Learning Material
Wild Wisdom Global Challenge 2026
Theme : From Coastline to the Seafloor: An Ocean Odyssey.

How to use this learning material.
This learning material is aimed to help students prepare for the Wild Wisdom Global Challenge.
This year's theme “From Coastline to the Seafloor: An Ocean Odyssey” aims to cover everything related to
our oceans and seas.

We have 6 sub themes or chapters under the main theme. These are given below
Chapter 1: Marine Diversity and Distribution
Chapter 2: World Beneath the Waves: Ocean Ecosystems, Habitats and Interdependence
Chapter 3: Life Functions Underwater: Anatomy and Life Processes of Marine Organisms
Chapter 4: Adaptations and Behaviour
Chapter 5: Challenges to Ocean Health
Chapter 6: Human-Ocean Interactions and Conservation Stewardship

For better cognitive comprehension, each chapter will consist of the below flow
1. Each chapter begins with an overview i.e. table with sections within each chapter that gives the
student an overview of the chapter, the broad themes covered, key concepts, examples and much
more.
2. The tabular overview is followed by multiple sections where each section consists of
- Purpose of section
- Core content
- Key terminology
Things to Remember
- Quiz
The learning material has also provided students with a glossary of important words at the end of the
booklet.



CHAPTER 1
Marine Diversity and Distribution
(What lives in the ocean and where?)
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Section|| Topic I What Students Will Learn
1 What is Marine Biodiversity? Understanding biodiversity at genetic, species and ecosystem
levels
2 MeeF the MaJ or Groups of Exploring vertebrates, invertebrates and plankton
Marine Life
Why Are Species Found in Understanding how temperature, light, nutrients and habitats shape
3 . AR
Different Places? distribution
4 Biodiversity Hotspots Exploring the Coralﬁ Trlgngle, Great Barrier Reef, Gulf of Mannar
and other biodiversity-rich regions
5 Is(szz,ie]indemlc and Threatened Understanding extinction risk, endemism and species conservation
6 Discovering Marine How scientists, communities and new technologies help us study
Biodiversity ocean life

By the end of this chapter students will understand what marine biodiversity is, why it varies across the
world's oceans, and why conserving biodiversity is essential for healthy ecosystems and human well-being.



This chapter introduces you to what biodiversity is,
what it means, why marine biodiversity matters,
and why biodiversity is unevenly distributed across
oceans.
By the end of this chapter, you will have a better
understanding of:
1. Biodiversity is more than species count.
2. Biodiversity exists at genetic, species and
ecosystem level.
3. Biodiversity influences ecosystem stability
and resilience.
4. Marine biodiversity supports humans and
ecosystems.
5. Biodiversity differs across regions.

Why do oceans contain such extraordinary
diversity of life, and why does that diversity
matter?
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Why are some marine environments full of life
while others contain only a few specialised
species?

A drop of seawater may contain millions of
microscopic organisms, while the same ocean
supports blue whales larger than buses. Oceans
host extraordinary diversity but scientists estimate

many marine species remain undiscovered.

Introduction

Imagine standing beside the ocean. From the shore,
it may seem endless but familiar, waves, saltwater,
fish, perhaps seabirds overhead. Yet beneath the
surface lies a world so vast and unexplored that
scientists have better maps of parts of Mars than
they do of Earth’s seafloor.

The ocean covers around 71% of Earth’s surface,
making it the largest habitat on our planet. It
includes warm tropical reefs crowded with
colourful fish, polar waters where seals and
penguins survive the extreme cold, and deep ocean
trenches (e.g. Mariana trench) where life exists
under immense pressure and complete darkness.
Some organisms living in these environments
produce light, survive without sunlight and low
oxygen, or even live for centuries.

Scientists estimate that around 2.2 million species
may live in the ocean, yet fewer than one-tenth
have been identified. Every year, researchers
discover species that were previously unknown to

science. This means our understanding of marine
life is still incomplete.

Fun fact: Last year a group of scientists
discovered a total of 1121 marine species, the
largest number of species discovered yet in a year.
Yet scientists estimate that nearly 90% of marine
species remain undocumented.

One example is a pale deep-sea octopus discovered
in the Pacific Ocean nicknamed “Casper” because
of its ghostly appearance. The octopus reminded
scientists how much remains unknown about life in
the deep sea.

The ocean is not simply a large body of water filled
with organisms but it is a complex system where
millions of species interact with one another and
with their environment. Tiny plankton drifting near
the surface help produce oxygen, while whales
transport nutrients across oceans through their
migrations and feeding patterns. Coral reefs
support thousands of species within relatively
small areas, and deep-sea ecosystems survive under
conditions once thought impossible for life.

Understanding  marine  biodiversity — means
understanding these forms of life, the places where
they occur, and the relationships that connect them.

This chapter explores

e What marine biodiversity means

The major groups of organisms living in
oceans.

Why species occur in different places.
Biodiversity hotspots.

Rare and endemic species.

How scientists study marine diversity.
How communities contribute to marine
knowledge.

By the end of this theme, you should be able to
look at marine life differently, not as separate
organisms, but as part of an interconnected
system shaped by evolution, environment and
time.



The Ocean through numbers

Number

Approximate ocean
coverage of Earth

Estimated marine ~2.2 million

species
Species identified by Less than 10%
science

Deepest known ocean | Mariana Trench ~

point 10,935 meters, deeper
than the height of Mt
Everest.

