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PREFACE 

Marine Science and Technology is a rapidly evolving field that 

plays a crucial role in understanding, protecting, and utilizing 

the vast resources of the world’s oceans. The integration of 

scientific research and technological innovation has 

transformed our knowledge of marine ecosystems, ocean 

engineering, coastal management, and sustainable utilization of 

marine resources. This book aims to provide a comprehensive 

understanding of Marine Science and Technology, serving as 

an essential resource for students, researchers, and 

professionals in the field. 

This book covers both fundamental and advanced topics, 

including marine biodiversity, Ocean Current, Divisions of 

Marine Environment, Marine Microorganisms (Viruses, 

Bacteria, Fungi, Protozoans, Microalgae), Biofouling, Role of 

Probiotics in Aquaculture, Eyestalk ablation, Chromosomal 

Manipulation in Fishes and Transgenic fish production. 

This book is designed to support students pursuing studies in 

marine sciences, ocean engineering, environmental sciences, 

biotechnology, and allied disciplines, as well as professionals 

engaged in marine research, coastal development, and ocean-

based industries. 

It is my sincere hope that this book serves as a valuable source 

of knowledge and inspiration, encouraging future innovations 

and sustainable practices in Marine Science and Technology 

for the benefit of humanity and the preservation of our oceans 

                                                                                                                          

Mrs. Shinuja.S 
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1.Marine Ecosystem  

What is a Marine Ecosystem? 

Marine ecosystems take over about seventy-one 

percent (71%) of Earth’s surface area and are hence the 

biggest aquatic system on this planet. The highest 

concentrations of dissolved salts are observed here, which 

characterizes it from freshwater ecosystems. Generally, Marine 

ecosystems have about 3.5% dissolved salts which amounts to 

approximately thirty-five grams (35 g) per liter of seawater. 

This is important in terms of life on earth since these 

ecosystems provide many services as well as support various 

forms of biodiversity 

Components of Marine Ecosystem 

Like other ecosystems, marine ecosystems have many 

components that resemble a web-like structure held together by 

movements in ecological balance and functionality. Such 

systems are characterized by both biotic or living (animals and 

plants) and abiotic or non-living aspects that cooperate to form 

an ecosystem. Abiotic Components: Non-living components 

that regulate the environment and its organisms form crucial 

parts of marine ecosystems known as abiotic elements. 

 
 

https://microbenotes.com/biotic-factors/
https://microbenotes.com/biotic-factors/
https://microbenotes.com/abiotic-factors/
https://microbenotes.com/ecosystem-definition-structure-factors-types-functions/
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Abiotic Components of Marine Ecosystem 

The factors associated with this element include:  

1) Water Chemistry 

2) Ocean Geography 

3) Solar Energy 

4) Ocean Current 

5) Aerial Exposure 

6) Nutrient availability 

7) Tides and Waves 

1. Water Chemistry 

Water Chemistry is a broad term for the many chemical 

attributes of seawater that have an impact on marine life and 

ecological processes. Seawater comprises 96.5% water, 2.5% 

salts, and other substances in a complex mixture. In freshwater, 

seawater contains more dissolved ions; the major cations are 

sodium (Na+), chloride (Cl−), sulfate (SO42-), magnesium ion 

(Mg2+) calcium (Ca2+), and potassium (K+). In the same way, 

major cations such as chloride (Cl−) and sulfate (SO42-) have 

been observed. Different properties in the Water Chemistry 

may include: 

a) Salinity 

b) Density 

c) pH 

d) Sound in water 

e) Thermal properties 

f) Gases in Seawater 

g) Viscosity 

a) Salinity: Salinity is defined as the amount of salts present in 

seawater that affect processes related to osmoregulation among 

different organisms living in it. They need to keep their body 

fluids constant against varying environmental conditions. A 

salinometer measures salinity through either electrical 
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conductivity measurements or optical properties of seawater. 

To survive marine organisms need to control their internal salt 

and water balance. Physiological mechanisms differ for species 

that are adapted to stable osmotic salinity conditions (e.g., 

oceanic fish) compared with those inhabiting fluctuating 

osmotic environments (e.g., estuarine species). 

b) Density: Density is the mass of seawater per unit volume, 

usually given in kilograms per cubic meter (kg/m³). The 

average density of seawater is approximately 1.025 kg/m³, but 

it may differ on account of several factors. Colder water 

densifies more than warmer water as temperature decreases 

because water molecules move less and thus pack more closely 

together.   

c) pH: The availability of essential nutrients and the health of 

marine organisms depends on seawater pH levels. Most marine 

organisms thrive under stable pH ranges of around 8.1 to 8.3. 

The ocean’s average pH ranges around 8.1, which means that 

it is basic or alkaline due to weak acids and buffers that resist 

change in acidity level (additions of H+ ions). This alkaline 

characteristic is because the oceans also consume dissolved 

mine5c0020rals from groundwater, raising their pH levels. 

Therefore, any substantial fluctuations in the ocean’s pH result 

in an acidic environment known as ocean acidification. 

d) Sound in Water: In the marine ecosystem, sound is a vital 

abiotic factor that influences the communication, and 

navigation of marine creatures as well as prey-predator 

relationships and choice of habitat. In water sound transfers 

faster – about 1,500 meters per second compared to an average 

of thirty-three hundred meters per second in air due to 

increased density. For instance, whales, dolphins, and seals are 

marine mammals that utilize sound for communication while 
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others such as dolphins use it for echolocation and navigation. 

Moreover, dolphin species can use echolocation to find food. 

e) Thermal Properties: The temperature of water in seawater 

ranges from the warm tropical waters near the equator down to 

the polar freezing regions. The polar regions drop as low as -

2°C, while the tropics hover at about 25-30°C. Such 

temperature differences, therefore, form distinct marine 

habitats that support different kinds of organisms. The surface 

layer is in direct contact with solar radiation and atmospheric 

conditions to make it have relatively warm temperatures. 

Below the surface layer, there is a thermocline, which is the 

zone where temperature decreases with depth very rapidly. The 

thermocline behaves as a barrier to the mixing of surface 

waters with deeper, colder waters. At the bottom of the 

thermocline, the deep ocean has a constant low temperature 

that usually ranges from 0 to 4°C. Global warming causes an 

increase in ocean temperatures, resulting in the following 

ecological effects: 

Coral Bleaching: When sea temperatures rise, this stresses the 

coral, causing it to bleach—a process in which the corals 

release the symbiotic algae living in their tissues, turning them 

white and further killing the coral. 

f) Gases in Seawater 

Gases, including oxygen, carbon dioxide, and nitrogen, along 

with others, all have an important role in supporting marine 

life, controlling biogeochemical cycles, and, in general, 

affecting the health of an ocean.  

Gases in solubility are influenced by temperature. For example, 

when it comes to oxygen, 8.1 ml is dissolved per liter of water 

at 0°C. However, this dramatically plunges to 5.3 ml per liter 

at 20°C. Some marine life organisms, like worms, snails, and 

crabs, are burrowers into the mud or sand and therefore have 
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smaller respiratory needs than other larger swimming 

organisms, such as fish that are swimming rapidly. Low 

dissolved oxygen is an average indication of pollution and 

heightened activity among decomposers. Middle to high 

oxygen levels mean the system is in good health and there is a 

balance between rates of oxygen production (photosynthesis) 

and oxygen consumption (respiration). 

Carbon dioxide, on the other hand, is significantly more 

soluble than oxygen and is not affected by temperature, being 

8,700 ml/l at 0°C, and 7,350 ml/l at 20°C, respectively. 

Approximately 25-30% of CO2 produced from human 

activities either from the combustion of fossil fuels or 

deforestation of the environment is sequested in the oceans. 

Acidification depletes the number of carbonate ions (CO3
2- ) 

required to deposit calcium carbonates in the shells of marine 

organisms 

Methane (CH₄) is another gas that is fairly soluble in seawater, 

with approximately 558 ml per liter dissolving at 0°C under 

high pressure (found at depths 500-1000 m) and low 

temperature (below 4°C), methane forms a solid known as 

methane clathrate. In other words, it is a crystal structure that 

traps methane in the water. These methane clathrate deposits 

are formed over long periods and are not in equilibrium with 

the dissolved methane; they can easily release a huge amount 

of flammable methane whenever they melt. The rise of 

seawater temperatures provokes the melting of methane 

clathrate, releasing more methane into the environment. 

g) Viscosity 

Viscosity, or the resistance to movement in water is another 

very relevant parameter in how different organisms move in the 

ocean. Movement is measured by something called a Reynolds 

number, Re, which is the ratio of inertial forces, that is, the 
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tendency of an object to keep on moving, against viscous 

forces. 

Large Re: An organism is large or the current is high in velocity, 

so inertial forces dominate, resulting in turbulent flow. For 

example, large fish, whales, and submarines move through 

water at high Reynolds numbers of about 100 to 10⁸. Under 

these circumstances, inertial forces hold sway, making the 

water flow turbulent and creating eddies and vortices quite 

easily. 

Low Re: In organisms of small size or with very weak currents 

viscosity dominates, and flow is smooth and laminar. Drifting 

plankton are very small, typically experiencing low Re from 

0.001 to 10. Water behaves as a thick viscous liquid—think 

swimming in honey—at these values, and movement becomes 

very slow and drag-dominated with reversible flows. 

2. Ocean Geography 

Ocean geography refers to the physical features and layout of 

the ocean’s surface and floor. It influences the distribution of 

marine habitats, the availability of nutrients, the flow of ocean 

currents, and the overall health and productivity of marine 

ecosystems.  

Studying the depth and shape of the ocean floor is called 

bathymetry which is mapping the underwater topography, 

including features like continental shelves, slopes, abyssal 

plains, seamounts, and trenches. It influences ocean currents, 

sediment distribution, and habitat availability. For example, 

deep trenches create environments with high pressure and low 

temperatures, while shallower continental shelves are more 

conducive to life due to increased light and nutrient 

availability. 
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The ocean can be divided into three zones based on distance 

from shore and depth (Zonation). Based on the distance from 

the shore zones include the following 

• Intertidal zone: Area between high and low tide. During 

the high tide, it is covered with water, and during low tide, 

it dries and is exposed to air.  

