
 

CHAPTER 3: 

Life Functions Underwater 

(How marine organisms survive) 

 

 

Section Topic What Students Will Learn 

1 Building a Marine Animal Basic anatomy and body plans across major marine groups 

2 Respiration Underwater Gills, lungs, blowholes and oxygen exchange 

3 Feeding and Nutrition 
Different feeding strategies from filter feeders to apex 

predators 

4 Movement in Water Swimming, buoyancy, drifting and locomotion 

5 Senses and Perception Echolocation, electroreception, vision and navigation 

6 
Growth, Development and Life 

Cycles 
Reproduction, larval stages and metamorphosis 

7 Communication and Survival Signals, sounds, chemicals and social interactions 

 

By the end of this chapter students will understand how marine organisms breathe, move, feed, grow and 

interact with their environment. 



 

SECTION 1: 

Body Plans & Anatomy: 

How Are Marine Organisms Built? 

Marine organisms come in an extraordinary 

variety of shapes and forms. A jellyfish drifting 

through open water, a shark slicing through the 

ocean at high speed, and an octopus squeezing 

through a narrow coral crevice all survive in the 

same broad environment — yet their bodies are 

built in completely different ways. 

These body structures are not random. 

Over millions of years, evolution shaped marine 

organisms according to how they move, feed, 

breathe and survive in specific habitats. The body 

plan of an organism often provides clues about its 

lifestyle and ecological role. 

A fast-swimming predator requires a very 

different body design from an organism that drifts 

with currents or lives attached to rocks on the 

seafloor. 

Vertebrates and Invertebrates 

One of the simplest ways scientists classify 

animals is by whether they possess a backbone. 

Vertebrates have internal skeletons and a vertebral 

column. This group includes fish, whales, sea 

turtles and seabirds. 

Invertebrates lack backbones. Although they are 

often less familiar, they make up most marine 

biodiversity. Corals, jellyfish, octopuses, crabs 

and sea stars all belong to this group. 

Marine ecosystems would look completely 

different without invertebrates. Coral reefs, for 

example, are built by tiny invertebrate animals 

called coral polyps.       

Symmetry: Organising the Body 

Bilateral Symmetry 

An organism with bilateral symmetry can be 

divided into two mirror-image halves along a 

single line running down the middle of its body. 

Humans, fish, sharks and turtles all show bilateral 

symmetry. This body plan often helps animals 

move efficiently in one direction, which is helpful 

for hunting, escaping predators or migrating.  

Radial Symmetry 

An organism with radial symmetry can be divided 

into similar sections around a central point, like 

slices of a pie. Jellyfish and sea anemones are 

common examples. This body plan allows 

organisms to respond to their surroundings from 

many directions. A sea anemone, for instance, 

may capture prey drifting toward it from any 

direction. 

Evolutionary biology research suggests that 

symmetry strongly influences movement, 

behaviour and ecological roles.  

 

Bilateral vs Radial Symmetry 

Skeletons: 

Support, Protection and Movement 

Marine organisms use different systems to support 

their bodies. 

Fish, turtles and whales possess endoskeletons — 

internal skeletons made of bone or cartilage. 

These structures provide support while allowing 

flexibility and movement. 

Crabs, lobsters and shrimp possess exoskeletons, 

hard outer coverings that protect the body like 

armour. Because exoskeletons do not grow 

continuously, these organisms must shed them 

periodically through a process called moulting. 

Some marine organisms have no rigid skeleton at 

all. 



 

Jellyfish and sea anemones rely largely on water 

pressure within their tissues for support. This is 

known as a hydrostatic skeleton. Such systems 

allow remarkable flexibility, although they 

provide less protection than hard skeletons. 

Types of Skeletons in Marine Organisms 

Streamlining: 

Moving Efficiently Through Water 

Water is much denser than air, meaning 

movement underwater requires significant energy. 

Many active marine swimmers possess 

streamlined body shapes that reduce drag and 

allow efficient movement through water. Tuna, 

dolphins and sharks all show this pattern. 

Their bodies are: 

● tapered,  

● smooth,  

● and shaped to move efficiently through 

currents.  

Interestingly, dolphins and sharks evolved similar 

body forms even though they belong to 

completely different groups. Sharks are fish, while 

dolphins are mammals. 

This similarity developed because both groups 

faced similar environmental challenges. 

This phenomenon is called: 

Convergent Evolution 

Convergent evolution occurs when unrelated 

organisms independently evolve similar traits 

because they occupy similar environments or 

lifestyles. 

Convergent evolution is common in marine 

ecosystems because water strongly influences 

body design and movement efficiency. 

Convergent Evolution 

 

 

 

Species Spotlight 

 

Squid 

Built for Speed and Flexibility 

Squid are among the most agile marine predators. 

Unlike fish, squid do not possess bones. Their 

bodies are soft and highly flexible, supported 

partly by a thin internal structure called a pen. 

They move using: 

Jet Propulsion 

Water is drawn into the body cavity and rapidly 

expelled through a funnel-like structure, 

propelling the squid forward. 

Large eyes help squid detect prey in dim 

environments, while specialised skin cells allow 

rapid colour changes used for camouflage and 

communication. 



 

 

 

 

Squid Jet Propulsion Mechanism 

Size in Marine Environments 

Marine organisms range enormously in size. 

