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1. GES4SEAS Project Summary

Human activities at sea (e.g., maritime transport, extraction of living andliaiog resources, etc.)

and coastal areas (e.g. agriculture, leisure and recreation, etc.) have expanded considerably, leading
to an increased level of pressures and subseqdegtradation of ocean health and, ultimately, human
health. Single and cumulative impacts of these activities are likely to increase, driven by human

demands and enhanced by climate change.

Human activities evolve following soeconomic drivers leading to pressures, which often are
studied in isolation from each other even though their impacts on marine ecosystems can interact,
making the effects cumulative (e.g. synergistic, antagonist& combination). Knowledge on these
interactions and their cumulative effects in the marine environment has increased in recent years, but
huge challenges still remaim be solved. Thus, there is little predictability with which to inform
decisionmaking processes, especially on ecological tipping points, which, if exceeded, could lead to a
point of noreturn for the system. In this context, an ecosystbased managentd (EBM) approach

to the management of human activities at sea and on land should ensure that the combined pressure
of such activities is kept within levels compatible with the requirements of Good Environmental Status
(GES) (within the Marine Strategy fework Directive¢ MSFD), against a background of climate
change. This means that the capacity of marine and coastal ecosystems to respond teihdotau
changes is not compromised, enabling the sustainable use of marine goods and services by present

andfuture generations.

Thus, the main objective of GES4SEAS is to inform and guide marine governance in minimizing human
pressures and their impacts on marine biodiversity and ecosystem functioning, while maintaining the
sustainable delivery of ecosystem services. This wilthgged through developing an innovative and
flexible toolbox, tested, validated, demonstrated and upscaled, in the context of adaptive EBM
approach. The toolbox will allow competent authorities to assess and predict the effect of multiple
stressors (inclding climate change) and pressures from human activities, at the national, sub
regional, regional and European level. Ultimately, this will ensure they achieve GES, and support
different policies at national, European and global levels (e.g. Birds andatdabirectives (BHD),

Biodiversity Strategy 2030, United Nations Sustainable Development Goals (SDG)).

Stakeholders and the key competent authorities (including national, regional and European levels) are

integrated in a Practitioner Advisory Board (PAB) te¢ieate and validate the toolbox and the EBM

GESA4SEAS | Grant Agreement no. 101059877 5
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approach. This will result on a real problewlving approach with iterative and incremental

development steps.

GES4SEAS will also rely on existing fraator networks to involve and engage with stakeholders. This
multi-actor approach will ensure that the research and deliverables are relevant to marine managers

all around the world. Lastly, it is important to hignt that the toolbox will be tested and
demonstrated at 11 Learning Sites (LSs) covering all European regional seas (amdraksas), and
environments. Thus, it is expected that GES4SEAS will achieve Technological and Societal Readiness
Levels 6. This will be achieved by the participation of 20 partners, covering the four European regional

seasas well aanada.

It is expected that GES4SEAS will:

A Operationalize integrative and holistic solutions for EBM, based upon a software toolbox for
analyzing, assessing and mapping cumulative pressures, GES and ecosystem services.

A Provide evidence (and training) to key stakeholders of the benefits of using the toolbox that will
be developed in GES4SEAS for assessing the environmental status of marine waters and the
ecosystem services considering the effects of multiple pressureptsor using it.

A Ensure the EBM approach and guidelines for the management of Invasive Alien Species (IAS),
harmful algal blooms (HABs) and jellyfish, the approach for monitoring top predators are used
by endusers.

A Investigate, using models, the best ways to obtain thresholds of GE&EShstatus and tipping
points (system breaking points).

A Reach and engage a wider society, and specificgtlyant stakeholders, educators, apdung
people, on key messages steaming from this project, so GES4SEAS contributes to societal
ocean literacy and responsible behaviours.

GES4SEAS | Grant Agreement no. 101059877 6
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2. D6.4 Summary and Objectives

58St AOSNI 6ftS codn G9RdzOF GA2y Il a2z2RdzZ Sa¢ Aa 2yS 27
within Work Package 6 under the lead of Scitation (Science Crunchers), with AZTlI and HCMR. It
GNFyatlridsSa GKS LINRP2SO0GQa &Odmblete) Badyoyide edudationad A E {1 S
resource for marine educators, teachergarners and relevant stakeholdeyscompiling six
interconnected modules one per key message designed to raise ocean literacy and foster

responsible attitudesind behavioursowards the sea. The six modules are:

A Module 1t Healthy seas for healthy human societies.
A Module 2t Pressures in the marine environment: 1 + 1 is not always 2.

A Module 3t Good Environmental Status and how it can affect your health and life (Black Sea
case study).

A Module 4t Tipping points: small changes that trigger big shifts.
A Module 51 EcosysterBased Management: managing the whole or the hole.

A Module 61 Ocean optimism: rewriting the narrative of our seas.
Each module is structured pedagogically, opening with learning outcomes and a sequence of lessons

that combine accessible text, embedded videos and infographics (including GES4SEAS materials such
infographics and animated videpseats 2 NI R OF aS aiddzRASa FNRBY GKS LN
LI NIYSNBRZ FyR aOKSO| @2dzNJ dzy RSNRUGFYRAY3IE | OGADADG
a curated set of additional resources linking to complementary lesson plans from dstablis

initiatives (e.g. the Network of European Blue Schools, MED EDUC, thiNEXIZO Ocean Literacy

toolkit). The modules are setontained yet sequential, so they can be used individually or as a

progressive learning pathway.

2.1 Objectives

The objectives of this deliverable are to:

Atranslatei KS &AE D9{n{9!'{ 1S& YSaalk3isSa | yR &az2vy$sS =2
accessible, classroeneady educational content for marine educators, teachers and learners.

A strengthen ocean literacy and promote responsible ocean behaviours by helgiffigrent
audiences (including citizens) tainderstand both the pressures facing the sea and the
solutions available, including the GES4SEAS approach and tools.

A provide a flexible, modular and reusable resource that supports educators across disciplines
and can be adapted to different age groups and national contexts.

GESA4SEAS | Grant Agreement no. 101059877 7
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A ensurethe longterm exploitation of GES4SEAS outputs by embedding them in widely used,
lasting oceaditeracy platforms beyond the lifetime of the project.

2.2 Uploading to ocean literacy portals for lonagerm impact
To maximisegNB I OK ' yR Syadz2NB AYLI OG ¢Sttt o60Se2yR (KS
being uploaded to and hosted on established océanacy portals, in close cooperation with their

host organisations so the materials fit each platfoivfore specificallytheyare being hosted on the

OceanTeacher Global Academy (OTGA) clUNESCQvww.oceanteacher.ory which reaches over

8,000 userdi.e., educatorsjrom more than 130 countries and connects the resource to the global
oceanscience and capackHgevelopment community; and on the EuroGOOS odéaracy platform

(https://eurogoos.eu/oceaditeracy-resourcelibrary/ ), whose ocearliteracy working group sits on

the GES4SEAS Practitioner Advisory Board, providing a direct route into Europeaiolseraing
and education networkdDissemination is further extended througfEEDUCAMAdRd the Network
of European Blue Schools. addition to host these modules in GES4SEAS websiéng them on

these portals ensures the modules remain findable, freely accessible and maintained after GES4SEAS

concludes, are embedded in recognised international education providers, and continue to support

societal ocean literacy for years to cometurning a project output into a lasting legacy of GES4SEAS.

GESA4SEAS | Grant Agreement no. 101059877 8
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3. Module 1 | Healthy seas for healthy human societies

3.3 Introduction to M1

Humankind is heavily reliant on healthy marine ecosystems. Our seas provide valuable resources, like
food, energy, and medicines. Moreover, they support jobs and economies, offer recreational
opportunities, and play key roles in climate regulation. Thethea the seas the more services they

provide.

To sustain them and ensure clean, healthy, and productive seas, a good balance between the socio
economic needs and soeexological goals is needed. In this way, the ocean can potentially support
human needs for social and economic development, withoumpmmising the conservation of our
seas. Human activities must be done sustainably and with sufficient knowledge to take informed

management decisions to protect and conserve the ocean.

In this first module, we will explore the reasons behind why a healthy sea is a central piece for healthy
human societies. We cover what makes the sea important for our livelihoods, as well as what makes

a healthy ocean and a healthy society.

3.4 Learning Outcomes

By the end of this Module, you should be able to:

A Recognize the importance of healthy seas to human societies
A Identify what makes a healthy ocean
A Define a healthy society

3.5 How to proceed
Complete the following activities as they appear in the Lesbeiow.

To succeed in this Module, you need to successfully complete the following lessons:

A Lesson 1Why is the sea important

A Lesson 2What makes a healthy ocean

A Lesson 3What is a healthy society?

A Lesson 4Wrap upHealthy seas for healthy human societies

GESA4SEAS | Grant Agreement no. 101059877 9
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3.6 Lesson 1: Why is the sea important to human societgghe value of
healthy seas

In this lesson, you will learn the value of healthy seas and why the sea is important to human society.
The lesson will cover the following course learning outcomes:

A Recognize the importance of healthy seas to human societies

D Watch this video

To get started, watch this short video on some of the key features of our oceans:

https://www.youtube.com/watch?v=M{fWyzrkFkg8

E Read this

Covering about 71% of the Earth's surface, the oceans contain 97% of the planet's water, where the
Pacific Ocean alone is larger than all of the landmasses combined. The oceans play a number of
important roles ¢ from supporting thousands of plant and animal species, influencing weather

patterns and controlling the climate, to providing food and jobs to millions of people worldwide.

Did you know that some of the largest animals (such as the blue whale) and some of the smallest
organisms (like the pygmy seahorse) on Earth; and that the tree of life has 34 branches (phyla) in the

oceans, 17 in freshwater and only 15 on land?

GES4SEAS | Grant Agreement no. 101059877 10
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What percentage of the Earth's surface is covered by oceans?

] 60%

[g) 71% ]

0 75%

] 65%

© Check

What percentage of the Earth's water is found in the oceans?

O 70%

O 85%
[@ 97% ]

O 99%

© Check

What is the average depth of the ocean?

[ ® 3,682 meters ]

O 5.000 meters
O 2.000 meters

O 7.000 meters

© Check

GES4SEAS | Grant Agreement no. 101059877 11
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As mentioned, oceans also support human livelihoods by providing us with abundant resources and
job opportunities. For example, mangroves provide a wide range of benefits such as coastal

protection, climate regulation, food and other services to humanet@s. Besides mangroves, there

are many more coastal marine ecosystems important for human societies. Can you correctly associate

some of these coastal marine ecosystems?

Seagrass

Kelp forests
meadows

Salt marshes Mangroves

@ Check

O Reuse <> Embed HP

A Kelp ForestsThese underwater ecosystems offer critical habitat and feeding grounds for a
variety of marine species, many of which have a high commercial value. Additionally, kelp
absorbs carbon dioxide during photosynthesis, mitigating climate change effects aravingpr
water quality. Communities adjacent to kelp forests also benefit from boosted ecotourism, as
these environments are popular among divers and marine enthusiasts. In addition to food,
seaweeds are aldoarvested foraquaculture feed, bioplastics and hmr materials. As a
versatile resource providing new jobs across the world, kelp farming is projected to continually
grow as an industry.

A Salt Marshes:Salt marshes serve as buffers between the ocean and the land, protecting
shorelines from erosion caused by storms and rising sea levels. They are also exceptional at
filtering pollutants from water, ensuring healthier coastal environments. They alsoisusta
fishing communities and local economies by acting as nurseries for many marine species.

A Seagrass MeadowSeagrass meadows stabilize the seafloor, clarify the surrounding water, and
sequester significant amounts of carbon, helping to control carbon dioxide levels. They also
provide crucial nursery habitats for numerous fish species, supporting local fisimmgunities

GES4SEAS | Grant Agreement no. 101059877 12
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and local businesses as well, by maintaining the health of coral reefs and other marine life that
attract tourism.

O Curiosities

A Giant kelp is harvested from kelp forests and used as a binding agent in products like ice cream,
cereal, ranch dressing, yogurt, toothpaste, lotion and more.

A One acre of salt marsh can absorb up to 1.5 million gallons of floodwater, which is equivalent
to more than 2.25 Olympisize swimming pools.

A Seagrasses can form dense underwater meadows, some of whithrgesenough to be seen
from space lfttps://science.nasa.gov/earth/earttobservatory).

A Mangrove forests shelter more than 1,500 species and 15% of those species are threatened
with extinction.

Evenwhen living in urban areas, we still depend on the ocean.

A 90% of traded goods are transported over the sea;

A The annual per capita consumption of aquatic foods is around 20 kg
(https://fao.org/3/cc0461en/online/sofia/2022/consumptiof-aquaticfoods.htm);

A 40% of people live within 100km from a codsitifs://www.oecd.org/en/topics/ocean.htr.

D Watch this video

Half of the oxygen is produced by the ocehtips://www.youtube.com/watch?v=Z05wURG5wmw

NETFLIX
SERIE g’ -

Photo plankton produce
oxygenicycle

[

I PART 7

Ocean Fact 05: Oxygen through Plankton

)id you know that half of the oxygen currently
generated by photosynthesis is produced in the U
¢ fankton, | plants, ar 2

GES4SEAS | Grant Agreement no. 101059877 13
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3.7 Lessor2: What makes a healthy ocean?
In this lesson, you will learn what makes a healthy ocean.

The lesson will cover the following course learning outcomes:

A Identify what makes a healthy ocean

> Watch this video

Healthy oceans, healthy planet:

https://www.youtube.com/watch?v=p3TZOQ8E|ZSk&pp=ygUNaGVhbHRoeSBvY2Vhbg%3D%3D

E Read this

Knowing why the sea is so important to human societies and how it sustains them helps us to

understand how an unhealthy sea can affect individuals and communities. When 14 million tons of

plastic {ttps://iucn.org/resources/issuedrief/marine-plasticpollution) find their way into the

oceans annually, they also find a way back, e.g. into the seafood we eat. When we are the source of

the problem, then we must also be the solution!

GESA4SEAS | Grant Agreement no. 101059877 14
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Despite this, we cannot get back to a pristine ocean. So, what can get then? What are the elements of
ocean health that help us understand how close we are to solving the problem? "Ocean health"
describes a state where we can say the ocean is "in goodestahas a "good status”. In this state,

the processes in the ocean are working properly, do not drift out of balance, and the system is

considered "stable".

While we may not be able to restore the oceans to their pristine state, we can aim to improve its
health. The term "ocean health" refers to the condition in which the ocean operates effectively,

maintaining stability and balance within its processes.

This healthy state is characterized by a viHctioning ecosystem that remains balanced and stable

and is resilient to changes and stresses.

(e
Z

& dzy RSNEGIYyRAYI GKS OFNh2dza St SvySyida GKI

assess how to effectively address environmental challenges.

It...

What does a healthy ocean look like? ‘

- has clean water (no poliution)

- sustains all biotopes & species (no threatened species,
no extinction, biodiversity is maintained)

- is productive (no adverse effects to ocean processes/functions
and on the food webs)

In essence: all living organisms (microbes, plants, animals, ...)
have their space and their food and can survive and reproduce!

D Watch this video

A healthy ocean can also be defined by the absence of threats and (human) pressures. healthiest

ocean must be the one without humans on earth!

https://www.youtube.com/watch?v=TRarrJGQK20&t=28s

= /\
imate
Land-based ig‘“"“
PN Energy
[ = Shipping Fisheries and
ON .

CUMULATIVE PRESSURES

ON BIODIVERSITY
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Some programs (such as the European Marine Strategy Framework Directive, MSFD) also have
"sustainable use" in their definition of "good environmental status” (i.e. proper tourism, eating fish,

produce energy, shipping, land reclamation, coastal defen3e, ..

European Marine Strategy Framework Directive (MSFD)

5. ‘good environmenta] s,
of marine waters wher
and dynamjc ocean
Productive within the

C marin

Ir intrinsic ¢q
I 1

[h\u I1n¢ -"'.\J.'"‘","'If‘ S at

o . | d 1 1eV¢

Cunemafeguardmg the potentia] for
and futyre 8enerations, je.

In practical terms, ocean health is a balance between conservation and human exploitation. It starts
as a scientifically defined concept of nature, but in practice ends up as a-gefiogd reachable

target, sometimes far away from what science defined.

The most difficult part is to agree on such a common goal and then to really take the action to achieve

it.

|> Watch this video

David Attenborough had this to say about it:

https://youtube.com/clip/UgkxSYw36atweAWm77tgZ6uu21g2ubfib8ZI?si=dMtfHeYi6)

_ 1 'T0 RULE OUR FISHERIES, WHICH-WE KNOW
ARE DESTROYING THE OCEAN.
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E Read this

There are already some projects that aim to protect our ocean, each one with a different perspective
on healthy ocean. Which percentage of the oceans would you want to protect to achieve healthy

oceans? Here are two different takes this topic:

ﬁ Aichi Target 11: Protected areas increased and

improved
Strategic Goal C

To improve the status of biodiversity by safeguarding
ecosystems, species and genetic diversity.

half the earth for the rest of life

half-
‘» ’_ project

Aichi targets Half-earth project

=
Card 10f2 o o Card 2 of 2

Aichi Target 11 e health-earth project
The 10% goal as one of the 20 Aichi targets The 50% goal is the "hadhrth project” by the E.O.
agreed in 2010 implementing the Convention ¢ Wilson biodiversity foundation (@EOWilsonFndtn)

Biological Diversity (@UNBiodiversity)

3.8 Lesson 3: What is a healthy society?
In this lesson, you will learn what a healthy society means.

This lesson will help meet the following course Learning Outcome:
A Define a healthy society

A "healthy society" refers to a community or social group that is characterized by thbeiued and

high quality of life of its members. Key factors include:

A Physical and Mental Health
A Economic Stability
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A Social Cohesion and Inclusion
A Education and Empowerment
A Sustainable Environment

A Good Governance

E Read this

A healthy ocean plays a crucial role in sustaining a healthy society in various ways, highlighting the

connectivity between the environment and human weding.

A Climate RegulationOceans play a vital role in regulating the climate by transporting heat from
the equator towards the poles, which affects weather patterns globally. This regulation helps
mitigating extreme weather conditions which can have direct impacts on agricultatesirng,
and overall livelihoods.

A Biodiversity and Food SecurityfOceans provide a substantial amount of the world's protein
intake through seafood, supporting billions of people. This biodiversity is also a potential source
of new medicines and biotechnological advancements, which can lead to improvements in
health anddisease treatment.

A Carbon Sequestration and Coastal Protecti€@oastal ecosystems like mangroves, seagrasses,
and salt marshes are highly efficient at storing carbon dioxide, mitigating the effects of climate
change. These habitats also protect shorelines from erosion and reduce the impact of storms
on coastal commuties, thus safeguarding human populations and infrastructures.

A Economic BenefitsThe ocean economy is vast, encompassing traditional sectors such as fishing
and emerging sectors like biotechnology and renewable energy. Sustainable management of
ocean resources supports millions of jobs worldwide and drives economic activity, comigibuti
to global prosperity.

OUR WORLD OCEAN S

L provides é

CLIMATE REGULATION ECONOMY
7 Ou /. Covering 70% of $282  Amountthe US.
U the Earth's surface, 0 b 11~ ocean economy
the ocean transports heat 7 JHNON producesin
from the equator to the poles, “ goods and services. Ocean-

regulating our climate and dependent businesses employ

weather pattems.

TRANSPORTATION

7 6 % Percent of all

) uS.trade
involving some form of
marine transportation.

almost 3 million people.