• Neritic zone: Area over the continental shelf up to 200-500 

meters deep where many organisms live due to the 

availability of nutrients. 

• Oceanic Zone: Beyond the extent of the continental shelf 

lies the oceanic zone, which comprises the vast open 

ocean. Nutrient is sparse in this area and fewer organisms 

live. 

Based on the depth, the Ocean can be divided into the 

following zones 

• Photic Zone: The top layer, with penetration of sunlight to 

allow photosynthesis. 

• Bathyal Zone: Deep areas below the photic zone with less 

light; this is also called the mesopelagic zone. 

• Abyssal Zone: Even deeper, completely dark and cold. 

• Hadal Zone: This refers to the deepest parts of the ocean, 

including ocean trenches. 

• Example: Due to tides, the intertidal zone has fluctuating 

conditions; the deep oceanic zone is permanently dark, 

with high pressures, and supports specially adapted 

species. 

3.Solar Energy 

• Solar energy arrives in the form of radiant heat and light to 

Earth, therefore being the main source of energy. It acts as 

the principal controller for living organisms and, 

simultaneously, some physical processes that are 

independent, like ocean currents and climatic patterns. 
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• It is in this upper layer, called the photic zone and 

extending into the ocean to depths of only about 200 meters 

(656 feet), that the vast majority of the solar energy is 

captured. 

• Algae and phytoplankton form the base of the marine food 

web, acting as primary producers in the photic zone. They 

absorb sunlight and store it, through photosynthesis, as 

energy in the form of carbohydrates. These stored 

carbohydrates then become the base food for all life in the 

ocean. 

Ocean Current 

Ocean currents are the continuous, dominant movements of 

seawater, driven by forces that include wind, the Coriolis 

effect, waves, and water temperature and salinity gradients. 

The Coriolis effect leads to the phenomenon of the deflection 

of objects moving over the Earth’s surface towards the right in 

the Northern Hemisphere and towards the left in the Southern 

Hemisphere, including ocean currents. Probably the most 

important of these is what is referred to as the Global Conveyor 

Belt or, more technically, thermohaline circulation (THC). This 

is brought about by density differences that result from changes 

in water temperature and salinity. Such circulation carries 

warm water from around the equator towards the poles, where 

it cools down, sinks, and moves back, thus mixing ocean basins 

and influencing global climate. Examples include the Gulf 

Stream and the Humboldt Current. The Gulf Stream is a warm 

current, so those regions experiencing this current are warmer. 

e.g., Northwest Europe, milder than other locations at the same 

latitude. The Humboldt Current is a cold current that makes 

coastal areas of Peru cooler than other tropical regions. 
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5. Aerial Exposure 

Aerial exposure refers to the state of marine organisms, mainly 

those of the intertidal zone, being exposed to air. This affects 

the survival, distribution, and behavior of such organisms in 

numerous ways, most of which can be harmful. It creates huge 

changes in temperature fluctuations to survive, and an 

organism has to bear it. For example, barnacles and mussels 

develop features that prevent overheating or freezing in case 

they are exposed to direct sunlight or cold air. Similarly, crabs; 

on the other hand, aerial exposure refers to the condition where 

marine organisms are exposed to air, which might prove 

harmful. 

6. Nutrient availability 

Nutrients are substances needed by an organism for growth and 

life. The nutrients are nitrogen, phosphorus, carbon, iron, 

sulfur, potassium, and magnesium. Nutrients are required in the 

synthesis of molecules such as DNA, proteins, and 

carbohydrates.  

Areas having tropical water have low nutrient levels, like in the 

case of the tropical coral reefs. 

Areas with the temperate waters near the continental shelf have 

high nutrient levels. During upwelling, deep nutrient-rich 

water is brought up to the surface of the ocean because of the 

winds blowing across the coast or open ocean. The sunlight 

allows the plants and algae to grow on replaced surfaces, which 

are rich with nutrients; hence, high productivity and more 

nutrient cycling. Also, downwelling specimens allow surface 

water to plunge into the deeper layers of the ocean. While they 

sink back to the base again to replenish the bottom sediments, 

the Nutrient cycle continues. 
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7. Tides and Waves 

Tides are periodic rising and falling of sea level due to the 

gravitational pull of the moon and the sun. They occur in 

cycles, usually twice a day, semi-diurnal, or once a day, diurnal. 

Tides distribute nutrients and clear waste. Since they go in and 

out, they bring in nutrients from the ocean and take away 

waste; hence, they contribute to the productivity of the 

intertidal and coastal ecosystems. Essentially, the ocean areas 

most affected by tides include all coastal components, 

particularly salt marshes, mudflats, rocky shores, and sandy 

shores. 

The wind produces tides. It is as a result of this that waves form 

and start hitting the shore with varying intensity, thus causing 

the erosion of the shores, moving sediments, and forming 

habitats. 

Waves thus have a physically stressful impact on coastal and 

intertidal organisms. Species must therefore be highly 

specialized to withstand strong wave action and the resulting 

changes in water levels. Some are even specially adapted to 

counter the force of breaking waves. Many bury themselves in 

the sand, while others have characteristics that allow them to 

grip rocks. 

8. Substrate 

Substrate means the type of surface or material on the ocean 

floor or shore where marine organisms live. It is one of the 

habitats of different kinds of marine life. Substrates could be in 

the form of a natural object like sand, clay, or coral reef, or an 

artificial object like a shipwreck, or a metal object. All 

Coelenterates start their life as free-floating plankton and 

attach to a substrate to survive. The attached sea anemone 

provides a site for the protection of fish and invertebrates from 

their predators. 
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Biotic Components of Marine Ecosystem 

Biotic components include all the living components of marine 

ecosystems. These constitute organisms that interact with each 

other and their environment in a very complex manner to create 

nature’s balance. Concerning habitat and mobility, marine 

organisms may be divided into: Plankton, Nekton, and Benthic 

organisms. 

1. Planktons 

Planktons refer to those organisms that possess limited or no 

mobility due to their floating characteristic and are transported 

by the currents of oceans. The term is derived from the Greek 

word “planktos” meaning drifter. They are situated in the 

pelagic zone of the ocean which is the largest habitat on the 

Earth. Planktons can be as tiny as less than 1 micrometre to 

several metres as witnessed in the case of Jellyfish. 

Based on the photosynthetic ability, plankton can be classified 

into Phytoplankton and Zooplankton. 

a. Phytoplankton 

Phytoplanktons are microscopic and capable of photosynthesis 

in the marine ecosystem, being the major producer of Earth’s 

Oxygen. They can convert carbon dioxide and water into 

energy-rich organic compounds and oxygen; they are 

autotrophic. The key examples of Phytoplankton are Diatoms, 

Dinoflagellates, and Cyanobacteria. 

• Diatoms: This phytoplankton group is distinctly different 

due to their cell wall being made up of silica, which forms 

an intricate structure resembling glass, commonly called 

frustules. They are the most photosynthetically active 

phytoplankton. It has various shapes, such as a cylinder, 

triangle, and circle, and most of them with symmetrical 

patterns. The diversity in their form adds up to their wide 

https://microbenotes.com/cyanobacteria/


12 | P a g e  

 

distribution in both marine and freshwater environments. 

Examples: Skeletonema, Nitzschia 

• Dinoflagellates: They are protists with two flagella. One 

encircles the cell, the transverse flagellum and the other 

extends along the long axis, the longitudinal flagellum. 

Only a few species of Dinoflagellates are bioluminescent, 

like Alexandrium. They can form harmful algal blooms. 

Example: Alexandrium, Symbiodinium. 

• Cyanobacteria: These are gram-negative, photosynthetic, 

and autotrophic organisms capable of fixing atmospheric 

nitrogen into usable forms by other organisms; hence, they 

are very important in nutrient cycling in aquatic 

environments. Examples include Synechococcus, 

Prochlorococcus, and Trichodesmium. 

b. Zooplankton 

Zooplankton are heterotrophic organisms that mostly feed on 

other plankton or organic matter. They act as the primary 

consumer chain of the food web in a marine ecosystem. 

Zooplankton varies much in size ranging from the microscopic 

form, copepods to large forms like jellyfish. They either 

possess swimming or drifting motility to move from one place 

to another. Copepods swim with their antennae, while jellyfish 

are passively carried by ocean currents.  

Other ways to divide zooplankton are by their size or stage in 

life 

By Size: 

• Picoplankton: Less than 2 micrometers (tiny, often 

bacteria). 

• Nanoplankton: 2-20 micrometers (small, like tiny algae). 

• Microplankton: 20-200 micrometers (small, like some 

small crustaceans). 
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• Mesoplankton: 0.2-20 millimeters. This includes most of 

the small jellyfish and many of the larvae of fish. 

• Megaplankton: More than 200 millimeters. That’s 

enormous. Examples might include some large jellyfish. 

By Developmental Stage: 

• Meroplankton: This is the larval stage of animals that will 

grow into different kinds of creatures like fish, crabs, or 

insects. They are only plankton for part of their life. 

• Holoplankton: These remain plankton their entire life. 

This includes small creatures like copepods, jellyfish, and 

certain types of shrimp-like animals. 

The following are the types of Zooplankton living in the 

marine ecosystem: 

• Protists: They are small organisms, like algae, which 

photosynthesize their food and form the base of the web of 

life. The other kind of protist is animal-like; this includes 

protozoa like amoebas and ciliates that consume bacteria 

and other small living organisms. Some, 

like Foraminifera, have hard shells and help to form 

sediments in the ocean. 

• Nanoplanktonic Flagellates: These minute planktons 

have long tails or hair-like structures called flagella or cilia, 

respectively, to swim. They maintain the population of 

bacteria under check and may exert harmful effects like red 

tides. 

• Cnidarians: These include jellyfish-

like Velella and Physalia, Siphonophores, often floating 

near the surface of the ocean with stinging nematocyst 

capability. 

• Rotifers: Small, mostly freshwater with a few in the ocean, 

living off bacteria and algae; under good conditions, they 
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reproduce fast. They are capable of adapting to stress using 

sexual reproduction. 

