removal/
conversion of the mat and the nutrients they contain.  However, 
it is well known that other marine species are good biore-
mediators: extracting nutrients from a system and locking it 
within tissues (via cell growth) or within the shell.  Many bivalve 
species (clams, mussels and oysters) are efficient bioremedia-
tors as they filter substantial quantities of water through their 
gills extracting organic material (and the nutrients it contains). 

European oysters Ostrea edulis are a priority conservation 
species across Europe with populations (and the biogenic 
reefs they form) suffering catastrophic declines due to 
overfishing, poor water quality and disease.  Once a stable 
(and cheap) food for coastal communities, nearly all oysters 
consumed in Europe are now commercially cultured Pacific 
oysters Magallana [Crassostrea] gigas.  

Developing aquaculture methods for O. edulis on intertidal 
mudflats could provide a substantial boost to local coastal 
economies. At the same time, oyster culture could bioremedi-
ate significant quantities of excess nutrients and, if conditions 
allow, could support the restoration of oyster reefs that were 
once dominant coastal habitats across northern Europe. 

One of the booming sectors in the blue revolution is the 
culture of seaweeds for human consumption and other uses, 
currently worth over $6 billion dollars and increasing.  More 
than 500 species of seaweed are collected and utilized by 
humans for a variety of reasons: food, extraction of chemicals, 
fertilizer, animal feed and bioenergy.  Expanding the culture 
of desirable species (e.g., kelps) in coastal areas (for example, 
within multi-trophic aquaculture systems) would also have the 
potential to uplift the economic fortunes of coastal communi-

ties, while simultaneously depriving the green mat-forming 
seaweeds of nutrients.  

Eutrophication has gone hand-in-hand with the expan-
sion of the human population and agriculture, and has been a 
problem for hundreds of years. Yet, in some ways, it has been 
overlooked as other pollutants such as plastics have taken pre-
cedence in the view of the public, governments and scientists.  
It could be that this is because it is easier to see the plastic pol-
lution and that some solutions (e.g., recycling) are more easily 
accessible. However, a visit to intertidal mudflats, seagrass 
meadows or saltmarshes of most coastal areas will quickly 
confirm that effective solutions are still desperately needed to 
alleviate the impacts of eutrophication and algal mats. 

Even countries that have invested heavily in waste manage-
ment systems and are working hard to use more sustainable 
farming practices, still suffer from these issues. A clean ocean 
is achievable, but global problems like eutrophication require 
innovative methods, radical approaches in governance, 
and strong leadership at all spatial scales. Projects such as 
RaNTrans hope to generate the scientific data to underpin 
evidence-based decisions for policymakers so society can 
successfully meet those challenges set by the UN.

Endnote
The Rapid Reduction of Nutrients in Transitional Waters project (RaNTrans) is 
co-financed by the European Regional Development Fund through the Inter-
reg France (Channel Manche) England Programme. The European Regional 
Development Fund (ERDF) contribution for this project is € 1,970,917 of a 
total project budget of € 2,882,288.

Intertidal O. edulis found in Chichester Harbour, Hampshire, UK.  Credit: Luke Helmer
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We Are All Part of the Solution
Building Public Policies Together for a Cleaner Ocean
By Mariana Martins de Andrade, Carla Isobel Elliff, Natalia de Miranda Grilli, Vitória Milanez Scrich, Alexander 
Turra (University of São Paulo), Maria Fernanda Romanelli, Maria Teresa Castilho Mansor, Ana Maria Neves, 
Ana Maria Panarelli, Rita Zanetti (Secretariat for Infrastructure and Environment of São Paulo State, 
Brazil) and Omar de Almeida Cardoso (CETESB - Environmental Company of São Paulo State, Brazil)
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W
hen was the last time you 
went to the beach and didn’t 
find pieces of litter brought 
in by the tide or left on the 

sand by someone? Unfortunately, there 
is a great chance that your answer was 
“I don’t remember”. The litter that is 
present on the beaches and in other 
coastal and marine environments tells 
a long and tragic history. We are some-
times the protagonists, other times the 

antagonists - a fact that is not always 
obvious and not easy to assimilate. 
Marine litter is a cross-cutting issue that 
affects the environment and society 
in various ways. Scenes of turtles and 
other animals tangled in litter come 
easily to our mind. But let’s also think 
about the impact of marine litter on the 
livelihood of a fisherman, or on an entire 
municipality that depends on summer 
and beach tourism. The solutions to 
this problem are equally complex and 
require the engagement of different 
sectors of society, the protagonists and 
antagonists we mentioned, represented 
by the public, private, academic and civil 
society sectors. For these reasons, the 
topic of marine litter was highlighted 
on the international agenda, as a goal 
(14.1) of Sustainable Development Goal 
14 - Life in Water - and as one of the 
expected results - A clean ocean - of 
the United Nations Decade of Ocean 
Science for Sustainable Development 
(2021-2030).

Virtually all human activity generates 
some type of waste and the consump-
tion and disposal patterns of today’s 
society increases this amount. The 
sources of marine litter are related to a 
range of daily actions developed on land 
and in the marine environment. In large 
urban centers, the inefficient manage-
ment of solid waste, which includes 
everything from collection failures to 
the lack of adequate places for the final 
disposal of waste, is an important bottle-
neck to be overcome. Once disposed 
of on land, even if far from the ocean, 
the litter can enter water courses and 

be transported for kilometers, through 
rivers, drainage channels and wind, until it 
finally reaches the ocean. Understanding 
how the litter is generated, what routes it 
takes to the sea and the impacts caused 
when it gets there, are important knowl-
edge gaps in order to develop effective 
solutions, connected and consistent with 
the scale of the problem in each region. 
How can we tackle a problem if we don’t 
fully understand it?

It is recognized that one of the main 
barriers to dealing with marine litter is the 
worldwide absence of consistent and 
scientifically based data and monitor-
ing programs. Programs for monitoring 
and evaluating the effectiveness of the 
actions implemented are necessary to 
reduce the uncertainty associated with 
the problem of marine litter, in addition 
to allowing the comparison and sharing 
of data between different scales and to 
encourage regional cooperation for the 
development of coordinated actions. 
International and national initiatives, sci-
entific research and civil society actions 
are increasingly gaining an audience, 
strengthening shared commitments and 
stepping up efforts in the search for a 
clean ocean. However, the construc-
tion of such programs that reduce 
uncertainty about the problem and that 
encourage multisectoral collabora-
tion to solve it, is still a challenge to be 
overcome by many countries. In Brazil, 
although there are several initiatives 
from different sectors for the prevention, 
measurement and removal of litter in 
the coastal and marine environment, 
there are still no established reference 
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values and specific indicators, as well 
as a national database with information 
focused on marine litter.

The São Paulo Strategic Plan for 
Monitoring and Assessment of Marine 
Litter (PEMALM) is the first public policy 
with this focus in Brazil. PEMALM seeks 
to establish indicators and build knowl-
edge to advance solutions for litter pol-
lution in the most populous state of the 
country, where about 44 million inhabit-
ants live. To build it, it was necessary to 
establish a bridge between science and 
management, and a participatory and 
effective channel of communication with 
society to hear different voices from the 
long trajectory of the litter that reaches 
the ocean.

Joining Forces
In the state of São Paulo there was 

a scenery of scattered and disjointed 
initiatives working with marine litter, 
and no mobilization around a common 
action involving all actors in a single 
network. The production of knowledge 
on the subject was dispersed and with 
many scientific gaps, and requires effort 
to provide a broad and overall pan-
orama of the situation. It is important to 
highlight that there were public actions 
and private initiatives in progress, which, 
directly or even indirectly were linked 
to marine litter, however they were not 
articulated.  The scenario required a 
strategy to integrate data, actions and 
regulations, and further the construction 
of a more participatory and integrated 
governance.

 One of the premises of PEMALM 
was to adopt a participatory process, in 
which decision makers and stakehold-
ers could contribute to the diagnosis 
of the problem and the development of 
solutions for marine litter. To this end, 
some steps were designed aiming to 
diagnose key elements for the participa-
tory construction of the plan in the state 
of São Paulo, as shown in the figure.

Steps 1 to 5 described the work 
prior to the participatory process itself, 
which aimed to understand who were 
the people and institutions that should 
be involved, as well as the knowledge 
already available about the marine litter 
in the state territory. Step 6 involved 
moments of interaction between the 

prioritized actors. These were: two par-
ticipatory workshops, one in person and 
one virtual (due to the COVID-19 pan-
demic); meetings in the southern, center 
and northern coast and in the capital of 
the state of São Paulo, to understand 
the specificities of each location; and 
a moment of public consultation, when 
the plan was made available to receive 
comments to the final text. Step 7 
referred to the process of participatory 
construction of indicators for PEMALM. 
They were built from an adaptation of 
the DPSIR framework (Drivers, Pres-
sures, State, Impact, and Response) and 
risk assessment approaches. Finally, 
steps 8 and 9 referred to the future of 

PEMALM, considering the development 
of a joint strategy and effective data 
governance for monitoring and assess-
ing marine litter, as well as encouraging 
the creation of a plan focused on 
combating marine litter in the state.

All of these steps took place over 
the course of a year and a half (2019-
2021), in which there was an iterative 
process of maintaining the network of 
stakeholders, of enhancing initiatives to 
collect existing information on marine 
litter in the state, and of encouraging the 
development of collaborative strategies 
consistent with the commitments of the 
State of São Paulo and Brazil for sustain-
able development.
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The Clean Ocean of the Future
The publication of the São Paulo 

Strategic Plan for Monitoring and 
Assessment of Marine Litter con-
solidates a collective effort by different 
sectors of society to respond to the 
need to prior understand the problem 
of marine litter in the state and further 
combating it. This joint action, based on 
multisectoral cooperation, will allow the 
sharing of work, decision-making, public 
policy proposals and the encourage-
ment of the application of good prac-

tices among all sectors represented.
The mobilization process around 

the issue of marine litter has allowed its 
insertion in different environmental politi-
cal planning and conservation arrange-
ments. It is important to consider that 
public policies oriented to territorial plan-
ning, urban cleaning and environmental 
and citizen education have an intrinsic 
relationship with the litter that arrives at 
the ocean. It is expected that, gradually, 
new public and sectoral policies will inte-
grate this process. For this, it is essential 

to continue on this path of connecting 
policies and valuing the co-responsibility 
of institutions and different sectors in 
the face of the complex socioecological 
problems, such as the marine litter.

The future we need and want for 
the ocean can only thrive in a clean 
and healthy ocean scenario for future 
generations. The UN Decade of Ocean 
Science for Sustainable Development 
sets the stage for the discussion of per-
sonal and collective decisions regarding 
the role of the ocean as a maintainer of 
the planet’s health.

Dive In
The Strategic Plan for Monitoring and 

Assessment of Marine Litter in the State 
of São Paulo is available in Portuguese, 
Spanish and English, in the following link: 
https://www.pemalm.com/o-plano

The audiovisual production of the 
construction process of the Strategic 
Plan for Monitoring and Assessment of 
Marine Litter in the State of São Paulo 
can be watched in: www.youtube.com/
pemalmsp

A documentary about the process 
will be launched in May, 2021. You can 
watch the teaser in: 

 > https://www.youtube.com/
watch?v=SY7RRg3plK8&t=40s&ab_
channel=PEMALMSP 

Credit: GerminAção

Credit: GerminAção
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Message in a 
Plastic Bottle 
How archaeology can help 
create a cleaner ocean
By John Schofield, University of York (UK), and Andy 
Donnelly, Galapagos Conservation Trust
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O
n a remote beach on San 
Cristobal, one of the islands in 
the iconic World Heritage-listed 
Galápagos archipelago, there 

is a plastic bottle, and inside the bottle, 
there is a toothbrush. This composite 
item is one of the thousands of plastic 
objects on this beach and one of the bil-
lions to be found on beaches around the 
globe. Taken together, this collection of 
items can be overwhelming, like thou-
sands of pot-sherds scattered across 
an ancient settlement site. But taken 
individually, we can study each item and 
reveal its stories. How did it get there? 
Who was responsible? And in this case, 
why is the toothbrush inside the bottle? 
By taking an archaeological approach 
- by treating these plastic items not 
only as waste, litter or debris but also 
as individual artifacts - we can begin to 
understand the human processes that 
caused the pollution. After all, these 
items are part of our human story, just 
like the pot-sherds and stone tools that 
came before. These new additions to the 
archaeological record are the signatures 
of a new Plastic Age. 

Archaeology is Rubbish!
The archaeological study of modern 

rubbish is not new. In 1970, American 
journalist A.J. Weberman began rifling 
through Bob Dylan’s dustbins, hoping to 
find clues that would shed light on his 
music. This questionable practice, which 
Weberman referred to as ‘garbology,’ 
took on a more respectable guise a few 
years later when archaeologist, the late 
William Rathje, began the Tucson Garbage 
Project, using the contents of contempo-
rary household waste to explore patterns 
of consumption. In 1984, he wrote: ‘In the 
three or so million years of humankind, 
we have never had more reason than 
we have today to try to understand 
our relation to our artifacts – what we 
manufacture, use, and discard – and how 
our artifacts both mirror and shape our 
actions and attitudes.’ For Rathje, the 
examination of humans through their 
rubbish was not only a scientific project 
but one with profound moral and political 
significance. 

Plastics workshop. Credit: Adam Porter

Darwin’s Arch - Credit:  
Simon Pierce and Galapagos 
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Plastic Artifacts in Galápagos
In a recent oceanographic study, 

Erik van Sebille and colleagues at the 
University of Utrecht revealed that most 
of the plastic reaching Galápagos had 
come from the east, from Southern 
Ecuador and Northern Peru. Their work 
also showed that plastics could not have 
reached the archipelago from mainland 
China, meaning the Chinese plastics 
found in Galápagos must have another 
source. 

As part of the same overall project, 
our archaeological work had two main 
objectives. One was to add interpretive 
detail to these oceanographic findings. 
The second was to invite local people 
to examine the plastic artifacts in the 
hope that their participation in citizen 
science might help change perceptions 
and behaviors. In May 2018, we launched 
this archaeological work as part of a 
wider Plastic Pollution Free Galapagos 
workshop run by the Directorate of the 
Galapagos National Park and Galapagos 
Conservation Trust and hosted by the 
Galapagos Science Center and Charles 
Darwin Foundation.

As our study site, we chose a remote 
beach on San Cristobal. This beach has 
rarely been cleaned and had, therefore, 
accumulated a wide range of artifacts 

such as plastic bags, styrofoam cups, 
flip-flops, hats, fishing lines and gear, 
lego, dolls, and the bottle with the 
toothbrush. We took a sample of these 
items from the beach to the Galapagos 
Science Centre, where we grouped them 
by type and identified a further represen-
tative sample of the eight objects whose 
stories we would ask people to explore in 
more detail.

Message in a Bottle
With around 80 members of the 

local community divided into smaller 
groups, we encouraged our workshop 
participants to speculate on the life 
stories of the eight objects based on 
the available evidence, creating several 
different narratives around each piece. 
Were the items lost or discarded locally, 
or had they traveled great distances? Did 
traces of their use or surviving labeling 
give a clue to their origins? Did evidence 
of weathering or the colonization of 

marine species suggest how long items 
had either been at sea or on the beach 
before we collected them? How fast were 
they degrading? Unsurprisingly, human 
behaviors were the likely cause of the 
pollution in every story, reinforcing the 
central message that our actions have 
consequences. 

Of all the objects, the bottled 
toothbrush delivered some of the more 
compelling stories. Participants imagined 
the toothbrush to have been the property 
of a fisherman who had used the plastic 
water bottle to keep it clean while at sea. 
But when they unscrewed the cap and 
the scent of methylated spirits wafted 
into the room, the message in the bottle 
changed. They reimagined the tooth-
brush as a repurposed boat-cleaning 
tool that had been swept overboard in a 
storm inside its container. 

From larger-scale studies, the project 
team has estimated that approximately 
30 percent of all Galápagos marine 
debris was of Chinese origin. The cur-
rents were mapped against the known 
locations and sizes of Chinese fishing 
fleets close to the edge of the restricted 
fishing areas. We were then able to 
combine our archaeological evidence 
(that the material was Chinese, and 
was very fresh) with the oceanographic 

Plastics workshop. Credit: Adam Porter
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studies (that these items could not have 
come from mainland China) to give a very 
clear impression that this material was 
coming from the fishing boats them-
selves.

One problem with this archaeological 
narrative approach is the limited number 
of objects we could assess using the 
workshop format. To build significant data 
sets, we needed to overcome this barrier 
to scale. In partnership with the Australian 
Museum’s DigiVol platform, we are trialing 
what we believe is the world’s first Virtual 
Marine Garbology Expedition (http://citsci.
discoveringgalapagos.org.uk) in which 
participants access images of items 
and upload their own analysis. There is 
some way to go, but the initial results are 
promising.  

A COVID Distraction 
We are also trialing this approach 

in a very different setting. One of the 
unwelcome side-effects of the current 
COVID pandemic is people’s social 
isolation. For young people, this must 
be particularly challenging, especially 
in those cases where they have limited 
capacity for online interaction. In the 
continuation of an earlier initiative run 
through the Universidad Católica del 
Norte, Coquimbo (Chile), school children 

from the Pacific coast of South and 
Central America were invited to write 
stories about items of plastic marine 
litter. To do this, students drew inspira-
tion from pictures of objects that they 
had themselves found during a previous 
phase of the project in 2019, reflecting 
on how long their object had been at 
sea, what animals it had encountered 
during its journey, and how it had got 
into the sea in the first place. These 
stories are now published on the project 
website and their analysis is underway.

As with the Galápagos study, this 
project aimed to encourage participants 
to think about plastic waste as the result 
of specific and avoidable human actions 
and perhaps change their attitudes 
or behaviors as a result. An additional 
benefit, in this case, was to give the chil-
dren something to do during the most 
challenging times of the pandemic. 
The students were able to consider the 
problem of marine waste, both from 
the perspective of ‘taps’ and ‘sinks.’ For 
example, the household where much of 
it begins its journey, to the beach where 
it ends up. By taking part, children were 
encouraged to think past their bubble to 
the world beyond and what they might 
do to improve it when the pandemic is 
finally over.

Reference:
For the project website: https://galapagosconser-
vation.org.uk/plasticpollutionfreegalapagos

Link to project video: youtu.be/nT0IbkA7nPE

For a discussion of the oceanogra-
phy work: https://www.youtube.com/
watch?v=nT0IbkA7nPE&t=1s&ab_
channel=UFollowtheOcean

To read more information about this research, see:

Schofield, J., Wyles, K., Doherty, S., Donnelly, 
A., Jones, J. and Porter, A. 2020. Object 
Narratives as a Methodology for Mitigating 
Marine Plastic Pollution: a New Multidisciplinary 
Approach, and a Case Study from Galápagos. 
Antiquity, 94 (373): 228-244. Available as Open 
Access at: https://www.cambridge.org/core/
journals/antiquity/article/object-narratives-as-
a-methodology-for-mitigating-marine-plastic-
pollution-multidisciplinary-investigations-in-
galapagos/3F5D84030D5CE0596156585B-
162EB791

Schofield, J., Praet, E., Townsend, K. and Vince, J. 
2021. ‘COVID Waste’ and Social Media as Method: 
An Archaeology of PPE and its Contribution to 
Policy. Antiquity. 

Schofield, J., Aylmer, J., Donnelly, A., Jones, 
J., Muñoz-Pérez, J.P., Perez, E., Scott, C. and 
Townsend, K. 2021. ‘Contemporary archaeology 
as a framework for investigating the Impact 
of Single-use Plastic Bags on Environmental 
Pollution in Galápagos. Journal of Contemporary 
Archaeology. 

van Sebille, E., Delandmeter, P., Schofield, J., 
Hardesty, B., Jones, J. and Donnelly, A. 2019. 
Basin-scale sources and pathways of microplastic 
that ends up in the Galápagos Archipelago. 
Ocean Science 15, 1341–1349. Available as 
Open Access at: https://os.copernicus.org/
articles/15/1341/2019/

Scalloped hammerhead - Credit: Jonathan Green and Galapagos Conservation Trust
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PyroScience is a manufacturer of innovative sensor solutions, including several 
optical meters for diverse analytes (e.g. oxygen, pH, temperature) and optical 
sensor heads based on proprietary REDFLASH technology (made in Germany). 
PyroScience recently launched a unique all-in-one optical sensor technology to 
monitor the health of our oceans. This cost-effective and easy-to-operate Aqua-
pHOx technology is available as underwater long-term loggers, real-time data 
transmitters and flexible OEM solutions for application in the worldwide research 
and industrial community.

EU4OceanObs is an EU-funded action on international ocean governance to 
enhance the collection, sharing and use of ocean data for societal benefit. 
Working closely with the UN, the G7, the Group on Earth Observations, and key 
global partners, EU4OceanObs aims to strengthen the international strategy 
for and coordination of global ocean observation. In parallel, EU4OceanObs will 
showcase Europe’s extensive capacities in ocean observation, data sharing, 
modelling and forecasting to increase the global uptake and impact of ocean data 
and knowledge.

Mercator Ocean International (MOi) is a non-profit organisation committed to 
building a science-based Digital Ocean for supporting the conservation and the 
sustainable use of our oceans and seas. MOi maintains an operational digital 
description of the marine environment worldwide and helps organisations imple-
ment community and institutional programmes and projects. It contributes its 
Expert Services to resolve major environmental, climatic and societal challenges 
of the planet and continuously builds interactions between scientists, policy-
makers, public and institutional decision-makers and civil society.

ProtectedSeas provides technology and information services to improve ocean 
conservation.  We help solve tough conservation challenges by simplifying 
information access, analysis, and collection for ocean stakeholders focusing on 
protected area regulations and human impacts. ProtectedSeas is committed to 
ensuring both local and global conservation goals are achieved and that positive 
impacts become realized.
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Hawai̒ i’s Coral Reef Warriors 
Hawaiian corals prove there is hope 
amidst mass bleaching events
By Zoe Ruben, Texas A&M University – Corpus Christi

I
t’s early morning and the sun has risen 
over Kāneʻohe Bay. The turquoise water 
is still resting - like glass undulating gently 
as it hugs the shoreline, back and forth, 

pushed by the ocean breeze. To the far viewer, 
the treasure below is not immediately visible. 
Underneath this pristine surface lies a vivid 
world, already awake with the busyness of 
an active coral reef. It is a rich yet vulnerable 
world, deserving of our attention. What we 
learn here could tell a story about coral reefs 
everywhere. 

With sea surface temperatures and 
ocean acidification steadily rising, most news 
regarding the state of coral reefs comes with 
dreaded buzzwords: “stressed,” “bleached,” 
and “dead.” The outlook for these beloved 
ecosystems can seem bleak at best. Adopting 
positive actions to help their recovery may 
even seem futile. Despite irrefutable evidence, 
corals in Kāneʻohe Bay, Hawaiʻi are demon-
strating that not all hope is lost.

Coral reefs are the foundation of social, 
cultural, and economic life in Hawaiʻi; however, 
these reefs are experiencing the same 
stressful conditions that are ravaging coral 
reefs worldwide. Kāneʻohe Bay is not exempt 
from these conditions, but some coral species 
within the bay are showing surprising resil-
ience. In conjunction with the Hawaiʻi Institute 
of Marine Biology (HIMB), my research team 
and I are investigating a fascinating phenome-
non: paired colonies of the dominant Hawaiian 
rice coral (Montipora capitata, hereafter M. 
capitata) have demonstrated bleached and 
non-bleached phenotypes (observed traits) 
despite residing side-by-side within the Bay. 
This research has the potential to offer riveting 
insight into one of coral reef ecology’s biggest 
questions: Are corals adapting in the face of 
climate change?

To address this question, I will collect M. 
capitata samples and conduct a two-month 
controlled experiment in an outdoor lab 
setting while observing the effects of thermal 
stress and nutrient loading on the coral 
microbiome (the associated microorganisms 

within the coral host) over time. I will investi-
gate visual assessment of coral bleaching, 
metabolic rates, photosynthetic efficiency, 
and coral calcification rates. Beyond that, 
genetic analyses on my samples before and 
after treatments will help determine if the 
microbiome may be modulating the observed 
differences in phenotype.

This experiment was developed from 
extensive background research. Let’s dive in!

“The unnatural history of Kāneʻohe Bay: 
coral reef resilience in the face of centuries 
of anthropogenic impacts” by Bahr et al. 
(2015) provides rationale for our choice of 
sampling site. Kāneʻohe Bay is located on the 
northeast coast of Oʻahu, Hawaiʻi and is the 
largest sheltered body of water within the main 
Hawaiian Islands. It represents one of the most 
extensively studied coral reef ecosystems 
in the world, with well-documented anthro-
pogenic disturbances dating as far back as 
700 years. Kāneʻohe Bay is split into three 
sections: north, central, and south bay (Figure 
1). Characterization of these sections is based 
on (A) circulation patterns, (B) residency times, 
(how long water stays in that section of the 
Bay), and (C) degree of oceanic influence. 

Throughout its history, Kāneʻohe Bay has 
been heavily influenced by an array of stress-
ors, including extensive dredging and filling, 
land-based runoff and sedimentation, sewage 
outfall, overfishing, freshwater input, and, 
more recently, mass bleaching events. Due 
to restricted circulation patterns, Kāneʻohe 
Bay is also historically 1-2°C hotter than the 
surrounding open ocean during the summer. 
Despite surprising resilience in the face of 
these stressors, Kāneʻohe Bay is beginning 
to feel the effects of climate change. Mass 
coral bleaching events and the time elapsed 
between these events are increasing and 
decreasing at a disturbing rate, respectively. 
My research advisor, Dr. Keisha Bahr, and Dr. 
Kuʻuleil Rodgers (HIMB) have documented 
recent recorded bleaching events in the 
Bay, demonstrating that coral mortality has 
increased over time (Figure 2).  It is, therefore, 
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vital to understand the interacting 
environmental factors that are affecting 
corals and how corals are responding to 
increasing stressors. 

In the 1970s, Dr. Paul Jokiel, founder 
of the Coral Reef Ecology Laboratory at 
University of Hawaiʻi at Manoa (UHM), 
conducted the first research to establish 
thermal tolerances of dominant Hawai-
ian coral species. In 2017, a team of 
researchers from UHM recreated this 
study to determine if the target coral 
species showed any evidence of accli-
mation to warming waters. Comparative 
results showed that coral survivorship 
when subjected to thermal stress was 
greater in 2017 than in 1970. Whole-
coral mortality was also observed much 
later in 1970. While these studies provide 
potential evidence of adaptation of 
corals to thermal stress, other influences 
such as nutrient loading could also have 
impacted bleaching rates in both studies.

This is an important aspect to 
consider, as nutrient loading within a 
coral reef ecosystem can influence 
coral photosynthesis and respiration 
rates, which can in turn impact the pH 
of surrounding water over time. This can 
cause coral calcification to decrease and 
coral dissolution to increase, resulting 
in bleaching and eventually, mortality. 
Moreover, while the singular effects of 
nutrient loading and thermal stress on 
corals have often been studied, the 
interactive effects of these two stressors 
have not. It is important to consider them 
in tandem as stressors to any environ-
ment are rarely acting alone. 

Furthermore, these effects are gener-
ally observed as they pertain to overall 
coral health, rather than the health of 
individual coral components. A coral 
host and its associated microorganisms 
are referred to as the coral holobiont. We 
can break this down further by defining 
the associated microorganisms as the 
coral microbiome, consisting of the 
coral’s endosymbiotic algal partner (i.e., 
Symbiodinium), bacteria, archaea, fungi, 
and viruses. According to Morrow et al. 
in Coral Bleaching: Patterns, Processes, 
Causes and Consequences, corals can 
benefit from their microbial partnerships 
by recruiting more resilient microor-
ganisms with tolerances to a range of 
environmental stressors. However, the 

role that the associated microbiome 
plays in species-specific coral host 
tolerance to environmental fluxes and 
multiple stressors remains understudied 
and merits further research.

As a result, examining the interacting 
effects of thermal stress and nutrient 
loading on the coral holobiont, and 
specifically the coral microbiome, is 
the focus of my research. But there are 

Figure 1. The northern, central, and southern sections of Kāneʻohe Bay, characterized 
by circulation, residency times, and oceanic influence. Modified from Bahr et al. 2015.

Figure 2. Percent of corals categorized as normal, pale, bleached, and dead during 
mass bleaching events in 1996, 2014, and 2015. Source: Bahr et al. 2017.
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six dominant Hawaiian coral species, 
each with its own valuable questions to 
ponder. Which one justified this study?

Previous findings by my research 
advisor led to an obvious answer. During 
a recent survey of Kāneʻohe Bay, Dr. 
Bahr identified bleached/non-bleached 
pairs of M. capitata (Figure 3). These 
differences in phenotype were observed 
in neighboring corals subjected to the 
same environmental conditions. 

“Seeing selection happen in real 
time opened our eyes to this incredible 
research opportunity,” says Dr. Bahr. She 
tagged these pairs at established sam-
pling sites in north and south Kāneʻohe 
Bay. These paired coral colonies will 
allow for direct observation of how the 

microbiome might be modulating coral 
bleaching susceptibility. 

This is how our robust research plan 
came to fruition. Our research will directly 
address coral bleaching susceptibility at 
a local level and encourage site-specific 
management to decrease human impact 
on corals. Furthermore, the results of this 
research will inform the State of Hawai‘i’s 
30x30 plan and the Hawai‘i Coral Bleach-
ing Recovery Plan. Both State initiatives 
focus on effective management of coral 
reef ecosystems and promotion of coral 
reef recovery from bleaching events. 
Understanding the biology of the reef 
system will allow for better prediction 
of responses to conditional gradients 
to advocate for policy changes and 

encourage collaboration to advance our 
understanding of bleaching, restoration, 
and climate change.

Adopting positive actions for coral 
recovery should not seem futile, because 
it is not. It will require a strong mindset 
and even stronger collaborations, but 
together, we can incite positive action. 
My team and I want humankind to be 
able to marvel at the wonders of coral 
reefs for generations to come, having 
reached a greater understanding and 
respect of these intricate ecosystems 
through groundbreaking research made 
accessible to scientists and citizens 
alike. Corals should not be remembered 
for their degradation, but instead, for 
their recovery.

Endnote
To learn more about coral reef resilience in 
Kāneʻohe Bay, please see http://www.bahrlab.
com/ and Bahr KD, Jokiel PL, Toonen RJ. 
2015. The unnatural history of Kāne‘ohe Bay: 
coral reef resilience in the face of centuries of 
anthropogenic impacts. PeerJ 3:e950 https://
doi.org/10.7717/peerj.950

Figure 3. Bleached (right) and non-bleached (left) paired colonies of M. capitata. Photo: Keisha Bahr.

Figure 4. M. capitata start to bleach in 
the center of an otherwise healthy reef
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Saving Mexico’s 
Vaquita Porpoise
Beyond science to compliance for 
sustainable development solutions
By Kristin Nowell, Executive Director, 
Cetacean Action Treasury

O
n July 31, 2020, World Ranger Day, Paco 
Valverde, sole ranger of the Vaquita 
Protection Refuge in Mexico’s Upper Gulf 
of California, died of COVID-19.  His good 

friend and colleague, Dr. Lorenzo Rojas-Bracho, 
who later that year was awarded a BBC Inspiration 
prize for his decades of science-driven efforts to 
prevent the vaquita’s extinction, mourns him as 
“indispensable, irreplaceable.”  Paco was uniquely 
able to navigate the gulf between scientists 
seeking to end the use of gillnets and fishers 
continuing to defy regulations against them, and 
it is hard to conceive of a compliance solution 
without him.  

As a teenager fishing with his dad in the 
1980s, they hauled up a shrimp net with two 
drowned vaquita marina porpoises entangled 
in them.  Porpoises need to surface to breathe.  
Paco was inspired to become a biologist, and was 
hired as park ranger in 2004.  That the vaquita has 
not yet been lost is a tribute to his dedication.  But 
it is very close –no other species have fallen so 
far, so fast.  As reported by Armando Jaramillo-
Legorreta and his colleagues a year before Paco’s 
death (July 31, 2019) in the journal Royal Society 
Open Science, the population of Phocoena sinus, 
as documented by a network of underwater 
recording devices which capture its distinctive 
ultrasonic echolocation clicks,fell by 99 percent 
from 2011-2018, with now likely fewer than ten 
remaining.

The vaquita is unusually restricted for an 
ocean animal; for several hundred thousand years 
it has remained only in the warm and turbid waters 
of the Upper Gulf, with a relatively small historical 
population size of about 5,000.  The sea here is 
characterized by strong tides, muddy bottom and 

A rare photo of a vaquita showing its distinctive 
facial markings, taken a few kilometers 
from San Felipe in October 2017.  Photo 
credit: Jonas Teilmann, Vaquita CPR

 > https://cetact.org
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shallow depths, ideal conditions for passive bottom-resting 
gillnets, which can be envisioned as stretches of long (up to 1.5 
kilometers), tall (several meters), underwater tennis nets.  Local 
fishers have used them since the 1940s to catch a variety 
of seafood: small mesh sizes for shrimp, large (up to 12 inch) 
mesh sizes for larger creatures.  In the 1990s, before gillnets 
were banned, and most fishers were willing to tell scientists if 
they accidentally caught a vaquita, the odds were calculated 
at about one per 100 fishing trips.  Many days saw at least that 
many trips.  By the time Paco got his ranger job, the Mexican 
government had created an international vaquita expert advi-
sory committee (known by its Spanish acronym CIRVA), chaired 
by Paco’s friend Lorenzo Rojas-Bracho.  

CIRVA focused in part on deploying the best scientific 
methods to monitor the vaquita population, and helped pioneer 
the now widely-used acoustic technique.  Due to Paco’s 
organizing assistance, the hydrophones are actually placed 
and collected by fishers, who also help search for and remove 
underwater nets.  Gillnets are increasingly being banned from 
the world’s seas because of the well-documented capture risk 
of non-target species – the technical term is bycatch – and 
such nets are considered the leading cause of death for small 
cetaceans (whales, dolphins and porpoises).  And so CIRVA 
scientists, with Paco’s help, generated recommendations 
which formed the basis for Mexico’s comprehensive and 
exemplary regulations to protect vaquitas.  

They did not neglect an additional goal that local fishing 
communities must also survive, by fishing in a way which 

posed zero vaquita bycatch risk.  Scientists partnered with gear 
engineers and fishers in years of effort to develop other types 
of suitable nets and train fishers to use them, taking the lead 
where federal fisheries regulators failed.  However, these efforts 
were overcome during the last decade of the vaquita’s plunge 
toward extinction by the entrance of a criminal element into a 
particular kind of gillnetting for a particular species of fish, the 
totoaba.  

A large “drum fish” (so-called for its own acoustic mating 
call), totoabas concentrate in the Upper Gulf for seasonal 
spawning.  The community where Paco lived and worked, San 
Felipe, was founded in the 1920s as a fishing camp specifi-
cally to capture totoaba, extract its ballast organ -- called the 
swim bladder by scientists and fish maw in the seafood trade 
-- and dry it for export to other countries as a delicacy (it is 
usually made into soup).  Concern over unsustainable levels 
of exploitation led to the totoaba being the first fish species 
listed on the Convention on International Trade in Endangered 
Species (CITES) when it entered into force in 1975.  Becom-
ing illegal, the trade appeared to wane, but as demand for the 
delicacy boomed over the last decade, traffickers reinvented 
the totoaba swim bladder market, and drug cartels got into the 
game.  

At the beginning, the profits were astronomical, with a large 
swim bladder selling for over $100,000 in Southern China 
(Environmental Investigation Agency, 2016). A single net could 
catch dozens of fish.  Young men in town suddenly had wads 
of cash, fancy sports cars and trucks, and bad drug addictions. 

Paco Valverde (center) in his office meeting with fishers. Photo: Lorenzo Rojas-Bracho
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as they generally worked only at night -- all night, every night 
-- to make enforcement on the water all the more challenging.  
Prices subsequently fell, perhaps due in part to oversupply, but 
as Paco observed, that only served to increase the capture 
effort.  The intensity and large-mesh size of totoaba gillnetting 
was disastrous for vaquitas.

In the past several years, vaquitas have been detected 
only in a tiny portion of their Refuge, a 288 square kilometer 
rectangle less than 10 kilometers offshore from San Felipe at 
its closest point.  With a whale-watching set of binoculars, I can 
see all of it from the roof of my house.  It’s protected on paper 
as a no-entry zone and called the Zero Tolerance Area.  With 
powerful twin sets of 120 hp motors, poaching skiffs can reach 
it in a matter of minutes.  It’s been estimated that over 100 
skiffs are active in the poaching season.  I can see them, too.  

Considering the vastness of the ocean realm, these are 
small numbers – 10 vaquitas 10-20 kilometers offshore, 100 
poaching skiffs, 200-some square kilometers.  Rescuing this 
species should be a textbook success story, to be scaled up 
for application to more complex situations of international 
waters and wider-ranging marine life.  But the vaquita has fallen 
by 99 percent, 99 percent of the fishing fleet is using illegal 
gillnets, and it seems everything that has been tried to correct 
or compensate for that has failed.  

Scientists’ last-ditch effort to remove the porpoises from 
the wild in 2017 and place them in the comparative clinical 
security of captivity was called off after the first animal cap-
tured was deemed too young and the second, an adult female, 

died of heart failure.  Policies to compensate fishing communi-
ties for supposed loss of gillnetting income did not reach the 
desired outcome, resulting in many buying more banned fishing 
gear.

In July 2019, the entire Gulf of California was placed on the 
List of World Heritage in Danger, due to the vaquita’s extinc-
tion risk.  CITES Parties will consider possible compliance 
measures and facilitate more cooperation with China. Without 
drastic improvement, the vaquita will be the first CITES-listed 
species to go extinct. 

Ocean science has identified the cause of the crisis and the 
solution: a transition to vaquita-safe fishing.  A small group of 
fishers in the Upper Gulf is showing the gear to be viable and 
profitable; totoaba could also be fished for in vaquita-safe ways.  
Yet science cannot compel compliance.  Strict enforcement 
in the Zero Tolerance Area is a necessary ingredient in how to 
get there, but so too is attitudinal change – what if fishers were 
motivated to work with us towards sustainability instead of 
against us? Like Paco, ocean scientists need to forge meaning-
ful partnerships with a variety of people – fishers, fish cops, fish 
processers and fish consumers.  To honor him is to redouble-
our efforts.   Paco Valverde memorial:

 > www.iucn.org/news/world-heritage/202008/ocean-hero-
dedicated-vaquita-conservation-succumbs-covid-19

 > Environmental Investigation Agency (EIA) 2016 report titled 
‘Collateral Damage: how illegal trade in tototaba swim bladders 
is driving the vaquita to extinction.’ https://eia-international.org/
wp-content/uploads/EIA-Collateral-Damage-FINAL-mr.pdf

Paco Valverde (center) with fishers preparing vaquita acoustic monitors for deployment. Photo: Lorenzo Rojas-Bracho
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Monitoring Nearshore 
Marine Habitats 

The value of Submerged Aquatic Vegetation 
for a healthy and resilient ocean

By Lars Boye Hansen, Mikkel Lydholm Rasmussen, Lisbeth Tangaa 
Nielsen, Silvia Huber and Mads Christensen, DHI GRAS A/S 
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C
oastal waters are highly produc-
tive and diverse ecosystems, 
often dominated by important 
seagrass and macroalgae 

habitats - known as Submerged Aquatic 
Vegetation (SAV) - hidden just out of 
sight below the ocean surface.

The health of these underwater 
coastal habitats provides a key indica-
tor of marine health in the region. SAV 
also provide critical functions that are 
difficult to replace, such as habitats and 

spawning grounds for many different 
marine life, adding oxygen to the water 
and removing excess CO₂, improving 
water quality by absorbing excess 
nutrients, and stabilizing sediment to 
reduce erosion. 

With these vital ecosystem services 
in mind, up-to-date knowledge about 
abundance and growth of these coastal 
habitats is critical to assess the impacts 
of management efforts and monitor 
overall marine health. 

In the European Union, monitor-
ing and assessments of the status of 
marine waters are key components of 
the Water Framework Directive (WFD), 
the Marine Strategy Framework Direc-
tive (MSFD) and the Habitat Directive 
(HD). Overall, these directives consider 
SAV in one form or another, but with 
partly different purposes. 

But due to their highly fragmented 
nature, monitoring SAV communities 
over time (temporal) and space (spatial) 
can be challenging. As well as consist-
ing of many different diverse patches of 
individual communities, changes occur 
within days in some locations and, in 
others, over weeks or months.

Traditional monitoring activities 
involve a combination of diver observa-
tions, photos, and video recordings 
that help determine the coverage of 
SAVs in an area, and what species 
make up communities. However, these 
techniques are time-consuming and 
labor-intensive. As a result, survey-
ors often struggle to map large and 
complex areas, limiting our ability to 
comprehensively capture the structure 
and dynamics of these underwater 
coastal communities, and how they 
change through time.

New Satellite-Based Approaches
In recent years, technological 

innovations in remote sensing platforms, 
sensors, and analytical tools have 
significantly advanced opportunities to 
improve SAV monitoring using remotely 
sensed data. New remote sensing 
methods include satellite imagery, 
plane and drone-based photogram-
metry, as well as ship and underwater 
drone-based echo-sounding/acoustic 
techniques. 

Aerial photos and echo-sounding 
techniques provide new avenues for 
assessing the distribution of SAV in 
detail, covering larger areas. However, 
these approaches cannot offer the 
same volumes of information as satel-
lite images, which allow for continuous 
monitoring of SAV growth, distribution 
and dynamics at scale. 

Satellite-based SAV mapping gener-
ally relies on optical imagery to identify 
and map features on the seafloor in 
shallow waters (where the seafloor and 
SAV are visible). Many different variables 
impact the seafloor’s visibility in the 
imagery such as cloud cover, the glint 
from the sun, sea ice, water quality, wind 
and waves, and many others. Conse-
quently, the time it takes for satellites to 
revisit a location is important for obtain-
ing a large number of useable images 
that are fit for SAV mapping and shows 
the extent of the seasonal variations. 

Fortunately, the satellite industry is 
rapidly evolving. The availability of and 
access to timely, reliable, and high-quality 
satellite imagery provides new opportuni-
ties for the regular use of satellite data 
for monitoring SAV along our world’s 
coastlines. Specifically, the Sentinel mis-
sions under European Union’s Coperni-
cus program have been game-changers 
for attaining comprehensive and scalable 
monitoring regimes of nearshore marine 
habitats. 

The Sentinel-2 satellites provide 
a continuous monitoring framework, 
offering freely available and highly 
temporal data coverage covering 
countries and continents on a weekly 
basis. With imagery available every 2-5 
days at 10-meter spatial resolution and 
systematic coverage, Sentinel-2 provides 
a good basis to get a reliable overview 
and regular updates of the status of 
coastal marine vegetation at national 
or regional scales. This will help capture 
a view of seasonal and interannual 
changes from above. Where finer details 
and insight into the spatial composition 
and extent of SAV’s are required, very 
high-resolution satellite imagery (down to 
30 centimeters) can effectively supple-
ment Sentinel-based approaches, thus 
providing a cost-efficient alternative to 
aerial or drone-based surveys.
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Taking it Nationwide

In 2018, the first-ever nationwide 
overview of the distribution of shallow-
water SAV in Denmark was created by 
DHI GRAS, applying a combination of 
Sentinel-2 satellite data, novel machine 
learning techniques and advanced data 
processing. The Danish SAV map, as 
seen in Figure 1, contains three habitat 
classes:

Sand: where the seafloor has been 
assessed to be mainly free from vegeta-
tion.

Sparse Vegetation: where the 
seafloor has been assessed to contain 
some vegetation.

Dense Vegetation: where the 
seafloor has been assessed to contain a 
dense vegetation cover.

The map provides unique insights 
into the distribution of SAV communities 
at a national level and forms an important 
baseline on the status of vegetation 
density in Danish territorial waters. 

Building on this approach, the first 
nationwide overview of the distribution 
of shallow-water SAV in Sweden was 
created by DHI GRAS in 2020. In just 
a few months, DHI GRAS mapped the 
entire shallow water area of Sweden’s 
11.530-kilometer coastline. This 
illustrates the replicability and scal-

Figure 1 The first nationwide map of submerged aquatic vegetation in Denmark. The map 
shows unvegetated areas in yellow and vegetated/densely vegetated in shades of green.

Figure 2 Inter- and intra-annual variations of aquatic vegetation can be mapped and monitored. The example illustrated here is from the 
national SAV map of Sweden, where the system was used to analyze the inter-annual variation of the spatial distribution and density.
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ability of the approach and underpins 
the potential of satellite-based marine 
habitat monitoring at a national level. 

The value of this synoptic and 
national-level overview is immense, and 
the ability to track potential changes in 
distribution and abundance over time, is 
even greater. Such timely and up-to-date 
information on vegetation growth rates, 
seasonality patterns, impacts of extreme 
events and climate change allows for 
continuous tracking and monitoring of 
the overall ecological status, health, and 
condition of marine habitats. 

Providing the Right Data and 
Tools to the People Who Need it

Satellite-based SAV mapping 
techniques require highly specialized 
knowledge. The provision of tools and 
capacity to transfer this approach into a 
non-specialist environment is important 
if we are to ensure consistent and timely 
SAV monitoring, conforming to the 
needs and requirements of key stake-
holders. Such a tool was built as part 
of the Swedish national SAV mapping 
project. 

By using cloud-based web applica-
tion, non-technical specialists could 
apply the advanced machine learning 
algorithms and the latest satellite data 
to conduct scalable and detailed SAV 
classification, on-demand. With this 
tool, the user can execute the entire 
mapping process, from the selection of 
suitable imagery to the final classifica-
tion, in just a few clicks. 

Future Perspectives
Emergent satellite-based technol-

ogy offers new possibilities for increas-
ing the spatial coverage of 
SAV monitoring compared 
with traditional techniques. 
With an established and 
scalable approach in place, 
systematic and compre-
hensive monitoring of 
SAV can now be repeated 
continuously to assess and 
monitor year-to-year and 
intra-annual variations in 
vegetation cover at scale, 
anywhere in the world. 

Cloud-based applica-
tions further provide flexible 
frameworks towards effec-
tive integration of satellite-
based SAV monitoring 
mechanisms into existing 
systems and processes, 
in line with the specific func-
tionality needs and require-
ments of the end-users. 
This provides new tools to 
underpin more effective 
and data-driven decision-
making, thus reinforcing our 
ability to meet conservation 
and environmental objec-
tives and safeguard our 
coastal zones and marine 
habitats.

The Danish national SAV 
map and data is freely from:

 > https://marine-
vegetation.satlas.dk/.

Figure 3 Example of the graphical user interface in the web application, which facilitates user-friendly 
classification to enable non-experts to do advanced machine learning-based image classifications.
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Increasing Resilience of Small 
Boat Mooring Facilities
By David G. Aubrey, Ph.D., CEO, EOM Offshore LLC
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U.N. Sustainable Development Goal 14 is to conserve and 
sustainably use the ocean; part of this goal focuses on the 
global loss of seagrass beds and corals. Multiple contribu-
tions to seagrass bed loss exist (pollution, destructive fishing 
methods, dredging, etc.), but in some parts of the world a major 
contributor is small boat moorings. Conventional moorings use 
chain for compliance, which rests on the bottom for much of 
the time, degrading benthic habitat and preventing seagrass 
recolonization. Our elastomeric Safe-Moor system is designed 
to eliminate all mooring contact with the bottom, while provid-
ing a durable, effective mooring system for small boats up to 
about 20 meters in length. Use of the mechanically compliant 
Safe-Moor will provide a low-maintenance, cost-effective solu-
tion both to prevent loss of seagrass, and to enable recovery 
of global seagrass beds. This unique design is simple to install 
and maintain, and with no bottom contact, will not corrode as 
existing moorings do.

The most commonly used mooring system is the chain 
“swing” mooring, a system that consists of a sinker block on 
the seafloor, and a heavy chain 
reaching a surface buoy (sometimes 
used with synthetic line), to which 
the boat is secured. The buoy and 
chain pivot as the boat moves with 
the changing tide and wind, dragging 
the chain across the seafloor.  This 
movement results in scouring and 
the creation of ‘mooring scars’: circu-
lar areas of bare ground surrounding 
the mooring, which can be seen in 
satellite and other aerial imagery. 
Impacts from mooring infrastructure 
on seagrass meadows and coral 
reefs have been widely studied, and 
widely reported upon. 

Seagrass meadows and coral 
reefs provide key ecological ser-
vices; these include sediment stabi-
lization and natural coastal defenses 
during extreme weather, carbon 
sequestration, nutrient cycling, 
the provision of fish nurseries and 
enhancement to biodiversity.  Human 
activities including anchoring, mooring, propeller scaring, 
vessel grounding and dredging have been found to negatively 
affect the rhizomes and bury seeds, thus inhibiting germination 
and reduce the provision of these ecological services. Physical 
impacts to seagrass bed substrates can influence microbial 
communities within the sediments, often leading to the release 
of CO₂ from blue carbon sinks in the meadow, acting as a 
contributor to climate change.  For corals, direct damage to 
coral reefs result from dragging chains, migrating anchors, and 
in some cases, swinging of mooring lines.

In addition to these impacts, sediment disturbance can 
also result in the loss of seagrass meadow stability, leading 
to increased fragmentation of the meadow, erosion, and a 
reduction in sedimentation. In some cases, this loss leads to 

the decline of seagrass cover and a loss of resilience, leaving 
the seagrass meadows prone to impacts from other stressors. 
Seagrass loss has also been found to affect associated fauna, 
with negative impacts observed on species density and 
richness, alongside changes to species growth. Impacts on 
seagrass ecosystems are also expected to have an effect on 
local fisheries dependent on the high diversity of commercial 
species supported by seagrass meadows. A study by Jackson 
et al¹.  in 2015 estimated that seagrass associated species 
contributed approximately 30–40 percent to the value of com-
mercial fisheries landings, highlighting the economic value of 
seagrass meadows.

Safe-Moor was designed specifically for small boat moor-
ings and seasonal dock moorings, to replace heavy chain.  
Although chain is inexpensive, it corrodes and drags on the 
sea bottom.  Safe-Moor is an offshoot of mechanically elastic 
mooring elements in use for more than a decade, based on 
patents held by the Woods Hole Oceanographic Institution in 
Woods Hole, MA.  With low waves and at low tide levels, the 

mooring floats between the anchor and 
the mooring ball.  As tides, winds and 
wave increase, forces on the moored 
boat increase, pulling on the Safe-Moor, 
which then lengthens to accommodate 
this increased force.  Safe-Moor can 
safely extend by 2.5 times its resting 
length.  Use of mechanical stretchiness 
or compliance (rather than geometric 
compliance used by conventional chain 
and anchor moorings) has several 
advantages:
• Smaller mooring watch circle so 
boats can be moored more closely 
together.
• No damage to the ocean bottom.
• Less requirement for maintenance 
(replacing chain, etc.).

Standard lengths for Safe-Moor are 
2.5 meters and 5 meters, but they can 
be placed together in series to achieve 
longer lengths for deeper water or 
extreme tide ranges, and they can also 

be placed together in parallel, to achieve a greater working load 
limit (standard working load limit is 1,000 kilograms, but can 
be increased to 2,000 kilograms and higher).  Safe-Moor can 
provide the necessary connectors (concatenators) for these 
modifications.  All hardware is stainless steel, for durability and 
longevity.

In summary, Safe-Moor is an ecologically sensitive mooring 
solution that will help countries achieve their sustainable 
development goals, especially Goal 14.  

Endnote:
1. Jackson, E. L., Rees §, S. E., Wilding, C. & Attrill, M. J. Use of a seagrass 

residency index to apportion commercial fishery landing values and 
recreation fisheries expenditure to seagrass habitat service. Conserv. 
Biol. 29, 899–909 (2015)

Photo credit: Tay Evans, Marine 
Fisheries Biologist, Mass 
Division of Marine Fisheries
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Reef Recovery 2030:
Global Solutions to Save Coral Reefs 
By Nicole Keir, The Great Barrier Reef Foundation 
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A
ustralia’s Great Barrier Reef is the 
world’s largest living thing, made 
up of 3,000 individual reefs, with 
rich corals spanning an area 

larger than Italy. This unique ecosys-
tem is home to thousands of species 
of marine life, including fish, whales, 
dolphins, and six of the world’s seven 
species of marine turtle. 

As one of the seven wonders of the 
natural world and the only living struc-
ture visible from space, the Great Barrier 
Reef is an irreplaceable ecosystem. 
But climate change and rising ocean 
temperatures threaten the future of this 
unique icon and coral reefs around the 
world. There is still time to save coral 
reefs, but we must act now. 

Australia is at the front line of 
climate change. Here, average surface 
temperatures are rising one and a half 
times faster than the global average and 
nowhere is this more evident than in our 
ocean and on our reefs. 

The Great Barrier Reef has seen 
three mass coral bleaching events over 
five years, the most widespread on 
record. We believe we have ten years to 
restore and repair damaged reefs and 
build their resilience so they can thrive in 
a warmer climate. The challenge is great, 
but there is cause to be hopeful. 

We are embarking on a landmark 
campaign dedicated to saving the Great 
Barrier Reef and helping coral reefs 
around the world. 

Reef Recovery 2030 is a 10-year, 
billion-dollar collective effort to turn the 
tide on coral reef decline. The enormity 
of this task calls for an end to working as 
individuals. 

Led by the Great Barrier Reef Foun-
dation, in partnership with the world’s 
leading coral reef scientists, Australian 
Government, reef managers, First 
Nations people and local communities, 
Reef Recovery 2030 will boost the resil-
ience of these unique reef ecosystems 
and the people that rely on them. 

Why Save Coral Reefs? 
Healthy coral reefs are crucial for 

a healthy ocean. They are home to 
a quarter of the ocean’s marine life, 
generate clean air and protect vulner-
able coastlines from erosion, flooding 
and storms. Providing $29.8 billion each 
year to local economies, 850 million 
people rely on them for food, income and 
recreation.

Reef Recovery 2030 focuses on 
restoring reef islands and coasts, 
improving water quality, acting on climate 
change and helping coral reefs adapt to 
warmer temperatures. 

Reef Restoration and 
Adaptation Program 

One of the initiative’s signature 
projects is the Reef Restoration and 
Adaptation Program (RRAP) – the world’s 
largest and most ambitious effort to 
help coral thrive in a changing environ-
ment. We have developed a toolkit of 
bold, innovative and ambitious ideas to 
restore damaged coral reefs and help 
them thrive in warmer conditions. These 
are being rapidly tested at scale to find 
the best possible solutions to a range 
of threats. The results will inform and 
support local reef managers to take 
action across coral reef sites around the 
world. 

One of RRAP’s key programs is Coral 
IVF, a world-first launched in 2016 and 
already producing exceptional results. 

Corals spawn once each year, releas-
ing millions of eggs and sperm into the 
water. Our researchers collect the spawn 
and rear baby corals in special float-

A green turtle on the Great Barrier Reef. Credit: Tourism and Events Queensland.

Natual lagoon in Nord Bay near the 
village of Thogone, North-West 
Coast of Maré Island, New Caledonia

UN DECADE OF OCEAN SCIENCE FOR SUSTAINABLE DEVELOPMENT  eco 71www.ecomagazine.com/subscribe



ing pools. Once the larvae are mature 
enough, we deliver them to the Reef to 
restore and repopulate damaged areas. 

Recent field trips have shown the 
new corals have grown well on the Reef 
and are now the size of dinner plates. We 
expect them to spawn this year, helping 
boost the local population further. 

We are also pioneering new ways to 
encourage the spread of coral species 
that are genetically more tolerant 
of higher temperatures. By applying 

gene-editing approaches and synthetic 
biology, we are building the resilience of 
our coral populations to specific coastal 
conditions. This science, while in its 
very early stages, is already showing 
extremely promising results. 

Reef Islands and Coasts 
Islands and their reefs play a crucial 

role in the marine ecosystem by provid-
ing safe havens for wildlife to rest, feed, 
shelter and breed. 

But these critical habitats are facing 
a growing combination of threats and 
the challenge to protect them from the 
impacts of climate change, rising sea 
levels and development is huge. 

Our 10-year Reef Islands program 
is the largest reef habitat rehabilita-
tion project of its kind in the Southern 
Hemisphere. We are bringing together 
Traditional Owners, scientists, local 
tourism leaders, governments and the 
community to restore 30 reef islands by 
2030. 

Lady Elliot Island is the first loca-
tion for this initiative. We have already 
increased turtle nesting habitat by 125 
percent – and we’re only just getting 
started. 

This program was inspired by our 
success on Raine Island, which sits on 
the remote northern edge of the Great 
Barrier Reef. It is the largest green turtle 
nesting site in the world and as many as 
64,000 green turtles come here to nest in 
a single season, with up to 20,000 on the 
sand at one time. 

The Reef’s green turtle population 
has been in decline for the past 30 years 
due to the effects of climate change and 
other environmental threats. On Raine 
Island, rising sea levels flooded nests and 
drowned eggs, while adult females were 
forced further up the beach to escape 
the tide and suffered fatal cliff falls. 

Coral IVF floating nursery. Credit: 
Great Barrier Reef Foundation.

Researchers deploy Coral IVF babies onto a damaged reef. 
Credit: Gary Cranitch, Queensland Museum.
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To prevent these deaths, we have 
moved 40,000 cubic meters of sand to 
raise the beach above tidal inundation 
levels, doubling the usable nesting area. 
We installed 1,750 meters of fencing to 
prevent cliff falls and rescued hundreds of 
heat-exhausted and trapped adult turtles. 

As a result, more than 640,000 
additional hatchlings have begun life on 
the Reef over the past five years, with 
millions more expected to be born over 
the next decade. 

Resilient Reefs, Resilient People 
We are working to build the resilience 

of communities that rely on coral reefs 
around the world. 

Our Resilient Reefs Initiative is a 
global partnership that brings together 
local communities, Reef managers and 
resilience experts to develop new ways 
to adapt to the effects of climate change 
and other local threats. 

A world-first, Resilient Reefs recog-
nizes that the communities that depend 
on these Reefs are also threatened and 
need to be an active part of the solution. 

The five pilot sites – the Great Barrier 
Reef, Ningaloo Coast, Lagoons of New 
Caledonia, Belize Barrier Reef Reserve 
System and Rock Islands of Palau – are 
just the start. We plan to expand this 
program to 20 international sites by 
2030. 

What’s Next? 
The Great Barrier Reef Foundation is 

already making an impact. A landmark 
investment from the Australian Govern-
ment enabled us to undertake more 
than 100 Reef-saving projects, which 
are underway right now, but there is a 
lot more work to be done. 

Already, average surface tempera-
tures globally have risen 1.1 degrees 
above the pre-industrial levels of the 
late 1800s. If warming reaches 1.5 
degrees, we will see the destruction of 
up to 90 percent of the world’s coral 
reefs. At 2 degrees, they will be lost 
forever. 

The Decade of Ocean Science 
for Sustainable Development offers 
a once-in-a-lifetime opportunity for 
countries to work together to save our 
ocean and reefs. As a founding Decade 
Alliance member, the Foundation’s 
projects are at the forefront of the 
work being done to boost the health, 
sustainability, and resilience of our 
ocean by 2030. 

The challenge is too big for any 
one organization, or nation, to tackle 
alone. We must work together to boost 
the resilience of coral reefs globally, 
helping them resist and adapt to the 
impacts of climate change. 

Please consider the critical role 
you might play so that together, we 

can save coral reefs for generations to 
come.   

The Great Barrier Reef Founda-
tion is the action station for the Great 
Barrier Reef, bringing together people 
and science to deliver more than 100 
Reef-saving projects and the world’s 
largest coral reefs program.

Video: Coral spawning. Credit: 
Great Barrier Reef Foundation.

Video: Nesting season at Raine Island. 
Credit: Raine Island Recovery Project.





There is hope for the Great Barrier Reef and coral reefs around 
the world. Credit: Tourism and Events Queensland.
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Using Hydrography to Advance 
Our Knowledge of the Ocean
By Sarah Jones Couture, International Hydrographic Organization

W
e currently know the surfaces of the Moon and 
Mars better than we know our own ocean floor. Yet, 
thanks to international cooperation and progress 
in technology, we are in a situation where we 

could succeed in mapping the entire ocean within a decade. 

In addition to nautical charts and safety of navigation, the 
information could be used by all ocean stakeholders, provid-
ing baseline data for initiatives to address and understand 
climate change, monitor the movement of pollutants, and 
protect biodiversity. 
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The Shape of the Seabed and Its 
Influence on Ocean Processes

One of the goals of hydrography is to get a complete picture 
of the seafloor. Just as above water there are mountains, hills, 
and valleys; the same is true underwater. The shape and texture 
of the seabed can influence ocean processes, such as tides 
and currents, which guide the movement of pollutants in the 
ocean and seas. The seabed provides habitats for marine 
species and plays a role in spawning areas, information which 
is useful for initiatives aimed at protecting biodiversity. It also 
determines the speed of tremor and tsunami wave propaga-
tion, knowledge of which coastal states can use to implement 
appropriate warning systems, model potential impacts and 
protect their populations. It also plays a role in ocean circulation, 
which in turn has an impact on the climate and the atmosphere. 

The International Hydrographic Organization (IHO) is an 
intergovernmental organization which was created in 1921 
and currently has 94 Member States. It works to ensure all the 
world’s seas, ocean and navigable waters are surveyed and 
charted. IHO coordinates the activities of national hydrographic 
offices and promotes uniformity in nautical charts and docu-
ments. It also issue survey best practices, provides guidelines 
to maximize the use of hydrographic data and develops 
hydrographic capabilities in Member States.

Up-to-date data can be used to help refine and improve 
the accuracy of climate change models. Given its importance, 
national Hydrographic Offices, collaborating under the umbrella 
of the IHO, gather hydrographic and oceanographic data which 
is getting increasingly more accurate thanks to progress in 
technology. All of this knowledge can help ensure initiatives 
for the sustainable use of the ocean, such as the UN Ocean 
Decade and Sustainable Development Goals, are targeted and 
effective.

“Recent endeavors have shown that actions to increase 
our knowledge of the ocean can provide results very quickly,” 
emphasized Dr. Mathias Jonas, IHO Secretary-General. Thanks 
to citizen science, crowdsourcing and initiatives such as the 
Nippon-Foundation-GEBCO Seabed 2030 project, we have 
progressed from having a map of six percent of the oceans 
in 2017, to 19 percent in 2020. The latter aims to compile 
available bathymetric data in order to produce a complete map 
of the ocean floor by 2030. It is a joint project between the 
IHO and IOC UNESCO sponsored by the Nippon Foundation. 
Data generated thanks to this project is made publicly available 
through the IHO Data Center for Digital Bathymetry (IHO DCDB). 

“There is still much to discover, but each effort provides new 
insight into the world below the surface,” adds Jonas. 

Data Usable by All Ocean Stakeholders
To help increase our knowledge of the ocean, the IHO is 

deeply involved in the shift to digital data and the standardiza-
tion of data formats in order to ensure that ocean-related 
data gathered from a variety of sources around the world 
is consistent and can be used by all ocean stakeholders. It 
works with the United Nations Committee of Experts on Global 
Geospatial Information Management (UN-GGIM), to increase 
available geospatial information on the marine environment to 

support national development priorities and the 2030 Agenda 
for Sustainable Development.

Building Capacity Around the World
The IHO partners in an active training and education 

program to foster the next generation of Ocean Mappers. It 
works to identify and enact opportunities to develop and build 
capacity amongst coastal states and small island developing 
states (SIDS) with a particular focus in the Caribbean, Indian 
Ocean and Pacific Islands as well as the coastal states of 
Africa. This includes working with academic partners to offer 
recognized programs as well as specific training courses on 
topics such as hydrography, sea surveys, geospatial marine 
analysis and cartography. With the current pandemic having 
highlighted the need for distance learning, in November 2020 
the IHO Assembly approved to set up an IHO e-learning center 
which will be hosted by the Republic of Korea. Recognizing 
that hydrography, which can be considered a STEM discipline 
(Science, Technology, Engineering and Mathematics), has 
an imbalance in participation between women and men, the 
Organization is also working on a project proposed by Canada 
to “Empower Women in Hydrography”, which will include com-
munication about the variety of careers in the field, as well as 
training for women from around the world. 
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Hydrography and Marine Activities
Hydrography is the basis for all activities involving the 

sea. As a discipline, it focuses on the physics of the marine 
environment. This includes measuring and charting the seabed 
topography but equally importantly sea level, tides, currents, 
and also elements like temperature and salinity. While it has 
traditionally been used to make navigational charts, this 
information is now used by a variety of ocean stakeholders: To 
develop marine renewable energy projects, operators need 
information related to the topography of the seabed or the 
strength and regularity of currents. Industries like fishing and 

aquaculture are also dependent upon environmental factors 
such as temperature, salinity, and currents - information which 
detailed hydrographic surveys record. All of these activities will 
be impacted and will need to adapt if the marine environment 
changes as trends seem to indicate. Up-to-date data, gathered 
and presented according to international standards, enable 
countries to monitor changes and adapt their activities.