RECREATION

boating to kayaking
and whale watching,
the ocean provides us
‘with so many unique

activities.
MEDICINE
The ocean provides much ‘ Many medicinal products
more than just seafood. { h come from the ocean,

Ingredients from the sea are including ingredients that
help fight cancer, arthritls,

found in surprising foods
such as peanut butter and Alzheimer's disease, and
soymilk, heart disease.

GhdzNJ 20SIy LINP@PARSa O2dzyitSaa oSySFTada (2 2dzNJ LI FyS

https://oceanservice.noaa.gov/facts/whyare-aboutocean.html

GES4SEAS | Grant Agreement no. 101059877 18


https://oceanservice.noaa.gov/facts/why-care-about-ocean.html

Fa"a"

AP DAt AP e Deliverable 6.4. Educational Modules
GES 4 SEAS preineas

Following this topic, what do you think would be the right percentage of protection to achieve good
ocean health? 10%? 50%7? How about 30% that is what the draft2B@6t Global Biodiversity
CN} YSG2N)] adaA3asSadax

30 30

Deliver on their commitment to
protect at least 30% of the
planet by 2030

To read more on this take, ségtps://campaignfornature.org/scienc@age

To thrive both physically and mentally and to maintain a stable society, humans need:

A Good health via clean air, water, soil;

A Equal rights and equal chances;

A An economy that puts all beings at the centre of economic policy;
A Sustainable development.

39 [ Saaz2y nY 2NIL) dz2LlJ &b | SIHfaKe asSra 7F2

E Read this

We cannot have healthy societies without healthy oceans. We need to maintain ocean health where
Al &aidAatt SEA&aGAE YR 62N)] G261 NR&A AlG Ay LI OSa
environmental status of our seas should be the goal.

LGQa Ffaz2 AYLRNIFYyd G2 NBYSYOSNI GKIFG GKS a322R
human use but only to a degree where it does not sacrifice the health of the ocean. It balances human

uses and needs with ocean conservation.
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Healthy seas for healthy
human societies

- no healthy society without a healthy ocean
- achieve 'good status' for the seas and maintain it

- 'good status’ balances human needs
and ocean conservation

We should strive for this balance in situations where ocean health is compromised because of human
activities. This can be done through Ecosys&ased Management (EBM]yhich will be the topic of
Module 5.

As a recap, here are some key benefits the oceans provide us:

A Coastal protection¢ healthy seas and coastal ecosystems (e.g., mangroves and reefs). can
better protect communities from extreme events. A high level of protection also implies altering
fFyRaAOFKLISAa YR OdzidAy3a 2FF I 3dzySashaedst RAYy 3 |
balanced management, as it often requires a compromise between ocean and human needs.

A Foodc As food security is essential to society, the balance here tends more towards fishing than
conservation. Excellent fisheries management is key here! Here's the @Europarl_en take
https://europarl.europa.eu/factsheets/en/sheet/115/edisheriesmanagement

A Climate regulatongOf AYF S FyR 20Sty FFNB (22 GA3IKGt& Oz2y
unbalances. Unhealthy oceans result in even faster climate change and unhealthy society.

Humans are deeply connected to the ocean. From cultural heritage to economic prosperity, from
climate regulation to health, the impact of the ocean on our world and daily lives is undeniable. We
understand the steps needed to address ocean health issubat'$\left is to take action and achieve

the right balance.

Here's everything in a nutshell with some of the examples of human uses and benefits from the sea

and a (hopefully) healthy sea in the centre of all our work!
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HEALTHY OCEAN FOR
HEALTHY HUMAN s e
soc I ET I E S must join forces so that current

and future generations continue
benefiting from heaithy seas.

HEALTHY

HEALTHY
SOCIETIES

OCEAN

BENEFITS

Check your understanding

=0

wadzZ sl S OK2A0OSS
1. Why is a healthy ocean crucial for human societies?
a) They are essential for transportation only.
b) They are mainly used for recreation.
c) They support biodiversity, regulate climate, and provide resources.
d) They provide all of our drinking water.

2. What does maintaining the "good status" of our seas involve?
a) Allowing sustainable use that does not harm ocean health
b) Leaving the seas untouched and unused
c) Prohibiting all human activities
d) Encouraging industrial development

3. Which of the following is NOT a benefit provided by a healthy ocean?
a) Unlimited resources for industrial exploitation
b) Climate regulation and carbon sequestration
c) Supporting marine biodiversity and food supply
d) Coastal protection through ecosystems like mangroves

Correct answers: 1. ¢); 2. a); 3. a)
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3.10 Final considerations

In this module, you learned that healthy seas are essential for humarbeiell). Oceans provide food,
regulate climate, protect coastlines, support biodiversity, and contribute to economic and social
development. We explored what makes both a healthy ocaad a healthy society, and why are they

extremely interconnected.

3.11 Additional resourceg; relevant lesson plans and activities

If you want to learn more about what constitutes a healthy sea, here we provide some additional

resources with relevant lesson plans and activities.

1 Examples of Blue Schools regarding Healthy and Clean Ocean
The concept of a European Blue School evolved from the marine education expertise gathered from

consultations with teachers and educators across Europe. It acknowledges the variety of cultures and

school communities from the 27 EU Member States and chamsploe concept of open schooling.

This Handbook includes a wealth of useful resources and best practice to inspire you to find what
connects you and your school to the ocean. It has built in flexibility to encourage and support teachers
across all disciplines to bring the ocean to themssrooms, whether through biology, physics,

chemistry, technology, mathematics, history, literature, or the arts.

You can find some inspiring projects on pages 64 through 77, specifically related to the health of the
ocean fittps://maritime-forum.ec.europa.eu/document/download/0e460a8¥28c4b0d-a4b4
2d82b999b6ee en?filename=Handbook%20for%20Teachers%20
%20European%20Blue%20Schools _(.pdf

1 MED EDUC Educational Resources (lessons plans)
The MED EDUC project proposes the creation of a series of European level educational resources for

middle and high schools. These resources concern the discovery and valorifatiencoastal and
marine environment in the Mediterranean. The project is mainly aimed at students, teachers and
educators, offering them both educational tools focused on specific issues of environmental
protection in the Mediterranean Sea (pollution é&nwaste, mass tourism, overfishing, loss of

biodiversity, coastal erosion, etc.).

Here are some relevant lesson plans in the context of healthy seas.

A Waste and pollutiong https://mededuc.eu/en/resourcecenter/pedagogicatjuide/13waste-
and-pollution.htm|
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A Sea water quality https://mededuc.eu/en/resourcecenter/pedagogicatiuide/16-seawater-
quality.html

A Coastline artificialisation ¢ https://mededuc.eu/en/resourcecenter/pedagogicatiuide/26
coastlineartificialization.html

A Energy: production and resourceg https://mededuc.eu/en/resourcecenter/pedagogical
quide/27-energyproductionandresources.html

A Maritime economyc https://mededuc.eu/en/resourcecenter/pedagogicatjuide/9-maritime-
economy.html

A Cultural heritage ¢ https://mededuc.eu/en/resourcecenter/pedagogicatiuide/29-culturak
heritage.html

1 Ocean Literacy for all: soolkit. IOC Manuals and Guides (lesson plans)
This toolkit provides educators and learners worldwide the innovative tools, methods, and resources

to understand the complex ocean processes and functions and, as well, to alert them on the most
urgent ocean issues. It also presents the essential sdemtiinciples and information needed to
understand the causeffect relationship between individual and collective behaviour and the impacts

that threaten the ocean health.
Some particularly relevant sections within the topic of ocean health are:

A The role of international legislation to protect the high seas (pp199)
A Exploring the energy potential of the ocean (pp. I@P)

Al SiQa 32 FMIHKAY I 6 LILID MMM

A Integrated MultiTrophic Aquaculture IMTA (pp. 114.16)

A Eat the right fish (pp. 12324)

9 Practical ocean literacy for all: ecology and exploration
This last resourcehftps://www.scienceinschool.org/article/2023/practica@liceanliteracyecology

and-exploration)) is from the projecBcience in Schqathichaims to support teachers in the delivery

of their STEM curricula by connecting them to inspiring, cuttidge science and technology, in order
to foster positive attitudes towards the science that shapes our lives, and attract students to careers

in thesefields.

This issue in particuldPractical ocean literacy for all: ecology and exploragtamvers all ocean literacy
principles and provides practical experiences for students to learn about these principles through

handson exercises.
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Check your understanding

=0

[True or False]
More than 90% of traded goods are transported by sea.
Correct answer: True

wadzZ alLJ S OK2A0OSS6
1. Which of the following is NOT a benefit provided by healthy oceans?
a) Coastal protection
b) Unlimited resources for industrial exploitation
c) Food security
d) Climate regulation

2. Maintaining the "good status" of our seas means:
a) Leaving the ocean untouched
b) Allowing sustainable human use without harming ocean health
c) Maximizing industrial activities
d) Prohibiting all human activities

3. Which of the following coastal ecosystems mentioned in this first module provides benefits to
humans.

a) kelp forests, freshwater lakes, grasslands

b) saltmarshes, Savanna, lakes and ponds

c) kelp forests, mangroves, saltmarshes

d) mangroves, caves, deserts

4. What is a key feature of a healthy society, as described in the module?
a) Economic stability
b) Social cohesion
c¢) Good governance
d) All of the above

Correct answers: 1. b); 2. b); 3. ¢); 4. d)
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4. Module 2 | Pressures in the marine environment: 1 + 1 is
not always 2

4.1 Introduction to M2

Due to the current intensity of human activities, the health of our seas is under many different
pressures. These pressures can act individually, or in combination with other pressures, forming what
we call cumulative pressures. These interactions can ymedadditive, synergistic or antagonistic
effects, all of which can generate significant impacts on marine life and habitats. Throughout this
module, we will explore the science behind cumulative pressures, why they create challenges for the

sustainable maagement of our seas, and what we can do to mitigate these effects.

4.2 Learning Outcomes

By the end of this Module, you should be able to:

A Understand the concept of cumulative pressures

Identify cumulative pressures and why they matter

Understand how the different pressures can interact with each other

Recognize the effects of cumulative pressures and their interactions

Understand that climate change can magnify the effects of cumulative pressures
Recognize that the effects of local pressures can expand beyond that area

o Do Do Do Do Do

Understand there are tools available to identify and map cumulative pressures and their
impacts

4.3 How to proceed
Complete theactivities as they appear in each Lesson.

To succeed in this Module, you need to successfully complete the following Lessons:

A Lesson 1What are cumulative pressures?

A Lesson 2Types of interactions between pressures
A Lesson 3Climate change and cumulative pressures
A Lesson 4Challenges and tools
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The Lesson will cover the following learning outcomes:

A Understand the concept of cumulative pressures
A 1dentify cumulative pressures and why they matter

E Read this

Cumulative pressures refer to the combined effects of different environmental stregssush as

ocean warming, coastal pollution, and habitat destructignacting simultaneously on marine
ecosystems. The compound effect of these stressors is often greee the sum of their individual
SFFSOhaszr KSyOS (KS LIKN}IasS am b m Aa yz2id Fftgrea S

in significant negative impacts to marine biodiversity and habitats.

Jcesascas BT El
CUMULATIVE o ot o sl
PRESSURES Mt o

N N e s of (el Mk vid ol $tects

CUMULATIVE
PRESSURES

Ocoan health and resilionce

knowledging and ing lative pr
is key to inform decisi king and pr ing our seas

Examples of cumulative pressures from human activities on biodiversity.
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Examples of cumulative pressures from the GES4SEAS Ocean Cube (watch the cube video here:
https://www.youtube.com/watch?v=E7gFN2AX)dY

> Watch this video

To better understand this concept, watch this short video

(https://www.youtube.com/watch?v=TRarrJGQR26xplaining what cumulative pressures are in

more detail and what actions we can take to prevent their negative impact on biodiversity.

/A
Climate
Land-bosed change
activities
. Energy
shi Fisherios and
ipping -

o=

CUMULATIVE PRESSURES
ON BIODIVERSITY

Why should we care about cumulative pressures?

E Read this

In marine ecosystems, even small disruptions can havestarhing consequences. If these are not
adequately managed, they can compromise the resilience and health of marine ecosystems, with

negative impacts across biodiversity, ecosystem services, andmaommunities. Therefore, ocean
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managers and policymakers need to evaluate which human activities are generating harmful pressures

and at what level.

The Mediterranean Sea is a good example of how cumulative pressures have impacted an entire
region. Located between Africa, Asia, and Europe, this-sacidsed sea is one of the most biodiverse
regions of our globe and has sustained human populationgnitéennia. However, with increasing
human activities over recent decades, such as overfishing, intensive tourism, maritime traffic, and
coastal urbanisation, pressures on the Mediterranean marine ecosystem have intensified. The
consequences include deplatefish stocks, coastal erosion, widespread marine litter, habitat
fragmentation, and the introduction of invasive alien spegjed of which acting with climate change

as background.

D Watch this video

To better understand how climate change is impacting the Mediterranean Sea, increasing the

pressures of other human activities, watch this video:

https://www.youtube.com/watch?v=ifOsKUFcf48

Global “Warmlng
Effects op the Medn‘erranean Sea

E Read this

A study from 2008 https://johnfbruno.web.unc.edu/wp

content/uploads/sites/1927/2011/11/Halperet-al-2008.pdj mapped the human impacts on marine

ecosystems at a global scale and provided a foundational framework for assessing how different

pressures interact across marine environments.
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In the European Union (EU), and within the Marine Strategy Framework Directive (MSFD), member
states are meant to assess the environmental status of marine waters, for which they need to collect
information on indicators of different pressures (e.g., marlitter, invasive species, eutrophication,

etc.). The MSFD mandates the implementation of a Programme of Measures)(BsMseans to
improve and achievethe 0 f f SR aD22R 9y @GANRBYYSyidlf {dFddza oD

allow identifying the most suited PoMs to improve the environmental status of marine waters.

In 2022, the 17 member states (MSs) of the EU reported 2046 PoMs, most of which already
implemented (39.2%) or being implemented (23.5%) in the coastal and territorial waters or Economic
Exclusive Zone of each MS. The MS within the Baltic and Greaterddaghieported the most PoMs
(38.7% and 31.2%, respectively) but the MS within the Western and Central Mediterranean Sea,
lonian, Adriatic, and Aegedrevantine seas reported a total of 807 PoMs altogether. Although all 30
pressures to be addressed in the PoMs were covered, theivepdrgeted pressures were, in order

of importance: 1) the input of other substabces; 2) the extraction, mortality/injury of wild species; 3)
the input of litter; 4) the disturbance of species; and 5) the input of nutrients. Explore this report
(https://op.europa.eu/s/z7eq to know more about the contribution of PoMs in achieving GES in the
EU.

Check your understanding
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4.5 Lesson 2: Types of interactions between pressures

In this lesson, you will learn how the different pressures can interact with each other and which effects

can we expect from those interactions.

The Lesson will cover the following learning outcomes:
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A Identify cumulative pressures and why they matter
A Understand how the different pressures can interact with each other
A Recognize the effects of cumulative pressures and their interactions

E Read this

As we have mentioned in the previous lesson, the different pressures in the marine environment can
act individually, or in combination with each other. These interactions can producktive,
synergistiG or antagonistic effects, all of which can lead to negative impacts on marine life and

habitats.

A Additive effects¢ Additive effects occur when the combined impact of multiple pressures is
equal to the sum of their individual effects (1 + 1 = 2). This type of interaction can be compared
to two small waves merging to create a single, larger wave.

AGNARyAAS

A Synergistic effectg Synergistic effects result in a combined impact that is greater than the sum
of individual pressures (1 + 1 > 2). In this case, pressures do not just accugthkeydanteract
in a way that magnifies their impact, much like two small waves merginguigtant wave.

A A

A Antagonistic effects¢ Antagonistic effects occur when the combined impact of multiple
pressures is less than the sum of their individual effects (1 + 1 < 2). In this case, one pressure
may reduce or even cancel out the effects of another. This interaction can be picturea as t
waves colliding in such a way that they cancel each other out, leading to a smaller wave or no
wave at all.

A A s

The challenges of managing the cumulative effect of multiple pressures are even greater when
synergist, antagonistic, and additive effects occur simultaneously. Knowing the nature of these
interactions allows understanding how marine communities will tesisl respond to the cumulative

pressures.

Coral reefs, for example, are often impacted by severalamrring pressures, including nutrient and
sediment overloads, both of which may aid in the development of long algal turfs that cover coral

reefs, particularly if herbivore grazing is small osetit, preventing coral recovery. A recent study
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(https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365745.12914 has shown that these

three pressures have additive, synergistic, and antagonistic interactions between them, pushing the
coral reef towards a degraded state with long algal turfs. Moreover, all three types of interactions
were common and occurred in equaequency, but when interactions broke down the reef was able

to recover to coral dominance.

Check your understanding
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4.6 Lesson 3: Climate change and cumulative pressures

In this lesson, you will learn how climate change interacts with the different pressures, amplifying their

effects.

The Lesson will cover the following learning outcomes:

A Recognize the effects of cumulative pressures
A Understand that climate change can magnify the effects of cumulative pressures
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E Read this

Climate change can amplify the effects of certain human pressures. For example, the warming ocean
caused by climate change can facilitate the spread ofindigenous species, who may outcompete

native species for resources.

Pressures in the
Mediterranean

and how they
interact with
Climate Change

A recent GES4SEAS study  https://www.frontiersin.org/journals/marine
science/articles/10.3389/fmars.2023.1271755/julllooked at the Levantine Basin in the

Mediterranean as a hotspot for both climate change and biological invasions, showing how tropical
non-indigenous species are more resilient to a warming ocean than native species. This threatens local

marine life thraugh increased predation, and habitat modification and degradation.

The Red Sea lionfish Pterois miles and the urchin Diadema setosum meetsagjgEnspcieson the reefs of the Israeli
O2F &l o0LK20G2Y D® wk QlFyly0od® XDO9 htipg:/@di.drg/16.5389RMabs. 202NRIMTES SNE A Y a
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The southeastern Mediterranean, specifically the Levantine Basin, is the most invaded region of the
global ocean due to rapid warming and bioinvasioiken species dominate, particularly Mollusca,
following native species collapse driven primarily by warming, as evidenced by studies on species like
the purple sea urchin, fish, and molluscs. Alien species are more resilient to warming than native
speces, creating a new ecosystem where they dominate. Marine Protected Areas (MPASs) alone may
be insufficient to address these issues, requiring a reassessment of conservation goals and indicators

for Good Environmental Status (GES) to account for the skattasystem dynamics.

> Watch this video

Watch this video Https://www.youtube.com/watch?v=PW92qJtANMEo learn more about how

climate warming is impacting the Mediterranean Sea and its ecosystems.

euronews.

The Mediterranean Sea is
5°C warmer than normal

> o L GRS

Read this

Here you can find other examples of how pressures and climate change interact:

A Changes in water circulation and nutrient supply in the Strait of Gibraltar may have antagonistic
or synergistic effects on Mediterranean nutrient concentrations and primary productivity.
https://bg.copernicus.org/articles/16/135/2019/

A While in the North Atlantic and North Pacific the distribution range of some fish species is
expanding, some tropical regions are facing huge declines in catches.
https://www.msc.org/whatwe-are-doing/oceansat-risk/climate-changeand-fishing

A Climate change in combination with different human stressors are impacting global pinguin
distribution. https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.17143

A The interactions between climate change and human pressures can also be observed in the
deep ocean, where the footprint of our activities keeps steadily increasing.
https://doi.org/10.5670/oceanoq.2019.224
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The image below illustrates the different types of human activities at different depths along with the

effect it exerts on that area, such as warming, acidification and deoxygenation.