• Chaetognatha (Arrow Worms): Transparent worms of 

about 3 cm in length with fins on their sides, worldwide in 

distribution, which form important predators in the 

plankton. 

• Marine Gastropods: The larval forms of snails and other 

mollusks, which are major coastal water dwellers. 

• Polychaetes: Marine worms with a bristle on most of their 

segments, which are major ocean dwellers. They play a lot 

of roles in marine ecosystems. 

• Copepods: Small crustaceans that swim using means of 

antennae, major freshwater and marine dwellers. They 

consume phytoplankton and small zooplankton. 

• Cladocerans: They are planktonic crustaceans living in 

coastal waters. The body is two-sectioned in appearance. 

They also consume phytoplankton and small zooplankton 

and migrate to the surface at night. 

• Krill: They are small shrimp-like creatures and are quite 

essential in the diets of many whales. They feed on 

phytoplankton in cold waters and other animals in warmer 

waters. 

• Insect larvae: Some insect larvae, as those of 

the Chaoborus midge are limnetic, and at night eat other 

zooplankton. 

• Tunicates: Some are planktonic, for example, classes 

Appendicularia and Thaliacea which filter feed on small 

particles. Others are only in their larval stage. 

2. Nekton 

Nekton refers to the organisms, which can swim actively in the 

marine environment. Unlike Planktons, they can move 

independently by their well-growing swimming organs.  
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Cephalopods 

Mollusks with a very developed nervous system and eyes. 

They have a soft body and can swim by jet propulsion. 

Types: 

• Squids: Elongated bodies, fast swimmers by expel water 

through a siphon. The giant squid and the Humboldt squid 

are examples. 

• Octopuses: They are round in body shape and able to crawl 

on the floor or swim using their arms. They are known for 

their intelligence and disguise ability. Examples are the 

common octopus and the giant Pacific octopus. 

• Cuttlefish: They have a unique internal shell and a color-

changing ability that makes them blend into their 

environment. They move by jet propulsion and have 

complex eyes. Examples include the common cuttlefish. 

Crustaceans: The large crustaceans, like krill, may be 

planktonic or nektonic, depending on the life stage. 

3. Benthic Organisms 

Benthic organisms live on or on the ocean floor and differ in 

size and habitat. Photic zones may have sediments with the 

only photosynthetic organism being the Benthic Diatoms. 

Classification of Benthic organisms regarding size included the 

following categories: 

Macrobenthos: They are large benthic organisms with a size 

of 1 millimeter. 

• Deposit Feeders: Those that consume organic matter in 

sediments, for instance, sea cucumbers and sea urchins. 

• Suspension Feeders: Those that obtain food by filtering 

plankton above them, for example, clams and brittle stars 

• Predators: They are benthic animals that predate on other 

benthic animals; starfish and predatory snails are good 

examples. 
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Meiobenthos: These range from between 0.1 to 1 millimeter. 

• Foraminifera, small flatworms, and tiny worms make up 

the methods, which, in turn, take part in such ecological 

tasks as nutrient recycling, decomposition of organic 

matter, and contribution to the food chain. 

Microbenthos: these are very small organisms smaller than 1 

millimeter 

• Diatoms, bacteria, and ciliates form Microbenthos whose 

ecological tasks include photosynthetic primary 

production and decomposing. 

Benthic plants: also referred to as Phytobenthos, are plants 

that live on the bottom of aquatic environments. These include 

various types of algae and angiosperms, particularly flowering 

plants, and mainly seagrasses. 

Algae: 

• Cyanophyta (Blue-Green Algae): These are microscopic 

and often form filamentous clusters or mats. 

• Chlorophyta (Green Algae): This is a varied group 

including several species, some of which are calcareous 

and help in forming sediments, especially in the shallow 

waters of tropical regions. 

• Phaeophyta (Brown Algae): This is the group of largest 

seaweeds, including kelps, that inhabit shallow cold 

waters. Most brown algae have commercial value because 

algin is a gelatinous substance extracted for use in ice 

cream, paints, drugs, and cosmetics. 

• Rhodophyta (Red Algae): It is the most diverse group, and 

the red algae are known to inhabit deeper waters of subtidal 

regions. Some are calcareous, building up reefs in tropical 

regions. 
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Angiosperms: 

These are seagrasses, flowering plants that grow in marine 

environments, generally contributing to the ecosystem by 

stabilizing the sediments and providing habitat for marine life. 

 

2. Ocean Currents 

Ocean currents are persistent and predictable flows of 

ocean water mass. These are driven by factors like wind, 

density gradients, Earth’s rotation, and landmasses that cause 

and influence their speed, direction and behaviour. These 

horizontal and vertical movements of ocean water are part of a 

large complex system that regulates heat transfer, shapes 

biodiversity patterns, and plays a vital role in Earth's climate 

dynamics. Primarily, there are two types of ocean currents - 

warm and cold currents. These currents arrange themselves in 

such a way that they form the world’s major and minor oceanic 

gyres. 

 
Ocean Currents Causes 

Ocean currents are large-scale movements of seawater that 

flow in a specific direction. Several factors contribute to the 

formation of ocean current. 
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Causative factors: 

Density difference: Temperature and salinity variations lead to 

density differences in seawater, causing cooler and denser 

water to sink, and warmer and less dense water to rise, creating 

currents. 

• Near the equator, solar heating causes the ocean water to 

expand, resulting in higher sea levels – approximately 8 cm 

higher than in mid-latitudes. This slight gradient causes the 

water to flow downslope, typically from east to west. 

• Higher salinity increases water density. For example, in the 

Mediterranean Sea, high evaporation rates increase 

salinity, causing dense water to sink and flow out into the 

Atlantic Ocean through the Strait of Gibraltar, forming the 

Mediterranean Outflow Water. 

Wind: Winds blowing over the ocean's surface drag the water, 

causing it to move. Friction between wind and water affects the 

magnitude and direction of currents. Examples; 

• Indian Ocean currents: During the summer monsoon (June 

to September), strong southwesterly winds drive the 

Somali Current northeastward along the East African 

coast. In winter (December to February), the current 

reverses direction due to the northeast monsoon winds. 

• The North and South Equatorial Currents in the Pacific and 

Atlantic Oceans are driven by the trade winds. 

Gravity: Differences in the gravitational pull due to the Earth's 

rotation and the presence of landmasses can influence the 

movement of water masses, contributing to ocean currents. 

Tides: The gravitational forces exerted by the Moon and Sun 

cause tidal currents, which can interact with other currents and 

influence their behaviour. 
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Influencing factors: 

Local topography: The shape and depth of the ocean floor, as 

well as the presence of landmasses, can affect the direction and 

strength of currents. 

For example, the North Equatorial Current splits into two after 

reaching the South American landmass. 

Coriolis effect: The Coriolis effect, caused by the Earth's 

rotation, deflects water movement to the right in the Northern 

Hemisphere and the left in the Southern Hemisphere. 

Ocean currents are classified on various dimensions, such as 

speed, depth, temperature, etc. 

Types based on velocity: Ocean currents can be classified as 

drifts, currents, and streams in the order of velocity.  

• Drifts are the movement of surface water of low velocity. 

             Example: North Atlantic drift. 

• Currents are faster than drifts. 

                     Example: Labrador current. 

• Streams are larger masses of water moving in a definite 

direction and much greater velocity than drifts and 

currents. 

                     Example: Gulf Stream. 

Based on depth: 

Surface currents: These comprise about 10% of the ocean 

water, occupying the upper 400 meters. 

Surface currents are mainly powered by wind patterns and are 

easily observable. 

Deep-water currents: Constituting the remaining 90%, these 

currents move around ocean basins due to density and gravity 

variations. Deep waters sink into ocean basins at high latitudes, 

where colder temperatures increase density. 

Deep currents are powered by the density gradient and are part 

of a more complex system. 
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Based on temperature: 

Ocean Currents Significance 

Ocean currents significantly impact Earth's climate system and 

human activities through their roles in distributing heat, energy, 

and nutrients globally.  

Cold currents Warm currents 

They carry cold water from high 

latitudes to lower ones, cooling 

coastal areas and impacting local 

climates 

They transport warm 

water from low 

latitudes to higher 

ones, increasing 

temperatures along 

coastlines and 

influencing regional 

weather patterns. 

 

These are generally found on the west 

coast of continents in low and mid-

latitudes and on east coasts in higher 

latitudes. 

These are observed 

on the east coasts of 

continents in low 

and mid-latitudes 

and on west coasts in 

higher latitudes. 

-Examples: California Current, 

Benguela Current, etc. 

Examples: Gulf 

Stream, Kuroshio 

Current, Agulhas 

Current, etc. 
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Ecological impact: 

Nutrient distribution: Ocean currents enhance marine 

productivity by upwelling of nutrient-rich deep waters to the 

surface. Example: Peru Current. 

The Agulhas Current helps fish larvae disperse. These 

"highways" are crucial for marine species' life cycles, 

supporting biodiversity across vast ocean regions. 

Mixing of warm and cold currents also aids in nutrient 

distribution. 

Migration of species: Sea turtles, fishes, whales, etc. utilise 

ocean currents for long-distance migrations.  

The ocean currents serve as vital "highways" for their survival. 

Economic impact: 

Navigation: Ocean currents since Ancient times have helped 

seafarers in navigation. Also, warm currents help navigation by 

melting the icebergs. 

Fishing grounds: Major fishing grounds form where warm and 

cold currents converge. 

The mixing of Kuroshio and Oyashio currents and the meeting 

of the Labrador Current and Gulf Stream are the best examples. 

Energy production: Underwater turbines can harness the 

energy of the ocean currents, contributing to renewable energy 

generation. Example: Agulhas Current near South Africa. 
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Climatic impact: 

Heat distribution: The global thermohaline circulation 

redistributes heat around the planet. This system influences 

climate patternsfrom the tropics to polar regions. 

The Antarctic Circumpolar Current isolates Antarctica, 

contributing to its cold climate. 

Weather patterns: Ocean currents significantly impact 

regional climates. 

