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Dive into the incredible world of the ocean, a place full of wonder

and beauty! The ocean is like a superhero, providing us with

tasty seafood and other vital “services”. But trouble looms: climate

change, plastic pollution, and intensive fishing endanger the ocean’s

superpowers. Your help is needed to save the day! To keep the ocean

healthy, we must understand how it works. Get ready to explore

its mysteries through gigantic “webs” of interactions that reveal

how we are connected to the ocean, how our actions impact the

environment, and how the environment a�ects us. These webs are

called social-ecological networks, and they are likemaps that help us
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solve the ocean’s problems. Together, we can use social-ecological

networks to secure a sustainable future for our blue planet. So, put

on your diving mask, grab your snorkel, and let us make a splash for

the ocean!

YALE

PATHWAYS

TO

SCIENCE

PROGRAM

AGES: 11–13

THE INTERCONNECTEDWORLD OF THE OCEAN

The ocean is a place full of wonder. From colorful coral reefs to
majestic whales to the tiniest creatures floating through the water, it is
teeming with life. But there is more to the ocean than just its beauty. In
fact, for us humans, the ocean is like a superhero by our side, providing
us with essential “services” that we depend on for our very existence.
For example, the ocean regulates the climate by absorbing carbon
dioxide, and it produces oxygen for us to breathe. And think of all the
delicious fish and seafood that we can enjoy thanks to the ocean!

But here is the challenge: the ocean is facing some serious issues,
and humans are often responsible for them. Climate change is causing
the water to warm up and sea levels to rise. When people catch too
many fish, the balance of the ocean ecosystems can get messed up.
In addition, millions of pieces of plastic trash find their way into the
ocean every single day. If we are not careful, our ocean hero could
lose its superpowers!

So our mission is crystal clear: We must keep the ocean healthy
and strong.

To do that, we first need to understand the ocean and its mysteries.
Imagine putting on your diving mask and exploring the underwater
world. Hold your breath as you observe crabs, octopus, and fish in
their natural habitat. Watch as these animals move across the seafloor,
hunt for a tasty lunch, and interact with each other. These interactions
in the natural world make up the ecological side of the ocean’s

ECOLOGICAL

Everything about how
animals and plants
interact with each other
and their environment.

story [1].

But humans are part of the ocean, too. Think about fishers casting
their nets along the coast and exchanging ideas about the best fishing
spots, or families enjoying beach holidays and collecting seashells. The
ocean o�ers so many opportunities, but here is the thing: everything
we do can have an impact on the ocean. This is the social side of

SOCIAL

Everything about how
people live,
communicate, and
work together in
groups
and communities.

the ocean’s story, where we can see how our actions, choices, and
interactions matter to the ocean’s health [2].

Solving problems in the ocean is hard. That is why scientists usually
try to break these problems into smaller pieces, to better understand
each part on its own. But sometimes this can be like trying to solve a
puzzle with missing pieces! Imagine tackling the issue of overfishing
by only looking at the biology and behavior of a specific type of
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fish, but ignoring their important role in the food web, or the actions
of fishers.

So, here is the big secret: We cannot just focus on one side of
the ocean’s story and ignore the others. We must discover how
everything in and around the ocean is connected, from tiny creatures
on the seafloor to the people who live along the coast. This way of
thinking is called systems thinking and it helps us better understand

SYSTEMS THINKING

A way of understanding
how things fit together
to form a bigger picture
(and not just looking at
the individual parts).

the web of relationships that shape the ocean. Through a combined
understanding of all related aspects, we can find the best solutions to
keep the ocean healthy.

WHAT ARE SOCIAL-ECOLOGICAL NETWORKS?

How do scientists think about and study the di�erent parts of the
ocean’s story and their connections? They use something called
social-ecological networks [3]. Picture a gigantic web connecting all

SOCIAL-ECOLOGICAL

NETWORK

A network of the
connections between
people as well as
animals, plants,
or ecosystems.

the parts of the ocean system that we just discussed (Figure 1). In the
language of networks, the di�erent components of the ocean system,
such as marine animals and people, are called nodes. The arrows

NODE

A thing in a network,
like a person or fish,
that is connected to
other things.

or links connecting the nodes show their interactions. One part of

LINK

A connection between
two things in a
network, such as
people talking to each
other or one fish eating
another one.

a social-ecological network shows the relationships between people
(the social network), like fishers sharing knowledge about fishing spots.
The other part shows how ocean inhabitants, such as fish or crabs,
interactwith each other and the environment (the ecological network).
This is like a big puzzle of who eats whom. The network also includes
the connections that cross these twoworlds, for examplewhen people
catch fish or pollute the ocean with plastic trash.

In essence, a social-ecological network is like a map that reveals
how everything in and around the ocean is connected. It helps us
understand how our actions a�ect the ocean and how the ocean
a�ects us.

WHAT HAPPENSWHENWE IGNORE SOCIAL-ECOLOGICAL

CONNECTIONS?

Let us look at two examples to see what happens when we ignore
these connections.

First, Canada used to have one of the largest cod fisheries in the world,
providing a livelihood for many fishing communities. But because
people caught too many fish without thinking about what might
happen, the cod disappeared. This had a big impact on the animals that
relied on cod as their food and set o� a chain reaction in the local food
web. The ecosystem was permanently changed and the e�ects for
local fishers were devastating. Thousands of people lost their jobs, and

kids.frontiersin.org January 2024 | Volume 11 | Article 1076771 | 3

http://tinyurl.com/networkliteracy
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2023.1076771
https://kids.frontiersin.org/article/10.3389/frym.2023.1076771
https://kids.frontiersin.org/article/10.3389/frym.2023.1076771


Kriegl et al.