N Warming " Acidification [ Deoxygenation

Decreasing Increasing
POC flux POC flux

Climate related changes in temperature, pH, and oxygenation are superimposed on disturbance from human resource
extraction and debris accumulation. (@ Levin 20ii8)s://doi.org/10.5670/oceanoq.2019.224rom Levin and LeBris
2015, https://www.science.org/doi/10.1126/science.aad01)26

4.7 Lesson 4: Challenges and tools

In this lesson, you will learn that although pressures exerted in one location may have repercussions

in a much extensive area in the marine environment, there are means available to manage these

pressures.

The Lesson will cover the following learning outcomes:

A Recognize that the effects of local pressures can expand beyond that area

A Understand there are tools available to identify and map cumulative pressures and their
impacts
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E Read this

One of the most distinct features of our ocean is its interconnectedness, as all marine ecosystems are
linked together. This means that impacts in one region often have repercussions way beyond it, which

is why it is so hard to stop pressures from exertimgir negative effects on marine life.

M’\ :
to rule m

AN\

them all

Despite this, there are actionable solutions available for managing marine resources and pressures
sustainably. For an inspiring perspective, explore the Food and Agriculture Organization of the United
blFiA2ya 6So0arnds T2NJ Y 2 NB Ay T 28N @ANS W & F2WN I &

(https://www.fao.org/interactive/state-of-fisheriesaquaculture/2022/en) initiative. The

infographics and reflections provide great insights about what is needed to move towards a more

sustainable use of marine resources.

TOWARDS BLUE
TRANSFORMATION

Avision for transforming aquatic food systems
000

Additionally, scientists have also been developing multiple methods

(https://www.frontiersin.org/journals/marinescience/articles/10.3389/fmars.2016.00153/full to
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improve the assessment of the effects of cumulative pressures and their impacts in the marine
environment. Substantial knowledge was recently gained on the best practices to conduct a

Cumulative Effects Assessment (CEA) of human activities in the marine environment.

40 HOW TO CONDUCTACEA

There are several different methods for performing CEA. In this chapter we
summarise the main steps (see Figure 1) and present some of the available
tools.

SCOPE OBJECTIVES DATA ASSESSMENT CONSERVATION MONITORING

\»

Figure 1. The workflow of a
Cumulative Effects Assessment
(Milner-Gulland et al., 2021).

A global example of a cumulative impact assessment of human activities is included in the Ocean

Health IndexHttps://oceanhealthindex.org/resources/data/cumulativ@umanimpacts/), where the

cumulative impact of human activities on global oceans was mapped from 2003 to 2013. It was found
that our impact is increasing for most of the ocean (59%), and that this increase has been due to

climate change, fishing, ladzhased pollutionand shipping.

TheOcean Health Index (OHB a framework for assessing ocean
health based on the sustainable provisioning of benefits and servi
people expect from a healthy ocean, such as food, cultural and so

value, and jobs.

The basic philosophy of the Ocean Health Index is that it measur

how well ocean systems are sustainably providing people with th

benefits and services they need and desire from marine systems.

3t 20kt hlL YSIFadz2NBa (KSFfazgiaYi dr

fishing opportunity, biodiversity, carbon storage, clean waters, coa:

livelihoods and economies, coastal protection, food provision, natt
products, sense of place, tourism and recreation.
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A plethora of CEA tools are available for use at regional and global scales. Some examples are:

A Spatial Pressure and Impact assessment totp$://maps.helcom.fi/website/bsiif ¢ used at a
regional level in the Baltic Sea;

A Adriplan Cumulative impact tool hitps://maritime-spatiat
planning.ec.europa.eu/practices/adriplasumulativeimpacttool) ¢ used at a regional level in
the Adriatic Sea and the Eastern Mediterranean;

A WIO Symphony htps://www.nairobiconvention.org/wiesymphony) ¢ developed by
countries of the Western Indian Ocean, together with the Nairobi Convention Secretariat and
Swedish partner.

However, at small local scales, cumulative impact assessments are also very useful to inform marine
ALl GALE LXFTYyyAyad ¢KAA gt a SOARSYOSR Ay | &aiddzRe
colleagues to inform the ongoing revision of the islamde marine spatial management plan

(https://doi.org/10.1016/j.scitotenv.2021.147339

. Cumulative impact assessment framework
erestf N e on.
Miltpletiumon = ® cumulative impact... -+ Oy
\ - &
pressures ... — 2 ; )
‘ v’ﬂt‘ﬂ (’ :r‘ \
7V yeiin

\

depending on their
respective..
vulnerability ¢

coefficients.

{J represents ecological habitatsﬁ i jo | m
(m=4) and i represents human | .
pressures (n=11). U, is the b Uiy | Ui | Uingm
vulnerability coefficient of habitat j to
pressure i which translates pressure Loougp w Ui jm
into impact on ecosystem.

s et in  Unjt | Uny |Unjm

Schematic representation of the cumulative impact assessment framework used in Loiseau et al. 2021.

GES4SEAS has also been at the forefront of CEA tools, developing new technology for the purpose of
managing cumulative pressures. These efforts will result in a toolbox that will support Regional Sea
Conventions, Member States, stakeholders, and reseascimeevaluating the cumulative effects of

various stressors on marine ecosystems. It will also operationalise integrative and holistic solutions
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through a scientific framework (ecosystdmsed management) for analysing, assessing, and mapping

cumulative pressures, GES, and ecosystem services.

: = Public Version: December 2025, For experts on EU marine policy implementation
T h e TO (0] I b (0) ¢ Version 2.1released. , gingj; august 2026 (MSFD, WFD, MSPD, HBD)

&
@ Cumulative Effects “'7
@ Assessment (CEA) [
—»>

based on Halpern et al. (2008) '

ind further d
Identified Existing open data : o Cross-platform
stakeholder and databases desktop application
needs Coperni (Windows, macos,
(Emlgéét‘:;:l:\uliom'l‘m" — Llinux nhr'::ed)

R

monitoring, EC projects, etc)

Nested Environmental
status Assessment Tool
(NEAT),

by Borja et al. (2018), and
New datasets further developments.

Wbl & —me  cB &

based on Marine Ecosystems

Ecosystems ~ Pressures  Ecosystems SO fordavice awely Outputs to be used in reporting the MSFD by
components services Culhane et al. (2020) Member States or in Quality Status reports by RSCs

The development of the GES4SEAS toolbox

The development of this toolbox requires a lot of tests performed at 11 learning sites (LSs) of the
GES4SEAS project, which are comprised of different types of marine ecosystems across European seas,

plus one LS in the Pacific Ocean. An example of tHiagds presented below.
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Learning site exampldn the AtlantieMediterranean transition at 5068000 m depth
is the GESASEAS deep sea learning site. Despite its a great diversity of habitats
mud volcanos to cold water corals), it is still amongst the least addressed under M
assessments. GESASEscientists have been exploring this site and have captur
mussels living around mud volcanoes by the Luso underwater vehicle and meth
bubbles in a mud volcano in the Gulf of Cadiz.

GES4SEAS deep learningisiggges: photos by EMEREps://www.emepc.pt

This type of field work hegzl developngthe GES4SEAS toolbox. Here is a sneak pe
into GES4SEAS toolbox version(tutrently, version 2 already available}tested

with data from learning sitén deep sea Atlantidediterranean transition. These are
visualisations of pressure and habitat layers integrated into a final cumulative effe
map CEA.

it

bl
3"§ [
{il
l

An example of toolbox testing at GES4SEA@®ing site in deegea
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Ultimately, understanding the mechanisms and impacts of cumulative pressures and what tools we

have at hand to assess and manage them is key for efficient ecosysteed management and

achieving GES of our seas. The GES4SEAS tuaddmeerdeveloped for this purpose in collaboration

GAGK GKS LINR2SOGQa aidl {SK2f RSNARZ 6K2 ONAYy3I RATFTS

tools.

Furthermore, to help calevelop, guide, and validate project outcomes, such as the GES4SEAS toolbox,
DO{n{9!{ SaidlofAaKSR AlGa tNIOGAGA2YSNEQ ! ROAA&2N.
stakeholders with complementary roles in marine polidorking together, scientists and
stakeholders are creating sustainable solutions to help resolve some of the issues we have discussed

in this lesson and reach the GES of our seas.

=0

Check your understanding

W2 2NR ! 883a20Al a2y
al lOK GKS LINBaadaNB (G2 AdGa 2dzid2YS Ay YINARyS S02a
t NB aa dz2NB hdzi O2YSa
Md BSNU&KAY 3 ldFoAGHEG FNYIYSYGl s
H 21 adGkf ! Nbly . 8SOtAYS Ay Yyl oa@dS 3
oey@largsS {LISC / #SLX SGSR Uak aiz20]
I 2NNBOG doyTxmSNE Y |

wadz oL S OK2A 0S8
M®KE Aa Ald AYLRNIFYyd (2 dzyRSNREGFYR OdzydzZ | @S LINBG
Fo¢eKSe 2yfeée 200dz2NJ Ay | FS¢g NBIA2yaX YI1Ay3a (KS)H
oueKSe OFy fSIR G2 AYLIOGA INBIGSNI GKIFY (GKS & dz
OueKSe 2yte aSOO YINRYS O0A2RAGSNBAGE YR y2i
ROCKS® FINB y20 AybdzSYOSR o0& KdzYly | Osa@AaSa A7
HOPKAOK 2F GKS F2fft26Ay3 A& bhe¢ | O2yaSljdsSyosS 27
F05SLX SGSR Uak aaz201 a
00/ 21 aidlt SNRAAZ2Y
OULYONBIaSR gl GSNJ artAyAde
ROIFTOAGEFEG FTNY3IYSYlGleszy
oth2g R2S& OftAYF(GS OKFIy3aS AyiGaSNI OG0 6AGK 23GKSNI LINB
FOLG 2yfeé KIFIa FRRAa@S SiSOGax AYyONBlFaAy3d LINBaac
o0LG YL AUSE OSNIFAY LINBaadaNBazr adzOK Fa Fl OAf )
OuLd OFryOSta 2dzi GKS AYLI OO 2F KdzYly | Oa@AaSa f
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4.8 Final considerations

As we have seen, the interactions between pressures are rarely straightfogusothetimes they
amplify one another, sometimes they cancel each other out, and often, their combined effects are
unpredictable. This complexity brings many challenges to thaagement of marine ecosystems,
which GES4SEAS is committed to overcome through the development of new and advanced

technology.

Equally important is the adaptability management measures that are implemented. They must be
flexible enough to respond to the unpredictable nature of the effects of cumulative pressures. To
achieve this, we must adopt a dynamic approach to marine managemene that continuously

integrates new data, cultivates collaboration, and encourages informed degisatimng.

Ultimately, solving the challenge of cumulative pressures goes beyond protecting marine life; it is
about securing the lonterm wellbeing of human societies that rely on healthy oceans for food,
economic activities, and cultural value. Sustainable oa@anagement is a foundational aspect of

securing our future.

4.9 Additional resourceg; relevant lesson plans and activities

If you want to learn more about cumulative pressures, here are some additional resources and lesson

plans.

1 Blue Schools Projects regarding pressures in the marine environment, with focus
on food from the ocean
The concept of a European Blue School evolved from the marine education expertise gathered from

consultations with teachers and educators across Europe. It acknowledges the variety of cultures and

school communities from the 27 EU Member States and chamsgize concept of open schooling.
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forum.ec.europa.eu/document/download/0e460a828c4b0d-a4b4

2d82b999bh6ee en?filename=Handbook%20for%20Teachers%20 - Network of
European
%20European%20Blue%20Schools_(.pufludes a wealth of useful

Blue Schools

resources and best practice to inspire you to find what connects Y. Awave of
EUROPEAN

and your school to the ocean. It has built in flexibility to encourage &

-

support teachers across all disciplines to bring the ocean to th

classrooms, wether through biology, physics, chemistry, technolog™# SCHOOLS

|
mathematics, history, literature, or the arts. = Dd‘gq".kiﬁr,tef‘:h;é

You can find some inspiring projects on pages 53 through 63 relatea“*tsdr '

pressures in the marine environment.

1 MED EDUC Educational Resources (lesson plans)
The MED EDUC project proposes the creation of a series of European level educational resources for

middle and high schools. These resources concern the discovery and valorisation of the coastal and
marine environment in the Mediterranean. The project isinthaaimed at students, teachers and
educators, offering them both educational tools focused on specific issues of environmental
protection in the Mediterranean Sea (pollution and waste, mass tourism, overfishing, loss of

biodiversity, coastal erosion, ejc

Here are some relevant lesson plans in the context of pressures in the marine environment.

A Natural Hazard in the Mediterranean Basin ¢ O
https://mededuc.eu/en/resourcecenter/pedagogicayuide/15natural —
hazard.html ?ﬁ

A Climate Change¢ https://mededuc.eu/en/resourcecenter/pedagogical MED
. . EDUC
guide/30climate-change.html

1 Ocean Literacy for all: a toolkit. IOC Manuals and Guides (lesson plans)
This toolkit

(https://unesdoc.unesco.org/in/documentViewer.xhtml?v=2.1.196&id=p::usmarcdef 0000260721&f

ile=/in/rest/annotationSVC/DownloadWatermarkedAttachment/attach import 2d3dfuz®b-
410a9386dd31047e6ef0%3F %3D260721eng.pdf&locale=en&multi=true&ark=/ark:/48223/
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provides educators and learners worldwide the innovative tools, methods, and resources to
understand the complex ocean processes and functions and, as well, to alert them on the most urgent
ocean issues. It also presents the essential scientific prin@pttenformation needed to understand

the causeeffect relationship between individual and collective behaviour

and the impacts that threaten ocean health. 0 cea‘h

Some particularly relevant sections within the topic of marine pressu ‘theracy B

are: for All &

Atoolkit ,
A How does ocean acidification occur? (pp. -109)

A Watershed activity using anadromous fish cherry salmon g
understand land ocean connection (pp. 12022)

A The sea: water that... sustains us! (pp. 11232)
A[SGQa 32 FMEKAYI O6LILIDP MMM
A Integrated MultiTrophic Aquaculture IMTA (pp. 114116)
A Eat the right fish (pp. 12324)

9 Practical ocean literacy for all: ecology and exploration
This resource from proje@cience in Schqoaims to support teachers in the delivery of their STEM

curricula by connecting them to inspiring, cuttirdge science and technology, to foster positive
attitudes towards the science that shapes our lives, and attract students to careers in these fields
¢ KA a A & & dzS AY LJ- NI A Odzf || NE Gt N OG A Ol ¢ 20Sty

(https://www.scienceinschool.org/article/2023/practicalceanliteracyecologyand-exploration)),

covers all ocean literacy principles and provides practical experiences for students to learn about these
principles through handsen exercises. To further explore the topic of pressures in the marine

environment, see Activity 3.

> ¢
Science in School

* The European journal for science teachers
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I BlueMinds4Teachers
BlueMinds4Teachersitps://www.emseanet.eu/node/54% is an educational toolkit on the ocean

literacy principles for teachers. The project aims to strengthen the competence of teachers and other
marine educators of all levels in Ocean Literacy (OL) by providin S
online training course with three sessions of approximately 2 hol

each.

Within the topic of marine pressures, there are several lesson pl;

yOou can accCess: BOOKLET OF

LESSON PLANS
A Lesson plarg Principle 3: Traces of tropical marine speci

(Lessepsian migrants) in the Mediterranean Sea (p27)9

A Lesson planc Principle 6: Hydroelectric power. Hov/ill il
environmentally friendly is it? (pp. 435)

1 Ocean Wise
Ocean Wise offers free online courses about different aspects of our ocean to arm students with the

tools needed to conserve it. You can learn more about the courses htpes://ocean.org/learn

explore/education/oceaHiteracy/. Below we suggest some of the most relevant courses related to

pressures in the marine environment.

A The ocean and human connection https://ocean.org/education/theoceanand-human
connection/

A Weather and climate https://ocean.org/education/weatherclimate/

A The ocean and humans are connectebttps://ocean.org/education/theoceanand-humans
are-connected/

A Clams and ocean acidificatigrmttps://ocean.org/education/clamsand-oceanacidification/

A Global Weather and Climatehttps://ocean.org/education/globaweatherand-climate/

ICCEAN

i Fins into the Water
Building on the Mediterranean Sea Literacy Principles, the project partners of Fins into the Water

developed an opersource library, translations of the Mediterranean Sea Literacy Brochure, a

GES4SEAS | Grant Agreement no. 101059877 44


https://www.emseanet.eu/node/546
https://ocean.org/learn-explore/education/ocean-literacy/
https://ocean.org/learn-explore/education/ocean-literacy/
https://ocean.org/education/the-ocean-and-human-connection/
https://ocean.org/education/the-ocean-and-human-connection/
https://ocean.org/education/weather-climate/
https://ocean.org/education/the-ocean-and-humans-are-connected/
https://ocean.org/education/the-ocean-and-humans-are-connected/
https://ocean.org/education/clams-and-ocean-acidification/
https://ocean.org/education/global-weather-and-climate/

A A AN e Deliverable 6.4. Educational Modules

GES 4 SEAS TS

PN PP SN N e

Resource Map with more than 150 resources and visual elements principally for leisure centres and

any other maritime tourism stakeholders in the Mediterranean region.

You can learn about how you can access these resourcestigre//www.emseanet.eu/finswater-

library.

THE MEDITERRANEAN SEA
REPRESENT LESS THAN 1% OF

THE ONE BIG OCEAN,
YET IT IS CONNECTED TO IT

On the West to the Atlantic, on the NE to
the Black Sea, on the SE to the Red Sea

THE MEDITERRANEN SEA IS g
DIVIDED INTO EASTERN AND VA -
WESTERN SUB-BASIN ———
Bothe temperature and salinity Tempelrature
increase towards the East Salinity

IT TAKES 80 TO 100 YEARS FOR A
COMPLETE EXCANGE OF WATER
Evaporatin exceeds precipitation,

the main excange is with the
Atlantic through the Gibraltar Strait

MEDITERRANEAN SEA RESOURCES
ARE LIMITED AND FINITE

Let's think about what we can do to
preserve and sustainably exploit them for
the coming years, decades and centuries

Qo

BY NC ND
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5. Module 3 | Good environmental status and how it can
affect your health and life

5.1 Introduction to M3

In our first educational module, we explored the definition of a healthy sea. In our second educational
module, we talked about the impacts of cumulative pressures in the ocean. Now, in this third module,
we are going to cover the concept of Good EnvirontaeStatus (GES) and its ecological, societal and

economic benefits, using the Black Sea as an example.

5.2 Learning Outcomes

By the end of this Module, you should be able to:

A Understand the concept of GES

A Understand the importance of achieving and maintaining GES

A Understand the consequences of not achieving GES

A |dentify the tools available for evaluating GES

A Recognize the uniqueness of the Black Sea and the importance of GES in this ecosystem

5.3 How to proceed
Complete theactivities as they appear in each Lesson.

To succeed in this Module, you need to successfully complete the following Lessons:

A Lesson 1Why the Black Sea?

A Lesson 2What is GES?