Warm currents moderate temperatures, while cold currents 

contribute to desert formation. 

North Atlantic Drift brings warmth to northwestern Europe. 

The Humboldt Current (Peru Current) contributes to the aridity 

of the Atacama Desert in Chile, one of the driest places on 

Earth. 

Shifts in Pacific currents drive El Niño and La Niña events, 

affecting global weather patterns. 

Monsoons: The Indian Ocean Monsoon Currents like Somalia 

currents regulate monsoon rains in South Asia. Their 

interaction with atmospheric conditions affects the timing and 

intensity of seasonal rainfall. 

 

3. Divisions of Marine Environment 

The ocean currently covers 71% of the earth’s surface. 

Around two thirds of earth’s land area is found in the Northern 

Hemisphere which means the ocean covers 61% of the total 

area, the rest 39% is land. However in the southern Hemisphere 

the ocean covers 80% of the area and the rest 20% is land. 

Marine ecosystem is the largest aquatic system of the planet 

which includes oceans, coral reefs, and estuaries. Since it is a 

single large and a complex system, it is very difficult to deal 

with it as a whole. Therefore the oceanographers have divided 

the ocean into many zones according to physical 
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characteristics, mainly based on depth, light and temperature. 

The most basic division of the ocean based on location is 

between the water column and the bottom. The water portion 

is called the “Pelagic zone” (Greek pelagikos meaning sea) and 

the bottom is called the Benthic zone (Greek benthos meaning 

depths of sea). Each of these has subdivisions. Mariana Trench 

or Marianas Trench is the deepest natural trench in the world. 

 
Divisions if marine environment 

Photic or euphotic zone: 

 Divisions if marine environment The photic zone, euphotic 

zone (Greek for "well lit" or "light"), or sunlight (or sunlit) 

zone is the uppermost layer of water in a lake or ocean that is 

exposed to intense sunlight. It can also be measured as the 

depth where at least 1% light is available. This is the zone for 

primary production and respiration.  

Aphotic zone:  

The aphotic zone (aphotic from Greek prefix "without light") 

is the portion of a lake or ocean where there is little or no 

sunlight. It is formally defined as the depths beyond which less 

than 1% of sunlight penetrates. Consequently, bioluminescence 

is essentially the only light found in this zone. Most food in this 
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zone comes from dead organisms sinking to the bottom of the 

lake or ocean from overlying waters. The depth of the aphotic 

zone can be greatly affected by such things as turbidity and the 

season of the year. The aphotic zone underlies the photic zone, 

which is that portion of a lake or ocean directly affected by 

sunlight. Depending on how aphotic zone is defined, the 

aphotic zone of the ocean begins between depths of roughly 

200 m (660 ft) to 1,000 m (3,300 ft), and extends to the ocean 

floor. Temperatures can range from roughly 0 °C (32 °F) to 6 

°C (43 °F. Unusual and unique creatures dwell in this expanse 

of pitch black water, such as the gulper eel, the giant squid, the 

anglerfish, and the vampire squid. 

Pelagic realm 

 The pelagic realm or zone is divided into 2 horizontal zones- 

neritic and oceanic. The neritic zone is the water area between 

the low tide marks to the edge of the continental shelf. Instead 

of neritic many use the term continental shelf or coastal. 

The oceanic zone is the open water area beyond that. The oce- 

anic zone is further divided into vertical regions called the 

epipelagic zone, mesopelagic zone, bathypelagic zone, 

abyssalpelagic zone, and hadalpelagic zone. These vertical 

regions can also be labeled as sunlit, twilight, midnight and 

abyssal (the very deep region). 

Epipelagic zone: 

The epipelagic zone is the top layer that sunlight penetrates 

(Greek epi meaning over or before). It extends up-to 200m 

depth (all light rays are seen here initially). It is also called as 

the photic zone or euphotic zone. 

The epipelagic photic euphotic zone is the ideal place for about 

90% of all ocean life to live because of warm temperature and 

sunlight .This is the only zone to support plant life because it 

has the light needed for photosynthesis. As this region supports 
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diverse plant life, variety of animals such as zooplankton, 

crustaceans, mollusks, sharks, sting rays, mackerels, tuna, 

seals, sea lions, sea turtles, etc., are abundant here. 

The majority of the epipelagic zone receives sun- light and lies 

in the photic zone - also simply called the sunlit zone. The 

photic zone is further divided between the euphotic (lighted) 

and dysphotic (dimly lit) zones. The aphotic zone is in constant 

dark- ness and comprise the seas below approximately 1,000 

meters (3,280 feet). 

Mesopelagic zone (Greek mesos meaning middle):  

It extends from 200 to1000 meters depth. It is also called as 

disphotic zone as; only blue light is seen here. It is also referred 

to as the "twilight zone"; its lower boundary in the tropics is 

the 10o C isotherm. “Heterotrophic bacteria” is dominant sp. 

in this zone. 

 Though some sunlight penetrates through this zone, it is not 

enough for photosynthesis. However this zone has octopus, 

squid etc. There animals tolerate cold temperatures, increased 

water pressure and darkness (like Squid and cuttlefish). Some 

fish have extra big eyes to help them see, while others produce 

their own light called bioluminescence using special organs in 

their bodies called photophores. Most fish don’t chase their 

food but either wait for it or stalk it. Some have sharp fangs or 

big mouths to help them catch their food. 

Bathypelagic zone (Greek bathos meaning deep):  

This zone extends from 1000 up-to 4000 meters deep (aphotic 

zone; no light reaches this depth, there is total darkness). It lies 

between the boundaries of water with 10 and 4o C isotherm 

layers. 

Abyssopelagic zone (Greek abyssos meaning bottomless): 

 It lies below 2000 and extends up-to 6000 meters depth 

(aphotic zone). 
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Hadalpelagic zone (Greek Hades meaning the 

underground abode of the dead)- 

 It has a depth of 6000-10000 meters (aphotic zone). The Hadal 

zone is covers the deepest parts of the ocean. This zone is 

totally dark and cold, with intense pressure. Creatures found 

here have adapted themselves to the darkness by reducing the 

use of eyesight. Fishes occurring here do have eyes, and they 

are usually enormous, which indicates enough flashes of 

bioluminescent light to keep their eyes from totally 

deteriorating.  

Collectively, these zones (bathypelagic, abyssalpelagic, and 

hadalpelagic) are simply called the “midnight” zone. The 

bathypelagic and hadalpelagic zones, do not have as many fish 

as the earlier zones. The coloration of the fish is black or red, 

and have bioluminescence (used to lure prey). The shape of the 

fishes living have is globular (round is shape and no 

streamlining). Most the weak swimmers live here and the 

fishes are mostly small but some are large. The eyes of the 

fishes are almost small or absent.  

This zone is also called midnight zone or dark zone. This zone 

has a very intense water pressure which can be as great as two 

tons per square inch. Just like the mesopelagic zone, there are 

no plants and fewer animals which include vampire squid, 

giant squid, amphipod, slime stars, snake dragon fish, 

anglerfish, oarfish and gulper eel. The sperm whale dives to 

these depths search of food. Only about 1 % of all ocean 

species live in this zone, and some do not have eyes. 

Benthic zone:  

The benthic zone is divided based on depth. Moving from shore 

toward the open ocean, the first zone is the supralittoral zone 

(Latin supra meaning upper and litus meaning shore). This is 

the zone that water splashes, but does not remain submerged. 
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Beyond that lies the littoral zone. It is defined as the water area 

near the land or shore. 

 Beyond the littoral zone is the continental shelf. This area is 

divided into the sublittoral zone, which is the ocean bottom 

close to shore, and the outer sublittoral zone, which is the ocean 

bottom out to the edge of the continental shelf. The bathyal 

zone is the bottom along the continental slope down to the deep 

open ocean bottom. The deep open ocean bottom is called the 

abyssal zone. The deepest zone, areas below 6,000 meters 

(19,685 feet), is the hadal zone. Commonly you’ll hear the 

bathyal, abyssal, and hadal zones. 

 

4. Estuarine 

An estuary is a body of water that forms when 

freshwater from the land meets and mixes with saltwater from 

the ocean.Estuaries come in a variety of sizes and are also 

known as bays, lagoons, harbours, inlets, sounds, wetlands, and 

swamps.Estuaries are special environments to which plants and 

animals have evolved.Estuaries serve as a transition zone 

(ecotone) between river and maritime environments.Reefs, 

barrier islands, headlands, and deltas protect estuaries from 

ocean forces.Estuaries transport and trap nutrients and 

sediment by combining the actions of freshwater flow, wind, 

waves, and tidal action. 

Example: Tapi estuaries in gujarat and narmada in 

Maharashtra. 

Estuary Classification by Water Circulation: - 

 salt-wedge, fjord, slightly stratified, vertically mixed, 

freshwater – The amount of circulation affects the salt 

distribution and salinity concentrations. 
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Salt-Wedge Estuaries 

 Salt wedge estuaries occur when the mouth of a river flows 

directly into salt water. The mouths of the Mississippi, 

Columbia and Hudson rivers are examples of salt wedge 

estuaries. The water circulation is controlled by the river that 

pushes back the seawater. This circulation creates a sharp 

boundary that separates an upper less salty layer from an 

intruding wedge-shaped salty bottom layer. 

Fjord 

 Fjord type estuaries are characterized by a deep elongated 

basin that is U-shaped and a ledge or barrier that separates the 

basin from the sea. Fjord type estuaries are found along 

glaciated coasts such as British Columbia, Alaska, Chile, New 

Zealand, and the Scandinavian countries.They have 

moderately high river input and little tidal mixing. 

 
Coastal plain estuaries 

Coastal plain estuaries are created when sea levels rise and fill 

in an existing river valley. eg. The Chesapeake Bay, on the East 

Coast of the United States. 
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Tectonic estuaries 

 Tectonic activity, the shifting together and rifting apart of the 

Earth's crust, creates tectonic estuaries. eg. California's San 

Francisco Bay. 