Some plankton are microscopic, while blue 

whales are the largest animals known to have 

existed on Earth. 

Water supports body weight more effectively than 

air, allowing some marine organisms to grow to 

extraordinary sizes. 

Large body size may also help organisms: 

● retain heat,  

● store energy,  

● and travel efficiently across long distances.  

Did You Know? 

Blue whales may exceed 30 metres in length and 

weigh more than 150 tonnes. 

Anatomy Reflects Lifestyle 

The structure of a marine organism often reveals 

how it survives. 

A ray’s flattened body helps it remain close to the 

seafloor. 

An octopus’s flexible body allows movement 

through narrow spaces. 

A jellyfish’s soft body helps it drift with currents. 

A tuna’s streamlined shape supports constant 

swimming in open oceans. 

Marine anatomy is therefore closely linked to: 

● habitat,  

● movement,  

● feeding,  

● and ecological role.  

Things to Remember  

Marine organisms possess body plans adapted to 

different lifestyles.  

1. Vertebrates have backbones, while 

invertebrates do not.  

2. Bilateral symmetry often supports 

directional movement.  

3. Streamlined bodies reduce drag 

underwater.  

4. Similar body forms may evolve 

independently through convergent 

evolution.  

Key Terms 

Vertebrate: Animal with a backbone 

Invertebrate: Animal without a backbone 

Bilateral symmetry: Mirrored left and right sides 



 

Radial symmetry: Body arranged around a 

central point 

Endoskeleton: Internal skeleton 

Exoskeleton: External skeleton 

Hydrostatic skeleton: Support system using fluid 

pressure 

Convergent evolution: Independent evolution of 

similar traits 

Quick Quiz 

1. What is the difference between vertebrates 

and invertebrates?  

2. Why are streamlined bodies useful 

underwater?  

3. What is radial symmetry?  

4. How does an exoskeleton differ from an 

endoskeleton?  

5. What is convergent evolution?  

SECTION 2: 

Respiration: 

How Do Marine Organisms Breathe 

Underwater? 

Breathing underwater is far more difficult than 

breathing in air. 

Although oceans contain dissolved oxygen, water 

holds much less oxygen than air and is also 

denser. This means marine organisms must work 

harder to obtain the oxygen needed for survival. 

Every living cell requires oxygen for cellular 

respiration — the process through which energy is 

released from food. Without oxygen, organisms 

cannot produce the energy needed for movement, 

growth and reproduction. 

Over millions of years, marine organisms evolved 

different respiratory systems suited to their 

environments and lifestyles. 

Some extract oxygen directly from water using 

gills. Others breathe air using lungs and must 

regularly return to the surface. A few organisms 

even absorb oxygen directly through their skin. 

Oxygen in Water: 

Why Is Underwater Breathing Difficult? 

Air contains far more oxygen than water. 

In addition: 

● oxygen moves more slowly through water,  

● and water is heavier to move across 

respiratory surfaces.  

This means aquatic organisms must often process 

large volumes of water to obtain enough oxygen. 

Environmental conditions also influence oxygen 

availability. Warm water generally contains less 

dissolved oxygen than cold water, which partly 

explains why climate change may affect marine 

respiration and survival. 

Research in marine physiology has shown that 

oxygen availability strongly influences organism 

behaviour, metabolism and species distributions. 

Marine Physiology 

Gills: 

Extracting Oxygen from Water 

Most fish and many marine invertebrates breathe 

using: 

Gills 

Gills are specialised respiratory organs containing 

thin surfaces rich in blood vessels. As water flows 

across these surfaces, oxygen diffuses into the 

bloodstream while carbon dioxide moves out. 

Because gills are delicate, many fish protect them 

using a structure called the: 

Operculum 

which covers the gill chamber. 

Fish must keep water moving continuously across 

their gills to maintain oxygen exchange. 



 

  

Fish Gill Structure & Gas Exchange 

 

Counter-current Exchange 

Many marine animals living in cold environments 

must prevent excessive heat loss. Counter-current 

exchange is a system where warm blood travelling 

from the body's core transfers heat to cooler blood 

returning from the limbs. This helps conserve 

body heat and allows animals such as tuna and 

some sharks to remain active in cold water. 

It is a highly efficient system where water flows 

across gills in one direction, while blood flows in 

the opposite direction.  Because of this 

arrangement, oxygen diffusion continues 

efficiently across the entire gill surface. This 

allows fish to extract much more oxygen from 

water than would otherwise be possible. 

Counter-current exchange is considered one of the 

most efficient respiratory adaptations in aquatic 

organisms. Counter-current Exchange 

Concept Clarifier 

If blood and water flowed in the same direction, 

oxygen transfer would slow much more quickly. 

Opposite-direction flow maintains a concentration 

gradient for efficient diffusion. 

Counter-current Exchange Mechanism 

Respiration in Sharks and Rays 

Many sharks and rays also use gills, but not all 

possess operculum like bony fish. 

Some sharks rely on: 

Ram Ventilation where swimming continuously 

forces water across the gills. This partly explains 

why certain shark species must keep moving to 

breathe effectively. Other sharks can actively 

pump water across their gills while resting. 

Lungs: 

Breathing Air Above the Ocean 

Marine mammals such as whales, dolphins and 

seals do not breathe underwater. 