A Lesson 3Why do we need to achieve and maintain GES?
Alesson4 KI 4G Aa ¢S R2y QG NBIFOK D9{K
A Lesson 5Tools for evaluating GES in practice

5.4 Lesson 1. Why the Black Sea?

In this lesson, you will learn about the uniqueness of the Black Sea and why it was selected as an

example to illustrate the concept of GES.

The lesson will cover the following learning outcomes:

A Recognize the uniqueness of the Black Sea and the importance of GES in this ecosystem
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E Read this

The Black Sea is a marginal mediterranean sea lying between Europe and Asia. Despite its harsh
environmental conditions compared to other seas, it supports a great variety of underwater life. The

Black Sea is also known for its rich heritage, abundantrabtasources and unique habitats. With a

mixture of saline and freshwater, it has several distinct environmental zones and habitats, ranging
FNRY akKlttz2g¢ O2ladlt T2ySa (2 RSSLIE y2EAO ol &Ay
with a vast legacy of maritime traditions and communities. Given the importance of the Black Sea for

marine and terrestrial life, achieving and maintaining the GES of the Black Sea should be a top priority

for decision and policy makers.

g,

The uniqe Black Sea

Some of the unique features of the Black Sea.

LT @2dzQR tA1S G2 1y26 Y2NB I 02 dzBectets & the Bldck®pa { S| =
available here: https://emblasproject.org/wpcontent/uploads/2020/08/Secretef-the-Black

Sea.pdf

5.5 Lesson 2: What is GES?
In this lesson, you will learn how GES is defined and how it can be achieved.

The Lesson will cover the following learning outcomes:

A Understand the concept of GES
A Understand the importance of achieving and maintaining GES
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E Read this

The environmental status of an ecosystem is determined by its structure and functions. An
SO2aeaitsSyQa adGNHzOGdzZNE A& OKIFNIOGSNRaSR o0& GKS 2
plants and microorganisms) and ndiming (such as sunlight avdiitity, salinity and temperature). On

the other hand, the functions of an ecosystem refer to capacity of natural processes and components

to provide goods and services that satisfy human needs, directly or indirectly.

' OKAS@OAY3I DO9{ AYLXASE GKIF{ RSaLAGS GKS LINBaSyosS
functions are maintained at levels that ensure their continuity and integrity, with the capacity to

deliver services and benefits for future generations.atbieve such levels, scientists and decision

makers must know how to interpret and integrate information on ecosystem components,
descriptors, and habitats and how to identify the cascading effects into the ecosystem services.

Although a challenge, this wlois key to achieve GES.

GES 4 SEAS Eeeyas

GOOD ENVIRONMENTAL STATUS % ]
Good Environmental Status implies that human activities are not harmful to the marine / .
environment, so ecosystems are kept functional and resilient for future generations. S

Assessing the environmental status of seas is key to design management
measures that will allow reducing ond mitigating the impocts of human activities

lllustration of an ecosystem where GES is achieved.
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Check your understanding

=0

[Multiple choice question]
What does Good Environmental Status (GES) aim to achieve?
1. Complete elimination of human activities in marine environments
2. An ocean free from all harmful organisms
3. Ecosystems that remain functional and resilient despite human activities
4. Replacement of alhvasivespecies with native species
Correct answer: 3

E Read this

According to the Marine Strategy Framework Directive (MSFD), GES is defined thralegtriptors

(listed below). These describe the state of the marine environment, such as conserving biodiversity or
food webs. They also describe anthropogenic pressures on the marine environment, including
commercial fisheries, or pollutants, like marine litter andht@minants, or the input of energy. The

statuses of these descriptors indicate how far a marine ecosystem is from achieving GES.

1. Marine biodiversity¢ Biological diversity is maintained.
2. Nonindigenous specieg Norrindigenous species introduced by human activities are at
f SpSta GKIG R2y QG yS3alraArA@dSte AYLEFOG GKS SO24a:
3. Commercial fish and shellfisPopulations of commercial fish and shellfish are within safe
biological limits.
4. Food webgg All elements of the marine food webs occur at normal abundance and diversity.
5. Eutrophication¢ Humaninduced eutrophication is minimised.
6. Seabed integrityc Seabed integrity is at a level where the structure and functions of the
ecosystems are safeguarded.
7. Hydrographical conditiong Permanent alteration of hydrographical conditions does not
negatively affect marine ecosystems.
8. Contaminants¢/ 2y OSYGNY GAz2ya 2F O2yilYAylyidia R2yQi ¢
9. Contaminants in seafood Contaminants in fish and other seafood for human consumption
do not exceed the established safety levels.
10. Marine litter ¢ Properties and quantities of marine litter do not cause harm to the coastal
and marine environments.
11. Energy, including underwater noiseIntroduction of energy, including underwater noise, is
at levels that do not adversely affect the marine environment.

[ FdzyOKSR &t GKS SyR 2F HAaHnX AG¢KS . tdzS alyAFSa

(https://www.oceanweek.eu/bluemanifestolaunch advocates for an ambitious Ocean Deal that

places the ocean at the heart of European Union (EU) deaisaking in the new legislative period,
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and it is endorsed by more than 100 organisations. In the context of the GES4SEAS project, this

manifesto is very relevant as it aligns with our research and advocacy goals.

+ BN
{{ M
i\ )

N—~. +

ccoon ENVIRONMENTAL STATUS

The Blue Manifesto Roadmap.

Check your understanding

=0

[Multiple choice questions]
1. What is the goal of the descriptor related to "neindigenous specie®
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a) To eliminate all nofindigenous species from marine environments
b) To maintain indigenous species at levels that do not negatively impact ecosystems
c) To encourage the introduction of nandigenous species to improve biodiversity
d) To prioritize noAndigenous species over native species
Correct answer: b

2. How does the descriptor related to "marine litter" contribute 8BES
a) By reducing marine litter to levels that do not harm coastal and marine environments
b) By increasing the recycling of marine litter within ecosystems
c) By promoting the accumulation of marine litter in despa areas
d) By encouraging the use of litter to restore marine habitats
Correct answer: a

5.6 Lesson 3: Why do we need to achieve and maintain GES?

In this lesson, you will learn that maintaining GES is not only important for marine ecosystems

directly or indirectly impacts human societies at several levels.

The Lesson will cover the following learning outcomes:

A Understand the importance of achieving and maintaining GES

E Read this

The environmental status of our seas directly impacts the health of our societies because the services

provided by marine ecosystems directly support humanvelhg.

“The umbrella
that protects us ¥
all: Good %

environmental A~ "y

statusas keyto ' *
guard our health”

The services provided by marine ecosystems cascade into goods and benefits that add value to our
lives.There are primarily three categories of ecosystem services provided by the ocean: provisioning,

regulation and maintenance, and cultural.
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‘W‘ Ecosystem services contribute to
human well-being support!

Categories of ecosytem services:

.
¥ Provisioning I:ET

Wil
v' Regulation and Maintenance "’J

!,
Lo &
v Cultural —_——

The three categories of ecosystem services provided by the ocean.

Provisioning services include tangible resources such as seafood, medicinal compounds, and raw
materials. Regulation and maintenance include carbon sequestration, water purification, and coastal
protection. Cultural services include the noraterial benefis, such as recreational activities, tourism,

and educational opportunities. Ultimately, a decline in one service can lead to the inability to provide
certain benefits to a community. This is why achieving and maintaining GES is so important for our

well-being.

Provisioning ecosystem services =food Regulation & Maintenance ecosystem services = habitat, trophic network
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Examples of ecosystem services in each category.

57 [ Saazy nY 2KId AT 6S R2y QG NBI OK D9/
In this lesson, you will learn which factors may compromise GES, using examples from the Black Sea.
The Lesson will cover the following learning outcomes:

A Understand the consequences of not achieving GES
A Recognize the uniqueness of the Black Sea and the importance of GES in this ecosystem

E Read this

Failing to reach GES would compromise the mentioned ecosystem services and benefitsciSo,

factors may compromise GES

A Potentially toxic plankton speciesommonly occur in the Black Sea, and, despite the low levels
of toxins and toxicity, chronic exposure could pose a danger to human health. Find out more at
https://doi.org/10.3390/toxins14100685Toxic microalgae may also compromise water quality
and, if consumed by other marine may contaminate the food web and ultimately humans,
thereby affecting ecosystem and human health.

POTENTIALLY TOXIC MARINE
MICROALGAL SPECIES
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Toxic Microalgal Specles and Related — T T = P
Toxins in the NV Black Sea 7 - J}%?&kﬂ“ﬂ“ﬁowﬂifhaln

Study area

A Algal and jellyfish bloomsoccur in the Black Sea due to eutrophication and higler
temperatures. Apparently harmless, jellyfish may cause skin irritation and cause problems in
fisheries, and algal blooms hinder tourism activities. These blooms can become tipping points
for the Back Sea. As so, it is best not to reach such blooms as the consequences on both human
and marine life are difficult to manage.

So, we have these problems in the Black Sea...now think first about touristic activities to understand more
easily the influence of these phenomena on our lives !

Noctiluca blooms

A Pollution is another issue, of which the consequences are difficult to estimate. For instance,
contaminants may contribute to increase harmful populations of diseaesing agents.
Examples include waterborne infectious diseases, skin and digestive problemspasdrexto
bacteria likeEscherichia cotind intestinalenterococci Bathing water quality in the Black Sea
has significantly improved over the past few decades due to EU policies and actions by Member
States. Despite this, contamination of surface and groundwater remains substantial and may be
exacerbated by the changirmjmate.
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Bathing water quality in the season of 2023

Excellent 35(70%)

" 15 (30%)

Sufficient 0 (0%)

BITNAZ watier aeably bn the feason of 2023 Poor 0 (0%)
Romania Not clazsified 0(0%)

Bathing water quality in the Black Sea
EU Environment Agency e.g., Romania, 2023

A Among pollutantsmacro- to microplasticsare a matter of concern not only as part of marine
litter but also because they accumulate in food webs. Does this mean that commercial fish from
the Black Sea are contaminated with plastics? Indeed. Moreover, the presence of plastic in fish
has potentialadverse effects on the Black Sea ecosystem and human health. For more
information, readhttp://doi.org/10.4194/TRJFAS20504
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TR N e il TR
Examples of micro- and mesoplastics found in commercial ‘
fish in the SE Black Sea (Microplastics; 1-11: fibres, 12-19: ;

fragments, 20: foam, 21: microbead, scale bar= 0.5 mm. %
"1 Mesoplastics: 22-24: fibres, 25: film, scale bar=1 mm).

e Al 4 s' " .!'

Given the expected increase in global plastic production in
next decades and wide applications in daily life, there is
an urgent need to reduce the input of plastic into the
sensitive Black Sea environment and to better understand
the distribution, fate and effects of persistent pollutants in

ttp://doi.org/10.4194/TRIFAS20504 the region.

h

A What abouttoxic and trace metal2 Although some fish species in the Black Sea exhibit high
concentrations of toxic and trace elements, these are within acceptable thresholds for safe fish
consumption. You can find more informationhdtps://doi.org/10.1016/j.emcon.2023.100295

A Theloss of key specieis another factor that may compromise GES. Did you know that some
marine plants of the Black Sea are threatened, such as the brown @lgsteseiraspp? To
prevent the loss of these are other key species, we need ecological restoration to continue.
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Helping the Black Sea!

Small steps towards ecological
restoration!

Growing the habitat-forming species
Cystoseira in the laboratory!

NIMRD "Grigore Antipa"
@NIMRD_ro

Check your understanding

=0

[Multiple choice questions]
1. What is a potential consequence of chronic exposure to toxins produced by toxic plankton in the
Black Sea?

a) Enhanced marine biodiversity

b) Danger to human health

c) Improved water quality

d) Decreased jellyfish populations

Correct answer: b

2. What environmental factors contribute to algal and jellyfish blooms in the Black Sea?
a) Overfishing and habitat destruction
b) Eutrophication and highwvater temperatures
c¢) Increased tourism and plastic pollution
d) Rising levels of contaminants in seafood
Correct answer: b
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3. What is a key concern about microplastics in the Black Sea?
a) They degrade quickly and leave no impact.
b) They accumulate in food webs, potentially affecting both marine ecosystems and human
health.
c) They reduce algal blooms and improve water quality
Correct answer: b

4. How has bathing water quality in the Black Sea improved in recent decades?
a) Overfishing and habitat destruction
b) Eutrophication and higlvater temperatures
c) Increased tourism and plastic pollution
d) Rising levels of contaminants in seafood
Correct answer: b

5.8 Lesson 5: Tools in practice

In this lesson, you will learn about the tools available for assessing GES and about the tool used in
GES4SEAS.

The Lesson will cover the following learning outcomes:

A 1dentify the tools available for evaluating GES

E Read this

Some initiatives worldwide are intending to assess the status of marine waters in an integrative way,
such as the Marine Strategy Framework (MSFD) and the Ocean Health Index, by incorporating multiple
metrics, indicators and ecosystem components. Withire tGES4SEAS project, the Nested
Environmental status Assessment Tool (NEAT) is an integrative tool used to assess the environmental
status of marine ecosystems under the MSFD that identifies environmental issues in need of

management.

NEAT is a free and integrative tool designed to evaluate the environmental status of marine areas,
such as the Black Sea, using the MSFD descriptors. It aggregates diverse indicators across multiple

spatial scales and ecosystem components that produceax elvaluation of environmental health.

When attempting to assess the environmental status of marine ecosystems in an integrative way,
marine managers often encounter some challenges. These include a lack of validated and consistent
indicators across regions, difficulty in aggregating data fdiverse ecosystem components and

habitats and the complexity of integrating multiple metrics into a single cohesive assessment.
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NEAT addresses these issues through an ecosyisésed approach that aggregates data from various
indicators and spatial units, integrating data into a single score. This enables managers to identify key
environmental issues needing intervention and deyel@argeted, evidencébased management

strategies.

To know more, read the articl@ttps://doi.org/10.3389/fmars.2019.00019

. A

25 A AA Z= GES4 SEAS

5.9 Additional resourceg; relevant lesson plans and activities

If you want to learn more about GES, here are some additional resources and lesson plans.

i1 Blue Schools Projects regarding GES, with focus on biodiversity.
The concept of a European Blue School evolved from the marine education expertise gathered from

consultations with teachers and educators across Europe. It acknowledges the variety of cultures and

school communities from the 27 EU Member States and chamspioe concept of open schooling.

CtKS 1 FyRo22] F2NJ ¢SIFOKSNAR a! 2 |htp$S/mardtiie- 9 dzNP LJS
forum.ec.europa.eu/document/download/0e460a8#28c4b0d
a4b4

Network of

2d82b999b6ee en?filename=Handbook%20for%20Teachers%:. -51’53‘;‘212015
%20European%20Blue%20Schools (.pdicludes a wealth of

~—Awave of

fl . - . '
useful resources and best practice to inspire you to find wl EUROPE AN»

connects you and your school to the ocean. It has built in flexibi® &

to encourage and support teachers across all disciplines to bring‘ SCHOOLS

ocean to their classrooms, wther through biology, physics, £3 'ngﬁqqk_for_teacheﬁ

&4

chemistry, technology, mathematics, history, literature, or the arv;‘
S
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You can find some inspiring projects related to GES on pages 78 through 89.

1 MED EDUC Educational Resources (lesson plans)
The MED EDUC project proposes the creation of a series of European level educational resources for

middle and high schools. These resources concern the discovery and valorisation of the coastal and
marine environment in the Mediterranean. The project isimhaaimed at students, teachers and
educators, offering them both educational tools focused on specific issues of environmental
protection in the Mediterranean Sea (pollution and waste, mass tourism, overfishing, loss of

biodiversity, coastal erosion, ejc

Here are some relevant lesson plans in the context of GES.

A Biodiversity ¢ https://mededuc.eu/en/resourcecenter/pedagogical

quide/12biodiversity.html :ﬁ
A Politics and Governance ¢ https://mededuc.eu/en/resource .
center/pedagogicaguide/28politicsand-governance.html MED
EDUC

1 Ocean Literacy for all: a toolkit. IOC Manuals and Guides (lesson plans)
This toolkit

(https://lunesdoc.unesco.org/in/documentViewer.xhtml?v=2.1.196&id=p::usmarcdef 0000260721&f

ile=/in/rest/annotationSVC/DownloadWatermarkedAttachment/attach import 2d3dfu@®b-
410a9386dd31047e6ef0%3F %3D260721enqg.pdf&locale=en&multi=true&ark=/ark:/48223/

provides educators and learners worldwide the innovative tools, methods, and resources to
understand the complex ocean processes and functions and, as well, to alert them on the most urgent
ocean issues. It also presents the essential scientific pragcgrid information needed to understand

the causeeffect relationship between individual and collective behaviour and the impacts that

threaten ocean health.

Some particularly relevant sections within the topic of GES are:

Ocean
A The waves? (pp. 998) T _
‘Literacy .
A Ocean currents and ocean drifters (pp. 10®4) %-or All y -
A Know, think, act (pp. 13335) Atoolkit ,
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I BlueMinds4Teachers
BlueMinds4Teacherditps://www.emseanet.eu/node/546 is an educational toolkit on the ocean

literacy principles for teachers. The project aims to strengthen the competence of teachers and other

marine educators of all levels in Ocean Literacy (OL) by providing an online training course with three

sessions of approximately 2 hours each. —
Within the topic of GES, there are several lessons plans you can acmM

A Lessonplagt NA Y OALX $ mY [ SdQa Rwa( - 2081y Tt
A Lesson plag Principle 2: From the deep sea to the mountains al e
back: Discover the long trips of the rocks! (pp-117) LESSON PLANS
A Lesson plasPrinciple 4: Secret life of a water droplet (pp-2%)
A Lesson plaPrinciple 5: Marine food web (pp. 3R2) [ — T
A Lessonplan NAYyOALX S TtY 9ELX 2NB G(GKS 208ty gAiGK GKS

57-66)

1 Ocean Wise
Ocean Wise offers free online courses about different aspects of our ocean to arm students with the

tools needed to conserve it. You can learn more about the courses htps://ocean.org/learn

explore/education/oceariteracy/.

Below we suggest some of the most relevant courses related to pressures in the marine environment:

A¢KS 20SlIy adzLILihitd:/ocedn DrE/addratiNditte ( neE AN
oceansupportsdiversity/

A¢KS 20SIy intips://Bckad.Srddd R atiok/theoceanis
diverse/
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6. Module 4 | Tipping Points: Small changes that trigger big
shifts

6.1 Introduction to M4

Have you ever leaned back on a chair, balancing just on two legs? At first, it feels stable, you can rock
a little without falling. But lean too far, and suddenly you tip over. No matter how quickly you try to
O2NNBOG e2dzNB St F3 [@edjushlgamingdhe adherwdgl A ay Qi & aaAy

Marine ecosystems work in a similar way. They can withstand pressures such as fishing, pollution, or
habitat disturbance up to a point. But once those pressures push the system beyond a critical limit, it
may suddenly shift into a new stagene that is ery different from before. These moments are called

tipping points, and crossing them makes recovery extremely difficult, sometimes even impossible.

In this module, we will explore how small changes can lead to big shifts. We will look at the
mechanisms behind tipping points, how they differ from gradual changes, and why ecosystems are
sometimes pushed past the point of no return. You will learn howngists detect these critical
thresholds, why this is often a challenge, and why prevention is far more effective than restoration

once a tipping point has been crossed.

By the end of this module, you will understand that tipping points have profound consequences for
human societies that depend on a healthy Ocean. Recognising and avoiding these thresholds is

essential for sustainable management of our seas.