Just as above water there are mountains, hills, and valleys; 
the same is true underwater. The Mariana Trench has a 
maximum known depth of 10,984 meters. In comparison, 
Mount Everest is 8,848 meters high. Photo Credit: GEBCO

“Recent endeavors have shown that actions to increase our 
knowledge of the ocean can provide results very quickly,” 
emphasized Dr. Mathias Jonas, IHO Secretary-General.
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Marine unProtected Areas
By Victoria Riglen, Marine Conservation Society

A 
healthy and resilient ocean is undeniably, one which 
is protected. More than a third of UK seas are Marine 
Protected Areas and, like nature reserves and national 
parks on land, are put in place to protect at-risk species 

and habitats. Last year at the Marine Conservation Society, we 
delved into just how protected these vital areas of our seas are.

Following a year of analysis and research, we released a 
report into the fishing activity, which is still happening in many 
of the UK’s offshore Marine Protected Areas, limits our ocean’s 
ability to recover and, as such, play its part in the fight against 
climate change.

Our report, Marine unProtected Areas, focuses specifi-
cally on bottom trawling in offshore Marine Protected Areas 
designed to protect vital seabed habitats. Bottom trawling is 
one of the most damaging forms of fishing, where weighted 
nets are dragged along the seafloor. The UK has been fishing 
in this way on an industrial scale for over a century, and 
consequently, there are very few areas of the seabed around 
the UK that have not suffered the effects of this gear. Habitat-
forming seabed species such as horse mussels, European 
oysters, Sabellaria worm reefs, bryozoans and hydroids have 

all become rare in offshore waters because of decades of 
industrial bottom trawling. With the first pass of the trawl being 
the most destructive, the activity has left huge areas of the 
UK’s seabed in a degraded state. 

By analyzing fishing activity data, our experts found that 
bottom trawling is happening in 98 percent of the offshore 
Marine Protected Areas (MPAs) specifically intended to protect 
the seafloor. This means that despite the designation of pro-
tection, fishing nets are still being dragged along the seabed, 
disturbing and uprooting crucial habitats. 
• All but one of the offshore MPAs designated to protect 

the seabed experienced bottom trawling and dredging 
between 2015 and 2018

• Areas of the seabed, later designated as MPAs in 2019, 
experienced the highest rates of fishing between 2015 and 
2018. There are no fishing restrictions inside these MPAs, 
so nothing is in place to stop this level of fishing from 
continuing

• Bottom trawl and dredge vessels spent at least 89,894 
hours fishing the seabed inside Marine Protected Areas 
between 2015 and 2018.
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The damage to these offshore seabed habitats goes 
beyond the immediate destruction of the ecosystems and 
animals that rely upon them; offshore waters are vital carbon 
stores. 93 percent of the carbon stored in the UK’s seafloor is 
found in muddy and sandy sediments that make up much of 
the seabed offshore. The Dogger Bank MPA, a site half the size 
of Wales found off the east coast of Yorkshire, has the capac-
ity to store the most carbon of all the UK’s protected seas 
– equivalent to 31,000 return trips from London to Sydney. 
Dragging bottom trawl gear through areas such as this churns 
up clouds of carbon-loaded sediment. From here, some of the 
carbon can be released into the seawater and ultimately end 
up in the atmosphere adding to ever-increasing greenhouse 
gas emissions. It’s estimated that the rise in carbon emissions 
resulting from bottom trawling across the UK continental 
shelf between 2016 and 2040 could cost up to £9 billion to 
mitigate. 

The Dogger Bank MPA is a prime example of the damage 
caused by bottom trawling our seas. Whilst Dogger Bank 
has the capacity to store the most carbon of all UK Marine 
Protected Areas, it also experienced at least 2,683 hours of 

bottom trawling between 2015 and 2018 – more than 111 
days of intensive, destructive fishing activity. If this rate of 
trawling were to continue, mitigating the carbon released from 
Dogger Bank could cost the UK economy approximately £200 
million over the next 25 years. 

Among the UN’s seven outcomes for the Decade of 
Ocean Science for Sustainable Development is ‘A healthy and 
resilient ocean where marine ecosystems are understood, 
protected, restored and managed’. This outcome clearly 
illustrates the importance of a protected, restored, and well-
managed ocean in order for our ‘blue heart’ to be healthy and 
resilient. The good news is that this is possible. 

There are positive stories of recovery. Within five years of 
protection from bottom trawling, animals in three UK Marine 
Protected Areas were found to be larger and more diverse. By 
restricting fishing activity in the UK’s protected areas, it may 
be possible to recover fragile ecosystems and marine life, but 
also lock in more carbon. 

By protecting our seas, we can deliver a healthy and 
resilient ocean which will play a vital role in the ongoing fight 
against the climate emergency. 
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Bioengineering a Climate 
Change Solution
Mending Coral Reefs with IntelliReefs Nanotechnology
By Emily Higgins, IntelliReefs

Reef-building species growing quickly 
on IntelliReefs after only 14 months.eco  UN DECADE OF OCEAN SCIENCE FOR SUSTAINABLE DEVELOPMENT80



N
ew breakthroughs in nanotech-
nology could provide important 
refuge from climate change for 
endangered and threatened 

coral reef species around the world. 
As tropical reef habitats deteriorate 

from ocean warming and acidification, 
pollution, coastal development, and the 
increasing frequency and severity of 
tropical storms every year, corals are 
struggling to grow and reproduce fast 
enough to retain healthy population 
levels. Coral reefs are the backbone of 
the ocean, providing food and shelter 
for one-quarter to one-third of the 
ocean’s species, cite Nancy Knowlton 
and colleagues in “Coral Reef Biodiver-
sity”, a chapter in the volume Life in the 
World’s Oceans: Diversity, Distribution, 
and Abundance. The loss of coral reefs 
would mean the global collapse of the 
world’s ocean and the large economic 
systems that have been built around its 
vast, renewable resources. 

Of the current advancements in coral 
reef restoration technology, IntelliReefs 
bio-enhancing nanotechnology sub-
strates may be the most timely, natural, 
and cost-efficient way to build back 
physical structure, biodiversity, and resil-
ience on a kilometer-by-kilometer scale. 
A 2017 report by UNESCO estimates 
that if we do not take severe action 
to reduce emissions and protect our 
remaining coral reefs, they will become 
extinct by the end of the century. In 
response, nanoscientists and coral 
reef ecologists from IntelliReefs have 
teamed up to rapidly test and implement 
a new solution to restore and rehabilitate 
damaged coral reefs. IntelliReefs’ line 
of biomimicking building materials are 
called “Oceanite”, and can be engineered 
down to the nanoscale to target site, 
species, and function-specific conserva-
tion goals.

IntelliReefs emerged as a new divi-
sion of a high-performance cement and 
nanomaterial science company based 
out of Texas. The two combined their 
expertise to address the loss of suitable 
coral habitat and three-dimensional 
structure on coral reefs. The result was 
the world’s first artificial reef construc-
tion nanomaterial that provides endan-
gered coral species with the building 
blocks to grow faster and more resiliently 

in the face of climate change. 
In 2018, the Nature Foundation Saint 

Maarten joined forces with IntelliReefs to 
remediate their local coral reefs follow-
ing widespread damage from Hurricane 
Irma in September 2017. Irma was one 
of the strongest hurricanes to hit the 
Atlantic Ocean in recorded history, with 
winds exceeding 185 MPH for 37 hours 
straight. Large storm surge during Irma 
caused physical damage to the reefs and 
intense rainfall increased freshwater and 
nutrient input on reefs in Saint Maarten. 
Like many other Caribbean reefs, Saint 
Maarten’s reefs have also suffered from 
overfishing, erosion, and pollution over 
the past five decades. In November 
2018, we deployed three IntelliReefs 
structures off the coast of Philipsburg 
to test the performance and biological 
applications of Oceanite in a marine 
environment for the first time. 

Evaluating the efficacy of advanced 
material substrates for enhancing 
biological and economic objectives on 
coral reefs is essential for elucidating 
their large-scale applications. Human-
made artificial reefs have traditionally 
been built out of cheap, leftover con-

struction materials (e.g. steel, concrete, 
etc.) that introduce harmful toxins into 
already vulnerable ecosystems. The 
research had two main objectives: 1) to 
analyze the animal and plant communi-
ties growing directly on Oceanite, and 2) 
to determine fish behavior and abun-
dance on IntelliReefs artificial reefs. 

In January 2020, teams from the 
Nature Foundation Saint Maarten and 
IntelliReefs dove on the three structures 
to assess their conservation potential. 
After 14 months underwater, research-
ers found that the nanotechnology 
artificial reefs provided food and shelter 
for large fish populations, attracted wild 
corals, deterred unwanted growth of 
fouling and invasive species, and even 
had higher biodiversity than nearby 
natural reefs (Figure 1; full results in 
preparation for publication summer 
2021).

Traditional marine concrete and 
eco-concrete need to be impervious to 
be durable in marine habitats. Otherwise, 
chlorides and oceanic conditions over 
time will cause the structures to erode 
and leach chemicals from the inside out. 
With nanoparticle activation, Oceanite 

IntelliReefs, Nature Foundation Saint Maarten, and SeaLegacy 
teams deploying IntelliReefs flagship artificial reefs in Philipsburg, 
Saint Maarten. Photo by Ian Kellett | IntelliReefs
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fully encapsulates reef-building minerals 
and coarse aggregates in our mix design, 
allowing for a completely porous material 
with increased strength and durability 
that water can actually flow through, 
while preventing leaching of hard metals 
and toxins associated with concrete and 
eco-concretes. Researchers believe 
that the porous nature of Oceanite is 
one aspect of this new technology that 
allowed for enhanced biodiversity over 
the natural reef nearby: IntelliReefs’ 
marine ecologists found that Oceanite’s 
interior matrix was completely colonized 
by marine sponges and tunicates, which 
rapidly clean seawater and recycle 
nutrients (Figure 1C).

The biodiverse community of plants 
and animals that formed on the Intelli-
Reefs were also found to be an important 
food source for large communities of 
reef fish at the study sites. Both herbivo-
rous and omnivorous fish were found to 
feed on the IntelliReefs, indicating that 
Oceanite can develop a sustainable food 
source for resident fish (Figure 1D). Coral 
reefs have been severely overfished 
worldwide, and the provision of food and 
shelter through ocean-friendly artificial 
habitats could be a valuable mechanism 
to replenish fish stocks. The use of 

IntelliReefs in conjunction with marine 
protected areas may further accelerate 
population recovery of economically 
valuable reef fish species. IntelliReefs 
researchers found that at their study 
site within a Marine Protected Area 
(MPA), fish were feeding nearly every 15 
seconds. The fish community observed 
in the MPA was also more diverse than 

control sites outside of the protected 
area. Researchers observed that when 
the area surrounding the IntelliReefs 
had high amounts of shelter for fish (e.g., 
large shipwrecks), the nanotechnology 
artificial reefs could feed and house an 
order of magnitude more fish.

Baby corals (called larvae) are 
attracted to healthy, bare patches of hard 
seafloor by auditory, chemical, and light 
signals. With ocean deterioration, avail-
able, unfouled space has become much 
more limited on reefs. Oceanite mineral-
ogy and microtexture was specifically 
engineered to quickly develop a protec-
tive layer of reef-building species and 
microbes that coral larvae seek out when 
they are looking for a new home. One of 
the key species that coral biologists look 
for when evaluating a suitable substrate 
for coral settlement is crustose coralline 
algae (CCA). IntelliReefs’ researchers 
found that Oceanite grew more than 
twice the amount of CCA as nearby reefs 
and attracted wild corals to attach and 
grow on the substrate in less than a year 
(Figure 1A).

Concrete, rubber tires, steel, and 
3D-printed artificial reefs do not accom-
modate the physiological needs of 
marine organisms. Concrete has a high 
pH of 12, which can burn animal tissues 
upon contact. Oceanite has a pH of 8.1, 
allowing for immediate, safe integration 
into marine ecosystems. 

A Red Hind Grouper looks on as IntelliReefs divers build a new 
nanotechnology artificial reef. Photo by Ian Kellett | IntelliReefs

Figure 1 summarizes the biological benefits found for IntelliReefs’ nanomaterial 
marine substrate called “Oceanite.” Photo by Ian Kellett | IntelliReefs
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With over 20 years of experience in 
the architectural cast-stone and nano-
material construction industry, Intelli-
Reefs is thinking big for their next phases 
of coral reef restoration, scaling up this 
flagship project to address coastal 
deterioration and protection. IntelliReefs’ 
materials can be cast in any shape and 
size to build custom homes for ocean 

species from the micro to macroscale.
The race against climate change has 

resulted in researchers around the world 
developing innovative and unprec-
edented methods to protect, revitalize, 
and restore the ocean. Initial results from 
this promising study suggest that Intel-
liReefs have the potential to accelerate 
healthy reef growth, attract wild corals, 

and feed and house large fish popula-
tions in just 14 months. 

IntelliReefs is queuing up ongoing 
research and product development for 
2021 to continue battling the ecosys-
tem-wide effects of climate change. By 
testing and applying new advances in 
materials science, IntelliReefs aims to 
build human-made reef habitats that 
mitigate widespread coral disease out-
breaks and bleaching events. IntelliReefs 
greatly increase the customization of 
artificial reefs and create a unique oppor-
tunity to simultaneously target biological, 
socio-economic, and cultural benefits 
across both public and private sectors, 
returning profit to coastal communities, 
empowering local people, and improving 
the scale of restoration success. 

 > www.intellireefs.com

Before and after comparison of Oceanite mineral nanomaterial after 14 months underwater 
in Philipsburg, Saint Maarten. Photo by Ian Kellett | IntelliReefs

Nature Foundation Saint Maarten diver exploring the IntelliReefs 
following scientific monitoring in Philipsburg, Maarten after 14 
months underwater. Photo by Ian Kellett | IntelliReefs


VIDEO: Restoring Reefs with 
Nanotechnology | IntelliReefs
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Saving the Sargasso Sea
A major new partnership to support science-

based stewardship of the Sargasso Sea
By Teresa Mackey, Programme Manager, Sargasso Sea Commission

Lined seahorse (Hippocampus erectus) 
found in Sargassum (Sargassum fluitans) 
washed up on a Bermuda beach
 
All photos photographed by: Jean-Pierre Rouja 
for LookBermuda and The Nonsuch Expeditions
Collected by: Jean-Pierre Rouja and Chris Flook 
in the Sargasso Sea surrounding Bermuda
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T
he Sargasso Sea, encompass-
ing two million nautical square 
miles of the North Atlantic, is 
the only sea unconstrained by 

land. Instead, the shifting boundaries 
are formed by clockwise ocean cur-
rents. Aptly referred to as the “golden 
floating rainforest of the Atlantic,” this 
high seas ecosystem is comprised of 
floating Sargassum, which teems with life 
and shelters endangered and endemic 
species. The iconic humpback whale 
migrates through the Sar-
gasso Sea, and it is also the 
only known spawning area 
for European and American 
eels. This ecosystem is 
threatened by several 
factors, including 
climate change and 
acidification, pollution 
(including plastics), 
increased fishing effort 
(for ocean species as well 
as eels), ocean shipping, and 
other activities that may be proposed, 
such as seabed mining. Data from the 
longest continuous open-ocean time 
series shows increases in surface tem-
perature and upper ocean salinity. These 
changes may have a cascade effect on 
the Sargasso Sea ecosystem.

The greatest challenge to the protec-
tion of the Sargasso Sea is a matter of 
location. As part of the high seas, the 
Sargasso Sea falls outside the protection 
of any single national government. There 
is a complex tapestry of organizations 
which have mandates to address threats 
to the high seas. The conservation 
of the Sargasso Sea depends upon 
international decisions taken by these 
organizations. Recognizing that the 
current legal framework complicates the 
Sargasso Sea conservation efforts, the 
Sargasso Sea project was founded to 
use the area as a case study to test high 
seas governance.  

The Hamilton Declaration on Collabo-
ration for Conservation of the Sargasso 
Sea was signed in March 2014. The Gov-
ernments of Bermuda, The Azores, The 
Bahamas, Canada, the Cayman Islands, 
the Dominican Republic, the Principality 
of Monaco, the United Kingdom, and the 

United States. The Declaration estab-
lished the Sargasso Sea Commission as 
a new paradigm for high seas conserva-
tion. It is the first non-binding instrument 
to establish a means to collaborate 
through existing mechanisms in Areas 
Beyond National Jurisdiction. The Com-
mission is charged with a stewardship 
role over the Sargasso Sea, and keeping 
its health, productivity, and resilience 
under continual review. The Commission 
has no management authority, but leads 

the Signatory governments in pursuing 
conservation measures for the Sargasso 
Sea through existing regional and 
sectoral organizations. 

The Sargasso Sea Commission has 
successfully achieved widespread rec-
ognition of the international significance 
of the Sargasso Sea. The Sargasso Sea 
is the only named ecosystem to merit 
an individual chapter in the first and 
second United Nations Ocean Assess-
ments, and frequent references in the 
annual United Nations Law of the Sea 
Composite Resolution. However, the only 
legal protection measure secured for 
the Sargasso Sea to date has been the 
closure of the seamounts in the northern 
area to bottom fishing and gear type 
restrictions by the Northwest Atlantic 

Fisheries Organization. 
 Through its work crafting important 

protection measures, the Commission 
has highlighted the limitations of the 
current voluntary arrangement under 
the auspices of the Hamilton Declara-
tion and the need for more systematic 
governance of Areas Beyond National 
Jurisdiction. Significant sectoral and 
regional gaps exist in the warp and 
weft of this governance fabric. Dr David 
Freestone notes in his 2018 paper “The 

Limits of Sectoral and Regional Efforts 
to Designate High Seas Marine 

Protected Areas” that 
under the status quo, 

there is little coordi-
nation between 

these 

organizations, resulting 
in sector-specific strategies 

to protect distinct areas from 
selected threats. Without the 

power to make intergovernmental 
decisions itself, the Sargasso Sea 
Commission cannot seek to establish 
protection measures independently. 

 In September 2018, the Commis-
sion sponsored the preparation of a 
draft concept note for a possible Global 
Environment Facility (GEF) project. 
During the final day of the “Next Steps to 
Strengthen Stewardship of the Sargasso 
Sea” workshop held at the Bermuda 
Institute of Ocean Sciences in March 
2019, a preliminary discussion of how 
such a project might be structured 
was held at the Joint Meeting of the 
Sargasso Sea Commission and the 
representatives of the Hamilton Declara-
tion Signatory Governments. 

 It was decided that further detailed 
discussions were necessary with a 
wider range of stakeholders. In July 

Juvenile Mahi-Mahi 
(Coryphaena hippurus) 
collected from 
Sargassum mats
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2019, the Commission, Signatories, the 
United Nations Development Programme 
(UNDP), and other partners were hosted 
by the Bahamian Government at the Royal 
Bahamas Defence Force base to discuss 
in more detail the plan for UNDP to submit 
the project to the GEF through the Food 
and Agriculture Organization of the United 
Nations-led Common Ocean Program. 
The project was allocated $3 million under 
the overall GEF7 Areas Beyond National 
Jurisdiction (ABNJ) program, and submit-
ted to the GEF in April 2020. 

 The GEF Council formally approved the 
overall global GEF Programmatic Approach 
entitled “Common Oceans- Sustainable 
utilization and conservation of biodiversity 
in areas beyond national jurisdiction”, 

including the Sargasso Sea “child project”, 
in June 2020. Following a detailed review of 
several prospective partner organizations, 
UNDP selected the Intergovernmental 
Oceanographic Commission of the United 
Nations Educational, Scientific, and Cultural 
Organization (IOC-UNESCO) as the execut-
ing agency for the project. IOC will work 
closely with stakeholders in leading the 
project development process in consulta-
tion with UNDP, the Sargasso Sea Commis-
sion and its Signatories, the GEF-eligible 
beneficiary countries, and other partners, 
including the Bermuda Institute for Ocean 
Sciences, the Duke University Marine 
Geospatial Ecology Lab, the Imperial 
College London Centre for Environmental 
Policy, the University of Edinburgh, the 
World Maritime University, and the French 

Global Environment Facility (which is also 
financing a parallel project on high seas 
governance targeting the Sargasso Sea 
and the Thermal Dome in Central America). 
The project will also benefit from efforts led 
by the recently established Western Tropi-
cal Atlantic Planning Group for the Ocean 
Decade, particularly in developing tools 
and building capacity to assess the impact 
of multiple ocean stressors and establish a 
baseline for ongoing monitoring and adap-
tive management for the Sargasso Sea.

 In December 2020, the Sargasso Sea 
Commission, working with UNDP and the 
IOC, launched the preparations for the 
$3 million GEF grant by hosting a virtual 
Inception Workshop. The team has until 
June 2021 to prepare the final project 

documents for consideration for approval 
by the GEF CEO. 

 This project is the first-ever GEF grant 
designed to address the conservation 
and governance of a well-defined high 
seas ecosystem. It is also the only project 
designed to apply an ecosystem-based 
approach in a specific Area Beyond 
National Jurisdiction. The project’s overall 
objective is to facilitate a collaborative, 
cross-sectoral, and sustainable steward-
ship mechanism for the Sargasso Sea 
through improvement in the knowledge 
base and strengthened frameworks for 
collaborative management and gover-
nance. Stewardship of the Sargasso Sea 
is envisaged to be a collaborative venture 
through the development and adoption 
of sustainable management measures to 

Sargassum fish 
(Histrio histrio) 
collected from 
Sargassum mats

Portuguese man 
o’ war tentacles 
(Physalia physalis)
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conserve and protect its natural resources.
 The GEF grant will finance a major 

Ecosystem Diagnostic Analysis of the 
Sargasso Sea and develop a Strategic 
Action Programme for future stewardship 
and sustainable governance. The Ecosys-
tem Diagnostic Analysis will develop an 
improved knowledge base to support a col-
laborative, adaptive, and ecosystem-based 
stewardship approach. This would build on 
the 2011 summary science case (devel-
oped by the Sargasso Sea Alliance that laid 
the groundwork for the establishment of the 
Commission) by establishing a baseline for 
ongoing monitoring and adaptive manage-
ment and quantifying the latest threats and 
impacts. This work would also include a 
detailed socio-economic assessment and 
analysis of the global value of the Sargasso 
Sea ecosystem and a cost-benefit analysis 
of potential management approaches. 
The knowledge and data captured in these 
analyses aims to fill priority information and 
knowledge gaps arising from the Ecosystem 
Diagnostic Analysis. 

The Strategic Action Programme will 
identify immediate and long-term priority 
actions to mitigate threats and define the 
stewardship measures, as agreed and 
endorsed by the appropriately mandated 
institutions, partners, and collaborators. 
At the end of the project cycle, partners 
hope to have outlined a roadmap of the 
future actions to be taken under a broader 
ecosystem-based stewardship approach for 
the Sargasso Sea, with ongoing monitoring 
of baseline parameters and management 
and policy guidelines circulated to appropri-
ate bodies. 

Beyond the project’s horizon, the 
Sargasso Sea Commission hopes that the 
lessons and best practices that are learned 
over the next four years will serve as a 
practical model for possible replication in 
other areas of the high seas. 

Blue sea dragon 
(Glaucus atlanticus)

Blue shrimp collected 
from Sargassum mats
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J
ust over 20 years ago, the world 
witnessed the first global coral 
bleaching event of modern times, 
which resulted in widespread 

coral mortality around the world. Since 
then, two more global and many more 
regional bleaching events have occurred. 

The term ‘coral bleaching’ describes 
a stress response whereby the resident 
microscopic algae living within the 
coral’s soft tissue are expelled. As the 
coral’s main energy source, these tiny 
algae play a vital role in coral health and 
are crucial for their survival. When gone, 
the coral loses most or all its pigmenta-

tion, revealing its pale skeleton under-
neath its soft tissue. 

Prolonged periods of bleaching 
deplete the coral’s energy supply and 
reserves, reduces the coral’s growth and 
reproduction, and can ultimately lead to 
death. There are many factors that can 
induce coral bleaching, but periods of 

Monitoring Aldabra’s Reefs 
By Dr. Anna Koester, and edited by Dr. Frauke Fleischer-Dogley and 
Jeremy Raguain, Seychelles Islands Foundation

Photo credit: Imran Ahmad Bin Rayat Ahmad
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abnormally warm water temperatures, 
brought about by climate change, 
represents the most troublesome and 
has emerged as the biggest threat to 
coral reefs of our time.

Reefs have the ability to recover from 
coral bleaching, even following high coral 
mortality. Nevertheless, as bleaching 
events increase in frequency and sever-
ity, time frames for recovery are rapidly 
shortening. Thus, in order to protect 
coral reefs, we must urgently undestand 
which factors reduce the susceptibility 
of corals to bleaching and enhance their 
chances for recovery. 

Understanding factors 
of reef resilience

Alongside climate change, the major-
ity of the world’s coral reefs are also 
exposed to localized threats, such as 
overfishing, pollution or sedimentation. 
But we can learn a lot about bleaching 
susceptibility and recovery from remote 
locations where local human impacts are 
minimal or absent. These coral locations 
can show us how reefs naturally cope 
with climate change, and which local 
conservation efforts are necessary to 
steer these ecosystems through the 
climate crisis. 

An ideal site for such investigation is 
Aldabra Atoll (Seychelles) in the Western 
Indian Ocean. Aldabra is a UNESCO 
World Heritage Site and has been well 
protected and managed for the past 50 
years. Its only residents are the 10–15 
staff members from the Seychelles 
Islands Foundation (SIF) that runs a 
research station set up for ecological 
research and long-term monitoring. 

Monitoring Aldabra’s coral reefs is an 
essential part of the scientific activities 
at Aldabra, and was first initiated by 
University of Cambridge researchers 
following the first global coral bleaching 
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event in 1998. By returning annually for 
several years, this initial marine monitor-
ing program aimed to record the recov-
ery of Aldabra’s reefs but came to a stop 
due to the onset of piracy in the area in 
2009. Following several years without 
marine monitoring being conducted, SIF 
established the Aldabra Reef Monitoring 
(ARM) program in 2013. Since then, it 
runs reef monitoring surveys annually 
with a dedicated team of trained staff 
members. 

The value of this marine program 
became apparent early on as coral reefs 
worldwide bleached once again during 
2014 to 2017. This bleaching event 
started in 2014 in the Pacific Ocean and 
by 2015, spread to the Indian Ocean. 
With water temperatures remaining 
elevated in both ocean regions through-
out 2016 and 2017, bleaching continued 
and affected some reefs multiple times 
in this period. Although global figures on 
the extent of coral mortality caused by 
this bleaching event are not yet avail-
able, it is considered the longest, most 
widespread, and most damaging coral 
bleaching event on record. 

At Aldabra, coral reefs experienced 
warmer-than-usual temperatures 
between December 2015 and June 
2016. Authors from a collaborative study, 

led by the University of Zurich in Swit-
zerland, say that “water temperatures 
at Aldabra during this time period were 
higher than during any other time period 
since records began in the year 2000”. 
This study utilized SIF’s marine monitor-
ing data to assess the impact of the 
bleaching event and found that 34–55 
percent of Aldabra’s corals died as a 
consequence. 

“Coral mortality was lower inside 
Aldabra’s shallow lagoon than on its 
seaward reefs, likely due to the high 
temperature variability corals in the 
lagoon are exposed to which is caused 
by the tidal fluctuations. Lagoonal corals 
therefore experience thermal stress 
more regularly which likely lowered their 
susceptibility to bleaching between 
2015 and 2016,” noted the authors. 

Photo credit: Cheryl Sanchez, courtesy 
of the Seychelles Islands Foundation

Photo credit: Cheryl Sanchez, courtesy 
of the Seychelles Islands Foundation
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Another study led by research-
ers from the University of Bremen in 
Germany used SIF’s marine monitoring 
data to understand the recovery period 
of Aldabra’s coral reefs following the 
bleaching event. The study authors 
observed that “it appears that not only 
are Aldabra’s lagoonal corals less sus-
ceptible to bleaching, they also recover 
much quicker than the corals on the 
seaward reef: within less than four years, 
coral cover inside Aldabra’s lagoon 
nearly recovered to what was recorded 
there before the bleaching event – this 
is remarkable.” 

The study further showed that 
coral cover on the seaward reefs 
also increased in this time period, but 
slower than in the lagoon and primarily 
in shallower water, particularly where 
the exposure to wind and waves is 
lower. Environmental conditions shape 
the distribution of coral species and 
influence the growth of a coral reef, and 
hence the rate at which a reef recovers 
after a bleaching event. For example, 
fast growing corals tend to be found 
more often in sheltered environments 
where wind and wave exposure is lower 
and light availability is higher. Such 
relationships can be easily observed 
at remote coral reefs like those from 
Aldabra, but in areas exposed to 
pollution and overfishing this may be 
different.

Clearly, SIF and its international 
collaborators have shown that even the 
best protected and most remote coral 
reefs are susceptible to temperature 
stress, bleaching and subsequent coral 
mortality. Reef recovery, however, can 
be rapid, which suggests that if local 
stressors such as nutrient pollution, are 
significantly reduced, coral reefs can 
recover well and quickly after bleaching. 

SIF is rigorously committed to 
continuing its annual marine monitoring 
activities to provide valuable baseline 
data for current and future research 
collaborations. Such ongoing research 
is not only important for Aldabra’s reef 
ecosystem, but also for the wider region. 
With little data available on other remote 
reef systems in the area, SIF’s ARM 
program provides a pixel of informa-
tion that is currently also utilized in a 
Seychelles-wide reef connectivity study 
led by researchers from the University 
of Oxford. This study aims to identify 
source and sink reefs in the region, i.e., 
those reefs that provide coral larvae 
through currents to other reefs, which 
makes them exceptionally important for 
reef recovery following disturbances 
such as coral bleaching. The results of 
this study will have a strong influence on 
the future directions of SIF’s reef moni-
toring and research activities, as well as 
the management and protection of reef 
ecosystems within the wider Seychelles. 

The Aldabra Reef Monitoring 
program embodies the ethos of the UN 
Ocean Decade and shows what can 
be achieved in Small Island Developing 
States by local non-profit organizations 
such as SIF. The twofold value of SIF’s 
marine monitoring activity - the provision 
of baseline data as well as local capacity 
building - holds a great value for the Sey-
chelles and the Western Indian Ocean. 

If the world is to mitigate and adapt 
to climate change, and if future genera-
tions are to have any chance of seeing 
and benefiting from coral reefs, it will 
be in some part due to such long-term 
monitoring programs and research 
projects. Within the UN Ocean Decade, 
SIF hopes to find further support in 
funding its activities to not only ensure 
their continuity, but also expansion. 

Endnote:
To read more about the impact of the 
2015/2016 coral bleaching event at Aldabra and 
the subsequent recovery of its reefs, please see 
the two studies referred to in this article:   

Cerutti J, Burt AJ, Haupt P, Bunbury N, Mumby 
P, Schaepman-Strub G (2020) Impacts of 
the 2014–2017 global bleaching event on a 
protected remote atoll in the Western Indian 
Ocean. Coral Reefs 39:15–26

Koester A, Migani V, Bunbury N, Ford AK, 
Sanchez C, Wild C (2020) Early trajectories 
of benthic coral reef communities following 
the 2015/16 coral bleaching event at remote 
Aldabra Atoll, Seychelles. Sci Rep 10:17034

Photo credit: Cheryl Sanchez, courtesy 
of the Seychelles Islands Foundation
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Helping Nature Heal Itself
By Sui Phang, Ewan Tregarot, Cindy Cornet, Mialy Andriamahefazafy, Pierre Failler 
(University of Portsmouth), Fintan Burke, Vera Köpsel (University of Hamburg), Beth O’leary 
(University of Exeter) and Myron Peck (Royal Netherlands Institute of Sea Research)

Seagrass bed, France. Credit: 
Rémy Simide / MaCoBioS
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N
ature-based solutions are a sus-
tainable way of meeting humans’ 
needs while protecting and 
enhancing natural ecosystems. 

When done well, they can be powerful 
tools to fight against climate change 
and protect biodiversity. The MaCoBioS 

and FutureMARES projects explore how 
nature-based solutions and cooperating 
with local communities can bring about 
a healthier and more resilient ocean.

What do kelp along the Norwegian 
coast, eelgrass in the Baltic Sea 
and corals in the Caribbean have in 
common? They are all, of course, 
components of marine ecosystems. 
They also take in some of the highest 
amounts of CO₂ from the atmosphere 
of any species and act as barriers to 
waves, protecting coastlines against 
erosion. Conserving these habitats 
deliver healthy and resilient marine 
ecosystems to benefit both biodiversity 
and humans. 

All these species are potential parts 
of ‘nature-based solutions’ for protect-
ing marine biodiversity, sustaining 
healthy ocean habitats and enhancing 
the resources provided to us by our 
seas. 

The term is roughly a decade old but 
is becoming mainstream. The European 
Union defines nature-based solutions 
as actions “inspired and supported by 
nature, which are cost-effective, simul-
taneously provide environmental, social 
and economic benefits and help build 
resilience.” These can range from con-
ventional conservation and ecosystem 
restoration to ecologists ‘bioprospect-
ing’ for new plastic-eating enzymes. 

Finding ways to benefit both the envi-
ronment and people can change how 
we interact with the ocean for the better. 
Bridging human interests in the ocean 
and protecting biodiversity is important 
as tensions exist among different sea 
uses. For example, people in the fishing 
and fish farming industry can know 
all too well the conflict that can arise 
between between extracting marine 
resources and nature conservation.

Kelp forest, Norway. Credit: Stein Fredriksen / MaCoBioS
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The Ecosystem as a 
Service Provider 

We need to better understand 
the relationship between a marine 
ecosystem’s health and what benefits 
it provides to people - the ‘ecosystem 
services.’ We still have an elementary 
understanding of how marine eco-
systems’ degradation globally affects 
carbon sequestration, food provision and 
other processes we depend on. Marine 
ecosystems are complex and challeng-
ing to access. Marine scientists are 
constantly trying to better predict and 
understand how they respond to threats 
like environmental change, pollution, and 
overfishing.

The deeper governments and coastal 
communities understand the relationship 
between ecosystem health and eco-
system services, the better they will be 
able to manage ocean ecosystems. For 
example, does an ecosystem degrad-
ing by a certain percentage lead to a 
similar decline in the ecosystem service? 
Ecosystems can often handle some 
degradation (or ‘disturbance’) and still 
function and be productive. But pushing 
past ‘tipping points’ can lead to a rapid 
change in the ecosystem that can be dif-
ficult to recover from. Making educated 
management decisions to prevent this 
from happening will mean we use the 
ocean within its natural resilience.

For instance, coral reefs’ health is 
often characterized by live coral and 
macroalgae cover, and more recently by 
biomass of herbivorous fish and com-
mercial fish. Those simplistic indicators 
do not always reflect the complexity and 
functioning of coral reefs that underpin 
their services. Therefore, MaCoBioS’ 
marine ecologists will explore other 
ecological indicators in the Caribbean 
through new approaches (e.g. environ-
mental DNA, bioacoustics, functional 
traits, etc.) and identify the most appro-
priate ones to adjust the assessment 
of ecosystem services provisioning 
accordingly.

Economic and Societal Value
Conserving mangroves, seagrass 

beds and kelp forests as nature-based 
solutions to climate change are a few 
of the examples being investigated 
by MaCoBioS and FutureMARES, two 
EU-funded projects looking at how to 
better use with nature-based solutions 
worldwide. 

We need to better understand how 
a changing climate and human activities 
affect different habitats if we want to 
design the best possible responses to 
climate change and other pressures on 
marine ecosystems. Once we know more 
about these processes, we can design 
with nature-based solutions that protects 
our oceans’ biodiversity and make sure 
that the valuable ecosystem services 
they provide will be available for future 
generations. 

But we must look beyond the 
scientific drawing board and think about 
which components of marine ecosys-
tems are the most important for the local 
culture and economy. Which species are 
fished, and which areas of the sea are 
used more for leisure activities or energy 
production? Is harvesting seafood from 
the ocean more important for the local 
community than the money made by 
tourism? 

Researchers from FutureMARES, for 
example, are working with the Govern-
ment of the Baleares, local NGOs, 
fishermen and tourism businesses on the 
Balearic Islands, Spain, to find out how 
seagrass meadows in the Western Medi-
terranean Sea will be affected by climate 

Mangroves, Martinique. Credit: Cindy Cornet / MaCoBioS

Coral reef, Bonaire. Credit: Erik Meesters / MaCoBioS
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change and which areas of the sea 
need special protection. While in some 
cases restoring ocean habitats might be 
the best solution for protecting marine 
biodiversity, other areas might benefit 
most from a change of fishing practices 
or becoming a Marine Protected Area.

Putting Nature-Based 
Solutions to Work

We are entering an important and 
exciting time for ocean governance. 
Policymakers, businesses, and societies 
are increasingly interested in sustainable 
and equitable governance. Likewise, 
conservation groups will need to work 
with economic development and social 
interests to sustainably protect the 
ocean, whose ecosystem services 
are valued at more than one trillion US 
dollars annually. Everyone needs to 
better communicate to identify shared 
values and new opportunities to work 
together. 

Nature-based solutions can be the 
door for greater involvement of private 
investment, businesses, and funders 
in restoring and protecting marine 
ecosystems. New market opportunities 
in cutting-edge technology and innova-
tive processes can be co-created by 
bringing together practitioners, funding 
agencies, insurance companies and 
researchers. A critical challenge is pro-
viding the pathways to switch economic 
growth from consumption-dependent to 
conservation-based.

Strengthening our connection with 
the ocean can also drive other positive 
changes. Millions of us live along the 
coasts and identify with the ocean and 
seas. Tapping into this can lead to impor-
tant societal and consumer behavioral 
changes in how we consume and use 
ocean resources. Both projects are 
contributing to the widening global effort 
to raise awareness of nature-based solu-

tions that protect the ocean and provide 
us with services to meet the demand for 
a more sustainable way of living.

Over the past decade, nature-based 
solutions have become a leading 
conservation approach to benefit the 
environment and society. Protecting, 
managing, and restoring marine eco-
systems and the resources they provide 
will help deliver the objectives of the 
UN Decades of Ocean Science and 
Ecosystem Restoration, and the Sustain-
able Development Goals for the ‘future 
we want’. Countries are also ready to 
implement their blue economy agenda 
and want to better understand marine 
ecosystems and their use. Making sure 
the societal outcome of ‘healthy and 
resilient oceans’ in the UN Decade of 
Ocean Science is achieved is critical for 
planetary wellbeing. 

It was once believed the marine 
environment was too vast to be over-
exploited, but it is now clear that this is 
not the case. By supporting and working 
with natural processes instead of against 
them, nature-based solutions use nature 
as a blueprint for managing our planet’s 
ecosystems sustainably and enhance 
their health. Healthier and more resilient 
ecosystems have much better chances 
of handling the significant transformation 
our world is currently undergoing and 
keep supporting our wellbeing. 

eDNA sampling videos:
 > https://f.io/WvgV5TA2

Endnote
1. MaCoBioS and FutureMARES research 

activities spread across the globe, from 
the coasts and seas of metropolitan 
Europe to its outermost territories and 
other countries in the Caribbean and 
South America. To conduct science 
that addresses society’s needs, both 
projects cooperate closely with people 
from environmental management and 
nature protection groups, the seafood and 
tourism sector, governments, education 
and local communities in all their case 
study regions. Identifying opportunities for 
mutual win-win scenarios among ocean 
stakeholders will cultivate sustainable 
and inclusive decision-making. For more 
information, please see our websites 
macobios.eu and futuremares.eu.

2. These projects have received funding 
from the European Union’s Horizon 2020 
research and innovation programme 
under grant agreement No 869710 and 
No 869300.
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The term 'ecosystem services' describes material and
immaterial products that are provided to us by our natural
environment. Although nature does not charge us for
using  these services, it has become clear over the past
decades that we must use these services as sustainably
as possible to maintain them for future generation.
Nature-based solutions are a popular approach to
protecting natural ecosystems and the services they
provide us. There are four types of  ecosystem services:
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Vera Köpsel / FutureMARES (2021)

Fish caught in a net, France, Mediterranean Sea. Credit: Ewan Trégarot / MaCoBioS

The concept of ecosystem services
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Collaborative Action 
for a Quieter Ocean
How the Vancouver Fraser Port Authority-led ECHO 
Program is managing the impacts of commercial shipping 
on an iconic whale species in the Salish Sea 
By Vancouver Fraser Port Authority
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L
ocated off Canada’s scenic Pacific coast, the Port of 
Vancouver is Canada’s largest port, and the third largest 
in North America by tons of cargo. Every day, the port 
facilitates trade with countries across the world, generat-

ing nearly $12 billion towards the national GDP per year. 
Situated in the Salish Sea, the port operates within a richly 

diverse ecosystem made up of islands, estuaries, rivers, and 
creeks that collectively support an abundance of wildlife, 
including more than 20 species of marine mammals.¹  Among 
the many marine species that call this treasured habitat home 
are the southern resident killer whales (or SRKWs)—an endan-
gered species of significant cultural importance. 

Since 2001, the SRKW have been listed as endangered 
in Canada, with the current population size at 75 individuals. 
In 2008, the Canadian government developed a recovery 
strategy outlining key threats to the whales, which included low 
availability of prey, environmental contaminants, ship collisions, 
and acoustic disturbances caused by marine vessel activity.² 

Recognizing that acoustic disturbances to whales were 
likely to increase alongside growing marine traffic, in 2014, the 
Vancouver Fraser Port Authority—the federal agency respon-
sible for the lands and waters within the Port of Vancouver’s 
jurisdiction —launched the Enhancing Cetacean Habitat and 
Observation (ECHO) Program, a collaborative initiative focused 
on better understanding and reducing the cumulative impacts 
of commercial vessel traffic on endangered whales.

To begin monitoring vessel-generated underwater noise 
and total ambient underwater noise, in 2015, the port authority 
worked with its partners to support the installation of the first 
underwater listening station beneath the busy commercial 
shipping lanes in the Salish Sea. Monitoring is ongoing to this 
day, and the associated data amounts to the largest known 
non-military vessel noise database in the world, with over 
20,000 vessel measurements recorded.

Towards the program’s goal of better understanding how 
vessel-generated underwater noise affects SRKW behavior, in 
2016, a study was commissioned that found that underwater 
noise from whale watching boats and commercial vessels 
could result in a cumulative loss of foraging time of up to 23 
percent—or up to 5.5 hours a day.³ 

Building on these findings, in 2017 the ECHO Program 
organized a first-of-its-kind “voluntary ship slowdown trial,” 
in which it asked commercial vessels to reduce their speeds 
when transiting through an important SRKW feeding area. Over 
the course of the two-month period, over 500 commercial 
vessels transited at reduced speeds, leading to significant 
reductions in underwater noise during the trial.⁴  

Since its first successful trial four years ago, the ECHO 
Program has expanded its voluntary seasonal underwater 
noise reduction initiatives each year to now include two 
slowdowns and a lateral displacement initiative, where com-
mercial vessels are asked to either slow down or move out of 
key SRKW feeding areas. 

The program’s yearly initiatives are designed and imple-
mented in collaboration with over a hundred U.S. and Canadian 
partners and advisors from across government agencies, 
the marine transportation industry, Indigenous communities, 
environmental groups and scientists. 

Timed around the seasonal presence of SRKW, the 
program’s initiatives typically run from June through Novem-
ber, when SRKW return to the Salish Sea to feed on Chinook 
salmon. In 2020, these voluntary initiatives extended for 
approximately 74 nautical miles, helping to reduce underwater 
noise in just under half of the designated SRKW critical habitat 
areas that directly overlap the commercial shipping lanes.⁵ 

Despite being entirely voluntary, the marine shipping 
industry’s participation in these initiatives frequently exceeds 
participation rate goals. Last year, for example, over 2,800 large 

In the Salish Sea’s Strait of Georgia, 
southern resident killer whales 
share their waters with commercial 
vessels. Photo credit: Joan Lopez
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commercial vessels took action to reduce underwater noise, 
reaching record-high voluntary participation rates of over 80 
percent in all three of the ECHO Program’s underwater noise 
reduction initiatives.

To measure the impact of the program’s voluntary initiatives 
on underwater noise, data is collected by hydrophones placed 
at various locations along the Salish Sea’s floor. The data from 
these hydrophones is analyzed, with results publicly reported 
out at the end of each season. 

 
Importantly, in addition to measurably reducing acoustic 

disturbance from vessels during the program’s seasonal 
measures, the program has also helped increase awareness of 
the broader issue of underwater noise. As a result, in 2017, the 
Vancouver Fraser Port Authority began offering financial incen-
tives for ships that take measures to reduce their underwater 

noise, making Canada the first country in the world to offer 
incentives for quieter ships.⁶ 

Looking ahead, the ECHO Program is focused on advanc-
ing its longer-term vision of increasing the adoption of quiet 
vessels both at the Port of Vancouver and beyond. Towards 
this goal, the program is working with ship classification societ-
ies across the globe to align the measurement and analysis 
of underwater noise emissions and associated ‘quiet’ ship 
notations in order for them to be more uniformly incentivized by 
ports.  

While commercial vessel traffic along Canada’s west coast 
will remain a necessity to facilitating the country’s trade and 
connecting it to the rest of the world, the ECHO Program offers 
a hopeful demonstration of how meaningful collaboration can 
drive change towards quieter oceans while reducing the short-
term threats facing the endangered species that call it home.
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Listen to the difference between a ship at regular speed 
and at a reduced speed. These audio recordings were 
captured by hydrophones placed below a commercial 
shipping lane during the 2017 voluntary slowdown trial.

	   AUDIO: Before the slowdown

	 	 AUDIO: After the slowdown

Endnotes:
1. Vancouver Fraser Port Authority, Mariner’s guide to whales, dolphins, 

porpoises in Western Canada /www.portvancouver.com/wp-content/
uploads/2017/07/Mariners-Guide-to-Whales-Dolphins-Porpoises-of-
Western-Canada.pdf

2. Fisheries and Oceans Canada, Recovery Strategy for the Northern 

and Southern Resident Killer Whales (Orcinus orca) in Canada.  www.
sararegistry.gc.ca/virtual_sara/files/plans/Rs-ResidentKillerWhale-
v00-2018Aug-Eng.pdf

3. Vancouver Fraser Port Authority: A study to estimate the effect of 
noise from whale watch boats and commercial vessels and on killer 
whales  www.portvancouver.com/wp-content/uploads/2017/01/2017-
07-ECHO-Program-Estimating-the-effects-of-noise-from-commer-
cial-vessels-and-whale-watch-boats-on-SRKW.pdf

4. Vancouver Fraser Port Authority: Haro Strait slowdown trial summary  
www.flipsnack.com/portvancouver/echo-haro-strait-slowdown-trial-
summary/full-view.html

5. Vancouver Fraser Port Authority, ECHO Program celebrates success of 
2020 voluntary initiatives to reduce underwater noise.  www.portvan-
couver.com/about-us/information-updates/echo-program-celebrates-
success-of-2020-voluntary-initiatives-to-reduce-underwater-noise/

6. Vancouver Fraser Port Authority: Port authority expands noise reduc-
tion criteria to encourage quieter waters for endangered whales.  /www.
portvancouver.com/news-and-media/news/vancouver-fraser-port-
authority-expands-noise-reduction-criteria-to-encourage-quieter-
waters-for-endangered-whales/
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CSA Ocean Sciences, a marine environmental consulting firm, specializes in
multidisciplinary projects concerning potential environmental impacts throughout
the world and offers a wide variety of desktop and field survey services. Our 
approach provides clients with objective data collected in the field while main-
taining an appreciation for the environmental, legal, and political sensitivities 
frequently associated with controversial marine projects. Our 51-year corporate 
track record has resulted unbiased scientific analyses and reporting and reliable 
technical performance.

EOM Offshore specializes in marine mooring solutions to support multiple indus-
tries and research.  Oceanographic studies, offshore wind, aquaculture, wave 
energy systems, harbor protection, and conservation initiatives are a sampling of 
our current projects and partnerships.  EOM Offshore offers mooring solutions, 
services, and consulting through full systems to components and operations, as 
well as  metocean and maintenance offerings, from coastal to ocean depths. EOM 
works with its network of global partners to offer solutions worldwide.

Since 1973, RBR has been designing and manufacturing oceanographic instru-
ments in Ottawa, Canada, and has steadily expanded to include offices in Atlantic 
Canada, and China, with direct sales in USA, France, and Australia. From the 
ocean abyss to the polar ice cap; lakes, rivers and coastal zones, RBR’s sensors 
and loggers track water parameters, including conductivity, temperature, depth, 
salinity (CTD), dissolved gases, pH, and many others.

SubCtech offers underwater power solutions and ocean monitoring systems in 
close collaboration with their clients - in science and in industry such as offshore 
Oil&Gas. Li-Ion batteries PowerPacks™, pCO2 analyzers OceanPack™ and 
system solutions are core products. The reliable and precise high-tech “Made in 
Germany” products are easy to handle and efficient. SubCtech is certificated as 
“proved vendor” in the offshore industry according to ISO 13628-6 and API17f for 
design and operation of subsea production systems and is also certified by ISO 
9001:2015
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What Is Your Next Step 
Against Climate Change?
By Dr. Charlotte Braungardt, Antarctic Quest 21 Expedition

Ice coring for sample collection in 2012 (credit BSAE2012)
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I
n the age of icebreaking research 
vessels, air transport and remote 
sensing, the thought of manually 
hauling a 110-kilogram sled up heavily 

crevassed slopes of the Antarctic 
Peninsula onto the Forbidden Plateau 
to install scientific equipment on a rock 
overlooking the Weddell Sea, seems 
absurd. But this is exactly what has to be 
done to gain a better understanding of 
our impact on the planet, predict change 
and develop solutions that prevent, 
mitigate and adapt. 

Doing this can be 
dangerous and Video 1 
shows part of a rescue 
exercise to develop a 
system to prevent a sled 
from injuring a person on 
a fall into a crevasse. That 
was in 2012, preparing 
Paul Hart’s team for 
the extreme conditions 
encountered while cross-
ing the Antarctic Penin-
sula to support climate 
science during the British 
Services Antarctic Expe-
dition 2012 (BSAE2012). 
In the austral summer of 
2021/22, he will be back 
to lead the Antarctic 
Quest 21 on behalf of 
international scientists.

Direct observations 
on the ground remain 
essential to improve 
and validate models of 
climate, ice dynamics, 
bedrock characteristics 
and the deposition of pol-
lutants and nutrients that 
impact the food chain of 
polar oceans.

The central purpose 
of traversing the Antarctic 
Peninsula is to service 
and upgrade equipment 
at Foyn Point. Dr. Pippa 
Whitehouse (Durham University) leads 
the Natural Environment Research 
Council (NERC) funded project ‘UK 
Antarctic Seismic & GNSS Network’ 
(UKANET), which relies on data from a 
network of Global Positioning System 
(GPS) receivers stationed around the 
Weddell Sea that transmit data in real 

time. The instrument at Foyn Point has 
been malfunctioning for six years and the 
only method of reaching it is by overland 
expedition. The science is fascinating: 
land masses depressed into the mantle 
under the weight of ice sheets rise as the 
ice thins, in a process termed isostatic 
rebound. In recent decades, the collapse 
of major ice shelves around the Antarctic 
Peninsula have triggered the accelera-
tion of glaciers unloading ice into the 
ocean. Whitehouse and her international 

co-workers determine changes in ice 
sheet thickness via GPS measurements 
of the associated isostatic rebound. 
Following the collapse of Larsen B 
ice shelf off Foyn Point in 2002, they 
established more rapid uplifting of the 
Earth’s crust than long-term trends. To 
evaluate whether this uplift of nearly 15 

millimeters per year, and the associated 
ice loss, is sustained, repairing the instru-
mentation at Foyn Point is now crucial. 
Related projects mapping the viscosity 
of the mantle and thickness of the crust 
through seismology provide further 
insights into the interactions between 
the solid Earth and the cryosphere 
(frozen water) above, processes that are 
key to predicting climate change-driven 
sea-level changes for the next 5,000 
years. 

The physical properties of 
the Earth’s mantle and crust 
are the research focus of 
Dr. Kate Selway (Macquarie 
University, Sydney), who uses 
magnetotellurics to measure 
the electrical resistivity of 
what lies beneath the ice. 
Her blog explains: “Just like 
a doctor would take an x-ray 
from outside your body to see 
the bones inside…we can dis-
tinguish the rocks based on 
their physical properties.” Her 
research aims to create better 
models of Earth’s behavior, 
including isostatic rebound, 
so that ice loss from the 
continent can be accurately 
calculated. The expedition 
team will support this work by 
installing instrumentation on 
the Forbidden Plateau to take 
measurements for a period of 
two weeks. 

The surface of this icy 
landscape is also of interest 
to Professor Michiel van den 
Broeke (Utrecht University), 
who is developing models 
that forecast the behavior of 
Greenland and Antarctic ice 
sheets, enabling predictions 
of sea-level rise in the next 
centuries. This activity is part 
of the European ‘Protecting 
sea-level rise: from ice sheets 

to local implications’ (PROTECT), a col-
laboration involving 26 research insti-
tutes. The uncertainty in the modeled 
snow accumulation rates in this area of 
the Antarctic Peninsula is high and the 
expedition team will undertake rare and 
much-needed direct observations of 
snow deposition and record meteoro-

Expedition area in Grahame Land, Antarctic Peninsula 
(data: SCAR Antarctic Digital Database; Landsat 8 
data courtesy of U.S. Geological Survey)
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logical data during their 34-days trek. 
Another intriguing story links 

atmosphere, hydrosphere, cryosphere 
and biosphere. Wind and clouds bring 
more than freezing rain and snow to 
this region: particles and nutrients are 
deposited on ice sheets and the ocean 
surface, feeding the base of the food 
chain. Phytoplankton are tiny floating 
algae that require iron and manganese 
to photosynthesize and draw down 
carbon dioxide from the atmosphere, an 

important process in climate regulation. 
While these metals are abundant in the 
Earth’s crust, far from exposed sources, 
the productivity of the Southern Ocean 
may be limited by their availability. The 
main Antarctic deep water branch of the 
global ocean circulation system forms in 
the Weddell Sea, where water cools on 
the shelf and sinks. With sinking water, 
decay products of plants and animals are 
removed from surface waters, and with 
it the carbon captured from the atmo-

sphere by the phytoplankton. Dr. Simon 
Ussher (University of Plymouth) consid-
ers that snow and ice melting in coastal 
regions could make a significant differ-
ence to the fluxes of nutrients. Samples 
from 10-meter cores taken along the 
expedition route will provide insights into 
recent changes in atmospheric nutrient 
deposition. This supports the objectives 
of the NERC funded project ‘Processes 
Influencing Carbon Cycling: Observa-
tions of the Lower Limb of the Antarctic 

Paul Hart’s team traversing the Antarctic Peninsula in 2012.  Credit: 
British Services Antarctic Expedition 2012 (BSAE2012)
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Overturning’ (PICCOLO), which aims to 
inform international climate policy. 

Carbon draw-down depends on 
phytoplankton productivity. Strato-
spheric ozone loss, known as the ozone 
‘hole’ over the Antarctic, allows more 
harmful Ultraviolet B (UVB) to reach the 
surface. This can inhibit photosynthesis 
in marine algae and affect the health of 
people who live and work in Antarctica. 
Polysulphone ultraviolet dosimetry 
badges – sophisticated patches that 

absorb UVB radiation – were deployed 
during BSAE2012. Analysis by Dr. 
Andrew Smedley (University of Man-
chester) yielded the daily UVB radiation 
dose at the Earth’s surface, determined 
correlations with altitude and total ozone 
concentrations in the atmosphere and 
provided valuable complementary data 
to remote sensing and stationary moni-
toring equipment. Following international 
efforts that curb the use of chemicals 
responsible for the ozone ‘hole’, the 
badge deployment will be repeated 
during Antarctic Quest 21 to monitor 
the effectiveness of these measures 
in reducing UVB radiation and evaluate 
potential impacts.

No environmental science story is 
currently complete without plastic. In 
2004, Professor Richard Thompson 
coined the term ‘microplastic’ (particles 
below 5 millimeters in size) and since 
then, his research team at the University 
of Plymouth has been at the forefront of 
discovering their sources, distribution 
in the environment and accumulation 
in the food chain. Dr. Imogen Napper 
states: “Understanding exactly how far 
microplastics can travel is the next big 
scientific question” and expects that 
samples from this remote area will help 
to answer it. She recently linked micro-
plastic pollution on Mount Everest to 
human presence and is looking forward 
to analyzing ice core samples from a 
pristine area, where no one has ever 
been. Taking samples while avoiding 
contamination from microfibers shed by 
synthetic clothing is challenging and the 
team are investigating sustainable, high-
performance expedition gear made from 
natural fibers, but that is another story.

For Paul Hart the priority for this 
expedition is clear: “It is all about the 
science!” But Antarctic Quest 21 is also 
a celebration of the spirit of late Sir 
Ernest Shackleton and his men, who, in 
spite of experiencing extreme hardship 
during their 1915 expedition, returned to 
Antarctica for the scientifically moti-
vated ‘Quest 21’. His death during this 
expedition on 5th January 1922 will be 
commemorated by Rickard Berg, Martin 
Densham, Paul Edwards, Claire Grogan, 
Paul Hart, Antony Jinman, Kate Retal-
lick and Richard Simpson, who all know 

that they may face extremely arduous 
conditions. 

Martin Densham says, “The other 
aspect I love about this expedition, 
especially being a dad, is our educational 
outreach program.” Antony Jinman will 
use his educational platform LikeToBe 
to stream live classes and interviews, 
as well as post-expedition activities to 
share the experiences and data with a 
wide range of, mainly young, audiences. 
He plans for educational resources to be 
impactful for years to come. 

Densham concludes, “There will be 
personal and physical challenges, no 
doubt, but having these core values of 
conducting valuable work, is what made 
the group that did science last time so 
cohesive and tight. It was the realiza-
tion that we were doing it for more than 
exploring or personal gain. This brought 
us together and made it so memorable.”

If your next step against climate 
change adds a science project to, learns 
from or provides sponsorship for Antarc-
tic Quest 21, get in touch through 

 > https://www.antarcticquest21.com

Video: Paul Hart stepping into 
a crevasse during training 
exercise (credit: BSAE2012).

Video 2: Storm over Avery Plateau 
in 2012 (credit: BSAE2012).
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Observing Our Coasts
The CEOS Coastal Observations, Applications, 
Services, and Tools (COAST) Initiative
By Merrie Beth Neely (Global Science and Technology, Inc.), Paul DiGiacomo (NOAA), and Raj Kumar (ISRO)
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A
s the interface between the 
terrestrial environment and 
the open ocean, coastal zones 
encompass many diverse 

and rich habitats that provide valuable 
goods and services, serving important 
human as well as ecological needs and 
functions. Coastal habitats are among 
the most productive areas on Earth and 

include estuaries, wetlands, seagrass 
meadows, coral reefs, mangrove forests, 
kelp forests, and upwelling areas. Coastal 
waters also are home to sensitive habitat 
and endangered species. These regions 
support dynamic interactions between 
the land, ocean, and atmosphere and 
account for about 15 percent of global 
ocean productivity, 90 percent of 
sediment-based mineralization, and 80 
percent of organic matter burial. This 
interface between the land and water 
is also important because most of the 
world’s population inhabit coastal areas. 
Healthy coastal ecosystems are critical 
for food security, and coastal zones are 
crucial to global transportation, fishing, 
resource extraction and recreational 
industries. 

Coastal zones are complex and 
dynamic regions and observing them 
from space can be challenging.  New and 
improved capabilities and approaches 
are required to adequately resolve 
physical and biological coastal ocean 
processes in time and space as fea-
tures and events can be intermittent, 
short-lived, and rapidly evolving.  For 
example, hurricanes and storms can 
drive episodic flooding events and 
changes in bathymetry and shorelines, 
and the color of the water is an optically 
complex mixture of phytoplankton, sedi-
ments, and colored dissolved organic 
matter.  Ensuring satellite-derived 
product quality, utility and accuracy 
is challenging, and as a result these 
complex ‘edges’ are sometimes deemed 
too complex to resolve and are simply 
cropped or flagged out of land and sea 
imagery. 

Despite these challenges, timely, 
accurate, and sustained coastal obser-
vations are essential to addressing soci-
etal concerns - from coastal resiliency, 
flood forecasting, and disaster recovery 
to water quality and habitat monitoring; 
detecting and mitigating eutrophica-
tion and other pollution concerns; and 
assessment of climate change impacts. 
Through robust calibration/validation 
efforts to ensure the quality and the fit-
for-purpose application of data products, 
satellite remote sensing has become an 
invaluable tool to help users understand, 
monitor, and forecast coastal conditions 

globally, particularly across the complex 
and dynamic land-sea interface.  In turn, 
this enables effective global coastal 
zone management and policymaking, 
ensuring sustainable development for 
generations to come.    

The Committee on Earth Observation 
Satellites (CEOS) is tackling the frontier 
of integrated coastal zone observations 
and is supporting the Decade Outcome 
of ‘a predictable ocean’ through the 
CEOS-COAST (Coastal Observations, 
Applications, Services, and Tools) 
initiative. The COAST initiative comprises 
representatives from over a dozen global 
space agencies and their partners in 
developed and developing nations 
and is leveraging their collective and 
extensive capabilities to focus on issues, 
challenges, and opportunities in the 
coastal zone, including efforts to transfer 
technology and build capacity for all 
coastal regions across the globe.    

The COAST team is co-lead by the 
National Oceanic and Atmospheric 
Administration (NOAA) and the Indian 
Space Research Organisation (ISRO). As 
a proposed Ocean Decade Programme, 
COAST is a mechanism for CEOS to 
engage with external stakeholders in the 
co-design and co-development of useful 
data products, applications, services, 
and tools, working with partners such as 
the Group on Earth Observations (GEO), 
Intergovernmental Oceanographic Com-
mission (IOC), Global Ocean Observing 
System (GOOS), and other UN-
proclaimed Ocean Decade Programmes 
and Activities.  

Team members identified and 
prioritized user-driven observing needs, 
issues, information gaps, and the 
observational framework required to 
implement timely, efficient, and cost-
effective pathfinder activities.  Resulting 
from this initial assessment are the two 
COAST Pilot Projects: “Sea to Land 
Impacts’’ focusing on physical forcing; 
and “Land to Sea Impacts’’ focusing 
on biological, biogeochemical, and 
ecological responses. These integrated, 
transboundary thematic efforts lever-
age the CEOS Analysis Ready Data 
(ARD) framework, as well as its emerging 
and innovative CEOS Earth Analytics 
Interoperability Laboratory (EAIL). 
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Sea to Land Impacts
The “Sea to Land Impacts” Pilot has 

four focus areas: 1) physical oceano-
graphic states and forcing (waves, 
winds, tides, sea level, storms, etc.) in 
the coastal zone, 2) nearshore coastal 
bathymetry, 3) coastal characterization 
including shoreline mapping/elevation, 
land use/landcover and, 4) coastal flood 
and inundation mapping primarily due 
to storms.  The COAST focus is on 
both continental coastlines as well as 
small island nations, which are particu-
larly endangered. Risks that include 
loss of lives and damage to property 
in these regions are usually direct 
consequences of changes in sea level 

and storm surge, changes in nearshore 
bathymetry and shorelines, and/or 
resulting and increasing flooding and 
inundation events. Secondary impacts 
to navigation safety and transportation 
efficiencies from shoreline and bathym-
etry changes are also of concern 
to coastal managers and the Blue 
Economy.  