Like humans, they possess lungs and must surface 

regularly to breathe air. 

Although these animals spend much of their lives 

underwater, they evolved from land-dwelling 

ancestors and retained air-breathing respiratory 

systems. 

Marine reptiles, including sea turtles and sea 

snakes, also breathe air using lungs. 

Diving Adaptations: 

Surviving Without Breathing for Long Periods 

Marine mammals possess remarkable adaptations 

allowing extended dives. 

These include: 

● large oxygen stores in blood and muscles,  

● slowed heart rates during dives,  

● and efficient oxygen use.  

A protein called: 

Myoglobin 

helps store oxygen in muscles. 

Deep-diving whales may remain underwater for 

more than an hour before resurfacing. 

Marine mammal physiology research has revealed 

extraordinary adaptations for oxygen storage and 

pressure tolerance during deep dives. Marine 

Mammal Physiology 

 



 

Whale Diving Adaptations 

Did You Know? 

Sperm whales may dive deeper than 2,000 metres 

while hunting squid in deep oceans. 

Blowholes: 

Did You Know? 

Why Do Whales Have Blowholes? 

Although they live in water, whales are mammals 

and must breathe air. A blowhole is actually a 

whale's nostril, located on top of its head. 

This special adaptation allows whales to surface, 

breathe quickly and dive again without lifting 

their entire heads above water. Different whale 

species may have one or two blowholes depending 

on their evolutionary history. 

When whales exhale, warm air and water vapour 

create the dramatic spray often seen above the 

ocean surface.  

 

Figure 2: Double blowhole of a Gray whale. 

 

Figure 3: Single blowhole of Atlantic bottlenose 

dolphin 

 

Figure 4: Cross section of Sperm Whale showing 

lungs, nasal passages, spermaceti, spermaceti 

organ and blowhole. 

Skin Breathing: 

Respiration Through the Body Surface 

Some smaller marine organisms absorb oxygen 

directly through their skin or body surfaces. 

This occurs in: 

● some worms,  

● jellyfish,  

● and small invertebrates.  

Because diffusion works efficiently only across 

thin surfaces, this method is usually limited to 

smaller organisms. 

Respiration in Extreme Environments 

Deep-sea and polar organisms face additional 

respiratory challenges. 

Cold water may contain more dissolved oxygen, 

but metabolism and environmental conditions 

differ greatly from shallow tropical waters. 

Some deep-sea organisms survive in low-oxygen 

environments where food and oxygen are both 

limited. 

Scientists continue studying how marine 

organisms respond to changing oxygen 

conditions, especially as climate change alters 

ocean chemistry and circulation. 



 

Hypoxia: 

When Oxygen Levels Become Too Low 

Regions with very low oxygen are called: 

Hypoxic Zones 

These areas may develop because of: 

● warming waters,  

● pollution,  

● nutrient runoff,  

● or reduced circulation.  

Some organisms can tolerate hypoxia better than 

others. 

Expanding low-oxygen regions are becoming an 

increasing concern in marine ecology and climate 

science.  

Comparing Marine Respiratory Systems 

Respiration and Survival 

Respiration influences: 

● habitat range,  

● behaviour,  

● movement,  

● and survival.  

An organism’s respiratory system is closely linked 

to: 

● activity level,  

● body size,  

● environment,  

● and evolutionary history.  

Fast-swimming predators require large oxygen 

supplies, while drifting jellyfish have much lower 

oxygen demands. 

Understanding respiration therefore helps explain 

why marine organisms live the way they do. 

Things to Remember 

1. Water contains less oxygen than air, 

making underwater respiration 

challenging.  

2. Most fish breathe using gills.  

3. Counter-current exchange improves 

oxygen uptake efficiency.  

4. Marine mammals breathe air using lungs.  

5. Some organisms absorb oxygen directly 

through their body surfaces.  

Key Terms 

Gill: Respiratory organ extracting oxygen from 

water 

Operculum: Protective covering over fish gills 

Counter-current exchange: Opposite-direction 

flow improving gas exchange 

Ram ventilation: Breathing mechanism requiring 

swimming movement 

Myoglobin: Oxygen-storing protein in muscles 

Hypoxia: Low-oxygen environmental condition 

Quick Quiz 

1. Why is underwater breathing difficult?  

2. What is the function of gills?  

3. How does  current exchange improve 

respiration?  

4. Why must whales surface regularly?  

5. What is hypoxia?  

SECTION 3: 

Feeding Strategies: 

How Do Marine Organisms Obtain Food? 

Every marine organism needs energy to survive. 

But oceans contain an enormous diversity of 

feeding strategies because different organisms 

occupy different ecological niches. 

Some species actively hunt prey, while others 

filter microscopic organisms from water. Some 

graze on algae, some scavenge dead material from 

the seafloor, and others survive through 

remarkable symbiotic relationships. 

Feeding strategies are closely linked to: 

● anatomy,  

● habitat,  

● movement,  



 

● and ecosystem role.  

Understanding how marine organisms feed helps 

explain how energy moves through marine 

ecosystems and why different body structures 

evolved. 

Filter Feeding: 

Feeding by Straining Water 

Some marine organisms feed by filtering tiny 

organisms or particles from water. 

This strategy is especially useful in oceans 

because plankton can occur in enormous numbers. 