 
Bar-built estuary 

 When a lagoon or bay is protected from the ocean by a sandbar 

or barrier island, it is called a bar-built estuary. The Outer 

Banks, a series of narrow barrier islands in North Carolina and 

Virginia, create sandy, bar-built estuaries. 

 
Importance Of Estuarine Ecosystem 

• Estuaries trap sediment, store nutrients, and act as a buffer 

between coastal catchments and the marine environment. 

• They are deep and well protected from marine 

transgressions, making them ideal locations for port and 

harbour construction. 

• They also act as a natural water filter, absorbing, trapping, 

and detoxifying pollutants. 
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• Estuaries are rich in natural resources, including fisheries, 

due to their wetlands, creeks, lagoons, mangroves, and 

seagrass beds. 

• Estuarine channel banks are a popular location for human 

settlements, which use the estuaries for fishing and 

commerce, but also for dumping municipal and industrial 

waste. 

• Estuaries are the most densely populated areas on the 

planet, with approximately 60% of the world's population 

living along estuaries and the coast. 

• During cyclones and high velocity landward winds, the 

vast mangrove forests on the seaward side of an estuary act 

as a barrier for the coastal habitat, reducing wind speed. 

• Mangroves act as a filter, trapping suspended mud and 

sand carried by rivers, resulting in the formation of deltas 

around estuaries. 

• Because of the exposure to saline water, clay and alluvium 

particle precipitation is high in the estuarine region (saline 

water precipitates fine alluvium). 

• The mixing of freshwater and saline water zones where 

marine organisms from both ecosystems meet, they are the 

most productive (more productive than wetlands) water 

bodies in the world. 

• The estuary has little wave action, it provides a calm refuge 

from the open sea, making it ideal for the survival of many 

aquatic species. 

Benefits of Estuarine Ecosystem 

• Ecological Benefits 

• Economic Benefits 

• Cultural Benefits 
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Ecological Benefits 

• Estuaries are among the most productive ecosystems on 

the planet. 

• They keep water clean by allowing microbes to break 

down organic matter and sediments to bind pollutants. 

• Water that drains from land carries sediments, nutrients, 

and other pollutants with it. 

• As the water flows through these fringing marshes, much 

of the sediment and pollution is filtered out. 

• This results in cleaner, clearer water, which benefits both 

humans and marine life. Wetland soils and plants, such as 

mangroves, sea grasses, and reeds, also serve as a natural 

buffer between the land and the sea, absorbing floodwaters 

from the land and storm surges from the sea. 

• They contribute to biodiversity conservation by providing 

a diverse range of unique habitats that are essential for the 

survival of many species. 

• Estuaries are used by thousands of birds, mammals, fish, 

and other wildlife to live, feed, and reproduce. 

Economic Benefits 

• They are ecologically significant to commercial fisheries. 

• They contribute to biodiversity conservation by providing 

a diverse range of unique habitats that are essential for the 

survival of many species. 

• Maintain water quality for the benefit of both humans and 

marine life. 

• Floodwaters and storm surges are absorbed by the natural 

buffer between the land and the ocean. 

• Many commercially important fish and shellfish species 

use estuaries as nurseries to spawn and grow juveniles. 

• They play a vital role in transport and tourism. 
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Cultural Benefits 

• Estuaries are important to people for recreation, scientific 

knowledge, education, aesthetics, and traditional 

practices. 

• Boating, fishing, swimming, surfing, and bird watching 

are just some of the many recreational activities available 

in estuaries. 

Threats 

Varying Salinity: 

• The most limiting factor is the varying salinity. 

• Most organisms can only survive in environments with a 

relatively constant salinity, such as the sea or rivers. 

• These species are incapable of surviving in an estuarine 

environment as they have varying salinity. 

Varying Osmotic Pressure: 

• Species that thrive in an estuarine environment must be 

able to deal with varying osmotic pressures caused by 

salinity changes. 

• Organisms find it difficult to adapt to these changing 

conditions. 

Limited Biodiversity: 

• The estuarine ecosystem has limited biodiversity but a high 

abundance of specific estuarine species. 

Human Activities: 

• Estuaries are popular places for human settlement because 

of the natural connections they provide between inland and 

overseas destinations. 

• Residential, recreational, and industrial developments 

(such as harbours or ports and marinas) are typically built 

right on the waterfront, with supporting structures (roads, 

railways) cutting off access to upper shore habitats. 
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• Estuaries are frequently threatened by land development 

because it results in permanent habitat loss. 

Climate change: 

• The overall temperature rise and sea level rise are two of 

the most serious climate change impacts for estuaries. 

• The former is more likely to cause latitudinal migration, 

with more warm-water species becoming established and 

potentially outcompeting native species in the long run. 

• As sea levels rise, the salinity zone will shift landwards. 

• Coastal areas, including estuaries, are typically densely 

populated and developed. 

• The vertical shift of salinity in such developed areas will 

be hampered by flood defense structures and river and 

shore embankments, resulting in estuarine squeeze. 

• Because many estuaries are located in lowland areas, a 

significant rise in high water levels will have serious 

consequences for the safety of people living in these low-

lying areas as well as for the environment. 

Coastal Pollution: 

• Pollution from densely populated or heavily industrialized 

catchments has a negative impact on estuarine life. 

• pollutants and excess nutrients impair their overall 

performance including growth and reproduction of the 

ecosystem. 
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5. Mangrove 

A mangrove is a tiny tree or shrub that grows along 

coastlines, taking root in saline soil, typically underwater. The 

term "mangrove" refers to both the environment as a whole and 

the trees and shrubs that grow in the mangrove forest. 

Mangrove forests act as a natural barrier against storm 

surges, currents, waves, and tides. 

• Mangroves are a type of littoral plant formation found 

along tropical and subtropical sheltered coastlines. 

• Mangroves are trees and bushes that grow beneath the 

high-water levels of spring tides and have a remarkable 

capacity for salt water tolerance. 

• Mangroves are salt-resistant and heat-resistant plant 

groups found in tropical and subtropical intertidal zones 

around the world. 

• High rainfall (1,000 to 3,000 mm) and 

temperatures (varying from 26°C to 35°C) define such 

places. 

• Mangrove species, especially mangrove forests in India, 

have a variety of adaptations in their morphology, anatomy, 

and physiology to enable them to live in wet soils, high 

salinity, storms, and tide surges. 

• Mangrove forests can only be found around the equator in 

tropical and subtropical latitudes. 

• Mangrove Forest trees produce a variety of roots: 

o Prop roots which are down into the water. 

o Air roots which are vertically structured up from the 

mud. 

o Stilt roots, also known as adventitious roots, grow 

from the tree's main trunk. 

• Mangroves are classified as follows: 

o Red - Found on the coastlines. 
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o Black - The dark bark of such mangrove trees is a 

distinguishing feature. They have more oxygen. 

o White mangroves grow at the highest elevation when 

compared to Red and Black mangroves. 

• Mangroves are key habitats for coastal biodiversity. Many 

marine species, including shrimp, crabs, and fish, use 

mangroves as nursery habitat. 

• They are also important in coastal erosion mitigation and 

storm damage reduction. 

• Mangroves serve as bio-shields, protecting against harsh 

weather occurrences such as floods. 

• Many people, mainly in rural areas, rely on mangrove 

ecosystems for a variety of biomass-based occupations. 

 
Prop Roots 

 
Pneumatophores 
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Characteristics of Mangroves 

• Mangroves are part of the Littoral Forest ecosystem. 

• Mangroves are found primarily between the latitudes of 

25° N and 25° S in the tropics and subtropics all over the 

world. 

• Mangroves have a complicated salt filtering system and a 

complex root system. 

• Mangrove forest trees typically grow to be 8-20 meters tall. 

• Mangroves have special roots called breathing roots or 

pneumatophores that collect oxygen from the 

atmosphere. 

• Because the oxygen content in the soil is low in the 

mangrove habitat, the root system absorbs oxygen from the 

atmosphere. 

• Mangroves survive in hostile conditions such as excessive 

salt, muddy water, low oxygen levels, high temperature 

and high water tides 

• Mangrove Forest have viviparity mode of reproduction 

meaning tree seeds germinate within the tree before falling. 

• Mangroves are highly productive ecosystems. They are 

usually evergreen woods that thrive in tropical and 

subtropical climate, sheltered low lying beaches, estuaries, 

mudflats, tidal creeks, backwaters, marshes, and lagoons. 

• Avicennia officinalis, Rhizophora mucronata, Sonneratia 

alba, Avicennia alba, Bruguiera cylindrica, Heritiera 

littoralis, Phoenix paludosa, and Morinda citrifolia are all 

important species of mangrove forest in India. 

Mangroves in India 

• As per ISFR 2021 report, the mangrove cover in India is 

4,992 sq km, which is 0.15% of the country’s total 

geographical area. 
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• Odisha and Maharashtra have seen significant increases in 

mangrove cover. 

• The deltas of the Ganges, Mahanadi, Krishna and Godavari 

and kaveri river contain mangrove forest. 

• Top 5 states with the most mangrove forest cover in India 

are: 

• West Bengal: 2,114 sq km 

• Gujarat: 1,175 sq km 

• Andaman and Nicobar Islands: 616 sq km 

• Andhra Pradesh: 405 sq km 

• Maharashtra: 324 sq km 

• Odisha: 259 sq km 

• Indian mangroves consist of 46 species belonging to 22 

genres. 

• The Sundarbans mangroves are the world's largest single 

block of tidal holophytic mangroves. 

• Herritiera fames, Rhizophora spp., Bruguiera spp., 

Ceriops decandra, Sonneratia spp., and Avicennia 

spp. are among the major species found in this dense 

mangrove forest. Nypa fruticans can be found along the 

creeks. 

• The Royal Bengal Tiger and crocodiles can be found in this 

mangrove forest. Mangrove forests are being destroyed to 

make way for agricultural land. 

• Bhitarkanika mangroves (Orissa), the second largest in 

the Indian subcontinent, have a high concentration of 

typical mangrove species as well as high genetic diversity. 

• Mangrove swamps abound in the intertidal mudflats on 

both sides of the creeks in Andhra Pradesh's Godavari-

Krishna deltaic regions. 
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• The construction of aquaculture ponds and salt pans has 

primarily degraded the mangroves of Pichavaram and 

Vedaranyam. 

