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Introduction

The Changing Ocean

The ocean, vast and seemingly infinite, has long been a symbol of mystery,
power, and constancy. For millennia, it has acted as Earth's regulator, absorb-
ing heat, storing carbon, and providing sustenance for countless species,
including humans. Its rhythms, dictated by tides and currents, have shaped
civilizations, economies, and ecosystems. Yet, beneath the surface of this
familiar expanse, the ocean is undergoing profound transformations that will
define the future of our planet.

The ocean of tomorrow will not be the ocean of today, nor of yesterday.
Environmental forces, both natural and anthropogenic, are pushing marine
ecosystems toward unprecedented states of change. These transformations
will influence everything from microscopic plankton drifting in the water
column to the great whales migrating across continents. The very fabric of the
ocean's intricate web of life is being altered at a scale and pace that challenges
our understanding. To comprehend these changes is to prepare for a world
where the boundaries of the known ocean expand into new, uncertain realities.

Human activity has been one of the most significant drivers of these changes
in the past 100 years. For centuries, we have viewed the ocean as both an
inexhaustible resource and an indestructible force. Fishing fleets scoured its
depths, believing its abundance to be limitless. Industrial activity poured pol-
lutants into its waters, assuming the ocean’s vastness would dilute and cleanse.
The extraction of oil, gas, and minerals surged ahead, often with little regard
for long-term consequences. As the global population grew, so too did our
reliance on the ocean to meet our needs, from food and transportation to
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climate regulation. But these assumptions are now proving dangerously
misguided.

The effects of this relentless pressure are evident in the ocean's shifting
baseline. Marine ecosystems are showing signs of strain: coral reefs, which
have existed for hundreds of millions of years, are collapsing at alarming rates;
fish stocks are plummeting; and species that once thrived are being displaced
or driven to the brink of extinction. The once-immovable forces of oceanic
currents and temperature gradients are fluctuating in ways that affect global
weather patterns, influencing droughts, floods, and storms. This is not a dis-
tant future; these changes are unfolding now, and they will intensify.

However, while the challenges are frightening, the future of the ocean is not
solely a story of decline. There is an opportunity—perhaps a necessity—for
the ocean to become a symbol of resilience, adaptation, and renewal.
Humanity’s relationship with the ocean must evolve. We are at a critical junc-
ture where the actions we take in the coming years will shape the ocean for
generations. Just as we have been agents of change, we can also be agents of
restoration and protection. The future ocean will demand innovation, coop-
eration, and a profound shift in how we interact with our planet's most vital
resource.

New scientific discoveries and technological advances offer hope for miti-
gating the damage and fostering recovery. Marine conservation strategies,
coupled with international cooperation, can turn the tide toward a sustainable
future. The key lies in recognizing the interconnectedness of the ocean with
all aspects of life on Earth. The ocean is not a separate entity; it is the pulse of
the planet, influencing everything from the air we breathe to the climate that
sustains us. Understanding its future means understanding our own.

This book sets out to explore the possible futures that await the ocean. By
examining the forces driving change, the organisms that will thrive or strug-
gle, and the innovations that can safeguard marine ecosystems, we can begin
to paint a picture of what lies ahead. The future ocean will be one of con-
trasts—where challenges and solutions coexist, where fragility meets resil-
ience, and where the actions of today will ripple through the waters of
tomorrow.

I invite readers to embark on this journey into the future of the ocean, not
only to understand the risks and opportunities but to appreciate the profound
importance of the seas. The story of the ocean is, in many ways, the story of
life on Earth. Its future is tied to the choices we make now—choices that will
define the world for centuries to come.
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The Ocean in Human Perception

Throughout history, humans have held a deep connection with the ocean. It
has been seen as a source of food, a highway for exploration, a vast mystery to
conquer, and even a spiritual entity. However, despite our reverence for the
sea, our perception of it remains largely superficial. We view it as a boundless,
resilient body that can absorb our impacts without suffering the visible scars
we associate with terrestrial ecosystems. This perception, though deeply
ingrained in human consciousness, has led to a dangerous underestimation of
the ocean’s fragility and the intricate ecosystems it sustains.

When we cut down a forest, the destruction is immediate and visceral.
Entire ecosystems are leveled in a matter of hours, leaving behind barren land-
scapes where once there was vibrant life. The emotional response that this
triggers is substantial. People understand that such an act causes widespread
harm. The loss of trees, plants, and animals is visible, and the absence of life is
striking. But when it comes to the ocean, our actions often do not provoke the
same response, despite being just as destructive. The ocean hides its wounds
beneath the surface, away from our direct line of sight, which allows us to
pretend the consequences are less severe. Yet, the ecosystems within the ocean
are just as fragile and interconnected as those on land.