6.2 Learning Outcomes
By the end of this Module, you should be able to:

A Define what a tipping point is and their implications for marine ecosystems and societies.
A Recognise the mechanisms behind tipping points and the different ways ecosystems can shift.
A Describe how scientists detect tipping points and why it is challenging.

A Explain why preventing tipping points is more effective than trying to reverse them, and what
measures can help.

6.3 How to proceed
Complete theactivities as they appear in each Lesson.

To succeed in this Module, you need to complete the following lessons:
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A Lesson 1What are tipping points?

A Lesson 2Types of tipping pointg regime shifts and bifurcations

A Lesson 3Detecting tipping points in the real world

A Lesson 4Prevention and managementavoiding the point of no return
A Lesson 5Wrap-up ¢ Living with thresholds

6.4 Lesson 1: What are tipping points?

In this lesson, you will learn what tipping points are and why they matter for marine ecosystems and

societies.
By the end of this lesson, you should be able to:

A Explain what a tipping point is in the context of ecosystems.
A Distinguish between gradual ecological change and sudden state shifts.

A Describe the role of resilience in keeping ecosystems stable and what happens when resilience
is exceeded.

E Read this

Ecosystems are often resilient, meaning they can cope with pressures such as fishing, pollution, or
habitat loss and still return to their previous state. This capacity to recover keeps them functioning
despite disturbances. But resilience has its linMien pressures build up and accumulate over time,
even a small additional stress can cause the system to shift abruptly into a new state. This moment is

called a tipping point.

Unlike gradual changes, tipping points are thresholds. Once crossed, ecosystems may shift into a new
state that is very different from the original one, often with reduced biodiversity and altered
functioning. Recovering from such a shift can be extrerdéficult T and sometimes impossible

because the system reorganises around new conditions.

CKAYl 2F olflryOAy3 2y | oSkEY®d !'a f2y3 +a &2dz adl
T Yyou can correct yourself. But move too far, and a tiny extra step can send you falling off. In the

same way, ecosystems can remain stable under smallrbesbces until that last added pressure

Ol dzaSa GKSY G2 aidAaLpé
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Overfishing

Pollution

Representation of cumulative pressures shifting the balance of an ecosystem.

To understand tipping points, we first need to grasp how human activities create pressures on marine
ecosystems. In a previous module, you learned that we depend on the Ocean, but our activities also
affect it. Fishing, pollution, coastal construction, atidhate change all add stress to marine systems.

Each pressure alone may seem small, but their combined effect can push ecosystems toward

instability.

Some pressures act strongly, such as industrial fishing or nutrient pollution, while others, like
recreational boating, seem minor but still add to the total impact. When these pressures accumulate,

their effects are no longer isolated they interact, amfifying the strain on marine life.

Imagine how different activities are from coastal development to maritime traffic and oil drillimg
O2YO0AYSR (2 AYLI OGO (GKS 20SlIyod ¢23SGKSNE (KSe@

it closer to the point where a small change can caaseajor shift.

e ses S
TIPPING POINTS :
m 5 I g Sae=E _ﬁﬁ"
) =
‘i:;. ‘ ‘ mmﬂ:ww
the tipping point

No or low impact a Eroding

(non-GES)

Sustainable activities

Ecosystem scrvices l0ss

How increasing cumulative pressures can push ecosystems beyond a tipping point.
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D Watch this video

To better understand how these cumulativ: —

pressures can lead to tipping points, watch this vide ‘!,
https://www.youtube.com/watch?v=TRarrJGQK?20

E Read this

The impacts of human activities are not always immediate, they build over time. For example, trawling
can reduce fish populations and disturb the seafloor, leading to biodiversity loss. If the pressure stops
early enough, the ecosystem can recover; fispydations grow back and habitats regenerate. This
ability to recover is what we call resilience.

dziT G KSNBQa | ftAYAGSD® 2KSyYy |yt B 2edshitgSpslluter, OS a
habitat destruction, or climate change it becomes harder to regain balance. Beyond a certain point,

even small disturbances can trigger sudden and lastinggghan

At some point, just a tiny bit more pressure is enough to push the system past its tipping point, causing
it to shift abruptly and irreversibly. Once resilience is lost, the ecosystem collapses into a new state

that can no longer sustain the same biodivrer functions.

Increasing pressures

Tipping Point

Ecosystem State

Ecosystem State 2

Increasing pressures can cause an ecosystem to lose resilience and cross a tipping point, shifting from one stable state to
another.
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Resilience is the ability of an ecosystem to absorb disturbances and still maintain its basic structure
and function. Healthy ecosystems, like diverse coral reefs or seagrass meadows, can recover from

short-term stress and continue to provide essentiahsees.

However, ecosystems can only tolerate so much stress before they reach a tipping point. When this
happens, the system moves from a resilient state to a collapsed one. In a collapsed state, feedback

loops maintain degradation. For instance, algae overgrqwéiventing corals from regrowing.

When coral reefs suffer from prolonged bleaching and pollution, they may shift fromaongihated
ecosystems to algadominated ones, with reduced biodiversity. This transition from resilience to
collapse is one of the defining features of tipping pai@sce crossed, the system cannot easily return

to what it was.

D Watch this video

To Dbetter understand the concepts explored on this lesson, watch this video

(https://www.youtube.com/watch?v=Y8h0jivDFuA&xplaining how human activities like overfishing

and pollution can push ecosystems towards tipping points, and why it is so important to avoid crossing

these thresholds.

Understanding tipping points

.., Y
AT &

N/

/N

Watch on (E8YouTube

Check your understanding

=0

[Multiple choice questions]

1. What happens when an ecosystem crosses a tipping point?

a) It quickly returns to its original state once pressures are reduced.

b) It shifts to a new state that may be very different and hard to reverse.
c) It experiences only temporary fluctuations in species abundance.

d) It becomes completely unaffected by further pressures.
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Correct answer: b

2. Which of the following best describesosystem resilien@e

a) The ability of an ecosystem to absorb disturbances and maintain its structure and function.
b) The capacity of an ecosystem to prevent any change from occurring.

¢) The rate at which an ecosystem collapses after a disturbance.

d) The process by which ecosystems become less diverse over time.

Correct answer: a

[True or False]

Minor human pressures, such as snsléle fishing or low levels of pollution, have limited impact on
marine ecosystems and cannot lead to major changes.

Correct answer: Falgeven small pressures can accumulate over time, interacting with others to
weaken ecosystem resilience and potentially drive lsagte shifts]

6.5 Lesson 2: Types of tipping poingregime shifts and bifurcations

In this lesson, you will learn about the different types of tipping points and the mechanisms behind
them. Specifically, we will explore how ecosystems can shift from one stable state to another,

sometimes through sudden, dramatic changes.

By the end of this lesson, you should be able to:

A Explain the difference between phase transitions and regime shifts.

A Identify the three main bifurcations (hysteresis/fold, pitchfork, and transcritical) and how they
drive ecosystem shifts.

A Use realworld examples to show how these tipping points unfold in nature.

E Read this

Imagine an ecosystem as a tightrope walker, balancing delicately. As pressure tufiadsn
overfishing, pollution, or habitat destructiom the ecosystem can hold steady, adjusting and
maintaining balance. But once it reaches a tipping point, a suddérhsigipens. The ecosystem falls,

shifting from one stable state to another, often with drastically different biodiversity and functionality.
This shift can happen in two main ways: a phase transition or a regime shift.

A A phase transitionhappens when an ecosystem smoothly moves from one state to another.
Think of it like changing lanes on a road, a gradual but noticeable change.

A A regime shiff on the other hand, is like slamming on the brakes. A sharp, sudden change that
is often irreversible. For example, coral reefs can shift from a-clomalinated state to an algae
R2YAYIFIGSR aGFGS8Sx IyR 2y0S GKS &aKAFGHG 200dzNE X
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D Watch this video

Learn more about regime shifts in the following vide .

https://www.youtube.com/watch?v=Cf0oQaEd7NM

Frsh landings in tons.

Regime shifts occur when ecosystems undergo sudden and often irreversible changes in their

structure and functioning. Such shifts are usually triggered by a combination of external shocks, like

storms or fires, and lonterm pressures that gradually weakénK S a8 adSyQa adl oAt AGe

shift happens, the ecosystem settles into a new state that is difficult to reverse.

E Read this

But what makes tipping points so unpredictable? The answer lies in bifurcations.

A bifurcation is a point where the ecosystem can split into different stable states, much like a fork in
the road. The ecosystem could settle into one state or another, depending on how the pressures are

applied.
[ SGQa SELX 2NB GKNBS 1Se GeliSa 2F oATdzNDIGAZ2ya

1. Hysteresis/Fold bifurcation: the point of no return
LYF3AYS  NH2O0SNI 6FlyR aGNBGUOKSR a2 FIFN GKIG Ad

82dz GNBE® ¢KIGQa || KeadSNBaia akKATao®
When pressures push an ecosystem past a tipping point, it may shift suddenly. But getting back to the

original state requires much more than just reducing those pressures.

I

Cumulative pressures

uys pdey

it
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For example, when pollution increases nutrient levels, algae can grow much faster than corals. This
disrupts the natural balance of the reef: microbes and viruses increase, while the fish and
invertebrates that normally graze on algae decline. As a rethidtecosystem shifts from a coral
dominated state to an algadominated one. Even if pollution later decreases, the new state tends to
persist because the conditions and interactions within the ecosystem have changed. Restoring corals

then requires much re than simply cleaning the water.

M Viruses - Microbes 1 Grazers M Coral J Viruses P Microbes | Grazers T Algae

Curol Reef Photo Bank

??7? https://coralarks.org/projects.php

From corals to algae a tipping point that makes the ecosystem unrecognisable.

This example shows how a tipping point can fundamentally alter an ecosystem. Pollution increases
nutrients and triggers a chain reaction: microbial activity rises, while the number of grazers that
normally keep algae under control decreases, and coraés tlesir ability to compete. These shifts
create a selfeinforcing loop that locks the reef into an algdeminated state. Even when pollution

is reduced, the altered balance between microbes, grazers, and primary producers prevents corals

from re-establidiingt showing how deeply a tipping point can transform an ecosystem.

2. Pitchfork bifurcation: the crossroads of change
Think of the ecosystem as a road that splits into two paths. The system is at a crossroads, where it

could shift one way or another depending on small changes in the environment. This is a pitchfork

bifurcation.
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Stable state 1

TIPPING POINT
i Finely balanced but unstable

I

Cumulative pressures

Stable state 2

An ecosystem can follow different paths once it reaches a tipping point.

For example, a kelp forest can either stay stable, or it could be dominated by urchins, depending on
changes in stressors like predation. If urchin populations grow too large, they may overgraze the kelp,
creating a barren ecosystem. Alternatively, if paeals keep the urchin population in check, the kelp

remains dominant. A small shift in pressure can tip the system in either direction.

Predation, nutrients, thermal stress, ...

Predation, nutrient enrichment, and warming waters, cause a shift from a healthy kelp forest to andmetiimated
barren state. The ecosystem reaches a tipping point.

> Watch this video

Learn more about the delicate equilibrium between kelp and sea urchins in the following video:

https://www.youtube.com/watch?v=PSBCFCMTk8I
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This example shows how several pressures can combine to push an ecosystem past its tipping point.
Warmer waters, the loss of sea star predators, and an explosion of purple sea urchins have devastated
kelp forests along the California and Oregon coasts.t\Wiaa once a complex, lHgch ecosystem has
shifted to an almost barren state. The story also highlights the potential of local actfoom divers

and scientists to Indigenous communitiesworking together to find solutions. Turning urchins into

a reource and restoring kelp through natuteased methods are examples of how people can help

guide ecosystems back toward balance.

3. Transcritical bifurcation: the smooth transition
Not all tipping points are dramatic. Some ecosystems transition smoothly into a new stable state

this is a transcritical bifurcation.

Cumulative pressures

NON- CATASTROPHIC
l l TIPPING POINT State 2

Transcritical bifurcation, when the ecosystem responds gradually to increasing pressures.

As shown in the figure, the system passes a-catastrophic tipping point where change begins

smoothly and remains reversible for a time. If pressures are reduced, the ecosystem can return to its
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original state. But if pressures persist, the system becomes increasingly unstable and may eventually
tip into a new state. Although this transition appears continuous, it can still lead to significant and

lasting changes in ecosystem structure and functio

A good example of this is algal blooms that happen during upwelling events, when nuitikemtater
from the deep ocean rises. The bloom is stable for a while, but when the nutrients are depleted, the
aedadsSy OFy NBGdzNY G2 straphict Zusta Temgbtarfy shit that @évertually G Q& v

selfcorrects.

System changing from state of algal bloom to state of non-bloom
seasonally and depending on upwelling

ir Nutrients depleted, =N

Algae die

Dead particles Algal bloom

and nutrients fall
back to depth

Nutrient }
rich water

Reversible transition in marine ecosystems, where nutriehtwaters rising from the deep ocean trigger an algal bloom.
This process is a natural example of a reversible transition. When nutitgnwaters rise from the
deep ocean, they fuel rapid algal growth near the surface. As the algae consume these nutrients, the
water gradually becomes depleted, and the bloom qudles. The dead algal material then sinks,
carrying nutrients back to deeper layers where they accumulate until the next upwelling event. This
continuous cycle shows how ecosystems can experience temporary shifts driven by environmental
conditions yet retun to their original state once those conditions stabilisea typical feature of non

catastrophic tipping points.

=0

Check your understanding
[Multiple choice questions]

1. What distinguishes a regime shift from a phase transition?
a) A regime shift is gradual, while a phase transition is sudden and reversible.
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b) A regime shift is a sudden, often irreversible change, while a phase transition occurs smoothly and
can be reversed.

¢) A phase transition always results in loss of biodiversity, while a regime shift does not.

d) Both describe the same process but in different ecosystems.

Correct answer: b

2.1n a hysteresis (fold) bifurcation, what happens when pressures are reduced after a tipping point
has been crossed?

a) The ecosystem immediately returns to its original state.

b) The system stabilizes in a temporary state before recovering.

¢) A much greater reduction in pressures is required for recovery, and it may not fully return to the
original state.

d) The system alternates continuously between states.

Correct answer: ¢

[True or False]

In a transcriticabifurcation, ecosystems change gradually and can return to their original state if
pressures are reduced in time.

Correct answer: True

6.6 Lesson 3: Detecting tipping points in the real world

In this lesson, you will learn how scientists detect tipping points in marine ecosystems, and why this is

often challenging due to multiple interacting pressures.

By the end of this lesson, you should be able to:

A Identify the monitoring indicators used to detect tipping points in ecosystems.
A Explain why detecting tipping points is challenging when multiple pressures act together.
A Describe how scientists use case studies to help detect and understand tipping points.

Read this

Detecting tipping points is crucial, but it is not always straightforward. Scientists use different

monitoring indicators to track changes in ecosystems that could signal an impending tipping point.

These indicators help us understand when an ecosystenoisng toward a critical threshold.

1. Detection along timelines
One of the most basic methods for detecting tipping points is observing how ecosystems change over

time. By monitoring longerm trends, scientists can spot gradual declines or sudden changes that

signal a loss of stability.
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For example, if the biomass of macroalgae in a region drops sharply from one year to the next and
remains low, it may indicate that the ecosystem has crossed a tipping point. Such a persistent change
suggests a shift from a healthy, algaeh system to alegraded state where biomass remains low and

recovery becomes difficult even if conditions improve

Macroalgae biomass

1970 1990 2025

Temporal shift in ecosystem state, showing how macroalgae biomass declines over time past th@dipping

2. Detection with increasing pressure
Ecosystems can withstand a degree of pressure, such as pollution or fishing, but when these pressures

I OO0dzydzt 6 S GKS& 6S3IAy (G2 SNRRS (KS aeadisSyQa NBa
time helps scientists identify when an ecosystem igrapching its limits.

For example, increasing fishing pressure can gradually deplete fish populations. Once a critical
threshold is crossed, the system may shift abruptly, the ecosystem can no longer support the same

biomass, and recovery becomes slow or even impossible witkigoificant intervention.

Fish biomass

=

Fishing pressure increasing Tipping point driven by increasing fishing
pressure.

3. Graphs and statistics to track changes
Graphs and statistical models are key tools for detecting tipping points. They help scientists visualise

how ecosystems change over time and identify patterns that may reveal when a system is losing
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stability. As pressures and species interactions become more complex, interpreting these trends

requires increasingly advanced approaches.

For example, tracking species populations can reveal early warning signs of instability. A steady decline
in one species might suggest that the ecosystem is nearing a tipping point. But when several species
and pressures interact, the signals become hartierisolate, demanding more detailed and

sophisticated analysis to understand whenand howt the shift might occur.

4. Communitylevel statistics
In ecosystems where many species interact, changes rarely happen in isolation. Scientists use

community-level statistics to understand how shifts in one species can influence others. A change in
the composition of species. For example, some declining wttikrs increase can be an early warning

sign that the ecosystem is losing balance and approaching a tipping point.

Fish community 1

o
2
[
>
2
2
g
a Fish community 2
2 0
S
3
g The Red bars represent a value that we get
o when doing community analysis. When
o there is a big change in the values, the
community has changed drastically.
-5
1970 1990 2025

Time

Community level analysis following several species of fish simultaneously.

This type of analysis helps reveal patterns that might not be visible when looking at species
individually. In this example, the red bars show how the composition of a fish community changes
over time. A sudden shift in the values indicates that one conityiiras been replaced by another,

meaning the ecosystem has reorganised into a new state. By tracking the interactions between

species, scientists can detect when the system is changing, helping to predict when it might reach a

tipping point.
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When multiple pressures act together, things get even more complicated
When multiple pressures act on many species at once, detecting tipping points becomes far more

challenging. In these situations, scientists use advanced statistical analyses and multivariate models

to understand how different pressures interact and whepptng points are likely to occur.

[ SGQa GF 1S I -wdidkeiafplé td6 uhdistard Bow multidlB prefssures can interact and

lead to tipping points:

The Baltic Sea
Over the years, this ecosystem has been exposed to many pressures, leading to significant challenges

and changes.
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Map of the Baltic sea region

SourceGabriel ZieglerWikipedia.

In the Baltic Sea, overfishing and nutrient pollution from agricultural runoff have caused drastic shifts

in the ecosystem. These pressures act together, making it difficult to pinpoint exactly when the tipping
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point occurs. But understanding these changes is crucial for managing the health of the sea and

preventing further damage.

D Watch this video

To learn more about the issue of hypoxia in the Baltic Sea, watch this video

(https://www.youtube.com/watch?v=P6gpvoidHmAighlighting the key findings of a study which

examined a 150§ear record of coastal hypoxia in the northern Baltic Sea and reveals the severe

deoxygenation that has occurred over the 20th century.

Further reading https://www.egu.eu/news/414/newstudy-oxygenlossin-the-coastalbaltic-seais-

unprecedentedlysevere/

Check your understanding

=0

[Multiple choice questions]

1.How does a Regime shift differ from a Phase transition?
a) They are the same
b) Regime shifts are sudden and sharp
c) Phase transition are often smooth changes
d) Both two and three
Correct answer: d

2. What is the peculiarity of this type of shift? o

a) Generally, it is easy to change from one state to . Qﬁ,ﬂ;‘;ﬁ
another. B

b) Changing from one state to another requires § s
reduction of nutrients g H

¢) Reducing the nutrients to the threshold will change @
the system back to state 1 \NT-TT.

utrient Loat

Correct answer: b
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3. How easy is it to detect tipping points?
a) Always easy
b) Often it can be very complex.
c) We cannot detect them

Correct answer: b

4. What happens if hypoxia persists?
a) Biological and chemical processes change drastically.
b) Many organisms disappear
c) Atipping point can be reached where the ecosystem changes severely
d) All three above
Correct answer: d

6.7 Lesson 4: Prevention and managemenavoiding the point of no
return
In this lesson, you will learn why preventing tipping points is far more effective than trying to reverse
damage once they have been crossed, and what strategies can help mitigate or avoid these irreversible
shifts.