1.1. What is Marine Biodiversity?

If someone asked you to describe biodiversity,
you might answer

“It means having many different species.”

This is partly true but biodiversity is more than
just counting species.

Biodiversity refers to the variety of life, including
differences within species (intraspecific), between
species (interspecific), and between ecosystems.

Scientists often describe biodiversity at three
levels:

1. Genetic diversity
2. Species diversity
3. Ecosystem diversity

Together, these create the complexity that allows
life to survive and adapt.

1. Genetic Diversity:

Imagine two populations of sea turtles living in
different parts of the world. They belong to the
same species but may have developed genetic
differences over thousands of years because they
experience different temperatures, food sources or
geographic barriers (allopatry)

These differences in genes are called genetic
diversity.

Genetic diversity is important because it increases
a population’s ability to respond to change.

For example:

If a disease affects a population, individuals with
greater genetic variation may be more likely to
survive. Over time, this helps species persist in
changing environments.

Species with low genetic diversity are often more
vulnerable to extinction.

This is one reason scientists monitor populations
of rare or endangered species carefully.

Did You Know?

The Hawaiian Monk Seal has very low genetic
diversity due to severely small isolated
populations due to heavy hunting making
populations vulnerable to disease among other
threats

2. Species Diversity:

Species diversity refers to the variety of species
living within an area.

A coral reef, for example, may contain:

Corals

Reef fish
Sharks
Crustaceans
Molluscs
Sponges

Sea turtles
Microorganisms



Thousands of species can occupy the same
ecosystem. Scientists sometimes divide species
diversity into two ideas:

Species Richness

It is defined as the number of different species
present.

Example:

An ecosystem containing 500 species has greater
richness than one containing 50 species.

Species Evenness

How evenly individuals are distributed among
species.

Imagine Ecosystem A has 10 species present, but
95% of organisms belong to one species while
Ecosystem B has 10 species present, with similar
numbers across species.

Both ecosystems have equal richness, but
Ecosystem B has greater evenness. Evenness often
influences ecosystem stability.

Concept Clarification
Species richness # biodiversity

Biodiversity includes richness, evenness,
genetic variation and ecosystems.

3. Ecosystem Diversity:
Variety in Habitats

Marine organisms live in very different
environments, including:

Coral reefs
Mangroves
Seagrass meadows
Open oceans

Polar seas
Deep-sea trenches
Hydrothermal vents

Each ecosystem has unique conditions and
supports different communities of organisms. This
variation contributes to ecosystem diversity.

Why Does Marine Biodiversity Matter?

Biodiversity is not simply an interesting feature of
nature but it influences how ecosystems function
and how resilient they are to change.

Marine biodiversity contributes to

Ecosystem Stability: More diverse ecosystems
may recover better from disturbances.

Food Systems: Many fisheries depend on healthy
ecosystems.

Oxygen Production: Microscopic phytoplankton
contribute significantly to oxygen production on
Earth.

Climate Regulation: Marine ecosystems help
absorb and store carbon.

Medicine: Compounds from marine organisms
have contributed to medical research.

Livelihoods and Culture: Millions of people
depend directly on oceans for food, income and
cultural identity.



Species Spotlight

Coral Reefs aka the Rainforests of the Sea

Coral reefs occupy less than 1% of the ocean
floor, yet support nearly 25% of the oceans

biodiversity.

Their complex structures create habitats for

countless organisms. Because of this, coral reefs

are often called “Rainforests of the sea.”

We will explore coral reefs in greater detail later.

Key Terms

Biodiversity: Variety of life at genetic, species
and ecosystem levels

Genetic diversity: Variation within a species

Species richness: Number of species in an area

Species evenness: Distribution of individuals
across species

Ecosystem diversity: Variety of ecosystems or
habitats

Things to Remember

1.

Biodiversity includes genes, species and
ecosystems.

2. Species richness and biodiversity are not
identical concepts.

3. Genetic diversity helps populations adapt
to change.

4. Marine biodiversity influences ecosystem
stability, climate and human livelihoods.

5. Oceans contain immense biodiversity,
much of which remains unknown.

Quick Quiz

1. What are the three levels of biodiversity?
How does species richness differ from
species evenness?

3. Why might low genetic diversity increase
extinction risk?

4. Name two marine ecosystems.

5. Why are coral reefs often called the
“rainforests of the sea”?



Meet the Major Groups of Marine Life

Who lives in the ocean, and how do scientists
organise this extraordinary diversity?

If you were asked to name marine organisms, you
might think of whales, sharks, turtles or colourful
coral reef fish. But these familiar species represent
only a small fraction of marine life.

The ocean is home to organisms ranging from
microscopic plankton invisible to the naked eye to
the largest animal ever known, the Blue Whale.
Some drift with ocean currents, some crawl across
the seafloor, and others migrate thousands of
kilometres across oceans.

To understand this diversity, scientists classify
organisms into groups based on shared
characteristics and evolutionary relationships.
This process is called taxonomy.

Classification helps scientists:

Identify species

Study evolutionary relationships
Understand ecosystem roles
Track biodiversity changes
Develop conservation strategies

Marine biodiversity becomes easier to understand
when we ask:

Who lives in the ocean, and what do these
organisms have in common?

Understanding Classification
How Do Scientists Group Marine Organisms?