Figure 1

Figure 1

A social-ecological
network shows the
connections between
people and nature.
Each component is a
node and the
interactions between
them are called links.
The top half shows a
social network, with red
arrows illustrating the
flow of information
between people. The
bottom half shows an
ecological network,
illustrating the
relationships between
ocean inhabitants. The
blue arrows highlight
the flow of energy, for
example when one
species eats another.
Activities like fishing
create a bridge
between the ecological
and social sides of the
network, as shown by
the yellow arrows. All
of the connections
together form a
complete
social-ecological
network.

the local communities su�ered greatly. Despite considerable e�orts,
the fishery has not recovered to date.

As another example, marine protected areas are special zones in the
MARINE

PROTECTED AREA

A place in the ocean
where special rules, like
“No Fishing!”, help to
protect the
underwater world.

ocean designed to preserve marine life. They can be safe havens for
fish and other animals when there is excessive fishing. But if we create
marine protected areas without considering the people that depend
on fishing for a living, this can cause problems. To make ends meet,
fishers might turn to destructive fishing techniques or continue to
fish illegally, harming marine life. This worst-case scenario has already
occurred in several places around the world.

Both examples show why it is important to consider the links between
people and nature: could the fishery collapse in Canada have been
prevented if we had considered the ecological side of the story?
Or can involving local fishers in decision-making prevent negative
outcomes of marine protected areas? To make better decisions
that will lead us toward a sustainable future, we must understand
social-ecological connections.

Of course, it is not just fishing that a�ects the ocean. Other activities
like tourism, shipping, and trash disposal also impact the ocean
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and the people who depend on it. All of these factors make the
social-ecological network of the ocean very large and complex. To
understand it, people who know a lot about the ecological side of
the ocean and people who know a lot about its social side need to
work together.

MANAGINGOUROCEAN USING NETWORKS

As we dive into the world of social-ecological networks, we begin to
see hidden patterns and relationships. Like a game of “What if…?”, we
can ask questions such as: “What if we eat too much of a certain kind
of fish or seafood?”. They might disappear from the network, a�ecting
people and animals that rely on them for food, such as seals, which
in turn are important for tourism. Or, “What if the ocean becomes too
warm for mussels, due to climate change?”. They could vanish, the
people who collect and sell mussels could lose their jobs and the role
of mussels as cleaners of the ocean ecosystem could be disrupted.
See how changes in one part of the network can have a domino e�ect
on other parts of the system (Figure 2)?

Social-ecological networks can not only shrink, but also grow. Imagine
more andmore tourists discovering a new vacation spot. As they arrive
and hotels open, the social part of the network grows bigger. But how
many tourists can fit in the network without having a negative impact
on other parts? And what happens when there are simply too many
people in one place, or if they all throw their trash in the ocean?

Sometimes even small changes in one part of the network can have
big e�ects on the whole system [4]. That is why it is important to keep
an eye on the network and its essential components to make sure that
our interactions with the ocean are sustainable.

When everything is in balance, life in and around the ocean is like
paradise! People can enjoy delicious seafood, explore beautiful coastal
places, and swim in clean waters. But when things get out of balance,
it is a cause for concern. In those situations, we must come together
to find solutions. Each of us can play a role in reducing pollution,
supporting sustainable fishing, and respecting the people who rely on
and work closely with the ocean.

Protecting the ocean is a big job, but we can team up with scientists,
fishers, conservationists, community members and politicians to
collaborate, share ideas and knowledge, and find solutions that keep
the ocean healthy. Everyone has a role to play. Together we can use
social-ecological networks to better understand the ocean and ensure
a bright future for both people and nature.
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Figure 2

Figure 2

(A) A social-ecological
network of a coastal
area that shows the
connections between
people and animals
living in the ocean. (B)
What happens if more
tourists (+) arrive along
the coast? Seals are
stressed and move
away (–). A higher
demand for seafood
leads to more fishers
(+), but fewer bigger
fish (–). The numbers
of octopus rise slightly
(as there are less seals
and bigger fish to eat
them), making them
the main predator of
mussels. (C) Can you
imagine what would
happen if mussels
slowly disappeared
from the network due
to climate change?

CONNECTING THE DOTS

On our blue planet, everything is connected: from the smallest ocean
creatures to the food we eat in a restaurant, and from the choices we
make in the supermarket to the activities of fishers along the coast.
Understanding all these links empowers us to be more mindful and
caring toward nature. Together, we can make a positive impact on the
ocean. Using social-ecological networks, we can uncover the web of
relationships between people and nature. These networks provide us
with a big-picture perspective and help us to make smart decisions to
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keep the ocean in balance. So, let us use this powerful tool to protect
the ocean and all the living things that call it home!
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YOUNG REVIEWERS

ELLIANA, AGE: 10

I am in 5th grade and 10 years old. I like swimming, gymnastics, and hiking. I also like

to do arts and crafts.
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JULIET, AGE: 12

I am 12 and in the seventh grade. I enjoy going to the beach and playing golf on

the weekend.

WILLIAM, AGE: 11

I am 11 years old and in the 6th grade. I love swimming, singing, dancing,

and gaming.

YALE PATHWAYS TO SCIENCE PROGRAM, AGES: 11–13

We are seven middle school students from New Haven, CT who love learning about

science! We are excited about protecting the environment and want to do more for

preserving our future. Most of us have pets we like to play with, such as dogs, cats,

birds, and even reptiles. For fun, some of us enjoy playing sports, making crafts, or

cooking new things.
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