By the end of this lesson, you should be able to:

A Explain why restoration becomes more difficult after tipping points are passed.

A Identify key tools and strategies for ecosystem management, including protection, restoration,
and adaptive management.

A Recognize the role of policy measures such as Natura 2000 and the Nature Restoration Law.
A Describe the role of ecosystebased management (EBM) in preventing tipping points.

E Read this

Once an ecosystem has crossed a tipping point, it becomes extremely difficult to return it to its original
state. While some recovery may be possible, it often requires significant effort and time. Even then,

the ecosystem may not return to the healthy sdt once was in.

Restoration becomes particularly challenging once a tipping point has been crossed. For example,
after ecosystems like coral reefs or kelp forests are pushed past their tipping points, it can take
decades or longer to restore them to their previous stad@d in some cases, they may never fully

recover.

While restoration is crucial, prevention of tipping points is always the best option. The goal is to
prevent ecosystems from reaching their tipping points in the first place, before the damage becomes

irreversible.
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Protection and restoration: Two key approaches
To prevent ecosystems from reaching tipping points, there are two main approaches: protection and

restoration. Both have their strengths and limitations.

Protection
Marine Protected Areas (MPAS) are one of the main tools used to protect ecosystems. These areas
are designated as ntake zones, where human activities like fishing, mining, or development are
restricted to allow the ecosystem to thrive without disturband4PAs provide safe havens for marine

species, giving ecosystems the space to function normally.

D Watch this video

Learn more about MPAS on this animated videtps://www.youtube.com/watch?v=1czxb4u9eUo

MARINE
PROTECTED AREAS

BENEFITS FOR EVERYONE

MPAs are not only about conservation, thang also about balance. As shown in the video, these areas
bring together scientists, fishers, policymakers, and other stakeholders to decide which regions should
be protected and how. When wathanaged, MPAs allow marine life to recover, habitats to
regenerate, and the benefits to extend beyond their borders, supporting local fisheries and coastal
communities. They also contribute to climate action by helping the ocean store more carbon and

maintain its resilience.

ChallengeWhile MPAs are essential for protecting specific areas, it is not always feasible to protect
every part of the ecosystem. There are limits to how many areas can be designated for protection,

especially in regions with high human impact or competing ndéasshipping lanes or tourism.

GES4SEAS | Grant Agreement no. 101059877 79


https://www.youtube.com/watch?v=1czxb4u9eUo

A A AN e Deliverable 6.4. Educational Modules

GES 4 SEAS TS

PN PP SN N e

Restoration
Restoration involves actively rebuilding ecosystems that have been degraded by human activities. This
can include activities like replanting seagrass, restoring coral reefs, or reintroducing species that have
been lost. Although restoration can help ecasyss recover, it often takes long periods of time to

achieve meaningful results. Even with significant investment, some ecosystems may not fully return

to their original state.

> Watch this video

Learn more about restoration of  seagrass meadows on this video:

https://www.youtube.com/watch?v=i41xIHppOOI

Seagrass meadows are being restored in many parts of the world because they are among the most
threatened marine habitats. Coastal development, pollution, and rising ocean temperatures have
caused largescale declines in these vital ecosystems. Restorgiiojects like the one shown in the

video focus on reestablishing lost meadows without further harming existing ones. By collecting and
cultivating naturally detached seedlings, scientists can grow new plants that are later reintroduced
into damaged areasAs these meadows recover, they once again provide food and shelter for marine

life, store carbon, and help stabilise coastal environments.

ChallengeRestoration is a slow process, and it requires massive resourcegelongommitment,
and careful monitoring. Even when ecosystems are restored, the original biodiversity or ecosystem

functions might not be fully regained.
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Check your understanding

=0

In this exercise, you will take the role of a decisiaker responsible for managing an estuary under
pressure. The future of this ecosystem depends on the choices you make.

Read the scenario carefully and consider the
environmental, social, and economic factol Estuaries: Where Rivers Meet the Sea
involved. Then, decide which actions you thir -
would lead to the most sustainable outcome.

Hint: There is no easy solution every choice
comes with tradeoffs. Your decisions coulc
determine whether the estuary recovers o
continues to decline.

Today, you are the leader responsible for managing an estuary under pressure. Your choices could
determine whether the ecosystem recovers or continues to decline.

Read the scenario carefully and consider the environmental, social, and economic factors involved
before deciding on the best way forward.

Let's suppose we have an estuary an area where a river meets the sea. The estuary contains
seagrass meadows, oyster reefs, and mangrove habitats. These habitats are vital for biodiversity and
also support fisheries by producing large numbers of fish @odtaceans. In addition, the estuary
plays an important role in cargo shipping.

Over the last ten years, fish and crustacean populations have declined sharply. The government asks
scientists why this has happened.

Their analyses suggest that:

1. The system has become polluted by agricultural nutrients and other pollutants entering from

the river.

2. The ecosystem has crossed a tipping point.

3. ¢KS Saddza NEQa O2yRAGAZ2Y gAff O2yliAydzsS (2 62N
¢KS 3F2BSNYyYSyid y2¢ Tl 0O0Sa | RATTk Codrgifig béck fish,Y G2 |
crustaceans, and healthy habitats while ensuring that shipping, fisheries, and agriculture can
continue to operate without causing an economic collapse.

In your opinion, what should they do?

Answer: There is no single correct answer to this scenario. Different solutions may apply depending on
local conditions, priorities, and environmental regulations. However, once an ecosystem has crossed a
tipping point, recovery becomes extremely compleck ancertain.

Key takeawayit is always better to prevent ecosystems from reaching tipping points in the first place.

6.8 Lesson 5: Wrap up living with thresholds

In this lesson, you will learn how societies can adapt to a world where ecological thresholds exist, and

why understanding and respecting these limits is key to protecting marine ecosystems.
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By the end of this lesson, you should be able to:

A Summarise the main concepts of tipping points and ecosystem resilience.

A Recognise that thresholds are a natural part of complex ecosystems.

A Explain why adaptive management and flexibility are essential totemy sustainability.
A Reflect on the role of science, policy, and citizens in living within environmental limits.

E Read this

Throughout this module, we have explored how cumulative pressures can push ecosystems beyond
GKSANI fAYAG&aY GNRIISNAY3I GALILAY3I LRAyGa GKEG S
tipping point is crossed, recovery can be extremely difficThis is why early detection, prevention,

and adaptive management are essential.

But what happens when thresholds cannot be avoided?
Ecosystems are dynaniic they change, adapt, and reorganise. Some shifts are natural, while others

are driven by human pressures. Learning to live with thresholds means recognising that change is part

of the system and that our management approaches mustiéxible enough to respond.

Instead of focusing solely on preventing change, we must also focus on building redilieneating
conditions that allow ecosystems to recover, reorganise, and continue providing essential services

even after disturbances occur.

Adaptive managemenboffers a way forward. It is a learnifizased approach that treats management
actions as experiments monitoring outcomes, learning from results, and adjusting decisions as new

information becomes available.

For example, fisheries management can use adaptive measures to respond to shifting fish stocks under
climate change. If a species declines in one area but increases in another, management strategies can

be revised to prevent overexploitation while maintaig livelihoods.

The same principle applies to coastal management, pollution control, and restoration. By embracing

uncertainty and planning for flexibility, we can make our responses more robust in the face of change.
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determine
management
objectives

define key desired

periodically outcomes

review overall

management program identify performance

indicators

Adjust mémage,"e

and arrangemepent develop management

strategies and actions

report findings and
recommendations J¥%

establish monitoring
programs for selected
performance indicators

evaluate
management
effectiveness

implement
strategies and actions
to achieve objectives

The adaptative management circle. Source: Jones, G. (20@&¢. management plan achieving its objectives? in Worboys,
G. Lockwood, M. and De Lacy, T. Protected Area Management. Principles and Practice. Oxford University Press.

Living with thresholds also requires cooperation between science, policy, and society. Scientists
provide data and tools to identify risks; policymakers create frameworks to act on this knowledge; and

citizens contribute through education, sustainable aomgtion, and public engagement.

The concept of tipping points reminds us that every action counts. Reducing pressures, restoring
ecosystems, and improving our understanding of natural limits all contribute to keeping ecosystems

within safe boundaries.

Ultimately, avoiding collapse is not just a scientific challengeis a societal one.

| Listening

Listen to this episode of the World Ocean Radio podcast
(https://www.youtube.com/watch?v=Y jIWDvVTdBEAs you listen, think about how the speaker
RSAONAROSE GNBaAftASYyOSeé Ay YINARYyS SOz2aeadSvyao | 2¢

tipping points and the loss of ecosystem stability?

This podcast highlights how ecological thresholds are deeply connected to social and economic

resilience. When marine ecosystems lose their capacity to recover, the consequences extend to
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communities, industries, and economies that depend on thremeinforcing the need for prevention,

adaptation, and sustainable management.

Check your understanding

=0

Think about a marine or coastal ecosystem you kmoperhaps one near your community or country.
1 What types of pressures might be pushing it toward a tipping point?
1 Are there management strategies or community actions that could help reduce those
pressures?

I How could you, as a teacher, student, or citizen, contribute to building awareness or
resilience?

6.9 Final considerations

Throughout this module, you have learned that tipping points represent critical thresholds beyond
which ecosystems can change rapidly and sometimes, irreversibly. These shifts are often driven by the
accumulation of multiple pressures from pollution andoverfishing to habitat loss and climate

changert that together push ecosystems beyond their limits.

We explored how different types of tipping points, from sudden regime shifts to gradual transitions,

can transform marine ecosystems. You saw that these changes are not always dramatic at first, but

2y 0S GKS GALILAY3I LRAY(G A and QuiRoaidgScBnzbecinieSenti@lg & G S Y Q
different. Detecting early warning signs and understanding the mechanisms behind these shifts are

key steps in anticipating and preventing them.

You also learned that protection, restoration, and policy measures all play a vital role in maintaining
ecosystem health. Tools such as Marine Protected Areas, the MSFD, and the Nature Restoration

Regulation to detect, prevent and manage tipping points.

Indeed, while protection and restoration are crucial strategies, prevention is always the best option.
Once a tipping point has been crossed, the ecosystem may not be able to recover. It is therefore

essential to focus on maintaining ecosystem health befts too late.

Finally, you learned that not all changes can be prevemteaind that managing marine ecosystems
also means learning to live with natural variability and uncertainty. Adaptive management and
resiliencebuilding allow societies to respond to change, recdv@m shocks, and make decisions that
remain effective in a dynamic world. By embracing flexibility, collaboration, and continuous learning,

we can ensure that management practices evolve alongside ecosystems themselves.
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In the end, avoiding tipping points is not just about saving ecosysteihs about securing the future
of the ocean services that support our societies, economies, andbeglgy. Understanding where
these thresholds lie, and acting before we reach thésnone of the most effective ways to protect

our seas for generations to come.

6.10 Additional resourceg; relevant lesson plans and activities

If you want to learn more about tipping points, here are some additional resources and lesson plans.

1 MED EDUC Educational Resources
The MED EDUC project proposes the creation of a series of European level educational resources for

middle and high schools. These resources concern the discovery and valorisation of the coastal and
marine environment in the Mediterranean. The project isinta aimed at students, teachers and
educators, offering them both educational tools focused on specific issues of environmental
protection in the Mediterranean Sea (pollution and waste, mass tourism, overfishing, loss of

biodiversity, coastal erosion, ejc

Here are some relevant lesson plans in the context of tipping points and the lessons included on this

module in the marine environment.

A Melting ice and rising sea levehttps://mededuc.eu/en/resourcecenter/pedagogical
guide/30climate-change/79meltingice-and-risingsealevel.html

A Exploring marine food websittps://mededuc.eu/en/resourcecenter/pedagogicatiuide/12-
biodiversity/73exploringmarinefood-websin-mediterranean.html

A Explore a marine protected areahttps://mededuc.eu/en/resourcecenter/pedagogical
guide/12biodiversity/15explorea-marine-protected-area.html

A Politics and government in our daily lifetps:/mededuc.eu/en/resourcecenter/pedagogical
quide/28-politicsand-governance/631politicsand-governmentin-our-daily-life.html

1 The European Space Agency (ESA)
The European Space Agency (ESA) provides a range of educational resources designed to help

understand the science behind climate change and its impacts on the planet. These materials help
learners connect real satellite observations with the mechanismémdyiclimate change, encouraging
curiosity and a deeper understanding of how small changes can lead to large, lasting shifts in the global

environment.

Here are some relevant resources to introduce students to the concept of tipping points in the Earth

system:
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Understanding Climate Tipping Points C

https://www.esa.int/Applications/Observing_the Earth/Space for our climate/Understanding_cli

mate tipping points

1 Ocean Literacy for all: a toolkit. IOC Manuals and Guides
This toolkit

(https://unesdoc.unesco.org/in/documentViewer.xhtml?v=2.1.196&id=p::usmarcdef 0000260721&f

ile=/in/rest/annotationSVC/DownloadWatermarkedAttachment/attach import 2d3dfo@®b-
410a9386dd31047e6ef0%3F %3D260721enqg.pdf&locale=en&multi=true&ark=/ark:/48223/

provides educators and learners worldwide the innovative tools, methods, and resources to
understand the complex ocean processes and functions and, as well, to alert them on the most urgent
ocean issues. It also presents the essential scientific prascgrid information needed to understand

the causeeffect relationship between individual and collective behaviour and the impacts that

threaten ocean health.

Some particularly relevant sections within the topic of marine pressures are:

A The ocean supports a great diversity of life and ecosystems (p#8Y6
A The role of international legislation to protect the high seas (pp109)
A How does ocean acidification occur? (pp. 10®)

9 Activity on modelling marine stressors and tipping points
The marine ecosystem stressor ganmgtys://www.sciencelearn.org.nz/resources/2588odelling

marine-stressorsand-tipping-points) uses wooden blocks that represent marine stressors and as as

stressors build up, the marine ecosystem reaches a tipping point.

i1 Blue Schools Projects regarding GES
The concept of a European Blue School evolved from the marine education expertise gathered from

consultations with teachers and educators across Europe. It acknowledges the variety of cultures and
school communities from the 27 EU Member States and chamsptioe concept of open schooling.
¢tKS 1 FyRo0o22] F2NJ ¢SFOKSNA a! 2 |htp$S/mardtifie- 9 dzNP LJS

forum.ec.europa.eu/document/download/0e460a828c4b0d-a4b4
2d82b999b6ee en?filename=Handbook%20for%20Teachers%20

%20European%20Blue%20Schools (.pufludes a wealth of useful resources and best practice to

inspire you to find what connects you and your school to the ocean. It has built in flexibility to
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encourage and support teachers across all disciplines to bring the ocean to their classrooms, whether

through biology, physics, chemistry, technology, mathematics, history, literature, or the arts.

You can find some inspiring projects related to GES on:

A

o Do Do Do Do

STEM4Sea Can you build a dike with recycled materials to protect the coast from fleqaing?
59 Kids Save Ocean Giving students a voice to change environmental policy - p 69

Bonus MICROPOLL Assessing pollution in the Baltic Sea coast together with sqeeftists
Aire marine éducative de Peviendres: Children manage a marine arga 76

Biodiesel from algae Too many algae on the beach? Students find a solpition

Nya arter Studying marine invasive species together with scienpisi®4

Marine Wildlife Champions Discovering how our actions can have an impact on the seas and
ocean- p. 85
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7. Module 5 | EcosysterrBased Management. Managing the
Whole or the Hole

7.1 Introduction to M5

Imagine trying to fix a car engine by adjusting just one component at a time. You might improve one
part but unknowingly cause problems elsewhere, because you did not consider how the rest of the
engine works. Managing the ocean often happens in a simiy. Fisheries, shipping, energy,
tourism, and conservation are frequently addressed separately, even though they all interact within
the same shared space. A similar pattern appears when we look at species, they are often managed
independently, through ggarate management programmes, even whers clear that organisms do

not understand of borders and the high complexity of linkages in the ocean food web.

Marine ecosystems are not made up of isolated parts. They are interconnected systems where species,
habitats, and human activities influence one another. Actions taken in one place can have effects that
spread across the system, sometimes in unexpectedswdjanaging these systems effectively
requires looking beyond individual activities, pressures and/or ecosystem components and

understanding how the whole system functions together.

In this module, you will explore Ecosysté&dased Management (EBN) an approach designed to
address this challenge. You will learn what EBM is, why it is needed, and how it differs from traditional
sectorby-sector, singlepressure or specielBy-species maagement. You will also explore how
competing uses of the marine environment are managed, how decisions involvedfsdand how

EBM is applied in real policy and management contexts.

By the end of this module, you will understand why seeing the big picture (the whole) is essential for

protecting marine ecosystems while supporting the human activities that depend on them.

7.2 Learning Outcomes

By the end of this module, you should be able to:

A Explain what EcosysteBased Management (EBM) is and why it is needed for marine
management.

A Distinguish EBM from traditional sectby-sector, singlepressure, or singlspecies
management approaches.

A Recognise how multiple human activities interact and create t@ifie within marine
ecosystems.
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A Describe Ecosystedased Management as a cyclical and adaptive management process
supported by policy.

A Explain the key principle that EBM focuses on managing human activities, not ecosystems
themselves.

7.3 How to proceed
Complete theactivities as they appear in eadlesson.

To successfully complete thidodule, you should work through the followihgssons in order:

A Lesson 1What is EcosysterBased Management?

Lesson 2Why EcosystemBased Management is needed

Lesson 3ls EBM just a concept? Policy and governance context

Lesson 4EBM across sectors: managing traufés

Lesson 5EcosysterBased Management as a cyclical and adaptive process
Lesson 6Tools for EcosysterBased Management

o Do Do Do Do Do

Lesson 7What can EcosysteiBased Management really manage?

7.4 Lesson 1: What is EcosysteBased Management?

In this lesson, you will learn what EcosystBased Management (EBM) is and how it differs from

traditional approaches to marine management.

By the end of this lesson, you should be able to:

A Explain what EcosysteBased Management is in the context of marine ecosystems.

A Describe how EBM differs from traditional sectyrsector, singlepressures and/or single
species management approaches.

A Recognise the importance of considering ecological, social, and human dimensions together
when managing marine environments.

E Read this

The ocean is a vast, interconnected web. Every part of that web is linked, from microscopic plankton
to large predators, from coastal habitats to offshore waters, and from natural processes to human
activities. When one part of the web is disturbed, théeefs can spread in a cascade mode through

the web, and far beyond the original point of impact.
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Marine ecosystems are deeply interconnected. Alterations in biological, chemical, and or physical processes in one area can
cascade through food web and affect distant parts of the ogeatJ.S. Department of Energy.