Routine, timely and sustained 
provision of physical oceanographic 
parameters, as well as bathymetry, 
shoreline mapping products and flood 
maps, are increasingly available through 
a variety of remote sensing platforms 
(particularly global satellite-based 
sensors), with crucial calibration/valida-

tion data sets available in some (but 
not all) geographic areas. Collectively, 
coupled with advances in modeling 
and data assimilation approaches, 
these make integrated coastal flooding 
and inundation system and forecast 
development possible and increasingly 
timelier and more accurate as global 
satellite sensor coverage improves. 
Quality, long-term data products are 
also integral to the evaluation of the 
ecological response to sea-level rise 
and management-centric issues of 
shoreline erosion, sediment transport, 
resource extraction, navigation safety, 
pollutant spill responses, and indig-
enous people’s legal claims.  

Image: Kate Hodge, for Global Science and Technology, Inc.
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Land to Sea Impacts
The “Land to Sea Impacts” Pilot 

has two primary focus areas: sediment 
loading and coastal eutrophication. 
Sediments supplied by rivers and winds 
or eroded from shorelines due to waves, 
tides, and currents are important in 
coastal biogeochemical cycling. Sedi-
ment loading to coastal regions affects 
fisheries spawning grounds, shellfish 
beds and primary productivity through 
light attenuation. Humans profoundly 
influence the quantity, quality, and 
location of riverine sediment loads in 
coastal areas, with consequences for 
marine life, water quality, and pollution 
control. Increasing sediment loads, now 
estimated at 15 billion tons of sediment 
globally per year, impact coastal industry 
and management activities such as 
dredging operations, preventing or 
planning for coastal erosion, impacts 
of anthropogenic alterations to coastal 
ecosystems, restoration of coastal 
habitats, and planning for climate change 
mitigation. 

However, global coastal zone 
sediment product availability from 
space-based observations is limited, 
and calibration/validation data sets are 
often lacking, especially in developing 
countries, to assess the long-term 
shoreline changes. As such, COAST 

is actively working with team member 
and user-advocate GEO AquaWatch 
(the GEO Coastal and Inland Water 
Quality Initiative) to ensure availability of 
global satellite-based assessments of 
sediments in coastal zones, particularly 
relative to coastal flooding events and 
inundation.  This includes expanded 
coverage and operational production 
of existing satellite products as well as 
artificial intelligence driven approaches 
to develop new and improved coastal 
sediment data products.   

Closely linked with the physical forces 
influencing sediment loading, eutrophi-
cation is a process driven by nutrient 
enrichment of water leading to increased 
algal growth and production, changes 
in the composition and distribution (in 
space and over time) of organisms within 
the food web and increasing coastal 
water quality degradation - including the 
incidence of harmful algal blooms and 
hypoxic conditions. In coastal zones, 
excessive nutrient inputs primarily come 
from human point and nonpoint sources 
including agricultural fertilizers, livestock 
waste and outlets from septic systems 
and wastewater treatment plants. Follow-
ing storm and flooding events, nutrient 
inputs can significantly increase, coupled 
with various toxic contaminants as well 
as water-borne pathogens.  Eutrophica-

tion can also lead to fish kills, seagrass 
die off, loss of coral reef and nearshore 
hard bottom habitats, and health hazards 
to swimmers and fishers.  

GEO Sustainable Development Goal 
(SDG) 14 focuses on “Life Below Water,” 
aiming to conserve and sustainably 
use ocean, coastal and inland water 
resources for sustainable development.  
Supported by CEOS agencies, COAST 
member and user advocate GEO Blue 
Planet (the GEO Ocean and Coasts Initia-
tive) led formulation and implementation 
of a satellite-based indicator for SDG 
target 14.1 - index of coastal eutrophica-
tion (i.e., indicator 14.1.1a). Specifically, 
it utilizes chlorophyll-a concentration 
as a proxy for measuring algal biomass 
in surface waters and which, in turn, 
provides an indicator of eutrophica-
tion. There is a compelling need for an 
improved indicator to better characterize 
coastal eutrophication, ideally employing 
satellite data products from both sides 
of the land-sea interface (as well as 
likewise leveraging AI/machine learning 
approaches), and this will be a priority 
activity of the COAST “Land to Sea 
Impacts” Project.  

Working collaboratively with stake-
holders to co-design and co-develop 
high priority products which resonate 
with users, and by leveraging CEOS-
wide agency capabilities and capaci-
ties, the CEOS COAST pilot projects 
will facilitate use of satellite data and 
other Earth observations to provide a 
multidisciplinary approach to address-
ing SDGs, disaster risk reduction and 
coastal resilience in response to local 
human impacts and climate change. 
Diverse societal issues are addressed 
by COAST as part of its themes, span-
ning geographical regions ranging from 
continental shorelines to small-island 
nations. COAST is poised to deliver 
ocean information for the understand-
ing, value, and benefit of society and to 
support a clean, predicted, healthy and 
resilient, safe, sustainably harvested, and 
transparent ocean throughout the entire 
decade. 

To read more about CEOS COAST, 
please see our website 

 > https://ceos.org/ourwork/ad-hoc-
teams/ceos-coast
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One Ocean, One Planet 
Introducing A Coastal Ocean observatory for Climate, 
CO2 and Acidification in the global South (COCAS)
By Diana Ruiz-Pino, Alban Lazar (SU – France), Claudia S. Karez (IPJBRJ – Brazil), Luis Felipe Artigas 
(ULCO – France), Lina M. Barrios (MMU – UK), Timothée Brochier (IRD – France), Cecilia Chapa (UMAR – 
Mexico), Jianfang Chen (SIO – China), Mauro Cirano (UFRJ – Brazil), Tarik Dahou, (IRD – France), Moussa 
Diakhaté (UAM –Senegal), Marcelo Dottori (USP – Brazil), Carlos Garcia (SiMCosta – FURG Brazil), José 
Joaquín Hernández-Brito (PLOCAN – Spain), Mohammed Idrissi (INRH – Morocco), Arne Körtzinger 
(GEOMAR – Germany), Alberto Piola (UBA-SHN – Argentina), Digna Rueda-Roa (USF – USA), Zacharie 
Sohou (IRHOB – Benin), Anja van der Plas (MFMR – Namibia) and Paula Zapata (UPB – Colombia).
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T
he Global South is a term largely referring to the regions of Latin America, Asia, 
Africa, and Oceania. Today, the Exclusive Economic Zones of the Global South 
(GSEEZ) are the most populated and touristic and inhabited marine regions, 
with much of the world’s population depending on its resources and wealth. 

Throughout the GSEEZ, megadiverse and productive ecosystems support 
diverse people and cultures, including several native and traditional communities. The 
GSEEZ are also increasingly exploited for their mineral, energy and biotic resources, 
being a primary economic source in both, southern and northern countries. Accord-
ing to the Intergovernmental Panel on Climate Change, (IPCC), the Global South has 
the lowest carbon foot-print but their inhabitants, particularly in the tropics, could 
suffer the most from climate change impacts. 

The effect of global, regional, and local human activities are reflected in several 
ways, such as the increasing intensity and frequency of extreme events (cyclones, 
marine heatwaves, erosion, etc.), sea-level rise, strongest sea water warming, acidi-
fication, oxygen decrease, harmful algal blooms, numerous species migration and 
extinction, oxygen decrease, depletion of fish stocks, and coral reefs decline. Such 
unprecedented upheavals need to be tackled using innovative scientific means. 

It happens that GSEEZ are strikingly under-sampled in terms of marine physical 
and biogeochemical quantities and plankton dynamics. The overwhelming majority of 
information comes from the countries of the Global North, along with the human and 
financial resources. Accordingly, the GSEEZ’s many local communities of end-users 
benefit too little from the knowledge built by modern oceanography. However, the 
ocean is one and what happens in the unknown Global South affects the well-known 
Global North. Thus, it is urgent to foster further development of joint expertise by 
scientists, end-users, and stakeholders on observation, understanding, and forecast 
of coastal marine environmental changes.

The good news is that recently there has recently been a significant breakthrough 
in ocean sciences in the Global South. The scientific community has grown swiftly, 
and a late generation of moored platforms and sensors has been deployed in its EEZ. 
In particular, Latin America, some countries of Africa, and Asia have begun ambitious 
monitoring programs of their coastal marine environment properties.

Fishers’ boats of the Arabian Sean 
- Indian Ocean. Credit: Creative 
Commons https://www.maxpixel.net/

View of mangroves of the Caribbean. Felipe Mesa (©felipemesafoto)
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The Emergence of an International 
Network of Scientists and End-Users

COCAS (Coastal Ocean observatory for Climate, CO₂ 
and Acidification in the global South) is a project that studies 
climate change and promotes science-based solutions for 
integrated management of the GSEEZ. It focuses on key physi-
cal, biogeochemical and biological marine 
parameters along under-sampled tropical 
and subtropical coastal zones of the 
world’s ocean. These rich and dynamic 
coastlines include large and narrow shelf 
areas, upwellings, coral macro ecosys-
tem (coral-seagrass-mangroves), bays, 
beaches, estuaries, and the seafloor; all 
providing essential services to humans 
from large fisheries tourism and cultural 
heritage to soures of blue biotechnolo-
gies and offshore energy.

COCAS scientists and end-users from 
various countries are committed to build-
ing a collective and ambitious project for 
coastal ocean management needs. It is 
based on the fixed-point, multi-parameter, 
high frequency and long-term advanced 
environmental monitoring of their EEZ. 
The monitoring system consists of fixed 
buoys instrumented with sensors, placed 
in the air and in seawater, at different 
depths. 

The sensors are autonomous and 
the data is recorded automatically, either 
in each sensor or in a central brain, and 
transmitted in real time to laboratories 
and to all end-users. More than 20 
COCAS buoys are already deployed, while 
others are in development. 

In 2018, the first group of marine 
experts and entrepreneurs who are 
experts on these issues in their respec-
tive countries from Benin, Senegal, 
Morocco, Namibia, Argentina, Brazil, 
Colombia, USA, Germany, Spain, UK and 
France gathered in Paris. Since then, 
additional countries have joined the 
network (Lebanon, Tunisia, Chile, China, 
and Mexico). 

On average, more than four million 
euros per year is spent by COCAS 
scientists to maintain and utilize their 
coastal moorings (including salaries, host 
capacities, cruises, buoys, among others).

Beyond the environmental measure-
ments, COCAS works at integrating 
marine sciences with end-users, with the 
support of social scientists, and South-
South and South-North cooperation. The 
group is also committed to developing 

long-term capacity for new generations of gender-balanced 
scientists and end-users, grounded on transformative and 
hybrid science (i.e., a science that takes an active role in 
societal changes, and that merges modern and traditional 
knowledge). 

Schema of a COCAS buoy (e.g., Senegal-Melax buoy) and sensors for monitoring 
in real time atmospheric and ocean quantities as mentioned in the circles at 
high frequency to assess the ocean variability and changes on coastal ocean 
activities. Infographic: A. Lethiers, Sorbonne Université, CR2P Laboratory.
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Which Observations are Relevant for COCAS?
Experts from the Southern and Northern EEZ got together 

in a 2020 workshop (https://cocas-workshop.sciencesconf.
org) and agreed on a common set of optimal characteristics for 
COCAS observations, with the aim of balancing science needs 
and operational limits. The mooring systems should sample 
at relatively high frequency (a sample per hour, minute or 
more) and transmit a subset of essential environmental ocean 
variables (EOVs) in real-time. 

There are eight variables, for the marine surface-atmo-
sphere: temperature, humidity, pressure, rain, wind speed and 
direction, long and short-wave radiation; and ten for the water 
column: temperature, salinity, currents, light intensity, turbidity, 
oxygen, pH, dissolved carbon dioxide, total phytoplankton 
biomass estimates (by fluorescence estimation of total 
chlorophyll) and phytoplankton functional main groups, such as 
diatoms, coccolithophores. 

Variables monitored in COCAS have been specially chosen 
to form the link between science and societal needs. Con-
sultations with end-users, ranging from local communities to 
national and international private and public organizations, are 
being conducted to identify the most appropriate quantities of 
science-based solutions to environmental issues and ecosys-
tem services. COCAS also fosters the use and development of 
adapted low-cost sensors and platforms.

Benefits for Societal Services in the Exclusive 
Economic Zones of the Global South

The results of this novel initiative benefit participants from 
modern and traditional cultures and low- and high-income 
countries. Another innovative fundamental strategy of COCAS 
consists in elaborating the need for a new hybrid version of 
ocean science by developing a two-way sharing of modern 
science and traditional knowledge. The latter ensures tradi-
tional communities benefit from recent scientific progress and 
offers them an opportunity for empowerment. Equally, all other 
EEZ end-users, industrial and institutional, shall take advantage 
of both, modern and ancestral knowledge. 

Among the most notable societal services of the COCAS 
project is assessing the present state of the coastal marine 
environment. This baseline data will give southern countries 
indispensable information to negotiate at the international level 
to mitigate global warming and obtain support for adaptation. 
Also, COCAS can provide the local population, or their institu-
tions, with crucial and necessary information for other impor-
tant societal services, such as: 

1. Warning system for harmful algal blooms.
2. Early warning for extreme climatic events (hurricanes, 

heat waves, etc.), 
3. Seawater quality monitoring (temperature, salinity, 

oxygen, light intensity, etc.) and coral bleaching.
4. Decision-support tools for fishers. 
5. Community based (or tourism-purpose diving) ecologi-

cal restation of coral reef environments.
6. Support for critical decision-making in the exploitation 

of the seas (e.g., tourism, biotechnology, aquaculture, 
ports, etc.).

7. Estimate the amount of carbon captured from the 
atmosphere by many GSEEZ, a carbon sink essential 
for global warming mitigation. 

The countries of the North will be able to improve the 
global climate models thanks to the COCAS observations 
focus on the less known South. Finally, the global population 
will benefit, since the future of the planet also depends on the 
abundant and diverse resources that the GSEEZ harbor. Buoys 
already deployed will be operated with the strong support from 
scientists and local population and traditional communities, 
environmental agencies, Ministries of Environment and Energy, 
private companies, fishers, schools, associations (e.g., for 
women, tourists, etc.), and non-governmental organizations.

COCAS Perspectives
Through COCAS, the Global South coastal ocean will 

become more predictive, healthier and more resilient, improv-
ing their provision of diverse ecosystem services. 

COCAS has submitted a proposal for endorsement of 
Ocean Decade Action (January 2021). In the coming years, 
COCAS members expect to expand the number of sites 
and countries by exchanging expertise and technological 
approaches and bringing new and highly reliable marine 
coastal data. We hope this will better inform on the impacts of 
human activities on climate and environmental changes glob-
ally and promote new socio-economic-ecological feedback 
in each region, inspiring a new generation of oceanw climate 
scientists. 

To this end, our communication strategy will be designed 
using creative tools that respect local and native languages, 
highlighting the challenges of southern coastal popula-
tions. Considerable effort will focus on young generations 
(in schools, universities and end-users’ communities), who 
will benefit from the transdisciplinary frameworks that build 
a sustainable society. By operating a coastal network of 
instrumented buoys and sensors, COCAS will also contribute 
to bringing societal development in closer harmony with the 
response of the ocean to human pressures and climate. 

It is imperative that this objective be reached in the time 
scale of a decade. This will pave the way to actions that are 
needed to shape the future ocean for the next generations. 

A Benin family in a touristic beach. Photo credit:  
Lizette Lemoine, Les Films du Large. 
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Challenger 150 – A 
Decade to Study 
Deep-Sea Life
By Maria Baker (Deep-Ocean Stewardship Initiative, University 
of Southampton, UK); Ana Hilario (University of Aveiro, 
Portugal); Hannah Sharman (Deep-Ocean Stewardship 
Initiative, UK) and Kerry Howell (University of Plymouth, UK).

E
xciting times lay ahead for the world of deep-ocean research with 
the birth of a new global program inspired by the UN Decade of 
Ocean Science for Sustainable Development. Charles Wyville 
Thomson and John Murray likely felt similar excitement almost 

150 years ago, on 7th December 1872, as H.M.S. Challenger set sail 
on an extraordinary expedition to explore the global ocean. Scientific 
observations made during this ground-breaking survey were published in 
a colossal 50-volume report and this new knowledge laid the foundations 
for modern-day deep-ocean science.  This set us on a course to discover 
a remote world which we now know is so very connected to the existence 
of all life on Earth. During the last 15 decades, scientists have produced 
a wealth of information about the remarkable life in the deep, but we have 
still only managed to sample or visually-investigate a very small proportion 
of the deep ocean (0.01 percent with remote instruments).

Photo and video credits are courtesy of the NERC funded Deep Links 
Project - Plymouth University, Oxford University, BGS, JNCC.
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However, that is about to change. The deep-ocean 
science community is more connected today than ever 
before and, with such a rich and diverse knowledge and 
enthusiasm in our midst, it is time to embark on a new 
and ambitious program to investigate the deep ocean 
together. Challenger 150 seeks to gather people to work 
on a common goal to deliver science to enhance ocean 
health and sustainability in the long-term and to educate 
and inspire humankind. Our current state of knowledge 
links society’s well-being to the health of deep-ocean 
ecosystems through a wide range of provisioning, regulat-
ing and cultural services provided by this remote realm. 
However, the diverse ecosystems which we find in our 
deep ocean increasingly face large-scale and cumulative 
impacts from multiple human activities with global influ-
ence (living and non-living resource extraction, pollution 
and climate change). At the heart of Challenger 150 is 
the development of deep-ocean expertise, particularly 
in economically-developing nations, in order to achieve 
a global generation of stewards working together to 
maintain the integrity of deep-ocean ecosystems. 

Despite the rapid expansion in our investigation and 
understanding of the deep ocean in the last two decades, 
driven largely by technological development, fundamental 
questions remain in deep-sea biology and ecology that 
must be addressed in order to achieve the Decade soci-
etal outcomes. Challenger 150 will deliver knowledge of 
1) the diversity of life in the deep sea; 2) how populations 
and habitats are connected including migration routes, 
larval dispersal pathways and food web links; 3) the role of 

living organisms in ecosystem function and service provi-
sion; and 4) how species, communities, and ecosystems 
respond to natural and human disturbances. 

Our ability to forecast how marine biodiversity will 
respond to environmental changes and human-related 
pressures depends on good base knowledge such as 
species identities, distributions, abundance, biomass, 
and growth rates to name a few. Knowledge of species 
distributions, how populations are connected, and 
responses to disturbance, including pollution, are essential 
to sustainably manage fish stocks, implement effective 
marine spatial planning and maintain healthy and resilient 
populations, and achieve a clean ocean. Exploration and 
new discoveries will inspire awe and wonder, and build 
understanding of the role of deep-sea ecosystem services 
in human society, which is important to increasing societal 
engagement in the deep sea.

Building on the collaborative nature of the Census of 
Marine Life (2000-2010), and its legacy programs INDEEP 
(International Network for scientific investigations of 
DEEP-sea ecosystems) and DOSI (Deep-Ocean Steward-
ship Initiative), deep-sea scientists, including experts from 
developed and least developed nations, conceived Chal-
lenger 150 as a global cooperative, designed as a large-
scale, transformative Decade program. It will expand the 
coverage and frequency of deep-sea biological observa-
tions and sampling, specifically focusing on underexplored 
regions, often in areas beyond national jurisdiction (ABNJ), 
and Exclusive Economic Zones of Small Island Developing 
States and Least Developed Countries. It is expected that 
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many new species will be discovered, and new knowledge 
gathered on the ecology, functionality, resilience (to 
human-derived stressors including climate change) and 
connectivity of species.  Perhaps even new habitats that 
are currently unknown to science will be revealed.  Impor-
tantly, all the discoveries made during the program will be 
openly accessible and translated for all audiences

The program will promote the use of standard meth-
odologies, ensuring the results can be interpreted at the 
large regional or global scales. It will also strive towards 
improved deep-ocean literacy among policymakers, 
industry, governments and society as a whole.  It is crucial 
that the deep sea is acknowledged and considered in the 
future management of our planet.  

Challenger 150 is off to a good start!  At present, there 
are 28 funded research cruises committed to the program. 
Most will take place between 2021 and 2024, covering 
north, central, and southern regions of the Pacific, North 
and South Atlantic, and the Arctic and Southern Ocean. 
This includes nine research cruises funded by program 
partner, the Schmidt Ocean Institute. The currently 
planned cruises provide a strong basis for the program. 

In addition, program partner REV Ocean has agreed to 
support a ten-year shipboard training scheme, the Deep 
Ocean Training (DOT) expeditions, primarily focused on 
training scientists from developing nations, commencing 
in 2023. 

Currently, deep-sea research is conducted in an 
uncoordinated and non-standardized fashion by individual 
researchers or consortia of researchers in a restricted 
number of nations and regions. Fundamental questions 
critical to achieving the Decade’s challenges, objectives 
and outcomes persist in the absence of a coordinated, 
strategically-targeted, global effort to change the status 
quo.  Challenger 150 will be a game-changer in the excit-
ing field of deep-ocean studies.

Endnote
If you wish to learn more about this program and want to get involved, 
visit the website www.challenger150.world, and contact us.  Detailed 
background can be found in Howell, K et al. (2020a). A Blueprint for an 
Inclusive, Global Deep-Sea Ocean Decade Field Program. Front. Mar. 
Sci. https://doi.org/10.3389/fmars.2020.584861 and Howell, K et al. 
(2020b). A decade to study deep-sea life. Nature Ecology & Evolution. 
https://doi.org/10.1038/s41559-020-01352-5
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Unmapped seafloor in the U.S. EEZ as of January 2021.

A National Strategy for Ocean Mapping, 
Exploration, and Characterization 
The United States’ plan to map, explore, and characterize its 
marine environments in contribution to the UN Ocean Decade
By Dr. John Haines (United States Geological Survey, Coastal and Marine Hazards and 
Resources Program), Dr. Alan P. Leonardi (National Oceanic and Atmospheric Administration 
(NOAA), Office of Ocean Exploration and Research); RDML Shep Smith, RDML (sel) Richard 
Brennan, and Lucila Houttuijn Bloemendaal (NOAA Office of Coast Survey)
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T
he National Strategy for Mapping, 
Exploring, and Characterizing the 
United States Exclusive Eco-
nomic Zone (referred to as the 

National Ocean Mapping, Exploration, 
and Characterization, or NOMEC, Strat-
egy) is an ambitious multi-decadal plan 
to advance ocean science and technol-
ogy in the United States. The NOMEC 
Strategy launched a new interagency 
and cross-sectoral (industry, academia, 
philanthropy) approach to efficiently 
and effectively map US deep waters (≥ 
40 meters) by 2030 and shallow waters 
(< 40 meters) by 2040, and explore and 
characterize priority areas, expanding 
our nearshore and deep-sea knowledge. 
This Strategy reinvigorates efforts to 
better understand the seafloor and water 
column, providing vital knowledge about 
climate and the ocean on which we 
depend. 

Ocean mapping provides compre-
hensive data and information needed 
to understand seafloor characteristics 
such as depth, topography, bottom type, 
sediment composition and distribu-
tion, and underlying geologic structure. 
Ocean exploration provides a multi-
disciplinary first look at an unknown or 
poorly understood area of the seafloor, 
sub-bottom, and/or water column and an 
initial assessment of an area’s physical, 
geological, chemical, and biological 
characteristics. Once a specific area of 
interest of the seafloor, sub-bottom, or 
water column has been identified, ocean 
characterization provides comprehen-
sive data and interpretations, in direct 

support of specific research, resource 
management, policymaking, or applied 
mission objectives. These activities often 
happen in tandem, and satellite remote 
sensing offers an additional continu-
ous look at essential water surface and 
water column properties throughout the 
mapping, exploration, and characteriza-
tion process.

With one of the largest Exclusive 
Economic Zones (EEZs) of any nation, 
data collected through the NOMEC effort 
is intended to be publicly accessible 
and broadly shared, providing invaluable 
contributions to increase understand-
ing of the global marine environment in 
support of the UN Ocean Decade and 
other international collaborations. 

In addition, this NOMEC Strategy 
will support accelerating technol-
ogy development to more effectively 
advance our understanding of the 
ocean. Such technological develop-
ments may be adopted in other nations 
and deepen overall international ocean 
science capacity. As the UN Ocean 
Decade Implementation Plan highlighted, 
understanding our ocean and imple-
menting ocean solutions for sustainable 
development requires sustained and 
focused action with collaboration from 
countless partners.

The Value of Mapping, Exploring, 
and Characterizing

Understanding the global ocean is 
vital to secure a healthy, safe, and pros-
perous future, and yet the ocean remains 
the planet’s greatest unknown habitat, a 

vast expanse of “inner space.” Currently, 
only 47 percent of the seafloor within the 
United States EEZ (US EEZ) has been 
minimally mapped1 and only a fraction 
of that has been adequately explored or 
characterized for specific purposes. 

The US EEZ extends up to 200 nauti-
cal miles from shore and covers more 
area than the land surface of all states 
and territories. It contains a wide range of 
habitats, undiscovered biodiversity, vast 
fisheries, energy and mineral resources, 
recreational opportunities, and underwa-
ter cultural heritage. Mapping, explor-
ing, and characterizing the ocean are 
essential steps to understanding current 
and future ocean conditions and having 
a predictable and safe ocean.

NOMEC activities and data will 
increase our understanding of natural 
and cultural resources; ocean processes 
related to climate and circulation; 
earthquake, tsunami, and other physical 
hazards; marine debris; weather fore-
casting; and the biology and ecology 
of the ocean floor and water column. 
Ocean mapping is the foundation for 
forecasting weather, tsunami and storm 
surge events, and making climate 
change projections, all of which are 
necessary to ensure the safety of com-
munities and inform climate resiliency 
measures. The deep sea and offshore 
areas are important heat and carbon 
sinks, yet we lack the data to accurately 
include them in models and climate 
mitigation plans. Collaborative ocean 
mapping, exploration, and character-
ization further aid climate adaptation 

A dark ctenophore with its 
tentacles fully extended, at 
approximately 1,460 meters 
deep. From NOAA Office 
of Ocean Exploration and 
Research, Gulf of Mexico 2018.
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efforts by locating sediment suitable for 
coastline nourishment and ecological 
restoration.

Improved understanding of our 
seafloor and water column will also 
help us locate and monitor marine 
ecosystems and ecologically sensitive 
areas, identify protected waters and 
habitats such as Essential Fish Habitats 
and National Marine Sanctuaries, and 
delineate potential new marine protected 
areas and climate refugia. Data from 
previous exploration missions informed 
the protection of the Northeast Canyons 
and Seamounts National Monument, and 
NOMEC data could help guide decision-
making related to its boundaries and 
management. NOMEC data can also help 

us monitor the health of marine habitats 
and populations, as well as locate marine 
debris and potential sites for offshore 
wind and aquaculture developments. 
Mapping, exploration, and characteriza-
tion of marine cultural heritage, underwa-
ter archaeology, and paleolandscapes will 
further enrich our historical knowledge 
and connection with the ocean.

Partnerships and Opportunities 
for International Collaborations

To achieve the ambitious goals 
outlined in the NOMEC Strategy, the 
United States’ Ocean Policy Committee 
established an interagency NOMEC 
Council to coordinate Federal agency 
policy and actions needed to advance 

ocean mapping, exploration, and charac-
terization and support collaboration with 
partners and stakeholders. 

TThe recently reauthorized National 
Oceanographic Partnership Program 
(NOPP) provides a complementary 
mechanism to support interagency 
and cross-sectoral partnerships in 
ocean sciences. The NOMEC Council 
has released its first Implementation 
Plan which outlines the steps that will 
be taken to accomplish the Strategy’s 
goals. Essential to this work is establish-
ing deep and long-lasting cross-sectoral 
partnerships that jump-start critical 
industries, as well as engaging with these 
partnerships to promote diversity and 
ocean literacy to increase participation 
and innovation in the ocean sciences. 

Government agencies will emphasize 
partnerships to accelerate private sector 
innovation to develop and mature new 
and emerging science and technologies, 
such as uncrewed, airborne, and satellite 
remote sensing, and other “Ocean-
Shots” projects that will advance the 
pace of mapping, exploration, and char-

The timeline for accomplishing NOMEC Goals. Mapping, exploration, and characterization will often happen simultaneously. Repeat 
satellite imagery will provide observations of many ocean surface and column properties throughout NOMEC implementation.

The remotely operated 
vehicle Seirios providing 
light during the Okeanos 
Explorer Mid-Cayman Rise 
Expedition in 2011. From 
NOAA Office of Ocean 
Exploration and Research.
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acterization activities. Embedded in this 
scientific and technological innovation 
are avenues to train the next diverse blue 
workforce and advance participation 
from the public by presenting an inspir-
ing and engaging ocean. As part of the 
Implementation Plan, federal agencies 
will also support educational outreach 
programs and grants that encourage the 
advancement and participation of under-
represented groups in ocean science 
and technology; these joint efforts will 
ensure we attain not only a predicted 
ocean but also one that benefits all.

Partnerships are key, and the NOMEC 
Strategy complements a variety of 
international efforts, including Nippon 
Foundation-GEBCO Seabed 2030 
Project, and the 30 x 30 initiative which 

aims to protect 30 percent of the planet 
by 2030. NOMEC mapping activities 
will directly advance the Seabed 2030 
effort to combine available bathymetric 
data to produce the definitive map of the 
world ocean floor by 2030 and make it 
available to all. 

30 x 30 has also been identified as a 
priority of the United States. As of 2018, 
almost 15 percent of land has been 
protected internationally, but only 7.3 
percent of the ocean has been set aside 
for conservation. NOMEC activities can 
provide the habitat, health, and biodiver-
sity data needed to assess conservation 
area candidates and contribute to this 
goal. NOMEC exploration and charac-
terization efforts in deep waters also 
align with the Challenger 150 and Deep 

Ocean Observing Strategy goals of 
observing and understanding deep-sea 
ecosystems and ocean basins. 

Indigenous engagement has been 
recognized as instrumental to the imple-
mentation and use of ocean science 
globally, and is reflected in the UN Ocean 
Decade Implementation Plan, the Aha 
Honua: Coastal Indigenous Peoples’ 
Declaration at OceanObs’19, and the 
Presidential Memorandum on Tribal Con-
sultation and Strengthening Nation-to-
Nation Relationships. NOMEC activities 
will rely on Tribal engagement and input 
to inform implementation, as well as 
ensure the resulting data are accessible 
and beneficial to Tribal Nations. A pillar of 
the NOMEC Strategy and Implementa-
tion Plan is to develop and implement 
standard ocean mapping, exploration, 
and characterization protocols to ensure 
the resulting data are useful and available 
to all. This data transparency and acces-
sibility, combined with the development 
of new methodologies and technologies, 
allows communities to build capacity 
and use this data to inform their own 
decisions.  

Woven into all these activities are 
contributions to the Ocean Decade 
outcomes. Ocean mapping, explora-
tion, and characterization will improve 
knowledge of marine ecosystems and 
inform ocean conservation, resulting in a 
healthy and resilient ocean. Understand-
ing our seafloor and water column will 
enhance our climate and ocean models 
as well improve our understanding of 
physical hazards. 

NOMEC data can be used to track 
the health of marine populations and 
inform siting of aquaculture develop-
ments that lead to a productive ocean. 
Adherence to data standards recom-
mended in the Strategy will help ensure 
we have shared and accessible ocean 
information. Finally, sharing the thrill of 
ocean exploration and engaging with the 
public to create an inspired and ocean-
literate community will help society 
understand and value our great “inner 
space,” the ocean.

Endnote
1. A “minimally mapped” area has at least 

1-2 soundings per 100 meter cell, while 
a “better mapped” area has 3 or more 
soundings per 100 meter cell.

Gorogonian octocoral (Paramuricea sp.) with associated squat lobster 
(Gastroptychus sp.) and brittle star. Specific species of squat lobsters and 
brittle stars are often associated with specific species of coral. From NOAA 
Office of Ocean Exploration and Research, Gulf of Mexico 2018.

Port-side biological sampling bin of the remotely operated vehicle 
Deep Discoverer open to receive a coral sample. From NOAA Office 
of Ocean Exploration and Research, Hohonu Moana 2016.
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Integrating Ocean Science 
is the Key to Forecasting
By Hannah Grist (Scottish Association for Marine Science) and 
Mark R. Payne (Technical University of Denmark)

L
iving in Scotland, I take both an 
umbrella and sunglasses every 
time I step outside my front door. 
On a windswept island dotted with 

mountains and filled with water, we learn 
to adapt to the capriciousness of our 
day-to-day weather changes. Yet, on a 
longer timescale, there is a rhythm and 
comforting stability to our mild climate, 
one that our farming, fishing and energy 
production are all built around. 

Looking over this ancient landscape, 
it is hard to reconcile this experience 
with the reality of climate change.  While 
projections of global mean tempera-
tures arising from the IPCC reports are 
powerful in stimulating discussions 
about emission scenarios, bringing the 
idea of these immense scales down to a 
meaningful change to our own lives is a 
mental challenge. 

Yet the evidence of a shifting climate 
is already here for many of us, from 
snowstorms in Texas to flooding in 

Europe. The impacts are already affect-
ing all aspects of our environment and 
society, and many of the changes are 
predicted to continue or accelerate. We 
need to find ways to not only understand 
what is happening to our world, but to 
foresee future challenges, in a way that is 
relevant, understandable and trustworthy 
for everyone.  This growing need for 
predictions on shorter timescales - from 
seasons to decades ahead - is being 
matched by the incredible develop-
ments in this field of research. Still, the 
challenges of improving our predictive 
capacity in this area are enormous. 

Fortunately, the key weapon in our 
forecasting armory is our ever-growing 
knowledge of the ocean. Compared 
to the quick, dancing changes in the 
atmosphere, the ocean is a slow-moving, 
lumbering system. This results in the 
ocean having “memory”, where evidence 
of past states still exists to be found. 
Combined with our understanding of 

large-scale ocean currents, which carry 
these memories to consistent locations 
on foreseeable timescales, the ocean 
is an amazing source of longer-term 
predictability. 

On the decadal scale, recent research 
shows promising results in predicting the 
heat content and surface temperature 
of the ocean. In some ocean regions, 
such as the sub-polar North Atlantic, 
predicting ocean temperatures several 
years ahead is possible. Perhaps even 
more excitingly, this understanding 
can even be used to predict climate. 
For example, one study by Årthun et al. 
(2017), showed the variations in ocean 
temperature in the North Atlantic and 
Nordic seas were reflected in the climate 
of northwestern Europe and in winter 
Arctic sea ice extent. Part of the climate 
variability can, therefore, be predicted 
up to a decade ahead, based on under-
standing the state of the ocean. 

And it’s not just climate variability 
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we can predict, but also its impacts on 
human societies. For example, marine 
ecological forecasts predicting the 
distribution, productivity and timing of 
key events in marine fish stocks are now 
emerging (Payne et al. 2017). These fore-
cast products are based on the ability 
to predict the oceanographic changes 
driving the variability of living marine 
resources, and therefore the conse-
quences for businesses and communi-
ties that depend on these resources.

Part of the difficulty with decadal 
predictions is that proving whether or 
not they are accurate can be a long wait. 
Instead, researchers develop models 
that simulate the climate as closely as 
possible, then make retrospective fore-
casts, known as hindcasts. This involves 
running a climate model from a point 
in the past for a period, then compar-
ing the model output to the real-world 
climate measurements over the same 
period. By testing how well the models 
predict observed events, it is possible 
to test the “skill” of the model. Recent 
research by Smith et al. (2019) has 
shown that by combining many models 
into large “ensembles”, skillful predictions 
of surface temperatures, rainfall and 
atmospheric circulation are now possible 
on decadal timescales.  

Models can never completely 
predict real-world outcomes because 
so much within the huge earth system 
is random rather than deterministic, 
but these recent research develop-
ments show that useful predictions are 
possible. 

We are now at the stage where the 
outputs are accurate enough to begin 
to feed into decision-making and can 
be an important input into adaptation 
planning over the coming years. The 
research also suggests that the ocean 
and climate are more predictable than 
models currently reflect. Hence, there is 
plenty of scope to develop even more 
skillful decadal predictions moving 
forward. 

Overall, the value of the UN Ocean 
Decade is reinforced by this exciting 
period in ocean and climate research. 
The future success of this research 
relies on developments in observations, 
computing power and understanding 
the needs of society. 

More sustained, long-term obser-
vations of the ocean are required 
and making the large-scale detailed 
measurements required to fully realize a 
predicted ocean is a huge commitment 
of funding, resources and time. 

Equally, changes in computing 

infrastructure are needed to match the 
development of ever more complex 
computer models, such as larger 
ensembles and higher resolution. Future 
policy initiatives such as the Digital Twin 
of the Ocean proposal as part of the EU 
Green Deal will be a step forward. 

These hard-won advances in predic-
tive capability also need to be matched 
with increased capacity to translate, 
share and enable the use of the 
predictions by those who need them, 
which can only be achieved through 
widespread co-design and dialogue 
between the research and stakeholder 
communities. With these pieces in 
place, the potential for decadal predic-
tions to support longer-term decision-
making and adaptation is enormous.
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Innovative Ocean 
Monitoring Ready for 
the UN Ocean Decade
By Stefan Marx, CEO, SubCtech

Team Mazilia, Le Défi Azimut Speed 
Runs - 8 September 2020. Photo 
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T
he global ocean covers more than 70 percent of our 
planet’s surface, but we still have a minimal understand-
ing of this blue world. The ocean is the largest habitat 
on Earth by far, and feeding the world depends strongly 

on a healthy ocean. Our energy supply is also hinged on the 
ocean: extracting oil and gas, transporting fossil fuels, and as 
a location for renewables. We can extract drinking water from 
the sea and ship our goods around the planet with gigantic 
vessels. Finally, millions worldwide get to enjoy white beaches, 
swimming in clean seas, or diving under the surface to marvel 
at the beauty of the enchanting underwater world.

All those activities rely on understanding the ocean and 
predicting how the water and the overlaying atmosphere 
interact. Satellite-based observations are a powerful tool for 
ocean observation, and the sheer amount of data coming from 
satellites is outstanding. However, we still need to set sails to 
observe and measure on-site. 

Scientists deploy 
instruments capable of 
monitoring the ocean 
from its surface down 
to the seafloor. This is 
no easy task. Instru-
ments need to withstand 
enormous mechanical 
stress in stormy seas or 
at great depths, resist 
the aggressive corrosive 
nature of sea salt, and 
require a reliable power 
source for operating in 
remote areas. Simulta-
neously, researchers ask 
for precision, accuracy, 
and long-term stability 
when measuring essen-
tial ocean parameters.

The Indian Ocean - 
the third largest water 
body on the planet 
- is connected with the 
enormous Pacific, the 
stormy Southern Ocean, 
and the busy Atlantic. Until now, the Indian Ocean is underrep-
resented in the global efforts for ocean monitoring, and innova-
tive and desirable solutions are in demand for this challenge.

Based in Germany, SubCtech, has been in the ocean engi-
neering business for 11 years with even older roots. By working 
in close cooperation with customers and partners from both 
industry and the scientific sector, the company has developed 
innovative ocean observation instruments. Moreover, those 
partnerships help engineers to keep up with new science 
trends and the latest technological advancements. 

SubCtech has identified and focuses on three relevant 
fields for autonomous ocean monitoring: providing power for 
sensors and devices, measuring greenhouse gases and chart-
ing plastic pollution.

Measuring Greenhouse Gases and Other 
Essential Ocean Parameters

The ocean has taken up nearly 50 percent of all human-
made CO₂ since the beginning of the industrial revolution. 
Those numbers are only rough estimations derived from avail-
able (but fragmentary) data. Models and predictions depend 
strongly on precise and frequent measurements of representa-
tive areas of the world’s ocean. This is especially true for the 
secluded Southern and the Indian Ocean, which are deplorably 
underrepresented in scientific observation attempts.

SubCtech’s greenhouse gas analyzers (CH₄, CO₂, H₂O) 
are deployed on research vessels worldwide and can pre-
cisely measure the atmosphere, ocean surface, and water 
column. Besides greenhouse gas analyzers, SubCtech can 
provide powerful sensor systems for in-situ measurements of 
oceanographic and meteorological parameters. Our user-
friendly, robust and reliable OceanPack™ systems also operate 

on land stations, ships of opportunity, and even on sailing 
racing yachts. Combined with an auto-cleaning unit, users 
can operate the systems autonomously for long-term use. 
Submerged and atmospheric observation systems expand the 
range of SubCtech’s monitoring solutions.

New Approaches for Ocean Observation
Operating high-precision instruments on sport boats is an 

innovative approach for ocean observation. 
Ocean races such as the Vendée Globe, the Barcelona 

Ocean Race, Clipper Round the World Yacht Race, or The 
Ocean Race take place nearly every year. During those sailing 
events, the yachts cross areas with few or no observations. 

SubCtech developed a compact, robust and lightweight 

Scientifical data provided by an OceanPack RACE® system during 2020 Vendée Globe
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Ocean Data Acquisition System (ODAS), specially designed 
for the extremely harsh conditions onboard small ocean 
sailing vessels. The OceanPack RACE® system requires only 
minimal maintenance and can be equipped with many sensors, 
including conductivity, temperature, pCO₂, pH, bio-optics and 
atmospheric pressure. 

Users can also extend the system with external devices, 
such as a weather station, GPS or an embedded sampler for 
Micro-plastic particles. With this innovative system underway, 
ocean monitoring is possible on small boats and in remote 
areas and under extreme conditions with a high degree of 
autonomy.

Charting the Oceans’ Plastic Pollution
While it’s estimated that 8-10 million metric tons are littered 

annually into the ocean, researchers detect only one percent 
of that plastic. Plastic pollution is a major threat to the marine 
environment and, consequently, a serious risk for fishing and 
supply to healthy seafood. We know that large chunks of plastic 
are degraded into smaller particles, but sources and pathways 
of microplastics remain unclear. Charting the contamination 
with plastic is an important step in estimating the magnitude of 
the pollution and frame strategies for overcoming the problem. 

SubCtech developed an innovative and one-of-a-kind 
microplastic sampler for underway systems. While previous 
methods are based on the towing of huge nets and require a 

skilled crew for operation, the system works autonomously and 
does not depend on a calm sea state. SubCtech’s instruments 
are operated even on racing yachts at high boat speed and 
during all sea conditions with low demand on human power. 

Samples are separated by size fractioning and can easily be 
connected with lab-based analytical methods. World-leading 
institutes such as JAMSTEC from Japan, Ifremer from France 
or GEOMAR and Max-Planck-Institute from Germany analyze 
and qualify the data. SubCtech tested the first prototype in 
2009 to 2010 with Ifremer; the latest generation was used on 
Volvo Ocean Race racing yachts around the world’s race in 
2017-18.

New instruments such as the fully-automatic Plankton 
Sampler, Data Logger or Laser-Spectrometer for greenhouse 
gases complete the product portfolio and meet all of the 
scientists or monitoring authorities’ requirements. These 
instruments have an extended range of autonomy, taking into 
account the latest developments in the field, and they are 
robust with minimal maintenance. Underwater versions can 
also sample the water column. 

SubCtech is ready to provide technical solutions for the 
United Nation’s Decade of Ocean Science for Sustainable 
Development. 
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Photo Credit: Yvan Zedda/Alea – SeaExplorer – Yacht Club de Monaco at 
Vendée Globe 2020 with SubCtech’s OceanPack RACE®
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Learning from the 
Brazilian Experience 

Brazilian examples help to propose a social-natural 
interface guideline for the Ocean Decade

By Carina Costa de Oliveira, Ana Cláudia Farranha, Ana Flávia Barros-Platiau, Larissa Coutinho 
(University of Brasília), University of Brasília and Researchers at the Research Group on Law, Natural 
Resources and Sustainability - GERN-UnB. Rita Feodrippe, Natalia de Miranda Grilli, Mariana Martins 

de Andrade, Leandra Regina Gonçalves (University of São Paulo and Women’s League for the Ocean), 
and Larissa Dalpaz (Federal University of Santa Catarina and Aquatic Mammals Laboratory)
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I
n the context of the UN Ocean Decade, the term “ocean science” 
encompasses disciplines of both the natural and the social sciences, 
including topics such as interdisciplinarity, its employment for the 
benefit of society and recognition of traditional and local knowledge. 

In Brazil, the definition of ocean sciences is given as follows by the X 
Sectoral Plan for Marine Resources of 2020¹:

“(...) knowledge area dedicated to the production and dissemination 
of knowledge about the components, processes and resources related 
to the marine environment and its transition zones (including natural and 
socio-cultural elements).”

This concept is far more innovative than the classic definitions of 
Ocean Sciences, which include mainly Oceanography, Biology, Chem-
istry, Geology, Physics and Fisheries Engineering. Despite the recent 
inclusion of Social Sciences, different actions have incited Brazil to 
implement an agenda on marine public policies as well as on marine 
interdisciplinary research². 

Brazilian maritime space has been known as the “Blue Amazon” since 
2004³, hinting at the huge maritime area rich in natural resources under 

Brazilian “Blue Amazon”. Image credit: Gazeta 
do Povo, Marinha do Brasil and Comissão 
Internacional para os Recursos do Mar.
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its jurisdiction. Recently, the Blue Economy has also played an 
important role in emphasizing the value of the ocean for the 
Brazilian economy, which is estimated around 200 million USD, 
encompassing 19 percent of the Brazilian GDP⁴. 

Society must be the main beneficiary of scientific produc-
tion. For this, the Humanities are important means to assess 
the social and human dimensions of natural sciences as 
related to the study of the ocean. 

Through interdisciplinary approaches, researchers can 
investigate the social construction of the sea and the coast. 
For instance, marine anthropology can explain how the marine 
environment went from a wild to a domesticated space and 
assist in discussing indigenous rights over the sea. The human 
appropriation of the maritime domain is also a subject of 
interest to ocean sociology. Sociology does not only examine 
symbolic relations, but also informs on power structures that 
sustain diversified social dynamics.  Both contribute to explain-
ing Brazilian diplomacy.

In this sense, science-based public policies are a way to 
enhance a predictable ocean by including within it a social-
natural interface.

Science-Based Public Policy to Enhance 
A More Predictable Ocean in Brazil  

The concept of public policies is by nature interdisciplinary, 
connecting the normative, social, technical and political levels. 
It is about using the concept as a method of analysis capable 

of improving interventions and providing the connection of 
different knowledge areas towards an objective. Based on this, 
public policy has the following cycle:

• Agenda setting recognition and framing the problem.
• Formulation of the agenda: proposals for a solution.
• Decision making process.
• Implementation of public policy.
• Policy evaluation: monitoring results.
Three other dimensions of analysis can be added: control, 

social participation and access to information. Instruments 
such as systems and social networks can help to promote 
transparency during public policy development. Law can con-
tribute to building policies based on recognized principles and 
rules. One example is the connection of the conservation of 
marine resources with the principle of human dignity in terms 
of access, allocation and appropriation of the resources. 

In Brazil, public policies concerning the coastal zone are 
ahead of marine ones⁵. Since the 80s, the coastal agenda 
has been setting policies and regulations, but they still lack 
monitoring, control and update. However, in marine governance 
the institutional framework is sectorial, and the environmental 
perspective is not central. The timing, the agenda setting, and 
the decision making are concentrated in the Executive power, 
lacking a science-based perspective in the implementation of 
marine policies and in the policy evaluation. 

Despite this general reality, two interesting examples related 
to the legislative procedure of a marine bill and the design of 
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some policies can be highlighted.  
The first example is the current legislative procedure for 

elaborating a marine bill (#6.969/2013) that establishes the 
National Policy for the Conservation and Sustainable Use of the 
Brazilian Marine Space (PNCMar). The bill was firstly based on 
exchanges among different civil society stakeholders, such as 
artisanal fishermen, private sector, government agencies, edu-
cational and research institutions and civil society organizations. 
In 2013, the bill was sent to the National Congress following the 
regular procedures and thematic committees for approval and 
presidential enactment.  The bill brings innovative tools for the 
Brazilian context, such as marine spatial planning, although it was 
not approved yet.  

The second example is a science-based public policy related 
to the State of São Paulo’s Strategic Plan for Monitoring and 
Assessment of Marine Litter, launched in January of 2021⁶. The 
process of building the plan, organizing and facilitating partici-
patory meetings was a result of a science-policy partnership 
between an academic institution and the public sector. 

Marine litter is a complex and ubiquitous problem that 
demands integrated solutions. Therefore, since its conception, 
the plan sought to integrate different disciplines and multiple 
stakeholders from plastic industries to waste collectors’ 
associations. One important outcome of this process was the 
creation of a communication network of more than 400 stake-
holders related to the marine litter subject in São Paulo State. 

These Brazilian examples help to propose a social-natural 
interface guideline.

Social-Natural Interface Guideline
A guideline to strengthen the social-natural interface should 

include actions within and outside the public policy cycle. In the 
agenda setting and formulation, different theories, methods 
and knowledge must be integrated to frame the problem and to 
provide access to information and to engage public participa-
tion in the decision making. However, the most vulnerable local 
communities are still largely overlooked in Brazil. The imple-
mentation of public policy should benefit from public-private 
partnerships as well as from the development of indicators of 
the interface between social and natural sciences. 

Regarding the policy evaluation, the following actions must 

be pushed forward: a set of specific indicators to inform on 
the developed policies and to evaluate progress on tracking 
degradation of ecological services and functions; the creation 
of a system that would enable all the actors to acquire a 
comprehension of the whole process rather than only parts of 
the cycle. 

Outside the public policy cycle, the research agenda and 
the capacity building are paramount to strengthen social-natu-
ral interfaces.  As Gary Brewer once highlighted “the world has 
problems, but universities have departments”⁷. Interdisciplinary 
approaches complement disciplinary efforts. Therefore, social 
science must be included within ocean sciences as well as 
autonomously. This interface between social and natural ocean 
sciences can be strengthened by research institutions and 
funding agencies by the following actions:  

• Creation of disciplines concerning broad issues, such as: 
“blue acceleration”; “nexus between science, knowledge 
and policies”; telecoupling; the Anthropocene and planetary 
boundaries;

• Embracing more interdisciplinary funding calls, which 
explicitly demand proposal requirements and evaluation 
criteria that foster science integration;

• Promoting research projects which integrate traditional 
knowledge in Brazil and in the South Atlantic.
Accurate knowledge of the marine science domain must 

be interdisciplinary to capture the complex array of interac-
tions between social and natural drivers that give rise to global 
environmental threats. Thus, fostering interdisciplinary col-
laborations between scientists, as well as public authorities and 
promoting social inclusion, will ensure that those least able to 
influence the process but often most affected are heard when 
addressing the local and global challenges. 

For Brazil, three main lessons can be highlighted: 1. Science-
policy must be based on recognized principles such as human 
dignity and security, access to information, and participation; 2. 
Public policy cycle must include the interface between natural 
and social sciences; 3. Research institutions and funding agen-
cies must enhance interdisciplinarity effectively. 

Endnotes
1. Brazil (2020) Decree n. 10.544. Available at: https://www.in.gov.

br/en/web/dou/-/decreto-n-10.544-de-16-de-novembro-
de-2020-288552390. 

2. Brazil (2005) Decree n. 5.377/2005. Available at: http://www.planalto.
gov.br/ccivil_03/_Ato2004-2006/2005/Decreto/D5377.htmf.

3. The idea of the ‘Blue Amazon’ was launched by Admiral of the Fleet 
Roberto Carvalho. See: Roberto G. Carvalho, ‘A outra Amazônia,’ Folha 
de S. Paulo, 25 February 2004. 

4. See on this issue: CARVALHO, Andréa Bento. Economia do mar: 
conceito, valor e importância para o Brasil. Thesis in Development 
Economics defended in the Graduate Program of PUC-RS, 2018.

5. See on this issue the publications on the website of the Research 
Group on Law, Natural Resources and Sustainability - GERN-UnB. 
https://sites.google.com/ndsr.unb.br/gern/publications/direito-do-mar-
e-sustentabilidade-law-of-the-sea-and-sustainability?authuser=0.

6. Available at: https://drive.google.com/file/
d/1GFXQIJjEZ0dRwfeXzun1EoKHP-D8PVMU/view.

7. Brewer, G. D. (1999). The challenges of interdisciplinarity, Policy Sci-
ences, Vol. 32: 327–37.

Marine Litter in the State of São Paulo. Photo credit: Lucas Barbosa.
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Advancing Water Rescue 
for a Safe Ocean
By Raffaele Perrotta and Martina Capriotti, the Italian Federation of Aquatic Rescue

T
he World Health Organization estimates that globally, 
around 320,000 people die from drowning each year. 
These high numbers make drowning the third highest 
cause of unintentional death worldwide, with the highest 

causalities being children between one to four years old. As 
such, it is essential that parents and guardians can recognize 
and respond to potentially hazardous situations to help prevent 
such tragedies. Even with this knowledge, not every person 
that survives from a drowning incident can live a normal life, 
as permanent physical or mental damages are extremely 
common.  Therefore, prevention is the pillar for safely enjoying 
the water.

The Italian Federation of Aquatic Rescue (FISA) is working 
closely with education institutions and with the general commu-
nity to increase the public’s awareness for dangerous situations. 

Headquartered in the coastal town of San Benedetto del Tronto 
(AP, Italy) along the Adriatic coast, the FISA is recognized by the 
Italian Minister of Infrastructures and Transports for the organi-
zation of water rescue courses and grant lifeguard licenses. 

Raffaele Perrotta, president of FISA, said, “After studying 
aquatic rescue for more than 35 years, I have developed new 
rescue procedures that puts rescuers’ safety first and ensure 
high quality training. Through my professional career and inside 
FISA, my goal is to bring innovation to the lifeguard profession 
by introducing novel tools to assist on rescue missions and 
prevent incidents, but also to improve national training require-
ments and create a culture of water safety throughout Italy 
and beyond. Today, FISA is spread all over the Italian territory 
through member organizations that train aquatic rescuers and 
exert FISA principles and activities.”

FISA rescue trainer teaching with rough sea. Photo credit: Raffaele Perrotta
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Ensuring Water Competency for a Safe Ocean

Water Safety USA defined “water competency” explains 
Perrotta. “Communication is another essential part in a rescue 
action, not just in terms of verbal communication in the same 
language, but also non-verbal communication using visual 
night and day signals or sound signals as the ability to antici-
pate, avoid and survive a drowning situation. It also includes the 
ability to recognize and assist those in need. While swimming 
skills can help individuals become more confident in water, 
swimming lessons alone cannot prevent drowning. Individu-
als should have awareness of local hazards such as strong 
currents or reefs, and can recognize his or her own limits so 
that if a rescue is needed, they know how to adjust safety and 
prevention strategies appropriately for the situation.

Rescue swimmers 
are fundamental for the 
prevention of drown-
ing in public places 
and can drastically 
reduce drowning cases. 
However, the vastness 
of the supervised area, 
the high level of atten-
tion needed for scanning 
this area, and the many 
hours spent under 
the sun are just few 
factors that can affect a 
lifeguard’s efficiency. 

“We have often wit-
nessed situations where 
lifeguards supervised a 
huge area, where doing 
prevention or supervi-
sion can be challenging, 
and handling a multiple 
rescue situation even 
more so. This is why it’s incredibly important that rescue 
swimmers have a high level of preparedness and the ability to 
respond quickly to any situation within their supervised area,” 
explains Perrotta. 

Tools and Training for a Safe Ocean 
When it comes to training, often rescue and sport swim-

mers are provided with the same training, since the two 
different activities require many similar techniques. But training 
professional rescue swimmers involve additional skills, includ-
ing having the confidence and knowledge of operational 
procedures; the ability to take an active part during rescue 
simulations in the natural environment; be aware of their own 
limits and consider personal safety; learn to adopt the safest 
actions; communicate properly with the person in danger; and 
be comfortable in a changing scenario. 

“FISA strongly believes in the use of aquatic personal 
protective equipment and the use of tools to support the 
rescue swimmer in the operations. Such tools include a line 
thrower, a rescue board or rescue watercraft, or even rescue 

dogs that can offer much needed help to the lifeguard. That 
is why I created specialized training schools with the aim of 
training lifeguards in the management of complex scenarios 
and perform a rescue action as efficiently as possible,” explains 
Perrotta.

“But I also wanted to bring innovation to our profession. As 
such, I have been working for several years in developing spe-
cific protocols for the use of drones in coastal scanning and in 
their use for providing help to people in danger. The results we 
obtained are impressive, and we believe this technology holds 
great potential for drowning prevention.”

In some areas of the world, the lifeguard profession is not 
yet protected by accurate laws or directives. In Italy, however, 
this is now changing. FISA is helping to increase the safety 

requirements for 
lifeguards and encour-
age institutions to take 
part in this evolution. 

We also work to 
standardize proce-
dures and training 
requirements across 
rescue institutions, 
and maintain high 
levels of training stan-
dards throughout a 
rescue professionals’ 
career. Both swimmers 
and trainers should be 
offered regular practi-
cal refresher courses, 
periodic training and 
medical certifications. 
This is part of what 
we call “the rescue 
culture”. 

Swim Safety for Future Generations
FISA not only works on rescue skills during the lifeguard 

training courses, but aims to introduce this mental and physical 
training even earlier. As part of FISA prevention actions, the 
Baby Rescue sector aims to train children in water safety and 
rescue. Children learn swimming, rescue swimming, nautical 
culture, first aid and resuscitation protocols BLS (Basic Life 
Support), and trainers help students discover and respect their 
personal limits and the sea. 

Perrotta adds, “These ‘baby rescuers’ are the rescue swim-
mers of the future and the FISA trainers of the future. I person-
ally want to thank all the FISA trainers, instructors, and rescuers 
that work tirelessly to bring these important changes the planet 
needs for ensuring a safe ocean. I also want to extend a special 
thanks to the men and women of the Italian Coast Guard.”

References
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FISA lifeguards during a training session in a swimming pool learning how 
to immobilize a person in the water. Photo credit: Martina Capriotti
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The Unprecedented 
Sargassum Challenge
Providing marine hazard information across the Atlantic Ocean
By Audrey Hasson (GEO Blue Planet and Mercator Ocean International), Emily Smail (GEO Blue Planet, 
NOAA and University of Maryland), Isabel Sousa-Pinto (AtlantOS and University of Porto, Portugal), 
Ann-Christine Zinkann (AtlantOS and NOAA), Sandra Ketelhake (AtlantOS and German Marine Research 
Consortium), Cesar Toro (IOCARIBE of IOC-UNESCO) and José Moutinho (AIR Centre, Portugal)

S
argassum is a genus of large 
brown algae. Some of its species 
are prevalent in the Atlantic 
Ocean and most often found in 

drifting mats, held afloat by gas-filled 
bladders. These rafts serve as a criti-
cal habitat for threatened loggerhead 
sea turtles and as a nursery shelter for 
various commercially important fishes 
such as mahi-mahi, jacks, and amber-
jacks. Even though this floating habitat 
provides food and protection for wildlife, 
dense floating mats and mounds near 
beaches also harm marine ecosystems 
and disrupt recreation and fishing, 
causing the loss of millions of dollars in 
the tourism industry, affecting the health 
of residents, and impacting the environ-
ment.

Once confined to the Sargasso 
Sea, thousands of tons of sargussum 
then make their way now make their 
way to beaches in the Caribbean, East 
Americas, and West Africa. In 2011, 
floating Sargassum began impacting 
coastal communities around the tropical 
Atlantic Ocean. On land, Sargassum rots, 
attracting flies and deterring tourists by 

clogging beach access. As it decays, 
highly toxic gases (such as hydrogen 
sulfide and ammonia) are released into 
the surrounding environment, often 
causing respiratory problems to those 
nearby. Satellite imagery reveals that the 
stranded mats of Sargassum come from 
colossal quantities of algae drifting from 
the central tropical Atlantic between 0 
and 10°N. 

Hypotheses for the mechanisms 
behind the increasing incidence of 
Sargassum blooms are still being 
debated. Some research suggests it is a 
result of the recent increase of nutrient 
outflow from the Amazon River due to 
deforestation and the intensification of 
agricultural production, warming of the 
tropical Atlantic Ocean or changes in 
hydrodynamic conditions such as wind 
and surface currents. Ongoing research 
efforts and developments are underway 
to understand the Sargassum basin-
wide spread, its impact on marine life and 
local communities, and to provide mitiga-
tion strategies and beyond. Tackling this 
social, economic, and ecological matter 
requires a multi-disciplinary approach.

Challenges for addressing 
Sargassum include:  
• Coordination of existing activities related 

to Sargassum transport and extension 
monitoring, coastal inundation, and 
mitigation.

• Access to free, open, and easily under-
standable monitoring and forecasting 
products for society. 

• Knowledge about the biological and 
ecological impacts of the increased 
Sargassum.

• Knowledge about the reproduction and 
growth/decay behavior of Sargassum 
under new conditions and of the varia-
tions between species.

• Solutions to prevent Sargassum from 
inundating beaches.

• Solutions for the collection, disposal or 
use of Sargassum biomass in a sustain-
able way.
In response to these challenges, a 

meeting was held in May 2018 to discuss 
Sargassum monitoring in the Caribbean 
and adjacent regions, organized by the 
Global Ocean Observing System Regional 
Alliance IOCARIBE of IOC-UNESCO 
and the GEO Blue Planet Initiative. The 
participants included 40 experts from 
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15 countries with representatives from 
various United Nations entities, academia, 
governments, private companies, and 
international initiatives. 

At the meeting, delegates highlighted 
the need for a region-wide information 
system, including monitoring and fore-
casting for Sargassum. This information 
system would provide a publicly available 
monitoring platform and warning system 
for Sargassum based on existing tech-
nologies and observation data. Subse-
quently, the 1st International Conference 
on Sargassum took place in October 
2019 in Guadeloupe and brought together 
stakeholders from the Caribbean and all 
over the world to discuss the issue. In 
line with the previous meeting, delegates 
set objectives to enhance knowledge 
dissemination, identify best strategies 
to tackle the problem, and strengthen 
regional cooperation through a common 
political approach involving stakeholders 
at the regional and international levels.

In the wake of these meetings, the 
Sargassum Information Hub (https://
sargassumhub.org/) was set up and 
launched in 2020. It now serves as a 

single-entry point to access up-to-
date information on Sargassum in the 
Atlantic Ocean for all stakeholders, 
from scientists to local fishers. Users 
can explore available observation and 
forecast reports and insight into ongoing 
research and development efforts. With 
remote sensing techniques, web portals, 
mobile applications, email forums and 
more, users can keep up to date with the 
latest technologies used to predict the 
movements of Sargassum. Users can 
explore daily reports, applications used 
to make in-situ observations, monthly 
bulletins, and newsletters about latest 
research and development efforts. Finally, 
experts and other stakeholders working 
on Sargassum can register their organiza-
tions and related projects on the Hub to 
improve communication and increase 
the visibility of their activities. Anyone can 
browse through the registered projects 
on the website. Future planned develop-
ments include translation of the Hub into 
other languages, and country-dedicated 
pages, where users will find location-
specific information.

With advances in research on, and 

monitoring and forecasting of Sagassum, 
the Hub will continue to provide users 
with the keys needed to understand the 
latest available applications, and tools for 
monitoring, forecasting and managing 
Sargassum blooms. In the short term, the 
Hub will be made available in Spanish, Por-
tuguese, and French. We will also focus on 
expanding existing efforts to monitor and 
forecast Sargassum in the Gulf of Mexico, 
Caribbean Sea, the Americas, and across 
the Atlantic Basin to the African coast.

The Hub was developed as part 
of a collaboration between the GEO 
Blue Planet Initiative, IOCARIBE of 
IOC-UNESCO, the Atlantic International 
Research (AIR) Centre, the All-Atlantic 
Ocean Observing System (AtlantOS) 
and other partners. However, it is also a 
result of international cooperation among 
many international initiatives, government 
agencies, national institutes, NGOs, and 
universities. Through these collaborative 
efforts, the Sargassum Information Hub 
will provide centralized access to informa-
tion and tools to mitigate and manage 
Sargassum blooms plaguing our coasts 
and endangering our ocean. 
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Learning from 
Past Tsunamis
Preserving Indian Ocean past tsunami 
information to better prepare for the future
By Litanya Octonovrilna (The Agency for Meteorology, 
Climatology, and Geophysics, Jakarta, Indonesia), Ardito 
M Kodijat (UNESCO/IOC Indian Ocean Tsunami Information 
Center, Jakarta, Indonesia), Nora Gale (UNESCO/IOC ICG/
IOTWMS Secretariat, Perth, Australia) and Ghazala Naeem 
(Tsunami Warning and Mitigation Expert, Islamabad, Pakistan)
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T
he tremendous destructive 
power of tsunamis is well 
documented. But, when the 
water finally withdraws back into 

the sea, what happens to the coastal 
communities left behind? First-hand 
accounts of past tsunamis are an 
important tool in tsunami education. 
As the period between large tsunamis 
can extend beyond a lifetime, coastal 
communities can forget the past 
devastation. 