Filter feeders move water across specialised 

feeding structures that trap food while allowing 

water to pass through. 

Examples include: 

● whale sharks,  

● baleen whales,  

● manta rays,  

● mussels,  

● and some sponges.  

Species Spotlight 

 

Baleen Whales: 

Giants Feeding on Tiny Organisms 

Blue whales are the largest animals known to have 

existed, yet they feed mainly on tiny crustaceans 

called krill. 

Instead of teeth, baleen whales possess: 

Baleen Plates 

These comb-like structures hang from the upper 

jaw. 

During feeding whales engulf huge volumes of 

water, force the water outward, and trap prey 

inside the mouth. This feeding method allows 

whales to exploit dense swarms of small 

organisms efficiently. 

Marine ecology research has shown that baleen 

whale feeding strongly influences nutrient 

movement and polar food webs. 

Species Spotlight 

 

 

Ocean and Reef Manta Rays 

All manta rays are filter feeders. Manta Rays are 

also known to do a movement called barrel rolls 

primarily as a highly efficient feeding strategy. 



 

 

Baleen Whale Filter Feeding 

Predation: 

Hunting in the Ocean 

Predators capture and consume other organisms. 

Marine predators evolved a wide range of 

adaptations for hunting, including: 

● speed,  

● camouflage,  

● sharp teeth,  

● venom,  

● and specialised sensory systems.  

Predation helps regulate marine food webs and 

population balance. 

Some predators actively chase prey, while others 

rely on ambush strategies. 

Sharks: 

Predators with Diverse Feeding Strategies 

Not all sharks feed in the same way. 

Some species hunt fish or marine mammals, while 

others feed on plankton. 

Shark teeth often reflect feeding style. 

For example: 

● great white sharks possess serrated teeth 

for cutting flesh,  

● while whale sharks possess tiny teeth 

because they filter feed.  

Research in shark ecology has shown that feeding 

adaptations vary greatly across species and 

habitats.  

Shark Feeding Adaptations 

Grazers: 

Feeding on Algae and Plants 

Some marine organisms feed mainly on algae or 

seagrasses. 

These grazers play important ecological roles 

because they help control algal growth and 

influence ecosystem balance. 

Examples include: 

● parrotfish,  

● sea urchins,  

● green turtles,  

● and dugongs.  

On coral reefs, herbivorous fish help prevent algae 

from overgrowing corals. 

Without grazers, reef ecosystems may change 

dramatically. 

Studies in coral reef ecology have shown that 

herbivorous fish are important for maintaining 

reef resilience and coral dominance. 

 

 

 



 

Species Spotlight 

 

Parrotfish: 

Reef Gardeners of the Ocean 

Parrotfish possess strong beak-like jaws that 

scrape algae from coral surfaces. 

While feeding, they may accidentally consume 

pieces of coral skeleton, later excreting fine sand. 

In some tropical regions, parrotfish contribute 

significantly to sand production on beaches. 

 

Parrotfish Grazing on Coral Reefs 

Scavengers: 

Recycling Dead Material 

Not all marine organisms hunt living prey. 

Scavengers feed on dead organisms or organic 

remains. 

Examples include: 

● crabs,  

● hagfish,  

● some sharks,  

● and many deep-sea organisms.  

Scavenging helps recycle nutrients through 

ecosystems. 

In deep oceans, where food may be scarce, 

scavengers play especially important ecological 

roles. 

Deposit Feeders: 

Feeding from Sediments 

Some organisms feed by extracting organic 

material directly from sediments. 

Sea cucumbers are well-known deposit feeders. 

As they consume sediments, they digest: 

● microorganisms,  

● organic particles,  

● and decaying matter.  

Deposit feeding helps recycle nutrients and 

maintain sediment ecosystems. 

Symbiotic Feeding Relationships 

Some marine organisms obtain nutrients through 

symbiosis. 

Corals, for example, depend heavily on 

microscopic algae living within their tissues. 

The algae photosynthesise and provide energy-

rich compounds to corals. 



 

In return, corals provide: 

● shelter,  

● nutrients,  

● and access to sunlight.  

This relationship supports entire coral reef 

ecosystems. 

Coral–Zooxanthellae Symbiosis 

Feeding in the Deep Sea 

Deep-sea organisms often face limited food 

availability. 

Some rely on: 

● marine snow,  

● scavenging,  

● or chemosynthetic ecosystems.  

Others possess specialised feeding adaptations 

such as: 

● expandable stomachs,  

● enormous mouths,  

● or bioluminescent lures.  

These adaptations help organisms survive where 

food is unpredictable. 

Did You Know? 

Some deep-sea fish can swallow prey nearly as 

large as themselves because food opportunities 

are so rare. Strategies such as cannibalism have 

also been recorded with some species.  

Feeding Strategies Reflect Habitat 

Feeding methods are closely connected to habitat 

and lifestyle. 

For example: 

● fast swimmers often pursue prey actively,  

● sessile organisms may filter food from 

currents,  

● and deep-sea scavengers rely on 

unpredictable food falls.  

An organism’s feeding strategy therefore provides 

clues about: 

● ecology,  

● behaviour,  

● anatomy,  

● and environmental conditions.  

Things to Remember 

1. Marine organisms use many different 

feeding strategies.  