Organisms may be grouped in different ways:

Evolutionary relationships
Body structure

Feeding methods

Habitat

Reproduction

Behaviour

You may have seen scientific names such as:
Rhincodon typus — Whale shark

The scientific naming (nomenclature) system
helps avoid confusion because one species may
have many common names in different languages
or regions. Most species are named using the
binomial nomenclature.

Scientists classify life using categories that
include

Kingdom — Phylum — Class — Order — Family
— Genus — Species

You do not need to memorise all levels. The
important idea is that classification helps scientists
organise biodiversity.

Did You Know?

A whale shark is called a whale shark because of
its enormous size and its filter feeding technique,
similar to some species of whales. The Whale
Shark is the largest fish on earth.

Vertebrates

Marine Animals with Backbones
Vertebrates possess an internal backbone
(vertebral column). Marine vertebrates include

some of the most familiar ocean animals. Major
marine vertebrate groups include:

e Fish
e Marine mammals
e Marine reptiles
e Seabirds
Fish

The Most Diverse Group of Vertebrates



Fish are the largest and most diverse vertebrate
group in oceans. Scientists often separate fish
into:

Bony Fish (Osteichthyes)
These possess skeletons made primarily of bone.
Some Examples:

Clownfish
Tuna
Groupers
Seahorses

Most fish species belong to this category.
Cartilaginous Fish (Chondrichthyes)

Their skeletons consist mainly of cartilage rather
than bone.

Examples:
e Sharks
e Rays
e Skates
e Chimaeras

Cartilage is lighter and more flexible than bone.

Fun fact: Sharks have existed for more than 400
million years, meaning their ancestors appeared
before dinosaurs.

Species Spotlight
Whale Shark (Rhincodon typus)

The whale shark is the largest living fish, reaching
~ 13 meters almost the size of a school bus.

Despite their size, whale sharks are filter feeders,
consuming plankton and small organisms (krill)
rather than hunting large prey.

They migrate across oceans and are currently
classified as endangered by International Union
for Conservation of Nature (IUCN) red list.

We will encounter whale sharks again in later
chapters when discussing migration, threats and
conservation.

Marine Mammals

Marine mammals evolved from land-dwelling
ancestors and later adapted to aquatic
environments.

Examples:

Whales
Dolphins
Porpoises
Dugongs
Seals

Marine mammals,

v Breathe air using lungs

v Are warm-blooded

v Produce milk for offspring

v Usually give birth to live young

Concept Clarifier
Whales are NOT fish.

|
|
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: Whales breathe air and belong to the mammal :
I group. Fish extract oxygen from water using |
I gills. :
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Marine Reptiles:
Ancient Lineages in Modern Oceans
Examples:

e Sea turtles
e Sea snakes
e Marine iguanas

Marine reptiles breathe air but spend much of
their lives in marine environments. Sea turtles
undertake some of the longest migrations known
in animals, travelling thousands of kilometres
between feeding and nesting grounds.

Seabirds

Life Between Air and Sea



Examples:

Penguins
Albatrosses
Terns
Puffins

Seabirds often depend heavily on marine
ecosystems for food. Some species travel
extraordinary distances during migration.

RESPIRATION IN MARINE VERTEBRATES

All these mari neanmalsuke in oxygen (O,), use it in their cells to release energy,
d breathe out carbon dioxide (CO,).

FISH REPTILES MAMMALS
(6.9 TUNA) (e.g., SEA TURTLE) , DOLPHIN) (o9, suum)

‘Water flows in Ak enters
through the mouth. through the nastril. Vrooghthe

X — e = -

e NS Ry N
o . S
\
3 3
(

Invertebrates:

Marine Animals Without Backbones

Most marine biodiversity exists among
invertebrates, animals lacking a backbone.
Although often less familiar, they dominate many
ecosystems.

Cnidarians

Animals with stinging Cells

Examples:

e Jellyfish
e Sea anemones

Cnidarians possess specialised stinging cells used
for defence or prey capture.

Mpyth vs Fact
Myth - Corals are plants

Fact - Corals are animals belonging to the
phylum Cnidaria and are in a symbiotic

relationship with microscopic algae called
zooxanthellae.

Coral colonies create reef structures supporting
extraordinary biodiversity.

Molluscs

Soft-Bodied Marine Organisms
Examples:

Octopus

Squid

Clams

Oysters
Nudibranchs

Some molluscs possess shells while others do not.
Cephalopods (octopus, squid) are known for
remarkable intelligence and problem-solving
abilities.
Species Spotlight
Octopus

Known as masters of camouflage, Octopus have
been around before dinosaurs (330 mya). They are

intelligent animals with 2/3rds of their neurons

reside in their arms and 3 hearts and

Octopuses have blue blood and can rapidly alter
colour and texture, helping them communicate or
avoid predators. Some species even solve puzzles

and use tools.

These adaptations will appear again in Chapter 4.

Crustaceans:

Armoured Marine Arthropods

Examples:
e Crabs
e Lobsters
e Shrimp
e Kiill



Crustaceans possess external skeletons
(exoskeletons) that must be shed as they grow.

Echinoderms:
Strange Creatures of the Seafloor
Examples:

e Sea stars

e Sea cucumbers

e Sea urchins
Many echinoderms display radial symmetry,
where body parts are arranged around a central
point.

Some regenerate lost body parts.

Sea cucumbers can eject internal organs as
defence and later regenerate them.