On December 26, 2004, the Indian 
Ocean Tsunami (also known as the 
Boxing Day Tsunami) killed over 227,000 
people. Since then, our understanding 
of tsunami science has grown and is 
helping to improve societal awareness 
and preparedness for possible future 
events. However, eyewitness accounts 
and records of tsunamis before 2004 
are limited, resulting in knowledge gaps 
of the impacts on coastal communities. 
As a result, policymakers, researchers, 
and other institutions have had difficulty 
in providing local and contextualized 
information for public awareness and 
education on disaster preparation and 
mitigation. By documenting the survivor 
accounts and records of historical 
tsunamis in the Indian Ocean region, we 
can learn from the past to better prepare 
for the future. 

Preserving Past Tsunami 
Information 

The first step in preserving past 
tsunami information is to identify eyewit-
nesses of such events. Tsunami experts 
identified and researched seventeen 
historical tsunamis occurring in Indian 
Ocean region (mostly in Indonesia) 
between 1945 and 2004.

Tsunami modeling (based on 
earthquake rupture parameters) was 
completed before site visits to help us 
better understand these past events 
and support the team during the 
interviews when confirming timelines 
and clarifying the extent of the impact. 
For the interviews, selecting eyewit-
nesses and survivors was based on the 
area of tsunami damage, and considered 
the gender balance and demographic 
segregation (i.e., age, location, employ-

ment, etc.), both when the tsunami event 
happened as well as at the time of the 
interview.  All surveys and information 
based on the survivors’ accounts were 
geo-tagged to pinpoint the location 
of tsunami impacts, and an interview 
standard format and data-logging 
guidelines were developed to ensure 
consistency and standardization during 
data collection. 

The initiative ‘preserving Indian 
Ocean past tsunami information’ started 
in 2008, with interviews of survivors of 
the 1945 Makran tsunami that occurred 
on the morning of November 28 and 
affected communities along the coast. 

In 2012, further activity commenced 
under the coordination of IOC-UNESCO 
(through the ICG/IOTWMS Secretariat 
and IOTIC) with funding from UNESCAP. 
The 2012-15 study aimed to improve 
the regional understanding of the 1945 
tsunami impacts in Pakistan, Iran, India 
and Oman by searching for historical 
documents in each of these countries. 
Furthermore, interviews took place 
in India (three interviews), Iran (17 

interviews), Oman (11 interviews), and 
Pakistan (81 interviews) with eyewit-
nesses and a few younger people who 
recounted the stories of their elders. A 
booklet containing these recollections 
entitled “Remembering the 1945 Makran 
Tsunami – Interviews with Survivors 
beside the Arabian Sea” was published 
by IOC-UNESCO in 2015. Comprehen-
sive information and data about this 
activity including 38 interview videos 
are available for the public from the 
IOTIC website: https://iotic.ioc-unesco.
org/1945-makran-tsunami/.

The study provided to be a kickoff 
for further research, publications and 
projects in the region, especially in 
Pakistan, the country worst affected by 
the 1945 Makran tsunami. Two ongoing 
projects on tsunami mitigation include 
the UNDP-funded project “Strengthen-
ing tsunami and earthquake prepared-
ness in the coastal areas of Pakistan” 
and the UNESCAP-funded project 
“Communicating the effects of the 1945 
Makran tsunami to increase awareness 
and preparedness of tsunami hazards in 

Yosefina O’Luron, age 37, interviewed in the location that use to be her house before 
the 1992 Flores tsunami. She was 10 years old when the tsunami happened. She 
was sick and sleeping at home when the earthquake shook. Fearing the house would 
collapse, she went outside and heard her father yelling to her and her siblings to run 
to the hills. She saw three waves wash all the houses in her village. (Photo IOTIC).
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the Makran region”. These projects con-
tribute to a wide range of risk reduction 
activities from community preparedness 
to policy development. 

Another byproduct would be the 
upcoming publication “Karachi Folio”, 
based on extended research of the facts 
and information that surfaced during 
the 1945 Makran tsunami study.  The 
Karachi Folio is expected to strengthen 
oral histories with previously unpub-
lished sea level time-series from the 
official tide gauges installed at Karachi 
Port and Kemari Light House during the 
event.  

In 2016, a study aiming to preserve 
past tsunami impacts in Indonesia 
commenced with the documentation of 
the October 8, 1950 Ambon tsunami in 
the Maluku Province. This activity was 
coordinated by IOTIC and Bandung Insti-
tute of Technology with funding from the 
Government of Indonesia. Although the 
Ambon tsunami had unique characteris-
tics and affected three villages, docu-
mentation on its impact was very limited. 
Only a few news reports describing the 
event were available and no scientific or 
governmental reports of the event could 
be found. To better document the effect 
of the tsunami in coastal communities, 
twenty-eight eyewitnesses of around 70 
to 80 years of age were interviewed in 
the villages of Galala, Hative Kecil, and 
Hutumuri. An awareness and educational 
booklet entitled “Air Turun Naik di Tiga 
Desa, Mengingat Ambon Tsunami 1950” 
[Tsunami in Three Villages, Remember-
ing the 1950 Tsunami in Ambon] was 
published in Bahasa language.

Strengthening Tsunami 
Science and Preparedness

In addition to the eyewitness 
interviews, the booklet provides 
scientific analysis and modeling of how 
the tsunami was generated, as well as 
efforts already employed by the City of 
Ambon to strengthen tsunami prepared-
ness. This booklet also illustrates the 
historical record of tsunamis in the 
Maluku Islands starting from the 17th 
century, highlighting tsunami risk to 
city of Ambon and the Maluku islands. 
Comprehensive information and 

data about this activity including 28 
interview videos are available on the 
IOTIC website: https://iotic.ioc-unesco.
org/1950-ambon-tsunami/.

We then began documenting the 
December 12, 1992 tsunami in Flores, 
East Nusa Tenggara, Indonesia, which 
killed thousands of people in a short 
time.  In 2018, IOTIC and BMKG inter-
viewed and documented 45 eyewit-
nesses and survivors’ stories of their 
experience during the tsunami. Six of 
the eyewitnesses were from the Wuring 
village, one of the most damage and 
with the highest number of deaths. 
Within two decades, people return and 
live in this village, which is now one 
of the highest tsunami risk villages in 
Indonesia. 

The interviews revealed the different 
beliefs beheld by people throughout 
the region and a lack of preparedness 
for future tsunami events. In one village, 
some believed that if they feel the earth 
shaking [earthquake], it can be stopped 
by throwing a beetle to the ground. In 
another village, if the ground shakes 
the people must immediately run to the 
mountains and not to look back, or they 
will be turned into stones. The large 
number of victims of the 1992 Flores 
tsunami showed that the population had 
ignored valuable lessons from the past 
disaster or did not pass on the informa-
tion and experience to their children and 
grandchildren. A booklet titled “Kala Air 
Laut Menerjang Tanah Flores remember-
ing the 1992 Flores Tsunami” [The time 
the sea hits the land of Flores, Remem-
bering the 1992 Tsunami in Flores] was 
published in Bahasa Indonesia.

In 2019, IOTIC and BMKG inter-
viewed 46 eyewitnesses and survivors 
of the Banyuwangi tsunami that 
occurred in the early hours of June 3, 
1994. Based on BMKG tsunami cata-
logue, there were three tsunamis before 
then: Banyuwangi (1818 and 1925) 
and Jember (1921). But there is a long 
reoccurrence period between tsunamis, 
almost exceeding three generations, 
and, therefore, stories were not passed 
on to the next generation. As a result, 
by the time the next tsunami occurred, 
the awareness and preparedness within 

the community was very low. In addition, 
the silent earthquake that generated the 
1994 Banyuwangi tsunami was not felt 
by most of the population, which con-
tributed to the unhurried reaction of the 
people when the tsunami wave arrived. 
Before this study, the living witnesses 
rarely shared their valuable experiences 
with their children and grandchildren 
to avoid reliving bad experiences and 
sad stories about the loss of family and 
property.

The latest preserving activities 
conducted by IOTIC was in 2020, jointly 
with local Civil Society Organization, 
Forum Sudut Pandang, to document the 
1938, 1968, and 2018 earthquakes and 
tsunamis in Central Sulawesi Tsunami. 
The study managed to find two eyewit-
nesses (almost 100 years of age) of the 
1927 earthquake who could only speak 
native language. In addition, the study 
managed to document one eyewitness 
of the May 20, 1938 tsunami in Palu; 
eight eyewitnesses of the August 14, 
1968 tsunami in Tambu Bay; 14 eyewit-
nesses of the September 28 tsunami in 
Palu and Donggala and six eyewitnesses 
of the September 28 liquefaction in Palu.

With all these efforts of preserving 
information from past tsunamis, a large 
number of eyewitness interviews are 
available as open source for further use 
in tsunami preparedness and research 
including 38 interviews of 1945 Makran 
tsunami, 45 survivors’ stories of 1992 
Flores tsunami, and the 46 interviews 
of 1994 Banyuwangi tsunami. A further 
30 survivors’ stories of the 1938, 1968, 
and 2018 earthquakes and tsunamis in 
Central Sulawesi Tsunami will be made 
available soon on the IOTIC website. 

Another similar study in the pipeline 
for 2021, is a collaboration between 
IOTIC and BMKG to document the 
magnitude 8.2 earthquake of 17 Febru-
ary, 1996 in Biak Island, Indonesia that 
generated a seven-meter tsunami and 
caused 166 people to lose their lives.

Tsunamis have the power to wipe out 
coastal villages, devastate the surround-
ing environment, and impact lives for 
generations to come. By listening to the 
survivors of the past, we can save more 
lives and livelihoods of the future.
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Forecasting Floods on 
Reef-Lined Coasts

Introducing the Wave-Driven Flood-Forecasting on Reef-
Lined Coasts Early Warning System (WaveFoRCE)

By Dr. William Skirving (NOAA and ReefSense Pty, Ltd), Dr. Curt Storlazzi (US Geological 
Survey) and Dr. Emily A. Smail (NOAA and GEO Blue Planet Initiative)
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R
ising seas are contributing to 
devastating weather events, 
such as storm surges caused 
by hurricanes, threatening 

coastal communities and local liveli-
hoods worldwide. Finding new ways to 
improve the resilience of our shoreline 
while decreasing risk to flooding will be 
critical for the continued inhabitance and 
sustainability of these areas. Low-lying 
islands lined with coral reefs, in particular, 
are experiencing storm wave-driven 
flood events that strike with little to no 
warning. With the increasing frequency 
and severity of these events, there is 
now an urgent need for a tool that can 
forecast the timing and severity of wave-
driven flooding events along the world’s 
coral reef-lined coasts. 

Without this tool, coastal com-
munities are vulnerable to loss of life 
from drowning; loss of, and damage to, 
property and infrastructure; decreasing 
viability of communities via loss of and 
damage to crops, fishing (via reduced 
water quality and wave-damaged reefs), 
and freshwater resources; and the 
reduction of livable land due to increased 
erosion and salt intrusion.

While tools are currently available for 
sandy shorelines, these fail to accurately 
predict wave-driven flooding on reef-
lined coasts, leaving inhabitants without 
accurate and timely warnings. Also, the 
flood models that do exist for reef-lined 
shores have only been implemented on 
a small number of areas throughout the 
world because of the high running costs. 
In fact, using these existing models and 
techniques to generate high-resolution 
forecasts for these important coastal 
regions would cost approximately US$1 
billion. 

Now, an international team associ-
ated with the GEO Blue Planet initiative 
is developing a solution: WaveFoRCE. 
The new tool is a wave-driven flood-
forecasting early-warning system (EWS) 
designed especially for coral reef-lined 
coasts. The system aims to provide all 
nations, and people living on a coral 
reef-lined coast anywhere in the world, 
with an up to 7.5-day forecast of storm 
wave-driven flood events.

The National Oceanic and Atmo-
spheric Administration (NOAA), the 
United States Geological Survey (USGS), 
and Deltares comprise the core Wave-

Wave-driven flooding events in Kirbati. photo courtesy of Jeremy Sutton-
Hibbert Alamy) and the Marshall Islands (Right, photo courtesy of USGS).

The Marshall Islands. Photo courtesy of USGS).
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FoRCE team. Currently, the WaveFoRCE 
team has developed and tested an 
automated modeling infrastructure that 
can be implemented globally to forecast 
coastal flooding events, with tests indi-
cating an error of less than 10 percent. 

By combining satellite data, hydrody-
namic models and reef profiles, Wave-
FoRCE can produce 181 flood forecasts 
for every coral reef-lined coast on Earth. 
These forecasts are updated four times 
per day, every 200 meters alongshore. 
To achieve this level of measure-
ment previously, an operational flood 
forecast would need a sophisticated, 
high-resolution model to be run at every 
point throughout the world, 724 times 
per day. This approach would require a 
considerable supercomputer that would 
be extremely costly to run and maintain. 
However, the WaveFoRCE team has 
come up with an elegant solution to this 
seemingly intractable problem. 

Using a large computer, more than 
31,000 cross-reef profiles (bathymetry) 
have been reduced to 175 representa-
tive cross-reef profiles.  Then 100,000 
combinations of Wave Heights, Wave 
Periods, water levels and beach slopes 
were run across the cross-reef profiles. 
The outputs were then incorporated into 
an intelligent database of pre-calculated 

answers that can be interrogated with 
lightning speed. This allows WaveFoRCE 
not only to provide the flood forecasts 
needed to achieve its desired spatial 
(space) and temporal (time) coverage, 
but do so using a large desktop com-
puter rather than a supercomputer. The 
WaveFoRCE Science Team will soon be 
improving the resolution of the Wave-
FoRCE outputs by more than doubling 
the number of simulations.

Wave heights, wave periods, and 
sea-surface elevation have been 
modeled and monitored for many years. 
WaveFoRCE will utilize these data to 
produce historic flood predictions. 
These are valuable to the project for two 
reasons. First, historic flood predictions 
can help users interpret the outputs for 
the forecasts and calibrate them against 
local knowledge of past events. Second, 
historic flood predictions can help 
planners understand the frequency of 
historical flooding events and, therefore, 
determine how often they can expect 
parts of the coast to flood. This infor-
mation can be invaluable for planning, 
approval of applications for new build-
ings, and determining how and where 
to modify infrastructure to make it more 
resilient to future flood events.

Stakeholder engagement is a primary 

focus of the WaveFoRCE project. As 
such, the project will conduct ongoing 
user engagement to ensure that the 
outputs and delivery mechanisms fit a 
variety of needs, by working with user 
groups on various activities such as the 
design, look and feel of the forecast tool, 
using citizen science to gather flood 
levels when coastal flooding occurs, 
and provide training on how to use and 
interpret WaveFoRCE forecasts, and 
gather feedback. 

The WaveFoRCE team are currently 
developing a number of demonstration 
sites to show potential funders how 
the system will be implemented, and to 
demonstrate how well the system works. 
Once completed, the team will focus on 
finding a funder or funders to assist with 
the roll-out of WaveFoRCE throughout 
the world.

For the UN Decade to achieve the 
outcome of a safe ocean, we must 
improve the forecasting of wave-driven 
flooding on vulnerable reef-lined coasts, 
and communities need timely and accu-
rate warnings of potential threats. The 
successful development and deploy-
ment of WaveFoRCE will provide the 
necessary forecasts to keep people safe 
from the increasing threat of wave-driven 
coastal flooding. 
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On Building a Safe Ocean
The oceanscape and the necessity for developing an Ocean Culture
By Michaela Ibrion and Amir R. Nejad, Norwegian University of Science and Technology

A 
safe ocean requires building and developing a 
dynamic Ocean Culture where enhancement of safety, 
disaster risk reduction and improvement of resilience 
are key pillars. Learning from previous disasters, 

accidents and failures brings to light the vital role of humans 
in the avoidance, prevention and reduction of disasters. New 
tools and highly advanced and complicated technologies can 
bring many benefits but cannot solve all the problems related 
to safety. For we require an Ocean Culture.

The Components of the ‘Oceanscape’
The term ‘oceanscape’ broadly refers to the ocean 

ecosystems which are subject to many different dynamic 
interactions of the physical, geological, chemical, and biologi-
cal aspects. Estuaries, salt marches, tidal pools, lagoons, 
coral reefs, barrier islands, mangroves, low-land forests, the 
open ocean, and the deep ocean are an integrated part of the 
oceanscape. But ocean warming, acidification, pollution and 

the over-exploitation of marine resources has threatened, 
degraded, or even destroyed many marine ecosystems 
worldwide. Within the last century, human activities intensely 
and negatively impacted the ocean’s health, which is endan-
gering the availability of ocean resources and livelihoods, as 
well as the well-being and resilience of the coastal areas and 
communities. 

The oceanscape also accommodates a 
variety of ocean-related industries. 

The ocean-related industries comprise not only well 
established, traditional industries but also emerging industries, 
and all contribute to what is called a “Blue Economy”. There 
are many ocean industries which coexist and develop under 
the umbrella of the Blue Economy such as offshore oil and 
gas, shipping and shipbuilding (maritime transport, ports 
and related infrastructure and services), offshore renew-
ables energy (offshore wind, waves, tidal energies), fishing, 

Ship building

Coastal infrastructure

Cruise industry

Fishing

Aquaculture

Shipping

Offshore oil & gas

Marine
biotechnology

Deep sea mining

Subsea

Offshore renewable energy
Offshore wind Wave and tidal

Ocean-based industries

Desalination

Carbon capture 
& storage

Subsea cables

Subsea pipelines

Overview of some ocean-related industries, image by authors
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aquaculture, seabed mining, coastal development, maritime 
equipment, maritime and coastal tourism, waste disposal, 
carbon capture and storage or the “blue carbon”, desalination 
and fresh water generation, and marine biotechnology and 
biodiversity prospecting. The Blue Economy has a significant 
contribution to the worldwide economy and is seen to be 
among the fastest growing economies in the world.

According to a report issued by the United Nation and the 
World Bank, the Blue Economy is seen as both a concept and 
a practice which aims to promote economic development, 
social inclusion and equity, development of science and 
technology, and a continuous improvement of livelihoods. 
Moreover, the Blue Economy seeks to take into consideration 
the environmental protection of the ocean, seas and coastal 
areas, the health of ocean and its ecosystems, and sustain-
ability of ocean resources.

A Safe Ocean for Ocean Industries
The Blue Economy and its associated ocean industries is 

at risk from impact of natural hazards such as earthquakes, 
tsunami, meteotsunami, tropical storms (hurricanes, typhoons, 
cyclones), storm surge, high winds, heavy rains, floods, coastal 
erosion, harmful algal blooms, submarine/ocean volcanic 
eruptions, and submarine landslides. All of these natural 
hazards can put a high number of lives and livelihoods at risk, 
taking into account that almost half of the world’s population 
lives within less than 200 kilometers from coastlines. 

Phenomena such as El Niño, La Niña, polar amplification, 
rising sea levels, and an increase in severe weather and storm 

events pose further risk to both the coastal communities and 
ocean industries. Furthermore, many big cities around the 
world are coastal, and present a high exposure risk from these 
natural hazards. 

The ocean is a dynamic system which is today impacted 
from multiple human-related sources around the world. But 
so to can an ocean disaster impact humankind’s economic, 
social, and politic activities.  

As the ocean industries coexist and develop within the 
same ocean space, these industries need to embrace a 
collaborative and interdisciplinary approach for sustainable 
development within an increasingly extreme ocean environ-
ment. 

A Safe Ocean – an ocean where the safety of ocean 
operations linked to the Blue Economy and the safety of coast 
communities is aimed to be achieved and ensured – requires 
the development of a dynamic Ocean Culture; this involves 
exploring the role of cultural heritage and creative response to 
multiple and competing conceptions of the ocean, manage-
ment approaches and possible futures. The enhancement 
of safety, disaster risk reduction, resilience, environmental 
protection and sustainability are the key pillars for the Ocean 
Culture which can support in a harmonious and sustainable 
way the development of nature and culture, ocean, and Earth.  

The development of an Ocean Culture can have an impor-
tant role in the resilience linked to the ocean and recovery 
after a devastating worldwide pandemic on Earth, contribute 
to a safe and healthy ocean for present and future genera-
tions, and to a flourishing Blue Economy.
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Natural hazards
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Building Global Capacity to 
Mitigate Against Tsunamis
Introducing the OceanTeacher Global Academy (OTGA)
By Laura Kong (UNESCO/IOC – NOAA International Tsunami Information Center (ITIC), USA), Bernardo 
Aliaga, (UNESCO/IOC Tsunami Unit, France), Noer Nurhayati, (Indonesian Agency for Meteorology, 
Climatology, and Geophysics (BMKG), Indonesia), Ardito Kodijat (UNESCO/IOC Indian Ocean Tsunami 
Information Center, Indonesia), and Claudia Delgado (UNESCO/IOC Project Office for IODE, Belgium)

T
sunamis threaten the safety, 
resiliency and sustainability of 
nearly every coastal community 
on Earth. Currently, about 680 

million people live in low-lying coastal 
zones (less than 10 meters above 
sea-level) and so potentially exposed 
to tsunami hazards, and by 2050, this 
could increase to more than one billion 

persons (IPCC Special Report on Ocean 
and Cryosphere, 2019).  Small Island 
Developing States (SIDS) are especially 
vulnerable since their homes, livelihoods, 
lifelines and infrastructure are along 
the coast.  Local, regional, and distant 
earthquakes, as well as landslides and 
volcanic eruptions, could all generate 
tsunamis that hit coastlines within 

minutes.  Tsunamis are often more 
sudden, and deadlier than than any 
other natural hazard. In less than an hour, 
tsunamis can claim thousands of lives, 
cause cascading disasters, and result in 
massive economic loss and a humanitar-
ian crisis that permanently alters the lives 
and livelihoods of those affected.  

Over the past 15+  years, through training and distribution of its awareness materials and decision support 
tools, the ITIC, IOTIC, CTIC, and NEAMTIC have reached over 100 countries worldwide and trained over 3,700 
government officials through its 150+ training courses.  Over 100 experts and experienced practitioners from 
more than 30 countries have served as trainers for the in-person courses (http://tsunamitraining.org).
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Tsunami Capacity Building
Since the 1970s, primarily through 

the International Tsunami Information 
Centre (ITIC), a partnership between 
IOC and the US National Oceanic and 
Atmospheric Administration (NOAA 
http://itic.ioc-unesco.org/, https://vimeo.
com/192771669), the IOC Tsunami 
Programme has provided training and 
capacity development to assist coun-
tries in establishing and strengthening 
their tsunami warning and mitigation 
systems.  After the 2004 Indian Ocean 
Tsunami, the ITIC 
and IOC, in collabo-
ration with tsunami 
experts and experi-
enced practitioners, 
developed specific 
training to support 
the establishment of 
sustainable national 
tsunami warning 
systems.  The 
IOC’s Indian Ocean 
Tsunami Informa-
tion Center (IOTIC), 
Caribbean Tsunami 
Information Center 
(CTIC), and North-
eastern Atlantic 
and Mediterranean 
Tsunami Information 
Center (NEAMTIC), 
have also organized 
trainings for coun-
tries in their regions, 
many in collabora-
tion with the ITIC.  

The training 
courses, along with 
course manuals 
on tsunami early 
warning systems, 
tsunami warning 
and emergency 
response standard 
operating proce-
dures (Plans and Procedures for Tsunami 
Warning and Emergency Management, 
IOC MG 76, 2017), tsunami exercising 
(How to Plan, Conduct and Evaluate 
UNESCO.IOC Tsunami Wave Exercises, 
IOC MG 58, 2012), and evacuation 
planning (Preparing for Community 
Tsunami Evacuations: From Inundation 
to Evacuation Maps, Response Plans, 

and Exercises, IOC MG 82, 2020) were 
created to better equip and build the 
capacity of countries to effectively warn 
their populations, and to provide advice 
on practical hard and soft counter-
measures that can be implemented to 
mitigate their tsunami hazard. 

The IOC tsunami training
courses are highly respected, its 

content authoritative, and each training 
topic regarded essential for operating 
a reliable, effective, and sustainable 
warning system. To date, they have been 

conducted classroom (in-person) train-
ing. The courses are continually in high 
demand, but due to time and resource 
limitations, the IOC has not been able to 
meet all requests.  It has been especially 
acute since 2020 as the COVID-19 
pandemic has prevented any in-person 
tsunamitraining. This has resulted in a 
shift toward online or distance learning.

Broadening Reach and Scope 
of Capacity Building 

The OceanTeacher Global Academy 
https://classroom.oceanteacher.
org/. Project of the Intergovernmental 
Oceanographic Commission, hosted by 
the International Oceanographic Data 
and Information Exchange (IOC-IODE) 
aims at developing a global training 
network to increase country capacities in 
coastal and marine knowledge/expertise.  
The OTGA (Phase 2, 2020-2022) builds 
upon its predecessor Projects (OTGA-1 

2015-2019 and OTA 
2009-2014) and on 
decades of training on 
ocean data and infor-
mation management 
delivered by IODE.

As a contribution 
to the UN Ocean 
Decade, and the 
Agenda 2030 and its 
SDGs, the OTGA will 
deliver IOC capacity 
development for the 
ocean we need for 
the future we want.  A 
core objective of the 
Decade is to improve 
scientific knowledge 
through capac-
ity development.  
Courses facilitated by 
OTGA cover a range 
of topics related to 
the IOC programs, 
contributing to the 
IOC Mandate and the 
implementation of the 
IOC Capacity Devel-
opment Strategy, 
enabling equitable 
participation of all IOC 
Member States and 
IOC Programs.  

The OceanTeacher 
e-Learning Platform 

is the backbone of OTGA: it enables the 
sharing of standardized, quality training 
contents in a coordinated framework, 
while allowing the use of different 
languages as well as local/regional case 
studies. It is a comprehensive web-
based training platform that supports 
classroom training in-person, blended 
training (combining classroom and 

In 2020, in preparation for the more formalized OTGA Tsunami Ready training, 
the IOTIC (https://iotic.ioc-unesco.org) hosted an Online Lecture Series that 
reached 2,171 persons in 44 countries. The Interactive Expert Sessions on 
Piloting IOC-UNESCO Tsunami Ready in the Indian Ocean enabled disaster 
management offices, tsunami warning centres, NGOs, media, and communities 
to learn how to implement the program’s indicators to be recognized as Tsunami 
Ready.  Sessions were available through the IOTIC’s Facebook.  Topics triggered 
questions that were answered through IOTIC’s social media (Instagram, Twitter, 
Facebook), and Certificates were awarded to those attending all sessions.
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The OTGA network of Training Centres is comprised of 16 Regional and Specialized Training Centres throughout the 
world that will deliver training on ocean science, services and marine and information data management.

In 2013 and 2014, the ITIC, IOTIC, and CTIC conducted regional 
in-person trainings on tsunami warning and emergency response 
for countries in the Caribbean and Meso-America, Pacific (South 
China Sea), and Indian Ocean (Northern and Eastern Indian 
Ocean, Northern and Western Indian Ocean).  Each training on 
tsunami standard operating procedures involved a live tabletop 
exercise that enabled participants to practice what they had 
learned (Caribbean, 2013, 2014, https://vimeo.com/95062647).

Country officials from the Pacific, Caribbean, Indian Ocean,
and Mediterranean have come together annually in Hawaii since 
the 1970s, and for the first time in Chile in 2018, for training from 
working professionals, such as the Pacific Tsunami Warning 
Center and Emergency Management Agencies.  ITIC has also 
conducted in-person training on Tsunami Inundation and 
Evacuation Mapping, and Tsunami Warning Center Operations.
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distance learning), and online (distance) 
learning.

The OTGA developed a set of com-
prehensive guidelines on how to develop 
training courses, and it is certified as a 
Learning Services Provider since 2018. 

The International Tsunami Information 
Center (ITIC) and the Indonesian Agency 
for Meteorology, Climatology and Geo-
physics (BMKG), supported by the IOTIC, 
are OTGA Specialized Training Centres 
for Tsunamis, and will be collaborating 
to transition all in-person trainings to 
online or blended-format trainings.  New 
courses are also planned to build the 
tsunami literacy of communities and to 
provide them with the knowledge, skills, 
and tools to help them become better 
prepared for the next tsunami.  The 
OTGA tsunami courses will address the 
continuing need for tsunami training and 
the sharing of new developments, tools, 
and best practices in hazard risk assess-
ment, tsunami warning operations, 
emergency response, evacuation, and 
warning communications, preparedness, 
mitigation, and education.  

Under the UN Ocean Decade, 

Tsunami Programme transformative 
goals to reach by 2030 are to deploy 
SMART (Science Monitoring and Reliable 
Telecommunications) undersea cables 
and GNSS stations to improve disaster 
early warning and enable tsunami 
inundation forecasting, and to make 
100 percent  of communities at risk of 
tsunami prepared for and resilient to 
tsunamis by 2030 through the UNESCO/
IOC Tsunami Ready Programme and 
other initiatives.. 

Specifically, the ITIC and BMKG will 
work with the IOTIC, CTIC, and NEAMTIC 
to create seven online or blended 
training courses aimed at building the 
knowledge and skills of National Tsunami 
Warning Centers and Disaster Manage-
ment Office staff and communities that 
are seeking UNESCO IOC Tsunami Ready 
recognition.  The planned courses will be:
• Tsunami Awareness (6-hr online 

course)
• Tsunami Ready (6-hr online course)
• Tsunami Early Warning Systems 

(40-hr blended course)
• Tsunami Warning and Emergency 

Response Standard Operating 

Procedures (40-hr blended course)
• Tsunami Evacuation Maps, Plans, & 

Procedures (160-hr blended course)
• Tsunami Hazard and Risk Assess-

ment (40-hr blended course)
• Tsunami Warning Center Staff Com-

petencies (120-hr blended course)

Toward Tsunami Resiliency
By shifting to online and blended 

training formats, the IOC Tsunami 
Programme will be able to address the 
training needs of all countries vulnerable 
to tsunamis.  The OTGA will enable the 
IOC to increase its reach globally, and 
also broaden the scope and breadth 
of its tsunami disaster risk reduction 
training  

The OTGA training courses will 
provide a standard source of training for 
National Tsunami Warning Center staff 
that need a wide range of competencies 
in tsunami and earthquake science, as 
well as in performing tasks stipulated in 
their national tsunami warning standard 
operating procedures (SOPs). For them 
and for Emergency Management staff, 
it will provide a common understanding 
of the fundamentals across aspects of 
tsunami generation, propagation, and 
potential impact, as well as basic skills 
to perform the minimum necessary 
tsunami warning response and prepared-
ness tasks. 

 The OTGA will directly facilitate the 
UNESCO IOC Tsunami Ready program 
by enabling online resources that can 
provide many with the knowledge and 
skills required to meet the Tsunami 
Ready indicators for hazard assessment 
and inundation modeling, evacuation 
mapping, response planning, awareness, 
and exercising, through its e-Learning 
Platform. 

The IOC tsunami training will be 
available not only to countries and their 
government tsunami officials for develop 
technical warning and response capaci-
ties, but also to universities, the private 
sector, civil society, and everyone, 
including indigenous people, persons 
with disabilities, the vulnerable, and all 
gender and ages – all of whom must 
work together to build prepared and 
ready communities resilient to tsunamis.

Tsunami Early Warning Systems manual (ITIC, 2008-2019)
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Building Tsunami Resiliency in the Pacific:  
Exercise Pacific Wave 2006-2020
By Laura Kong (UNESCO/IOC – NOAA International Tsunami Information 
Center (ITIC), USA), Jo Guard (National Emergency Management 
Agency, New Zealand), Bernardo Aliaga (UNESCO/IOC Tsunami Unit, 
France), and Jiuta Korovulavula (UNESCO/IOC Tsunami Unit, Fiji)

Tsunami Hazard Zone Sign NTHMP-ITIC 

All coastlines are vulnerable to tsunamis, especially those proximal 
to subduction zones where great earthquakes can generate local 
tsunamis. In 2011, the M9.0 Great East Japan earthquake generated 
huge tsunami waves that quickly devastated coastal towns – and in 
many places stranded cars and boats atop buildings Credit: Y. Fujii
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T
sunamis are no-notice, fast onset 
natural hazards that can cause 
catastrophic impacts.  We don’t 
know when or where the next 

tsunami will hit, but we do know that 
when communities are prepared, lives 
are saved.   People must evacuate before 
the tsunami hits, or thousands may die 
and massive economic loss incurred that 
together will have long lasting negative 
humanitarian, social and economic 
effects.  Lessons learned from past local 
and trans-Pacific tsunamis from Chile 
in 1960 and 2010, in Indonesia in 2004 
(Sumatra), 2006 (Java), and 2018 (Palu), 
in Samoa, American Samoa, and Tonga 
in 2009, in Japan in 2011, and in the 
Solomon Islands in 2013, attest to the 
importance of readiness: when a tsunami 

arrives and communities are ready to 
respond, lives are saved.

Nearly all of the world’s earthquakes 
and most of the tsunamis occur in the 
Pacific Ocean and its marginal seas in 
the zone known as the “Ring of Fire” – in 
fact, 76 percent of the fatal tsunamis 
have been in the Pacific, and on average, 
there have been 1-2 each year since 
1900.  We also know that 99 percent 
of all tsunami casualties are from local 
or regional sources that hit within a few 
minutes or hours. Between 1980 and 
2020, there were 26 local or regional 
deadly or damaging tsunamis in the 
Pacific. 

Tsunami exercises and drills are 
effective tools to increase community 
readiness. They enable everyone to 
practice what they will do during a real 
tsunami. Tsunami Warning Centers 
practice their tsunami analyses so they 
can rapidly issue accurate warnings and 
forecasts, emergency management 
agencies practice their evacuation deci-
sion-making and first responder actions, 
critical facilities practice their shutdown 
procedures that will prevent catastrophic 
damage, and schools practice their 
procedures to keep schoolkids safe 
and parents informed. In each exercise 
or drill, people are practicing the right 
actions to take so they know what to do, 
and if there is a tsunami warning, every 
person will know where to evacuate to 

to be safe from the dangerous tsunami 
waves, or strong and unusual currents.

The first Pacific-wide exercise 
“Exercise Pacific Wave 2006” was con-
ducted on 16 and 17 May 2006 using 
Philippines and Chile tsunami sources, 
under the auspices of the UNESCO 
Intergovernmental Oceanographic Com-
mission (IOC Tsunami Programme and its 
Intergovernmental Coordination Group 
for the Pacific Tsunami Warning and 
Mitigation System (ICG/PTWS). The ICG/
PTWS encompasses 46 Member States 
in and bordering the Pacific Ocean and 
its marginal seas.  Subsequent exercises 
have been conducted bi-annually since 
2006 (also 2008, 2011, 2013, 2015, 
2016, 2017, 2018, 2020, http://www.
pacwave.info).  In addition to testing the 
international communication pathways, 
each country conducted its own 
national and local exercises. These have 
ranged from orientation workshops and 
straightforward communications tests 
to full-scale alerting and evacuations of 
people from tsunami hazard zones.  

To support the tsunami exercises, 
the IOC has made available guidelines 
on exercises (How to Plan, Conduct and 
Evaluate UNESCO.IOC Tsunami Wave 
Exercises, IOC MG 58, 2012), warning 
and emergency management proce-
dures (Plans and Procedures for Tsunami 
Warning and Emergency Management, 
IOC MG 76, 2017), and evacuation (Pre-

A Tsunami Evacuation Drill for a local tsunami starts with responding to strong 
shaking from a nearby earthquake, followed by evacuation for the tsunami, and 
afterward, a debrief or ‘hotwash’ to evaluate the exercise and improve the warning and 
evacuation process.   Exercises not only strengthen community readiness, but also 
underpin response planning through continuous and regular review, assessment, and 
improvement.
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paring for Community Tsunami Evacu-
ations: From Inundation to Evacuation 
Maps, Response Plans, and Exercises, 
IOC MG 82, 2020), as well as scenario 
development tools such as TsuCAT 
(Tsunami Coastal Assessment Tool, 
NOAA, ITIC, 2017), to assist countries in 
planning, conducting and evaluating their 
tsunami exercises.  

For 2020, “Exercise Pacific Wave 
2020” (PacWave20) took place during 
the period from September through to 
November, and consisted of varying 
international, national, and regional 
activities.  On 5 November 2020 (World 
Tsunami Awareness Day), 46 countries 
around the Pacific Rim participated in a 
live international communications test 
from the IOC’s Tsunami Service Provid-
ers (TSP) to every country’s official 
tsunami warning authority. TSPs provide 
timely alerts to country National Tsunami 
Warning Centres who then assess their 
own tsunami threat and issue tsunami 
warnings to coastal communities 
accordingly.  The TSPs in the Pacific 
are the Pacific Tsunami Warning Center 
(PTWC) in Hawaii, USA, the Northwest 
Pacific Tsunami Advisory Center 
(NWPTAC) in Japan, the South China 
Sea Tsunami Advisory Center (SCSTAC) 
in China, and the developing Central 
America Tsunami Advisory Center 
(CATAC) in Nicaragua.  

Two additional sub-regional tsunami 
exercises also took place as part 
of PacWave20.  One was in South 

America on 22 October 2020 between 
National Tsunami Warning Centres 
(NTWC) of Colombia, Ecuador, Peru, 
and Chile, and the other was in Central 
America on 11 November 2020 involv-
ing Guatemala, El Salvador, Honduras, 
Nicaragua, Costa Rica and Panama.  
These exercises were conducted to 
improve and encourage regional com-
munication and cooperation between 
countries during a real tsunami event.  In 
South America, NTWC drills testing their 
Standard Operating Procedures (SOPs) 
have been conducted at least twice a 
year, each with increasing difficulty.   

For the 2020 6-hour exercise, Peru 

played the role of the PTWC by sending 
bulletins to each NTWC for a Magnitude 
8.8 earthquake north of Nukualofa, 
Tonga that impacted all countries.  The 
TsuCAT tool, which enables countries to 
choose from more than 5,000 sce-

PacWave20 CATAC regional exercise scenario.  Credit S. Chacón-Barrantes. PTWC Staff, on duty 24 hours a day 
seven days a week, issue international 
threat information within seven minutes.  
Tsunami Warning! exercises assist 
in improving tsunami response.  The 
video documents the international and 
national tsunami warning and emergency 
response chain after a hypothetical 
M9.5 earthquake off northern Chile 
that strikes  locally and also travels 
across the Pacific to hit Japan and 
Indonesia.  Credit:  ITIC, NOAA, 2015.  
VIDEO:  https://vimeo.com/124650777

PacWave20 tabletop exercise conducted at the Sahkalin Tsunami Warning Center 
(STWC), Russia used the 2011 Japan tsunami as the scenario.  Dr. Tatiana Ivelskaya, 
STWC Chief (left), led discussions on the data analysis and warning procedures with staff 
from the STWC and Yuzhno-Sakhalinsk seismic station, and specialists from the Regional 
Ministry of Emergency Situations (right).  Credit:  T.  Ivelskaya.
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narios, was used to select the scenario 
and generate PTWC’s messages.   In 
Colombia, the city of Tumaco conducted 
an evacuation exercise as part of 
PacWave20.  

In Central America, the Central 
America Tsunami Advisory Center 
(CATAC) conducted its second regional 
exercise with the NTWCs.  The exercise 
simulated a “slow” earthquake off the 
Gulf of Fonseca in the Pacific Ocean 
that impacted El Salvador, Nicaragua, 

and Costa Rica, as well as Mexico and 
Ecuador.  The scenario was similar to the 
deadly tsunami of 1 September 1992 on 
the Pacific coast of Nicaragua, and the 
dangerous tsunami of 26 August 2012 
in El Salvador and Nicaragua.  In both 
cases, the lack of strong shaking led 
people living in coastal areas to mistak-
enly believe that the risk of tsunamis 
was low.  During the simulation, Costa 
Rica issued a warning to the beachside 
community of Bahia at Osa, Puntarenas, 

who followed their tsunami prepared-
ness and response plan and evacuated. 

Countries also conducted national 
exercises to further test national 
communication, cooperation and local 
readiness.

A tsunami warning will only be suc-
cessful if every person who lives, works, 
and plays along the coast is ready to 
respond and knows how to save their 
lives by moving out of harm’s way before 
the big tsunami hits.  Tsunami exercises 
are one of the most important activities 
for increasing community resilience and 
being a UNESCO IOC Tsunami Ready 
community (http://tsunamiready.org). 

IOC-coordinated exercises have also 
been conducted in regions of the world, 
in the Caribbean annually since 2011 
(also 2013, 2014, 2015, 2016, 2017, 
2018, 2019, 2020), in the Indian Ocean 
regularly since 2009 (also 2011, 2014, 
2016, 2018, 2020), and in the northeast-
ern Atlantic and Mediterranean since 
2012 (also 2014, 2017, 2021)

Discover more:
IOC Tsunami Programme: www.ioc-tsunami.org

WDS Geophysics - NOAA Global Historical 
Database: www.ngdc.noaa.gov/hazard/tsu.shtml

UN News Report on 2011 Japan Tsunami: www.
news.un.org/en/story/2021/03/1086922

In 2017, the town of Cedeño, Honduras became the 1st community in the Pacific to 
be recognized as Tsunami Ready.  To meet the guidelines, the community conducted 
a full-scale tsunami exercise involving schools and the community on 16 February as 
part of “Exercise Pacific Wave 2017”.  At the Safe Assembly area, Tsunami Warning! 
comics (ITIC and IOC-UNESCO, IOC/INF-1223, 1993, rev. 2020) were distributed 
for the kids to learn more about warnings.  Credits:  ITIC, IOC Tsunami Unit.

For PacWave20, Tuvalu conducted its Fetuvalu Secondary School Tsunami Evacuation drill (bottom right) on 19 November 2020 to test its 
National Response and the School Tsunami Response Plans.  The scenario was a M8.8 earthquake in the Northern Tonga Trench.  A total of 
125 students (top) and 44 stakeholders participated.  Agencies included the Department of Disaster Management as lead organizer, Tuvalu 
Met Services which tested its warning dissemination procedures. Department of Education, Red Cross, Police, Health Department, Tuvalu 
Broadcasting Corporation, Kaupule of Funafuti, Australian High Commission, and Lofeagai Community Disaster Committee.

VIDEO: https://vimeo.com/542305973

UN DECADE OF OCEAN SCIENCE FOR SUSTAINABLE DEVELOPMENT  eco 157www.ecomagazine.com/subscribe



Observing the 
Ocean and Earth 

with SMART Cables
By Bruce Howe (University of Hawaii at Manoa, USA), Kate Panayotou 

(GHD, Australia), Jerome Aucan (Pacific Community, Center for Ocean 
Science, SPC), Laura Kong (UNESCO/IOC – NOAA International Tsunami 
Information Center (ITIC), USA), Christa Von Hillebrandt (ITIC Caribbean 

Tsunami Warning Program (CTWP), USA), Mike Angove (NOAA, USA), 
Carlos Zuñiga (Hydrographic and Oceanographic Service, Chile).
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T
he ocean is a critical frontier in the race to address 
pressing environmental threats, from climate-related 
ocean warming and changes in circulation and rising 
sea levels to hazards including earthquakes and 

tsunamis. At the same time, the ocean, particularly the deeper 
ocean, is nearly completely unobserved, meaning that scien-
tists and policymakers lack the fundamental data needed to 
adequately model, understand, and address these threats. This 
is where SMART Cables will help. 

In the near future, SMART (Science Monitoring And Reli-
able Telecommunications) cables will integrate environmental 
sensors into the repeaters—physical components of tele-
communications cables—of new regional and trans-oceanic 
subsea internet cable systems. Specifically, incorporating 
bottom pressure, temperature and acceleration sensors into 
future cable systems could cost-effectively upgrade the stan-
dard “deaf, dumb and blind” cables into a global ocean sensor 
network within the next 10-25 years.

Currently, there are over one million kilometers of opera-
tional undersea cables with repeaters every 50-120 kilometers 
(Figure 1). By piggybacking on the already planned and evolving 
cable network, SMART cables offer the potential to achieve 
near-global coverage of our ocean at an incremental increase 
to the overall cost. In addition to the unprecedented cover-
age that SMART cables would provide, their ability to directly 
monitor the deep ocean will be a unique complement to exist-
ing satellite, buoy, and other in-situ systems.

Meeting Goals
The UN Ocean Decade’s vision is “the science we need for 

the ocean we want.” The Decade, building on the Sustainable 
Development Goals (SDGs), will “catalyze transformative ocean 
science solutions for sustainable development, connecting 
people and our ocean.” SMART cables fit this vision: they 
will observe the Earth and its oceans with a planetary-scale 
network of submarine telecommunications cables and support 
climate, ocean circulation, sea-level monitoring, tsunami and 
earthquake scientific discovery, and early warning and disaster 
risk reduction. They will deliver tangible societal benefits such 
as improved ocean understanding and climate forecasts and 
infrastructure more resilient to disasters.

As climate change is humanity’s greatest existential threat, 
SMART cables—providing planetary-scale and real-time 
observations—are poised to directly address a number of 
the Sustainable Development Goals (SDGs) of the UN 2030 
Agenda as well as the Sendai Framework for Disaster Risk 
Reduction. SMART cables will contribute to the knowledge of 
climate change (SDG 13 Climate), including ocean circulation, 
heat content and regionally-variable time-dependent sea-level 
rise (SDG 14 Oceans), and mitigate the threats of tsunamis and 
earthquakes (SDG 11 Resilient Cities and Communities). At the 
same time, SMART cables will improve societal connectivity—
the primary mission of the subsea telecommunication cables—
through enhanced cable integrity and network resilience (SDG 
9 Infrastructure). 

Figure 1. The global submarine telecommunication network as of early 2021, comprising 1+ million kilometers of cable, refreshed 
and expanded on a 10-25 year time scale. Potential SMART repeaters are indicated as dots, nominally every 300 kilometers (actual 
spacing is 50-120 kilometers). Color (green-white) indicates year ready for service. Historical earthquakes are shown by red dots 
sized by magnitude. Yellow triangles are DART tsunami warning buoys. The inset shows a typical repeater. (courtesy ASN)
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Through more frequent, more reliable, and better cover-
age observations, SMART cables will improve early warning 
for tsunamis and reduce overall disaster risk by reducing the 
negative impacts of disasters through improved multi-hazard 
early warning infrastructure, per the Sendai Framework.

SMART Observations
There is a lack of continuous real-time, global, deep-ocean 

measurements, with fewer than 100 deep-ocean long-term 
time-series sites. As a community, we need to do much 
better and the expectation is that the SMART cable systems 
will contribute the data and insight we need by measuring 
important ocean variables at thousands of mini-observatories 
on the planetary scale (Figure 2).

Knowledge of ocean bottom temperatures will contribute 
to better estimates of regionally varying heat content and 
thermal expansion of seawater, both of which lead to sea-level 
rise. There are currently no long-term monitoring programs 
for ocean bottom pressure. Measuring the increase in ocean 
mass from the pressure due to land-melt-water will contribute 
to better sea-level rise estimates on regional scales. Further, 
because water flows from high to low pressure, these obser-
vations will provide information on the large-scale ocean 
circulation.

 Using SMART cables, we will be able to track tsunamis live 

as they race across an ocean basin. SMART cable sensors 
measuring ocean bottom pressure and seismic acceleration 
will significantly improve earthquake and tsunami early warning. 
Current tsunami warnings based on land seismic data, and a 
few expensive to maintain tsunami warning buoys, are subject 
to large uncertainties. In comparison, SMART cables, ultimately 
with global scale real-time coverage, would enable faster and 
more reliable tsunami forecasts. Also, in nations where the 
tsunami threat is close to shore—such as most of the Pacific 
Rim—cable routes can be adjusted to improve coverage.

SMART Cables, the Blue Economy 
and the UN Ocean Decade

SMART Cables, as a part of the international Global Ocean 
Observing System, will provide benefits for society, science, 
our stewardship of the environment, as well as the cable 
network itself. SMART Cables is a perfect example of the Blue 
Economy with mutual benefit to all stakeholders. A modest 
investment on our part will be leveraging all the resources 
and expertise of the $5B per year telecom cable industry. The 
industry recognizes the importance of climate change mitiga-
tion and disaster risk reduction, not just for its own internal 
purposes but as part of its corporate social responsibility; an 
example is a press release by Alcatel Submarine Networks 
(ASN), a major subsea cable system supplier, stating their 

The C/S Responder landing a submarine telecommunication cable on Rota, CNMI, in 2017. This is a low-lying area, near the town 
of SongSong, only 5 meters above sea level, that will be increasingly susceptible to storm surges, coastal erosion, tsunamis, 
and inundation in general as sea level rises at 8 mm/a and increasing. (courtesy T. Mosley, Ocean Specialists, Inc.).
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commitment to include climate change as a central element 
in the company strategy, including the provision of SMART 
repeaters.

 One key benefit of SMART cables is meeting several of the 
UN Ocean Decade challenges and outcomes. By leveraging 
the robust global subsea telecommunications network for 
societal benefit, we will transform our ocean infrastructure. 
SMART cables are poised to be the new platform for observ-
ing the ocean, complementing and filling in the existing 
observation gaps and enabling improved understanding of 
the Ocean-Climate nexus (Challenge 5) and ocean modelling 
and prediction (Outcome 4). SMART cable measurements of 
ocean bottom pressure and seismic acceleration will serve 
multiple purposes. They will directly contribute to early warning 
of earthquakes and tsunamis and understanding the time 
and space- dependent sea-level rise, and thus inform the 
mitigation of climate-related coastal flooding at all time scales 
(Challenge 6 Early Warning Services; Outcome 5 Safe Ocean). 
SMART Cables very directly address Challenge 7, Sustained 
Ocean Observing. Within the Decade, we can create an 
extensive global network of long-life, reliable, sustained, and 
maintained deep-sea observation sites delivering real-time 
quality-controlled data to warning centers and relevant users 
around the world.

Thanks to significant government involvement and funding, 
a number of SMART initiatives are underway. These include: an 
Italian led demonstration project off Sicily; a Portuguese Conti-
nent-Azores-Madeira (CAM) 3700-kilometer ring motivated 
by the 1755 earthquake and tsunami; the MEDUSA system 
in the western Mediterranean; a New Caledonia to Vanuatu 
cable near the earthquake/tsunami-prone New Hebrides 
Trench, a French Polynesia cable system from Tahiti to Tubuai 

measuring over 800 kilometers that could serve as a mid-way 
station between the megathrust Kermadec Trench on the 
west and the Peru-Chile Trench on the east, both sources of 
great earthquakes and tsunamis; a modest Indonesian system 
across the Makassar Strait that will serve as a pilot and lead to 
a large scale SMART cable-based tsunami warning system; as 
well as more projects in nascent stages: Project Koete (Perth-
Darwin-Jakarta-Malaysia); New Zealand-Chatham Islands; 
Namaste Mumbai-Oman, and Antarctica. These projects 
demonstrate that governments have recognized the urgent 
need for the measurements that SMART Cables can deliver, as 
well as the cost-effectiveness – both connectivity and science 
for (nearly) the price of one.

 SMART Cables is following an innovative path by working 
with and leveraging the vast experience and capability of the 
submarine telecommunications industry. The proven SMART 
technology will transform ocean science by enabling unique 
ocean observations of major importance with significant 
societal benefits. The ocean community and the telecom-
munication industry—working together in the spirit of the UN 
Goals, the Decade, and the Blue Economy— can bring the 
concept of a global-scale telecom and science observing 
system to fruition.

About SMART Cables
The Joint Task Force (JTF) SMART Subsea Cables was 

established in 2012 by the UN agencies International Telecom-
munication Union, World Meteorological Organization, and 
UNESCO Intergovernmental Oceanographic Commission. Its 
170 volunteers from over 30 countries and 110 organizations 
are ready to facilitate and coordinate the implementation of 
SMART Cables.

Figure 2. Two possible approaches to integrating temperature, pressure and seismic acceleration sensors into SMART cables, 
either directly in/on a repeater housing and/or in a nearby sensor pod. The inset shows repeaters for a trans-ocean cable system.
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Enhancing Ocean Safety in the 
Caribbean and Adjacent Regions  
Tsunami Ready and CARIBE WAVE Exercises
By Dr. Silvia Chacon-Barrantes (National Tsunami Monitoring 
System, National University Heredia, Costa Rica), Dr. Elizabeth 
A. Vanacore (University of Puerto Rico Mayagüez, Dept of 
Geology, Puerto Rico Seismic Network) , Christa von Hillebrandt-
Andrade (US NOAA NWS Caribbean Tsunami Warning Program), 
and Alison Brome (Programme Officer, Coastal Hazards, 
UNESCO/IOC and Caribbean Tsunami Information Centre)



CARIBE WAVE 2019 Exercise, Corn 
Island, Nicaragua conducted as part 
of the Tsunami Ready Nomination 
Progress.  Source: Office of the 
Mayor, Corn Island, Nicaragua
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“Our oceans are crying; our people are dying and we must act quickly … we must work together to 
strengthen the resources and capabilities that we have within our coastal communities.”

T
his was the clarion call expressed by Mrs. Sharleen 
DaBreo-Lettsome, Permanent Secretary and Past 
Director of the Department of Disaster Management, 
British Virgin Islands during the Safe Ocean Panel of the 

Western Tropical Atlantic Regional Workshop 28-29 April 2020.  
Deliberations reflected this appeal more comprehensively 
in the Workshop Grand Action identified by Decade Working 
Group IV for the region - Develop a regional multi-hazard 
ocean data and forecast system linked to education, outreach, 
readiness and communication actions that empowers and 
recognizes national and local policy and decision making and 
individual response for the protection of life and livelihoods.

Over the last 500 years, at least 83 confirmed tsunamis 
have been observed (7-10 percent of the world’s oceanic 
tsunamis) and over 4,500 people have lost their lives from 

tsunamis in the Caribbean and adjacent regions according 
to NCEI (2021).  Since the most recent devastating tsunami 
of 1946, there has been an explosive population growth and 
influx of tourists along the Caribbean and Western Atlantic 
coasts increasing the tsunami vulnerability of the region (von 
Hillebrandt-Andrade, 2013).

Recent seismic activity in the region such as the 2020 
M7.7 earthquake near Jamaica,  the 2020 M6.4 earthquake 
in Puerto Rico, and unrest of the underwater Kick’Em Jenny 
volcano serve as stark reminders that the region is home to 
events capable of generating deadly tsunamis.. While none of 
these events have generated significant tsunamis, they can be 
classified as near misses and underscore the need for efficient 
preparedness and response capacity at national and com-
munity levels.  
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Recent tsunamis worldwide confirm 
that when a tsunami arrives, and com-
munities are ready to respond, lives are 
saved, and fewer people die.  Given that all 
coasts are at risk to tsunamis, it is vital that 
communities be prepared, especially in the 
case of tsunamis with very rapid onsets.  To 
enhance resilience to tsunamis and other 
coastal hazards in coastal communities, 
the UNESCO/IOC-led Intergovernmental 
Coordinating Group for the Tsunami and 
Other Coastal Hazards Warning System for 
the Caribbean and Adjacent Regions (ICG/
CARIBE EWS) in association with regional 
partners have been implementing the 
tsunami CARIBE WAVE Exercise and the 
Community Performance Based Tsunami 
Recognition Programme (Tsunami Ready) 
over the past decade.  

The ICG/CARIBE EWS Task Teams for CARIBE WAVE and 
Tsunami Ready (TR) have been providing tremendous support 
to Member States through annual exercises and the readiness 
program. The first CARIBE WAVE exercise was held in 2011 
and has been held annually since 2013. The TR Task Team; 
together with the US National Weather Service of the National 
Ocean and Atmospheric Administration (NOAA), in coordina-
tion with the national disaster management stakeholders in the 
Caribbean adapted the US-based TsunamiReady® program 
through a phased approach towards the current modality of 
the Tsunami Ready which was endorsed by the IOC General 
Assembly in 2015. These two initiatives are characterized by 
significant community participation, and support the last mile 
approach of the CARIBE EWS. In the throes of the COVID-19 
pandemic that has ushered in the IOC-driven UN Ocean 
Decade, organizers have had to employ adaptation measures 
to ensure continued success of these initiatives. Highlighted 
as a key challenge within the Ocean Decade is the need to 
increase community  resilience to ocean hazards, or rather; 
create A Safe Ocean.

Unfortunately, one of the biggest challenges facing the 
disaster risk reduction community is the need to bridge the 
gap between science and policy.  It is no secret that scientists 
and policymakers have different approaches and priorities, 
and this can negatively impact decision-making.  The CARIBE 
WAVE Exercise and Tsunami Ready ground the science to 
enable action at all levels to achieve enhanced ocean safety.  
These regional initiatives, as with the Ocean Decade, employ 
cooperative approaches to strengthening dialogue, capacity 
building, partnership development and leveraging resources to 
support the needs of decision-makers, disaster management 
officials, and vulnerable populations.     

A plan is only as good as its implementation; it is therefore 
critical to practice, test, and improve tsunami plans. To aid in 
this endeavor, CARIBE WAVE goes beyond validating com-
munications systems but also provides coastal locales with the 
opportunity to practice their plans and conduct local commu-
nity outreach.  

Executive Secretary of the Coordination Center for the 
Prevention of Natural Disaster in Central American (CEPRE-
DENAC); Claudia Herrera Melgar opined: “The regional CARIBE 
WAVE Exercise allows CEPREDENAC Member States to 
enhance their tsunami preparedness through the testing of 
plans and procedures.  This approach to building resilience is 
reflected within the Central American Policy for Comprehen-
sive Risk Management which focuses on strengthening the 
work carried out by the civil protection systems within Central 
America and the Dominican Republic.” 

The 2021 exercise on March 11 was planned in part as 
remembrance of the 2011 Tohoku earthquake and tsunami. 
Member States are encouraged to take a multi-hazard 
approach to coordinating CARIBE WAVE Exercises wherever 
possible, and this has been evident in some countries and 
territories hosting week/month long activities twinning tsu-
namis preparedness with other hazards such as earthquakes 
and volcanoes. 

Tsunami Ready is a voluntary performance-based program 
guided by a current set of 10 indicators spanning prepared-
ness, mitigation and response. Communities must meet all 
guidelines to be recognized.  With its roots in the US NWS 
NOAA Storm Ready Program, the Tsunami Ready prepared-
ness (outreach activities and annual community exercises) 
and response (community emergency operations plans and 
communication mechanisms) indicators in particular lend to 
adaption for other hazards by design.  

Following their receipt of Tsunami Ready recognition 
(territory-wide) in 2014, Jasen Penn, Acting Director Depart-
ment of Disaster Management, British Virgin Islands credited 
the program’s qualification process and annual maintenance 
requirements for providing tremendous support to their 
preparedness and response efforts during the 2017 Atlantic 
Hurricane Season.  As part of World Tsunami Awareness 
Day (WTAD) 2020 celebrations, Mr. Penn recalled that during 
the threats posed by Hurricanes Irma and Maria when the 
majority of communications systems were destroyed/offline, 
various pieces of tools employed for the Tsunami Ready 
nomination e.g., bull horns and police sirens on vehicles were 

Map of Tsunami Ready Communities, 2021. Source: US NWA 
NOAA, Caribbean Tsunami Warning Program
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used to warn persons of the impending hurricane and advise 
of evacuation.  

“This allowed for targeting of very at-risk communities 
particularly those in isolated locations close to the coast, or 
persons in structures that were severely compromised by the 
passing of the first hurricane,” he added.

Over the lifetime of the CARIBE WAVE Exercise, participa-
tion has grown since 2011 where a few hundred authorities 
participated from 34 member states to a peak of almost 
800,000 participants across all 48 Member States and 
Territories in 2019. Due to the COVID pandemic in 2020, the 
exercise was scaled down to a simple communications test. 
Despite this, 46 out of 48 Member States and territories still 
participated in the exercise demonstrating the commitment of 
the region to ensuring a safe ocean. 

As the COVID pandemic continues, the 2021 CARIBE 
WAVE Exercise was conducted following local COVID 
protocols. Virtual participation via webinars, revision of 
personal emergency plans and supplies, and monitoring local 
announcements were highly encouraged. Irrespective of the 
scenario selected, each member state/territory and Tsunami 
Ready community were able to use the exercise to practice 
their tsunami response. Activities ranged from simple com-
munications tests to tabletop exercises to full-scale tsunami 
walks.  CARIBE WAVE continues to generate excitement with 
close to 400,000 participants registered for the 2021 Exercise.  

Fourteen communities in eleven countries within the Carib-
bean and adjacent regions have been recognized as Tsunami 
Ready at national or local levels.  CARIBE WAVE has become 
a staple on the Tsunami Ready calendar to support the 
initial qualification of at-risk communities for Tsunami Ready 
recognition, as well as annual maintenance of this status over 
the renewal period.  As with CARIBE WAVE, the Tsunami Ready 
recognition process had to adapt quickly to the restrictions 
of the COVID-19 virus.  In April 2020, with five pilot communi-
ties on the cusp of recognition, and four others in progress.  

Virtual meetings of the National 
Tsunami Ready Board, complemented 
by videos/photos and written reports 
by in-country capacity, successfully 
replaced in-person site visits to the 
various communities by the IOC Teams 
to ensure that eligibility for recognition 
could be verified.  These approaches 
together with virtual training activities 
and enhanced utilization of local con-
sultant expertise are current features of 
the Tsunami Ready nomination process 
for 5 pilot states.  

In addition to CARIBE WAVE, 
frequent tsunami exercises are coor-
dinated in the other 3 IOC-led regional 
tsunami early warning systems in the 
Indian Ocean; North Eastern Atlantic, 
Mediterranean and Connected Seas; 
and the Pacific.  The IOC’s efforts from 
2017 to transition Tsunami Ready from 

a regional program pioneered in the CARIBE EWS to the other 
regions has resulted in the program becoming one of the pillar 
initiatives of the Global UN Ocean Decade dedicated towards 
achieving the societal outcome of A Safe Ocean aimed at 
making 100 percent of highly vulnerable communities Tsunami 
Ready by 2030.  

Ms. Elizabeth Riley, Acting Executive Director of the Carib-
bean Disaster Emergency Management Agency (CDEMA) 
stated, “The Tsunami Ready Programme has proven to be 
a key paver on the pathway towards regional disaster resil-
ience.  It is aligned not only to the UN Ocean Decade societal 
outcome aimed at achieving A Safe Ocean, but also Priority 
Area 4 of the regional CDEMA-led Comprehensive Disaster 
Management Strategy focused on strengthened and sus-
tained community resilience.  Tsunami Ready is an especially 
valuable initiative for CDEMA Participating States,  as many 
are Small Island Developing States with acute vulnerability to 
tsunamis given their dependence on tourism and dominant 
linear coastal settlement pattern.”

To have a safe ocean, we must strive to empower all com-
munities vulnerable to tsunamis to become Tsunami Ready. To 
achieve this requires testing initiatives such as CARIBE WAVE, 
cooperation and advancement of local scientific experts, 
emergency managers, government authorities, community 
leaders, and most importantly the impacted communities 
themselves. Together we can take a large step forward to 
making the ocean safe for all and all safe from the oceans.

References:  
National Centers for Environmental Information/World Data Service (NCEI/
WDS). 2021.