• Mangroves, mostly scrubby and degraded, occur along the 

intertidal region of estuaries and creeks in Maharashtra, 

Goa, and Karnataka on India's west coast. 

• The mangrove vegetation in Kerala's coastal zone is sparse 

and thin. 

• Mangroves Avicennia marine, Avicennia officinalis, and 

Rhizophora mucronata are found primarily in the Gulf of 

Kachchh and the Kori creek in Gujarat (northwest coast). 

• Scrubby mangroves with stunted growth form narrow, 

discontinuous patches on soft clayey mud. 

• The condition of the mangroves is improving, particularly 

in the Kori creek region, which is an Indus river paleodelta. 

• Mangroves range in size from bushy stands of dwarf 

mangroves in the Gulf of Kuchchh to taller stands in the 

Sunderbans. 

• The small tidal estuaries, neritic inlets, and lagoons of the 

Andaman and Nicobar Islands support a dense and diverse 

undisturbed mangrove flora. 

Threat to Mangroves 

• Biotic pressure and natural disasters have a significant 

negative impact on Mangrove ecosystems. 

• Growing land acquisition for agriculture and industry 

along coasts, as well as the discharge of untreated domestic 

sewage and industrial effluents, and pesticide residues 

from agricultural lands, are threatening these forests. 

• Upstream operations such as river training and natural 

erosion and accretion have an impact on the health of 

mangroves because the adequate ecological flow in rivers 
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is required to flush silt and other pollutants from the 

mangroves. 

• Climate change (rising sea levels) leads to the diverse 

extinction of mangrove ecosystems. 

• Aquaculture - most of the mangrove cultivation is turned 

into shrimp farming which poses serious threats to the 

mangrove ecosystem. 

Measures Taken to Protect Mangroves 

Measures Taken to Protect Mangroves 

• 1892: The Sundarbans is the world's first mangrove forest 

to be scientifically managed. 

• 1976: The Environment Ministry set up The National 

Mangrove Committee. 

• 1979: Recommended Mangrove mapping using remote 

sensing, land surveys, and other methods to identify 

degradation rate, analyzing sites for reserve forests, 

conservation programs and afforestation. 

• 2005: The Mumbai High Court classified mangroves as 

forests. 

• 2013: In the Sundarbans, the Biotechnology Department 

started an experimental bio-restoration initiative. It 

involves using native grasses to stabilize degraded 

mangrove stretches (salt-tolerant varieties). 

• 2016: Over 15,000 hectares of mangroves have been 

declared as reserve forest by the Maharashtra government. 

Construction is prohibited within 50 m of these mangroves. 

• 2018: The High Court ruled that the destruction of 

mangroves violated citizens' fundamental rights under 

Article 21 of the Constitution. 

• 2018: The BOBLME (Bay of Bengal Large Marine 

Ecosystem) project brought together India and seven other 

Bay of Bengal region countries to safeguard mangroves. 
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This project is led by the United Nations Food and 

Agriculture Organization and funded by GEF (Global 

Environment Facility). 

 

6. Salt Marsh 

Saltmarsh, also known as saltwater marsh, coastal salt 

marsh, or tidal marsh is an area of low, flat, poorly drained 

ground subjected to regular or occasional flooding by saltwater 

or brackish water and is covered by salt-tolerant plants such as 

grasses, herbs, or low shrubs. Saltmarsh plays an important role 

in the aquatic food web and provides nutrients to the coastal 

waters. Salt marsh also reinforces terrestrial animals and 

arrange coastal protection. 

 
Importance of Salt Marshes  

Coastal Protection from Storms and Flooding 

Beyond their quiet beauty, salt marshes perform one of 

the most valuable jobs along our coasts. They provide natural 

protection against floods and extreme weather, which are 

becoming increasingly frequent due to climate change. Their 

dense grasses absorb wave energy and slow rushing water, 
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while their peat soils act like a giant sponge, soaking up 

floodwaters and storing water during high tides and storms.  

Just one acre of marshland can absorb up to 1.5 million 

gallons of floodwater — more than twice the volume of two 

Olympic-size swimming pools. The plants’ thick root networks 

stabilize the soil and trap new sediment, preventing erosion and 

allowing the marsh to build up higher as sea levels rise. During 

storms, salt marshes can reduce property damage in nearby 

communities by up to 20%. 

Carbon Storage in Marsh Plants and Soils 

Salt marshes don’t just protect coastlines; they also 

fight climate change by locking away carbon. Salt marshes 

capture carbon not just from living plants but also by trapping 

sediments and decaying matter. Over time, this forms thick, 

mucky soils rich in carbon. Because these wetlands are 

waterlogged and oxygen is scarce, decomposition happens 

slowly, allowing vast amounts of carbon to remain buried for 

centuries. 

Salt marshes are known as blue carbon ecosystems, a 

category that also includes mangroves and seagrass meadows. 

All three of these coastal habitats share a remarkable ability to 

store carbon in their soils. An estimated 95% of the carbon 

stored in salt marshes lies underground. These belowground 

reserves make salt marshes powerful carbon sinks 

that sequester more carbon per acre than tropical forests and 

keep it stored for much longer. 

Wetland Habitats and Food Webs 

Salt marshes are dynamic ecosystems teeming with 

life and movement. Their constant tidal exchange brings in 

nutrient-rich waters, creating fertile feeding grounds in 

adjacent estuaries and coastal waters. The mix of shallow 

water, dense vegetation, and muddy soils provides food and 

https://www.epa.gov/sites/default/files/2016-02/documents/functionsvaluesofwetlands.pdf
https://www.epa.gov/sites/default/files/2016-02/documents/functionsvaluesofwetlands.pdf
https://www.fisheries.noaa.gov/infographic/infographic-value-coastal-wetland-habitat
https://sustainabletravel.org/mangrove-forests/
https://sustainabletravel.org/seagrass-meadows/
https://www.mdpi.com/2077-1312/8/10/767
https://esajournals.onlinelibrary.wiley.com/doi/full/10.1890/110004
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shelter for everything from tiny crustaceans to large flocks of 

migratory birds.  

Juvenile fish, shrimps, and crabs hide from predators 

beneath their waving grasses before moving into open waters. 

These wetlands provide habitat for more than 75% of fisheries 

species, making them essential to food security and fishing-

based livelihoods.  

Above the waterline, salt marshes attract a variety of 

animals. Herons, egrets, ospreys, and kingfishers hunt in the 

shallows, while migratory bird species stop to rest and refuel 

during long journeys. Mammals such as otters and raccoons 

hunt along the shoreline while snakes weave through the 

grasses.  

Coastal Tourism and Outdoor Recreation 

Salt marshes add depth and diversity to coastal 

tourism, offering something different than the typical beach 

experience. Their wide horizons and wildlife attract 

birdwatchers, kayakers, anglers, and photographers. By 

reducing erosion and pollution, they also keep 

nearby beaches and marine habitats more inviting for 

recreation. 

Salt Marsh Restoration and Protection 

Efforts to conserve and restore salt marshes are 

growing worldwide. Common strategies include restoring tidal 

flows, planting native grasses, adding sediment to rebuild 

elevation, and managing invasive species. 

Restoring Water Flows: Reestablishing natural water 

circulation can involve removing manmade blockages like 

dikes or seawalls, regulating tidal flows through gates, and 

creating pools or digging channels to prevent stagnant 

water. The Valle Paleazza project in Italy’s Venice Lagoon 

demonstrates this approach, using traditional water 

https://oceanservice.noaa.gov/facts/saltmarsh.html
https://sustainabletravel.org/our-work/beaches-coasts/
https://sustainabletravel.org/project/valle-paleazza/
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management to restore wetlands. The project also helps 

mitigate climate impacts by enhancing the marsh’s capacity to 

store carbon. 

Adding Sediment: Depositing soil or sand raises the land’s 

elevation. Doing so helps the marsh keep up with rising sea 

levels and creates a stable foundation for vegetation and 

wildlife to return. 

Planting Native Grasses: Actively replanting salt-tolerant 

species in areas where natural recovery is slow can speed up 

marsh restoration. 

 

7. Coral reefs 

Coral reefs are underwater ecosystems made up of 

the skeletons of colonial marine invertebrates known as coral. 

Coral reefs are one of the world's most biologically diverse 

marine ecosystems. Coral reefs are colonies of small living 

animals found in the oceans. They are underwater formations 

composed of coral polyps bound together by calcium 

carbonate. Coral reefs serve a vital function in marine 

ecosystems by providing habitat for marine plants and 

wildlife.  

• Coral is actually a living creature. Coral has a symbiotic 

relationship with 'zooxanthellae,' microscopic algae that 

live on coral [i.e., instead of living on the sea floor, the 

algae lives up on the coral, which is closer to the ocean 

surface and thus gets enough light]. 

• Through their photosynthetic activities, zooxanthellae aid 

the coral in nutrient production. 

• These activities provide fixed carbon compounds to the 

coral for energy, promote calcification, and mediate 

elemental nutrient flux. 
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• The coral tissues themselves are not the beautiful colours 

of the coral reef, but rather clear (white). Corals get their 

colour from the zooxanthellae that live within their tissues. 

• In exchange, the host coral polyp provides its 

zooxanthellae with a safe environment to live in as well as 

a steady supply of carbon dioxide for photosynthetic 

processes. 

• Corals are classified into two types: hard corals and soft 

corals, which include sea fans and gorgonians. Only hard 

corals can form reefs. 

• Coral reefs are built by tiny animals known as polyps. 

• As these polyps thrive, grow, and die, their limestone 

(calcium carbonate) skeletons are left behind. 

• New polyps are colonising the limestone. As a result, a 

coral reef is composed of layers of these skeletons that are 

eventually covered by living polyps. 

• Reef-building corals, also known as hermatypic corals, 

can take on a variety of shapes. 

• Coral reefs can be branched or table-like, or they can 

resemble massive cups, boulders, or knobs. 