Sponges:
Among Earth’s Oldest Animals

Sponges are simple animals lacking organs like
those found in vertebrates.

They feed by filtering water.

Some sponge lineages may have existed for
hundreds of millions of years.

Figure 1: Pink Sea sponges
3. Tiny but Mighty:

Meet the Plankton

Many marine organisms drift with ocean currents
rather than actively swimming against them.
These drifting organisms are called plankton.
Plankton are defined more by their lifestyle than
their evolutionary relationships.

Scientists broadly divide plankton into:
Phytoplankton

Microscopic organisms that photosynthesise.

Like plants on land, they use sunlight to convert
carbon dioxide into energy and release oxygen.

Phytoplankton:
Form the base of many marine food webs
Contribute substantially to global oxygen
production
e Influence carbon cycling and climate

Zooplankton

Animal-like plankton.

Examples:
e Copepods
e Kiill

e Larval stages of many marine organisms

Zooplankton connect microscopic producers to
larger animals in food webs.

Ocean by Numbers

There are more than 20,000 known
phytoplankton species distributed across major
taxonomic groups.

Why Plankton Matter

Tiny plankton support:

Plankton — Small fish — Larger predators —
Marine mammals

Without plankton, many marine ecosystems
would collapse.
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Large animals such as whales indirectly depend
on microscopic organisms at the base of food
webs.

Bringing It Together:
Patterns Across Marine Life

Marine organisms differ greatly, but some patterns
emerge:

Fish are not mammals

Corals are animals

Tiny organisms can support giant species
Similar habitats may contain unrelated
species with similar adaptations

Understanding these groups helps scientists
understand ecosystems, evolution and
biodiversity.

In the next section we ask:

If oceans contain so many organisms, why are
some species found only in certain places?

Key Terms

Taxonomy: Classification of organisms based on
shared characteristics and relationships

Vertebrate: Animal with a backbone
Invertebrate: Animal without a backbone
Plankton: Organisms drifting with currents
Cnidarian: Group including corals and jellyfish

Cephalopod: Mollusc group including octopus
and squid

Cartilage: Flexible tissue forming skeletons in
sharks and rays

Things to Remember

1. Marine life includes vertebrates,
invertebrates and microscopic organisms.

2. Most marine biodiversity occurs among
invertebrates.

3. Classification helps scientists organise
biodiversity.

4. Plankton form the foundation of many
marine food webs.

5. Similar-looking organisms may belong to
very different evolutionary groups.

Quick Quiz

1. What is taxonomy, and why do scientists
use it?

2. Name one difference between
cartilaginous fish and bony fish.

3. Why are whales classified as mammals
rather than fish?

4. Which group do corals belong to?

5. Why are phytoplankton important for

marine ecosystems?
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Why Are Species Found in Different Places?

If oceans are connected, why doesn’t every
species live everywhere?

Why do emperor penguins live in Antarctica while
clownfish live in tropical coral reefs? Why do
some species occur across oceans while others
exist only in one region?

Understanding species distribution means
understanding that the ocean is not one uniform
environment.

The Ocean Is Not the Same Everywhere

Imagine diving into tropical waters near a coral
reef. The water may be warm, brightly lit and rich
in life.

Now imagine descending several thousand metres
into the deep ocean:

No sunlight

Temperatures near freezing
Immense pressure
Different food availability

Both environments are part of the same ocean, but
they create very different conditions for life.

Marine organisms survive only where
environmental conditions match their needs.

Scientists call the geographic area where a species
occurs its distribution or range.

Environmental Factors That Influence Species
Distribution

Many factors shape where species live.
1. Temperature:

A Powerful Driver of Distribution
Temperature affects:

Growth

Reproduction

Metabolism
Behaviour

Species often evolve to survive within specific
temperature ranges.

For example:
Tropical species:

Usually adapted to relatively stable warm
temperatures

Examples:

e Coral reef fish
e Many reef-building corals

Polar species:
Adapted to cold conditions
Examples:

e Emperor penguins
e Antarctic krill

Some organisms produce special proteins that
help prevent freezing in icy waters. Antarctic fish
belonging to certain groups produce antifreeze
glycoproteins, allowing survival below the
freezing point of their blood. Research on polar
fish adaptations has provided important insights
into evolution under extreme conditions.
Did You Know?
The Antarctic toothfish survives in waters cold
enough to freeze many other fish species because
of antifreeze proteins in its body.

2. Light:
Why Sunlight Matters
Sunlight decreases rapidly with depth.
Scientists divide oceans into broad zones:

Sunlit Zone (Photic Zone)

Enough light for photosynthesis. Many
phytoplankton occur here

Twilight Zone (Mesopelagic Zone)

12



Very little light

Midnight Zone (Aphotic Zone)
No sunlight

Light influences:

v Photosynthesis

v Food availability

V' Predator-prey interactions

Vv Behaviour

extension. It also has an incredible depths.

The Sunlight Zone

Figure 3: The world's oceans in terms of ocean depth in feet.

If phytoplankton need sunlight for photosynthesis,
what might happen to ecosystems where little
sunlight reaches?

3. Nutrients:

Fuel for Marine Productivity

Marine organisms require nutrients such as:

e Nitrogen
e Phosphorus

e Iron

Regions with greater nutrient availability often
support higher biological productivity.

One important process is:

Upwelling

Upwelling occurs when deep, nutrient-rich waters

move upward toward the surface.