2. Filter feeders strain tiny organisms from 

water.  

3. Grazers help maintain ecosystem balance 

in habitats such as coral reefs.  

4. Scavengers and deposit feeders recycle 

nutrients.  

5. Feeding strategies are closely linked to 

anatomy and habitat.  

Key Terms 

Filter feeding: Feeding by straining particles 

from water 

Predator: Organism that hunts other organisms 

Grazer: Organism feeding on algae or plants 

Scavenger: Organism feeding on dead material 

Deposit feeder: Organism feeding on organic 

matter in sediments 

Baleen: Keratin feeding structures in some whales 

Symbiosis: Close relationship between species 

Quick Quiz 

1. What is filter feeding?  

2. Why are parrotfish important on coral 

reefs?  

3. How do scavengers contribute to 

ecosystems?  

4. What is a deposit feeder?  

5. How does coral symbiosis support reef 

ecosystems? 

 

Movement & Buoyancy: 

How Do Marine Organisms Move and Stay 

Afloat? 



 

Movement underwater is very different from 

movement on land. 

Water is denser and creates much greater 

resistance than air. Marine organisms must 

therefore move efficiently while conserving 

energy. At the same time, many organisms also 

need to maintain buoyancy — the ability to 

remain suspended in water without constantly 

sinking or floating uncontrollably. 

Over millions of years, marine organisms evolved 

a remarkable variety of movement strategies 

suited to different habitats and lifestyles. 

Some glide through open oceans with minimal 

effort. Others crawl along the seafloor, drift with 

currents or propel themselves using jets of water. 

The structure of an organism’s body strongly 

influences how it moves. 

Streamlined Bodies: 

Reducing Drag in Water 

Water resistance is called: 

Drag 

To reduce drag, many fast swimmers possess 

streamlined body shapes. 

Tuna, dolphins and sharks all display: 

● tapered bodies,  

● smooth surfaces,  

● and narrow tail regions.  

These adaptations allow efficient movement 

through water with reduced energy expenditure. 

Hydrodynamic body design is one of the most 

important adaptations in marine locomotion. 

Research in biomechanics has shown that 

streamlined forms significantly reduce drag and 

improve swimming efficiency. Biomechanics 

 

 

Streamlined Marine Body Shapes 

Fins and Flippers: 

Controlling Movement 

Different marine animals use specialised 

structures for: 

● steering,  

● balance,  

● propulsion,  

● and stability.  

Fish possess fins supported by rays or spines. 

Marine mammals such as whales and seals 

possess flippers adapted from the limbs of 

terrestrial ancestors. 



 

Although fins and flippers look different, both 

help organisms move efficiently through water. 

Fish Fins: 

Different Fins, Different Functions 

Fish fins often perform specialised roles. 

The: 

● caudal fin (tail fin) provides propulsion,  

● dorsal fins improve stability,  

● pectoral fins help steering and 

manoeuvring.  

Fin shape may also reflect lifestyle. 

Fast open-ocean swimmers often possess crescent-

shaped tails that generate strong forward thrust. 

Fish Fin Functions 

Jet Propulsion: 

Moving by Expelling Water 

Some marine organisms move using: 

Jet Propulsion 

Squid and octopuses draw water into their bodies 

and force it outward through a funnel-like 

structure called a siphon. 

The expelled water pushes the animal in the 

opposite direction. 

Jet propulsion allows: 

● rapid acceleration,  

● sudden escape responses,  

● and agile movement.  

However, it requires considerable energy 

compared with steady swimming. 

Cephalopod locomotion is considered one of the 

most advanced movement systems among marine 

invertebrates.  

Buoyancy: 

Staying Afloat in Water 

Gravity constantly pulls organisms downward. 

To avoid sinking, many marine organisms evolved 

buoyancy mechanisms. 

Buoyancy allows organisms to: 

● maintain depth,  

● conserve energy,  

● and move efficiently through water.  

Different organisms solve this challenge in 

different ways. 

Swim Bladders: 

Gas-Filled Buoyancy Organs 

Many bony fish possess: 

Swim Bladders 

These internal gas-filled sacs help regulate 

buoyancy. 

By adjusting gas volume, fish can: 

● rise,  

● sink,  

● or remain suspended at particular depths.  

Without swim bladders, fish would need to swim 

constantly to avoid sinking. 

Swim Bladder Function 

Sharks: 

Buoyancy Without Swim Bladders 

Sharks lack swim bladders. 

Instead, they rely partly on: 

● large oil-rich livers,  

● lift generated while swimming,  

● and body design.  

The oils within shark livers are less dense than 

water, helping improve buoyancy. 

Some sharks must keep swimming continuously 

to maintain lift and ventilation. 



 

Marine Mammals: 

Powerful Swimmers 

Whales and dolphins move using strong tail flukes 

that move up and down. 

This differs from fish, whose tails usually move 

side to side. 

Marine mammal swimming is highly energy-

efficient, especially during long migrations. 

Research in marine biomechanics has shown that 

body flexibility and tail design strongly influence 

swimming efficiency in marine vertebrates. 

Marine Biomechanics 

Gliding and Drifting 

Not all marine organisms swim actively. 

Jellyfish often drift with currents while pulsing 

their bodies gently for movement. 

Some plankton remain suspended because of: 

● tiny size,  

● body projections,  

● and water resistance.  