For a long time, marine management has focused on individual parts of the system. Fisheries are
managed separately from shipping, conservation is treated independently from energy production,

and pollution is often addressed without considering its intéi@c with other pressures{ A YAt | NI é X
ALISOASas KIFEI@S faz2 0SSy YI yl FERS ANVRSE LBIYRISTSIY Syp i Kl
T2NJ 42YS 2F (KS 02 YYSNDA | WHiletheS Edcibhg-gedtd &ppréadiies,INE G S O
or focusing the management on singdpecies can be effective in specific cases, they often fail to

capture how ecosystems functioNB Ij dZA NAy 3 Y2 NB KRIE K 26Dy & LRBRI HKIS

KdzYly AyGiSNI Os2yiao

EcosysterBased Management (EBM) starts from a different premise. Instead of managing one
species, pressure, or activity at a time, EBM looks at the ecosystem, including humans as part of that
system. Its goal is to maintain healthy, resilient and funatigrecosystems while allowing sustainable

human use of marine resources.
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to solve one problem may unintentionally create new ones elsewhere. For example, protecting a
single fish species without considering its habitat, food sasiroe fishing methods can shift pressure
onto other species or ecosystem components and cause economic impacts in the fishing sector.
J

Single species or sector
EBM

1 A

e : Multiple species or R
e S sectors EBM

4 y
o = |/ EBM of th
rZ» of the entire system
; e
‘ 0
r @
(B
Adapted from UNEP, 2011 @ @ @

Continuum of Ecosystem-Based Management

Sourcehttps://www.integratedecosystemassessment.noaa.qgov/ab@sd/ecosysterrbasedmanagement

A key principle 09 . & recognising that people are not separate from the ecosystem. Human well
being, maritime economies, and marine ecosystems are tightly linked. The fish we eat, the coasts we

enjoy, and the waters we use for transport and energy all depend on functioning ecosystems.

Fishing nets in the beach.

GES4SEAS | Grant Agreement no. 101059877 91



AP A AN e Deliverable 6.4. Educational Modules
GES 4 SEAS B s
EBM therefore explicitly includes social, economic, and cultural dimensions alongside ecological ones.

Good management is not only about protecting nature, but about finding balanced solutions that

support both ecosystem health and human needs.

To understand EBM, it is useful to think again of the ecosystem as a web. Human activities pull on
different strands of that web. Some pressures stretch it slightly; others weaken it more severely. If too
many strands are pulled at once, or pulled too Hard § KS & i NHzOG dzNBE 2F GKS 6So

LA OGdzZNBQ | LILINRF OK GKFG NBaLlsSoOda Fff GKSAS fAyla
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> Watch this video

To better understand the idea behind EBM and why it is needed, watch this short video explaining

why EBM offers a smarter way forward:

Ecosystem-Based Management: seeing ...

Climate change - Climate

change refers to long-term shif... 2

Ecosystem-Based

» 1gement

R~

https://www.youtube.com/watch?v=EsS3YVEWHE(g
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Check your understanding

=0

[Multiple choice]
1. What is the main focus of Ecosystdased Management?
a) Managing individual species independently
b) Managing single human activities one at a time
c) Managing the ecosystem as a whole, including human activities
d) Preventing all human use of the ocean
Correct answer: c)

[True or False]
EcosysterBased Management recognises humans as part of the marine ecosystem.
Correct answer: True

7.5 Lesson 2: Why EcosysteBased Management is needed

In this lesson, you will learn why traditional approaches to marine management are often insufficient,
and why EcosysterBased Management is necessary to address the combined effects of human

activities on marine ecosystems.
By the end of this lesson, you should be able to:

A Explain why managing single pressures or sectors in isolation can lead to unintended
consequences.

A Describe how multiple human pressures interact to affect marine ecosystems.

A Recognise the link between cumulative pressures, ecosystem degradation, and the need for
EcosysterBased Management.

E Read this

Marine ecosystems function as interconnected systems influenced by multiple human activities. The
challenge lies not in recognising these connections, but in how pressures on marine ecosystems are
managed in practice. Activities such as fishing, shippiogstal development, tourism or even
conservation, and pressures such as pollution or climate change, all act simultaneously, often in the

same places and over long periods.

When the different pressures coming from different human activities accumulate, their combined

effects can differ substantially from the effects of each pressure considered on its own.
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Human activities pressure our seas
CUMULATIVE and impact their natural balance
p R E SS U R E S Different pressures con interact, making
2 their impacts cumulative and often greater
/N than the sum of their individual effects
F climote
§ o
Energy

CUMULATIVE
PRESSURES

Ocean health and resilience

Acki ledging and ing lative pressures
is key to inform decision-making and protecting our seas

Human activities overlap in space and time, creating cumulative pressures that shape ocean health and resilience.

When pressures are addressed through separate sectoral frameworks, their interactions are often
overlooked. Measures may successfully reduce one impact while leaving others unchanged or even

increasing them elsewhere in the system.

A clear example of why Ecosystd&dased Management is needed can be seen in the increasing

occurrence of jellyfish blooms in some marine regions.

A Jellyfish bloom. Source: Envato.
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Jellyfish blooms are often treated as an isolated problem, leading to responses that focus only on the

jellyfish themselves. However, these blooms are usually a symptom of broader ecosystem imbalance,

rather than a single cause.

Research has shown that jellyfish blooms are often associated with the combined effects of:

A overfishing, which removes predators and competitors,
A nutrient enrichment and changes in water quality, and

A climate-driven changes in temperature and circulation.
These changes can create conditions that favour jellyfish outbreaks.

(a) Translocation
Ballast water exchange
and transport on hulls
results in jellyfish introductions

Habitat modification =
Creates more polyp habitat & ey
>

Climate change
Phytoplankton flagellate biooms Warming enhances stratification
and promotes flagellates and jellyfish. Warming

might favour jellyfish
Tropical jellyfish could

Nutri
__Nutrient run.of (high
ang p 5 expand to temperate latiitudes
‘o o
S
o \, -

(b) Eutrophication

TRENDS in Ecology & Evolution

How human activities, nutrient pollution, and climate change can create conditions that favour jellyfish outbreaks

Sourcehttps://www.cell.com/AJHG/fulltext/S0169347(09)0008&. The jellyfish joyride: causes, consequences
and management responses to a more gelatinous fut&iehardson, Anthony J. et al. Trends in Ecology &
Evolution, Volume 24, Issue 6, 31222.
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Managing any one of those pressures (for example, overfishing or nutrient enrichment) in isolation is
unlikely to prevent blooms from occurring. EcosystBased Management is needed because it allows
these interacting pressures to be considered togeth@lphng to address underlying causes rather

than responding only to visible symptoms.

D Watch this video

Watch this short cartoon to learn more about jellyfish blooms.

https://www.youtube.com/watch?v=rIMWFakOleU

(OCTONAUTS :
& the Jellyfish Bloom _

Head Writer tor

Stephanie Simpson "Darrach O'Connell

E Read this

Another reason EcosysteBased Management is needed is that ecosystems do not respond linearly

to increasing pressure. As multiple pressures accumulate, ecosystems can gradually lose resilience,
becoming more sensitive to disturbance. When resiliencedsced, ecosystems may approach what

Aa 1y26y & GUALIIIAY3I LRAyGaAE D

GES4 SEAS s

Sy

TIPPING POINTS

S e e G "g
y 5 ekl 11 .i — 1
recovery

:2?4 - Ecosystem
‘o becomes difficult or even
irreversible after reaching
the tipping point
Tipping

How increasing cumulative pressures can push marine
ecosystems towards a tipping point, beyond which
recovery becomes difficult or even impossible.

Sustainable octivities Ecosystem services loss
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In such situations, even small additional pressures can trigger abrupt and sometimes irreversible
change. Managing pressures one at a time makes it difficult to recognise when these thresholds are
being approached. A systewide perspective is therefore sential to identify where combined

pressures increase the risk of crossing a tipping point.

i:(% Check your understanding

wadzZ aLJ S OK2A 0SS

2Ke Aa YIFylF3Ay3d LINBaadNBa Ay Aaz2ftle2y 2DSy Ayadzy
o . SOl dzaS SOzaedaiSvya NBalLRyR 2yte G2 OtAYLGS O
60 . S80I dAaS LINBaadaNBa AyiaSNIOG FyR | O0Odzydz I 6S | O
O0 . SOlIdzaS &aSOiG2N}t LRtAOASaA IINB ltglea AySiuSoOe
RO . SOFdza8S KdzYly | Osa@AoaSa akKz2dzZ R 0SS SEOf dzZRSR TN
/| 2NNBOG FyasSNY o0

W¢NHzS 2NJ Clfase

WSt feUakK of22Yya INB (GeLAoOlrftfe (GKS NBadzZ G 2F | aa
LINEA&ddzNE Ff2ySo

Correct answer: false

7.6 Lesson 3: Is EBM just a concept? Policy and governance context

In this lesson, you will explore how EcosystBased Management is translated into reabrld policy

and governance, and why it functions as a guiding logic for deaisaking rather than a standalone
management tool.

By the end of this lesson, you should be able to:

A Explain how EcosysteBased Management is embedded in marine policy and governance.

A Identify key European and international frameworks that apply Ecosy&ased Management
principles.

A Understand EBM as a governance approach that connects science, policy, and management
across sectors and scales.
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E Read this

By now, you have seen why managing marine ecosystems requires looking beyond single fressures
aSO02NAB adddolatedII€zisiGhs But this raises an important question: is Ecospseeat

Management just a scientific idea, or is it actually usectalworld decisioamaking?

The answer is clear. Ecosyst@ased Management is already embedded in marine governance,

shaping how seas are assessed, planned, and managed at European and international levels.

Rather than operating as a stafatbne concept, EBM provides a common logic that connects science,

policy, and management across sectors and scales.

In the European Union, Ecosystddased Management is a core principle of the Marine Strategy
CNJ} YSG2N] 5ANBOGADGS 6a{C50d ¢KS a{C5 Aa (G(KS 9! Q3

ecosystems, with the objective of achieving Good Environmenttl S(&ES).

GOOD ENVIRONMENTAL STATUS

Good Environmental Status implios that human activitios are not harmtul to the marine
.50 are kopt and resiliont for

Assessing the environmental status of seas is key to design management
measures that will allow reducing and mitigating the impacts of human activities

Good Environmental Status (GES) describes a condition in which human activities do not compromise the structure,
functioning, and resilience of marine ecosystems.

Under the MSFD, Member States are required to:

A assess the condition of marine ecosystems,

A identify pressures and their impacts,

A define environmental targets, and

A design Programmes of Measures to reduce risks to ecosystem health.
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This structure reflects EcosysteBased Management in practice: decisions are based on ecosystem
status, multiple pressures are considered together, and measures are designed to protect the

functioning of the whole system.

> Watch this video

To learn more about the MSFD, watch this short vid Q
explaining how Good Environmental Status is achiev® L

through an ecosysterbased approach that integrates

environmental protection, sustainable use, and coordinat, =.
ITTIIV:

management across sectors and regions.

https://www.youtube.com/watch?v=itNo5jycW1M

E Read this

Similarly to the MSFD, the Marine Spatial Planning Directive requires member states to develop
marine spatial plans based on scientific data and stakeholder engagement, as means to ensure the
sustainable development of human activities, minimizing cosflmtween users and interests, as

well as impacts on the environment.

Once ecosystem status and pressures are assessed under the MSFD, management action is required
where risks to ecosystem functioning are identified. In practice, this action is delivered through a
combination of protection and restoration measures, appladdifferent levels and with different

objectives.

One example is the Natura 2000 network, a Eurapde system to establish a network of protected

areas across Europe. It aims to conserve biodiversity by creating safe zones for species and habitats
that are at risk. While Natura 2000 is an important sfepvard, it can be difficult to implement in

areas with  significant human  activity. Learn more about Natura  2000:

https://www.eea.europa.eu/themes/biodiversity/natur@000/the-natura2000protected-areas

network
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Different protection levels of the European seas.
Building on this effort, the Nature Restoration Law aims to boost restoration initiatives across Europe.
It focuses on restoring ecosystems and their natural functions, with the goal of improving biodiversity

and helping ecosystems recover from the damagased by human activities.

Learn more about the Nature Restoration Lakttps://environment.ec.europa.eu/news/nature

restorationlaw-entersforce-2024-08-15 en

In the management of fisheries, the management of species have historically been based on single
species. On most recent years, EBM approaches to species is being promoted both in Europe and
elsewhere. For example, ICES uses tools and models forgpeties assessment and management,

such as Ecopath with Ecosiithe Marine Stewardship Council is revising certification standards for
mixed multi-species management. In the US, the Fisheries department of NOAA is developirg multi
species models to support decisiomaking processes, especially in the North Atlaniitis
approaches, although far more complex, and difficult to obtain a clear understanding of the processes,

are fully required for the sustainable future of fishing resources.

GES4SEAS | Grant Agreement no. 101059877 10C


https://environment.ec.europa.eu/news/nature-restoration-law-enters-force-2024-08-15_en
https://environment.ec.europa.eu/news/nature-restoration-law-enters-force-2024-08-15_en

A A AN e Deliverable 6.4. Educational Modules
GES 4 SEAS e

PN PP SN N e

E Read this

EcosysterBased Management is not limited to the EU. It is also embedded in international marine
governance, recognising that marine ecosystems extend beyond national borders and require
coordinated action. A multitude of organisations govern the high skeasfew mechanisms exist to

facilitate communication or coordinate activities among them

Ovenrlapping of international governance organizations
with high seas mandates

Map1
Intemational Governance on the High Seas

This map illustrates all international

governance bodies with a high sea

mandate, except those with global coverag

T i.e., the International Whaling

Commission (IWC), International Maritime Organizations included
Organization (IMO), and International M ccamir 77 ccser Bl Grem IATTC 7/ ICCAT 10TC map [ NaFO NN NEAFC
Seabed Authority (|SA).Q§E organizations nearc 77 nerc [ osear [l searo NN siora [l sprer [l SPRFMO NN WCPFC

collectively cover virtually all high seas are¢
and overlap in many places

At the global level, the Convention on Biological Diversity promotes ecosysiead approaches to
conservation and sustainable use. At the regional level, this principle is put into practice through
Regional Seas Conventions, which coordinate manageneeosscountries sharing the same marine

regions.

Marine governance is therefore organised at the scale of shared sea basins rather than national
02NRSNA® CNIYSg2N]la &adzOK a GKS ' yAGSR blaAzy
Programme support this approach by facilitating cooperation, joint assessnaad coordinated
management across jurisdictions. Together, these arrangements reinforce a core principle of
EcosysterBased Management: effective marine management depends on cooperation across

countries, sectors, and governance levels.
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Action Plan

BLACK SEA

Bucharest Convention
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Kuwait Convention

RED SEA & GULF
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jeddah Convention
PACIFIC
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Abidjan Convention
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jLinte Gommmition

Cartographic representation of the United Nations Environment Programme (UNEP) Regional Seas Programme.

% Check your understanding

[Matching exercise]
Match each policy or framework with its main role:

1 Marine Strategy Framework Directive (MSFD)

{1 Convention on Biological Diversity

1 Regional Seas Conventions

a) Coordinates marine management across countries sharing the same sea

b) Promotes ecosystefibased approaches to conservation and sustainable use
c) Provides the EU framework for achieving Good Environmental Status
Correct matches:

1 MSFDY c
1 CBDY b
1 Regional Seas Conventiofisa

7.7 Lesson 4. EBM across sectors: managing trafte

In this lesson, you will explore how EcosystBased Management addresses situations where
multiple human activities compete for the same marine space and resources. You will learn why trade
offs are unavoidable in marine management, and how EBM helps thake tradeoffs explicit and

manageable.
By the end of this lesson, you should be able to:

A Explain why tradeffs arise when multiple sectors operate in the same marine areas.

A Recognise tradeffs as an inherent feature of marine management rather than a failure of
governance.
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A Understand how EcosysteBased Management supports informed and transparent decision
making across sectors.

IE Read this

Governance based on Ecosyst8ased Management must deal with competing demands for marine
space and resources. Fisheries, offshore energy, shipping, tourism, aquaculture, and bioprospecting,
among others, operate simultaneously, often in overlapping ar&BM does not remove these

conflicts. Instead, it provides a way to make traafés visible and manageable.

ramaan
GES4 SEAS EEETAN

n

ECOSYSTE M 5 BASE D An integrated approach to
MANAGEMENT manage human acivites

ecosystem components

Management of human activities is crucial for achieving
sustainability goals and good ocean health

EcosystenBased Management brings together human uses, ecosystem functioning, and sustainability objectives when
managing shared marine space.

In regions such as the Atlantic, managing tradis is particularly challenging due to the concentration

of activities. Traditional sectors such as fisheries and aquaculture operate alongside emerging uses
like offshore renewable energy, while shippingda, tourism, and conservation areas add further
layers of complexity. For example, offshore wind farms can support climate goals but may overlap
with fishing grounds; shipping routes are essential for trade but can increase underwater noise and
pollution; and tourism can bring economic benefits while placing pressure on sensitive coastal

habitats.
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Multiple human activities can overlap in the same marine area, creating cumulative pressures araffgdtat must be
considered together under an EcosystBased Management approach.

A key principle of EcosysteBased Management is that no single sector should undermine the
functioning of the ecosystem. This requires moving beyond sectoral priorities and considering

cumulative impacts and ecosystem limits.

Because these limits exist, decisions about marine use inevitably involvedfsd&cosysterBased
Management helps decisiemakers identify these tradeffs and where they are acceptable, where
pressures need to be reduced, and where certain activitieyy be incompatible with ecosystem

protection objectives.

These decisions about marine use, regional development, or energy security, may have profound
impact on livelihood and our cultural values, and must therefore balance ecological, social, and

economic considerations.

Check your understanding

=0

[Multiple choice]

Question 1:

What is the role of EcosysteBased Management when dealing with multiple marine sectors?
a) To prioritise one sector over all others

b) To eliminate all conflicts between marine uses
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¢) To manage tradeffs while respecting ecosystem limits
d) To prevent economic activities at sea
Correct answer: ¢)

[Reflection question]

Think about a marine region you are familiar with. Which two sectors are most likely to come into
conflict, and what tradeoffs would need to be considered under an EcosysBased Management
approach?

7.8 Lesson 5: EcosysteBased Management as a cyclical and adaptive
process
In this lesson, you will learn how EcosystBased Management works in practice as a cyclical and
adaptive process. You will explore the main steps of this process and understand why continuous
assessment, monitoring, and adjustment are essential for miagagnarine ecosystems under

changing conditions.
By the end of this lesson, you should be able to:

A Describe Ecosysteased Management as a cyclical and adaptive management process.
A Identify the main steps of the Ecosystédased Management cycle.

A Explain why monitoring and feedback are essential for adjusting management measures over
time.

E Read this

EcosysterBased Management is not a owoff decision or a fixed management plan. Marine
ecosystems change over time, pressures and ecosystem components evolve, and new information
becomes available. For this reason, EBM is designed as a cyclical andeapaqtess, rather than a

linear sequence of actions.

Instead of assuming that one decision will solve a problem permanently, EBM treats management as

a continuous process of learning, adjustment, and improvement
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e £BM Goals & B

Implement Evaluate
Management  and Assess
Action Outcomes

Monitoring
of Ecosystem
Indicators

The NOAA Integrated Ecosystem Assessment (IEA) approach, a
multi-step process that permits evaluation of cregstor trade
offs.

20
S103e51pul dov®

The EBM cycle begins witlssessing ecosystem status and pressur€his involves collecting and
analysing information on ecosystem components, human activities, and the pressures they generate,

to understand where ecosystems are under stress and what is driving change.

This step reflects a key insight of Ecosyst&ased Management: ecosystem condition is shaped by

multiple pressures acting together, not by single pressures in isolation, and by the interaction between
species themselves.