NGDC/WDS Global Historical Tsunami Database. Boulder, National Center

Environmental Information, (doi:10.7289/V5PN93H7).

von Hillebrandt-Andrade, C. (2013). Minimizing Caribbean Tsunami Risk. 
Science, 341(6149),966–968.doi:10.1126/science.1238943 
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UNESCO IOC TSUNAMI READY GUIDELINES

MITIGATION (MIT)

MIT-1. Have designated & mapped tsunami hazard zones

MIT-2. Have a public display of tsunami information

PREPAREDNESS (PREP)

PREP-1. Have a tsunami evacuation map developed in collaboration with communities 
and local authorities 

PREP-2. Develop and distribute outreach and public education materials

PREP-3. Hold at least three outreach or educational activities annually

PREP-4: Conduct an annual tsunami community exercise

RESPONSE (RESP)

RESP–1. Address tsunami hazards in the community’s emergency operations / 
response  plan 
RESP–2. Have the capacity to manage emergency response operations during a 
tsunami

RESP–3. Have redundant and reliable means to receive official tsunami warnings 24x7

RESP–4. Have redundant and reliable means to disseminate official tsunami warnings 
and information to the public 24x7

CARIBE EWS Tsunami Ready Guidelines At A Glance
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Safer Coastal Zones by 2030
Can we achieve safer coastal zones from the ocean’s 

most dangerous wave in NEAM region by 2030?  
By Denis Chang Seng, Alejandro Rojas (IOC UNESCO), Maria Ana Baptista (Polytechnic Institute of 

Lisbon, Portugal), Marinos Charalampakis, Nikos Kalligeris (National Observatory of Athens, Greece), 
Öcal Necmioglu (Kandilli Observatory and Earthquake Research Institute, Turkey), Alessandro Amato 

(CAT - National Institute of Geophysics and Volcanology, Italy), Fiona Schmid (IOC UNESCO),  Areti 
Plessa (Civil Protection Directorate, Region of Attica, Greece) Ceren Sozdinler (Kagawa University, 

Japan), and Amir Yahav (National Steering Committee for Earthquake Preparedness, Israel)
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A
re the North-Eastern Atlantic, the Mediterranean region and con-
nected seas (NEAM) coastal communities prepared in taking on the 
ocean’s most dangerous wave? Will the North-Eastern Atlantic, the 
Mediterranean and Connected Seas Tsunami Warning and Mitiga-

tion System (NEAMTWS) come into question if people do not know what 
to do and how to respond in the event of an anticipated tsunami? How is 
coastal risk and risk perception changing in the NEAM region, and what are 
the strategies, gaps, challenges and opportunities to be addressed? These 
are some of the critical questions to be addressed under the United Nations 
(UN) Decade of Ocean Science for Sustainable Development (2021-2030): 
A Safe Ocean Societal Challenge, where life and livelihoods are protected 
from ocean-related hazards. 

The UN Ocean Decade led by the Intergovernmental Oceanographic 
Commission (IOC) of UNESCO started its implementation phase in January 
2021 during an unprecedented time of the ongoing pandemic health 
crisis. Stakeholders defined one of the Decade’s most immediate priori-
ties to expand multi-hazard warning systems related to ocean hazards and 
mainstream community preparedness and resilience. The IOC Tsunami 
Programme under the UN Decade is dedicated to achieving the societal 
outcome of ‘A Safe Ocean’ through key UNESCO/IOC programs to make 
vulnerable communities prepared for tsunamis by 2030. 

What is increasing the risk of tsunami in the NEAM region?
Historically, the NEAM region has recorded several tsunami events with 

catastrophic outcomes. For example, in 365 AD, a tsunami triggered by an 
earthquake with a magnitude over 8.5 in Crete had devastating impacts 
across the entire Eastern Mediterranean basin, destroying Alexandria as a 
world city, while the 1755 Lisbon earthquake triggered a tsunami that ended 
the reign of Portugal as a leading world power. In recent years, several small 
to moderate tsunamis occurred in the NEAM region. The Atlantic between 
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the Azores and Iberia was home to three 
earthquakes of magnitude, close to 8.0 
in the 20th century that generated small 
tsunamis. Recently, following the Kos 
(Greece) - Bodrum (Turkey) tsunami in 
2017, a significant tsunami triggered 
by an earthquake of magnitude 7.0 
occurred off Turkey’s Aegean coast and 
the Greek island of Samos on October 
30, 2020. One person was reported to 
have drowned in Sığacık (Turkey) from 
this tsunami. Twenty boats sunk in a 
small fishery port in Akarca, Turkey. Also, 
damages were reported to cars and 
small vessels swept away by the waves 
in Vathy, Greece.  In south Chios Island 
(Greece), a few boats were crushed 
on the breakwater¹. These events are 
a reminder that the NEAM region is 
prone to tsunamis. Despite the relatively 
low and rare occurrence of significant 
tsunamis in the NEAM region, tsunamis’ 
risk and consequences are very high 
because of increasing coastal exposure. 

 The coastal zones in the NEAM 
region are more densely populated than 
the hinterland and exhibit higher popula-
tion growth rates and urbanization. In 
the Mediterranean region, the coastal 
population is estimated to have grown 
from 100 million in 1980 to 150 million in 
2015, and is projected to increase to 200 
million by 2030. As the trend is expected 
to continue, it can be envisaged that 
the extent of populations vulnerable 
to coastal hazards will also continue to 
grow. A recent analysis of the NEAM 
coastal population map² shows that 
the region is home to about 116 million 
inhabitants, with increasing numbers 
during the tourist season. 

  What are the current strategies 
to address tsunami risks?

Following the December 26, 2004, 
catastrophic tsunami that occurred in the 
Indian Ocean, the IOC Member States 
requested at the 23rd IOC Assembly 
(June 2005) that similar warning 
systems to the Pacific region (PTWS) 
had to be developed in the Indian Ocean 
(IOTWS), the Caribbean and adjacent 
seas (CARIBE-EWS) and the North-
Eastern Atlantic, the Mediterranean 
and Connected Seas (NEAMTWS). The 
NEAMTWS is based on three strategic 
pillars: 1) Tsunami Hazard/Risk Assess-
ment; 2) Warning System Development; 

3) Preparedness and Awareness, and is 
designed on an end-to-end and people-
centered approach.

Warning System Development, 
Hazard and Risk Assessments

The Intergovernmental Coordination 
Group for the North-Eastern Atlantic, 
the Mediterranean and Connected Seas 
Tsunami Warning and Mitigation System 
(ICG/NEAMTWS) progressed gradually 
over the last sixteen years. Key achieve-
ments include the establishment of 
five Tsunami Service Providers (TSPs) 
in France, Greece, Italy, Portugal and 
Turkey, and ten National Tsunami Warning 
Centers (NTWCs). TSPs are responsible 
for providing tsunami information and 
alerts to Member States that have sub-
scribed to them, information that allows 
coastal communities and their citizens to 
respond to a tsunami. Other remarkable 
achievements include the production of 
region-wide probabilistic hazard assess-
ments (TSUMAPS-NEAM) funded by 
the European Commission Directorate-
General European Civil Protection and 
Humanitarian Aid Operations (EC-DG-
ECHO) involving fourteen partners. 

Education, Awareness 
And Preparedness

The ICG/NEAMTWS is committed to 
the implementation of initiatives focused 
on pillar 3. Existing strategies used to 
build tsunami preparedness in the NEAM 
region include communication tests, 
national to regional exercises (e.g., NEAM-
Wave), drills, and initiatives such as the 
Tsunami Last Mile and the World Tsunami 
Awareness Day (WTAD). The North-East-
ern Atlantic and Mediterranean Tsunami 
Information Centre (NEAMTIC) web-portal 
established in 2011, allows the citizens 
to access a variety of information on 
tsunami warning and related institutions 
in every NEAMTWS Member State. 

Within the ICG/NEAMTWS context, 
three tsunami exercises have been 
conducted by Member States to this date 
(NEAMWave12 (2012), NEAMWave14 
(2014), and NEAMWave17 (2017)) 
showing a level of readiness of TSPs, 
CPAs, NTWCs, and emergency man-
agement authorities. A fourth tsunami 
exercise was recently organized from 
March 8 to 10, 2021 (NEAMWave21). 
A significant achievement is a national 
end-to-end tsunami exercise outside of 

Figure 1. NEAM Coastal Population Map, IOC UNESCO 2020. The mapping analysis 
does not include seasonal variability in population associated with tourism activities.
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NEAMWave, which took place in Israel in 
2016 and 2019.  

Video 1. Tsunami education and 
awareness activities in Israel. 
Tsunami exercise drill 2019. https://
www.youtube.com/watch?v=2jan
Ggc4I4U&feature=youtu.be

The World Tsunami Awareness Day 
(WTAD) has a strong involvement in 
strengthening education, awareness and 
preparedness in the NEAM region since 
its proclamation by the United Nations 
Disaster Risk Reduction (UNDRR) in 
November 2015. Several countries such 
as Egypt, France, Greece, Italy, and Turkey 
have contributed to and participated 
in WTAD. Among crucial activities are 
tsunami exercises and webinars where 
local communities can learn and test 
their tsunami mitigation capacities. Some 
communities have been identified in 
IFrance, Greece, Italy, Portugal, Spain 
and Turkey as Pilot Tsunami Ready test 
sites and are working to obtain UNESCO 
recognition. 

Video 2. Tsunami education and 
awareness activities in Italy. WTAD 
2020. https://www.youtube.com/watch
?v=3zYfibUwdKE&feature=youtu.be

The ‘Tsunami Last Mile’ project 
implemented by the Joint Research 
Center of the European Commission 
in Kos (Greece) and Bodrum (Turkey) 
funded by (EC-DG-ECHO) is shaping 
tsunami preparedness at the community 
level. Important achievements include 
establishing a series of pilot products, 
such as evacuation maps, designated 
evacuation routes, assembly areas, 
tsunami signs, and prototype local 
tsunami warning system, supported with 

emergency sirens in Kos. The first phase 
of the project has been considered a 
success, allowing for a second imple-
mentation phase with similar exercises to 
be conducted in Malta. 

Video 3. Tsunami education and 
awareness activities in Greece and 
Turkey. Tsunami Last Mile, 2019. 
https://www.youtube.com/watch?v=I6_
ODnUQiEA&feature=youtu.be

Are the NEAM region coastal 
communities prepared to take on 
the ocean’s most dangerous wave? 

It is difficult to draw clear conclusions 
if coastal communities in the NEAM 
region are ready to respond to tsunamis.  
However, recent tsunami events suggest 
insufficient preparation of coastal com-
munities at risk. The tsunamis in Kos-
Bodrum (2017) and Samos-Izmir (2020, 
Greece-Turkey) region highlighted the 
difficulties of warning concerning locally-
generated and rapid tsunamis onset. 
This event challenged the ability of local 
authorities and the communities at risk 
to take timely action. The TSPs in Greece 
(NOA), Italy (INGV), and Turkey (KOERI) 
issued respective earthquake-tsunami 
bulletins to Member States within 8-11 
minutes following the earthquake. 
However, eyewitnesses claimed that the 
water level dropped within five minutes 
from the earthquake in some locations 
along the north coast of Samos, followed 
by coastal inundation a few minutes 
later, leaving little time for an effective 
evacuation. Along the Aegean coast 
of Turkey, the tsunami waves arrived 
within 20 minutes after the earthquake, 
causing one casualty and significant 
infrastructure damage. The reports of 
’self-organized’ evacuations observed 
in Izmir (Turkey) are an encouraging sign; 
however, exercises and preparedness 
remain the region’s biggest challenges. 

The results of risk perception surveys 
conducted by the National Institute 
of Geophysics and Volcanology, Italy, 
revealed that people consider that tsu-

namis in the Mediterranean are unlikely. 
The long return periods between events 
might explain the low level of awareness.

New Strategies: Ocean 
Decade Opportunities

The ICG/NEAMTWS 2021-2030 
Strategy will soon be published to 
support the advancement of an effective 
and sustainable NEAMTWS. The ICG/
NEAMTWS Strategy outlines critical 
objectives for the warning and mitigation 
system to meet stakeholder require-
ments during 2021–2030. The strategy 
seeks to capitalize and contribute on 
the Ocean Decade societal benefits on 
‘A Safe Ocean’ to improve monitoring, 
detection and data-sharing among 
Member States and partners. The 
strategy will enhance all three pillars 
of NEAMTWS, primarily through new, 
improved technologies. However, the 
main focus is guiding the implementa-
tion of pillar 3 activities, including the 
development of NEAMTIC as a training 
and capacity building center; develop-
ment of new partnerships, especially 
with Civil Protection Agencies to support 
tsunami education, and to explore how 
new project interventions and initia-
tives can help implement UNESCO/IOC 
Tsunami Ready Programme in the NEAM 
region. Tsunami Ready will enable several 
capacities, including local coastal risk 
assessment, inundation mapping, and 
evacuation maps, to conduct tsunami 
exercises and drills. 

In conclusion, there is a need to con-
tinuously improve the tsunami detection, 
forecast and alert system while focusing 
on education and awareness-raising. Pre-
paredness is the key to readiness: saving 
lives is only possible if communities are 
ready and able to respond appropriately 
when the tsunami arrives. The implemen-
tation of the Tsunami Ready program 
means more coastal communities 
prepared to respond to tsunamis. The 
Decade provides the space and oppor-
tunity for bold and transformative actions 
to reduce tsunami risk and improve se 
level related coastal hazard resilience in 
NEAM region.

Endnotes:
1. https://edcm.edu.gr/images/docs/2020/

Samos2020-TSUNAMI-REPORT.pdf 

2. https://unesdoc.unesco.org/ark:/48223/
pf0000373791
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Harnessing the Waves 
By Patrik Moller, CEO of CorPower

T
he ocean is one of the largest and least explored energy 
sources on Earth. By 2050, ocean energy could provide 
500 gigawatts (GW) of power - equivalent to 10 percent 
of Europe’s current electricity needs - and stimulate 

a market worth €53billion annually while creating hundreds 
of thousands of jobs. As we celebrate the beginning of the 
UN Ocean Decade, the ocean 
energy sector must join this 
common framework and ensure 
that ocean science supports 
the actions of government and 
diverse groups throughout the 
decade and beyond.

 Wave energy has an impor-
tant role to play within the UN’s 
2030 Agenda for Sustainable 
Development. In particular, it can 
help to promote a clean, produc-
tive, accessible and inspiring 
ocean, with progressive, 
eco-conscious, and sustainable 
energy systems which contrib-
ute to a world powered by 100 percent renewables. In terms of 
the future green energy mix, wave energy is valuable because it 
offers a consistent and predictable power profile offsetting the 
intermittency of resources such as wind and solar. Essentially, 

this adds stability to the electricity system at times when it is 
most needed, for example, when it is not sunny or windy. This 
reduces overcapacity in generation as well as grid and storage 
capacity, significantly lowering the overall cost for zero-carbon 
electricity systems of the future.

 However, harvesting energy from ocean waves has proved 
a challenging pursuit. Many 
devices either break in storms or 
simply do not produce enough 
power to make them a viable 
business prospect. CorPower is 
addressing these two key chal-
lenges head on, firstly by using 
new technology to protect its 
devices making them transparent 
and resilient to the most aggres-
sive storm waves. This function is 
similar to wind turbine technology, 
where blades will pitch to protect 
from over-spinning in fierce condi-
tions. Secondly, we have success-
fully integrated advanced phase-

control technology, which strongly amplifies the response 
to regular waves in terms of motion and power capture. For 
instance, in a one-meter wave, CorPower’s buoys may move 
three meters up and down due to the resonance phenomena. 

CorPower C3 & Green Isle.  
Photo credit: Colin Keldie

CorPower Ocean Wave 
Energy Converter
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 CorPower’s unique WEC (Wave Energy Converter) technol-
ogy took inspiration from the pumping principles of the human 
heart, which pumps in a singular direction, using stored hydrau-
lic pressure to provide force for the return stroke. The devices, 
which come in the form of heaving buoys connected to the 
seabed through a tensioned mooring 
system, mimic this action by harnessing 
the upward force of a wave swell and 
storing pressure to provide the return 
force which drives the buoy downwards. 
This results in equal energy production 
in both directions, harnessing energy 
from both the rise and fall as well as the 
back-and-forth motion of waves. When 
stimulated, the light, composite buoy 
initiates a ‘Power Take Off’ in the form of 
a drive train located inside, converting 
the mechanical energy into electricity. 

 After more than a decade of refine-
ment, the firm is now entering the final 
stages of commercialization. In 2020, CorPower announced a 
major 16 MEUR expansion in Northern Portugal, where it aims 
to complete the final demonstration phase, branded Hi-Wave 
5. The broader project will see the development of an R&D 
Manufacturing and Service Centre laying the foundations for 
future high-volume operations. 

 The team is currently fabricating its first commercial-scale 
system before dry-testing it in a bespoke rig in Stockholm. With 
ocean deployment scheduled for the second half of 2021, 
the full-scale system will need to demonstrate it can survive 
the harshest conditions in the Atlantic Ocean. CorPower 

is preparing further design updates 
before unveiling the final commercial 
stage technology in the form of its C5 
machines. 

 As the project gathers pace, a total 
of four C5 machines will be installed in 
the ocean in 2023 in a grid-connected 
array to secure type certification. The 
longer-term view will see CorPower 
positioning itself as a leading global OEM 
(Original Equipment Manufacturer) build-
ing devices, completing final assembly 
and also offering operations and mainte-
nance contracts to customers operating 
the wave farms worldwide.

Harvesting energy from ocean waves is a challenging 
pursuit. But CorPower aims to overcome crucial stumbling 
blocks that have historically hampered the industry – includ-
ing weathering monstrous ocean storms and producing 
cost-effective energy – to sustainably harvest and boost the 
productivity of our ocean.

CorPower-S3 machine hall with 500kW HIL rig and C3-Wave Energy Converter. Photo credit: CorPower

Waveboost 2
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Toward Sustainable Development 
in the Offshore Energy Industry
By Jodi N. Harney, Ph.D, Senior Scientist, CSA Ocean Sciences Inc.
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T
he ocean plays a key role in human 
industry, our evolving energy strategy, 
and life on Earth. Humanity depends on 
the ocean, directly for its resources and 

indirectly for its ecosystem services. Through 
tourism, fisheries, and as a route for interna-
tional shipping, the ocean is fundamental to 
the world’s economy. According to the United 
Nations, three billion people depend on marine 
and coastal biodiversity for their livelihoods, 
driving the market value of the ocean to $1.5 to 
$3 trillion per year. But the ocean is under threat 
by numerous serious challenges including 
overfishing, pollution, ocean warming, and 
acidification. 

Science, technology, and communication 
have powered an awareness of the health of 
our society and our planet, and the expectation 
now is for humans, industries, and governments 
to end harmful practices and support the devel-
opment of sustainable industries. As such, the 
United Nations’ 17 Sustainable Development 
Goals include #14, Life Below Water, which calls 
for the conservation and sustainable use of the 
world’s ocean and marine resources.  

As the energy transition seeks to develop 
renewable sources, human energy demand and 
energy inequity pose formidable challenges. 
Roughly one billion people do not have access 
to electricity; another 2.6 billion people do not 
have access to clean fuels for cooking. Earth’s 
population will grow by an additional two billion 
people by 2050, further increasing the demand 
for reliable and sustainable energy sources.

Nearly one-third of the energy used by 
humans is produced in the offshore environ-
ment, with oil and gas accounting for more 
than 99 percent of offshore energy produced¹.  
Offshore energy related activities in oil, gas, 
wind, and marine mining are projected to 
grow through 2040 under all scenarios of the 
energy transition. Despite projected increases 
in renewable energy sources (solar, wind, and 
hydropower), oil and gas are still projected to 
represent 40 percent of the energy consumed .

Fortunately, the oil and gas sector is working 
towards innovative solutions to enable a 
sustainably harvested and productive ocean².
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Integrated Solutions for a 
Sustainable Energy Supply 

Expanding energy supplies while 
increasing efficiency, decarbonizing 
operations, and mitigating impacts of 
human activities requires an integrated 
set of solutions to understand, conserve, 
and sustainably use the marine environ-
ment.

More than one third of oil and gas 
extracted today comes from offshore 
deposits. Offshore oil and gas com-
panies have established health, safety, 
social, and environmental management 
programs to assess and minimize poten-
tial impacts of their operations, meet 
regulatory requirements, and conform 
to international best practices. As the 
energy transition accelerates, these 
policies are evolving.

Now, offshore oil and gas companies 
have the opportunity to also align their 
operations with the United Nations’ 
Sustainable Development Goals. Moving 
toward sustainability while still respond-
ing to energy demand can be accom-
plished by implementing ocean-based 
solutions, including:
• Expanding ocean-based renewable 

energy projects.
• Investing in carbon capture and 

storage, including both technical 
innovations and nature based solu-
tions (including “blue carbon”).

• Protecting marine biodiversity.
• Investing in alternative technologies 

such as biofuels.
• Investing in scientific knowledge, 

develop research capacity and 
transfer marine technology.

• Focusing on oil and gas assets and 
locations that enable mitigation of 
their carbon footprint. 

• Identifying and tracking tangible 
Environment, Social, and Gover-
nance (ESG) performance goals to 
move toward greater efficiency and 
sustainability.

Investing in Sustainable 
Ocean Development

The offshore energy industry is 
investing in sustainable ocean devel-
opment solutions. Given the need to 
evolve, leaders in the oil and gas industry 
including Shell, Equinor, and BP have 
already committed to offsetting carbon 

emissions to net zero during the coming 
decades. These and other oil and gas 
companies in the U.S. and internationally 
are implementing sustainable ocean 
development solutions that align with 
many of the United Nations’ Sustain-
able Development Goals by developing 
offshore wind projects, reducing carbon 
intensity, reducing plastic waste, improv-
ing efficiency, preserving biodiversity, and 
investing in innovations for alternative 
fuels, carbon capture technology, and 
improved energy storage.

Committed to become a net-zero 
emissions energy business by 2050, 
Shell³ invests in a range of energy solu-
tions including offshore wind, biofuels, 
and carbon capture and storage, in addi-
tion to oil and gas. By adopting the United 
Nations’ Sustainable Development 
Goals, Shell is also protecting marine 
biodiversity. Shell’s Cougar platform 90 
miles offshore of Louisiana was decom-
missioned in 2018 as part of the U.S. 
Bureau of Safety and Environmental 
Enforcement’s “Rigs to Reefs” program. 
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There are 558 platforms that have been 
reefed in the Gulf of Mexico, providing 
habitat for thousands of fish and sessile 
invertebrates, increasing biomass, and 
promoting biodiversity.

With plans to increase renewable 
energy capacity tenfold by 2026, 
Equinor⁴ is invested in 17 offshore 
wind projects, four of which are in the 
northeastern U.S. The company expects 
to produce 4 to 6 billion watts of energy 
from renewable sources by 2026.

A year into their commitment to be 

net-zero by 2050, BP’s⁵ investments 
in low-carbon energy sources include 
hydrogen, offshore wind, and solar. 
BP also aims to achieve a net positive 
impact on biodiversity for new projects, 
including restoration of coastal habitats. 
Salt marshes, mangroves, and seagrass 
meadows are vital to the life cycle of 
thousands of species, and offer natural 
carbon sequestration and storage 
(known as blue carbon).

In addition to these energy giants, 
other offshore exploration, produc-

tion, and transmission companies are 
engaging with sustainable development 
goals and identifying ways to integrate 
these goals into core business activities. 
As the pressure to act on sustainability 
goals grows, businesses that identify 
and track tangible sustainability per-
formance goals will meet with greater 
approval from the public, stakeholders, 
and shareholders.

Decade of Action
In this “Decade of Action” to imple-

ment the United Nations’ 17 Sustainable 
Development Goals, businesses of all 
sizes dealing in the commerce of the 
ocean, directly or indirectly, can answer 
the call for increased stewardship with 
targeted commitments, investments in 
innovation, and a willingness to move 
toward sustainable ocean development. 

The ocean is key to both our energy 
strategy and sustainable development 
goals. Offshore energy producers will 
play a key role in meeting the needs of a 
growing population, addressing energy 
inequality, progressing the energy transi-
tion, and providing innovative solutions 
for decarbonization.

The ocean will return the favor with 
resilience. By investing in ocean-based 
sustainability actions, the world’s ocean 
can deliver up to 21 percent of the 
annual greenhouse gas emission cuts 
needed by 2050 to limit warming of 
1.5°C above pre-industrial levels per 
the Paris Convention. That’s the kind of 
change we can all get behind.

Endnote
1. International Energy Agency. 2018. 

Offshore Energy Outlook. Available at 
https://www.iea.org/reports/offshore-
energy-outlook-2018. 
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shore Energy Outlook. Available at https://
www.iea.org/reports/offshore-ene
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The Tiny Fish at the 
Heart of the Ocean
By Annie Reisewitz, F3 - Future of Fish Feed

S
ardines, like many ocean animals, have a storied history. 
Made famous by the novel Cannery Row, their disap-
pearance off the coast of California’s Monterey Bay in 
the late 1960s brought economic hardship to a region 

that was built around the fishery.
Sardines are one of a handful of small fish known as “forage 

fish” that swim in big schools and feed on plankton. At the 
center of the marine food web, sardines and their relatives, 
including anchovies and herring, are the preferred meal for 
many animals such as seabirds, marine mammals and larger 
fish like cod, salmon and tuna.

As described in Steinbeck’s novel, they are also an impor-
tant indicator about the health of our ocean and economy. As 
the climate changes, so does the availability of these fish at the 
heart of the ocean food web who are supporting the growing 

needs of the planet.
Since forage fish eat algae and other plankton, they contain 

high levels of vitally important omega-3s like DHA and EPA 
that are highly sought after for use in animal feed and in human 
supplements. Each year, an estimated 16 million metric tons 
of forage fish are ground up into fishmeal and fish oil for use in 
global food production.

Aquaculture, which supplies more than half of the world’s 
seafood, is the largest consumer of this fishmeal and fish oil. 
For example, salmon aquaculture, one of the fastest growing 
food production systems in the world, supplies roughly 70 
percent, or 2.5 million metric tons, of all salmon produced. 
Salmon farms use over 20 percent of the fishmeal and 60 
percent of the fish oil consumed by the aquaculture sector.

As the global population rises toward nine billion people, 

USDA Fish nutritionist Rick 
Barrows (right) captures trout 
from 6-foot-diameter tanks for 
technician Jason Frost to weigh 
and measure. These trout were fed 
fishmeal-free, plant-based feed. 
Credit: Steve Ausmus USDA/ARS
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the demand for animal protein is expected to nearly double 
by 2050, with fish making up a significant portion of the global 
food demand.

With wild fish stocks dwindling, aquaculture is expected 
to increase to meet this growing demand. However, a recent 
study found that if ‘business as usual’ continues, the demands 
for forage fish will outpace their supply by 2037 – just 16 years 
from now. The result will be major supply chain disruptions for 
the aquaculture industry and an environmental crisis in the 
ocean.

These forage fish are disappearing, presenting a large sus-
tainability issue for aquaculture. To future proof their business, 
fish farm operators are looking for new and innovative ways to 
feed all those billions of fish in a way that doesn’t rely on the 
limited supply of forage fish from the ocean.

And scientists have long realized that in order to feed the 
generations to come, replacements for the nutrients supplied 
by fishmeal and fish oil that are palatable to fish and other 
animals must be developed now.

“Fish need nutrients, not ingredients,” says Rick Barrows, a 
retired fish nutritionist from the U.S. Department of Agriculture 
who developed the first successful “fish-free” feed for trout. 
“There is no doubt that fishmeal and fish oil can be successfully 

replaced in the feed for all species of fish as well as terrestrial 
animals.”

In 2015, a group of scientists, business leaders and non-
profit organizations joined forces to launch the F3 – Future 
of Fish Feed. The F3 hosts a series of contests, called the F3 
Challenge, to incentivize the aquaculture industry to replace 
forage fish with nutrients from more sustainable sources. Its 
third challenge, The F3 Challenge – Carnivore Edition launched 
last year to challenge the industry to innovate “fish-free” feeds 
for carnivores, the ocean animals with the biggest appetites 
for fishmeal and fish oil including salmon, trout, and shrimp. 
Registration is currently open for new contestants with a prize 
of USD$100,000 in each award category.

Many of the most promising replacements for fishmeal and 
fish oil such as algae, insects and carbon-eating microbes, can 
absorb carbon and upcycle food waste, making them a win-win 
for people and the planet.

Making the switch now will enable greater aquaculture 
production while also taking the pressure off life above and 
below the water, thereby reducing hunger, protecting the planet 
and meeting the needs of a growing world population. Keeping 
these tiny fish populations in the ocean is an insurance policy 
for the planet. 

Fish nutritionist Rick Barrows examines flax oil that will be infused into pellets for rainbow trout feed. Credit: Steve Ausmus USDA/ARS 
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Mussels That Grow from 
Strength to Strength
By Emma Ackerley, Marine Stewardship Council 

S
hock waves rippled through the 
local community when the Arce-
lorMittal Saldanha steel mill in 
South Africa was closed in 2020. 

Citing severe financial losses, the mill, 
situated approximately 100 kilometers 
north of Cape Town, had to close. 

More than 1,000 jobs were lost and 
thousands more felt the impact indirectly. 
Already a challenged local economy due 
to Saldanha’s arid nature, only a small 
number of people live there, and employ-
ment is sparse. 

But underneath the water in the 
nearby bay, is a lifeline for these com-
munities in the form of an unlikely hero: 
the mussel. 

The humble mollusks have the 
potential to go some way to mitigate 
the impact of the closure of the mill. But 
crucially, there is a desire to take a sus-
tainable route to provide not only income 
but significant additional benefits since it 
can also support an array of ecosystem 

services, such as clean water and a safe 
habitat for young fish. 

The mussel’s new-found status is 
being driven by a combination of market 
forces, a CEO with an eye for expansion 
and a shared vision with the sustainabil-
ity non-governmental organization, the 
Marine Stewardship Council (MSC). Col-
lectively, they have set what was largely 
a small local subsistence business onto 
a path towards sustainability and global 
sales so that mussels can be harvested 
for generations to come.

An Unlikely Marine Hero
South Africa’s coast is rugged and 

exposed, but Saldanha Bay is one of 
the few that is naturally sheltered. The 
prevailing winds and upwellings provide 
nutrient rich water which pour an abun-
dance of food for local marine life into 
the bay – perfect for growing mussels. 

The mussel spat or larvae of the 
indigenous black mussel (Chloromytilus 

Harvest-ready ropes suspended beneath rafts. 
Credit: Marine Stewardship Council.

Socking undersized mussels for 
re-attachment to ropes.  Credit:  
Marine Stewardship Council.
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meridionalis) and the previously intro-
duced Mediterranean mussel (Mytilus 
galloprovincialis) now naturally occur in 
the bay environment. The larvae typically 
settle on rocks, but local harvesters take 
advantage of the nutrient rich conditions 
here by placing ropes into the water 
to provide surfaces for the mussels to 
grow. The ropes are suspended from a 
longline system or rafts out in the bay for 
many months, before being reeled in and 
harvested.

Though a small number of opera-
tors produce mussels for the domestic 
market, a new Chief Executive has a 
bigger vision. Atlantic Royal is one of two 
larger operators in the region alongside 
Blue Ocean Mussels who also employ a 
substantial workforce. 

“The closure of the Saldanha Steel 
mill has left the local economy in dire 
straits,” explains Benjamin Ward, Chief 
Executive of Atlantic Royal. “So, every job 
that can be created sustainably is worth 
a lot.”

Through transforming his own 
business to become more sustainable 
and productive, he believes it will allow 
mussel fishing to be scaled to a level 
which would help to alleviate some of the 
unemployment pressures the commu-
nity faces.

“When I looked at places like Chile 
which are the biggest exporters of 
mussels into the EU, I realized the 
methods we were using were outdated. It 
was semi-subsistence levels and impos-
sible to compete with global markets. So, 
we’ve moved to longlines as well as rafts, 
we’ve added more automation, mechani-
zation and most importantly expanded to 
employ more highly skilled people in the 
business.”

Ward adds, “An export focused busi-
ness is exactly what our country needs, 
it creates foreign exchange and mussels 
are a fantastic product that are unique to 
the ecosystem of Saldanha.”

Cratton van Niekerk, Farm Manager 
for African Olive Trading, one of the 
smaller mussel operators has been 
working with mussels for over 20 years: “I 
want my children to have the opportunity 
to work with mussels. The great thing 
about mussels is you can harvest over 
and over again – as long as it’s done 
sustainably.”

Progressing Towards Sustainability
Since 2018, the wider Saldanha Bay 

rope-grown mussel fishery has been 
part of an MSC Pathway Project called 
Fish for Good, supported by the Dutch 
Postcode Lottery. Pathway Projects help 
guide fisheries, in particular, small-scale 
and Global South fisheries, toward more 
sustainable fishing operations. 

The Saldana Bay rope-grown mussel 
fishery consists of a number of small 
and larger operators which are making 
improvements as part of the project.

“When we started Fish for Good, the 
mussel fishery was chosen because 
of the interest that key companies had 
shown in improving their sustainability,” 
explains Andrew Gordon, Fisheries 
Outreach Manager for Southern Africa 
at MSC. “Our role is to help guide these 
fisheries on how to meet our scientific 
Standard to help ensure the bay is 
productive for years to come.”

As the Fish for Good implementing 
partner, WWF South Africa works with 
the fishery, providing them with guidance 
and support towards improving their 
fishing practices. Bokamoso Lebepe is 
the Fishery Improvement Project (FIP) 
Coordinator for WWF South Africa. 
Though wild mussel fisheries generally 
have minimal potential to impact the 
wider environment, fisheries which are 

assessed against the MSC Fisheries 
Standard must have the relevant data 
to provide evidence that: their stock is 
healthy, they are not creating any long-
term impact on the wider ecosystem and 
they are effectively managed. 

From a retailer’s perspective, Atlantic 
Royal’s Ward has seen the benefits of 
ecolabels to businesses. He is leading 
Atlantic Royal’s drive to become certified 
to the MSC’s global scientific Standard 
for sustainable fishing.

Increasing Collection 
and Analysis of Data

Lebepe and Gordon ensure the 
Fish for Good project collects the data 
required for effective management plans. 
The aim is to achieve an unconditional 
pass against the Standard, entering full 
assessment by June 2023 to achieve full 
certification.

“We’re aiming to improve the man-
agement strategies around interactions 
with endangered, threatened or pro-
tected species and any benthic habitat 
impacts,” explains Lebepe. “Together 
with the Department of Environment, 
Forestry and Fisheries we’re collect-
ing baseline information and putting 
monitoring systems in place to ensure all 
of the sites comply with environmental 
laws and procedures. Around 90 percent 
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of the sites have now got environmental 
management plans in place because of 
this work.”

A mussel fishery may have impacts 
on species like marine birds that land 
on rafts, seals or even whales from time 
to time. There is potential for them to 
get caught in the longline ropes that are 
deployed between 10-20 meters below 
the surface on which the mussels grow. 
They can also impact the seabed. Bits 
of broken mussel shell fall off the rafts 
and land on the habitat below. This can 

change the ecosystem. So it’s impor-
tant the fishery has a management plan 
in place to protect the wider marine 
ecosystem.

As part of the constant evaluation, 
the fishery is also verified through 
the MSC’s In-Transition to MSC (ITM) 
program which means its progress 
towards assessment is independently 
verified. This process along with actions 
required to implement improvements 
can be costly. In 2020, the fishery was 
awarded an MSC Ocean Stewardship 
Fund grant of around £50,000 to help 
transition it onto a sustainable basis.

Mussels Deliver Social and 
Environmental Benefits

Achieving these improvements and 
MSC certification, could support the 
local economy into the future: “Through-
out my career I’ve learnt to understand 
the consumer perception of what 
‘sustainability’ looks like,” explains Ward. 
“And when it comes to mussels, there’s 
no spray, we don’t add hormones, we 
don’t add food. It’s a natural, seasonal 
genetic selection process of production 
and all our harvesting principles are 
designed around those.”

Ward says the potential to scale 
the export business is huge: “We 
understand there is a customer driven 
preference to support a product which 
delivers environmental and social 
benefits.”

“MSC certification would not only 
help make the business become more 
environmentally sustainable, but finan-
cially too,” adds Lebepe. “It provides 
employment for the local people of 
Saldanha, but a sustainable fishery 
will mean the local marine life is better 
protected too.”

The MSC supports the UN’s Decade 
of Ocean Science for Sustainable 
Development (https://www.msc.org/
what-we-are-doing/un-decade-of-
ocean-science-for-sustainable-
development) and its goal of achieving 
a sustainably harvested and productive 
ocean. Through MSC’s global sustain-
ability Standard for fishing and its 
Ocean Stewardship Fund – it promotes 
science-based fisheries management 
that safeguards seafood for future 
generations. Visit msc.org to learn more.

1 & 2 above: Office for the day: 
raft-based mussel harvesting. 

Video: Rope-grown mussel fishery 
provides long-term socio-economic 
benefits to Saldanha Bay, South 
Africa. https://www.youtube.
com/watch?v=RLjnovR7cpw

Know your bivalves. Credit: 
Marine Stewardship Council
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Mainstreaming Biodiversity into 
India’s Coastal and Marine Fisheries
Dr. C. Thomson Jacob (Former Consultant in Biodiversity Policy, Centre for Biodiversity 
Policy and Law, National Biodiversity Authority) and Dr. Yugraj Singh Yadava 
(Director, Bay of Bengal Programme, Inter-Governmental Organisation)
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T
he ocean makes up over 70 
percent of the Earth’s surface 
and 95 percent of the biosphere. 
Under the ocean’s surface, there 

are more than 250,000 known species 
living in an array of oceanic and coastal 
habitats, providing enormous ecosys-
tem services for the well-being and 
prosperity of humanity.  The Conven-

tion on Biological Diversity¹ (CBD) is 
the only international instrument that 
comprehensively addresses biological 
diversity. It has three main objectives: 
the conservation of biological diversity; 
sustainable use of the components of 
biological diversity; and fair and equi-
table sharing of the benefits arising out 
of the utilization of genetic resources. 
India has ratified the CBD in 1994 and 
subsequently enacted India’s national 
law on, Biological Diversity (BD) Act, 
2002 for regulating bioprospecting of 
India’s biological resources and associ-
ated traditional knowledge. The present 
study illustrates how India is implement-
ing CBD’s policy tools such as access 
and benefit-sharing and mainstreaming 
biodiversity into the marine fisheries 
sector. 

Conservation of India’s Coastal 
and Marine Biodiversity 

India is a megadiverse country with 
more than 17,795 coastal and marine 
species, supporting around 6.75 
percent of the global marine biodiversity. 
Its coastal and marine biodiversity 
includes over 200 diatom species, 
90 dinoflagellates, 500 fungi, 1,042 
corals, 14 seagrasses and 69 mangrove 
species. The faunal diversity includes 
3,400 mollusks, 187 birds, 2,629 fishes, 
37 reptiles and 24 marine mammals. 
India is conserving seven highly-threat-
ened marine species under the species 
recovery plan, including dugong, whale 
shark, marine turtles, giant clams, sea 

cucumbers, horseshoe crabs and sea 
horses. There are 24 Marine Protected 
Areas (MPAs) in peninsular India and 
106 in the island territories (Andaman 
& Nicobar Islands and Lakshadweep). 
India has two transboundary protected 
areas, namely the Gulf of Mannar Marine 
Biosphere Reserve and the Sundar-
bans National Park. India’s Exclusive 
Economic Zone (EEZ) covers around 
2.02 million square kilometers and 
the country has a coastline of 8,118 
kilometers. 

(For more information: please see 
https://www.cbd.int/idb/image/2012/cel-
ebrations/idb-2012-in-zsi-marine.pdf)

Fishery Resources in India
Fisheries are an important source of 

food, nutrition, employment and income 
in India. Fish, being an affordable and 
rich source of animal protein, is one of 
the healthiest options to mitigate hunger 
and malnutrition. 

Today, the export of India’s marine 
products stood at 13,92,559 metric tons 
and is valued at USD 6.73 billion, and 
nearly 16 million fishers and fish farmers 
are engaged in various livelihood activi-
ties. The marine fisheries wealth in the 
Indian EEZ is estimated at 5.431 million 
metric tons (Maximum Sustainable 
Yield) and nearly 09 million fishers are 
engaged in various livelihood activities. 
In 2019, the total marine fish catch from 
the mainland was estimated as 3.56 
million tons. Deviating from the previous 
years, in 2019, the red toothed trigger-
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fish (Odonus niger) topped the landings 
with an estimated catch of 0.274 million 
tons (7.7 percent of the total), followed 
by ribbon fish (0.219 million tons), 
non-penaeid prawns (0.195 million tons), 
penaeid prawns (0.180 million tons), 
lesser sardines (0.171 million tons), 
Indian mackerel (0.162 million tons), 
threadfin bream (0.153 million tons) 
and oil sardines (0.145 million tons). 
The other important oceanic resources 
comprise yellowfin tuna, skipjack tuna, 
billfishes, pelagic sharks, barracuda, 
dolphin fish and wahoo (Source: FRAD, 
CMFRI, 2020. Marine Fish Landings in 
India 2019. Technical Report. ICAR-
Central Marine Fisheries Research 
Institute, Kochi).

Mainstreaming Biodiversity
Mainstreaming biodiversity is the 

process of embedding biodiversity 
considerations into cross-sectoral and 
sector-specific plans such as agricul-
ture, fisheries, forestry, mining, energy, 
tourism, transport and others. The 
concept of mainstreaming is advocated 
in the CBD and it is also specified in 
India’s BD Act, 2002. The CBD’s Stra-
tegic Plan for Biodiversity 2011-2020 
and the Aichi Target 6, stipulates that 

all fish, invertebrate stocks, and aquatic 
plants are managed and harvested 
sustainably and legally, and by applying 
ecosystem-based approaches. In line 
with global targets, India has developed 
its national targets emphasizing conser-
vation of marine zones, especially those 
of particular importance for species, 
biodiversity and ecosystem services.  A 
policy analysis was carried out by the 
Centre for Biodiversity Policy and Law 
Programme (CEBPOL)² in collaboration 
with the Bay of Bengal Programme – 
Inter-Governmental Organisation (BOBP 
- IGO)³ for mainstreaming biodiversity 
into the coastal and marine fisheries 
sector. Some of the approaches con-
sidered for analysis were (i) area-based 
management measures; (ii) disincentives 
for discarding by-catch; (iii) new and 
improved fishing gears and practices; (iv) 
co-management and (v) strengthening 
the implementation of the BD Act, 2002.

The recommendations that emerged 
from the study were integrated into 
India’s National Policy on Marine Fisher-
ies, 2017. These include fishing effort 
management; fleet size optimization; 
species-specific and area-specific 
management plans; conservation of 
Ecologically and Biologically Significant 

Areas and Vulnerable Marine Ecosys-
tems; protection of iconic and endan-
gered and threatened species; spatial 
(space) and temporal (time) measures 
for sustainable utilization of resources; 
creation of fish refugia; and providing 
legislative support for traditional fishers 
on tenure rights⁴.  

Access and Benefit-Sharing
Marine areas are rich in unique life 

systems for developing potential drug 
molecules for human therapeutics. India’s 
marine biotechnology is an emerging 
sector that contributes immensely to 
the Blue Economy. Some of the marine 
species such as sponges, jellyfish and 
seaweeds are sources of potential health 
products, beneficial in treating life-
threatening illnesses. The bio-polymers 
produced from these marine animals are 
used as antioxidants, antiviral, antico-
agulant, anti-diabetic, anti-allergic, anti-
hypertensive and anti-bacteria medicines. 
The bioactive compounds extracted 
from these marine animals are used for 
producing biodegradable plastics, food 
additives, medical polymers, wound 
dressing, bio-adhesives, biosensors, 
dental biomaterials, tissue regenerations 
and 3D tissue culture scaffolds. 
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The potential of marine bio-resources 
derived pharmaceutical products is 
valued in multi-billion dollars. The Indian 
Patent Office reveals that marine organ-
isms such as seaweeds, snails, corals, 
sponges and algae are extensively used 
for research purposes and claiming 
patents. India has around 700 species 
of marine algae found in both inter-tidal 
and deep-water regions, and nearly 60 
species are commercially exploited. 

Seaweeds are used for Producing 
Agar, Alginates and Carrageenan 

The CBD recognizes the sovereign 
rights of nations over the biological 
resources found within their EEZs. For 
implementing the Access and Benefit-
Sharing (ABS) principle, the Nagoya 
Protocol (NP) came into force in 2014. 
The Protocol guides countries on how 
to implement the Convention’s third 
objective on ABS by providing legal 
certainty and transparency for providers 
and users of genetic resources. 

The NP makes the bio-prospectors 
and the local community sign the 
Mutually-Agreed Terms (MAT). The 
MAT would be predicated on the prior 
informed consent of the providers of 
the resources and traditional knowl-
edge, and the provider must be willing 
to give access to their resources and 
knowledge. The NP also specifies that 
the bio-prospector should comply with 
the domestic legislation or regulatory 
requirements of the provider country. 

The Protocol facilitates a flow back 
of monetary and non-monetary ben-
efits/incentives to the community for 

stewarding the local ecosystem and 
biodiversity. It also provides monetary 
benefits such as an access fee, upfront 
payment, milestone payment, royalties, 
licensing fee, research funding, joint 
venture, and joint ownership of relevant 
intellectual property rights. Further 
non-monetary benefits include sharing 
research results, collaboration, partici-
pation in product development, transfer 
of technology, capacity building, training 
and contribution to the local economy. 

India is one of the leading countries 
in implementing the international regime 
on ABS and India’s BD Act 2002 regu-
lates access to biological resources for 
scientific research, commercial utiliza-
tion, bio-survey and bio-utilization. 

 ABS and Export of Seaweed 
– A Case Study 

The seaweed Kappaphycus alvarezi 
is cultivated in the southern coastal dis-
tricts of Tamil Nadu by a self-help group 
(SHG) of women, and it was exported to 
countries such as Malaysia, the Philip-
pines and Indonesia. Red seaweed has 
high demand in the international market 
and is used for making more than 250 
food and non-food products. To comply 
with the BD Act, 2002, the seaweed 
exporters have approached the National 
Biodiversity Authority (NBA) to seek 
approval for accessing the seaweed and 
transferring the bio-resources to a third 
party (foreign buyer). 

The NBA has approved the export 
of the seaweed and fixed five percent 
royalty, while signing the Material Trans-
fer Agreements with the exporters. After 

the export, an amount of 4.35 million 
rupees was deposited by the exporters 
for sharing the benefit with the fishing 
community from where the seaweed/
bio-resource was accessed. To evolve 
the modalities for benefit sharing, an 
expert committee was constituted by 
the Tamil Nadu State Biodiversity Board, 
Government of Tamil Nadu and the 
committee has recommended conser-
vation measures and socio-economic 
developmental activities for the coastal 
communities. These include provision 
of drinking water facilities to the fishing 
community, sheltered areas for drying 
seaweed, solar lights, green belt by 
planting native tree species, restoration 
of degraded water bodies, providing 
seeds for cultivating native seaweeds, 
introduction of indigenous fish varieties 
in the inland water bodies, developing 
medicinal plant nursery, promoting 
alternative livelihoods for the women 
SHGs, and installing a carrageenan unit 
for extracting carrageenan and capacity 
building⁴.

India’s efforts in implementing the 
CBD’s policy tools and mainstreaming 
biodiversity into the marine fisheries 
sector are now yielding results and the 
benefits of harvesting marine resources 
are being shared by a larger section of 
the society.  

Further Reading
1. The Convention on Biological Diversity (CBD) 

entered into force on 29 December 1993 and 
196 countries are party to this Convention 
(Source: https://www.cbd.int/convention/).

2. CEBPOL is a bilateral technical collaborative 
programme between India and Norway: http://
nbaindia. org/cebpol/.

3. The Bay of Bengal Programme – Inter-
Governmental Organisation (BOBP-IGO is a 
unique regional fisheries body, specifically 
mandated to assist the member-countries in 
increasing the livelihood opportunities and 
improving the quality of life of the small-
scale/artisanal fisher folk in the Bay of Bengal 
region: https://www.bobpigo.org/pages/view/
services

4. CEBPOL, NBA, 2018. Mainstreaming 
biodiversity into coastal and marine fisheries 
sector. Published by the Centre for Biodi-
versity Policy and Law, National Biodiversity 
Authority, 52pp.

5. Report of the Expert Committee to Evolve 
Modalities for benefit Sharing from the 
Royalty amount received from the Exporters 
of Seaweed, Southern Coastal Districts of 
Tamil Nadu, Published by the Tamil Nadu 
Biodiversity Board, January 2021

Seaweed Kappaphycus alvarezi (Source: flickr, Credit J Martin Kansedo)
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From Sea Blindness to Sea Vision: 

Countering Illegal Fishing
By Andy Hamflett, NLA International
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F
or the Philippines, it is just under £1 billion. For Malaysia, 
the figure rests just the other side of the £1 billion mark. 
In Indonesia, the number rises to £2.25 billion. The 
metric? The amount each nation is estimated to lose – 

each year – to illegal fishing. 
To put the combined annual losses of these three South-

east Asian nations in context, £4 billion is what the UK airport 
sector was estimated to lose in 2020 due to the COVID-19 
pandemic. Losing an equivalent annual figure would wipe out 
the total amount of equity invested in UK tech companies in 
2019, or would completely annihilate the entire UK gaming 
industry’s revenues in 2020. Each of those incidents would 
rightly, on their own, be considered a crisis; if they were 
predicted to continue for several years, urgent corrective 
strategies and a loud clamor for investment plans would be 
headline news.

As we enter the UN Ocean Decade, the need for new 
approaches to counter the scourge of illegal, unreported and 
unregulated fishing (IUUF) becomes ever more urgent. With the 
three Southeast Asian nations highlighted above alone stand 
to lose a combined £42 billion to this entrenched illegality over 
the coming ten years, what is being done? Thankfully, quite a lot 
is happening, and with growing momentum.  

Indonesia is investing more in enforcement vessels to help 
patrol their waters and the country’s practice of blowing up or 
sinking vessels caught in the act of illegal fishing is intended to 
send a strong message that their waters are out of bounds to 
criminals. Crucially, the Indonesian government is also taking 
a broader and more strategic view of the marine and maritime 
domain. This is evidenced by the establishment of a marine 
‘super ministry’ and the launch in 2020 of a cross-cutting 
Indonesian Maritime Information Center that provides monthly 
updates on a range of activities, from IUUF apprehensions to 
marine pollution. 

The Malaysian Maritime Enforcement Agency has also 
increased IUUF patrols in recent months and a multi-agency 
special task force to curb illegal fishing was established in 
2018. Like many near neighbors, the Malaysian government 
also provides a constant feed of illegal fishing arrests in the 
local media. 

In the Philippines, the country’s Bureau of Fisheries and 
Aquatic Resources (BFAR) is investing in a range of policy, 
structural and partnership initiatives. In order to track activity 
and compliance more effectively, a December 2020 policy 
order mandated that fishing vessels must have a BFAR-
approved Vessel Monitoring System installed – either imme-
diately or by December 2021, depending on the size of the 
vessel. These systems track the position, course and speed of 
fishing vessels to bring greater transparency to fishing activ-
ity within Philippine waters. They also feature a distress alert 
button, which, when activated, will notify authorities of potential 
emergencies and help them to automatically locate the vessel. 
As fishing is one of the most dangerous professions globally, 
such investment is very much to be welcomed.  

Once this and related systems are rolled out, this will 
become one of the most up-to-date fisheries monitoring 
capabilities globally; but the passion for new approaches does 
not stop there. Another project recently initiated by BFAR 
combines satellites, advanced computing power and advanced 
fisheries analysis to bring even more ability to protect the 
nation’s natural marine resource. 

This innovative program was established in 2020, with 
support from the UK Space Agency’s International Partnership 
Programme (IPP), which aims to encourage the trial adoption 
of space technology to solve development challenges. The 
Verumar project (from the Latin words ‘verum’ meaning truth 
and ‘mar’, meaning sea) takes rich satellite data and applies 
bespoke algorithms to identify suspicious maritime behavior 
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worthy of closer inspection. This includes identifying vessels 
going ‘dark’ – turning off their transponders but still visible by 
satellite imagery – or highlighting vessels exhibiting fishing 
behaviors (e.g., traveling at speeds associated with fishing) in 
protected areas. 

Once produced, this actionable intelligence is passed on to 
local enforcement agencies to be used in several ways. First of 
all, headline threat/heat mapping can help inform coastal patrol 
planning so that available enforcement vessels are deployed 
in areas where they are likely to have the greatest impact. You 
don’t always have to go out to sea to follow up; however, it is a 
good thing in a country with 36,000 kilometers of coastline and 
1.6 million square kilometers of sea space.

Port inspection managers can be provided with detailed 
analysis of an individual vessel’s recent movements, allowing 
informed and detailed questioning of potentially suspicious 
behavior. This could focus on why the vessel chose to take a 
specific route or investigate why it came alongside another 
vessel, indicating that goods – and, potentially, illegal catch – 
were exchanged. 

While there are often valid reasons for such activity, and 
the advance analysis often tallies with the ship’s log of activi-
ties, the system brings an enhanced clarity of purpose. This is 
perhaps the key point about such satellite- and machine-learn-
ing-enabled approaches. They do not replace existing systems 
or processes; rather, the aim is to ‘supercharge’ them to get 
patrols operating in the right place and allow port enforcement 
officers to target inspections on suspicious activity rather than 
undertaking them randomly. In short, it ensures all available 
assets are used in the most effective way possible. 

The Verumar project is led by a consortium of leading UK 
marine and satellite companies, and during 2020 the project 
successfully managed to pivot to an operating model delivered 
entirely remotely once COVID-19 travel restrictions came into 
force. Very early mornings and equally late nights from the 
delivery team enabled the program to thrive and continue with 
one crucial element in particular – the drive to transfer the skills 
to enable local staff to utilize the intelligence. 

Training those local staff teams in the use of satellite-
enabled intelligence is not only important for the initial counter-
IUUF project, but there is also a bigger picture where geospatial 
understanding and awareness can become the heart of many 
marine-focused departments. Sea spaces around the world 
are complex and multi-use. Suppose you are already tasking 
satellites and paying analysts to look for illegal fishing vessels. 

In that case, there are so many other activities you can layer 
on top of that core service to make use of the acquired space 
data and skills. Other illegal activities (e.g., drug smuggling or 
human trafficking) can be tracked, harmful algal blooms (often 
known as ‘red tide’) can be spotted, and satellite modeling can 
be used to help identify locations for fish farms and offshore 
renewable sites. 

Implementing a blend of such services would also ensure 
that a more nuanced picture of the value and critical impor-
tance of the world’s seas and oceans would begin to emerge. 
Any marine activity is often immediately aligned to UN Sustain-
able Development Goal 14 (Life Below Water). While that is 
often applicable, it is only part of the story. Full partnership 
projects such as Verumar touch many more SDGs: protecting 
the livelihoods of artisanal fisherfolk and associated com-
munities helps to end poverty (SDG 1); ensuring sustainable 
fish stocks plays a large role in eliminating hunger (SDG 2), 
especially in nations where over 50 percent of animal protein 
for human consumption comes from fish; and, crucially, the 
transfer of skills and awareness in relation to satellite capabili-
ties has many broader positive effects on industry innovation 
and infrastructure (SDG 9) – both in marine and maritime 
industries and far beyond.  

Each of the potential intelligence capabilities mentioned 
above can be developed individually and – as so often happens 
– operated in silos within government departments and related 
agencies. The greater challenge then is to anticipate the full 
range of these services emerging from the science base into 
commercial operation in the coming decade. This would enable 
the developed strategies that would, in time, make it possible to 
integrate them all – one set of satellite data used many times; 
teams of analysts with different domain experience working 
together; and local agencies upskilling at all times. 

The enhanced prosperity that would undoubtedly emerge 
from such a layered approach would far outweigh the losses 
some nations face over the coming decade in relation to their 
natural marine assets. 

From sea blindness to sea vision; it’s within our grasp.

Discover more:
Project Verumar.  http://www.verumar.com/

The Philippine Bureau of Fisheries and Aquatic Resources. https://www.bfar.
da.gov.ph/

The UK Space Agency’s International Partnership Programme (IPP). https://
www.spacefordevelopment.org/
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The North Sea:
A Pillar in the Future 
Energy System
 By Rene Peters and Joris Koornneef TNO, North Sea Energy Program

Y
ou may have heard the African proverb: If you want to go fast, go alone. If you want to go 
further, go together. But what if the world needs to change fast and needs to go further? 
In the case of the global transition to the future sustainable energy system, we need to 
combine the best of both. Can we do it fast to speed up our efforts decarbonizing the 

energy system? And can we get further by working together within the traditional industries and 
emerging sectors? The answer is: Yes. How? For North-Western Europe, the answer lies in the 
North Sea.
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The North Sea Holds a 
Long Energy Tradition 

The North Sea makes The Neth-
erlands and the other surrounding 
countries fortunate when it comes to 
the energy transition. The North Sea 
has long played an important role in 
the energy system, first with oil and 
gas production, now increasingly with 
renewable energy, notably offshore 
wind. It is relatively shallow, and there 
are good wind conditions, creating a 
perfect home for offshore wind. And 
because of the decline, depleted oil 
and gas fields will become available in 
the coming decades, making it suitable 
for large-scale underground CO₂ and 
energy storage. 

This makes the North Sea suitable 
for cleverly linking the various elements 
together: offshore wind, CO₂ capture, 
hydrogen production, and energy 
storage by using strategic assets from 
the legacy natural gas infrastructures 
such as pipelines for transport, conver-
sion platforms, and depleted fields for 
storage of energy. On top of that, new 
energy islands can combine power 
generation, energy conversion, storage, 
and interconnections of power and 

hydrogen grids offshore. Making use 
of these benefits will make the North 
Sea a pivotal element in the realization 
of the European energy transition and 
the North Sea as the leading supplier of 
clean energy for northwest Europe.

System Integration Will 
Be the Game Changer

How does this work? By integrat-
ing offshore oil and gas systems with 
the wind energy system, we can use 
the platforms to convert the surplus 
of renewable wind energy into green 
hydrogen, store it in depleted natural gas 
fields, and transport it when needed via 
the existing gas infrastructure. It makes 
sense as these pipelines can handle 
more volume at lower transportation 
costs, and they are already there, able 
to carry hydrogen. No need for extra 
cables. No need for extra investments. 
No need to stir up the seabed. As long 
as oil and gas production continues, 
electrification of platforms from offshore 
wind can be used to develop zero-
emission platforms. The first of such 
projects have been announced in The 
Netherlands, Norway, and the UK. 

Offshore Energy Islands Combining 
Various Energy Functions

Offshore energy islands are areas at 
sea where the various energy functions 
can easily be combined into energy hubs. 
These hubs will bring together the energy 
functions of wind, hydrogen production, 
storage of CO₂, and energy and intercon-
nections. Currently, a few countries have 
already unfolded their plans. The North 
Sea Wind Power Hub initiative by TenneT, 
Gasunie and Energinet has the ambition 
to develop an energy island near the 
Doggerbank to create interconnections 
between The Netherlands, UK, and 
Denmark. Denmark recently announced a 
project to build a giant energy island in the 
North Sea, providing enough clean energy 
for three million households. Renewable 
hydrogen would also be provided for use 
in shipping, aviation, industry, and heavy 
transport. With a Dutch pipeline nearby, 
an interconnection for hydrogen transport 
could be realized after gas production 
has ceased. These are examples of 
international collaboration: it will not only 
be for the Danes but other neighboring 
countries’ electricity and hydrogen grids 
too, making it beneficial to the UK, as well 
as Germany and The Netherlands. 
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Collaboration and Coordination 
Can we do it? Can we do it fast? Yes, 

we can, but only by working together, 
with our minds set towards integrated 
energy systems, smartly reusing existing 
infrastructure as much as possible. 
This way, electrons and molecules are 
interconnected via conversion. But to 
unlock the full potential and value on the 
energy system level, strong coordination 
and collaboration are essential, which 
doesn’t stop at countries’ borders. The 
Netherlands shares the North Sea with 
neighboring countries. Therefore, it is 
also required to align on national and 
international levels to plan and facilitate 
the roll-out of new energy infrastructure 
while fostering strategic legacy infra-
structure.

 Crossing Sectoral Borders 
Additionally, we should not forget 

that energy is not the only user of 
marine space in the North Sea: shipping, 
fishing, leisure, defense are other active 
users in an ecological valuable environ-
ment. Not to forget nature protected 
areas under Natura 2000 regulations. 
On the North Sea, we need to find 
a delicate balance between these 

different functions. Nature and food 
production, and its stakeholders, are 
important pillars next to the energy tran-
sition, forming the trilemma for further 
developing the North Sea. The road 
ahead requires designing and adopting 
an inclusive stakeholder engagement 
approach and nature-inclusive design 
strategies to develop an effective and 
fair energy transition strategy. Such 
inclusive and integrated design of the 
energy system in the North Sea area 
allows for the balancing of merits for 
ecology, economy, society, and their 
boundary conditions. The Netherlands 
has recently adopted a North Sea 
Accord where all stakeholders have 
embraced a strategy to develop the 
North Sea in balance with its function 
for nature protection, food harvesting 
and energy production. Multifunctional 
use of the marine space is one of the 
pillars of this agreement.

 The North Sea Energy Program
The North Sea Energy Program 

(NSE) is the platform bringing together 
all players in the offshore North Sea 
world active in offshore energy. Based 
in The Netherlands, the program aims to 
identify and assess synergies between 
the offshore energy sectors. Over 30 
international partners share knowledge 
to jointly develop and co-create innova-
tive transition pathways for offshore 
system integration at the North Sea 
towards 2050. 

 Since 2017, NSE’s cross-sectoral 
public-private partnerships research the 
value of an integrated system approach 
to unlock the North Sea potential and 
how we can utilize its value. The goal 
is to deliver a roadmap for offshore 
system integration in the North Sea 
towards 2050 by the end of 2022.

 Initiator René Peters states, “The 
multi-disciplinary results from all phases 
of the North Sea Energy program 
are the ingredients, as well as practi-
cal timelines, for developing system 
integration projects. And, assessing 
whether the transition to the new 
energy system will create obstacles 
helps us align investment agendas with 
infrastructure developments, and look 
at how we can resolve them.” 

 Offshore Energy Hubs 
The program chose three offshore 

North Sea locations to function as energy 
hubs and provide the roadmap with 
examples for efficiently combining the 
various energy functions. 

 “These hubs will bring together the 
various energy functions so that we can 
elaborate in-depth scenarios based on 
techno-economics, ecology and environ-
ment, logistics, regulations, and safety. 
The identified offshore areas will be 
linked to industrial clusters on the coast 
in and around the ports of Rotterdam, 
Amsterdam / IJmuiden, Den Helder, and 
Eemshaven,” Peters explains. 

“The international perspective will also 
play a major role because cooperation 
is of great importance in linking energy 
systems and rolling out new energy 
infrastructure for electricity, hydrogen and 
CO₂. We strongly focus on cross border 
integration with the Southern UK North 
Sea, Denmark, and Germany for system 
integration opportunities.”

 The program not only investigates but 
also initiates pilots and projects to test 
and demonstrate innovative concepts.

 PosHYdon: A Global First
 One of these pilots is PosHYdon. The 

one megawatt offshore green hydrogen 
pilot on Neptune Energy’s Q13a platform 
near the Dutch coast is the world’s first 
offshore pilot and brings three energy 
systems together. It is an example of 
combining green hydrogen production, 
offshore natural gas and offshore wind 
power. 

 “Delivery of such concrete system 
integration projects, pilots and dem-
onstrations are needed to test tech-
nologies and concepts for arriving at 
commercial projects beyond 2030, to 
fuel our society, our economy and the 
energy transition by supplying stable, 
affordable and clean energy,” adds 
Peters. “This Decade will be critical for 
laying the foundation, unlocking the 
potential and value of the North Sea 
area to the fullest using an inclusive and 
integrated approach. But balancing the 
merits and challenges for ecology and 
environment requires collaboration and 
strong coordination this over the next 
ten years and beyond.”

 > www.north-sea-energy.eu
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Blue Electrons:  
Harvesting Energy 
from the Welsh Coast
By Steve Hall, Pembrokeshire Coastal Forum & Marine Energy Wales

Blue Gem Wind is installing 96MW of Floating 
Offshore Wind Turbines, like this WindFloat 
design being tested off Portugal, in the Celtic 
Sea by 2027 – with much more to follow. Photo 
Credit: Principle Power / Artist:DOCK90
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T
wo centuries ago, Wales was at 
the cutting edge of the industrial 
revolution. The engine of change 
was coal, abundant and of high 

quality in the Welsh valleys, fueling 
the industrial age of Great Britain and 
being exported all over the world. Coal 
changed the landscape, culture and even 
languages spoken in Wales, until the 
last deep mine, Tower Colliery, closed in 
2008. Faced the challenge of reversing 
post-coal economic decline, Welsh 
industry and politicians recognized that 
the nation is blessed with abundant 
resources that can be harnessed to 
create renewable energy. Being located 
on the coast of the North Atlantic, we 
have reliable and strong winds, powerful 
coastal currents, energetic waves, and 
the second-highest tidal range in the 
world.

In company with other nations 
working hard to achieve their Paris 
targets, Great Britain has a target to be 
zero net-carbon by 2050, signed into 
Law on May 1st, 2019. The country that 
started the fossil-fueled industrial revolu-
tion has become one of the leaders in 
moving to a low carbon future, for the 
sake of all humankind, with the former 
coal heartlands of Wales and Northern 
England having a key role to play. 