Sea turtles may alternate between active 

swimming and long-distance gliding to conserve 

energy. 

Did You Know? 

Leatherback sea turtles can migrate thousands of 

kilometres across oceans while using surprisingly 

energy-efficient swimming strategies. 

Movement in Different Habitats 

Movement strategies often reflect habitat 

conditions. 

Open-ocean predators require sustained efficient 

swimming. 

Coral reef fish need rapid manoeuvrability among 

complex structures. 

Seafloor organisms may crawl, burrow or remain 

attached to surfaces. 

Movement therefore reflects: 

● ecology,  

● habitat,  

● body structure,  

● and evolutionary history.  

Pressure and Depth 

Deep-diving organisms also face challenges from 

increasing pressure. 

Some fish possess flexible structures that tolerate 

pressure changes better than gas-filled organs such 

as swim bladders. 

Marine mammals collapse parts of their lungs 

during deep dives to reduce pressure-related 

damage. 

Scientists continue studying how marine 

organisms withstand extreme underwater 

environments. 

Things to Remember 

1. Water creates drag, making movement 

underwater challenging.  

2. Streamlined bodies reduce resistance and 

improve swimming efficiency.  

3. Different fins perform different movement 

functions.  

4. Squid move using jet propulsion.  

5. Many fish regulate buoyancy using swim 

bladders.  

Key Terms 

Drag: Resistance created by movement through 

water 

Streamlined body: Shape reducing resistance 

during movement 

Jet propulsion: Movement produced by expelling 

water 

Buoyancy: Ability to remain suspended in water 

Swim bladder: Gas-filled organ regulating 

buoyancy in many fish 

Hydrodynamics: Study of movement through 

fluids 



 

Quick Quiz 

1. Why are streamlined bodies useful 

underwater?  

2. What is the function of a swim bladder?  

3. How does jet propulsion work?  

4. Why do sharks not require swim bladders?  

5. How do whale tails differ from fish tails?  

SECTION 5: 

Sensory Systems & Communication: 

How Do Marine Organisms Detect and 

Respond to Their Environment? 

Marine environments can be difficult places to 

navigate. 

Light decreases rapidly with depth, water may be 

cloudy, and sound behaves differently underwater 

compared with air. Some organisms live in 

complete darkness, while others migrate across 

vast open oceans with few visible landmarks. 

To survive in these conditions, marine organisms 

evolved highly specialised sensory systems that 

help them: 

● find food,  

● avoid predators,  

● navigate,  

● communicate,  

● and detect environmental changes.  

Some marine senses are similar to our own, while 

others are almost impossible for humans to 

experience directly. 

Vision: 

Seeing Underwater 

Many marine organisms rely heavily on vision. 

However, seeing underwater presents challenges 

because: 

● water absorbs light,  

● colours disappear with depth,  

● and suspended particles reduce visibility.  

Different wavelengths of light disappear at 

different depths. Red light disappears quickly, 

while blue light penetrates much farther. 

This is why many deep-water environments 

appear blue. 

Marine organisms often possess eye adaptations 

suited to their habitats. 

Deep-sea species may have: 

● extremely large eyes,  

● highly light-sensitive retinas,  

● or tubular eyes adapted for dim conditions.  

Species Spotlight 

 

Giant Squid: 

Eyes Built for Darkness 

Giant squid possess some of the largest eyes in the 

animal kingdom. 

These enormous eyes help detect faint light and 

movement in deep ocean environments where 

sunlight is extremely limited. 

Large eyes may improve the ability to detect 

predators such as sperm whales in darkness. 

Research in deep-sea biology suggests eye size 

strongly influences survival in low-light marine 

environments. 



 

Marine Vision & Light Penetration 

The Lateral Line: 

Detecting Vibrations in Water 

Most fish possess a sensory system called the: 

Lateral Line 

This system consists of tiny fluid-filled canals 

running along the sides of the body. 

The lateral line detects: 

● vibrations,  

● water movement,  

● and pressure changes.  

It helps fish: 

● avoid collisions,  

● coordinate schooling,  

● detect predators,  

● and locate prey.  

Even in dark or murky water, fish may sense 

nearby movement using this system. 

The lateral line is considered one of the most 

important sensory adaptations in aquatic 

vertebrates. Fish Biology 

 

 

Fish Lateral Line System 

Echolocation 

Seeing with Sound 

Some marine mammals use: Echolocation 

Dolphins and some whales produce sound waves 

that travel through water and bounce off 

surrounding objects. 

By interpreting returning echoes, these animals 

can determine: 

● distance,  

● size,  

● shape,  

● and movement.  

Echolocation is especially useful in: 

● dark waters,  

● deep environments,  

● and during hunting.  

Sound travels much faster and farther in water 

than in air, making acoustic communication 

extremely important in oceans. 

Marine mammal research has shown that dolphins 

possess highly sophisticated acoustic processing 

abilities. Marine Mammal Science 
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Dolphins 

Hunters Using Sound 

Dolphins produce clicking sounds through 

specialised structures within their heads. 

Fat-filled tissues called the Melon helps focus 

sound waves. Returning echoes are interpreted by 

the brain, allowing dolphins to detect prey even in 

murky water. 