Based on these assessments, the next step isdémtify risks and vulnerabilities This means
determining where ecosystems are most sensitive, which components may be approaching critical

thresholds, how changes in one ecosystem component may be affecting others and where cumulative

pressures increase the likelihood of degradation.

Identifying risk helps prioritise action. Not all pressures can be addressed everywhere at once, so EBM

supports responses that are targeted and proportionate to the level of risk.

Once risks are identified, decisiomakers design and evaluate management measuresften

referred to as Programmes of Measures. These measures aim to reduce pressures, prevent further

degradation, or support ecosystem functioning.

Before implementation, measures are assessed for their potential environmental, social, and

economic effects. This helps ensure that actions reduce risk without creating new problems or
unacceptable tradeoffs.

After measures are implementedtheir effectiveness is monitored and evaluatedMonitoring

provides evidence of whether actions are working and whether ecosystem conditions are improving,

remaining stable, or continuing to decline.
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If measures are not achieving their objectives, Ecosyddased Management requires adjustment.
This feedback closes the management loop and allows the cycle to begin again, informed by new

knowledge and experience.

=

2) Check your understanding

[Multiple choice]
Which statement best describes how Ecosysi®ased Management works in practice
a) Management measures are designed once and remain fixed over time.
b) EcosystenBased Management focuses mainly on monitoring environmental change.
c) EcosysterBased Management is a cyclical process in which assessment, action, and learning
continuously inform each other.
d) EcosystenBased Management aims to eliminate uncertainty by collecting more data.
Correct answer: c)

[True or False]

In EcosystenBased Management, monitoring results can lead to changes in management measures
if objectives are not being met.

Correct answer: True

7.9 Lesson 6: Tools for Ecosystddased Management

In this lesson, you will explore how different tools support Ecosyddased Management at different
stages of the decisiemaking process. You will learn why no single tool can address all management

challenges, and how combining tools helps translate EBM concept into practice.
By the end of this lesson, you should be able to:

A Explain why Ecosysteml 8 SR al yI 3SYSy i NBtASa 2y | O2YO0Ay
rather than single tools.

A Distinguish between different types of tools used at different stages of the EBM process.

A Understand how combining tools supports informed and transparent management decision

I\
LE Read this

EcosysterBased Management relies on information, analysis, and deemimking across complex

systems. No single method or model can answer all management questions. Different questions

require different tools.
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EBM therefore works with toolboxes, not single tools. Each tool supports a specific step of the

management process, from understanding pressures to evaluating management options.

A useful way to think about EBM tools is to imagine a cube, where each side represents a different
management challenge. Solving one side does not automatically solve the others. Each requires a

different approach.

The GES4SEAS Ocean Cube is a visual tool used to illustrate how different pressures, management challenges, and
assessment tools interact in Ecosyst®ased Management.

In EcosystenBased Management:

A some tools help identify where pressures overlap,
A others assess ecosystem status,
A others support decisiomaking and tradeoffs, and

A others evaluate management effectiveness.
Using the wrong tool for the wrong question can lead to misleading conclusions or ineffective

decisions.

One important group of tools focuses on cumulative effects. These tools help identify areas where

multiple pressures act together and where ecosystems may be most vulnerable.

Cumulative Effects Assessmef@@EA) tooleombine information on human activities, pressures, and
ecosystem sensitivity to highlight hotspots of concern. They are particularly useful in the early stages

of EBM, when identifying risk and prioritising action.

Other tools focus on assessing ecosystem status. These tools help answer a fundamental management

guestion: what is the condition of the ecosystem as a whole?
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Ecosystem status assessment tooistegrate information across ecosystem components and
indicators. They support comparisons across areas and help track progress toward environmental

objectives such as Good Environmental Status.

[Gesaseas EEEVOES
GOOD ENVIRONMENTAL STATUS

Good Environmental Status implies that human activities are not harmful to the marine
environment, so ecosystems are kept functional and resilient for future generations.

Assessing the environmental status of seas is key to design management
measures that will allow reducing and mitigating the impacts of human activities

Assessing ecosystem status requires integrating multiple indicators to understand the condition of the ecosystem as a
whole.

Once risks are identified and ecosystem status is understoedsionsupport tools help explore
management options. These tools are used to compare scenarios, assess environmental, social and

economic tradeoffs, and evaluate the potential outcomes of adopting different measures.

Decisionsupport tools do not make decisions. Instead, they provide structured information to support
transparent and informed choices, particularly when environmental, social, and economic objectives

need to be balanced.

In practice, EcosystefBased Management depends on combining tools. Outputs from one tool often
serve as inputs for another. This is why testing, adapting, and integrating tools is a key part of

operationalising EBM.

Within initiatives such as GES4SEAS, tools are tested and combined across different regions and
learning sites. For example, GES4SEAS project has developed Tikta, which is a tool that allows

exploring Cumulative Effects Assessment and environmental stagesssments, which will support
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decision making processes. By developing this and other tools tested in different regions and
environmental contexts once can ensure that the tools are robust, corgensitive, and useful for

real management decisions.

> Watch this video

Achieving a good environmental status of our ocean encompasses a lot of factors and is as complex as
solving a Rubik cube. Watch this short video introducing the GES4SEAS Ocean Cube, which illustrates

why multiple tools are needed to support EcosystBaisel Management.

https://www.youtube.com/watch?v=E7gFN2Ax|dY

Watch on (8 YouTube

Check your understanding

=0

[Matching exercise]
Match each tool type with its main purpose:

1 Cumulative Effects Assessment (CE| a) Exploring management options and traoliés
T Ecosystem Status Assessment Tool{ b) |dentifying areas where multiple pressures overlag
(e.g. NEAT) c) Assessing the overall condition of ecosystems

1 Decisionsupport Tools
Correct matches:
CEAY b); Status Assessment Todlsc); Decisiorsupport Tool& a)

7.10 Lesson 7: What can Ecosystddased Management really manage?

In this lesson, you will clarify what EcosystBased Management can and cannot manage, and how
distinguishing between controllable and uncontrollable pressures helps set realistic and effective

management goals.

By the end of this lesson, you should be able to:

GES4SEAS | Grant Agreement no. 101059877 11C


https://www.youtube.com/watch?v=E7qFN2AxIdY

A~ Deliverable 6.4. Educational Modules

GES 4 SEAS AT

A Explain why EcosysteBased Management manages human activities rather than ecosystems
directly.

A Distinguish between endogenic and exogenic pressures.

A Understand how managing controllable pressures helps build ecosystem resilience under
environmental change.

E Read this

By this point, Ecosystefdased Management may sound like a powerful way to control complex
marine systems. This leads to important clarification: ecosystems themselves cannot be managed.
What EcosysteaBased Management actually manages are human actiitigdaRe pressures they

create.

Marine ecosystems respond to natural variability, ldegn environmental change, and human
influence. While management cannot control natural processes, it can influence how human activities

interact with ecosystems.

A useful distinction in EcosysteBased Management is between endogenic and exogenic pressures.

A Endogenic pressureare generated by human activities that can be managed at regional or local
scales.

.b(«‘.’on of S"e

< <

& i)
4

Examples of endogenic pressures include fishing intensity, nutrient inputs from rivers, underwater noise from shipping, or
physical disturbance of habitats.

A Exogenic pressureriginate outside the management area or beyond direct control.
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Examples of exogenic pressures include large
scale climate change, ocean warming,
acidification, and changes in global circulation

patterns.

This distinction helps clarify what EcosystBased Management can realistically influence.

EcosysterBased Management focuses on rigorously managing endogenic pressures. By reducing

pressures that can be controlled, EBM aims to maintain or enhance ecosystem resilience.

This is particularly important in the context of climate change. While clirdéten pressures cannot
be managed locally, reducing controllable pressures can increase the capacity of ecosystems to cope

with unavoidable change.

Confusing what can and cannot be managed can lead to unrealistic expectations. Ecd3sisezin
Management does not promise to prevent all ecosystem change or eliminate environmental risk.

Instead, it provides a structured way to:

A reduce avoidable pressures,
A avoid unnecessary risk, and

A prevent human activities from pushing ecosystems beyond their limits.
Recognising these limits is essential for effective and credible management.

Check your understanding

=0

[Classification exercise]
Classify the following pressures as endogenic or exogenic:
1 Nutrient pollution from agriculture
f Ocean warming due to climate change
1 Underwater noise from shipping
1 Changes in global ocean circulation

Correct answers: )
1 Nutrient pollution from agriculturer Endogenic
f  Ocean warming due to climate changeExogenic
T Underwater noise from shipping Endogenic
T Changes in global ocean circulat®énExogenic
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7.11 Final considerations

Throughout this module, you have explored EcosysBared Management as a way of addressing
how marine ecosystems and human activities interact. You learned that effective marine management
cannot focus on single pressures or sectors in isolation nor rglesipecies, but must consider
cumulative effects, ecosystem limits, the complex relationships between the different elements of the

ocean web and the connections between environmental, social, and economic systems.

You saw that EcosysteBased Management is not a fixed recipe, but an adaptive approach that brings
together science, policy, and decistoraking. By assessing risks, managing t@ite and adjusting

actions over time, EBM helps avoid decisions thatapuish ecosystems beyond critical limits.

A key message of this module is that traofés are unavoidable. Marine space and resources are
shared, and EcosysteBased Management does not aim to eliminate conflicts, but to make choices

explicit, transparent, and informed by ecosystem functioning.

Finally, this module clarified that Ecosyst®&ased Management has the focus on ecosystems but
does not manage them directly. It manages human activities and the pressures they create. By
focusing on what can be controlled, EBM supports ecosystem regili@nd helps marine systems

cope with ongoing environmental change.

In the end, EcosystefBased Management is about managing our choices to ensure that marine

ecosystems can continue to function and support society over the long term.

Check your understanding

=0

In this exercise, you will take the role of a decisinaker responsible for managing an estuary under
pressure. The future of this ecosystem depends on the choices you make.

Read the scenario carefully and consider the environmental, social, and economic factors involved.
Then, decide which actions you think would lead to the most sustainable outcome.

Hint: There is no easy solutian every choice comes with tradeffs. Your decisions could determine
whether the estuary recovers or continues to decline.
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Estuaries: Where Rivers Meet the Sea

Let's suppose we have an estuary an area where a river meets the sea. The estuary contains
seagrass meadows, oyster reefs, and mangrove habitats. These habitats are vital for biodiversity and
also support fisheries by producing large numbers of fish @odtaceans. In addition, the estuary
plays an important role in cargo shipping.

Over the last ten years, fish and crustacean populations have declined sharply. The government asks
scientists why this has happened.

Their analyses suggest that:

1. The system has become polluted by agricultural nutrients and other pollutants entering from
the river.

2. The ecosystem is exposed to several human pressures that lead to overgrowing green algae,
reduction of exploited fish, and waters that are not suitable for bathing.

3. ¢KS SaiddzZa NeQa O2yRAGAZ2Y gAftt O2yiGAydzS (G2 62N

¢KS 3I28SNYyYSyld y2¢ FI O0Sa | RATT K Cdrygidg béck fish, Y G 2
crustaceans, and healthy habitats while ensuring that shipping, fisheries, and agriculture can
continue to operate without causing an economic collapse.

In your opinion, what should they do?

Answer: There is no single correct answer to this scenario. Different solutions may apply depending on
local conditions, priorities, and environmental regulations. Once an ecosystem is exposed to multiple
pressures that affect its quality, recovery becoreggemely complex given the diversity of actors
involved in the management and in the restoration processes.

Key takeawaylt is always better to prevent ecosystems from reaching bad environmental status in the
first place.

7.12 Additional resourceg; relevant lesson plans and activities

If you want to learn more about ecosystdmased management, here are some additional resources

and lesson plans.

1 MED EDUC Educational Resources
The MED EDUC project proposes the creation of a series of European level educational resources for

middle and high schools. These resources concern the discovery and valorisation of the coastal and
marine environment in the Mediterranean. The project isintiaaimed at students, teachers and

educators, offering them both educational tools focused on specific issues of environmental
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protection in the Mediterranean Sea (pollution and waste, mass tourism, overfishing, loss of

biodiversity, coastal erosion, etc.).

Here are some relevant lesson plans in the context of ecosybtisad management and the lessons

included on this module in the marine environment:

A Politics and government in our daily lifetps://mededuc.eu/en/resourcecenter/pedagogical
guide/28politicsand-governance/6ipoliticsand-governmentin-our-daily-life. html

A Exploring marine food websittps://mededuc.eu/en/resourcecenter/pedagogicatiuide/12-
biodiversity/73exploringmarine-food-websin-mediterranean.html

A Coastline artificialization:  https://www.mededuc.eu/en/resourcecenter/pedagogical
reference/10coastlineatrtificialization.html

9 Activity on environmental thinking and planning with ecosystebased
management (EBM)
A marine EBM learning activity that encourages students to explore EBM principles in local

ecosystems, including collaborative decismaking and multstakeholder involvement.

https://www.sciencelearn.org.nz/resources/258mvironmentajthinking-and-planningwith-

ecosystermbasedmanagemerebm

1 InTeGrate EBM Teaching UritMarine Protected Areas
Part of an ocean sustainability teaching module that includes exercises on pressures, marine reserve

design, and integrated decisionakingt useful as a handsn classroom activity linked to EBM

conceptshttps://octogroup.org/news/ebmtoolboxteachingmarine-protected-areadesignand-/

Welcome to the Science Learning Hub
t21FLA 12N Y3IE tadlFAF2
Explore our New Zealand science education resources

Activity: Environmental thinking and planning with ecosysteased management (EBM)

EBMCc is a holistic and inclusive approach for managing an ecosystem. In this activity, students use
EBM principles as a framework to consider how a local area of significance could be managed.
Alternatively, it can form the basis for planning a local envirental project.

https://www.sciencelearn.org.nz/resources/25@nvironmentalthinking-and-planningwith-
ecosystermbasedmanagemeriebm
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1 Ecosysterrbased Management Simulation
Students will work in groups of 2 to complete the ecosysteamed management simulation. Students

play the role of a fishery manager, and must make best decisions to preserve the ecological health of
the environment, while taking into account economic ir@sts of fishers.
It is useful to go over the first couple of questions together as a class to make sure students understand

what is being asked of them.

https://earthref.org/ERDA/2112/

file:/l/C:/Users/laptop/Downloads/lessonfebmactivity.pdf

Marine Protected Areas Lesson Plan
https://www.coris.noaa.gov/activities/resourceCD/resources/protect this |p.pdf
As several links are not working in this very interesting lesson plan, please find below the site of NOAA

for more information on the issues of the lesson plan

https://marineprotectedareas.noaa.gov/resources/education/
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8. Module 6| Ocean optimism: rewriting the narrative of our
seas

8.1 Introduction to M6

Imagine walking into a room where every clock is set to a different time, and all of them are counting
down to zero. For a long time, this is how we have talked about the ocean: a series of countdowns
toward collapse, from overfishing and pollution to ddita change. It is easy to feel that the "mirror"

of our marine world is permanently shattered. But if we only look at the cracks, we miss the hands

that are already at work repairing them.

It is undeniable that pollution, overfishing, biodiversity loss, habitat degradation, and climate change
dominate the narrative, and that these challenges are real and urgent. But they are not the whole
story. Around the world, there are also inspiring exdes of marine ecosystems recovering, species

returning, habitats being restored, and communities taking action to protect the sea.

In this module, we will explore the idea of ocean optimism. You will discover how science, policy,
restoration, and collective action can lead to positive change in the marine environment. Through real
examples from different parts of the world, we willolo at how good management practices,

protection measures, and social engagement are helping to restore ocean health and create hope for

the future.

By the end of this module, you will understand that while the ocean faces serious pressures, recovery
is possible. Recognising these success stories is important not only to inform society, but also to inspire

action and help change the way we communicalb®ut the ocean.

8.2 Learning Outcomes

By the end of this module, you should be able to:

A Define what is ocean optimism;

Recognise why hope and positive stories matter in ocean communication;

Identify examples of marine recovery and restoration;

Understand how science, policy, and collective action can support positive change in the ocean;

o Do Do Do

Recognise the role of ocean literacy and education in building a more hopeful and engaged
society.
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8.3 How to proceed
Complete theactivities as they appear in eadtesson

To successfully complete thidodule,you should work through the followingessonsn order:

A Lesson 1What is ocean optimism?

A Lesson 2Seeing is believing: success stories of recovery
A Lesson 3What makes recovery happen?

A Lesson 4Science, restoration and the ocean we want

A Lesson 50cean literacy and the future of our seas

8.4 Lesson 1What is ocean optimism?

In this lesson, you will learn what ocean optimism is and why it matters in the way we understand and

communicate about the ocean.

By the end of this lesson, you should be able to:

A Define what ocean optimism means in the context of marine conservation and communication.

A Explain why it is important to balance stories of ocean crisis with evideased stories of hope
and recovery.

A Recognise how positive narratives can inspire engagement and action to protect the ocean.

E Read this

What kind of news do you usually hear about the ocean?
Most of the time, the message is negative. We hear about pollution, overfishing, biodiversity loss,

habitat destruction, climate change, and declining marine life. These problems are real, urgent, and
important. They deserve public attention because théfge ecosystems, economies, food security,
and human wetbeing. However, this is only part of the story, and how we speak about the ocean

dictates how we act.

When the ocean is presented only through crisis, it can make people feel that the damage is too great,
that solutions are too difficult, or that individual and collective action will not make a difference. If
people are exposed only to decline and collgpbey may stop engaging with the issue altogether

Doom and gloomnmarratives lead to apathy.
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News outlets tend to choose the crisis side instead of presenting success stories, creatiad\asion of what is really
happening.

Ocean optimism focuses on highlighting solutions and successes. By documenting what works,
GKSGKSNI AGQa I aLlSO0ASa O02YAy3a 6101 FNRY (KS ONAY

a roadmap for others to follow.

l> Watch this video

To better understand the idea behind ocean optimism, watch the GES4SEAS video and pay attention

to how it presents both the challenges facing the ocean and the examples of positive change:

% Ocean Optimism

GES4SEAS

I E1 Climate change * Climate
=

change refers to long-ter...

—

1 Watch on (3 YouTube ‘_ 4

https://www.youtube.com/watch?v=0zxeC3ulb2k&t=1s

E Read this

Ocean optimism is a way of communicating about the marine environment that includes ewidence

based stories of progress, recovery, and solutions.

It does not mean pretending the problems do not exist. It does not mean replacing science with wishful

thinking. And it does not mean assuming the ocean will recover on its own.
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Instead, ocean optimism means recognising that while the ocean is under pressure, there are also real

examples of recovery and real opportunities to act. It is about building a more balanced narrative: one

that informs people about environmental problemshile also showing that good decisions,

management, and social action can lead to improvement.

In this sense, ocean optimism is not naive. It is grounded in science, management, an

change.

Bridging marine science and action for a healthier future.

Check your understanding

=0

[Multiple choice]
1. What is ocean optimism?
a) A way of ignoring marine problems and focusing only on positive stories
b) A way of communicating about the ocean that includes eviddrased stories of progress,
recovery, and solutions
c) The belief that the ocean will recover naturally without human action
d) A communication strategy based mainly on emotion rather than science
Correct answer: b)

2. Why is it important to balance stories of ocean crisis with stories of hope and recovery?
a) Because marine problems are no longer urgent
b) Because negative stories about the ocean are usually inaccurate
c) Because only positive stories can motivate people to care about the ocean
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