These nutrients stimulate phytoplankton growth,
supporting productive food webs. Coastal
upwelling regions are among the most
biologically productive marine environments.
Foundational work in biological oceanography
links nutrient availability strongly to marine
productivity. Biological Oceanography

Ocean by Numbers

Some of the world’s most productive fisheries
occur in upwelling regions.

4. Salinity:
How Much Salt Is in the Water?

Salinity refers to the concentration of dissolved
salts in water.

Not all marine environments have identical
salinity.

Examples:
Estuaries:

Lower salinity because freshwater mixes with
seawater

Open oceans:

More stable salinity

Species differ in tolerance to salinity changes.
S. Pressure:

Life Under Extreme Conditions

Pressure increases with depth.
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Deep ocean organisms experience pressures many
times greater than those at the surface.

These extreme conditions influence:
e Body structure
e Metabolism
e Adaptations
6. Habitat Availability:
Species Need Suitable Environments
Some species depend on highly specific habitats.

Examples:

Corals need appropriate, temperatures, light,
substrate

Mangrove species:

Require coastal environments

Seagrass species:

Need shallow areas receiving sunlight

Habitat availability limits where organisms occur.

Why Are Tropical Regions Often More
Biodiverse?

Scientists have observed a pattern called the:
Latitudinal Biodiversity Gradient
Broadly:

Species richness tends to increase toward tropical
regions and decrease toward the poles.

This pattern occurs across many groups of
organisms. Several explanations have been
proposed, including:

Greater solar energy

Longer evolutionary stability
Higher productivity
Complex habitats

Scientists continue studying why this pattern
exists.

Every Species Has a Role

A niche refers to the role a species plays within an
ecosystem, including:

What it eats
Where it lives
How it interacts
When it is active

Two species occupying identical niches may
compete strongly.

Different niches allow many species to coexist.
Example:
On coral reefs:

One fish species may graze algae while Another
may feed on plankton. Furthermore, others may
hunt smaller fish. Different niches reduce
competition.

U e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Things to Remember

1. Species distributions depend on
environmental conditions.

2. Temperature, light, nutrients, salinity and
pressure influence where organisms occur.

3. Tropical regions often support greater
biodiversity than polar regions.

4. Upwelling increases productivity by
bringing nutrients to surface waters.

5. Ecological niches help explain how many
species coexist.

Key Terms

Distribution: Geographic area where a species
occurs

Range: Area occupied by a species

Productivity: Rate at which energy or biomass is
produced

Upwelling: Upward movement of nutrient-rich
deep water

Salinity: Concentration of dissolved salts
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Ecological niche: Role of a species within an
ecosystem

Latitudinal biodiversity gradient: Pattern of
increasing biodiversity toward tropical regions

Quick Quiz

1. Why does temperature influence species
distribution?

2. What is upwelling, and why is it
important?

3. How does light availability change with
ocean depth?

4. Define ecological niche.

5. Why might tropical oceans support greater

biodiversity?
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Biodiversity Hotspots:
The Ocean’s Treasure Zones

Imagine swimming through a coral reef where
hundreds of fish species move through branching
corals, sea turtles glide overhead, and reef sharks
patrol deeper waters. Now compare this with parts
of the open ocean where relatively few visible
species may occur across vast distances. Marine
biodiversity is not distributed evenly across Earth.

Some regions support extraordinary
concentrations of species and unique ecosystems.
Scientists often describe these regions as
biodiversity hotspots.

These hotspots are among the most important
regions on Earth for marine life — and also
among the most vulnerable.

What Is a Biodiversity Hotspot?

A biodiversity hotspot is a region containing:
v High biodiversity

v Large numbers of endemic species (species
found nowhere else)

v Significant ecological importance

v High levels of threat or vulnerability

Hotspots are important because protecting
relatively small areas can help conserve enormous
numbers of species.

The idea of biodiversity hotspots was originally
developed in conservation biology to identify
regions where conservation efforts could protect
the greatest diversity under threat.

Concept Clarifier
A hotspot is not simply:

“A place with many organisms.”

e High species richness
e Endemism

e Unique habitats

e Ecological importance
e Conservation concern

- _ __ _ _ _ _ __ __ _ __ __ _ _ _ _______ _______________1

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
: Hotspots often combine: :
| |
| |
| |
| |
| |
| |
| |
| |
| |
I |

Why Are Some Regions More Biodiverse Than
Others?

Many factors influence hotspot formation.

1. Warm Temperatures

Tropical waters often support high biodiversity
because warm temperatures can increase
biological activity and productivity over long
evolutionary timescales.

2. Habitat Complexity

Complex habitats create many ecological niches.
For example:

Coral reefs contain:

Crevices

Overhangs

Different coral structures
Variable light conditions

This allows many species to coexist.
3. Ocean Currents
Currents transport:

e Nutrients

e Larvae

e Heat

This influences species distribution and
connectivity between ecosystems.
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4. Geological History

Some regions have remained environmentally
stable for long periods, allowing species
diversification over millions of years.

The Coral Triangle:
The Global Centre of Marine Biodiversity

One of the world’s most important marine
biodiversity hotspots is the Coral Triangle, a
region in the Indo-Pacific including parts of:

Indonesia
Malaysia
Philippines

Papua New Guinea
Solomon Islands
Timor-Leste

The Coral Triangle contains extraordinary
biodiversity, including:

Hundreds of coral species
Thousands of reef fish species

Sea turtles

Sharks and rays

Mangroves and seagrass ecosystems

Marine scientists sometimes refer to this region as
the:

“Amazon of the seas”

because of its immense biodiversity.