 

Dolphin Echolocation 

Electroreception: 

Detecting Electrical Signals 

Some marine organisms can detect weak electrical 

fields produced by other animals. Sharks and rays 

possess specialised sensory organs called 

Ampullae of Lorenzini 

These jelly-filled pores around the head detect 

tiny electrical signals generated by muscle 

movement and nerve activity. Electroreception 

helps sharks locate hidden prey and hunt them. 

Electroreception is among the most sensitive 

biological detection systems known in vertebrates. 

Shark Electroreception 

Chemical Sensing: 

Detecting Chemicals in Water 

Many marine organisms rely strongly on chemical 

cues. 

Chemical sensing helps organisms: 

● locate food,  

● identify mates,  

● avoid predators,  

● and recognise habitats.  

Sharks are particularly well known for their 

sensitive sense of smell. 

Some species can detect extremely small 

concentrations of chemicals in water. 

Sea turtles may also use chemical and magnetic 

cues during long migrations. 

Bioluminescence: 

Communication Through Light 

Many deep-sea organisms produce light through 

bioluminescence 

This light may be used for: 

● attracting prey,  

● communication,  

● camouflage,  

● or defence.  

In deep oceans, bioluminescence is one of the 

most important forms of visual signalling. Some 

squid and fish species even produce flashing 

patterns for communication. 

Did You Know? 

Certain deep-sea fish possess glowing lures that 

function like fishing rods for attracting prey like 

the angler fish. 

Communication in Oceans 

Marine organisms communicate in many ways, 

including: 

● sound,  

● body movements,  

● colour changes,  

● chemicals,  

● and light.  

Whales produce songs that may travel enormous 

distances underwater. 



 

Octopuses rapidly change skin colour for 

signalling and camouflage. 

Some reef fish display warning colours or 

territorial behaviours. 

Communication helps organisms: 

● attract mates,  

● defend territory,  

● coordinate groups,  

● and avoid conflict.  

Sensory Adaptations Reflect Habitat 

Sensory systems often reflect environmental 

conditions. 

Deep-sea organisms may rely less on vision and 

more on: 

● light production,  

● vibration detection,  

● or chemical sensing.  

Open-ocean predators require systems supporting 

long-distance navigation and prey detection. 

Coral reef species often depend heavily on colour 

vision and visual signalling. 

Sensory biology therefore helps explain how 

organisms survive within different marine 

habitats. 

 

Things to Remember  

Marine environments create unique sensory 

challenges.  

1. Fish use lateral lines to detect vibrations 

and water movement.  

2. Dolphins use echolocation to interpret 

their surroundings through sound.  

3. Sharks can detect electrical fields using 

ampullae of Lorenzini.  

4. Bioluminescence is important for 

communication and survival in deep 

oceans.  

 

Key Terms 

Lateral line: Sensory system detecting water 

movement and vibrations 

Echolocation: Detecting surroundings using 

reflected sound waves 

Electroreception: Detection of electrical fields 

Ampullae of Lorenzini: Electroreceptive organs 

in sharks and rays 

Bioluminescence: Production of light by living 

organisms 

Chemical cues: Signals detected through 

dissolved chemicals 

 

Quick Quiz 

1. Why is vision challenging underwater?  

2. What is the function of the lateral line?  

3. How does echolocation work?  

4. What are ampullae of Lorenzini?  

5. Why is bioluminescence important in deep 

oceans? 

SECTION 6: 

Growth, Development & Reproduction: 

How Do Marine Organisms Grow and 

Reproduce in Oceans? 

For marine organisms, survival does not end with 

finding food or avoiding predators. Every species 

must also reproduce successfully to ensure the 

continuation of future generations. 

Oceans present unique reproductive challenges. 

Currents can carry eggs and larvae far away, 

predators may consume young organisms, and 

mates may be difficult to locate in vast marine 

environments. As a result, marine organisms 

evolved an extraordinary diversity of reproductive 

and developmental strategies. 

Some species produce millions of eggs with little 

parental care, while others invest heavily in 

protecting a few offspring. 



 

Understanding marine reproduction helps explain: 

● life cycles,  

● population dynamics,  

● migrations,  

● and ecosystem connectivity.  

Sexual and Asexual Reproduction 

Most marine organisms reproduce sexually, 

meaning offspring inherit genetic material from 

two parents. 

Sexual reproduction increases genetic variation, 

which may improve survival in changing 

environments. 

Some marine organisms, however, can also 

reproduce: 

Asexually 

In asexual reproduction, offspring develop from a 

single parent without fertilisation. 

This occurs in some: 

● corals,  

● sponges,  

● sea anemones,  

● and jellyfish.  

Asexual reproduction may allow rapid population 

growth under favourable conditions. 

External Fertilisation: 

Reproduction in Open Water 

Many marine organisms use: 

External Fertilisation 

Eggs and sperm are released into surrounding 

water, where fertilisation occurs outside the body. 

This strategy is common in: 

● many fish,  

● corals,  

● sea urchins,  

● and other invertebrates.  

Because many eggs may never survive, species 

using external fertilisation often produce 

enormous numbers of gametes. 

Ocean currents play important roles in dispersing 

eggs and larvae. 

Marine reproductive ecology research has shown 

that timing and environmental conditions strongly 

influence reproductive success in externally 

spawning species. 