 
Cold Water Corals 

• Cold-water corals also called as deep water corals are 

marine invertebrates distinguished mostly by the presence 
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of harpoon-shaped cells known as cnidocytes, which 

they utilise to protect and hunt. 

• Cold-water corals can be found in the Atlantic, Indian, and 

Pacific Oceans. 

• Cold-water corals live in deep, cold (39-55 degrees 

Fahrenheit) water. According to the United Nations 

Environment Programme, cold-water coral reefs 

outnumber tropical reefs worldwide. 

• Deep-water corals are members of the Phylum Cnidaria 

and are mostly stony corals, but also include black and 

thorny corals, as well as soft corals. 

• Deep-water corals, like tropical corals, provide habitat for 

other species, but they do not require zooxanthellae to 

survive. 

• There are only about six different coral species associated 

with the construction of these reefs. 

• The Rost Reef off the coast of Norway is the world's 

largest coldwater coral reef. 

Features of Coral Reefs 

• They are found in shallow tropical areas with clean, clear, 

and warm sea water. 

• The coral reef cover in Indian waters is estimated to be up 

to 19,000 square kilometres. 

• Coral reefs are among the most productive and complex 

coastal ecosystems, with a wide range of biological 

diversity. 

• The high productivity is due to a combination of its own 

primary production and environmental support. 

• Reef-building corals are a metaphorical union of polyps 

(coral animals) and zooxanthellae (microscopic algae). 

• Corals are slow growing animal colonies, whereas 

zooxanthellae are fast growing plants. 
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• Despite the fact that corals live in nutrient-poor waters, 

their ability to recycle scarce nutrients (by the entire 

nutrient community) is enormous. 

• Many invertebrates, vertebrates, and plants live in close 

association with the corals, with tight resource coupling 

and recycling, allowing coral reefs to have extremely high 

productivity and biodiversity, earning them the 

nickname "the Tropical Rainforests of the Oceans." 

Formation of Coral Reefs 

• Corals are plant and animal superorganisms lying in 

between population & community in ecological hierarchy 

on ecological level or organisation. 

• Animal component belongs to class anthozoa of the 

phylum cnidaria whereas plant component is algae called 

as zooxanthellae that has chlorophyll pigment. 

• This algae has photosynthesis abilities that provide carbon 

compounds to coral polyps, which provide them with 

energy. In exchange, the polyps protect the Zooxanthellae. 

• Corals are calcareous rocks created from the skeletons of 

tiny sea creatures known as polyps. 

• Polyps extract calcium salts from saltwater and use them 

to build hard skeletons that protect their fragile bodies. 

• When free-moving coral larvae attach themselves to 

sedimentary rocks or hard surfaces near coasts, Coral reefs 

are formed. The skeletons of dead polyps give rise to new 

generations. The cycle is repeated, resulting in the 

formation of coral layers. 

• The shallow rock formed during these depositions is 

known as a reef which eventually becomes islands. 

• Corals are cemented calcareous stone masses that grow 

upwards and outwards as tubular skeletons. 
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• Coral reefs, depending on the nature of the salts might 

appear in a variety of shapes and colors. 

Conditions Required for Growth of Coral 

• Shallow water: Coral reefs require shallow water to grow. 

The surface of the Reef should not be more than 80 m 

above the surface of the water. Zooxanthellae require 

adequate sunlight to perform photosynthesis. 

• Semi-hard or hard surface: The semi-hard or hard 

surface is required for coral polyp skeleton compaction, 

cementation, and solidification. 

• Low range of temperature: Coral cannot tolerate a high 

range of temperature and hence require 20-22°C mean 

annual temperature as they are lying in tropical and 

subtropical regions (stenothermal). 

• Clear water: Beautiful coral polyps are destroyed in 

sediment-filled waters. They also disappear in shallow 

water. This is because of the presence of sediments and 

opaque water that restricts the flow of sunlight to the algae, 

which sustains their survival. 

• Saline waters: The moderate salinity of ocean waters is 

critical for the development of coral polyps. To protect 

their bones, the polyps collect calcium from the water. 

Hence, mild salinity is required for coral reefs to grow (27-

30 PPT). 

• Rich supply of nutrients: Coral reefs grow in seawater 

because ocean waves provide a continuous source of rich 

nutrients. Coral polyps multiply more quickly when 

nutrients are supplied. 
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Classification of Coral Reefs 

Fringing Reefs (Shore Reefs) 

• Fringing reefs form near the continent and stay close to the 

coastline. Small, shallow lagoons separate these reefs from 

the coastline. 

• They are the most common among all corals. 

• Eg: Andaman and Nicobar Island, Gulf of Kutch, Mannar 

and Palk Bay. 

 
Fringing Reefs 

Barrier Reefs 

• It is the largest, highest and widest reef among the coral 

reefs. 

• Barrier reefs are linear offshore reef structures running 

parallel to continental margin and are separated by wide 

and deep non navigable barriers. 

• The water body between reef and the shore is termed as 

lagoon. 

• Barrier reefs extend as a broken, irregular ring around the 

coast or an island, running almost parallel to it. 

• Largest coral of the world is the great barrier reef, present 

on eastern coast of Queensland of australia. 
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Barrier Reef 

Patch Reef 

• Patch reefs typically form on the island platform or 

continental shelf between fringing and barrier reefs. 

• They are most commonly found in shallow lagoons within 

larger collective reefs, or atolls. 

• Patch reefs are found in waters ranging in depth from 10 to 

20 feet and are usually found close to land. 

• Examples: the Caribbean and Bahamas, Bermuda and the 

Pacific Islands. 

 
Patch Reefs 

Atoll Reefs 

• Atoll is a ring of narrow growing coral generally in the 

form of horse shoe pattern or elliptical manner. 
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• Corals are found on submarine bench or platform and in 

the middle of coral lagoon is food i.e., no land is found 

within Atoll. 

• A chain of various Atoll collectively are called as Faros. 

• Ex: Lakshadweep 

 
Atoll 

Functions of Coral Reefs 

• As coral reefs are found in shallow water of tropical or 

subtropical regions they are characterised by high biomass 

production and rich floral & faunal activity. 

• Corals are a natural protective barrier against erosion. 

• Some corals are a source of high quality proteins. 

• Coral is a large hot spot of marine biodiversity & fishery 

resources. 

• It is also the largest biogenic calcium carbonate producer. 

• They provide substrate for mangroves. 

• Coral reefs provide habitat for a large variety of animals & 

plants including avifauna. 

• Coral play a remarkable role in insitu or conservation of 

marine biodiversity. 

• Coral is used as bone substitute in reconstructive bone 

Surgery as pores & channels are some corals resembling 

that of human bone. 
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Threats to Coral Reef 

• Natural causes could include the emergence of reef-

destroying mechanisms, "bleaching," and the depletion of 

essential symbiotics. 

• Chemical pollution (pesticides, cosmetics, etc.), industrial 

pollution, mechanical damage, nutrient loading or 

sediment loading, dredging, shipping, tourism, mining or 

collection, thermal pollution, intensive fishing, and so on 

are examples of anthropogenic causes. 

• Coral reef ecosystems around the world have suffered 

unprecedented degradation in recent decades. Coral reef 

disturbances include both anthropogenic and natural 

events. 

• Natural disturbances that cause coral reef damage 

include violent storms, flooding, extreme temperature 

swings, El Nino Southern Oscillation (ENSO) events, 

subaerial exposures, predatory outbreaks, and epizootics. 

• Coral reef bleaching is a common stress response of 

corals to many of the above-mentioned disturbances. 

• Some other threats include: 

o Deforestation 

o Oil and chemical spill (toxicants) 

o Road construction (sedimentation) 

o Agriculture (nutrient & sedimentation) 

o Stormwater runoff (sediment, toxins, nutrients & 

pathogen) 

o Chemical brom sunscreen (toxicants) 

o Coastal development & Impervious surface 

(sedimentation & toxicant) 

o Sailed septic supeny (nutrients & pathogens) 
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Causes of Decline in Coral Reefs 

Temperature 

• Coral Species live within a relatively narrow temperature 

merging and anomalously low & high sea temperature can 

induce coral bleaching. 

• Bleaching is much more frequently reported from elevated 

seawater temperatures. 

• Bleaching event also occurs during sudden temperature 

drops accompanying intense upwelling episodes, seasonal 

cold air outbreaks 

Solar Irradiance 

• Bleaching during the summer months, during seasonal 

temperature & irradiance maxima open occurs 

disproportionately in shallow living corals & on the 

exposed summits of colonies. 

• Solar radiation has been suspected to play a role in coral 

bleaching. 

• Both photosynthetically active radiation (PAR, 400-

700mm) & ultra violet radiation (UVR, 280-400-700mm) 

have been implicated in bleaching. 

Subaerial exposure 

• Sudden exposure of reef flat corals to the atmosphere 

during events such as extreme low tides. 

• ENSO related Sea level drops or tectonics uplift can 

potentially induce bleaching. 

Sedimentation 

• Relatively few instances of coral bleaching have been 

linked solely to sediment. 

• It is possible but not been demonstrated, that sediment 

loading could make Zooxanthellae species more likely to 

bleach. 
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• Epizooties, a pathogen induces bleaching like white band 

disease, black band disease. 

Conservation of Corals 

• Environmental protection act, 1986 prohibits the use of 

corals and sands from the beaches & coastal water for 

construction & other purposes. 

• India is participatory to green Coast project. 

• Coastal regulation zone rules (CRZ) bans the collection 

and destruction of corals along with dredging and under 

water blasting in and around coral formation. 

• Concepts of marine protected areas & marine national 

parks help in coral conservation. 

o For example: Flist national marine park gulf of Mannar 

(Gujrat), Great nicobar Biosphere Reserve, Mahatma 

Gandhi Marine National park (Andaman) are playing 

an important role in Conservation of corals. 

• India has ratified the Paris agreement and became the 62nd 

country of the world to do so, a step toward Climate change 

mitigation. 

• India has ratified the second commitment period of Kyoto 

protocol (2013-20). 

Coral Bleaching 

• Bleaching, or coral colour paling, occurs when the density 

of zooxanthellae decreases and/or the concentration of 

photosynthetic pigments within the zooxanthellae 

decreases. 