The lllusion of a Clean and Perfect Ocean

Many of us dream of a pristine ocean—one that is crystal blue, teeming with
life (Fig. 1.1) and seemingly untouched by human hands. We picture schools
of vibrant fish darting through coral reefs, dolphins leaping from the waves,

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025 1
A. Calbet, The Ocean of Today, the Legacy of Tomorrow,
https://doi.org/10.1007/978-3-031-88271-5_1


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-88271-5_1&domain=pdf
https://doi.org/10.1007/978-3-031-88271-5_1#DOI

2 A. Calbet

Fig. 1.1 Underwater picture of a pristine ecosystem. Komodo Island. (Author
Albert Calbet)

and turtles gliding gracefully along the ocean floor. It is a comforting image
that fills us with a sense of wonder and peace. We enter the water for a swim
or a dive, imagining we are visiting an idyllic, untouched world. Yet, this
vision of the ocean is deeply flawed. We tend to view the ocean, and indeed
the natural world, through a deeply anthropocentric lens. We search for
images and narratives that align with our human sense of beauty and wonder,
often romanticizing marine life and habitats without fully understanding the
broader ecological processes at play. When we observe dolphins or octopuses,
we cannot help but project our own cognitive and emotional frameworks
onto these animals. We ask whether they are as intelligent as we are or if they
exhibit behaviors that mirror our own. These comparisons, however well-
intentioned, stem from a flawed assumption that humans are the reference
point for all life on Earth.

This perspective limits our understanding of the true complexity of life in
the ocean. Life in the ocean is not simply an aesthetic experience for human
enjoyment. It exists in ways that are often incomprehensible to us, shaped by
millions of years of evolution and adaptation to a wide range of environ-
ments, from the sunlit surface waters to the pitch-black depths. As we
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measure and evaluate marine ecosystems, we prioritize those aspects that
appeal to our senses or which align with our expectations of what life should
look like. We measure biodiversity by species we can see or count easily, we
value ecosystems based on their ability to serve us, and we are fixated on spe-
cies that exhibit behaviors that resemble our own.

Yet, this human-centered view overlooks the fact that we are merely one of
many species coexisting on this planet. Life is ubiquitous and diverse, and it
thrives in forms and places far removed from our experience. Microbes in
deep-sea hydrothermal vents, for example, survive in conditions that would
be utterly hostile to human life, yet these organisms play a fundamental role
in regulating the chemistry of the oceans and supporting food chains at the
ocean floor. These ecosystems remind us that life can adapt to environments
that challenge human understanding and that our value judgments are not
universal measures of importance or success. This realization should push us
toward a paradigm shift in how we think about our place in the world. We
must stop viewing ourselves as the center of the universe and start seeing our-
selves as one part of an interconnected system where life thrives in myriad
forms, both seen and unseen.

In order to truly comprehend the future of our oceans and ecosystems, we
need to shed our anthropocentric perspective. It is time to stop looking at
nature through the lens of what pleases or benefits us and start recognizing the
inherent value of all life forms and processes, regardless of how they relate to
human existence. Only then can we begin to make decisions that truly reflect
the needs of the planet as a whole, rather than just our species.

Eight Billion Godzillas

Every time we step into the ocean, even for something as simple as a recre-
ational swim, we are disrupting an ecosystem. The delicate balance of life
beneath the waves is constantly shifting in response to our actions. We may
not see the consequences immediately, but they are there. Sunscreen washes
off our skin, introducing chemicals into the water. Boats drop anchors onto
sensitive seafloor habitats, damaging coral and seagrass. Coastal development,
aimed at bringing us closer to the ocean, erodes natural habitats like man-
groves and marshes. To put this in perspective, imagine Godzilla visiting one
of our cities—an enormous creature causing destruction as it stomps through
streets and buildings. One Godzilla rampaging through a city for a little while
would wreak havoc, but eventually, the damage could be repaired within
months or years. Now, imagine eight billion Godzillas, equipped with
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technology to hunt humans, build in our cities, and permanently reshape the
landscape, day after day. The destruction would be unstoppable, with entire
ecosystems crushed beyond recognition. This is how humanity behaves in the
ocean—not a single, temporary disruption but a relentless, daily invasion.
With every boat, every building project, and every drop of chemical runoff,
we act like eight billion Godezillas, altering the natural balance and leaving a
mark that the ocean may never fully recover from. We must realize that these
daily disruptions compound over time, leaving a lasting scar on marine
ecosystems.