Research suggests that the Coral Triangle became
highly diverse partly because of complex
geological history, warm tropical waters and
connections between Indian and Pacific Ocean
systems. Marine Biogeography

Ocean by Numbers

The Coral Triangle contains approximately:

e 76% of known coral species
e More than 2,000 reef fish species

(Values commonly cited in marine biodiversity
literature and conservation assessments.)

Endemic Species:
Life Found Nowhere Else

Some hotspots contain species that occur nowhere
else on Earth.

These are called endemic species.

Endemism often develops when populations
remain isolated over long periods.

Islands frequently contain high endemism because
geographic isolation limits movement between
populations.

Why Hotspots Matter for Conservation

Hotspots are important because biodiversity loss
in these regions may affect:

Entire ecosystems

Fisheries

Coastal protection

Tourism

Species found nowhere else

Protecting hotspots may therefore conserve very
large numbers of organisms simultaneously.

Threat Alert
Hotspots Under Pressure

Marine biodiversity hotspots face many threats,
including:

Climate change
Coral bleaching
Overfishing

Coastal development
Pollution

Ocean acidification

Coral reefs are particularly vulnerable to
increasing ocean temperatures.

When corals experience stress from unusually
warm water, they may expel their symbiotic algae,
leading to coral bleaching.

Repeated bleaching can cause large-scale reef
decline.
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We will explore these threats in greater detail in
Chapter 5.

Did You Know?

Some coral colonies may be hundreds or even
thousands of years old. The oldest coral colony is
a deep sea black coral species called ‘Leiopathes

annosa’

Things to Remember

1. Biodiversity hotspots contain
exceptionally high biodiversity and
ecological importance.

2. Hotspots often include large numbers of
endemic species.

3. Warm temperatures, habitat complexity
and geological history help create
hotspots.

4. Coral reefs are among the most biodiverse
ecosystems on Earth.

5. Many hotspots face serious environmental
threats.

Key Terms

Biodiversity hotspot: Region with exceptional
biodiversity and conservation importance

Endemic species: Species found only in one
region

Coral reef: Diverse marine ecosystem built by
coral organisms

Symbiosis: Close interaction between different
species

Zooxanthellae: Microscopic algae living within
coral tissues

Coral bleaching: Stress response where corals
lose symbiotic algae

Quick Quiz

What characteristics define a biodiversity
hotspot?

Why does habitat complexity increase
biodiversity?

Where is the Coral Triangle located?
What is the relationship between corals
and zooxanthellae?

Why are endemic species especially
vulnerable to extinction?
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Rare, Endemic and Threatened Species

Why do some marine species become vulnerable
to extinction?

The ocean contains extraordinary biodiversity, but
not all species are equally common or widely
distributed.

Some species occur across entire oceans, while
others are found only in small regions or
specialised habitats. Some populations remain
healthy and stable, while others have declined
dramatically over time.

Understanding why species become rare or
threatened is an important part of marine
conservation.

What Does It Mean for a Species to Be Rare?

A species may be considered rare for several
reasons.

Some species are naturally rare because they:

Occupy specialised habitats
Reproduce slowly

Occur in small populations

Have restricted geographic ranges

Other species become rare because environmental
conditions change or human activities place
pressure on populations.

Rarity does not always mean a species is
endangered — but species with small populations
are often more vulnerable to environmental
change.

Endemic Species:

Life Found in Only One Place

A species found naturally in only one geographic
region is called an endemic species.

Endemism often develops when populations
remain isolated over long periods.

Examples of isolation include:

Islands

Deep-sea habitats
Enclosed seas
Remote reef systems

Because endemic species occur in limited areas,
habitat loss or environmental change can place
them at greater risk.

Marine Iguanas of the Galapagos

Marine iguanas occur naturally only in the
Galéapagos Islands and have evolved unique
adaptations allowing them to feed in marine
environments.

Island isolation contributed to their evolutionary
development.

Research on island biogeography and evolution
has shown that isolation can strongly influence
species diversification and endemism.
Evolutionary Biology

Why Do Species Become Threatened?

Marine species face pressures from both natural
processes and human activities.

Today, many threats are increasing rapidly
because of human-driven environmental change.

Major threats include:
1. Habitat Loss
Many species depend on specific habitats for:

e Feeding
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e Shelter
e Reproduction
e Nursery grounds

When habitats decline, populations may also
decline.

Examples:

e Coral reef degradation
e Mangrove destruction
e Secagrass loss

2. Climate Change

Increasing ocean temperatures affect species
distributions, reproduction and ecosystem
stability.

Some species may shift toward cooler waters,
while others struggle to adapt quickly enough.

Climate change also contributes to:

e Coral bleaching
e Ocean acidification
e Sea-level rise

3. Overfishing

Removing organisms faster than populations can
recover may reduce population sizes dramatically.

Species with slow reproduction rates are
especially vulnerable.

Many sharks and rays reproduce slowly and may
take years to mature, increasing vulnerability to
overfishing. Research on shark population
dynamics has highlighted how life-history traits
influence extinction risk. Fisheries Science

4. Bycatch

Sometimes species are accidentally caught while
fisheries target other organisms.