 

 

External Fertilisation in Fish 

Coral Spawning: 

Synchronized Reproduction 

Some coral species reproduce through remarkable 

mass spawning events. 

At certain times of year — often linked to: 

● temperature,  

● lunar cycles,  

● and daylight —  

many corals release eggs and sperm 

simultaneously into the water. 

This synchronisation increases the chances of 

fertilisation. 

Mass coral spawning events are among the most 

spectacular reproductive phenomena in marine 

ecosystems. 



 

Research in coral biology has shown that 

environmental cues strongly influence spawning 

synchrony. Coral Biology 
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Corals: 

Animals That Reproduce in Massive Ocean 

Events 

During spawning events, reefs may appear filled 

with floating pink or white bundles containing 

eggs and sperm. 

These events may involve hundreds of coral 

species reproducing over short periods. 

 

 

 

Coral Mass Spawning 

Internal Fertilisation: 

Reproduction Inside the Body 

Some marine organisms use: 

Internal Fertilisation 

In this strategy, fertilisation occurs inside the body 

of the parent. 

Internal fertilisation is common in: 

● sharks,  

● marine mammals,  

● sea turtles,  

● and many cephalopods.  

This method often improves offspring survival 

because embryos receive greater protection during 

development. 

Sharks: 

Diverse Reproductive Strategies 

Sharks display several reproductive modes. 

Some lay eggs enclosed in protective cases called: 

Mermaid’s Purses 

Others give birth to live young. 

Some shark embryos even develop within the 

mother using structures similar to placentas. 

Shark reproduction is generally slower than 

reproduction in many bony fish. Many species: 

● mature late,  

● produce fewer offspring,  

● and invest more energy in each young 

organism.  

This partly explains why many shark populations 

recover slowly from overfishing. 



 

 

Shark Reproductive Strategies 

Larvae and Metamorphosis: 

Growing Through Different Life Stages 

Many marine organisms undergo dramatic 

developmental changes during life. 

Young stages are often called: 

Larvae 

Larvae may look completely different from adults. 

This helps reduce competition between life stages 

because larvae and adults may: 

● feed differently,  

● occupy different habitats,  

● or disperse through currents.  

Metamorphosis: 

Transforming into Adult Forms 

Some organisms undergo: 

Metamorphosis 

during development. 

For example: 

● sea stars,  

● crabs,  

● barnacles,  

● and many fish  

change body structure significantly as they 

mature. 

Marine developmental biology research has 

shown that larval stages play major roles in 

dispersal and population connectivity. 

Developmental Biology 

 

Sea Turtle Life Cycle 

Parental Care: 

Protecting the Next Generation 

Levels of parental care vary greatly in marine 

organisms. 

Many fish release eggs and provide no further 

protection. 

Other organisms invest heavily in caring for 

offspring. 

Examples include: 

● octopuses guarding eggs,  

● male seahorses carrying embryos,  

● whales nursing calves,  

● and some fish protecting nests.  

Parental care may improve survival but usually 

requires greater energy investment. 
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Seahorses 

Fathers That Carry the Young 

In seahorses, males carry developing embryos 

within a specialised brood pouch. 

The male later releases fully formed young into 

the water. This unusual reproductive strategy is 

rare among vertebrates. 

 

Migration and Reproduction 

Many marine species migrate to reproduce. 

Examples include: 

● sea turtles returning to nesting beaches,  

● salmon migrating between rivers and 

oceans,  

● and whales travelling between feeding and 

breeding grounds.  

These migrations may span thousands of 

kilometres. 

Scientists continue studying how marine 

organisms navigate across oceans with remarkable 

accuracy. 

 

Did You Know? 

Sea turtles show nesting site fidelity. This means 

the females return to nest on the same beaches 

where they hatched decades earlier. 

 

Survival Challenges for Young Marine Life 

Marine larvae and juveniles face enormous risks. 

Predators, currents and environmental conditions 

may kill large numbers of offspring. 

This is one reason why many marine organisms 

produce extremely large numbers of eggs. 

Only a small fraction may survive to adulthood. 

 

Reproduction and Conservation 

Understanding reproduction is extremely 

important for marine conservation. 

Scientists study: 

● breeding seasons,  

● nursery habitats,  

● migration routes,  

● and life cycles  

to help protect vulnerable species. 

Disturbing reproductive habitats may strongly 

affect population recovery. 

 

Things to Remember  

1. Marine organisms use diverse reproductive 

strategies.  

2. External fertilisation occurs outside the 

body in water.  

3. Many marine organisms undergo larval 

stages and metamorphosis.  

4. Some marine animals provide extensive 

parental care.  

5. Reproduction strongly influences 

population survival and conservation.  



 

 

Key Terms 

External fertilisation: Fertilisation occurring 

outside the body 

Internal fertilisation: Fertilisation occurring 

inside the body 

Larva: Early developmental stage differing from 

adult form 

Metamorphosis: Major body transformation 

during development 

Oviparous: Egg-laying reproductive strategy 

Viviparous: Giving birth to live young 

Parental care: Behaviour protecting offspring 

 

Quick Quiz 

1. What is external fertilisation?  

2. Why do many marine organisms produce 

large numbers of eggs?  

3. What is metamorphosis?  

4. Why are shark populations often slow to 

recover?  

5. How do seahorses differ from most other 

fish in reproduction
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