We do not need to enter into the ocean to harm it. Even the most quotid-
ian actions may have consequences in the marine ecosystem. One example of
our everyday impact is the release of microplastics from washing synthetic
fabrics like polyester, nylon, and acrylic. Every time we do laundry, millions
of microplastic fibers are shed from our clothing and flushed into wastewater
systems, eventually making their way into rivers and oceans. A single load of
laundry can release anywhere from 700,000 to several million microplastic
fibers. These tiny particles are virtually invisible to the naked eye but have a
significant cumulative effect. According to estimates, over 35% of the micro-
plastics in the ocean originate from the washing of synthetic textiles. Overall,
the present concentrations of microplastics in the ocean is very small; how-
ever, their concentrations are increasing, particularly in coastal populated
areas. These microplastics may be ingested by some marine organisms, which
mistake them for food, leading to physical harm, digestive blockages, and
long-term health effects. These pollutants may also act as carriers for toxic
chemicals, further exacerbating their impact on marine life.

Our small, everyday activities—from washing clothes to swimming—seem
trivial, but when multiplied across billions of people, they result in massive
disruptions to marine ecosystems. Even eco-friendly products, like biodegrad-
able sunscreens, can still have unintended consequences on the delicate bal-
ance of marine habitats. This realization forces us to confront an uncomfortable
truth: every action we take has consequences, even if they are not immediately
visible. We are not Godezillas, and our activities may seem harmless in isola-
tion, but collectively, they are adding up to a profound alteration of the natu-
ral world. If we wish to preserve the beauty and functionality of our oceans,
we must rethink not just how we engage with them recreationally but also
how we live and consume in our daily lives. The ocean’s resilience is remark-
able, but it is not infinite. The more we demand from it without considering
the cost, the closer we come to tipping it past the point of recovery.
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The Tragedy of the Commons: Exploiting
a Seemingly Endless Resource

The concept of the “tragedy of the commons” is a powerful lens through
which to understand humanity’s unsustainable exploitation of ocean resources.
This economic theory, introduced by Garrett Hardin in 1968, describes how
individuals, acting in their own self-interest, overexploit shared resources to
the point of depletion, even though they are aware that their actions harm the
collective good. The ocean, vast and seemingly endless, has long been treated
as a common resource that can be exploited without consequence. This per-
ception is deeply rooted in the assumption that because the ocean covers over
70% of the Earth’s surface, it is too vast to be significantly impacted by human
activities. Unfortunately, this could not be further from the truth. The
unchecked exploitation of marine resources, particularly through overfishing,
habitat destruction, and pollution, has led to significant ecological damage,
with consequences for both marine ecosystems and the human populations
that rely on them.

One of the most visible examples of resource overexploitation in the ocean
is overfishing (Chap. 10). According to the Food and Agriculture Organization
(FAO), over 34% of global fish stocks are now being fished at biologically
unsustainable levels, a drastic increase from just 10% in the mid-1970s. This
is primarily driven by the high demand for seafood, advances in fishing tech-
nology, and inadequate regulation, particularly in international waters where
oversight is weak. The Atlantic bluefin tuna (Zhunnus thynnus; Fig. 1.2) is a
prime example of how overfishing has pushed a once abundant species to the
brink of extinction. Valued for its high-quality meat, particularly in the sushi
market, bluefin tuna populations have plummeted by over 80% in certain
regions. This decline has led the species to be classified as critically endangered
by the IUCN. Similar stories can be seen in many other species, such as cod
in the North Atlantic. The collapse of the Canadian cod fishery in the 1990s
is a stark reminder of how quickly a resource can be depleted. For centuries,
cod was a staple for coastal communities, but overfishing, driven by modern
trawling technologies, led to the collapse of this once-thriving fishery. Despite
decades of fishing bans, cod populations have yet to fully recover, demonstrat-
ing that the damage caused by overexploitation is often difficult, if not impos-
sible, to reverse.

Another major source of ocean exploitation is deep-sea mining, a growing
industry that targets valuable minerals such as manganese, cobalt, nickel, and
rare earth elements found in polymetallic nodules, hydrothermal vents, and