This accidental capture is called bycatch.

Bycatch affects, Sea turtles, Dolphins, Sharks and
Seabirds among others.

5. Pollution

Plastic pollution, chemical contamination and oil
spills may affect marine organisms directly or
indirectly.

Microplastics have now been detected in many
marine environments and organisms worldwide.
Research on marine plastic pollution has
expanded rapidly in recent decades.

Understanding Extinction Risk:
The IUCN Red List

Scientists assess species extinction risk using
systems such as the [IUCN Red List of
Threatened Species, developed by International
Union for Conservation of Nature.

The Red List categorises species based on factors
including:

Population size
Population trends
Geographic range
Extinction risk

Red List Categories

Least Concern Relatively low

extinction risk

Near Threatened May become
threatened

Vulnerable High risk of decline
Endangered Very high extinction
risk

Extremely high
extinction risk
Survives only in

Critically Endangered

Extinct in the Wild

Extinct No known surviving
individuals

Concept Clarifier
A species classified as endangered is not extinct.

Conservation efforts may still help populations
recover.



Species Spotlight
Vaquita
The World’s Rarest Marine Mammal

The Vaquita (critically endangered) is a small
porpoise found only in the northern Gulf of
California in Mexico. It is considered the world’s
rarest marine mammal.

The species faces severe threats from
entanglement in fishing nets, especially gillnets.
Scientists estimate that fewer than a dozen
individuals may remain.

Because the vaquita occurs only in a restricted
region, habitat-specific threats have enormous
impacts on the population. The Vaquita has
become an important global symbol of marine
conservation challenges.

Species Spotlight
Sawfish

It is an ancient fish under threat. They are
essentially large rays (batoids) recognised by their
long, saw-like snouts called rostrums.

Historically, sawfish occurred in tropical and
subtropical coastal waters worldwide. However,
populations have declined dramatically due to
fishing pressure, habitat loss and accidental catch
during fishing.

Sawfish are now among the most threatened
(IUCN redlist) marine fish groups globally.

Why Does Biodiversity Loss Matter?

Losing species affects more than individual
organisms.

Biodiversity loss may influence:

Food webs
Ecosystem stability
Fisheries

Coastal livelihoods
Nutrient cycling

Some species play particularly important
ecological roles.

For example:

Large predators can help regulate food webs,
while reef-building corals create habitats
supporting thousands of species.

Scientists continue studying how biodiversity
influences ecosystem resilience and functioning.

Hope in Conservation

Although many marine species face serious
threats, conservation efforts have helped some
populations recover.

Examples include:

Protected areas

Fishing regulations

Habitat restoration

Species monitoring
Community-led conservation
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Understanding threats is the first step toward
protecting biodiversity.

Did You Know?

Sharks, rays and chimeras are long living
organisms. This means that they mature late.
Some may take more than a decade to reach

reproductive maturity, making population

recovery slow after declines. The Greenland shark
is one of the oldest living species of shark that
matures at ~150 years.

Things to Remember

1. Rare species may occur naturally in small
populations or become rare because of
environmental pressures.

2. Endemic species occur naturally in only
one region.

3. Habitat loss, climate change, overfishing
and pollution threaten marine biodiversity.

4. The IUCN Red List helps assess extinction
risk.

5. Biodiversity loss may affect ecosystem
stability and human livelihoods.

Key Terms

Endemic species: Species found naturally in only
one region

Extinction: Permanent disappearance of a species
Bycatch: Accidental capture of non-target species

Overfishing: Harvesting organisms faster than
populations recover

Habitat loss: Destruction or degradation of
habitats

IUCN Red List: Global system assessing
extinction risk

Quick Quiz

1. What is an endemic species?
Why are endemic species often vulnerable
to extinction?

3. What is bycatch?

4. Name two major threats to marine
biodiversity.

5. What information does the IUCN Red List
provide?
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Discovering Marine Biodiversity
Finding Life Beneath the Waves

How do we study organisms living in places
humans can barely reach?

Although oceans cover most of our planet, much
of the marine world remains poorly explored.
Scientists continue discovering new species,
mapping unexplored seafloor regions and studying
ecosystems that were unknown only decades ago.

Exploring oceans is challenging because marine
environments can be:

Extremely deep
Dark

Cold

Remote

Difficult to access

Yet advances in science and technology are
helping researchers understand marine
biodiversity in new ways.

Why Is Ocean Exploration Difficult?

Humans are naturally adapted for life on land, not
underwater. Even relatively shallow marine
environments can be difficult to study for long

periods.

As depth increases, conditions become more
extreme.

Pressure:
The Weight of Water
Pressure increases rapidly with depth.

At great depths, organisms experience pressures
many times greater than those at sea level.

Deep-sea exploration equipment must therefore be
specially designed to survive crushing pressures.

Darkness:
The Deep Ocean Receives No Sunlight

Sunlight penetrates only limited depths in oceans.

Below the photic zone, environments become
increasingly dark.

In the deepest regions, organisms survive without
sunlight entirely.

Temperature:
Cold and Stable Environments

Deep oceans are often close to freezing
temperatures.

Despite these harsh conditions, life still exists.
Distance and Accessibility
Some marine environments are:

e Far from coastlines

e Beneath thick sea ice
e Thousands of metres deep

Studying these ecosystems requires specialised
ships and equipment.