Wales may be a small nation, but 
within our exclusive economic zone we 
have 2,120 kilometers (km) of coastline 
and 32,000 km2 of marine space. The 
depths are modest, lying over shallow 
continental shelf, shipping lanes are 
less busy than the crowded waters of 
the English Channel, and the geology is 
benign for placing structures, moorings 
and cables on the seafloor. The owner-
ship of the seabed is also straightfor-
ward. The Crown Estate is the ‘landlord’ 
and the UK has a rapidly evolving and 
professionally-managed consenting 
process providing developers with a 
well-defined legal and administrative 
pathway for obtaining permission to 
deploy offshore energy production 
systems. From a developer’s perspec-
tive, it’s a relatively low-risk location to 
locate innovative marine renewable 
energy systems. 

Innovation Along the Welsh Coast
First to deploy in Welsh waters was 

an extensive array of offshore wind 
turbines off the North Wales coast, the 
Gwynt y Mor (‘Sea wind’ in English) wind 
farm of 160 turbines, the fifth largest in 
the world. Construction began in 2012, 
commissioning in 2015. The farm gener-
ates 1950 GWh of electricity per year, 
enough to power 30 percent of Welsh 
homes, and saves around 1.7 million 
tons of carbon dioxide per year. Plans 
are in place to grow the area available for 
offshore wind, and in February 2021 BP 
and EnBW won the seabed development 
rights to build a 500 km2 wind farm 30 
km from the North Wales coast that will 
generate enough power for 3.4 million 
homes - a significant part of the UK’s 
capability to achieve zero net carbon by 
2050. 

The shallow sea off North Wales 
is suitable for monopile wind turbines 
driven into the seabed, but the waters off 
the west and south are deeper and more 
varied in seabed morphology. For these 
deeper waters, attention has shifted to 
the use of floating wind turbines. Freed 
from the limit to be physically piled 
into the seabed, turbines can be built 
on a large scale, at convenient shore 

bases, then towed out to a site offshore 
optimized for wind conditions, away from 
shipping lanes or land-nesting seabird 
colonies. Milford Haven in Pembrokeshire 
is aiming to become the hub of a new 
generation of floating wind turbines that 
will be moored over 40 km offshore in 
the Celtic Sea. First to start up is a col-
laboration between Total and Simply Blue 
Energy called Blue Gem Wind, formed to 
start work on the Erebus 96MW demon-
stration project with a goal to produce 
electricity by 2027. 

On March 24th, 2021, the Crown 
Estate announced a leasing process 
that will focus on developments of up 
to 300MW in the Celtic Sea, enabling 
economies of scale that will encour-
age new entrants into the field, with a 
target of 1GW of floating wind installed 
by 2030. Some 30 developers have 
expressed an interest in producing 
energy from the region, to eventually 
produce some 50GW of energy from a 
resource estimated at 150 to 200GW.

While floating wind is attracting much 
of the media attention, and high levels 
of investment from energy developers, 
it’s not the only way to generate electric-
ity from the ocean, and Wales is at the 
forefront in these other systems too. 

Minesto’s Deep Green subsea 
kite generates electricity from 
slow tidal streams, and is being 
deployed off the North Wales coast. 
Photo Credit: Minesto UK Ltd
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In Anglesey, the community-owned 
Morlais Project manages a 35 km2 area 
of seabed near Holy Island that has the 
potential to become one of the largest 
tidal stream energy sites in the world, 
capable of generating 240MW of clean 
electricity using fully submerged marine 
turbines. The Australian company, 
Bombora, has launched a £17 million 
project to construct and test the 1.5MW 
mWave wave energy device off the coast 

of Pembrokeshire. Minesto UK Ltd in Ang-
lesey are developing the DeepGreen tidal 
stream energy device, and Marine Power 
Systems in Swansea are developing 
technology to harvest energy from ocean 
waves with a mission to become a world 
leader in the manufacturing and supply of 
marine energy extraction. Orbital Marine 
Power are also developing floating tidal 
stream turbines, and are manufacturing 
the anchors in Llangefni, North Wales.

Another innovative project quite near 
the Morlais site, is the Enlli Tidal Energy 
project by Nova Innovation, which aims 
to use the natural ebb and flow of the 
tide around Ynys Enlli to become the 
world’s first ‘blue energy island’. Nova 
plan to install five 100kW turbines on 
the seabed and hopes to add more in 
future. 

Not all of the projects have achieved 
the success we hoped for – with the 

Bombora mWave

Orbital O2 2MW tidal 
turbine Outside TEXO
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world’s second highest tidal range 
there have been many proposals to 
harness marine energy in the Bristol 
Channel, either with a tidal barrage, or 
in more recent years using tidal lagoon 
concepts. Planning permission was 
granted for a technology demonstrator 
tidal lagoon in Swansea Bay, but the 
developer has so far failed to attract 
the required funding, and there have 
been questions over the environmental 
impact of quarrying for construction 
materials. 

Alongside these developments is a 
growing support network of organiza-
tions to support and grow the new 
industry. We’re building the Marine 
Energy Test Area (META) to develop and 
test prototype units in Milford Haven, 
and the Marine Energy Engineering 
Centre of Excellence (MEECE) at Pem-
broke Dock will deliver research, devel-
opment and demonstration activities to 
support innovation in the supply chain. 
New initiatives are also being developed 
by the insurance industry to support 
offshore renewable developers. Due to 
challenges gaining planning permission 
for laying electrical cable in marine 
protected areas, the UK Government 
is now working with the community to 
look at how best to balance the needs 
of developers with the requirements of 
protecting fragile marine ecosystems. 

Storing Blue Energy 
A known limitation of renewable 

energy is that the wind doesn’t always 
blow, and the sun doesn’t always shine. 
And although tides are highly predict-
able, they might not coincide with peak 
energy demand. There are several 
ways to store energy, some of which 
have been in use for decades. This 
includes pumped storage where water 
is pumped uphill into reservoirs at peak 
supply of power, then released to flow 
through turbines when more power is 
required. Batteries can be used, already 
several of the onshore windfarms are 
using banks of rechargeable batteries 
to store energy for release to the grid as 
required. 

An innovative way of storing energy 
created by renewables is being devel-
oped by Gravitricity Ltd. It’s a simple 
concept – raising and lowering a heavy 
weight to store and release energy. It’s 
ideally suited to be used alongside the 
renewables industry in Wales, building 
on our legacy of mining engineering, 
and offering advantages compared with 
pumped storage and batteries such as 
long design life, very fast response time 
of less than one second, and low cost 
compared with lithium battery storage. 

The other key way of effectively 
storing energy is to turn electrons 
into hydrogen. You can electrolyze 

seawater to make hydrogen, then store 
and transport it as any other gas. We 
have decades of experience in the 
storage, transportation and process-
ing of pressurized gases and have an 
infrastructure for natural gas that can be 
adapted to transport and store hydro-
gen. Offshore wind farms will be able to 
power the electrolyzers, with constant 
improvements being seen in efficiency 
as researchers improve the process and 
industry scales up production volumes. 

A Blue Future
The UK Chancellor Rishi Sunak 

announced £4.8 million for a hydrogen 
hub on the island on Anglesey in his 
budget speech on March 3rd, 2021, 
which will use renewable energy to 
produce hydrogen from seawater to fuel 
heavy goods vehicles, and eventually 
hydrogen-powered ferries and trains. 
Milford Haven will be ideally suited to 
servicing the hydrogen economy too, 
already having an extensive infra-
structure developed since the 1960s 
to support the oil and gas sector, and 
readily adaptable to clean hydrogen.

Thanks to terrestrial and offshore 
renewables, Wales is already a net-
exporter of electricity. Soon the export 
of ‘blue electrons’ will be joined by 
hydrogen, providing an income stream 
for Welsh companies, long-term 
employment for our young people, and 
attracting industry that needs reliable 
clean power supplies. Wales once led 
the world in the fossil-fueled industrial 
revolution, by the end of the Ocean 
Decade we’ll be leaders in real-world 
application of floating wind, tidal stream 
turbine, and wave energy, all supported 
by energy storage using our abundant 
water supplies and mountainous terrain. 

Discover more:
Marine Energy Wales website www.marineener-
gywales.co.uk/ 

Pembrokeshire Marine Demonstration 
Zone www.wavehub.co.uk/our-projects/
pembrokeshire-wave-zone 

Marine Energy Test Area www.meta.wales/ 

Marine Energy Engineering Centre of Excellence 
https://ore.catapult.org.uk/what-we-do/innova-
tion/wave-and-tidal/meece/ 

Morlais Marine Energy www.morlaisenergy.com

Tidal Energy Ltd’s DeltaStream 
was the first marine current 
turbine to be installed in Welsh 
waters, in Ramsey Sound
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Digitalizing the Seafood Supply Chain
By Sean Dennis, CEO & Co-founder and Sophie Hunter-James, Head of Marketing & Research, Seafood Souq

O
ur ocean is being depleted at 
an alarming rate; around 85 
percent of marine fish stocks 
are either fully exploited or 

overfished, according to the UN’s Food 
and Agricultural Organization.

Meanwhile, one in three fish doesn’t 
make it to the plate due to high wastage 
rates. The average person’s seafood 
consumption has doubled since half a 
century ago, and it is only a matter of 
time until overfishing and wasting finite 
resources starts to visibly strain the 
global supply.

A lack of supply chain governance has 
created loopholes in the system, enabling 
widespread fraud and illegal, unreported 
and unregulated fishing (IUU). Overfishing 
and fish wastage have depleted natural 
ecosystems, costing consumers more 
and harming the livelihoods of small-
scale fishers. This lack of oversight, and 
subsequent lack of data, means that 
policymakers do not have the tools to 
effectively set policies to overcome these 
challenges.

Seafood Souq is creating a digital 
ecosystem for the global seafood indus-

try that helps bring seafood from source 
straight to the buyer through an efficient 
and digitized supply chain. Powered by 
technology, we are a network orchestra-
tor with an online B2B marketplace to 
facilitate direct-to-source buyer transac-
tions and full supply chain traceability. 
Headquartered in the UAE – the largest 
seafood consumer globally per capita – 
we’ve created a sustainable and resilient 
global seafood supply chain that seeks to 
limit fraud, overfishing, and waste through 
digitization.

By digitizing the supply chain, we 
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can introduce traceability at each step 
and ensure greater transparency, which 
reduces opportunities for fraud and 
wastage. Digitization encourages the 
sustainability of our ocean and its food 
source by bringing buyers and sellers 
closer together.

In 2020, the global economy came 
under fire when COVID-19 impacted the 
world. Digital transformation was thrust 
to the forefront, and there was a more 
apparent need for innovative tech-
enabled business models to address 
conventional supply chain inefficiencies. 

Efficiency, transparency, and trace-
ability are three of the key pillars needed 
within the seafood industry to eliminate 
illegal, unreported and unregulated fishing 
(IUU) and contribute to the UN’s 2030 
Sustainable Development Agenda – all of 
which can be enabled through digitization. 

 Starting at the Source: The 
Socioeconomics of Seafood

Developing countries make up a 
substantial share of seafood supply for 
the world, with up to 60 percent of global 
catch estimated to originate from small-
scale fisheries, according to FAO studies, 
yet their contribution remains largely 
undervalued.

Traditional fishing techniques prevail 
in these regions. The antiquated supply 
chain model can be updated to improve 
local fishers’ businesses, directly leading 
to better livelihoods and protecting 
the natural resources they depend on. 
Seafood has become increasingly com-
moditized, and the increased number of 
steps in the supply chain forces down-
ward pressure on pricing.

During our case study in Oman, we 
found that fishers at the source were 

paid four times less per kilogram of 
tuna than the average global price. Two 
factors contributed: Profits were made 
at each, often unnecessary, stage of the 
supply chain, and, as is the case in many 
developing nations, there is up to 40-45 
percent of fish being wasted, never 
making it to the end buyer. 

Cold chains are poorly governed, 
and infrastructure is often overlooked, 
adversely affecting fishers and our 
ocean.

In rural villages that rely on traditional 
fishing and shipping methods, there is 
an opportunity to introduce technology 
to digitize supply chains, enabling fishers 
at source to earn more and safeguard 
natural ecosystems. One way we do this 
is by integrating with capture fisheries to 
sell catch directly from fishing vessels to 
business buyers, providing traceability 
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direct from the source with an opportu-
nity to implement “catch on-demand” to 
reduce overfishing. 

Beyond the impacts on fishers, 
ecosystems are needlessly damaged 
as a result of bycatch, where billions 
of unwanted fish and other animals 
like dolphins, marine turtles, sea birds, 
sharks and coral are lost due to inef-
ficient, illegal, and destructive fishing 
practices. 

Through collaborative partnerships, 
we can help. An example is ‘One-by-
One’ fishing, which reduces bycatch 
and provides a greater profit share 
for fishers promoted by organizations 
such as the International Pole and Line 
Foundation (IPLNF).

 IPLNF helps small-scale fishers 
in developing regions to fish with 
responsible methods, grade products 
such as tuna properly and ensure fish 
are optimally handled once caught 
so they can earn more per fish while 
simultaneously sustaining our oceans 
and preventing degradation of our food 
supply. The importance of collabora-
tion through a digital ecosystem is to 

share skills and knowledge, such as 
giving Omani fishers an introduction to 
sustainable fishing methods that will 
benefit themselves and the ocean.

 The IPLNF’s work is the start to 
solving a larger issue. At Seafood Souq, 
we began to look at how to eliminate the 
unnecessary steps from the seller to 
buyer and reconceptualize the supply 
chain for more visibility, giving small-
scale and responsible acquaculture 
projects more control of their margins. It 
is important to create a value chain with 
oversight by one single entity to limit 
waste, fraud and unfair practices within 
the system. 

 A Complex Supply Chain
Traditionally, seafood exporters, 

importers, distributors, and wholesalers 
sit upstream from the source, between 
the seafood seller and the buyer. 
However, there is often more than one 
intermediary, including external logistics 
providers, meaning no one entity has 
total oversight of the supply chain, and 
the gap from sea to serving is complex 
and disjointed. 

The abscence of oversight leads to 
mislabeling and seafood fraud, whether 
deliberately or as a result of inefficiency 
in the supply chain. 

The lack of traceability translates 
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into a lack of transparency for the 
consumer; often, people aren’t eating 
the fish they think they are. According to 
the global seafood fraud study, this has 
even caused the consumption of fish 
species that are either endangered or 
harmful to human health. 

But technology can help remedy 
this, and traceability is the precursor to 
sustainability.

A global online A global digital 
ecosystem will integrate the entire 
supply chain and be linked to collection 
centers located within respective local 
regions will be linked to responsible 
aquaculture farms and collection 
centers located within respective local 
regions, with the aim to prevent labor 
exploitation, empower small-scale fish-
eries, improve data on capture fisheries 
and allow for effective monitoring of the 
seafood industry.

The Buyer and End Consumer 
The lack of traceability makes 

responsible sourcing difficult, and there 
is little impetus on bad actors and IUU 
seafood producers or fishers to change 
practices without pressure from either a 

governing body or consumers. 
There is a lot of misinformation 

about what constitutes responsible 
sourcing. To this day, aquaculture 
and the concept of fish farms have a 
historically negative connotation, which 
is why transparency is needed to bring 
awareness of how we should sustain-
ably produce and procure healthy, safe 
fish and responsibly sourced seafood.

Not only does technology provide 
traceability through tracking seafood 
products from catch to consumer, but 
the collection of this data allows for 
demand forecasting and market insights 
that can shape a catch-on-demand 
model. The ability to only catch what we 
need will significantly reduce waste. 

Digitization can connect the buyer 
directly to the seller, eliminating all the 
steps in-between that stifle efficiency 
and enable fraud.

By creating a digital ecosystem that 
encompasses all value chain members 
with complete oversight, the end 
consumer can trace their product. They 
can see where their product came from 
and how it was caught. Further, busi-
nesses can promote that they source 

their products responsibly to their end 
customers; we’ve already started to 
see traceability technology changing 
consumer buying behavior. 

Within this digital ecosystem, players 
at each step -- from the small-scale 
fisheries to the exporters and NGOs 
who campaign for sustainability to the 
final consumer -- can be a part of the 
traceability process, reinforcing the idea 
of transparency throughout the system.

Ensuring sustainability and trace-
ability aligns with the UN’S Sustainable 
Development goals for Zero Hunger, 
Decent Work and Economic Growth, 
Responsible Sourcing and Production 
and Life Below Water.  We need to create 
awareness and governance, which we 
can do through digitization. As the global 
pandemic has shown, supply chains 
need to be resilient, and technology is 
the way forward. It is time to act and help 
people who depend on our ocean and 
our global seafood supply. 

Through a global ecosystem, we 
will integrate the entire value chain on 
a shared mission to revolutionize the 
industry for the benefit of all, because, in 
the end, every drop in the ocean counts.
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A
s we start the UN Ocean 
Decade, we must ask an 
important question: How do 
we assess the current state 

of ocean protection and measure 
progress towards the ambitious 30 x 
30 goal to conserve 30 percent of the 
world’s ocean through highly protected 

areas? The challenges are many. What 
types of areas and restrictions will 
meet the definition of “conservation” 
and exceed the threshold for “highly 
protected”? Where will the necessary 
data come from to conduct assess-
ments, and how will it be verified? How 
will levels of protection be assessed 

and communicated to the United 
Nations, governments, NGOs, and the 
public? The ProtectedSeas Marine 
Managed Areas (MMA) project seeks to 
answer many of these questions and 
do so in a transparent and accessible 
way.

Transparent Data for ProtectedSeas 
By Virgil Zetterlind, Jennifer Sletten, Timothe Vicent, Anthropocene Institute - ProtectedSeas
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Transparent MPA Data
In 2015, existing databases docu-

menting Marine Protected Areas (MPAs) 
included the names, types, and loca-
tions but lacked information on specific 
restrictions. As a result, the MMA project 
was launched and has since been 
expanding the available information on 
where the ocean MPAs exist to include 
how it is protected. We do this by docu-
menting implemented restrictions at 
the area level through a detailed review 
of management plans, regulations, and 
published law at the area national and 
sub-national level. The project’s initial 
goal was to help policymakers and the 
philanthropic community understand 
existing protections to better inform 
where new protections might best occur 
for species of interest, and to create 
wildlife corridors to better enable the 
survival of species and ecosystems. 

In building this resource, the restric-
tion status of key fishing gear types 
and extractive activities are individu-

ally reviewed, and specific species of 
concern are noted for each marine-
managed area. Where information is 
available, fisheries management and 
other area-based measures with con-
servation impact are also reviewed and 
included, an important consideration as 
Other Effective Conservation Measures 
(OECMs) will likely factor in 30 percent by 
2030 assessments. 

We developed a five-level heuristic 
Level of Fishing Protection (LFP) score to 
help predict the effectiveness of MPAs, 
and assign a score to each area using a 
simple decision tree. The five levels rep-
resent a sliding scale of protection – from 
No Take / Fully Protected to No Addi-
tional Benefit - and give users a general 
sense of how much marine life extraction 
can occur in the area. The LFP score 
allows quick comparisons between indi-
vidual MPAs and MPA networks, and can 
provide a basic snapshot of Exclusive 
Economic Zone (EEZ) protected area 
coverage for each protection level. 

Photos by: Virgil Zetterlind
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Accessible MPA Data
In 2017, ProtectedSeas published 

its U.S. data in partnership with the 
NOAA MPA Center. Since then, we have 
published data for more than 70 addi-
tional countries and overseas territories, 
and the High Seas. With over 11,000 
areas now included, we are on track to 
complete global coverage by 2022. The 
MMA information is free to use and is 
provided in many formats and tools for 
different audiences, including fishers 
and boaters via a mobile-friendly web 
map, and managers and researchers via 
ArcGIS Online.

Especially relevant to the UN Ocean 
Decade, ProtectedSeas partnered with 
the SeaSketch program at the University 
of California Santa Barbara to develop a 
simple, online map to calculate in-place 
ocean protection percentages at the 
national EEZ level for countries in the 
MMA database. Each national EEZ 
displays the current percent area cover-
age of protections by Level of Fishing 
Protection classification. Using the tool, 
it is quickly apparent that most countries 
are far from the 30 percent goal, even 
under an assumption that 30 x 30 will 
include less than fully protected areas in 
its “highly protected” definition. Palau is a 
notable outlier since they have achieved 
85 percent coverage. With help from this 
tool, users can create hypothetical MPAs, 
assign an expected level of protection, 
and recalculate national EEZ statistics to 
see how coverage would change.  

Meeting the 30 x 30 Goal
Examining the level of fishing 

protection by national and sub-national 
areas provides insight into the progress 
needed for 30 x 30. For example, there 
is a significant difference in percent 
protection between state (coastline to 
three nautical miles) and federal (three 
nautical miles to EEZ boundary) waters in 
the waters off California. 

Assuming 30 x 30’s ‘highly protected’ 
definition is aligned with the Protect-
edSeas’ heavily and most restrictive 
categories, 13.4 percent of California 
state waters would qualify, but less 
than 0.2 percent of federal water off 
California would meet the definition. 
At the U.S. national level, 25 percent 
of waters fall within ProtectedSeas 
Heavily and Most restrictive categories. 
Notably, the vast majority of this highly 
protected area (nearly 90 percent) falls 
within the Papahānaumokuākea and the 
Pacific Remote Islands Marine National 
Monuments, while highly protected area 
coverage in other regions, such as the 
Atlantic and Gulf Coast, are in the low 
single digits.  

The U.S. strategy to achieve 30 x 
30 raises some interesting questions: 
should the goal to protect 30 x 30 
include representative swathes of biodi-
versity that are spread across geography 
types, or be concentrated in large MPAs 
in remote areas? 

In many cases, regulations overlap. 
Current protection calculations are 

based on using the highest individual 
Level of Fishing Protection score among 
overlapping areas. But this has the 
potential to underestimate the overall 
protection level where regulations are 
complementary and additive in nature. 

New techniques are in develop-
ment to assess the protection level 
of a particular location in terms of the 
combined effect of these jurisdictional 
overlaps. ProtectedSeas is using HEX 
grid analysis, that visually depicts the 
additive effect of the combination 
of regulations, to formulate a more 
precise protection score taking all of the 
regulations into account simultaneously. 
This analysis has been conducted for 
California. However, if we are to improve 
calculations, more information on local 
regulations is needed, especially those 
established by management authorities 
outside of traditional MPA regulation, 
such as mineral exploration and fisheries. 

ProtectedSeas global maps also 
reveal some interesting paths to achieve 
30 x 30. On a global scale, 30 x 30 
cannot be achieved without protecting 
large areas of the High Seas which are 
beyond national jurisdictions. The High 
Seas represent roughly 60 percent of the 
total ocean area. Assuming each national 
government reached its 30 percent goal, 
30 percent of the High Seas would still 
need to be highly protected to achieve 
the global goal. If national protections are 
not increased from their current levels, 
nearly 50 percent of the High Seas would 
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need to be protected to meet 30 x 30. 
With less than one percent of the High 
Seas highly protected today, international 
efforts are needed to drastically increase 

High Seas MPAs in any scenario.
New standards for protection clas-

sifications and definitions, such as the 
MPA Guide, are being formed to calculate 

levels of protection more comprehen-
sively to track global progress. Protect-
edSeas MMA database and Levels of 
Fishing Protection should be compared 
with MPA guide levels to establish 
correspondences and help establish a 
current baseline. Ideally, any new protec-
tion classification system, if developed, 
should be relatable to a common global 
standard to enable comparisons.   

Creating an Accessible Ocean 
as defined in the UN Ocean Decade 
outcomes requires transparency on the 
level of marine protection that is interna-
tionally comparable. This is a necessary 
first step in realizing the six other Ocean 
Decade outcomes, which are predicated 
on informed, science-based manage-
ment at a scale hitherto unknown. The 
ProtectedSeas MMA free data and tools 
can accelerate assessments of coun-
tries in their progress towards 30 x 30 
and play a helpful role in outlining options 
towards attaining this critical goal.  

Discover more:
ProtectedSeas MPA Project –www.protected-
seas.net/mpa-mapping

EEZ Protection Level Calculator & Other Tools 
–www.protectedseas.net/mpa-applications

Marine Policy Journal Article - https://doi.
org/10.1016/j.marpol.2020.104340
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Changing the Way Ocean 
Business is Done
By Nancy Andrews, Canada’s Ocean Supercluster
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O
ur ocean is under immense pressure. By working 
together, embracing diversity of experience, capabili-
ties, and knowledge, we can not only achieve greater 
ocean health but also greater ocean productivity. This 

is one of the most important opportunities of our time. 
Canada’s Ocean Supercluster is an industry-led, national 

ocean cluster that’s changing the way ocean business is done. 
By bringing together startups, scaleups, as well as mature 
organizations from coast-to-coast-to-coast across different 
ocean sectors, the cluster is fostering new partnerships and 
innovative projects built on collaboration between industry, 
research, not-for-profits, investors, and government that may 
not have otherwise been realized. With more than 50 projects 
approved, the Ocean Supercluster is accelerating develop-
ment of digital, sustainable, and inclusive solutions as well as 
gathering and sharing data to support better decision-making 
for everyone.

“If you look at everything from energy security and the 
potential of marine renewables including offshore wind and 
tidal energy; or food security and how a healthier ocean can 
produce six times the protein than it does today to help feed 
the world; or marine transport and how to most efficiently 
move goods; and the fact that every second breath we take 
is from the ocean, the future of oceans and how we produce 
them is not only critical to our economy but to humankind,” 
said Kendra MacDonald, CEO of Canada’s Ocean Superclu-
ster.

Canada is an ocean nation, and for centuries the ocean has 
shaped our economy and the fabric of who we are. Despite our 
geographic advantages, resources, and deeply-rooted history 
in ocean, there remain barriers for participation of Indigenous 
people, youth, women and other under-represented groups 
and, as a result, there’s been great opportunity left unfulfilled.

While Canada has the longest coastline in the world, 
the majority of Canadians don’t live in close proximity to an 
ocean. Traditionally, those engaged in the ocean economy 

have largely done so with a regional focus lacking a national 
cohesiveness that would benefit sectors and regions in under-
standing shared challenges and how to leverage collective 
strengths. And, despite the deep connection and knowledge 
Indigenous people have around water, they continue to experi-
ence disparity in participation in the ocean economy. 

Through the work of Canada’s Ocean Supercluster, change 
is happening. Together with more than 400 members and part-
ners, the cluster is building a well-connected national network 
and breaking down silos so everyone better understands 
Canada’s ocean opportunity, risks to ocean health, and how 
they can play a role. The Ocean Supercluster has two core 
streams of activity that contribute to a more accessible ocean. 
The first is focused on building a robust innovation ecosystem 
and the second on the development and commercialization of 
technology leadership projects. 

The Ocean Supercluster is making available training, 
mentorship, internships, and employment to build capabilities 
and help bridge gaps, enabling a more diverse, inclusive, and 
accessible ocean for all Canadians. We explore some of these 
projects below:

Increasing participation in Canada’s ocean 
economy begins with understanding the gaps. 

Ocean Allies is researching and reporting on the state 
of diversity, equity, and inclusion in ocean sectors. Recently 
the project team released a preliminary report, highlighting 
key challenges and recommendations that will be expanded 
through their continued work. Challenges identified include: 
under-representation of historically marginalized groups; lack 
of cultural awareness and understanding; unfavorable percep-
tions of ocean sectors as a career path; lack of awareness 
of opportunities in ocean sectors; and deeply embedded 
systemic barriers. To begin to address these challenges, Ocean 
Allies has outlined recommendations for industry and employ-
ers that can be found in the preliminary report.
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Data is critical to understanding opportunities and 
risks, informing how we sustainably grow the ocean. 

Through a pan-Canadian collaboration including research 
and industry partners, Vitality is developing low-cost data 
streams as well as software that lowers the barrier to entry 
for application of data, and training to address skills gaps for 
100 trainees. The project is also building tools and linkages 
between the Canadian Integrated Ocean Observing System 
and emerging data-heavy sectors: aquaculture, tidal energy, 
and offshore wind, creating additional capacity and demon-
strating the value of shared, accessible data.

The Ocean Supercluster also has several technology 
leadership projects underway that support greater accessibility 
in ocean through the collection and availability of data essential 
to decision-making, ultimately making our ocean safer, more 
productive, and more resilient. These include collecting: DNA 
through ocean water and sediment in the OceanDNA System; 
fish health and movement data through Ocean Aware; high 
resolution and sea floor imaging through Ocean Vision; a 
platform for the development, validation and commercializa-
tion of digital twins through Digital Offshore Canada; real-time 
iceberg and wave data through Rutter Internet of Things; and 
remote operations for ocean mapping through CARIS Cloud 
Technology. 

Building the future of ocean means engaging youth. 
Blue Futures Pathways connects youth across Canada 

with education and employment opportunities, and provides 
support to participants in pursuing an ocean career. The project 
is supportive of Canadians aged 18-30 years with a particular 
focus on the inclusion and inspiration of under-represented, 
remotely located, and Indigenous people. The team expects to 
engage 2,500 youth and 250 employers through their digital 
platform where tools, training, and mentoring are on offer for the 
next generation of ocean workers, in addition to the creation of 
150 internships to guide youth toward careers in ocean.

Turning ideas into new ocean companies. 
The Ocean Startup Project is working to make Canada the 

best place to start and grow an ocean company. The project 
helps early-stage companies develop their ideas, providing 
the opportunity for funding as they progress. In addition, 
these companies gain access to 20 industry-leading mentors 
who provide guidance, access to networks, and share their 
experience. “We work with a wide-range of startups with big 
ideas that can solve significant challenges in ocean, particu-
larly around sustainability. It’s exciting for these entrepreneurs 
knowing large companies are increasingly looking to SMEs 
to help solve their problems in ocean,” said Stephen Hale, 
program mentor and Vice President of Rutter.

The Ocean Startup Project is supporting the development 
of approximately 40 early-stage companies. Fourteen of 
these are now readying to generate revenue for the first time, 
of which five are led by female founders and three are working 
from the interior of Canada with no immediate access to the 
ocean, and all of them have the potential to redefine aspects 
of different ocean sectors with their solutions.

The Ocean Supercluster also supports smaller projects 
with potential for big impact. Through an investment in seed 
funding in partnership with the Ocean Frontier Institute, three 
innovative ideas have received support to embark on their 
work including: a new way to take whale skin samples using 
drones; making collection of underwater measurements and 
data easier and more reliable with Internet of Underwater 
Things architecture; and a three-part discussion series on 
Indigenous knowledge systems.

Indigenous engagement, participation, 
and collaboration. 

Indigenous people are natural collaborators in ocean 
science, conservation, and sustainable development. Con-
nection to water, whether it’s a lake, a river, or an ocean, is 
engrained in Indigenous culture. As partners and participants 
in both innovation ecosystem and technology leadership 
projects and through the efforts of the Indigenous Working 
Group, the cluster is seeing Indigenous knowledge help 
inform ocean solutions, and work towards increasing Indig-
enous participation in the ocean economy. The Indigenous 
Career Pivot Pilot Project is one such activity, designed 
to create opportunities for mid-career Indigenous people 
wishing to pursue a career in ocean but may face barriers. 
Emily Best of Nunatukavut, Labrador is currently in a place-
ment as Northern Communications Lead for SmartIce and 
says, “I had been looking for a change, and I knew when I saw 
the Career Pivot Program there was an opportunity for me 
there.” Through placements with Ocean Supercluster member 
companies, Indigenous participants and their matched 
employers receive training and support to launch their new 
ocean careers. 

The sustainable growth of our ocean is a global conversa-
tion garnering increased attention and greater focus through 
the UN Decade of Ocean. It’s also a conversation about 
climate change where our ocean is critical and particularly 
relevant to the Canadian Arctic which feels the impacts of 
global warming more rapidly. The High-Level Panel for a 
Sustainable Ocean Economy highlights the decisions made 
today with respect to ocean activities from emissions to 
marine protected areas to carbon storage to the future of 
industries like offshore energy, aquaculture, and the wild 
fishery have implications for decades to come. To make the 
right decisions on these complex issues, we need data from 
all available sources to inform our decisions and increase 
ocean awareness, engaging everyone who is willing to 
participate worldwide. Canada’s Ocean Supercluster, through 
its portfolio of projects and in collaboration with members 
and partners, is actively engaged in this global conversation, 
encouraging Canadians to work together and play a role in the 
development of sustainable solutions that balance the health 
and productivity of our ocean from coast-to-coast-to-coast.

Interested in learning more? The Future Code: Future of 
Oceans episode featuring Canada’s Ocean Supercluster can 
be viewed at:

 > https://www.youtube.com/watch?v=NRwEMxTeSXA&t=12s
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Ocean Leadership to 
Leave No-One Behind 
By Harriet Harden-Davies (University of Wollongong), Charlie Gough (Blue Ventures), Hugo Tagholm 
(Surfers Against Sewage), Adam Miller (Planet Indonesia), Yolanda Sanchez (RELATO), Shirley Binder 
(Ministry of Environment, Panama), Meriwether Wilson and Amber Carter (University of Edinburgh).
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W
hat does a leader look like? 
If you think an article about 
ocean leadership is not about 
you, pause for a moment. If 

you have ever made a change, improved 
something, or inspired someone to learn 
something new, or try a new approach – 
are you not a leader?

Outcome 6 of The United Nations 
Decade of Ocean Science for Sustain-
able Development (the Ocean Decade) 
aims to create an ‘accessible ocean’. An 
ocean where inequalities in access to 
ocean science for sustainable develop-
ment are eradicated and with increased 
parity in opportunities to engage in 
knowledge generation and decision-
making.

To achieve an accessible ocean, it 
will require us to bring together diverse 
people and perspectives, amplify 
marginalized voices and recognize, 
champion and celebrate leadership in its 
many forms. However, across all sectors 
of ocean science, many leaders are not 
recognized for the pivotal roles they 
play – as individuals and within the larger 
settings and systems that they are part 
of.

 To achieve an accessible ocean will 
require a transformative change in the 
framing of ocean leadership: leadership 
to leave no-one behind.

 

Diverse Voices of Ocean Leadership

While there are keystone species 
or ‘ecological leaders’ in nature, there 
are no components of nature that act 
alone. Ocean ecosystem resilience and 
adaptation are dependent on natural 
balances of diverse marine species 
interacting within their environments, 
fulfilling specialist roles that are vital to 
the existence of themselves and others. 
Human systems function in similar 
ways. An individual’s success is rarely 
achieved alone - but through a wealth of 
experiences, opportunities and shared 
interactions. 

 The Ocean Decade goals will not 
be achieved by an individual leader, 
but through a complex ecosystem of 
leaders and teams working together. An 
organization’s goals are never achieved 
by the chief alone - but by a team. 
The diverse scales and pace of ocean 
challenges we see today, require creative 
solutions found through multiple teams 
working together to solve problems 
from different perspectives and starting 
points. For many of us going into the 
Ocean Decade, our teams are likely to 
include different specialist perspectives 
(e.g., in science, conservation, finance, 
data management, fundraising, policy 
administration, communication and 

Yolanda Sanchez, co-founder of RELATO marine education network.

UN DECADE OF OCEAN SCIENCE FOR SUSTAINABLE DEVELOPMENT  eco 215www.ecomagazine.com/subscribe



education), from which we form networks 
that connect people locally, regionally 
and globally. The more diverse such 
networks become, and the more that 
leaders engage with each other beyond 
our specialisms and silos, the stronger 
the solutions we can forge.

Yet often, the prevailing stereotype of 
a leader can narrow the lens of leader-
ship and create barriers to inclusion 
and innovative solutions. This leads to 
problems, for example, when decision-
making processes side-line marginal-
ized communities and fail to recognize 
local experts and traditional leaders as 
informed authorities with decades of 
experience. Siloed thinking can discour-
age people from recognizing their own 
expertise and role as a leader, wherever 
they may fit into the spectrums of lead-
ership. It is often just a few individuals 
who are most celebrated, rather than all 
the members of the team who together 
made the difference.

 Here, we propose that encouraging 
and supporting leadership, at every 
level and in all its forms, will be critical 
to the success of the Decade. Previous 
and current leadership thinking has yet 
to solve the immense problems that 
face our ocean and the people who 
are dependent on them. More effort is 
needed on understanding and creat-
ing the enabling conditions that allow 
for diverse leaders to emerge, to be 
ambitious in recognition of themselves 
as leaders and the ecosystems in which 
they exist. Only then, can the vision of 
the Ocean Decade be realized in ways 
that are equitable and sustainable for 
current and future generations of ocean-
dependent species and societies.

Reflections from the Edinburgh 
Ocean Leaders Program

 For the past year, ‘we’, the first cohort 
of the Edinburgh Ocean Leaders (EOL) 
program, have been exploring ocean 
leadership challenges and solutions. 
The program is a collaborative partner-
ship founded by University of Edinburgh 
and the Prince Albert II of Monaco 
Foundation, to accelerate the leadership, 
creativity and influence of exceptional 
mid-career ocean professionals working 
together to make a significant positive 
impact on ocean health. EOL’s underly-

ing ‘theory of change’ is that distributed, 
creative and enabled leadership is a 
prerequisite to achieving this urgent and 
transformational positive change. 

 Our cohort was brought together 
from across the globe as a group of 
strangers with diverse voices and 
specialisms. We quickly formed a close 
community providing a ‘safe space’ 
where we could speak openly. We 
found that expressing our vulnerabilities 
through speaking of leadership chal-
lenges or self-confidence struggles 
was not a source of weakness, but of 
strength and growth.   

Before the program, some of us had 
never managed to shake the feeling 
of the imposter syndrome – the nig-
gling doubts that we didn’t fit the mold 
of a leader and there had been some 
misunderstanding. We quickly learned 
that there are many ways of leading, 
and recognized that we don’t have to 
conform to any particular ideal in order to 
reach our own potential as leaders. 

Together, we collectively learned 
about effective leadership behaviors and 
practiced skills to apply them: to listen 
more attentively, speak more clearly, 

coach more considerately, make space 
for all to be heard and provide silence to 
reflect. 

We have come to the view that ocean 
leadership is within us all – it is about 
rising to a challenge, making a difference 
and empowering others. It requires rec-
ognizing our own strengths and limita-
tions: when and how we can help others 
and when we need help ourselves.

 Actions to Empower Leaders 
Through the Ocean Decade

 To influence positive change in 
the Ocean Decade we don’t just need 
type A leaders, we need every type 
of leader from A to Z. Yet how many 
untapped leaders are out there who do 
not recognize themselves as leaders, or 
are not recognized by systems as such? 
How much would they benefit from more 
opportunities to learn from others, and 
inspire others? We identify three actions. 

 First, to empower ocean leadership 
through the Ocean Decade we all first 
need to refresh the stereotype of ‘what a 
leader looks like’. It is often said that good 
leaders surround themselves with brilliant 
people – the experts, the advisers, the 

Hugo Tagholm, Chief Executive of Surfers Against Sewage. Photo credit : Andy Hughes.
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scientists, the specialists etc. Are these 
people not also leaders in their own 
right? We can recognize that leadership 
is in us all - it emerges in different guises 
and should be celebrated for its diversity.

 Second, we should identify the 
systemic barriers to recognizing all 
ocean leaders - including all relevant 
perspectives in decision-
making through the Ocean 
Decade. We must support, 
value and listen to new 
and different voices and 
create a more inclusive 
and equitable approach to 
ocean science for sustain-
able development. It is 
essential to recognize that 
local organizations and 
individuals nested within the 
seascapes of which they are 
stewards are perhaps the 
most informed and subse-
quently the most important 
voices to amplify in the 
Ocean Decade. We can all 
help addressing systemic 
barriers by reflecting on 
our own perspectives and 

biases, identifying the gatekeepers, and 
proactively seeking new ways of working 
in partnerships and addressing power 
imbalances.

 Third, we should champion 
approaches that promote emerging 
ocean leaders. Identifying, promot-
ing, supporting emerging voices and 

specialist leaders and creating alliances 
between them for the Ocean Decade is 
vital. We can find and adopt new ways of 
thinking, listening and understanding, and 
help create the space for new narratives, 
opinions and solutions to be brought 
forth. If we follow new pathways and 
listen to voices that may have previously 
been marginalized, solutions that we may 
not even believe possible today may 
come to light. Institutionalizing mentor-
ing, coaching and professional develop-
ment opportunities, if done carefully, can 
serve to support emerging leaders and 
help build lasting capacity.

The eradication of inequalities 
envisaged in Ocean Decade Outcome 
6 an ‘accessible ocean’, can only be 
achieved with leadership that leaves 
no-one behind. This requires more than 
science skills, knowledge and technol-
ogy - it requires skills to utilize ocean 
knowledge for sustainable development, 
listen carefully, communicate clearly, and 
collaborate effectively. 

Ocean leadership exists everywhere, 
in everyone. How might you be a leader in 
the Ocean Decade?
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Marine Data and 
Knowledge For All

EMODnet: Europe’s free and open 
access marine knowledge broker 

By the EMODnet Secretariat
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H
ow can we make ocean data accessible for all? And 
how can we democratize this process to ensure 
that all ocean stakeholders benefit from the marine 
knowledge needed to make informed decisions and 

champion a green transition towards a more sustainable 
society? In Europe, the long-term marine data and knowledge 
broker, European Marine Observation and Data Network 
(EMODnet), provides a global gateway to ocean information 
in a free, open and user-friendly way. Founded in 2009 
by the European Commission and funded by the European 
Maritime and Fisheries Fund, EMODnet’s core philosophy has 
always been to collect data once and reuse it many times, 
following the FAIR data principles, i.e., making data Findable, 
Accessible, Interoperable and Re-usable. 

Over the past decade, EMODnet has grown into a network 
of over 120 organizations and thematic experts, including 
European marine data management networks and infra-
structures. Working in collaboration, this Network collectively 

delivered the EU’s Marine Knowledge 2020 Strategy objective 
for a high-resolution multi-parametric map of European seas. 
This was an unprecedented achievement given that ten years 
ago, ocean data were mostly segregated into silos with no 
focal point and no commonly agreed standards for harmo-
nization and integration. Such ambition and progress have 
made EMODnet what it is today: A global leader in marine 
data management and sharing, providing essential marine 
knowledge brokerage and open-access to the most compre-
hensive in situ marine datasets. 

“EMODnet has been responsible for a phenomenal 
change in stakeholder collaboration. It has provided the 
structures, the frameworks, and the momentum for individu-
als, organizations and funding agencies to come together and 
allow cooperation and access on a long-term basis,” explains 
Niamh Connolly, Director of Projects, University College Cork, 
Formerly Head of the European Marine Board 2002-2009.
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Creating Knowledge, Enabling Action

Ocean data are a valuable asset as we prog-
ress towards a sustainable and healthy future 
for the ocean. In particular, sharing data from 
diverse communities and, in turn, making data 
more accessible for all users ultimately benefits 
humankind, our ocean, and the planet. 

To support a move towards more equitable 
and transparent data-sharing (and improve 
access), EMODnet has been working in key 
regional and international partnerships with the 
Copernicus Marine Service and the Interna-
tional Oceanographic Data and Information 
Exchange (IODE) of the Intergovernmental 
Oceanographic Commission (IOC). We are 
working together to agree on common standards and promote 
data sharing with trusted public data services. 

Society must have access to the information needed to 
address societal challenges, including the unprecedented 
pressures of climate change, unsustainable economic activi-
ties and pollution which are threatening our global environ-
ment and society. Being able to exchange and make use of 
high-quality data will be crucial to achieving “holistic system” 
assessments, integrating different data and information cover-
ing the marine environment, human activities and socioeco-
nomics. An ability to access and use big data analytics tools, 
model simulations and predictions will also play an important 
role. Fortunately, this is already happening and will be further 
catalyzed by EMODnet and other data services through the 
UN Ocean Decade. The ultimate goal is to enable end-to-end 
ocean science and support sustainable solutions to economic 
recovery after the COVID-19 pandemic and the necessary 
green transition to meet the European Green Deal targets. But 
also, to meet the UN Sustainable Development Goals, including 
those related to ocean and climate information to deliver global 
food security, and ocean and human health and well-being. 

An Innovative and Globally Unique Resource
EMODnet serves as a cross-thematic, operational data 

service. It provides a trusted focal point for in situ ocean obser-
vations spanning ocean environmental characteristics across 
various disciplines—including 
bathymetry, biology, chemis-
try, geology, physics, seabed 
habitats, and human activities 
related to the ocean. EMOD-
net’s multidisciplinarity makes 
it unique globally and truly 
innovative—a vital resource 
for society to access and 
utilize data, data products and 
wider information that can 
contribute to all seven of the 
Decade’s outcomes. 

EMODnet’s data, prod-
ucts and services enable 
more effective measurement, 

monitoring and mitigation of pollution and cumulative human 
impacts at sea. They contribute to a safer and more predictable 
ocean through more effective early warning systems and long-
term predictions. Mapping seabed habitats and knowing the 
abundance and extent of marine biodiversity and the factors 
that influence these contribute to understanding and maintain-
ing ecosystem services and the restoration of a resilient ocean. 

Enabling a more sustainable Blue Economy, support-
ing livelihoods, and providing sustainable food, energy, and 
recreational opportunities have all played an important role in 
channeling EMODnet’s long-term focus. EMODnet has already 
concretely contributed to evidence-based decision-making 
and policy assessments, including the European Regional Sea 
Convention Quality Status reports and Intermediate Assess-
ment reports of OSPAR, and supported offshore operators and 
advanced marine scientific studies. 

A European Initiative with a Global Reach
Marine borders exist only on maps, and in reality, there 

is only one global ocean. As such, EMODnet is increasingly 
operating in a global context. We connect with other regional 
data services across the world to exchange expertise and best 
practice on interoperable data and ensure common standards. 
We also contribute to international capacity building and work 
with international data providers and users to deliver a more 
equitable global society with access to the right data and 

information to address global 
challenges. 

Our activities span global 
data coverage for oceanogra-
phy and biodiversity data, main-
taining international dialogue 
in data-sharing, including the 
EMODnet PArtnership for China 
and Europe (EMOD-PACE) 
project, and the contribution 
of EMODnet Biology to the 
international Ocean Biogeo-
graphic Information System 
(OBIS). EMOnet Bathymetry 

is the European contribution to 
the global Seabed2030 initiative, 

VIDEO: “Ten years of EMODnet in 10 minutes”: To celebrate a 
decade of development and achievements we asked some of 
the people behind EMODnet to tell its story and what it means 
for them.  https://www.youtube.com/watch?v=SCILTxDrMzE



EMODnet provides access to marine data across seven discipline-based themes
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further strengthened through a Memorandum of Understand-
ing (MoU) in 2019. 

EMODnet is also a European focal point for the developing 
IOC Ocean Infohub, an initiative of IOC-IODE. All of these are 
made possible by standardization and interoperability of data, 
making it available to global users and wider society. Interoper-
ability with international initiatives, e.g., IODE, is essential to 
ensure standards, best practices and capability are built upon 
to contribute to the global, community-driven effort.

“EMODnet is a true hallmark in Marine Observations, Data 
and networking, and is hugely important, not only for Europe, 
but as an example for other regions, and a valuable partner for 
IOC of UNESCO,” said Vladimir Ryabinin, Executive Secretary of 
IOC-UNESCO.

Transparent and Equitable Access
Global efforts to develop a more ‘Ocean Literate’ society 

are also fundamental for society to understand and value our 
marine environment and feel empowered to change behavior 
towards a greener and more sustainable lifestyle. This relies on 
open access to data and information that can be understood 
and used by all. EMODnet currently powers the European 
Atlas of the Seas, an innovative European Commission-
funded online mapping tool for a broad audience, providing 
hundreds of data layers in an easily accessible and under-
standable way. The Atlas offers a catalog of more than 285 
interactive map layers for users to explore, collate and create 
their own marine and coastal maps in 24 languages. These 
range from maps on Europe’s marine environment, cover-
ing topics such as nature and marine environment, tourism, 
security, energy and transport, sea-level rise, fish consumption, 
and much more. Maps can be printed, shared and embedded in 
articles or presentations. 

The Atlas is already used by marine domain specialists 
and citizens alike to increase their knowledge of our marine 
environment and provides a fun and friendly way for educators 
to create ocean awareness and nurture a generation of ocean 
stewards with a strong relationship to the ocean and the role it 

plays in sustaining our planet. It is already a key digital tool for 
EU4Ocean, a European Ocean Literacy initiative that connects 
youth, schools and marine professionals to co-create ocean 
literacy tools and resources for society. 

Jan-Bart Calewaert, Head of the EMODnet Secretariat, said, 
“EMODnet’s expanding number of societally relevant datasets 
continue to power the European Atlas of the Seas, making our 
network the main data provider of this important ocean literacy 
tool, thus further exposing EMODnet data and products to a 
growing and more diverse audience across Europe and the 
World.”

A Decade of Opportunities
As we enter the UN Ocean Decade, EMODnet is a fully 

operational user-driven service, with the vision to continue 
to increase its coverage and resolution of existing data 
parameters, while expanding the diversity of data products 
and sources of data to include even more societally relevant 
data parameters, e.g., for the coastal zone, including river 
runoff, coastal erosion and sea level. Dialogue with European 
and global partners will ensure a more comprehensive and 
interoperable “offer” of data and information for the Decade. 
Diversifying the data sources that are integrated into EMODnet 
will bring broader stakeholders into the dialogue and the full 
marine knowledge value chain, which is central for EMODnet to 
continue to evolve, strengthen and play a key role in realizing a 
truly accessible, transparent, and valued, ocean. 

“If we want to be successful, we need knowledge, and for 
this, we need data. EMODnet is a tool that ultimately reduces 
the risk of all investments that are needed linked to the ocean. 
It is supporting our future development, one that we would 
like to be of course the most sustainable possible,” concludes 
Andreea Strachinescu, Head of Unit, European Commission’s 
Directorate-General for Maritime Affairs and Fisheries (DG 
MARE).

 > www.emodnet.eu

 > www.european-atlas-of-the-seas.eu

The European Atlas of the Seas landing page
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ISA trainee Judith Owusu on board a Japan Oil, Gas and Metals 
National Corporation (JOGMEC) exploration ship, 2017

eco  UN DECADE OF OCEAN SCIENCE FOR SUSTAINABLE DEVELOPMENT222



Promoting Women Empowerment 
and Leadership in Deep-Sea 
Science and Technology 
By International Seabed Authority

A
s the world increasingly looks towards the ocean 
to address its ever-evolving needs, marine sci-
entific research is critical to ensure that ocean 
resources are used and managed sustainably. 

The central role of robust ocean science has long been 
recognized, as reflected in several international trea-
ties, including the United Nations Convention on the 
Law of the Sea (UNCLOS) but this year, it has gained 
new momentum with the launch of the United Nations 
Decade of Ocean Science for Sustainable Development 
2021-2030. 

The equitable integration of all stakeholders is 
essential if we are to align global development efforts 
towards a sustainable and accessible ocean for all. This, 
therefore, requires that delivering the ocean science for 
the future we want be inclusive, including from a gender 
perspective. 

However, despite numerous global and national 
initiatives, women, like in many other sectors, continue 
to be underrepresented in ocean science, particularly 
in highly technical streams such as deep-sea research. 
For example, ocean observation and ocean technology 
areas are still dominated by men, comprising almost 
75 percent of researchers [from “Women in Ocean 
Science – Where are we in terms of gender equality?” 
by Isensee et al., EGU General Assembly Conference 
Abstracts. 2018]. The significant lack of parity in female 
representation in leadership positions in marine science 
is also remarkable, with women scientists continuously 
dropping out at consecutive career stages, a phenom-
enon referred to as the “leaky pipeline”. 

The overall underrepresentation of women is 
estimated to be even more pronounced in vulnerable 
countries such as the Least Developed Countries 
(LDCs), Land Locked Developing Countries (LLDCs) 
and Small Island Developing States (SIDS). While the 
global average of women personnel in ocean science 
is reported to be 37 percent, it varies widely among 
nations, ranging from only seven percent in the Demo-
cratic Republic of the Congo to around 72 percent in 
Ireland, according to the Global Ocean Science Report 
2020. The challenges faced by women, particularly 
those from the LDCs, LLDCs and SIDS, in participating 
in highly technical categories of ocean science and 

accessing leadership positions can be many, including 
limited resources, limited access to information, limited 
awareness and opportunities, limited access to sea, and 
cultural and gender-specific factors. Being the principal 
intergovernmental organization assigned by UNCLOS 
with the responsibility to promote and encourage 
marine scientific research in the international seabed 
area (the Area), the International Seabed Authority (ISA) 
is actively developing strategic and tailored initiatives to 
address these challenges.

The mission of ISA is to organize and control 
activities in the Area for the benefit of all humanity. In so 
doing, ISA has the duty to coordinate the dissemination 
of research results as well as facilitate the participa-
tion of developing States in deep-sea exploration and 
research programs. ISA is leading the way by placing 
gender empowerment and leadership at the core of its 
action since 2017, when it was the first and only entity 
to register a voluntary commitment on enhancing the 
role of women in marine scientific research at the 2017 
UN Ocean Conference (#OceanAction15467). As an 
International Gender Champion, the Secretary-General 
of ISA, Mr. Michael W. Lodge, is also committed to 
turning the tide. 

To take these commitments to the next level, ISA 
has joined hands with the United Nations Office of the 
High Representative for the Least Developed Countries, 
Landlocked Developing Countries and Small Island 
Developing States (UN-OHRLLS). The two organizations 
will implement a project specifically designed to create 
the enabling conditions to promote the participation of 
women in deep-sea research and their access to lead-
ership positions, particularly for women scientists from 
the LDCs, LLDCs and SIDS, whilst increasing actions to 
enhance the scientific and technological capabilities of 
developing countries, two prerequisites to an inclusive 
ocean science for sustainable development.  

Working with political and industry leaders as well 
as the scientific community, academia, and relevant 
international and regional organizations, this initiative 
will increase availability of data and information to better 
understand gender specific barriers and devise ways 
to systematically remove them. A series of capacity 
development programs with a particular focus on 
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enhancing integration of women scientists from developing 
states in deep-sea research has already been implemented 
by ISA and will be fostered in the context of the Action Plan 
adopted by ISA in December 2020 in support of the UN 
Decade of Ocean Science. Some of these initiatives include 
the Contractor Training Programme, the Endowment Fund for 
Marine Scientific Research, the ISA Internship Programme and 
the African Deep Seabed Resources project. 

Through enhanced collaboration with ISA exploration 
contractors in particular, ISA has progressively increased the 
number of qualified women selected for high-skilled training 
programs. In 2014, 25 percent of trainees were women. This 
was increased to 42 percent by 2017 and 50 percent by 
2019. Over 140 women have benefitted from ISA capacity 
building programs so far. Five of them and their unique experi-
ence are presented here.

Dr. Khaira Ismail, Marine Geologist - Malaysia
In 2019, Khaira participated in an ISA contractor training program provided by the Ministry 

of Oceans and Fisheries of the Republic of Korea and joined a Korea Institute of Ocean Science 
and Technology (KIOST) international expedition in the Indian Ocean to acquire geological and 
biological baseline data in the Onuri vent. Today, Khaira is a senior lecturer at the Universiti Malaysia 
Terengganu. She specializes in seafloor and habitat mapping and her current interest is geared 
towards incorporating climate change in environmental management planning for deep-sea 
mining. She has been appointed as a member of a technical working group to formulate the legal 
framework for seabed and deep-seabed mining in Malaysia.

Judith Owusu, Geochemist - Ghana
In 2017, Judith participated in an ISA Contractor Training Programme and joined an exploration 

expedition with Japan Oil, Gas and Metals National Corporation (JOGMEC). In 2020, she spent two 
months at the ISA Secretariat under the Africa Deep Seabed Resources (ADSR) project led by ISA, 
the African Union and the Norwegian Agency for Development Cooperation. Judith currently works 
at the Ghana National Petroleum Corporation where she uses physical and inorganic chemistry to 
investigate chemical elements in rocks and minerals. She is also an industry expert visiting lecturer 
at the Kwame Nkrumah University of Science and Technology.

Christina “Tina” Pomee, Marine Geoscientist - Tonga  
In 2015, Tina participated in an ISA Contractor Training Programme and joined an exploration 

cruise as Lead Scientist in the Clarion-Clipperton Zone (CCZ) in the Pacific to collect data on 
polymetallic nodules. Today, in her role as marine geoscientist and Country Manager with Tonga 
Offshore Mining Limited, she is proud to contribute to society’s knowledge of the deep ocean, 
by conducting an integrated research program from the surface of the ocean in the CCZ, down 
through the water column to the abyssal plain.

Desiree Simandjuntak, PhD Candidate, Geography - Indonesia
In 2015, Desiree attended the Rhodes Academy of Ocean Law and Policy under a grant from 

ISA Endowment Fund for Marine Scientific Research in the Area. She learnt about the complexities 
and challenges related to resource governance at the international level. Today, Desiree is a PhD 
Candidate at the Department of Geography and Environment of the University of Hawai’i, Manoa. 
Her research focuses on the effectiveness of international seafood certification to create ecologi-
cal and social changes in small-scale fishing communities.

Dr. Suzan Mohamed El-Gharabawy, Marine Geophysicist - Egypt
In 2008, Suzan participated in an ISA Contractor Training Programme and joined an explora-

tion cruise for polymetallic nodules in the Clarion-Clipperton Zone in the Pacific, organized by 
the German Federal Institute for Geosciences and Natural Resources (BGR). Today, Suzan is an 
Associate Professor and the Head of Marine Geophysics Department at the National Institute of 
Oceanography and Fisheries (NIOF) of Egypt. NIOF offers training opportunities for students to join 
research cruises onboard its research vessels, which have benefitted from technology transfer 
through ISA.

Strategic partnerships with a wide range of partners are being forged to implement specific activities such as establishing 
twinning of institutions, mentorship, leadership networks and communities of practice to support and sustain policy and capacity 
development efforts for transformative action in favor of increased women empowerment and leadership in deep-sea research.
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Planning the Communities We Need 
Alongside the Ocean We Want
 By E. Zoe Walker, University of Bergen (UiB)

T
he United Nations Decade for 
Ocean Science for Sustainable 
Development (2021-2030) has 
given us all a valuable opportunity 

to stand together and dream of the 
ocean we want, but it begs one very loud 
question: How do we get there?   

  Politicians from around the world 
have declared their investment in 
Agenda 2030, perhaps few as loudly as 
Erna Solberg, the current Prime Min-
ister of Norway, who is co-chair of the 
High-level Panel for Sustainable Ocean 
Economy, and Co-chair of the United 
Nations Sustainable Development Goals 
(SDGs) Advocacy Group. Even though 
Norway has made big commitments 
to Agenda 2030, the Government 
of Norway still has no action plan for 
implementing the SDGs.  

  What’s often overlooked in national 
discussions of sustainability is that 
people live in homes that make up 
neighborhoods, clustered into com-
munities, dispersed throughout regions, 
which ultimately compose countries. So, 
addressing sustainability at the country 
level requires cascading action at all 
levels. The leadership on how to do this 
is unfortunately absent, so the power of 
citizens and businesses to ignite sus-
tainable solutions must be harnessed.  

  The clear need for a way to help 
communities integrate and embrace 
Agenda 2030 – or ‘localize the SDGs’ 
- spurred the development of the 
project Developing and Localizing 
SDG Thinking for Communities in the 
Lofoten-Vesterålen-Senja (LoVeSe) 
region of Norway (https://sdg.w.uib.no/). 
The LoVeSeSDG project, funded by the 
Research Council of Norway, runs from 
2019 to 2023. 

In this project, researchers from 
biology, humanities, law, and social 
sciences, work directly with industrial 

stakeholders, the municipal planner, 
and community members (what 
is referenced in the video as the 
Extended Peer Community) to develop 
an informed understanding of the 
highly complex interactions between 
people and planet within the specific 
local context.  This work developing a 
reflexive, anticipatory, and engaging 

methodology is built on the foundational 
pillars of Responsible Research Innova-
tion. The methodology is designed to 
harmonize and utilize traditional, local, 
industrial, and academic knowledge to 
co-create a shared vision and pathway 
towards a more sustainable future - as 
is featured a more sustainable future - 
learn more in the video.

Henningsvær, Lofoten – in region surrounding Case 
Study island. Photo credit: Dorothy Dankel
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Making 
the Oceans 
Accessible to All
How the US National Science 
Foundation is furthering the 
goals of the UN Ocean Decade

Dr. Terry Quinn is the Director of the Ocean Sciences 
Division of the U.S. National Science Foundation (NSF). On this 
podcast he talks to ECO magazine about how

NSF is engaged in the UN Decade of Ocean Science for 
Sustainable Development.

NSF has promoted the progress of ocean science since 
its establishment in 1950 and NSF investments advance all 
seven outcomes of the Ocean Decade by supporting people, 
infrastructure, and innovation. In this podcast, Dr. Quinn talks 
about a number of NSF programs that align with the desired 
“Accessible Ocean” outcome of the Decade.

Dr. Quinn explains how NSF supports this outcome by 
providing open access to ocean observations (e.g., the 
Ocean Observatories Initiative (OOI) and the Global Ocean 
BioGeochemistry Array (GO-BGC), research vessels (e.g., the 
U.S. Academic Research Fleet which is coordinated through 
the University-National Oceanographic Laboratories System 
(UNOLS), the National Deep Submergence Facility, and the 
JOIDES Resolution drill ship), and technology development 
(e.g., the Oceanographic Technology and Interdisciplinary 
Coordination (OTIC) Program). Dr. Quinn also details several 
NSF programs that are designed to widen the lens of ocean 
science opportunities beyond the traditional NSF ocean 
community (e.g., the NSF Convergence Accelerator  Networked 
Blue Economy program and the Coastlines and People (CoPe) 
program).

Finally,  Dr. Quinn describes how NSF is committed to 
making the fundamental changes needed in ocean science 
and technology to create a more just, equitable, and diverse 
community that is accessible to all. For example, via the 
ship-board STEMSEAS program and the 
undergraduate CLOSES-GAP program, 
NSF provides inspirational opportunities 
for under-represented communities in 
ocean sciences, preparing the ocean 
education and research workforce of the 
future.
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Championing Ocean Diversity
Introducing the SMARTNET Ocean Knowledge Network 
– Accessible, Diverse, and Solution-Oriented
By Vera L. Trainer, Sonia Batten, Steven J. Bograd, Sanae Chiba, Erin V. Satterthwaite, Lori Waters 
(PICES), Jörn Schmidt, Ellen Johannesen, William Karp, Anne Christine Brusendorff (ICES) 

A
s the Northern Hemisphere leaders of multi-national 
collaborations to further our understanding of the 
ocean’s natural systems, the International Council for 
the Exploration of the Sea (ICES) and the North Pacific 

Marine Science Organization (PICES) have worked together 
for decades on shared interests. The global ocean science 
community has a once in a lifetime opportunity to bring 
resources together and share knowledge more widely through 
the UN Ocean Decade to expand our collaborations beyond 
our member countries to countries in both the Northern and 
Southern hemispheres. 

Our well-established mechanisms for scientific cooperation 
will be used to further the development and delivery of “the 
science we need for the ocean we want”, specifically on under-
standing the dynamics of coupled marine social, ecological 
and environmental systems under global change.  A UN Ocean 
Decade program led by ICES and PICES, titled Sustainability 
of Marine Ecosystems through global knowledge Networks 
(SMARTNET), will support and encourage the establishment of 
joint working groups, workshops and symposia with partners in 
the Southern Hemisphere and in the Arctic. 

Different Oceans, Common Issues
ICES and PICES are scientific organizations that interact and 

engage with an array of groups, from academia, policymakers, 
civil society, industry, and foundations.  By bringing together 

diverse networks, we foster the development of necessary skills 
to achieve broad marine science goals. SMARTNET will support 
and leverage ICES, PICES, and member countries’ priorities 
and initiatives related to the UN Ocean Decade, by emphasiz-
ing areas of mutual research interest and policy needs. These 
include climate change; fisheries and ecosystem-based 
management; social, ecological and environmental dynamics 
of marine systems; coastal communities and human dimen-
sions; and communication and capacity development. The 
ICES–PICES UN Ocean Decade Program will also incorporate 
strategies to facilitate the Decade’s cross-cutting inclusivity 
themes relating to equality and inclusion of all people, early 
career ocean professional (ECOP) engagement, and involve-
ment of Indigenous communities and developing nations in the 
planning and implementation of joint activities.