Figure 5: exploring ship wrecks using underwater cameras.
How Do Scientists Explore Oceans?

Marine scientists use many tools and technologies
to study biodiversity.

1. Research Vessels:
Floating Laboratories

Oceanographic research vessels allow scientists
to:

e Collect samples
e Deploy equipment
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e Study marine environments
e Conduct long expeditions

Modern research vessels often contain
laboratories, sonar systems and satellite
communication equipment.

2. Submersibles:

Exploring the Deep Ocean

Submersibles are underwater vehicles used to
explore marine environments.

Some carry human occupants, while others
operate remotely.

Human-Occupied Submersibles

Allow scientists to directly observe deep-sea
ecosystems.

Examples include expeditions to hydrothermal
vents and deep trenches.

ROVs:

Remotely Operated Vehicles

ROVs are robotic underwater vehicles controlled

from ships.

They may carry:
e Cameras
e Robotic arms
e Sampling tools
e Sensors

ROVs allow scientists to explore depths too
dangerous for divers.

Deep-sea exploration technologies have
transformed understanding of previously
inaccessible ecosystems.

Species Spotlight
“Casper” the Deep-Sea Octopus
In 2016, researchers exploring the Pacific Ocean
observed a pale octopus unlike previously known

species.

Its ghost-like appearance led scientists to
nickname it:

“Casper”

The discovery highlighted how little scientists still
know about deep-sea biodiversity.

New marine species continue to be described each
year.

3. Sonar:
Mapping the Seafloor

Scientists use sound waves to study underwater
environments.

This technology is called sonar (Sound
Navigation and Ranging).

Sonar helps researchers:

e Map seafloor features
e Detect schools of fish
e Study underwater landscapes

Modern sonar systems have dramatically
improved seafloor mapping, though large areas
remain poorly mapped compared with terrestrial
environments. Marine Geology

4. Satellite Technology:
Studying Oceans from Space
Satellites help scientists monitor:
Ocean temperatures
Chlorophyll concentrations
Sea ice

Ocean currents
Large animal migrations
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Satellite observations are especially useful for
studying large-scale ocean patterns over time.

5. Tagging Marine Animals

Scientists sometimes attach tracking devices to
marine animals.

These tags provide information about:

Migration routes
Diving behaviour
Feeding areas
Habitat use

Tracking studies have revealed extraordinary
migrations in species such as sea turtles, tuna and
whales.

Research using satellite telemetry has greatly
improved understanding of marine migrations and
habitat connectivity.

Did You Know?

Some leatherback sea turtles migrate across
entire ocean basins during their lifetimes. The
longest migration was made by a tagged female
leatherback sea turtle in Papua, Indonesia
covering a total of 20,558 kms.

6. DNA and eDNA:
Reading Biological Clues in Water

Scientists increasingly use genetic tools to study
biodiversity.

One important technique involves:

Environmental DNA (eDNA)

Organisms release traces of genetic material into
water through:

Skin cells
Waste
Mucus
Scales

Scientists can analyse seawater samples to detect
species without directly observing them.

Environmental DNA is becoming an important
tool in biodiversity monitoring and conservation
science.

How Are New Species Identified?

Discovering a species involves more than simply
seeing an unfamiliar organism.

Scientists usually:

1. Observe or collect specimens
Compare anatomy and genetics

3. Determine whether it differs from known
species

4. Publish scientific descriptions

Assign scientific names

hd

This process helps ensure species identification is
accurate.

Taxonomy remains an essential part of
biodiversity science because understanding
species diversity depends on accurate
classification.

Citizen Science:

When the Public Helps Science

Not all discoveries come from research
institutions alone.

Divers, fishers, photographers and coastal
communities sometimes contribute important
observations.

Examples include:

e Recording unusual species sightings
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e Photographing marine life
e Monitoring beaches
e Tracking stranded animals

Citizen science projects can increase scientific
data collection across large regions.

How Do Scientists Know If Species Are
Declining?

Scientists monitor populations using methods
including:

Population surveys

Tagging studies

Underwater photography
Acoustic monitoring
Fisheries data

Long-term ecosystem studies

Long-term monitoring is important because
marine ecosystems change over time.

Threat Alert

Some species may disappear before scientists
fully understand them.

This is one reason biodiversity documentation and

conservation are so important.

Things to Remember

1. Much of the ocean remains poorly
explored.

2. Deep oceans present challenges including
pressure, darkness and cold temperatures.

3. Scientists use technologies such as ROVs,
sonar and satellites to study marine
environments.

4. eDNA allows scientists to detect species
from traces of genetic material in water.

5. Citizen science can contribute valuable
biodiversity information.

Key Terms

ROV: Remotely operated underwater vehicle

Sonar: Technology using sound waves to study
underwater environments

Satellite telemetry: Tracking organisms using
satellite-linked tags

eDNA: Environmental DNA collected from
surroundings such as water

Taxonomy: Scientific classification of organisms

Citizen science: Public participation in scientific

research
Quick Quiz

1. Why is deep-sea exploration difficult?
. What is an ROV, and why is it useful?
3. How does sonar help scientists study
oceans?
4. What is environmental DNA (eDNA)?
5. How can citizen science contribute to
marine research?
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	By the end of this chapter students will understand what marine biodiversity is, why it varies across the world's oceans, and why conserving biodiversity is essential for healthy ecosystems and human well-being.