A key activity is the ICES/PICES Strategic Initiative on 
Climate Change Impacts on Marine Ecosystems (SICCME). 
Established in 2011, the initiative aims to study marine eco-
system responses to climate change through modeling and 
coordinated process studies. Taking advantage of this revolu-
tion in our ability to model the state of the ocean, improved fish 
forecasts, like weather forecasts of the sea, are a vision for the 
not-too-distant future: “And now for the fish forecast for 29 July 
2035.  An intrusion of warm water onto the continental shelf is 
bringing increased numbers of fish and more saline conditions.  
Passing schools of bluefin tuna are expected, with dense aggre-
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gates in some places.  Visibility will clear over the weekend, with 
good chances for herring and mackerel.”  

Mark Payne provided a similar example in his feature article 
Polar Prediction Matters, stating that both farmers and fishers 
depend on the whims of nature, sometimes a feast and at other 
times, famine. In tropical countries, small island developing 
states and Arctic communities, the ocean provides employ-
ment, food and a preservation of coastal community culture. 
With fish forecasts, these communities might be able to adapt 
to the changing and variable nature of our planet.  One of the 
goals of SICCME is to improve forecast models for fish stocks, 
which will facilitate their management in a changing climate.

Toward an Accessible Ocean  
We see the great potential of citizen science as a means to 

enhance ocean accessibility and capacity development.  An 
example of this is the PICES collaboration with scientists in 
Indonesia, “Building capacity for coastal monitoring by local 
small-scale fishers” or Fish GIS. In recent years, many people 
in under-represented countries have become empowered with 
high-technology smartphones, which have the great potential 
to advance the collection and sharing of science knowledge.  
Unfortunately, the active management of fisheries which are 

facing extreme stress, has been severely data-limited in the 
past. However, by centering fisheries surveillance on smart-
phone-based tools, an effective approach to data collection, 
transfer, and compilation can be achieved. 

The number of smartphone users in Indonesia has 
increased rapidly in recent years, almost 1.5-fold from 
54,494,000 in 2017 to 83,907,000 in 2019. Today, Indonesia 
has the sixth largest number of smartphone users in the world 
which offers a creative potential for implementing community-
based monitoring. Other examples of accessible science 
promoted by ICES and PICES include open, transparent and 
enquire-able assessments and reporting, which describe the 
data and models that form the basis for our advice. Our orga-
nizations lead global efforts to report all outputs of science for 
fisheries management through open web services, fulfilling 
findable, accessible, interoperable and reusable (FAIR) data 
principles, and promoting good governance.

Toward an Integrated Ocean 
To understand marine systems, a holistic view is necessary. 

ICES and PICES have several groups working on Integrated 
Ecosystem Assessments of regional seas. Integrated Eco-
system Assessment encompasses different disciplinary 
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By holding PICES meetings 
virtually in 2020, we have 
documented 768.85 Metric Tonnes 
CO2 Emission Savings, which is 
equivalent to taking 166 passenger 
vehicles off the road for 1 year. 
Prior to 2020, ICES conducted a 
number of meetings online and 
are documenting this and also 
assessing which meetings to 
continue to hold online, in person 
or using a hybrid approach.
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approaches, including natural and social sciences, to under-
stand the dynamics of marine socio-ecological-environmental 
systems. Groups cover many ecoregions across the North-
Atlantic and a new joint working group on the Bering Sea and 
Chukchi Seas is partnering with Indigenous groups to bring 
traditional knowledge into a rich portfolio of learning, discovery, 
and creative solutions for the ocean. 

Indigenous knowledge about conservation and resource 
management is being recognized with growing respect, espe-
cially realizing that Indigenous people successfully manage 
over 40 percent of Earth’s ecosystems. Biodiversity is among 
the highest on lands managed by Indigenous communities, 
indicating the importance of these lands in the survival of 
species. Knowledge, jointly shared by Indigenous and non-
Indigenous knowledge-holders and scientists alike, will provide 
a rich source of information for decisionmakers to manage 
ocean resources and design ocean solutions. 

Championing Diversity: Fostering New, Innovative 
Ocean Solutions Through Diverse Engagement

Since we need new, innovative ways of thinking to address 
global challenges related to ocean sustainability and environ-
mental stewardship, SMARTNET will incorporate strategies to 
facilitate cross-cutting diversity, equity and inclusion themes in 
the planning and implementation of joint activities.  In support 
of this, the program currently is developing a PICES/ICES ECOP 
network.  This network builds upon the regular Early Career 
Scientist Conferences, the next one hosted by Canada in 2022. 

Based on input from ECOPs through surveys and working 
groups, their major goals are to foster greater collaboration, 
networking, and training opportunities. Specifically, ECOPs 
have highlighted the desire to connect and collaborate across 
disciplines and geographies, to co-develop knowledge with 
more senior scientists, and to cultivate leadership experience. 

The ECOP networks will be the foundation for establishing an 
inclusive, diverse community, with training opportunities and 
listening sessions engaging the next generation of ocean 
leaders. 

Solution-Oriented Research 
The 16 November 2020 survey published in Nature 

magazine stated that climate scientists take more flights per 
year on average that scientists in other disciplines.  However, 
climate scientists also make greater efforts to offset their 
emissions.  Therefore, SMARTNET scientists will lead by 
example, by emphasizing remote meetings aimed at greater 
accessibility with reduced travel to reduce greenhouse gas 
emissions. 

An Accessible Ocean also means enabling scientists 
with physical or financial mobility challenges to meaningfully 
participate in our events. Virtual events can help to make sure 
science is more equitably available and accessible. While we 
have experience conducting a number of our meetings online 
pre-pandemic, both ICES and PICES went fully online during 
the COVID-19 restrictions, to continue to make progress and 
strengthen our international networks. We are now learning 
from our COVID-19 experiences to gauge what works well, 
and what needs to change in order to build a long-term 
strategy for successful virtual meetings. 

SMARTNET is the framework of science needed to 
shape “the ocean we want” during the UN Ocean Decade 
and beyond.  We look forward to building new relationships 
with partners around the world, including ECOP and under-
represented communities to develop diverse and inclusive 
alliances.  The time is now to apply the building blocks of our 
science toward developing solutions to mitigate the impacts 
of climate change, in order to preserve our ocean and the 
coastal communities that depend upon its bounty. 

Endnote
ICES Member Countries; Belgium, 
Canada, Denmark, Estonia, Finland, 
France, Germany, Iceland, Ireland, 
Latvia, Lithuania, the Netherlands, 
Norway, Poland, Portugal, Russian 
Federation, Spain, Sweden, United 
Kingdom, United States of America

PICES Member Countries; Canada, 
China, Japan, Republic of Korea, 
Russian Federation, United States of 
America. 

Examples of countries and organiza-
tions with which we have formal 
affiliations: Australia, New Zealand, 
Chile, Peru, South Africa, UN, FAO, 
IOC, Regional Fisheries Management 
Organizations, and Regional Seas 
Conventions.

We envision future partnerships with 
other countries.
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Why Marine Biotechnology isn’t a 
Pillar of the Blue Economy (Yet) 

E
veryone agrees: there’s a lot we 
don’t know about the ocean. And 
everyone has their favorite statistics 
to drive this point home. 80 percent 

of the seafloor is unmapped. There are an 
estimated 2.2 million marine species, only 
230,000 of which have been described by 
science. But did you know that there are an 
estimated 1.3 x 1030 virus particles in the 
ocean? That if we stacked all these virus 
particles end-to-end, they would reach 
from here to the next galaxy and back again. 
Over 275 times. That in 2016, science 
had identified 15,000 distinct marine viral 
populations, and that within three years 
that had grown by an order of magnitude to 
nearly 200,000? 

There is however a striking disconnect 
between how much we don’t know about 
marine life at a genetic level, and how 
much we have benefitted from research in 
this area. Bioactive compounds identified 
in sponges and sea squirts have been 
developed into anticancer drugs, enzymes 
from marine microorganisms are used for 
synthesizing biofuels and cutting DNA, 
red seaweeds are a rich source of natural 
antiviral compounds, the bright blue blood 
of horseshoe crabs is used to test for 
contamination in vaccines, and if you put 
on a face cream this morning, there’s a 
good chance you’re walking around with 

By Robert Blasiak, Jean-
Baptiste Jouffray, Peter 
Søgaard Jørgensen, Colette C.C. 
Wabnitz, Henrik Österblom

Examples of biomedical contributions from marine life. Images courtesy 
of: (A) Pos Robert, (B) NOAA Office of Ocean Exploration and Research, 
(C) Sierra Blakely, (D) Sven Zea, (E) John Huisman, (F) Leontien De Wulf. 
Adapted from Sigwart et al. 2021 Natural Product Reports

This vibrant yellow glass sponge was observed at a depth of 2,479 meters while exploring Sibelius Seamount. Image courtesy 
of the NOAA Office of Ocean Exploration and Research, Deep-Sea Symphony: Exploring the Musicians Seamounts.
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extracts of marine algae on your face. 
Look closely enough at marine life, 

and you might even win a Nobel Prize. 
In 2008, Osamu Shimomura, Martin 
Chalfie and Roger Tsien did exactly that. 
They discovered and developed green 
fluorescent protein, a game-changer for 
a wide range of biomedical applications. 
And where did they find it? In Aequorea 
victoria, a bioluminescent jellyfish found 
in the Eastern Pacific Ocean. 

Added up, this whole suite of new 
and emerging uses of marine genetic 
resources has fed a vibrant marine bio-
technology industry, with vast and largely 
untapped potential for improving human 
health and well-being. But its potential 
extends even further – for instance, the 
addition of compounds from brown 
algae to ruminant feed has been shown 
to dramatically reduce methane emis-
sions, while rapid advances in genetic 
sequencing technologies are reshaping 
how we design marine conservation 
measures and monitor their effective-
ness. 

With such a long list of pros, why isn’t 
marine biotechnology the poster child of 
the UN Ocean Decade? It could be, but 
that requires a paradigm shift in how the 
world approaches this type of work. As 
the IOC-UNESCO Global Ocean Science 
Report 2020 notes, marine research 
capacity and funding is concentrated 
in a few parts of the world, also largely 
home to the pharmaceutical and biotech 
companies driving this sector. Marine 
biotechnology is also often considered 
somewhat on the margins of marine 
science, more akin to medical and 
traditional biotechnology – but it couldn’t 
be more aligned with the stated mandate 
of the Decade to “develop the scientific 

research and innovative technologies 
that can connect ocean science with the 
needs of society.” 

So how can marine biotechnology 
fit comfortably within the Decade and 
the aspirations of a “Blue Economy”? 
As with so much of marine science, part 
of the answer must be a leveling of the 
playing field. Equitable and inclusive col-
laborations, investments in early career 
researchers, sustainable and long-term 
support for capacity and infrastructure 
in less developed countries, transfor-
mative public-private partnerships, 
development of academic networks, 
and commitments to data sharing 
represent some pieces of this puzzle. 
If we use instruments like these to shift 
to an equitable trajectory for the marine 
biotechnology sector, it will become a 
pillar of the Blue Economy. Business as 
usual may mean a profitable industry, 
but one fundamentally at odds with the 
principles of the UN Ocean Decade and 
the Sustainable Development Agenda. 

But what trajectory are we on? Where 
is the industry at and where is it heading? 
How can we consciously and collectively 
steer it towards inclusivity, fairness and 
equity? And how can we track progress? 
Answering these questions is the aim of 
our new four-year project (2021-2024) 
that has been funded by the Swedish 
Research Council for Sustainable 
Development: “The marine biotechnol-
ogy industry and equitable governance 
of marine genetic resources”. 

At the core of this project is an 
ambition to gain clarity on the scale and 
scope of a vaguely defined and poorly 
understood industry. We aim to com-
prehensively map the uses of marine 
genetic resources, the source organ-
isms, their habitats, their functional traits, 
how they are being commercialized, by 
whom, and with what monetary benefits, 
all while considering the implications for 
aspirations of ocean equity. By making 
all this information publicly available 
in a clear and easily available manner, 
we hope to contribute to “An Acces-
sible Ocean” in line with the UN Ocean 
Decade, and in doing so, also advance 
the important discussions associated 
with access and benefit sharing of 
genetic resources. 

The specifics to emerge from 
this project will be key for supporting 
decision-makers in a broad range of 
policy forums, including the negotiations 
on biodiversity in areas beyond national 
jurisdiction (BBNJ), Convention on 
Biological Diversity negotiations associ-
ated with the Nagoya Protocol and digital 
sequence information, and the World 
Intellectual Property Organization’s 
Intergovernmental Committee on Intel-
lectual Property and Genetic Resources, 
while also supporting the 14 heads 
of state who recently presented their 
commitment to 100 percent sustainable 
ocean management within their national 
jurisdictions under that auspices of the 
High Level Panel for a Sustainable Ocean 
Economy. 

For too long transparency and clarity 
associated with the marine biotechnol-
ogy industry have been missing pieces 
in efforts to develop policies aimed at 
equitable and sustainable use of the 
ocean. Our project strives to be one step 
in the right direction.

Risk profit margins and timelines for commercial activities based on marine 
genetic resources. Adapted from Blasiak et al. 2020 Nature Sustainability
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A deep-sea coral garden in Madison-
Swanson Marine Reserve off the west 
coast of Florida, protected in 2000. 
Image courtesy of the National Undersea 
Research Center at the University 
of North Carolina, Wilmington.
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Inspiring a Transparent 
and Accessible 
Ocean for All 
By Jamie McMichael-Phillips, Director, The Nippon 
Foundation-GEBCO Seabed 2030 Project

T
he recent admission that we know 
more about other planets than 
that of our own, and that so little 
of the world’s ocean had been 

mapped is what led in part to the Forum 
for Future Ocean Floor Mapping, held in 
2016. The Forum saw senior representa-
tives, scientists, scholars and business 
associates from major ocean related 
organizations come together to discuss 
the importance of a thorough under-
standing of the ocean, which covers over 
70 percent of our planet, and the pivotal 
role that this newfound knowledge can 
play in improving our lives. 

The following year, The Nippon 
Foundation-GEBCO Seabed 2030 
Project was launched at the 2017 United 
Nations Ocean Conference. A col-
laborative project between The Nippon 
Foundation and the General Bathymetric 
Chart of the Oceans (GEBCO), Seabed 
2030 aims to bring together all available 
bathymetric data to produce the defini-
tive map of the world ocean floor by 
2030 and make it freely available to all.

Seabed 2030’s mission is to compile 
all existing bathymetric data into the 
freely available GEBCO digital map, and 
identify areas for which no data exist 
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to inform future mapping expeditions 
to “map the gaps”. The Project also 
seeks to identify and make available 
existing data that are not currently 
in publicly available databases. The 
coordination, sourcing and compilation 
of bathymetric data is carried out from 
different parts of the world’s ocean 
through Seabed 2030’s four Regional 
Centers (covering the Southern Ocean, 
the Arctic and North Pacific Ocean, the 
Atlantic and Indian Oceans, and the 
South and West Pacific Ocean), which 
feed data products into the project’s 
Global Data Center. 

The importance of our ocean is 
recognized by the United Nations’ 
Sustainable Development Goal (SDG) 

14, which has been officially adopted 
by all 193 Member States, and commits 
us to “conserve and sustainably use the 
ocean, seas and marine resources for 
sustainable development.” 

Seabed 2030 realizes that in order 
to succeed at realizing this goal, a 
comprehensive understanding of 
our ocean is required. The project’s 
ultimate aim – that of a complete map 
of the world’s ocean floor in less than 
a decade in order to help us make 
informed decisions – supports SDG 
14, and is recognized as an important 
initiative in line with the UN Ocean 
Decade. As the Director-General of 
UNESCO, Audrey Azoulay, aptly put 
it: “oceanography has the capacity to 

identify problems and offer solutions, 
provided we stop neglecting its 
contribution.” 

A detailed scientific understanding 
of the seabed is important in its own 
right, but a global map showing the 
shape and depth of the world’s ocean 
floor will deliver a host of tangible ben-
efits to humankind. Knowing the depth 
and shape of the seafloor will enable 
us to understand ocean circulation, 
environmental change and underwater 
geo-hazards; knowledge will also help 
support pollution monitoring, habitat 
discovery and protection, and so much 
more.

This is because the ocean floor 
influences a whole host of earth pro-

A group of researchers performing tests on one of the smaller research vessels on the 
expedition to the Ryder Glacier in 2019. Photo by: Professor Martin Jakobsson.
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cesses – its shape is a key component 
in addressing a range of global safety, 
security and health issues, including 
climate change, sea-level rise, biodiver-
sity, and safety of navigation. Seabed 
topography can help us understand 
how ocean current circulation affects 
climate and weather patterns, and the 
effects on glacial vulnerability towards 
the inflow of warmer water, affecting 
sea-level rise. The shape of the seabed 
is also a crucial parameter in forecasting 
and assessing the impact of tsunami 
wave propagation and underwater 

geo-hazards such as earthquakes, land-
slides, volcanic eruptions and coastal 
erosion. It also provides a fundamental 
base layer that supports work in the 
safety of navigation; marine spatial plan-
ning; sustainable development of ocean 
resources; and predicting tidal systems, 
wave action, sediment transport, and 
many other ocean processes. Further-
more, our duty of care to the marine 
environments has never been as appar-
ent as it is now. Scientists have warned 
that we only have a finite amount of time 
left to prevent irreversible damage from 
climate change. A comprehensive map 
of the seafloor will lay the foundations 
for our sustainable management of the 
ocean, and will assist us in protecting 

marine habitats. 
Seabed 2030 is also committed to 

supporting scientific research, whilst 
empowering key players to make 
informed policy decisions that will have 
lasting effects. Central to what we do is 
our desire to promote capacity develop-
ment and technical innovation, upon 
which we greatly rely in order to achieve 
our goal of having a complete map of 
the ocean floor. In addition to encour-
aging support from the wider ocean 
mapping community, Seabed 2030 can 
also draw upon the skills of the GEBCO-

Nippon Foundation Alumni to support 
its various activities; whilst providing 
them with development opportunities 
across a broad spectrum of ocean 
mapping and technological innovation. 

At the heart of Seabed 2030’s 
mission is the commitment to ensuring 
data is made freely available to all, in 
order to promote an accessible ocean. 
Seabed mapping is vital for the security, 
safety and economic health of all states, 
the human population, and that of all 
other species living on this planet. 

The continued and committed lead-
ership of The Nippon Foundation and 
GEBCO is what launched, and maintains, 
Seabed 2030. But it’s the invaluable 
support of partner organizations and 

a global community of stakeholders, 
committed to collaboration, which has 
enabled the project to achieve what 
it has so far – just under a fifth of the 
world’s entire ocean floor mapped to 
a high-resolution. Since its launch, 
Seabed 2030 has attracted an inter-
national network of contributors and 
supporters, including more than 150 
organizations across the world. These 
partnerships embody the collaborative 
nature of the Seabed 2030 project, and 
highlight what can be achieved when 
the international community comes 
together with a shared understand-
ing of the innumerable benefits of an 
accessible ocean. We have already 
seen donations of significant volumes 
of transit data donated by organizations 
including Fugro and Caladan Oceanic. 
We need to continue to map our 
unknown ocean frontiers through the 
concerted effort of dedicated mapping 
missions. In addition to this major work, 
the concept of crowdsourcing bathy-
metric data has become an important 
supporting component to achieving the 
mission of Seabed 2030. Around the 
world, hundreds of thousands of cargo 
vessels, fishing boats, cruise liners, 
private yachts and surveying ships are 
equipped with on-board echosound-
ers. By utilizing assets already at sea, 
these craft can effectively become an 
international fleet of “citizen-science 
platforms”, collecting and donating 
bathymetric data to Seabed 2030 for 
inclusion in the global grid. 

As we enter the UN Ocean Decade, 
Seabed 2030 looks forward to con-
solidating its existing partners and 
establishing new ones to reach its goal. 
At the start of 2021 we saw a collabora-
tive expedition between the Schmidt 
Ocean Institute, Seabed 2030 and 
Australian research institutions where 
the Research Vessel Falkor collected 
the first public seafloor data of the New 
Year and the Decade. This is a testa-
ment to how Seabed 2030 intends to 
use the time we have left until the end 
of the decade to produce the definitive 
map of the seabed – an apparatus to 
guide us in making more informed and 
better decisions which will have lasting 
benefits for our planet. 

The EchoBoat is a remote control scanning device used by scientific expeditions capable 
of housing a variety of scanners. Here it is scanning one of the shallower inland lakes 
in Greenland on the expedition to the Ryder Glacier: Photo by: Professor Larry Mayer.
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A Big Story on Small Robots 
How underwater robotics and open datasets are making 

the ocean more accessible in the Eastern Caribbean 
By Jordanna Tennebaum, Head of Solutions Mapping, UNDP Accelerator 

Lab for Barbados and the Eastern Caribbean  

I
n 2019, the United Nations Development Programme 
(UNDP) Accelerator Lab for Barbados and the Eastern 
Caribbean received an inventive idea on how to improve 
coral reef mapping and monitoring, as well as ocean 

health: deploy semi-autonomous robots up to 200 feet 
below the water’s surface in Barbados to track specific 
reef-associated fish species.  

This concept came from a regional Call for Solutions 
(CFS) in which the Accelerator Lab, a breakout initiative from 
UNDP focused on building the world’s largest and fastest 
learning network surrounding development, encour-
aged innovators to submit imaginative responses to Blue 
Economy challenges in the categories of fisheries, renew-

able energy, waste management and sustainable tourism. 
Indeed, upon reading the robotic-themed entry titled “Blue 
Bot” from Bajan Digital Creations Inc., a private firm founded 
by Stevenson Antonio Hollingsworth, I knew we had come 
across an incredible project with immense promise. Best of 
all, after cross-referencing my review of all CFS applications 
with those of my team members, I saw that we were all in 
mutual agreement, both based on our scoring and high 
levels of enthusiasm when discussing the proposal.   

At the Accelerator Lab, narrowing in on a particular 
experiment is referred to as an “exploratory” direction, or a 
hypothesis that if tested, has the capacity to stretch and 
grow grassroots innovations using new technologies. This 

Marine ground cover imagery captured by Blue Bot robotics. Photographer: Stevenson Antonio Hollingsworth.
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type of potential for the modern applica-
tion of emerging tools was seen in the Blue 
Bot plan, which sought to use underwater 
bots in combination with deep machine 
learning and artificial intelligence to gather 
information (largely photo-based) that 
would be used to generate open datasets 
on marine life. And so, we set off to support 
this inspiring pitch.    

Much like most pilots launched in 2020, 
the onset of COVID-19 disrupted imple-
mentation. After smoothing out several 
bumps in the road due to delayed delivery 
of the robots from Shanghai, we began 
our adventure upon arrival of the roving 
devices, which were quickly submerged 
along Barbados’ shores.   

Despite initial logistical setbacks, I was 
amazed by Blue Bot’s rapid capacity to 
assemble, analyze, and categorize mass 
amounts of intel, as well as create an 
advanced image recognition model in which the robots were 
able to identify and classify particular fish varieties. In under six 
months, over 10 public datasets were formed, documenting 
incredible moments of oceanic history and exposing patterns 
on species such as Atlantic Tang, Parrotfish and Sergeant 
Majors¹. Moreover, since all details on items including turbidity, 
depth and temperature were collected during COVID-19 social 
distancing periods, the directories exhibited potential to be used 
as comparative baselines in years to come when contrasted 
with higher periods of human activity in the water. This was an 
unforeseen reality that added a unique dimension to the original 
scope of work.   

Once the venture had solidified and the open data sources 
were posted, the Lab again returned to the initial aims of Blue 
Bot while asking big picture questions. How could this undertak-
ing impact the evolution of coastal protection in the Eastern 
Caribbean? What could the benefit be for government agencies 
interested in atypical approaches to research? At a base level, 
enabling open access to this new marine conservation asset 

pool democratized information, which could 
be used to survey ocean health and climate 
change by juxtaposing the findings recorded 
with those of future or past studies. For actors 
in the policy sphere, the power to virtually 
design custom algorithms for the speedy analy-
sis of facts, figures and pictures also presented 
a considerable digitalization benefit that could 
be shared with citizens through community 
platforms.  

On the global scene among Small Island 
Developing States (SIDS), I recognized that Blue 
Bot could be viewed from an additional, alterna-
tive lens given the distinct moment in time it 
found itself in. In the pandemic landscape, many 
SIDS are reimagining their pre-existing tourism 
systems, often with a mind for greater sustain-
ability and resilience. This is largely due to long-
standing dependencies on travel, which has 
on average accounted for 30 percent of the 
gross domestic product (GDP) of SIDS, cites 

the author of the 2020 United Nations Conference on Trade 
and Development (UNCTAD) article on the Impact of COVID-
19 on tourism in small island developing states². With global 
movement coming to a near halt, a strong desire to reorder and 
reevaluate the industry has come to the fore, with many con-
versations clustering around moving away from extraction and 
towards regeneration, responsibility, and community.  

In this context of changing hospitality for good, the visual 
content gathered by Blue Bot could be used for virtual tourism 
purposes, possibly through integration into educational games, 
or informative diving excursions that participants may navigate 
from the comforts of their own homes. No matter the applica-
tion, this type of offer can provide viewers with direct access to 
knowledge on destinations such as Cape Verde, Seychelles, and 
Tonga, all while significantly minimizing disturbances to natural 
ecosystems.  

These visions of an improved New Normal speak to build-
ing forward better, which must begin at local levels among 
SIDS, particularly in terms of awareness on the Blue Economy 
and its implications for sustainability, resilience and improved 
livelihoods. Blue Bot helps move the needle in the direction of 
greater sensitization in this sector by opening key aspects of the 
ocean to all via accessible datasets. In the UN Ocean Decade 
we are currently in, the need for this and many other publicly 
available solutions is clear, especially as collective mobilization 
is sought. Repeatedly, it is the ambitious, out-of-the-box ideas 
such as Blue Bot that continue to light the path on the way to 
attaining the 2030 Agenda for Sustainable Development. 

Endnotes:
1. To read more about Blue Bot, please see https://www.bluebotproject.

com/ and https://www.kaggle.com/hiyaro/datasets. (2020). Bajan Digital 
Creations Incorporated.

2. To read more about the economic affects of COVID-19 on SIDS, 
please see Impact of COVID-19 on tourism in small island developing 
states https://unctad.org/news/impact-covid-19-tourism-small-island-
developing-states (2020). UNCTAD.

Stevenson Antonio Hollingsworth, 
founder of Bajan Digital Creations 
Inc. and finalist in the 2019 Blue 
Economy Call for Solutions from the 
UNDP Accelerator Lab for Barbados 
and the Eastern Caribbean, prepares 
Blue Bot robot for submersion. 
Photographer: Nikola Simpson.

Blue Bot robotics rest on the shores of Barbados while 
awaiting application. Photographer: Nikola Simpson.
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The #VirtualBlueDecade 



#
VirtualBlueDecade aims to 
provide a global platform that 
brings the ocean, biodiversity, 
and climate action communities 

together to contribute to the Sustain-
able Development Goals through ocean 
knowledge and action. #VirtualBlueDe-
cade will only be possible if we work 
together from North to South and West 
to East. Diversity and inclusion make us 
stronger and remains our watchword. 
As such, we want to make sure that our 
virtual resources will be equally available 
everywhere in the world.

In this respect, #VirtualBlueDecade 
brings together researchers, students, 
young professionals, communica-
tors, and environmental awareness 
advocates. All of which have a goal of 

demystifying their work and making it 
broadly accessible. Our international, 
intergenerational, and transdisciplinary 
team is also keen to organize regular 
interactive events about various ocean 
themes and challenges. These will 
highlight live panels, roundtable discus-
sions with speakers, novel presentation 
formats, and translation and presenta-
tions in several languages.

To find out more about our initia-
tive and team, please visit our website: 
https://www.virtualbluedecade.org/ and 
subscribe to our mailing list to not miss 
any future event; you can also watch our 
past events on our YouTube channel: 

 > https://www.youtube.com/c/
VirtualBlueDecade.
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BLUE Mobile Virtual Center
By Richard Takyi, Justice Owusu Kwarteng (Blue Resources Research and Policy 
(BlueRRP) Institute, Ghana), and Ernest Obeng Chuku (BlueRRP and Institute for 
Marine and Antarctic Studies, University of Tasmania, Australia) 

I
n support of an inspiring and engaging ocean in the Ocean 
Decade, the BLUE Mobile Virtual Center for Primary and 
Junior High School students, an initiative of the Blue 
Resources Research and Policy (BlueRRP) Institute, is intro-

ducing to children who live further inland from the coast, the 
importance of the ocean and the impact of human activities 

irrespective of their location from the ocean.
The purpose of the Mobile Virtual Center is to intro-

duce students at early age to the importance of the ocean 
resources, their current state, and the essence of their sustain-
able utilization.


Primary School students take notes 
on human impacts on the oceans. 
Photo credit: Richard Takyi

Junior High School students listen 
attentively to lessons on ocean 
biodiversity and its importance.
Photo credit: Richard Takyi

Fishermen haul their nets into a 
canoe for a fishing expedition.
Photo credit: Ernest Obeng Chuku
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Early Career Ocean Professionals 
are Shaping the Ocean’s Future
By Taylor Goelz, Jonatha Giddens, Alfredo Giron, Harriet Harden-Davies, Evgeniia 
Kostianaia, Guillermo Ortuno Crespo, Erin Satterwaite, Edward Senkondo and 
the membership of the former ECOP Internal Working Group 
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D
uring a 2019 global survey, over 1,400 Early Career 
Ocean Professionals (ECOPs) expressed their interest 
and willingness to play a major role in the UN Decade 
of Ocean Science for Sustainable Development (2021 

- 2030). Spanning every ocean sector and ocean basin, ECOPs 
indicated their willingness to be not only active participants, 
but leaders during the Ocean Decade. In January 2021, ECOPs 
solidified this dedication to the Ocean Decade Challenges and 
Outcomes through the submission of a Decade Programme 
focused on intergenerational diversity and transdisciplinary 
thinking. Any of these pieces alone - the survey, the organiza-
tion of a global community of individuals who previously didn’t 
know each other, or the Programme submission - would be 
an enormous feat. The dedication, ingenuity, and excitement 
of ECOPs, especially given the challenges of the COVID-19 
pandemic, is particularly inspiring considering the fact that the 
term “Early Career Ocean Professional” hadn’t existed before 
May 2019. ECOPs around the world are mobilizing and ensur-
ing the priorities of future generations are front and center 
during the Ocean Decade, and this is only the beginning. 

The idea of ECOPs was born during the Ocean Decade’s 
first Global Planning Meeting in Copenhagen in May 2019. 
ECOPs Alfredo Giron, Erin Satterthwaite, Guillermo Ortuño 
Crespo, and Harriet Harden Davies used this opportunity 
during the Ocean Decade’s planning phase to advocate for the 
importance of intergenerational diversity within the Decade. 

At the conclusion of the meeting, there was an overwhelming 
sense that progress had been made, but work still needed to 
be done. To help ensure the perspectives of ECOPs and the 
importance of intergenerational diversity were reflected in the 
Decade’s Implementation Plan, the IOC established an ECOP 
Informal Working Group (IWG). Through the IWG, ECOPs have 
been included at subsequent Ocean Decade events. The IWG’s 
initial outreach, engagement, and organization efforts during 
the Decade’s planning phase culminated in the launch of a 
global survey to (1) allow ECOPs to help set priority actions for 
the Decade; and (2) identify key capacity gaps and challenges 
for ECOP engagement during the Ocean Decade. The results 
from this survey helped inform the creation of the Ocean 
Decade Implementation Plan. While the global survey was a 
great start to facilitate wider ECOP engagement and inclusion 
during the lead up to the Decade launch, ECOPs know we can 
do more. As the ECOP movement embarks on the first year of 
the Ocean Decade, our next steps include reaching more early 
career ocean professionals, in more corners of the world, and 
in diverse ocean-related fields, in order to build a truly inclusive 
and cohesive intergenerational community during the Ocean 
Decade.

The ECOP IWG helped to lay out the groundwork for the 
Ocean Decade in terms of the Decade’s governance structure, 
priorities, and organization; ECOPs’ contributions helped lay 
the foundations of the Ocean Decade structure. Now, however, 

ECOPs Alfredo Giron and Erin Satterthwaite (center-right and 
far right) at the first Global Planning Meeting in Copenhagen 
in May 2019 sitting with Anna Zivian and Alison Clausen.
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as the initial shaping and planning period for the Decade has 
come to an end, it’s time for ECOPs to decide how we want to 
contribute to the Ocean Decade. Yes, intergenerational diversity 
is important in and of itself, but ECOPs also need to determine 
how we as scientists, engineers, policymakers, lawyers, and 
fishers, want to contribute to the Ocean Decade. How can 
ECOPs use the combination of our generational perspective 
and our ocean-specific knowledge to step up and be leaders 
over the next ten years? 

Five initial priority areas have been highlighted through the 
results of the global survey as areas where ECOPs want to use 
our unique education, experience, and perspective to make a 
significant impact during the course of the Ocean Decade. Our 
global ECOP volunteer network has self-mobilized to identify 
these priority areas: 

The Ocean Literacy priority is focused on creating and 
sharing an inclusive science narrative surrounding the Ocean 
Decade. ECOPs will be encouraged to tell their stories of the 
ocean to increase the diversity of voices within the ocean space 
and help individuals see themselves within the Ocean Decade. 

The Training and Mentoring priority aims to improve ECOP 
expertise and professional development through creating 
relevant training and providing ECOPs mentor opportunities 
with leaders in their field.

The ECOP group wants to ensure that there is continuity of 
generations in ocean science and is using the Youth Engage-
ment priority to promote inclusion of the next generation of 
ECOPs - Gen Z. ECOPs want to help ensure that youth are 
given a voice and are prepared to play a role during the Ocean 
Decade and beyond.

The focus on new and novel partnerships by the Ocean 
Decade led to the Corporate Sustainability priority. This 
initiative aims to accelerate corporate stewardship of ocean 
ecosystems and biodiversity and partnerships that can pave 
the way for a more sustainable and equitable use of the 
ocean.  

Lastly, the glue of this global ECOP Programme will be 
spearheaded by the Network of Networks & Information Portal 
priority. This initiative aims to connect ECOPs from around the 
world through an information portal that will provide access to 
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mentoring, training, and networking opportunities. 
The idea of ECOPs was born at the first Global Planning 

Meeting in May 2019, but since then, a global community of 
ECOPs have taken the idea of intergenerational diversity and 
run with it. Will this process be easy? No. Will ECOPs have 
it figured out in a year? Absolutely not. Do we have all the 
answers right now? No way. These five priorities represent the 
initial ideas of how the global ECOP community can contrib-
ute, but are by no means an exclusive or final list of all the 
ways that ECOPs will help transform the ocean. 

Despite the challenges of COVID-19, geographical 
distance, language barriers, and time differences, the ECOP 
group is prepared to not only inherit the Ocean Decade, but 
be an active part of its development and implementation. 
ECOPs are striving to build a flexible and inclusive movement 
to truly capture the potential of the Ocean Decade globally. 
In order to achieve this, ECOPs need the enthusiasm, time, 
support, and most importantly ideas from the entire ocean 
community.

If you’re considering your own engagement during the 

Ocean Decade, whether at the Programme level or through 
one-off Activities, ask yourselves how you plan to include the 
perspective and voice of ECOPs and to empower the next 
generation through the Decade. It’s no longer a question of 
“if” early career individuals should be included in the Ocean 
Decade, but of how the global ocean community can best 
include those individuals who will inherit this Decade and work 
with the leaders of tomorrow, today. 

If you’re interested in facilitating the professional develop-
ment and support of ECOPs, join the growing network of 
people who value intergenerational diversity as a foundational 
component of their careers, their institutions, and of the 
Ocean Decade itself. To get involved: 
• Please join the conversation on social media (#ECOP & 

#Ocean Decade) and follow us on Twitter (@OceanDec-
adeECOP), LinkedIn (Early Career Ocean Professionals) or 
reach out at contact@ecopdecade.org 

• Participate in the Virtual Early Career Ocean Professional 
Day (@V_ECOPs on Twitter), a 24-hour live event to 
discuss ECOPs role and ocean-related contributions!
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A Collective Ocean 
Literacy Mission 
for an Inspiring and 
Engaging Ocean 
By Margherita Zorgno (EurOcean) 
and Joe Dodgshun (ACTeon)

H
umans and the ocean have always been interconnected, with a 
relationship stronger than we sometimes imagine. The ocean 
influences the weather and climate human beings live in. It is 
a perfect, efficient system that makes life on Earth possible. 

It has always offered inspiration in many forms, lending art, literature, 
and music a rich source of wonders to feed our imaginations with. It 
belongs to our cultures, religious beliefs, and rituals, and even shapes 
our languages – we have all had a whale of a time at least once in our 
lives!

Being an ocean literate citizen means understanding this intriguing 
relationship with the ocean and having the power to choose to protect 
it, making responsible choices and respect it. 

But many of us have lost sight of our connection to the ocean. 
Even as globalization makes us all more connected than ever, we fail to 
see the role the ocean plays in enabling the complex choreography of 
humanity – and how the ocean is struggling to maintain this.

And with the dawn of the Ocean Decade, one of its seven out-
comes recognizes the need to change this, a need for: 

”An inspiring and engaging ocean–whereby society understands 
and values the ocean.”


EU4Ocean promotional video
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A need for ocean literacy.
Ocean literacy is the science of understanding how the 

ocean influences our life, and how we influence the ocean. It 
is a powerful tool for making people aware of the important 
role of the ocean, and of how our daily actions can affect the 
health of it. Ocean literacy can be promoted in many creative 
ways: through art, music, dance, inspiring talks, as a subject 
in schools, or collaborative preservation actions in the field.  
More and more organizations, individuals and companies are 
nowadays putting effort in ocean literacy activities.

However, although the number of ocean literacy activists 
is growing by the day, they often operate separately, in parallel, 
and isolated from their peers. And to generate the change we 
need at the speed we want to see it, this has to change. It is 
becoming increasingly clear that cooperative ocean literacy 
actions are needed to scale the impact each of us want to 
achieve. 

Co-creating for Effective Ocean Literacy
So, what if those organizations and people would start con-

necting, co-creating, and generating a massive wave of actions 
together? Out of this question came the EU4Ocean Coalition 
– a connecting platform where everybody can join the tide 
and increase their collective impact for a more ocean literate 
Europe. Joining disparate and diverse stakeholders, it forms an 
inclusive community network that stimulates an environment of 
concrete actions and commitments to create an ‘ocean-literate 
generation’. 

While international cooperation is extremely important, 
national and regional approaches are crucial for engaging 
on local issues and looking at them with local perspectives. 
EU4Ocean members are being mobilized also at the regional 
sea basin scale, through the organization of local events, 
podcasts, competitions, and other initiatives. Landlocked 

countries are also a key target of the network, to ensure that 
the recognition of ocean benefits also grows in populations 
without direct access to the sea but who still have impacts on 
and from the ocean. 

EU4Ocean was announced during the first UNESCO 
international Virtual Ocean Literacy Summit, on World Oceans 
Day, June 8, 2020. It is powered by the European Commission’s 
Directorate-General for Maritime Affairs and Fisheries (DG 
MARE) and implemented by a diverse consortium of European 
organizations. EU4Ocean consists of three communities: the 
EU4Ocean Platform, an online hub for ocean literacy hosting 
organizations active in ocean advocacy; the European Youth 
Forum, which connects the positivity and powerful engage-
ment of the youth; and the Network of European Blue Schools, 
which gathers schools committed to ocean education, keen to 
help their students become agents for change.

Actions are already taking place under the initiative’s 
umbrella. Navigatio, a non-profit in the Spanish city of 
Santander, is co-developing a Code of Conduct for coastal 
areas with local partners – a guide for all those living, working 
and playing on the coast. The members of Navigatio practice 
traditional nautical sports in the Bay of Santander on a regular 
basis, which makes them a witness of this natural environment 
of great ecological value. Through EU4Ocean, this initiative has 
gained a European scope and drawn on from shared exper-
tise and experience from the wide variety of the platform’s 
members across sectors and countries. 

The platform has also amplified existing initiatives, one 
example being the ‘I live by the Sea Photo and Film International 
Contest’. The 2021 edition of the annual contest organized 
by member ‘Today We Have’ is supported by several other 
members thanks to an internal call for support. This is expected 
to increase the visibility and impact of the contest across 
Europe.

European Atlas of the Seas map of EU4Ocean Platform members © European Union.
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How Can the Youth’s Relentless Positivity 
Drive the Change We Need? 

The momentum recently generated by the global activ-
ism of young people has demonstrated the importance of 
the involvement and engagement of the youth in driving the 
change we need to see in political agendas and in our collec-
tive priorities. Empowering the youth by giving them the right 
tools and space for making their voices heard is crucial. At the 
same time and to embrace all levels of society, schools must 
take part in this common Ocean Literacy mission.

The Youth4Ocean Forum has been designed to provide 
the youth with the opportunities to speak up for their genera-
tion, share their ideas, present Ocean Literacy projects, and 
connect with like-minded young people and experts all over 
Europe. They launch calls for projects every three months, and 
they are currently preparing their attendance at the COP26. 
Successful project holders become Young Ocean Advocates 
and get the opportunity to develop their project further with the 
support of the EU4Ocean Coalition.

Efforts also have to be made to engage children and 
to “bring the ocean” into the education system, so that 
youngsters can also understand its importance, and how we 
(individually or collectively) can better act towards a more 
sustainable use of the ocean. The Network of European Blue 
Schools enables students to embark on a journey to discover 
the ocean and its value with their teachers. By accepting the 
“Find the Blue” challenge, students can select an ocean topic 
or local marine related problem and make a creative contribu-
tion to solving it.

 The Blue Schools empower people to change the way they 
think and take action responsibly, understanding that what we 
do today can have further implications for people’s lives and 
planet. Working on sustainable development issues such as 

climate change and biodiversity is at the heart of Europe’s 
Blue Schools – and to embrace the Sustainable Develop-
ment Agenda, schools can show their students how their own 
actions can help achieve the SDGs by making ocean-friendly 
choices on a school level. 

Collective Actions for the Inspiring 
and Engaging Ocean We Want

As well highlighted in the Ocean Decade concept frame-
work, “achieving the Ocean we want goes beyond the capacity 
of any single nation, any single stakeholder group, any single 
generation, or any single scientific discipline.” Embracing all 
levels of society – from school kids to the youth and adults – 
connecting them all under a unique initiative, looking at new 
opportunities for cooperation, and promoting the inclusion of 
ocean issues in formal education are among the most impor-
tant pillars of the EU4Ocean coalition. 

The initiative wants to contribute to the Ocean Decade 
challenge of making ocean knowledge and understanding 
available to everybody, and promoting behavioral change by 
giving knowledge to kids, empowering Youth to drive change 
and enhancing networking, mobilization and co-creation 
among initiatives and various stakeholders from different 
sectors. Joint effort is needed to make society understand the 
values of the ocean, because, as the famous French ocean-
ographer Jacques Cousteau reminds us: “The sea, the great 
unifier, is man’s only hope.” 

To know more about EU4Ocean Coalition please visit www.
eu-oceanliteracy.eu 

Endnote
We thank Ana Noronha, Ciencia Viva - Olga Mashkina, ACTeon, Delphine 
EL-KHASSAWNEH, Nausicaa - Nathalie Van Isacker, Seascape Belgium – for 
inputs and feedback.
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I
n December 2019, I had the oppor-
tunity to attend a youth session at 
the UN Climate conference COP25 in 
Madrid. The session focused on what 

the priorities should be in the EU for the 
Green Deal strategy. As an observer, I 
was a bit shocked to see that - in the 
wonderful displays created by young 
people – the ocean was completely 
absent. Energy, water, nature-based 
solutions, sustainable seafood systems 
were clearly highlighted, but no connec-
tion made with the vital role of our ocean 
in all of these. In contrast, forests were 
frequently identified and linked to these 
concepts.

I live in Spain, a country surrounded 
by the sea. Our fishing industry is leading 

in Europe, and seafood is an important 
part of our gastronomic culture. The 
reality I faced in my daily job at the 
Marine Stewardship Council (a global 
NGO advocating for sustainable fishing) 
is that, despite the relevance of the 
ocean to us, it is not well recognized all 
the dimensions in which ocean benefit 
our daily lives. At the same time, negative 
perceptions about status of the ocean 
prevail in the mind of part of the society 
with no solution in sight.

How to bring a more accurate and 
updated vision of the ocean? How to 
inspire people with hope? And how to 
help them understand what we do?

At MSC we are experts on sustain-
able fishing, but we also need to engage 

consumers in making sustainable 
choices. Communication is a core activ-
ity in our work, and in Spain we develop 
campaigns and education resources 
to reach a wider audience. However, it 
seemed as if our efforts were generating 
general awareness of the issue, but not 
delivering deeper understanding of what 
makes our ocean sustainable, as we 
wished to see.

In order to explore a new approach in 
our communication, we partnered with 
El Instituto, a pioneering company in 
strategic narrative design. This involved 
building a narrative that helps people 
both understand and make decisions, 
to bridges the gap between differ-
ent visions and generating change. 

Message in a Bottle
By Laura Rodriguez Zugasti, Marine Stewardship Council
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El Instituto had a track record of turning 
complex issues into simple messages, 
including a very successful video series 
known as #WhyMaps. Their accessible 
explanations of climate change, circular 
economy, democracy and other global 
topics has earned them a community of 
followers that felt empowered and willing 
to share the content.

The MSC Spain and Portugal team 
worked collaboratively with El Instituto 
for more than six months to distil the 
key messages we wanted to share, what 
assumptions we needed to challenge 
and what call to action we wanted to 
promote.

The outcome of this process is a 
six-minute video called “Message in a 

bottle”. The video had four main topics: 
(1) why the ocean is important to you; (2) 
why fisheries activity is important and 
what is meant by sustainable fishing; 
(3) what the MSC does and why; and (4) 
what you can do.

The video was launched in October 
2020 in Spanish, Portuguese and 
English. Since then, it has had more than 
380,500 views via YouTube, Facebook 
and Instagram, receiving more than 
5,400 reactions. It is one of the videos 
with the highest level of engagement on 
YouTube for our organization globally.

In the process we took some lessons 
learnt for the future:
• Connect with a broader topic that 

most people feel concerned about: 

We started the video by presenting 
a dilemma - what would you pick, the 
economy or the planet? Anyone can 
have an opinion on this question.

• Solid and updated sources for the 
data: rigor is a main value in all the 
communication from the MSC. In 
this case, no matter if the video 
was developed for a non-technical 
audience, we put special emphasis in 
assuring that all data was up to date 
and from a credible source. All data in 
the video cites a recognized source, 
so anyone can get more information 
if needed.

• Positive evidence to move to action: 
we wanted to highlight good real 
examples and positive projections 

of the world we can build if we act 
today. Again, this has to be based 
on solid research and news posted 
recently. There is also a sense of 
urgency, a sense of emotion of what 
we can all accomplish together.

• Localization: the video was devel-
oped in Spanish and in parallel 
adapted to Portuguese and English. 
In this work, although most of the 
sources were international research, 
we tried to localize the news using 
similar media sources relevant in 
Portugal and in the UK. This way, 
the audience in these countries feel 
more connected to the story.

• Conclusions that go beyond our 
organization and the ocean: our 

call to action was not limited to the 
ocean and the field in which our 
organization is active, we wanted 
to deliver a conclusion that can be 
applied to any sector to accelerate 
the transformation towards sustain-
ability. The conclusion was “By 
rewarding good behavior, the change 
spreads”.
This initiative allowed MSC Spain and 

Portugal to have a direct dialogue with 
new audiences and understand their 
questions and concerns. From the com-
ments received we perceived distrust 
about fishing activity and perception 
of seafood consumption being linked 
to environmental deterioration. Is it 
the dilemma posed by actions which 
benefit the economy and those which 
benefit the planet? Part of the audience 
didn´t feel comfortable about the word 
economy in this context, raising the 
need to talk about sustainable or human 
development. We also received very 
positive comments sharing that the 
information was useful for their lives, 
people felt inspired by the message and 
were interested to know more about 
our work. The Spanish and Portuguese 
versions are now receiving growing 
attention in Latin American countries, 
where the ocean agenda is starting to 
gain momentum.

 A key element in the success of the 
video was connecting it to an existing 
community (#WhyMaps), who are avid 
for high quality content that explains our 
world. This community can now better 
understand how the oceans connect to 
other environmental and development 
topics.

Our ocean deserves to be at the 
center of any cutting-edge discussion, 
so we are glad to have contributed to 
raising the interest of new audiences 
through our “Message in a Bottle”.

 The MSC supports the UN’s Decade 
of Ocean Science for Sustainable Devel-
opment and its goal of achieving an 
inspiring and engaging ocean. Through 
MSC’s global sustainability Standard for 
fishing and its Ocean Stewardship Fund,  
it promotes science-based fisheries 
management that safeguards seafood 
for future generations. Visit www.msc.
org to learn more.
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T
he UN Decade of Ocean 
Science for Sustainable 
Development (Ocean Decade) 
aims to transform the ocean 

on a global scale, including how 
humans interact with and appreciate 
the ocean and coasts. Facilitating this 
transformation of society’s connec-
tion with the ocean will require more 
than new science and novel technol-
ogy; the importance of the Ocean 
Decade endeavor and its relevance 
to society must be communicated 
in a way that connects with people. 
The Ocean Decade is a fantastic, but 
complicated story with many moving 
parts and overlapping characters that 
need to be highlighted and explained.

The Ocean Decade Show, a 

new podcast on the American 
Shoreline Podcast Network, aims to 
help facilitate the transformation of 
society’s relationship to the ocean by 
focusing on the human stories of the 
next ten years. Through the flexible 
podcast format, The Ocean Decade 
Show will strive to take listeners down 
the Yellow Brick Road of the Ocean 
Decade, covering major international 
events, highlighting prominent 
Programmes and Activities, and 
allowing individuals participating in 
the Ocean Decade to tell their story. 
In order to achieve “the ocean we 
want”, we must communicate about 
the ocean in a way that’s never been 
done before. The Ocean Decade 
Show will be a resource to help the 

ocean community get their messages 
out during this ten-year global focus 
on the ocean and coasts.

Subscribe to the American 
Shoreline Podcast Network to get the 
Ocean Decade Show, available wher-
ever you listen to podcasts. https://
podcasts.apple.com/us/podcast/
american-shoreline-podcast-
network/id1434886389

The Ocean 
Decade Show

Hear the ocean...
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Hear the ocean...
Radio 
Sea the 
Future 

R
adio Sea the Future shares the 
ocean stories of people across 
the French coast, showcas-
ing the local - marine - facets 

of global environmental issues, as 
well as grassroots ocean action. 
With its humanist approach, our 
podcast channel shows the very real 
consequences of climate change on 
coastal populations, and the hopes 
and actions of very real humans, doing 

their most to mitigate and adapt. Each 
episode is recorded during halts of our 
association’s multi-disciplinary Ocean 
Literacy sailing expeditions in France 
and Europe.

 With over twenty 20-minute 
episodes and a second season on its 
way, we hope to raise awareness on 
the environmental crisis while bringing 
a splash of salty hope to our auditors.

Podcast at: https://bit.ly/3cavbDN) 
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330 Million People, One Ocean
U.S. collective action to tackle the ocean’s biggest challenges
By Craig McLean, NOAA

O
nce in a career, if not a lifetime, 
comes an opportunity as great 
for the ocean community 
as the UN Decade of Ocean 

Science for Sustainable Development. 
The Ocean Decade will set the course 
for ocean science over the next 10 years 
and beyond, for the benefit of society, 
not just scientific advancement and 
understanding. Since its creation with 

the UN General Assembly proclamation 
in December 2017, the Decade has 
evolved from a visionary concept of 
advancing the UN Sustainable Develop-
ment Goals for all nations, to a tactical 
and purposeful Implementation Plan, and 
now it is time to act. 

Spanning the years 2021 to 2030, the 
Decade aims to unite every country, and 
every citizen of the world, to be inspired 

by the ocean. To awaken within everyone 
an awareness of the ocean’s importance 
and of opportunities to use it sustain-
ably, but also an awareness of the harms 
the ocean is enduring by human hands. 
Today, human activities are forcing the 
ocean to change faster than this complex 
ecosystem evolved. Such changes 
cannot be sustained without lasting, if not 
irreversible, negative impacts. 
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Time for Transformation
The Ocean Decade is being imple-

mented by a subordinate UN body, the 
Intergovernmental Oceanographic 
Commission. The U.S. was a founding 
member and remains active and a 
leading participant. The Ocean Decade 
is about transformation and opportunity. 
On a global level, the goal is to move 
from the ocean we have to the ocean we 
want, and the ocean that we need for the 
future. That is quite a distance to cover. 
Captain Jacques Cousteau famously 
inspired generations with the notion 
that, ‘You can’t save what you don’t love, 
and you can’t love what you don’t know.’ 
The United Nations has generated this 
Decade to redirect the treatment of the 
ocean by people and governments, and 
to effectively save the ocean. The U.S. is 
vigorously engaged. 

The science we need begins with an 
overall better understanding of the world 
beneath the surface of the water. Today, 
approximately 20 percent of the ocean is 
mapped at a sufficient resolution to fully 

realize its features - seamounts, plateaus, 
canyons and trenches. Impressive? Yes, 
the ocean is huge. But we have quite a 
way to go. Imagine being a physician 
and understanding only 20 percent of 
your patient before surgery. We need 
more information. The United States 
is now engaged in closing the gap in 
mapping, exploring, and characterizing 
our U.S. Exclusive Economic Zone, and 
contributing to mapping the world ocean 
under the Seabed 2030 project, surely to 
become a signature model of what the 
Ocean Decade can deliver. This is just 
one example; did you know that NOAA 
provides more than half the world’s 
ocean measurements? These measure-
ments are free and open data, and vital 
to calculating a climate future. Scientists, 
banks, the finance industry, the transpor-
tation and agriculture sectors, governors, 
mayors, and commercial weather 
companies all use this data, daily. The 
Ocean Decade will bring this into better 
focus and public understanding. 

NOAA Ship Okeanos Explorer 
docked at the pier at the Port of 
Apia in Samoa prior to the start 
of the the Discovering the Deep: 
Exploring Remote Pacific Marine 
Protected Areas expedition. 
Image courtesy of the NOAA 
Office of Ocean Exploration and 
Research, Discovering the Deep: 
Exploring Remote Pacific MPAs.

GVA Nicky Applewhite stands the lookout watch aboard the NOAA ship Okeanos Explorer.
Photo credit: NOAA Office of Ocean Exploration and Research
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Moving Forward Together 
The scope of work envisioned during 

the Ocean Decade is an ‘all hands on 
deck’ proposition. The Challenges 
that the Ocean Decade is designed to 
address, outlined in the Implementation 
Plan, include: pollution, ecosystem integ-
rity and restoration, sustainable seafood, 
equitable and sustainable economic 
development, the ocean-climate nexus, 
marine hazards and warnings, ocean 
observing systems, a digital map of the 
ocean and ocean data portal, capacity 
development, and identifying barriers to 
behavioral change regarding attaining 
these goals. Domestically, to further 
these purposes, the National Academy 
of Science’s Ocean Studies Board has 
been empaneled as the U.S. National 
Committee for the Ocean Decade. The 
Committee serves as a communication 
channel for the U.S. ocean community 
to forge greater pathways of integration 
and connection, both within science and 
beyond. By uniting partners in collec-
tive action, through the work of the U.S. 
Committee, the U.S. is mobilizing across 
sectors, organizations, and even calling 
on youth to inspire transformative ocean 
science and ensure the whole of the 
endeavor is exponentially greater than 
the sum of its parts. 

The U.S. National Committee seeks 
bold ideas from across the U.S. ocean 
community. More than 85 “ocean shots” 
were presented at a launch event in 

February 2021, convened by the National 
Academy of Sciences and attended by 
over 1,100 individuals, from scientists to 
artists and activists. These “ocean shots” 
-- harkening back to the “moon shot” 
of space exploration -- aspire to create 
transformational change toward Decade 
Challenges. 

Federal agencies join in this ocean 
quest with the NGO’s, foundations, 
commercial companies, private entities, 
and inspired individuals who have already 
contributed ideas, and joined as official 
Nexus organizations in pursuit of the 
goals of the Ocean Decade. This emerg-
ing ecosystem of ocean supporters is 
uniting to find the best ways to address 
the challenges of the Decade, from 

mapping the seafloor, to assessing the 
global biology of the ocean, to enabling 
an unprecedented level of ocean infor-
mation and data access.

Ultimately, these and other ideas are 
sent forward to the Intergovernmental 
Oceanographic Commission for review 
and acceptance as endorsed com-
ponents of the Ocean Decade. Such 
acceptance will provide visibility, partner-
ship opportunities, and an attraction for 
funding opportunities. Throughout the 
Ocean Decade there will be renewed 
Calls to Action for the submission of large 
global- or ocean basin-scaled programs 
and oceanographic campaigns, moder-
ately-scaled projects, plus other manners 
of contribution including sponsorship.   

An Unidentified Swimming 
Organism found during a cruise 
off Hawaii during the CAPSTONE. 
Our science team was stumped 
as to what this organism could 
be. Photo credit: NOAA Office of 
Ocean Exploration and Research

NOAA survey ships use multibeam sonar to measure the depth of the sea floor. These depth measurements 
are then used to create and update nautical charts to support safe navigation. Photo credit: NOAA
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An Inspiring Ocean 
The Ocean Decade will be achieved 

with a partnership spirit, not just with 
organizations and national efforts, but 
from the people; individuals. This is the 
Ocean Decade for Sustainable Develop-
ment, focused beyond the science of the 
Decade and towards the societal needs 
of science for a purposeful outcome: 
ocean sustainability. The true end goal of 
sustainable development is synonymous 
with a sustainable ocean economy, and 
substantial progress over the next 10 
years will prove to all that a healthy and 
resilient ocean is possible, for the better-
ment of humankind.

Yes, once in a lifetime do we have 
the opportunity for the entire world to 
focus on one global ocean goal together. 
Many of the Sustainable Development 
Goals cannot be achieved without first 
realizing a healthy ocean: a resource for 
food, tourism, transportation, energy, and 
more. While these are well known and 
documented in the scientific community, 
further dialogue and communication 
is needed to reach the general public, 
many of whom may not even know how 
dependent their life is on the ocean. 
Co-design and community engagement 
will be instrumental in facilitating change 
towards the ocean we want. Delivering 
the result of ocean science for sustain-

able development to the world’s com-
munity will safeguard the future of our 
children, and our grandchildren. 

Youth contributors to the Decade 
will also play a role in the success of 
the Decade. Hearing from youth voices 
across the U.S. and the globe brings 
them into the conversation about priori-

ties for the ocean and coasts. The online 
engagement activity #DrawYourDecade 
is designed to educate and involve youth 
in the vision for the ocean in ten years. 
The Early Career Ocean Profession-
als (ECOP) group calls on early-career 
professionals to help shape existing 
and future methods across disciplines, 
regions, and generations. ECOP engage-
ment is a critical component to Decade 
success now, and beyond 2030. It is the 
future world they will not just inherit, but 
lead.

The Future is Now
The Ocean Decade has lofty goals 

- but if not now, when will we achieve 
them? Join the action now to move from 
the ocean we have to the ocean we 
want. The Ocean Decade is the bridge 
between the two, poised to strategically 
scale up existing activities, and offer us 
an opportunity to work together for a 
common good in a true spirit of interdis-
ciplinarity and partnerships. 

Let’s get started, and may the end of 
the Decade bring such great advances 
that we cannot even imagine them today! 

Links:
U.S. National Committee for the 

Decade - https://www.nas.edu/ocean-
decadeus

This stunningly beautiful jellyfish was seen at a depth of approximately 3,700 meters by a remotely operated vehicle tethered 
to the NOAA Ship Okeanos Explorer as the scientists explored the Marianas Trench Marine National Monument. Scientists 
identified this hydromedusa as belonging to the genus Crossota. Photo Credit: NOAA Office of Ocean Exploration and Research

NOAA’s remotely operated vehicle 
Deep Discoverer is recovered 
over the deck its first dive in 2016. 
Photo Credit: NOAA Office of 
Ocean Exploration and Research
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I
n August 2021, the 107-year-old 
98-meter-long tall ship Statsraad 
Lehmkuhl will depart Norway only 
to return in April 2023, having sailed 

55,000 nautical miles and visited 36 
ports worldwide. The ship is equipped 
with modern instrumentation and will 
collect high-quality data of ocean 
physics, chemistry and biology continu-
ously throughout the journey. It will also 
serve as a floating university, bringing 
crews of students and young leaders 

together at different legs. High-level 
meetings and public events will happen 
during port visits. Real-time access to 
data, video and TV from the ship will 
serve to inspire and engage not only 
scientists but also citizens for ocean-
based action towards sustainable 
development worldwide. 

The main goal of the One Ocean 
Expedition is to create attention and 
share knowledge about the ocean´s 
crucial role for a sustainable future in 

a global perspective. The expedition 
is a recognized part of the UN Ocean 
Decade and the ship will serve as a 
powerful tool for outreach, inspira-
tion and engagement for the ocean, 
contributing in particular to the Societal 
Outcome 7 of the Decade: An inspiring 
and engaging ocean.

The tall ship Statsraad Lehmkuhl 
has for many years been an active 
participant in tall ship races and other 
short and longer voyages from its 

One Ocean 
Expedition
Contributing to the UN 
Decade through a 20-month 
circumnavigation of the 
globe with the tall ship 
Statsraad Lehmkuhl
By Haakon Vatle, CEO of the Norwegian 
tall ship Statsraad Lehmkuhl, Peter M 
Haugan, Programme Director, Institute 
of Marine Research, Norway

eco  UN DECADE OF OCEAN SCIENCE FOR SUSTAINABLE DEVELOPMENT260 www.ecomagazine.com/subscribe



home port in Bergen, Norway. It has a 
core crew operating the vessel, but on 
sailing voyages, members of the public 
come onboard as trainees. Trainees 
take turns helping with running the ship. 
They all sleep in hammocks and live and 
work like the sailors of the past. Team 
building and leadership is an inevitable 
part of the experience. That is part of 
the reason why many groups return as 
active users of the ship every year, even 
if sailing skills are not anymore of high 
importance in most modern jobs.

The One Ocean Expedition emerged 
as an idea about five years ago, at about 
the same time as the first initiatives 
were taken to propose a UN Ocean 
Decade. Regional seas are different, 

and the relative importance of different 
environmental challenges and human 
activities vary, but the global ocean 
unites us. We share a common future. 
Common challenges including climate 
change and ocean acidification affect all 
parts of the ocean. That is why the idea 
of traversing the global “One Ocean” 
with a vessel that invites and in fact 
demands participants to work together, 
seemed like a fitting way to showcase 
the essence of the sustainability chal-
lenge and the role of the ocean in global 
sustainability.

Since planning started, more and 
more good forces have joined from 
academia, business, civil society and 
government. Safety, science, education, 

communication, logistics, port activities 
are some of the topics addressed by 
voluntary groups preparing the expedi-
tion. 

The sailing ship is an extremely 
environment-friendly way of travelling. 
Recently, an electric generator has been 
connected to the propeller to generate 
electricity for onboard use while sailing. 
The ship has been and is operating 
during COVID-19, and there is a firm 
determination that the expedition plan 
shall be possible to complete even if the 
pandemic will still be with us.

During the last few years, the ship 
has been equipped with modern instru-
mentation making it into a research 
vessel that will collect comparable data 
from a wide range of environments. 
For example, the quiet movement of a 
sailing vessel provides very good condi-
tions for high-quality acoustic data from 
the upper ocean, both passive listening 
and active echosounders. Underway 
water sampling allows powerful modern 
techniques like DNA analyses. Students 
will take part throughout the journey 
ensuring data collection and transmis-
sion from all the instruments.

 The whole expedition will be fol-
lowed online and different aspects of 
the expedition will be used on shore for 
exhibitions, schools, universities and 
partners all over the globe. For example, 
the Aquarium in Bergen has dedicated 
and rebuilt its biggest room to expedi-
tion related displays and data.

 When the ship returns to Bergen 
on 15th April 2023, it will start the One 
Ocean Week – a week with conferences, 
workshops and activities related to 
ocean science and public engagement 
but also policy and action. Then there 
will be only seven years left until 2030, 
and time to take stock of where we are 
on the journey towards the ocean we 
need for the future we want. 

 Fair winds and following seas from 
the tall ship Statsraad Lehmkuhl and 
from all the dedicated partners of One 
Ocean Expedition!

Endnote
Expedition web site with more information 
including a 5-minute video: https://oneoceanex-
pedition.com/

Instrumentation installed at the tall ship Statsraad Lehmkuhl for underway measurements. 
In addition to the instruments, sensors, datatypes and data transmission shown, 
the ship will deploy other instrumentation including drifting Argo buoys.

The sailing route.
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Engaging from the Ground 
Up on Tioman Island

By Reef Check Malaysia

I
magine a community living and 
thriving harmoniously with a healthy 
ocean that surrounds them - a pos-
sibility many of us in marine resource 

management are working towards and 
hoping to see come true. However, are 
we engaging with those who depend on 
the ocean most in the process?

Tiny but Mighty - The 
Story of Tioman

Tioman Island, a paradise tucked 
away on the East Coast of Peninsular 
Malaysia, is becoming a role model in 
conservation for the country.

Tioman is unique because it not only 
hosts some of the healthiest coral reefs 
in Malaysia, but it also supports a virgin 
rainforest which is home to a variety of 
flora and fauna including 16 endemic 
species. The island sits on trade routes 
in the South China Sea, and has been an 
important stopping-off point for sailors 
dating back to the early 1600’s. Tioman’s 
pristine coral reefs made it a popular 
tourist destination in the 1970s and it is 
now one of the top diving destinations 
in the region, receiving around 250,000 
tourists a year.  

The waters around Tioman are 

protected as a marine park under the 
Department of Fisheries. However, the 
setting up of the protected area and its 
management did not involve the local 
population. The introduction of the 
protected area, which extends to two 
nautical miles from the low tide mark all 
around the island, meant locals have lost 
many of their traditional fishing grounds. 
This community loss led to many 
years of contempt towards the marine 

protected area. 
In 2013, we established a team on 

Tioman to work on coral reef monitoring. 
It was not easy to start with. We faced 
resistance from the local community 
while trying to raise awareness about 
conservation and our work. With so 
many differences in the way we think and 
live, plus the initial perception of us being 
“outsiders”, it took time to build trust with 
the local community. 
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Over time, we learned that protecting 
the ocean is beyond just monitoring and 
surveys. And it was largely through trial 
and error that we figured out that we had 
to connect with the islanders from the 
ground up and focus on initiatives that 
directly involve and impact the com-
munity.

From there, we also noticed there 
are limitations to traditional or hierarchi-
cal management of natural resources. 
We then slowly shifted our focus to 
co-management - an approach where 
responsibilities are shared among 
various stakeholders, from local commu-
nities, government or non-government 
actors, to policymakers. Linking this 
concept with natural resource manage-
ment seems like the most likely route to 
success.

Back in 2014, we conducted a study 
among 100 local community members 
on Tioman. The survey revealed that the 
vast majority of respondents showed 
an interest in working for the Marine 
Park. Respondents felt they should be 
given the first priority to fill available jobs 
within the Tioman Marine Park, as they 
have a better understanding and more 

invested interest in the island, its culture 
and history, and relevant conservation 
issues than those from outside of the 
community. 

And we have to agree, the locals 
know their surroundings the best, often 
even better than we conservationists or 
scientists do.

After discussions with senior Marine 
Park managers in 2015, it was agreed 
that Reef Check would select and train 
a group of local islanders who would 
then help the Marine Park managers 
with tasks such as coral reef monitoring, 
reef cleanups, predator control, mooring 
buoy replacement and more. The Marine 
Parks authority funded the training and 
paid the locals for the following two 
years. This group grew and evolved into 
the Tioman Marine Conservation Group 
(TMCG). 

Success is a Series of Small Wins
In September 2019, the Depart-

ment of Fisheries Malaysia (who took 
over management of the Marine Parks 
in 2018) introduced the Reef Care 
program, an initiative to give com-
munities a formal role in managing and 

conserving the marine resources near 
their village. Together with TMCG, we 
were invited to implement the Reef 
Care program on Tioman. The program 
has been a milestone in supporting the 
community and building community 
engagement. 

To date, we have trained 16 dive 
operators in sustainable practices, 
established five recycling collection 
centers, guided 24 islanders who are 
now part of TMCG, and helped 10 hotels 
attain Green Hotels standards. Since 
2013, the recycling collection centers 
have collected a total of 9,566.5 kilo-
grams of plastics, 10,885.7 kilograms of 
tin, 35,950 kilograms of glass, and 331 
kilograms of batteries and e-waste. 

These achievements thus far have 
shown how the people of Tioman are 
rising to the challenge of recognizing 
their island as a valuable asset and pro-
tecting their natural resources. It is even 
more empowering for the community 
when they are given some say in making 
a decision for the land they live in.

To support this, we are actively 
lobbying for new policies and legal 
measures to help formalize the role of 
local communities in management. The 
National Policy on Biological Diversity, 
among others, supports the participa-
tion of local communities in manage-
ment, but there are no legal instruments 
or regulations that describe how this 
should be achieved. We have prepared 
a new policy and legal framework, 
which we are disseminating to relevant 
decision-makers. This is our next battle.

Real Power Comes from Within
Each small win is a step forward for 

the island. We are now seeing more 
community-level initiatives being 
launched around the island, including a 
giant clam management program. There 
is power for real positive change when 
it comes to the local community taking 
practical actions in being a part of marine 
conservation, even more if they are given 
the capacity to do so. 

We hope to continue empowering the 
Tioman community in their efforts, and 
perhaps going a step further - replicating 
this success across other island com-
munities in Malaysia towards a healthy 
and valued ocean.
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Giving Our 
Ocean a Voice

By Josh Pysanczyn, The Marine Diaries 

As part of its ‘Spotlight on Sealife’ article 
series, The Marine Diaries introduces 
readers to the wonderful array of 
creatures that inhabit the ocean, such 
as this flamingo tongue snail (Cyphoma 
gibbosum). Credit: Hedvika Michnova.eco  UN DECADE OF OCEAN SCIENCE FOR SUSTAINABLE DEVELOPMENT264



A 
collaboration of researchers and writers, artists and 
activists, photographers and graphic designers, make 
up The Marine Diaries – a non-profit, ocean science 
communication platform and collective of ocean 

advocates which spans many disciplines, countries and 
backgrounds. 

Since 2018, The Marine Diaries has been on a mission 
to increase ocean literacy and communicate ocean science, 
bridging the gap between the scientific community and the 
public. The organization now consists of a diverse team of 
35 volunteers from across the world, in addition to numerous 
collaborators working alongside the initiative. Through a range 
of digital media, combining academic literature with art, design, 
video and campaigning, The Marine Diaries is educating the 
public by telling the stories of the ocean. 

“The Marine Diaries was created because we recognize 
that there was a disconnect between the scientific community 
and the general public. The Marine Diaries’ mission is to bridge 
that gap, using digital media for science communication,” says 
Rebecca Daniel, director of The Marine Diaries. 

It’s important to have everybody on the same page when 
it comes to protecting our ocean. The scientific knowledge 
we have cannot merely be stored in journals, available only to 
those within the academic community; it must be shared freely, 
in a way that engages, empowers, and inspires us all to make a 

difference. 
“By sharing stories, facts, and inspiring messages about the 

ocean, its creatures and the organizations working to protect it, 
The Marine Diaries is able to inspire people to care a little more, 
to maybe change their lifestyles, read up on things and gener-
ally live life more consciously,” says Millie Rose, blog manager 
for The Marine Diaries. 

The Marine Diaries has recently become part of the 
EU4Ocean Coalition, a new initiative by the European Com-
mission which unites organizations, projects and people who 
contribute to ocean literacy across Europe. Through this, The 
Marine Diaries is connected to a network of organizations who 
support the sustainable management of our ocean. 

Plastic Not Fantastic 
Plastic waste is now found in all the world’s major ocean 

basins, including ocean gyres and deep-sea trenches. In 
2019, a research article published in AAAS Science Advances, 
presented the first global analysis of all plastics ever manufac-
tured. Their results found that of the 6,300 million metric tons 
(Mt) of plastic waste generated, a mere nine percent had been 
recycled, and a staggering 79 percent had accumulated in the 
natural environment. 

To raise awareness about the issue, The Marine Diaries 
launched its first digital awareness campaign, Plastic Not 

Educational poster on coral reefs, released as part of ‘The Marine Ecosystem Diaries’. Credit: The Marine Diaries.
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Fantastic in 2019. The Plastic Not Fantastic campaign brought 
together over 35 organizations, researchers, influencers, 
and activists, who shared their knowledge on the detrimental 
impact plastic pollution is having on the ocean, and the new 
and exciting efforts in place to help reduce and prevent further 
pollution. 

The campaign focused on three main questions: What are 
the main sources of plastic pollution? What impact is plastic 
pollution having on our ocean? And how can you live a plastic 
free life? 

“This campaign was a great way to meet other organiza-
tions and businesses, and collaborate on a shared mission 
to reduce the impact we as humans have on the planet and 
specifically, the ocean. Through collaborations we were able 
to reach the audiences of other organizations, broadening our 
impact,” says Rose. 

The Marine Diaries engaged its followers in an interac-
tive platform through which to learn about the impacts of 
plastic pollution and find plastic-free alternatives to various 
consumables including clothing, food and drinks, and beauty 
and healthcare products, offering its audience the chance to 
reduce their plastic footprint.  

Members of the team even offered firsthand reviews of their 
experience with numerous plastic free, ocean saving products, 
such as plastic free toothpaste. This helped those interested 
save time and money when deciding which plastic free brands 
to choose.

Marine Ecosystem Diaries 
This year, The Marine Diaries embarked on a new journey: 

The Marine Ecosystem Diaries.

With each month, comes a new ecosystem, and with each 
ecosystem comes an array of educational tools, including 
illustrated posters, awe-inspiring mini-documentaries and 
engaging articles, guiding the reader through nine globally 
important marine ecosystems.  

All posters produced for their project are designed to be 
printed or used digitally, and are freely available. They can be 
used in conjunction with corresponding videos and articles 
by individuals, schools, marine NGOs, and other institutions to 
educate the public about the ocean. 

The Marine Diaries open ocean mini-documentary, released as 
part of the Marine Ecosystem Diaries project. Credit: The Marine 
Diaries. Series producer: Rebecca Daniel. Videographer: Hedvika 
Michnova. Researcher: Emma Williams. Narrator: Bianca Uyen. 
Footage: Blue Ventures, Jenna Crowe-Riddel, Dive Buddies 
for Life, Natasha Ewins, Felicity Flashman, Pedro Furtado, 
David Girsh, Greenpeace, Karim Iliya, Marine Conservation 
Society, Dr. Peter Morse, Alexander Semenov, Bianca Uyen, 
Whale Watch Kaikoura, John Wheeler, Emma Williams 

Orca, like this female photographed off the coast of British Columbia (Canada), are among the many marine organisms who are 
drastically impacted by anthropogenic stressors such as plastic and noise pollution. Credit: Josh Pysanczyn, ©CetaceaLab2018.
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“All marine life around the world is under threat; public 
awareness and education is essential to reversing this trend. 
We have launched Marine Ecosystem Diaries to give every-
one a chance to see what’s at stake and fall in love with the 
wonders under the sea. The team has put in some incredible 
time and energy into this project - so we hope everyone enjoys 
the content as much as we enjoyed creating it,” says Daniel. 

This vitally important resource creation aims to instill the 
importance of these ecosystems for the planet. From coral 
reefs to polar seas, this ambitious project focuses on identify-
ing the different keystone species found in each ecosystem, 
the goods and services they provide, the threats they face, 
and how various people and organizations are committed to 
conserving them. 

The Marine Ecosystem Diaries is a collaborative project, 
bringing together a group of people with a dynamic range 
of skills and expertise to produce engaging and educational 
materials. It has welcomed footage contributions from various 
organizations, including Blue Ventures and the Marine Conser-
vation Society. 

A number of illustrators have brought their unique flair to 
each poster. Working in partnership with The Marine Diaries on 
this project is award winning children’s author, illustrator, and 
environmental activist Janina (Nina) Rossiter. Nina is a long-
standing collaborator with The Marine Diaries and continues 
to use her platform to inspire others. Nina’s artwork brings in 
elements of environmental activism in a movement coined 
‘Artivism’, which evokes a sense of environmental sympathy 
alongside artistic appreciation. 

“I have absolutely loved being an illustrator for the Marine 
Ecosystem Diaries. I was chosen to illustrate mangroves, which 

are so beautiful to illustrate and provide so many benefits to 
the ecosystem. Through Artivism, you speak the language of 
art, which is universal. You don’t need words, and anybody can 
understand it,” says Rossiter.

Accompanying the posters is a breath-taking series of mini-
documentaries. In February, the project highlighted the open 
ocean (also known as the high seas).

These mini-documentaries pull together many beautiful 
aspects of the underwater world. Utilizing archive footage to 
reduce carbon emissions, they highlight the weird and wonder-
ful creatures found across ocean ecosystems. Nevertheless, 
they don’t shy away from the truth. Each video dives headfirst 
into the threats the ecosystem is facing, bringing home the 
extent to which we are tipping the delicately balanced ecologi-
cal scales, tipping them towards extinction.

“I hope that communicating the issue of overfishing through 
an engaging mini-documentary will inspire a wide audience 
to make changes in their daily lives and help protect the open 
ocean,” says videographer of the open ocean mini-documen-
tary, wildlife photographer and filmmaker, Hedvika Michnova.  

A Voice Now and for the Future
As we continue to drift through this unprecedented period 

of uncertainty, The Marine Diaries and its collaborators have 
continued to provide a certain level of reassurance that there 
are people fighting to protect our ocean.

Informative and engaging articles, interviews, posters, and 
mini-documentaries, webinars and platforms to speak and be 
heard, enable everybody to discover new and exciting ways to 
become an ocean protector. 

“In this modern world where most of us are online every day, 
it is important to change the way we communicate science 
and connect people with the ocean. The Marine Diaries makes 
ocean science accessible to everyone, reaching more people 
and spreading messages that matter,” says Michnova.

The Marine Diaries plays a vital role in bridging the gap 
between academia and mainstream, accessible media. As an 
organization, it continues to grow, rapidly expanding its reach 
and influence. Through increasing ocean literacy and continu-
ing to inspire and engage current and future ocean advocates, 
The Marine Diaries is striving to give our ocean a voice.

As a non-profit partner with 1% for the Planet, The Marine 
Diaries leads by example; paving the way for local involvement 
and ensuring that anybody can positively contribute to the 
protection of our ocean. 

“Joining the 1% for the Planet network as a non-profit 
partner felt like a great achievement for The Marine Diaries, 
because it gives us recognition and validation as an organiza-
tion that is contributing towards a healthy planet. It also allows 
us to be paired with individuals or businesses who are part 
of the network, and to potentially receive financial donations 
or other kinds of support. As The Marine Diaries is currently 
un-funded and volunteer-led, this is a fantastic opportunity,” 
adds Daniel.

if you’d like to support The Marine Diaries, visit their website 
and get in touch.

 > www.themarinediaries.com

An example of Nina’s Artivisim work, highlighting the use 
of plastic in teabags. Illustration: Janina Rossiter.
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Academics as Promoters 
of Social Engagement

Laboratorio Social COEDPA: A case study
By Bruna de Ramos1,2, Edeziana Ávila1,3, Giuliana Andréia Sfredo1,4, Júlia Terra M. Machado1,5, 

and Esther Puertas Cristóbal1 (Laboratório Social COEDPA, INDESS, UCA, Cádiz, Spain)

La Caleta beach in Cádiz city, Spain. 
Photographer:  Giuliana Andréia Sfredo.
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S
cience communication plays an 
important role in citizen participa-
tion, allowing the population to 
acquire scientific knowledge 

easily and start noticing its presence in 
their daily lives. As scientists working 
under an eco-social approach, we felt 
the urge to propagate academic exper-
tise, with as many people as possible, 
through Communication-Education-Par-
ticipation tools. That is how, in January 
2019, the Laboratorio Social COEDPA 
was created.

Laboratorio COEDPA is an experi-
mental, open, and participatory space 
within the University Research Institute 
for Social and Sustainable Development 
(INDESS) of the University of Cádiz (UCA), 
Spain. Our main features are multidisci-
plinarity, circular knowledge transference, 
and our external researchers. With an 
international group of collaborators from 
Spain, Brazil, Russia, Costa Rica, and 

Ireland, we work with the new model of 
Blue and Safe Tourism approach.

The circular knowledge transfer-
ence, which is a term that we created, 
is the way to create joint and shared 
knowledge between academia, public 
administrations, media, social agents, 
and civil society through participatory 
processes. In other words, our main 
mission is to transform the knowledge 
from the classroom and the academy, to 
serve society. We can achieve this goal 
thanks to our researchers, external col-
laborators, and associated entities’ col-
laboration. Together, we aim to promote 
citizen science, ocean literacy, and the 
culture of risk prevention and manage-
ment, building more resilient societies 
through non-formal education, research, 
innovation, scientific dissemination, and 
connections: “Connecting people to 
science and science to people” is our 
motto.

The challenge that we face now and 
for the future is to achieve a greater 
impact with our activities. Therefore, we 
work on several lines of action: a) pro-
duction of pedagogical and informative 
material on social media for the general 
public; b) continuous improvement of 
the Laboratorio COEDPA team through 
training and participation in specialized 
forums/events; c) coordination with other 
social and economic stakeholders; and 
d) activities focused in public manage-
ment, education, and media diffusion. 
Our group is constantly looking for part-
ners (local, national, and international), 
new researchers and external collabora-
tors, people committed to our society 
and with the desire to change the world. 
Through our initiatives, we intend to 
disseminate scientific knowledge about 
ocean and conservation, questioning 
the system, showing the importance of 
protecting ecosystems, and encourag-
ing participation, at the individual and 
collective levels for the fulfillment of 
the 2030 Agenda and the Sustainable 
Development Goals (SDGs).

At the beginning of our journey, 
in 2019, we organized the ‘Disaster 
Coverage Seminar’ and the ‘I Conference 
on Risk Reduction on Our Coasts: Blue 
and Safe Tourism’. In 2020, Laboratorio 
COEDPA joined two academic initia-
tives during the year of the COVID-19 
outbreak: The Virtual Blue and Safe 
Tourism Week 2020 (our participation in 
the European Maritime Day - EMD) and 
the Ocean Week. Both events aimed to 
promote coastal tourism resources, as 
well as maritime businesses, emphasiz-
ing environmental commitment and risk 
prevention. Later on, our team joined 
the European Researcher’s Night 2020 
edition with three online activities: 
‘Yincana Virtual Turismo Azul y Seguro’, 
‘Mar de Mujeres Webinar’ (special 
edition), and the ‘Webinar Natural evolu-
tion and artificial transformation of Cádiz 
Bay’.

Also in 2020, we launched the activity 
Ciencia y Café (Science and Coffee) 
as a place for the scientific community 
to meet curious people from different 
places and languages (Spanish, Portu-
guese, English, and Russian) within the Fragata Portuguesa; Photographer: José Sánchez Olmedo, 

participant of Océano de Recuerdos contest in 2020.
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framework of the program UCA com-
mitted to the SDGs. The online interview 
(approximately 30 minutes) allows the 
researcher to share their expertise 
through an informal chat advertised on 
social media. Four editions of Ciencia 
y Café were produced, presented live, 
recorded, and shared on YouTube. As a 
result of this initiative, and seeking great 
proximity to our audience, another event 
was designed based on the concept of 
collective intelligence: ‘Dando Caña a 
la Ciencia’, a podcast with people from 
different backgrounds discussing envi-
ronmental issues. This event aims to be 
fun and casual like sitting at a bar talking 
with friends, making conversations 
about science easy and pleasant. And 
last but not least, we present our main 
event: Mar de Mujeres. The ‘Webinar Mar 
de Mujeres’ (Sea of women) is a recur-
ring event on our calendar, which aims to 
highlight the roles of women in work-
places dominated by men, especially 
in marine science. It helps to spread 
the work of researchers and women 
involved in ocean-related activities from 
all over the world. In 2020, Laboratorio 

COEDPA organized three ‘Webinar 
Mar de Mujeres’ allowing connections 
between different stakeholders.

Through example and dissemination, 
we hope to contribute to an inspiring 
and participatory ocean community, 
focusing on gender equality (Ocean 
Decade outcome 7). Our online activities 
bring us closer to obtaining an acces-
sible ocean (Ocean Decade outcome 6) 
due to the possibility of dissemination 
through virtual platforms and interna-
tional reaching potential.

In our portfolio, we also have face-
to-face activities such as ‘Un Mar de 
Cosas’ (‘A Sea of Things’), an initiative 
that aims to promote leisure, well-being, 
and quality of life through occupational 
performance, discussing issues related 
to the marine/coastal environment, 
leaving positive messages. The themes 
proposed for the workshops are related 
to sustainability and safety in a maritime 
context, but also with values such as 
gender equality, peace, justice, and 
inclusivity for people with functional 
diversity. In 2020, the first edition of 
these workshops was called ‘Bolsa 

ConCiencia’. Different social groups and 
high school students from various edu-
cational centers in the city participated. 
Reusable bags have been provided from 
Laboratorio COEDPA to write messages 
related to the SDGs. The result was 
beautiful and informative artwork.

For 2021 and 2022, we have two 
contests on our calendar for ocean 
lovers: the ‘Océano de Recuerdos’ 
photography contest and the ‘Océano 
de ideas’ short film contest. These 
contests aim to increase people’s 
connection to ocean issues and more, 
making them feel like a relevant part 
of this ecosystem. The human-ocean 
bond is shown through the photographs 
and short films produced, enabling us 
to, once again, link scientific dissemina-
tion with different artistic techniques, 
creativity, and humanity.

The challenge of transmitting 
information in appropriate bite sizes 
to different audiences can be satis-
factorily overcome through the use of 
social media and different tools such 
as animations. On our social media, 
we promote sustainability campaigns 

Atardecer en Porto Covo; Photographer: 
Antonio Rodriguez Ortega, participant of 
Océano de Recuerdos contest in 2020. 
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and posts explaining concepts, bring-
ing environmental issues to clarity, 
fomenting safe tourism, and stimulating 
small/big individual commitments. For 
instance, our activity Marea Cultural 
(Cultural Tide) intends to bring culture 
and science closer to citizens in an 
eye-catching way, with cultural tips of 
many sorts presenting movies, books, 
or virtual visiting of museums, being the 
content always related to the ocean.

On our media, and especially on our 
YouTube channel, we promote audiovi-
sual language, which has many advan-
tages when it comes to understanding 
complex themes. So far Laboratorio 
COEDPA has three animations related 
to environmental issues such as marine 
litter and recycling, mangroves’ impor-
tance, and the international day of girls 
and women in science.

Among the innovation and knowl-
edge transference activities, it is 
worth highlighting the ZeroRisk2030 
Mobile Application, presented as a 
challenge to the Ocean Hackathon® 
2020 to promote a new Blue Tourism 
Model, safer, smarter, inclusive, and 

sustainable, as well as the proposal for 
gamification in educational centers, with 
the Virtual Gymkhana of Blue and Safe 
Tourism and the beach cleaning game 
‘ConservAcción’. In both activities, we 
approach the participant with innova-
tive digital educational tools used as an 
instrument for knowledge dissemina-
tion, PC games, and dynamic connec-
tions make learning fun and awaken the 
interest of students while promoting 
moments of leisure, fun, integration, and 
excitement.

In summary, the Laboratorio Social 
COEDPA is an experimental space of 
co-creation, scientific dissemination, 
citizen science for a more sustain-
able society and shows that we are all 
important actors in the Ocean Decade. 
We want to highlight the motivation of 
Laboratorio COEDPA: to bring science 
closer to the general public in a pleas-
ant and friendly way, transforming scien-
tific communication. This participatory 
approach allows every one of us to be 
part of the change we want to see in the 
world, asking new questions and creat-
ing, together with other social agents, a 

new scientific culture in which the Blue 
and Safe Tourism model materializes.

To know more about what Laborato-
rio Social COEDPA is doing, follow our 
work and join us for our next activities: 
https://turismoazul-seguro.uca.es/. And 
follow us on Instagram  www.instagram.
com/labcoedpa/ and YouTube: www.
youtube.com/channel/UCI5Rj3A4Sskd-
NVPIcg_g0RQ
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Marea Baja; Photographer: José 
Ortega Medina, participant of Océano 
de Recuerdos contest in 2020.
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We Are Generation Rising
International youth leaders speak up about why they’re advocating with the 
UN Ocean Decade, and how you can help them build a better ocean future.
By Ailani M. Ocasio Ortiz (Puerto Rico, age 17), Yashmi (India, age 14), Emma Chu 
(Canada, age 15), Karen Tsung (Taiwan, age 17), Irham Saputra (Indonesia, age 25), Emily 
Berglund (U.S., age 26), Amber Ortiz (U.S., age 16) and Sierra Garcia (U.S., age 25) 
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K
aren Tsung, age 17 from Taiwan, 
was spurred to engage in ocean 
science when a mass Great Barrier 
Reef bleaching event made her 

fear for the fate of her own home’s corals. 
Amber Ortiz, age 16 from New York City, 
spends her free time participating in 
community service in the coastal com-
munities of her city. Catarina Lorenzo, age 
13 from Brazil, was pulled from the water 
at age 6 by her mother while surfing as 
they both witnessed black sewage being 
dumped into the ocean. 

We represent just a small sample 
of the hundreds of young international 
ocean advocates forging roles for 
ourselves in the UN Decade of Ocean 
Science for Sustainable Development 
(UNOD). Our stories are unique, but our 
thirst for change is not. Each of us have 
vastly different backgrounds, career 
goals, and focal issues, but we share a 
common purpose that gets us out of 
bed each morning and keeps us up at 
night. That goal is a healthy ocean for 
ourselves, our communities, and our 

fellow 1.8 billion youth who are so often 
brushed aside while others shape the 
world we’ll inherit. 

In this article, we explain how we’re 
already pushing that goal by carving out 
roles for youth in the UNOD, with the 
support of international youth empower-
ment non-profit ‘Heirs To Our Oceans’, 
and outlining what we see as some of 
the greatest opportunities and pitfalls for 
effective collaboration in the Decade. We 
know, of course, that we cannot speak 
for all youth, or even for all young ocean 
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advocates. The voices in this article 
represent young people who have 
access to the Internet, who understand 
English, and who live where civil and 
cultural structures allow youth to speak 
up without fear of violence. As such, we 
invite you to consider the perspectives 
included here as the beginning of your 
engagement with youth leaders, not the 
pinnacle, as we dive into our recom-
mendations for how to make a better 
Decade for all. 

The Birth of Youth 
Advisory Councils

Environmental leaders often claim 
you can’t protect what you have never 
experienced, yet youth are awakening 
the world and our leaders in recognizing 
that at the core of humanity is caring 
about people you may never meet, 
places you may never go, and a future 
you may never see. Youth of the world 
today recognize that these limiting 
approaches that have shaped decision-
making and protection have no space 

in a global world in which decisions 
ultimately transcend our borders, as our 
waters connect us rather than divide us. 

From this, the idea of a global 
network of Youth Advisory Councils 
(YACs) for the Ocean Decade took 
root to position global youth, working 
together, at the core of a decade of 
decisions that will ultimately shape the 
world we live in. Each national level YAC 
for the UN Ocean Decade is a collection 
of passionate and driven youth, ranging 
from 13-25 years old, committed to 
impactful solutions to conserve the 
world’s ocean. The U.S. YAC, which 
coalesced in the fall of 2020, was the 
first of its kind and has communica-
tion channels with the formal UNOD 
delegates. Other nations’ young ocean 
leaders—in Brazil, Canada, Mexico, USA, 
Malaysia, India, Japan, and Taiwan—
remain in active dialogue to formalize 
their advisory councils; we support 
one another as many of us continue 
working to gain a seat at the table in our 
home countries. We advise and inspire 

our national policymakers, spur social 
movements, and creatively involve our 
peers. 

“There hasn’t really been a youth-
led focused initiative regarding 
environmental protection in Taiwan,” 
says Tsung, who is spearheading the 
creation of Taiwan’s UNOD Youth Advi-
sory Council. “When an issue covers 
something that is environmental and 
has lasting effects on future genera-
tions, I don’t think there should be an 
age barrier that restricts minors from 
joining or interacting with it.”

Even so, we recognize that we can 
only go so far on our own. For the 
Decade’s goals to have any chance at 
success, we need you—the established 
professionals—to embrace your own 
critical roles in breaking down barriers 
in ocean science. Below, we’ve outlined 
several issues and concrete sugges-
tions for progress that we cannot 
achieve alone, but that we consider 
fundamental to building the ocean we 
want.
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Making a More Inclusive 
Ocean Decade

Our first recommendation is a 
prerequisite for any other youth 
engagement in the Decade: listening in 
good faith. “Youth will be inheriting the 
ocean after the elders,” explains Yashmi, 
age 14 from India. “We the youth, in the 
future, know best our own needs and 
are in the best position to know what 
solutions will be effective with the guid-
ance of the adults. All we youth need is 
to be provided with the environment for 
us to have an active say in the decisions 
that affect us.”

However, when adults put youth in 
formal and informal positions without 
any purpose or power, we know that our 
voices are tokenized. Ortiz has had first-
hand experience with “adults encourag-
ing my perspectives and passion for the 
environment in their programs or when 
collaborating with them, just to show me 
off as the youth advocate or person of 
color that can help their branding.” Real 
youth participation ensures that pro-
grams and services are relevant, engag-
ing, and responsive to our needs. For us, 
meaningful engagement is an opportu-
nity to have a say in what’s important to 
us, to take control of the decisions that 
affect our lives, and to build confidence 
and connection with our communities. 
For the organization, it means creating 
campaigns and programs that are more 
effective in reaching young people and 
attracting their interests. Consultation, 
involvement in decision making, and 
representation can all be meaningful 
ways to engage with young ocean 
advocates. 

But perhaps even more important 
than engaging existing youth leaders 
is supporting transformations in 
educational and scientific institutions 
to empower other young would-be 
scientists, policymakers, and leaders. 
In a world that is rapidly changing, and 
an ocean that is changing even faster, 
there is a disconnect between the 
education offered at schools and the 
action and skills we need to protect all 
waterways. Lois Bisnar, age 14 from 
Guam, was struck by the mismatch 
between the urgency of learning ocean 
resilience for her island home and the 
lack of emphasis on the topic in school. 

“The state of our ocean affects the 
economy and environment of our island, 
but most marine science classes are 
only fully taught starting in high school,” 
she explained. “It is not a mandatory 
graduation requirement. It should be 
a core class, as our planet’s natural 
environment is worsening.” 

While increasing early education 
about ocean science is important, it 
isn’t enough without also shifting how 
we frame environmental problems. 
When our knowledge is limited to data 
divorced from the impacts on ourselves 
and our communities, it isn’t useful. 
That’s why we believe that schools 
should teach students ocean and 
environmental literacy, but it should also 
teach us that issues like climate change 
don’t occur on paper. We see it happen-
ing, people suffer the consequences, 
and we should be learning that we can 
do something about it. 

In higher education and scientific 
research, even for those of us who have 
yet to participate in either, there seems 
to be a dire need to expand both who 
is included and how the fields operate. 
When wealthy, Western powers dictate 
ocean policies and research priorities, 
everyone loses. Educating others 
should be as essential as independent 
research is for educators and academic 
institutions. We should emphasize, 
promote, and facilitate ocean science 
related research and knowledge to all 
academic and non-academic communi-
ties.  

Our Invitation and Our Plea: Join Us.
Without prioritizing these needs—

expanding youth representation, reimag-
ining education, and pushing for a more 
diverse and inclusive ocean science 
community—it is hard to imagine the 
UNOD succeeding at its goals (and we 
have very good imaginations.) We advo-
cate for the issues we’ve outlined and 
others not only from moral concern, but 
also because widening the scope of who 
gets included in ocean research, what 
counts as important science, and how 
society applies that science produces 
better results for ecosystems and com-
munities. How can the world’s nations 
unite to protect our common oceans 
if leaders and experts are comfortable 
leaving assumptions unquestioned and 
seclusion practices intact? 

For most people reading this, 2100 
is a modeling target, a convenient 
projection for pinning statistics of ocean 
acidification, warming, deoxygenation, 
pollution, depletion, you-name-it. But for 
those of us who work tirelessly through 
busy school lives, second and third 
languages, shaky internet, midnight 
meetings to accommodate time differ-
ences, incredulous adults, bemused 
policymakers, and environments we 
can witness degrading on timescales 
of years, 2100 is a year we will live to 
experience. Envision our idealism as 
bravery instead of naivete; reimagine 
our inexperience as uninhibited creative 
potential; embrace our passion as 
necessary, not excessive. 
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Navigating Troubled Waters:  
A Women’s Movement Ready to Set Sail
By Mariana Martins de Andrade, Leandra Gonçalves, Natalia de Miranda Grilli, Larissa 
Dalpaz, Janaina Bumbeer and Rita Feodrippe, Women’s League for the Ocean

T
he UN Decade of Ocean Science for Sustainable 
Development is a stage to highlight gender-oriented 
issues in ocean science. We present a powerful and 
collaborative Brazilian movement composed of more 

than 2100 women worldwide: the Women’s League for the 
Ocean. League seeks to empower women to engage in actions 
to protect the ocean. Our intention is to highlight the achieve-
ments and potentials of this movement as something to be 
amplified abroad and to assess possible gaps in women’s 
representation in ocean science and related areas. This article 
is an outcome of the work of 78 women of the movement 
engaged and dedicated in a collaborative process of identify-
ing opportunities to support equality, inclusion, and diversity 
during the Ocean Decade. Mainstreaming gender into ocean 
issues is a way for the Ocean Decade to set sail and transform 
how we deal with the ocean.

Diving in a Women’s Ocean
Science, gender equality and the ocean are vital for the 

achievement of intergovernmental commitments, especially 
the 2030 Agenda for Sustainable Development and Ocean 
Decade. The undervaluing of and the discrimination against 
women in ocean-related jobs and livelihoods, particularly 
regarding the rights to ecosystem services, makes them 
highly vulnerable in the context of pressures and threats to 
the environment. There are women fishing, swimming, sailing, 
diving, working with marine research and conservation, and 
supporting cultural behavior and communities that enhance 
ocean health, and benefits. However, they are not yet equal 
partners in the world’s halls of power, where so many decisions 
about the future of our ocean are made. The few studies avail-
able have shown that, in general, women are given the most 
unstable, underpaid, or unpaid work positions, as in fisheries, 
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for example. In coastal zones, women 
directly suffer from climate change, 
displacement, and lack of water. They are 
also more vulnerable to polluted seas, 
either due to lack of sanitation, which 
leads to various diseases, or to plastic 
waste pollution. 

According to the World Bank (2020), 
half of the world’s population is female. 
However, most of the high-level and 
powerful positions are held by men, not 
only in economy and politics but also 
in science (WEF, 2020). This fact is not 
consistent with the idea of equal and fair 
chances for everyone. Globally, there 
have been attempts to promote gender 
equality coming from different arenas. 
The United Nations, for instance, through 
its Sustainable Development agenda has 

included the goal of “Ensure women’s 
full and effective participation and equal 
opportunities for leadership at all levels 
of decision-making in political, economic 
and public life”. Additionally, the G20 
has made 43 commitments on gender 
equality from 2008 to 2018. 

Recent estimates show that the 
global gender parity has improved. 
Greater political representation for 
women has contributed to this, but 
overall, the political arena remains the 
worst-performing dimension. In Latin 
America, 28.9 percent of all congres-
sional seats were occupied by women. 
In Brazil, in particular, nine percent of 
ministerial positions are occupied by 
women, and approximately 15 percent in 
the parliament (IPU, 2020). 

The women’s reality has changed 
but it is still not enough. Countries’ 
compliance with gender commitments 
is still incipient, as shown by the director 
of research for the G7 Research Group, 
Julia Kulik (2019). This situation reverber-
ates anywhere, including in the ocean. 
Although there are many women working 
for, living on, and benefitting from the 
ocean, it is still seen as a masculine 
territory.

The Women’s League for the Ocean 
was born to pursue a transformative 
change for the ocean, including women’s 
contribution in the marine realm. The 
League’s intention is to highlight gender-
oriented issues and representation in 
ocean science and related areas. Today, 
in the first quarter of 2021, there are 

eco  UN DECADE OF OCEAN SCIENCE FOR SUSTAINABLE DEVELOPMENT278 www.ecomagazine.com/subscribe



over 2100 women connected by the League’s network. All 
these people, ideas, actions, and insights for innovative marine 
strategies are more than needed. A collaborative process of 
identifying opportunities to support equality, inclusion, and 
diversity during the next 10 years of incentives for Sustain-
able Development will encourage profound change in ocean 
science. 

A League for the Ocean Decade
The League is structured in several working groups, being 

one of them the Ocean Decade Working Group (WG-Decade). 
This working group is composed of women from the five 
regions of Brazil, with different backgrounds, and representing 
a diverse set of the society’s sectors. The participants were 
gathered together after the Brazilian collective discussions 
of national perspectives and demands for the Ocean Decade 
preparatory phase, during 2020¹. An amount of 78 women 
who participated in this process and were already involved in 
the League’s network formed a group to discuss and foster 
actions to the Ocean Decade. Therefore, we gathered to 
establish a network of active volunteers and supporters across 
the globe, to create better advocates for action, by designing 
tailored audience strategies and content to inform and engage 
more women to take action in support of ocean conservation, 
especially during the next 10 years.

The WG-Decade is dedicated to activating people, orga-
nizations, and networks in coordinated action towards the 
expected results of the Ocean Decade. We want to generate 
international demand for motivating global action and targets 
to be committed to the S, especially the 14 - Life below water, 
and the 5 - Gender Equality. By encouraging positive nar-
ratives and effective digital strategies, we intend to inspire 
other women to come on board and to be protagonists of 
their own journeys of tackling ocean challenges. Currently, the 
WG-Decade is organized collaboratively within five themes of 
action: organization of events, designing of communication 

products, research and preparation of 
policy-briefings, interface with educa-
tion, and the engagement of the private 
sector.

How to adjust the boat route 
to include women in the ocean 
transformative change?

Many adjustments could change the 
route to include women in the ocean in 
order to promote equal sustainability. 
The interlinkages among the SDG seem 
to be an interesting pathway to pursue 
in connecting women and the ocean 
and crossing the SDG 14 with SDG 5 is a 
great first step in that direction (Figure 1). 

A focus on training more women 
to participate in various aspects of the 
Blue Economy, for instance, can help to 
enhance gender equality. Alternatively, if 

more investment is made in science, technology and innova-
tion, it should open positions to women scientists in ocean-
related areas. Furthermore, changes in access to resources 
and markets for small-scale fishing communities can have 
impacts on the women’s livelihood and quality of life, as they 
already face challenges on being women at sea. And last but 
not least, improving ocean health and reducing any form of 
pollution will also improve women’s health and welfare (Le Blanc 
et al, 2017).

We, from The Women’s League for the Ocean, believe 
that mainstreaming gender into ocean issues is a way for the 
Ocean Decade to set sail and transform how we relate with the 
ocean. We must engender efforts to inspire girls to understand 
the importance of science within society, and how much we 
rely on ocean resources for health, welfare, and livelihood. 
Clearly, women’s representation is not the only factor, but it is 
a critical element for the development of inclusive, responsive, 
and transparent democracies.

Do you want to know more?
Le Blanc, D., Freire, C., Vierro, M., 2017. Mapping the linkages between 
oceans and other Sustainable Development Goals: A preliminary exploration. 
United Nations Dep. Econ. Soc. Aff. 1, 34.

IPU (2020). On gender equality in parliaments. Available at: http://archive.ipu.
org/wmn-e/arc/world011019.htm.

Kulik, J. (2019). G20 performance on gender equality. Available at: http://www.
globalgovernanceproject.org/2019/06/21/g20-performance-on-gender-
equality-2/.

WEF (2020). Global Gender Gap Report 2020. Available at: http://www3.
weforum.org/docs/WEF_GGGR_2020.pdf.

Women’s League for the Ocean website:  https://www.mulherespelos-
oceanos.com.br/

World Bank (2020). Statistical database. Available at: https://data.worldbank.
org/indicator/SP.POP.TOTL.FE.ZS.

Endnote
https://oceandecade.org/news/68/Brazil-launches-the-preparatory-
subnational-webinars-to-build-its-National-Programme-for-the-Decade-
Implementation-Plan

Women’s League Council, foundation day, March 8th, 2019
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A Message 
From Sponsors

CSA Ocean Sciences
 > www.csaocean.com

Sea the difference
CSA Ocean Sciences Inc. (CSA), a 

marine environmental consulting firm 
founded in 1970, specializes in multidis-
ciplinary projects concerning potential 
environmental impacts of activities through-
out the world and offers a wide variety of 
desktop and field survey services. CSA 
is headquartered in Stuart, Florida, with 
regional offices in Tampa, Florida; Houma, 
Louisiana; Monterey, California; Houston, 
Texas; East Greenwich, Rhode Island; Port-
of-Spain, Trinidad; Doha, Qatar; Vitoria, Brazil 
and Perth, Australia.

CSA’s programmatic approach provides 
our clients with objective data collected in 
the field and through desktop-based scien-
tific research while maintaining an apprecia-
tion for the environmental, legal, and politi-
cal sensitivities frequently associated with 
controversial marine and coastal projects. 
Over the last 51 years, CSA has success-
fully conducted thousands of studies for 
more than 600 clients, including the oil and 
gas industry; engineering/surveying firms; 
utility companies; law firms; land develop-
ment companies; and local, State, Federal, 
and international government agencies. The 
wide range of marine services offered by 
CSA draws upon the extensive knowledge 
of our qualified personnel in addition to the 
techniques, facilities, equipment, and busi-
ness considerations of applied sciences 
and technologies. Our 51 year corporate 
track record has resulted in a reputation of 
reliable technical performance, unbiased 
analyses and reporting, and scientific 
integrity.

As an environmental consultant that 
regularly conducts multi-disciplinary 
projects both domestically and internation-
ally, CSA is knowledgeable of U.S. and 
international regulations. CSA designs and 
implements scientifically sound environ-
mental programs, and conducts rigorous 
data analyses according to strict quality 
assurance/quality control (QA/QC) and 
Health, Safety, Security, and Environment 
(HSSE) requirements.
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EU4OceanObs
 > www.eu4oceanobs.eu

Ocean Observations in 
support of the UN Decade

To support the objectives of the UN 
Decade of Ocean Science for Sustain-
able Development, EU4OceanObs aims 
to strengthen international ocean 
governance to enhance and sustain 
the global ocean observing system. By 
playing a catalytic role in the G7 Future 
of the Seas and Initiative (FSOI), and GEO 
Blue Planet, EU4OceanObs collaborates 
with the main intergovernmental decision-
making bodies and programmes working 
towards an enhanced and coordinated 
international system for the collection, 
sharing and use of ocean data. Through 
its G7 FSOI action, EU4OceanObs will 
work closely with the Decade’s ocean 
observing projects and programmes 
to co-evolve joint activities, targeting 
where G7 high-level support can add 
unique value. The EU4OceanObs GEO 
Blue Planet component will participate in 
leveraging the Group on Earth Observa-
tions’ (GEO) convening power and inter-
disciplinary work programme to mobilise 
action to enhance the use of ocean and 
coastal observations in support of the 
Decade.

EU4OceanObs will also raise public 
awareness on the critical role of ocean 
observations to keep our oceans 
healthy, monitor climate change, and 
foster a sustainable blue economy. 
Targeting users of ocean data worldwide, 
EU4OceanObs will showcase how 
Europe is contributing to the ocean 
observing landscape through its exten-
sive programmes, infrastructures and 
projects, and supporting open access to 
ready-to-use global ocean data products 
and information. In this way, EU4Ocean-
Obs aims to increase support for and use 
of ocean science to address societal and 
environmental challenges, directly feeding 
into the objectives of the Decade.   

Funded through the EU’s Partnership 
Instrument, EU4OceanObs is imple-
mented by Mercator Ocean International.

EOM Offshore 
 > www.eomoffshore.com

EOM Offshore is supporting 
the UN Decade mission

Safe-Moor LLC, a subsidiary of EOM 
Offshore LLC, supports the UN Decade 
mission in an ongoing fashion.  EOM 
has provided investment to develop 
products that will help push forward the 
UN Sustainable Development Goals, as 
well as the UN Decade on Ecosystem 
Restoration that will launch of 5 June 
2021.  The first product that we have 
launched, Safe-Moor, has been devel-
oped in support of UN SDG 14 (par-
ticularly targets 2 and 5).  This product 
is intended to replace the conventional 
mooring using hard chain and line, that 
has contributed to loss of some 30% 
of our sea grass beds globally, and has 
produced great harm to our coral reefs.  
Safe-Moor is a stretchable mooring 
element that does not contact the 
bottom, while keeping docks and boats 
safe during all weather with accompany-
ing waves, tides, and currents; benthic 
ecosystems therefore will have an 
opportunity to recover without constant 
scour by chain.  The product is quite 
adaptable, and is meant for varying water 
depths, wave conditions, and tidal condi-
tions.  Though typically available in 2.5 
and 5m lengths (stretchable 2.5 times 
their resting length), these hoses can be 
linked together to produce either longer 
mooring elements or stronger mooring 
elements (or both).  Future product 
offerings will bring power and fresh water 
to moorings offshore, to eliminate the 
need for large boats moored away from 
a dock to produce electricity on board 
and/or to produce or store fresh water 
on board for cleaning and maintenance.

EOMAP
 > www.eomap.com

Sea from above
Need quick and cost-effective 

mapping and monitoring of aquatic envi-
ronments? – Satellite-derived data offer 
numerous benefits to marine authorities, 
hydrographic institutes or engineering & 
environmental consultants. Since 2006, 
we have provided remote-sensing ser-
vices on inland waters and coastal zones 
ranging from the tropical belt to the arctic 
circles. Experts across the globe trust 
EOMAP’s team and patented technology. 
Here are three reasons why:

The data you need - Whether your 
focus is on water quality, shoreline 
management, topography or bathymetry, 
we ensure delivery of the most appropri-
ate data specific for your project. This 
will allow you to either improve or replace 
on-site samplings and surveys. Briefly 
stated, EOMAP’s data will reduce project 
risks and increase cost efficiency to 
foster safe decisions.

Your efficiency - EOMAP’s con-
sultancy services will benefit decisions 
throughout the entire lifecycle of your 
project. We will empower you to precisely 
predict, if, when, and where future on-site 
activities are needed.

Easy access - You choose the format 
in which data and information will be 
delivered. Our smart Software offers 
quick and user-friendly access to the full 
range of temporal and spatial resolution 
data, especially helpful to fulfil report-
ing requirements. “Our online ‘eoPortal’ 
viewer, for example, helps you to stay 
informed anytime and anywhere“, says 
CEO Dr. Thomas Heege.

EOMAP is partner to Maxar and other 
satellite image providers and engages in 
several international research, develop-
ment and innovation projects. Our most 
recent include drone-based monitoring 
systems and identification of plastic 
waste in rivers and oceans. Get in touch 
to know more about how we contribute to 
“The Science we Need for the Ocean we 
Want” at www.eomap.com.
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Mercator Ocean 
International

 > www.mercator-ocean.fr/en

Our Support for the UN Decade
Mercator Ocean International (MOi) 

is renowned for its leading role in ocean 
reanalysis, monitoring and forecasting at 
European and international scales. With 
the launch of the UN Decade of Ocean 
Science for Sustainable Development, 
MOi will devote significant resources to 
develop reliable Ocean Knowledge and 
engage society in working towards a 
sustainable ocean. MOi will
• Further develop standards and best 

practices of Operational Oceanog-
raphy as part of the Global Ocean 
Observation System (GOOS) Expert 
Team on Operational Oceanography 
and Forecasting Systems.

• Contribute to the design of future 
ocean observing systems by assess-
ing their impact in ocean models.

• Enhance both Ocean Prediction and 
Digital Ocean capabilities for serving 
UN Sustainable Development Goals 
in the framework of major proposed 
science programmes such as ForeSea, 
CoastPredict, ObsCoDe and Ditto.

• Continuously improve the full and open 
access EU Copernicus Marine Service, 
operated by MOi since 2014, to the 
benefit of all stakeholders in the UN 
Decade of Ocean Science for Sustain-
able Development.

• Take an active role in the fight against 
Marine Litter, from plastics to sargas-
sum, through the European Office of 
GEO Blue Planet, hosted by MOi on 
behalf of the European Commission.
The UN Decade of Ocean Science for 

Sustainable Development is a prior-
ity for Mercator Ocean International, 
committed to lending its full support to 
the IOC-UNESCO through its extensive 
experience in operational oceanography, 
developing and sharing ocean knowl-
edge, integrating digital solutions into 
sustainable services and engaging with 
society.

Fugro
 > www.fugro.com

Fugro is the world’s leading Geo-data 
specialist, collecting and analysing com-
prehensive information about the Earth 
and the structures built upon it. Through 
integrated data acquisition, analysis 
and advice, we unlock insights from 
Geo-data to help our clients design, 
construct and operate their assets in a 
safe, sustainable and efficient manner. 
Our commitment to building a safe and 
sustainable world is accomplished by a 
team of 9000 professionals working in 
61 countries. With specialized platforms 
and cutting-edge digital technology, we 
are delivering clients increasingly more 
efficient, cost-effective and sustain-
able solutions. Our innovation teams 
are furthering these goals through 
remote operations, autonomy, robotics, 
advanced analytics, and cloud automa-
tion.

Within the realm of ocean science, 
Fugro is an industry champion, leading 
private sector support for two comple-
mentary initiatives, The Nippon Founda-
tion-GEBCO Seabed 2030 Project and 
the United Nations Decade of Ocean 
Science for Sustainable Develop-
ment. Seabed 2030 aims to inspire the 
complete mapping of the world’s oceans 
by 2030 and to compile all bathymetric 
data into the freely available GEBCO 
Ocean Map. A wholly mapped ocean 
supports the United Nations Sustainable 
Development Agenda and is aligned with 
the objectives of the Ocean Decade. 
Fugro has proudly participated in the 
planning of both initiatives and has been 
working with clients to investigate bathy-
metric and oceanographic data-sharing 
opportunities. We have also initiated 
an ‘in-transit’ bathymetry logging 
programme within our global fleet of 
survey vessels, with over 1,450,000 km² 
of Fugro bathymetric data contributed to 
Seabed 2030, and ultimately the Ocean 
Decade, since 2017.

A Message 
From Sponsors
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Navocean Inc
 > www.navocean.com

Navocean announces a new Red 
Tide HABs advance warning 
observation system in partnership 
with RDSEA International 

Comprised of a Nav2 Sail and 
Solar ASV making autonomous mobile 
measurements circling an RDSEA 
moored buoy. Our Red Tide and HABs 
advanced warning system combines 
the latest scientific advancements in 
stationary time series measurements 
with mobile observations covering a 
broad area. Based on decades of ocean 
observing experience and informed by 
Navocean’s current engagement in the 
HABs Assessment of Lake Okeechobee 
(HALO) project (halo.gcoos.org), our 
“Red Tide” system will incorporate the 
latest sensors, communications and 
data analytics technologies, producing 
near-real-time observations 24/7 and 
advance warning forecasts of early 
stage HABs blooms and the conditions 
underlying their development. 

Where HABs strike hard we can 
inform coastal communities, city, county 
and state managers faced with criti-
cal mitigation needs. Emerging HABs 
mitigation technologies are driving the 
need for diligent, accurate and timely 
data required for effective implementa-
tion.  By providing the best in predictive 
observations, we can help you apply 
the best possible measures in the most 
effective manner to mitigate the impact 
of Red Tide HABs.

Global Warming and sea level rise 
increase nutrient inputs from coastal 
sources aggravating the severity and 
frequency of "Red Tide" blooms impact-
ing the health of coastal communities 
and ecosystems. 

Navocean proudly supports the “UN 
Decade of Ocean Science” working to 
solve these pressing issues.

Ocean Networks Canada
 > www.oceannetworks.ca

Ocean intelligence for a 
Sustainable Ocean Future

As we launch into the UN Decade of 
Ocean Science for Sustainable Develop-
ment, the University of Victoria’s Ocean 
Networks Canada is committed to 
providing Ocean Intelligence for science, 
society, and industry. With a growing 
15 year, 1000 terabyte archive, Ocean 
Networks Canada’s ocean observing 
technologies brings real-time diverse, 
open, transparent, and accessible data to 
the surface to support scientific research 
and evidence-based decision making on 
ocean management, disaster mitigation, 
climate solutions, and environmental 
protection. Ocean Networks Canada 
supports: a safe ocean through the use of 
oceanographic radar, automatic identifica-
tion systems, and hydrophone networks 
for marine mammal avoidance, search 
& rescue, and environmental cleanup; 
a healthy and resilient ocean through 
ecosystem mapping, monitoring marine 
protected areas monitoring, and coastal 
community observing; a predictable 
ocean through real-time data and long-
time series to improve our understanding 
of current and future ocean conditions 
including sea ice, tsunamis, and earth-
quakes, warming, and acidification; a 
transparent ocean through our Oceans 
2.0 data portal; managed in line with the 
World Data System, we ensure these 
open data follows the TRUST principles 
are findable, accessible, interoperable, and 
reuseable; and an inspiring and engaging 
ocean where society understands and 
values the ocean through ocean literacy, 
Indigenous and coastal community 
engagement, media, storytelling, educa-
tion, and events to #knowtheocean.
The University of Victoria’s Ocean 
Networks Canada monitors the west and 
east coasts of Canada and the Arctic to 
continuously deliver data in real-time for 
scientific research that helps communi-
ties, governments, and industry make 
informed decisions for a sustainable 
ocean future.

ProtectedSeas
 > www.protectedseas.net

ProtectedSeas supports the UN 
Decade of Ocean Science mission by 
expanding access to detailed marine 
protected area (MPA) and marine 
managed area (MMA) regulation needed 
to assess current ocean protection. 
Specifically, ProtectedSeas free data and 
tools also includes visual display of area 
of coverage for marine life protections 
and their boundaries along with restric-
tion summaries. Each area is assessed 
with a level of fishing protection score to 
enable comparisons among areas and 
across countries. Data currently cover 
50 countries, 20 overseas territories, 
and the high seas, with global comple-
tion expected by 2022. These data give 
stakeholders the capacity to gauge 
progress towards the current 30 x 30 UN 
Strategic Development Goal seeking to 
conserve 30% of the world's oceans by 
2030 and identify how new or hypotheti-
cal MPAs could further progress toward 
30%. Where MPAs are established, 
ProtectedSeas works to empower 
communities to monitor their nearshore 
MPAs. The Marine Monitor (M2) radar 
system offers area managers a tool to 
detect vessels, monitor movement, 
and with intelligent reporting, determine 
patterns to inform enforcement efforts. 
ProtectedSeas will continue to facilitate 
accessible solutions for those working 
toward our shared conservation goals in 
the UN Decade of Ocean Science and 
beyond.
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RBR
 > www.rbr-global.com

Since 1973, RBR has been part of the 
global ocean science community, devel-
oping high-accuracy oceanographic 
instrumentation that helps researchers 
answer pressing questions about our 
ocean. Today, RBR instruments are 
deployed from ships, on autonomous 
platforms, and by engaged citizen 
scientists worldwide.

2021 is the launch of the United 
Nations Ocean Decade for Sustain-
able Development (Ocean Decade). It 
is calling on the global ocean science 
community to make transformative 
changes to how we do ocean science, 
what knowledge is produced, and how it 
is disseminated. There is an urgent need 
to produce high-quality data if we are to 
meet these objectives.

The ocean is multifaceted and 
complex, as are the ocean-related 
questions that society needs answered. 
Understanding that each project is 
unique, RBR has collaborated with cus-
tomers over the years to develop instru-
ments that are highly customizable to 
meet the specific research requirements 
of each project. By driving ocean tech-
nological innovation, RBR is committed 
to supporting the interdisciplinary ocean 
science that will be needed throughout 
the Ocean Decade and beyond.

Making ocean science more inclu-
sive is a priority of the Ocean Decade. 
RBR’s instruments are designed for 
ease-of-use, which supports inclusivity 
by increasing participation in ocean 
science, particularly by communities and 
citizen science programs.

The Ocean Decade is the oppor-
tunity to safeguard our oceans' health, 
resiliency, and ability to provide for 
humanity in a sustainable way. RBR is 
dedicated to supporting the Ocean 
Decade and to participating in the global 
effort to reach all of the Ocean Decade 
and Sustainable Development Goals.

PyroScience
 > www.pyroscience.com/en/

AquapHOx-New flexible 
optical sensor platform for 
ocean & coastal monitoring of 
O2, pH and temperaturen

PyroScience offers innovative sensor 
concepts with expert customer support 
to the worldwide research and industrial 
community, NGOs and governmental 
organisations. In 2014, PyroScience 
attended in the worldwide Wendy 
Schmidt Ocean Health XPrize competi-
tion, based on the need for an affordable, 
robust and reliable sensor for global pH 
monitoring in our oceans. In the follow-
ing, PyroScience transformed their year-
long experience in innovative lab sensor 
concepts towards a flexible underwater 
solution supported by EU-SME2 funding. 
Just recently, PyroScience launched 
AquapHOx – the first high-performance, 
all-in-one optical sensor technology to 
monitor the Health of our Oceans.

AquapHOx is a revolutionary optical 
sensor technology for monitoring O₂, 
pH and temperature in open ocean, the 
deep sea (down to 4000m) and coastal 
ecosystems. It is compact & easy-to-
operate with one channel compatible to 
diverse optical sensor formats for O₂, pH, 
and temperature, offering unmatched 
flexibility for multiple applications like; the 
most sensitive trace O₂ measurements, 
sensitive measurements of ocean pH on 
the total scale with neglectable impact 
of salinity, fastest O₂ profiling and Eddy 
covariance measurements, contactless 
read-out of incubations chambers, and 
profiling in sediments with high spatial 
resolution.

Available as single analyte shallow-
water and multi-analyte deep sea 
long-term loggers and real-time data 
transmitters, this new AquapHOx under-
water platform is ideally suited for global 
pH and O₂ monitoring of the status of 
our oceans to understand and monitor 
climate change, biogeochemical cycles 
and the deep sea.

A Message 
From Sponsors
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SubCtech
 > www. subctech.com

SubCtech’s (”Subsea Technologies 
for the Marine Environment”) team already 
has more than 29 years of experience in 
the subsea and marine technology. Today 
2021, with 35 employees, the company is 
still privately owned.  SubCtech is com-
mitted to their slogan „Technologies for 
the Marine Environment and Sustainable 
measuring strategies for the Ocean“. They 
create and develop innovative technolo-
gies for the global market under guarantee 
of quality “Made in Germany”.

SubCtech’s expertise is mainly divided 
in three sections:

Ocean Power
Li-Ion battery systems (PowerPacks). 

This modern technology allows the use of 
maximal energy capacities on the highest 
level of reliability. The titanium housings 
are can be customized in demand and are 
usable for depths of up to 6000m. Typical 
applications are Subsea, ROVs, AUVs, 
Monitoring stations or Moorings.

Ocean Monitoring: Measurement 
systems for environmental factors such 
as pCO2

Durable, flexible and cost-effective 
flow-through AUMS (Autonomous Under-
way Measurement System) OceanPack 
especially for pCO2 monitoring on ships 
(also known as “FerryBox”) and mobile 
applications. Expandable by other sensors 
such as their Meteo Top-Box for Sea-Air 
Exchange flux measurements (SAE 
systems).

Consulting
Today’s markets provide more and 

more complex tasks and challenges. A 
perfect project management and reliable 
consulting have become almost a neces-
sity to enable you to get the results you are 
aiming for.

SubCtech is certified by ISO 
9001:2015 and manufacturing according 
to ISO 13628-6 and API17f for design and 
operation of subsea production systems. 
Their qualified workshop and engineers are 
educated and certified for highest-quality 
IPC-A-600/610 class 3 production up to 
SIL-2.

The Ocean Foundation 
 > www. oceanfdn.org

Support for the Mission of the 
UN Decade of Ocean Science 
for Sustainable Development

The Ocean Foundation (TOF) is 
proud to support the UN Decade of 
Ocean Science.  We have worked with 
the UNESCO IOC to engage the philan-
thropic community. We helped organize 
in-person meetings with philanthropists 
in early 2020 in New York, California, and 
Copenhagen.  Since then, we have joined 
a number of coordinating calls and did the 
research to map philanthropic founda-
tions’ interest in the Decade’s 10 scientific 
challenges.

TOF’s President is a member of the 
"US National Committee for the Decade of 
Ocean Science for Sustainable Develop-
ment" that is intended to “encourage 
participation and serve as a communica-
tion channel for the U.S. ocean science 
community throughout this international 
effort” as the focal point for US participa-
tion in the Decade.  NOAA has asked TOF 
to assist in outreach, partnership develop-
ment, and coordination to create support 
for the Decade from philanthropic, civil 
society, and individual actors.   

TOF established a funding platform, 
“Friends of the UN Decade of Ocean 
Science for Sustainable Development," 
that harnesses TOF’s capabilities as the 
only community foundation for the ocean. 
This platform will coordinate funding 
activities in support of the Decade, includ-
ing the new "EquiSea: The Ocean Science 
Fund for All." EquiSea aims to improve 
equity in ocean science through a phil-
anthropic fund providing direct financial 
support to projects, coordinating capacity 
development activities, and fostering 
collaboration and co-financing of ocean 
science among academic, government, 
NGO, and private sector actors. EquiSea 
will support the development of low-cost 
and easy-to-maintain ocean science 
technologies permitting high quality data 
collection and monitoring.

RDSEA
 > www.rdsea.com

RDSEA is an experience based and 
performance driven oceanographic-
ocean engineering consulting company 
based in the U.S. (Florida), that strives to 
be a leading provider in the international 
field of "ocean technologies".  RDSEA 
is deployed globally and responds to 
the call from the “U.N. Decade of Ocean 
Science” in support of all efforts in 
ocean-health monitoring, mitigation, and 
the move towards sustainable develop-
ment of Earth’s marine ecosystems.  In 
partnership with ASV provider Navocean 
(Seattle, WA) we aim to combine use of 
emerging Blue-Technologies and support 
efforts coastal and deep, offering fixed 
(buoys), and moving (ASV), time-series 
data with a focus on harmful algal bloom 
(HABs) prediction and early-warning.  
Our combined plan for a Florida Coastal 
Ocean Observing System (“FLCOOS™”); 
monitoring real-time parameters of met-
ocean/water-column physics, water-qual-
ity/eDNA, and contributing to existing and 
creating new systems models, advances 
our understanding of social impacts, and 
beyond.

Todays’ Ocean Observing Systems 
continue to evolve.  We have entered 
the new era of big data, pushed through 
high resolution satellite, cellular and Wi-Fi 
telemetry systems, past the desktop and 
onto Artificial Neural Networks (ANN) for 
AI model processing and dissemination.  
Zoom-in, fast sampling of water-quality, 
met-ocean parameters, and more, now 
line our coasts and, the Subsea IoT 
moving data from the seafloor and 
water-column to the surface will soon be 
the method of choice for ocean program 
managers.  Providing solutions to the 
very complex and complicated task of 
working in our offshore environment is 
our passion, innovation is key, and project 
success is our goal.
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Special Issue Silver Sponsors
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Some of this 
year’s 

upcoming  
topics

Have You Been Missing Out On Ocean Science?
ECO Magazine is a leading international trade 
publication reporting from the frontlines of ocean 
science, innovation, and exploration. 
Through high-quality, original reporting direct from 
the experts, we help raise international awareness 
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ecomagazine.comMARCH / APRIL 2020

SCIENCE | REGULATION | ASSESSMENT | MITIGATION | RESTORATION

of critical topics surrounding the oceans, coasts, 
and sustainable blue economy. Our worldwide 
coverage uniquely positions ECO Magazine as an 
essential and informative resource connecting the 
global ocean science community.  

Coasts & Estuaries
Wave, Tide & 

Current Profilers

Rising Seas
In partnership with NOAA 

and The Ocean Foundation

Fisheries & Aquaculture
Environmental Monitoring 

Sensors

Marine Pollution
Special Partnership Announcement Soon

Ocean Exploration
Ocean Robots & 

Integrated Sensors

Subscribe to ECO at ecoMagazine.com