• Corals commonly lose 60-90 percent of their zooxanthellae 

when they bleach, and each zooxanthella may lose 50-80 

percent of its photosynthetic pigments. 

• If the stress-induced bleaching is not too severe and fades 

over time, the affected corals usually regain their symbiotic 

algae within a few weeks or months. 
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• If zooxanthellae loss continues, i.e. if the stress persists and 

depleted zooxanthellae populations do not recover, the 

coral host will eventually die. 

• High temperature and irradiance stressors have been linked 

to the disruption of enzyme systems in zooxanthellae that 

provide oxygen toxicity protection. 

• At temperatures above 30 degrees Celsius, photosynthesis 

pathways in zooxanthallae are impaired, which could lead 

to the disassociation of the coral/algal symbiosis. 

• Low or high temperature shocks cause zooxanthellae to die 

due to cell adhesion dysfunction. 

• This involves the separation of cnidarian endodermal cells 

from their zooxanthellae, followed by the expulsion of 

both cell types. 

 

8. Marine Microorganisms (Viruses, Bacteria, Fungi, 

Protozoans, Microalgae) 

The earliest observation of microorganisms by 

Antonie van Leeuwenhoek during the 17th century as 

“animalcule” was derived from an aquatic habitat. Moving 

forward to the 1800s, A German physiologist, Christian 

Andreas Victor Hensen established a groundwork in biological 

oceanography introducing the term “plankton” for 

microorganisms that float on seawater. By the mid-20th 

century, several microbiologists contributed to the field of 

marine microbiology by explaining their role in the food chain 

and nutrient cycling like Claude Zobell. He is often referred to 

as the father of marine microbiology. He explained how 

bacteria broke down organic matter, recycled nutrients in 

the marine ecosystem, studied biofilms in seawater, and also, 

published various foundational textbooks in marine 

microbiology. 

https://microbenotes.com/marine-ecosystem-components/
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Marine microorganisms include viruses, archaea, 

eubacteria, fungi, phytoplankton, and protozoa able to thrive in 

their respective marine habitats with their physiological 

adaptation, from the surface water to the deep sea hydrothermal 

vents. 

Marine viruses 

Marine viruses are biological entities in the ocean consisting of 

nucleic acid surrounded by a protein coat that can only 

replicate inside a living cell called the host.  They represent the 

most abundant lifeforms in the ocean. In estimation, 

4×1030 viral particles are present in the marine environment 

ranging in size from 25 to 300 nm.  

The first observation of marine viruses was done by 

transmission electron microscopy indicating ~ 107 viruses/ml, 

and the abundance decreased with depth and shore of the 

ocean. Furthermore, marine sediments possessed a higher 

abundance of 108-109 viruses/cm.  

Different ways to enumerate marine viruses include: 

1. Indirect viable counts (rely on the ability of viruses to 

cause lysis in its culture) 

2. Direct counts (rely on counting viruses in the 

environmental sample through transmission 

microscopy, flow cytometry, and epifluorescent 

microscopy) 

• Epifluorescence microscopy is considered the most 

preferred method due to its high accuracy. 

• They are known to infect a wide range of organisms, 

including bacteria, archaea, protists, algae, and even 

marine animals.  

• The number of marine viruses remains variable as they 

are often consumed by microorganisms or deactivated 

by solar radiation.   

https://microbenotes.com/flow-cytometry/
https://microbenotes.com/bacteria/
https://microbenotes.com/archaea/
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• Most marine viruses possess a double-stranded 

DNA belonging to one of three families:  

1. Myoviridae are the most common phage characterized by 

a long contracting tail, a broad host ranges.  

2. Podoviruses are viruses with curved, non-contractile tails 

and very narrow host ranges. 

3. Siphoviruses are those viruses with short, non-contractile 

tails commonly isolated from freshwater.  

Viruses infect different types of hosts, and based on their host 

interaction they can be of the following types. 

1. Bacteriophages: Marine bacteriophages are the most 

abundant viruses. They play a significant role in 

maintaining bacterial populations and evolutionary 

mechanisms through horizontal gene transfer. Examples 

include Myovirus and Siphonivirus infecting Vibrio spec

ies, Actinophages infecting marine Actinobacteria, and 

Coliphage infecting Escherichia coli. 

2. Cyanophages: Cyanophages are those viruses specifically 

infecting cyanobacteria. As these viruses infect primary 

producers of the ocean, they affect the carbon cycle in the 

ocean. Examples include phages 

infecting Prochlorococcus and Synechococcus. 

3. Algal marine virus: A main known virus infecting algae 

belongs to the Phycodnaviridae family, They are double-

stranded DNA viruses infecting the marine primary 

producers.  

4. Fungal marine virus: An example of a marine virus 

infecting a fungal host is a virus showing relation 

to Bunyavirus known for infecting fungi 

like Halophytopthora sp., a fungal-like oomycete. 

5. Fish virus: Fish can be affected by a variety of viruses, 

causing significant complications in the aquaculture and 

https://microbenotes.com/bacteriophage/
https://microbenotes.com/cyanobacteria/
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fishing industry. Some major fish viruses 

include Rhabdovirus, Togarividae, Birvaviridae, 

Alloherpesvirus, and Betanodavirus. These viruses 

cause significant threats to fish causing a variety of 

diseases. 

6. Mammal virus: The marine mammal virus is known to 

infect mammals in the ocean. Examples 

include Morbillivirus affecting dolphins and 

seals, Astrovirus affecting sea lions, Influenza 

virus affecting cetaceans and pinnipeds, and a few 

species of seals.  

Marine Prokaryotes 

Prokaryotes are unicellular organisms known to have 

originated the earliest on the Earth. They even inhabit marine 

habitats with physiological mechanisms and contribute 

crucially to biogeochemical cycles. 

These marine prokaryotic organisms 

include Archaebacteria and Eubacteria. 

Archaebacteria  

These prokaryotic microorganisms are known to be the oldest 

living organisms without a true nucleus present. These bacteria 

can inhabit extreme conditions such as deep-sea 

hydrothermal vents. Their cell wall lacks peptidoglycan, 

and the cell membrane is composed of fatty acids connected 

by an ether linkage.  

Eubacteria  

The prokaryotic microorganisms are known to be “true 

bacteria” as they possess a rigid cell wall made 

of peptidoglycan.  They have a lipid bilayer membrane 

connected by ester-linkage. In the ocean. Eubacteria displays 

an incredible diversity playing a crucial role in marine 

ecosystems in various beneficial or harmful ways. Its 
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beneficial role includes the initiation of processes in 

photosynthesis, nutrient cycling, decomposition, and 

symbiosis. Furthermore, its harmful role includes the 

production of toxins, causing diseases to plants and animals. 

Various groups of Eubacteria include: 

Cyanobacteria 

They are a diverse group of gram-negative organisms also 

known as blue-green algae. They are responsible for oxygenic 

photosynthesis through the use 

of chlorophyll and phycobiliprotein. A remnant of Earth’s 

oldest lifeform, the Stromatolites are layered sedimentary 

formations by cyanobacteria dating 3.5 billion years ago. 

Examples:  

Unicellular cyanobacteria 

include Microcystis sp., Synechococcus sp., Synechocystis sp.,

 Hyella caespitosa, and Prochlorococcus. 

Filamentous cyanobacteria includes Lyngbya majuscule, 

Oscillatoria sp., Nostoc sp., Anabaena sp., Fischerella 

muscicola, Trichodesmium.  

In conditions where nutrients run from 

land. Cyanobacteria grow rapidly due to excess nutrients 

leading to eutrophication in coastal waters. This leads to 

the decay of organic matter, and the production of harmful 

toxins affecting marine life and human health. This 

phenomenon often observed in the lake, river, or ocean is 

termed “harmful algal bloom”.  

Proteobacteria 

Proteobacteria is a group of gram-negative bacteria with a 

diverse presence in marine environments. This group includes 

bacteria both autotrophic and heterotrophic. They have a 

significant role in the oxidation of sulfur, methane, and 

hydrogen, and the reduction of sulfate and nitrate.  
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Alpha-proteobacteria: 

Pelagibacter ubique (SAR11) is the most abundant 

bacteria adapted in nutrient-poor marine environments such as 

the open ocean.   

Gamma-proteobacteria:  

Important genera of bacteria that can be found abundantly in 

the marine sediments.  

These include Aerobic anoxygenic phototrophic bacteria 

(Erythrobacter and Roseobacter), Methanotrophs(Methylococ

caceae), Purple 

sulfurbacteria(Marichromatium, Halochromatium, Thiorhodo

coccus, Allochromatium, Thiocapsa, Thiorhodovibrio, Thioha

locapsa). Vibrio sp. are known to be pathogenic to other 

marine organisms and humans. Moreover, free-

living Alteromonas have a role in the degradation of organic 

material.  

Firmicutes  

Firmicutes are eubacteria with gram-positive cell walls 

i.e., thick peptidoglycan layer. Moreover, these organisms can 

have the ability to form spores and resist extreme conditions. A 

prominent member of Firmicutes in the ocean involves the 

phylum Bacillota known to produce chemical compounds as a 

novel biologically active molecule.  

Actinobacteria 

Actinobacteria are aerobic, Gram-positive bacteria with a 

resemblance to fungi due to branching filamentous 

morphology.  

They often inhabit marine sediments and water columns. This 

family of Prokaryotic bacteria is known to produce abundant 

antimicrobial compounds and has been known to be an 

important source of bioactive natural products. Some genera of 
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marine Actinobacteria include Dietzia, Rhodococcus, 

Streptomyces, Salinispora, and Micromonospora.  

Bacteroidetes 

Bacteroidetes are strictly anaerobic, non-spore-forming Gram-

negative bacteria. Many species of Bacteroidetes live within its 

host as obligate parasites. 

These organisms are capable of degrading complex 

carbohydrates including pectin and chitin.  

Some important marine Bacteroidetes 

include Polaribacter sp.MED152, Dokdonia sp. MED 

134, Leeuwenhoekiella blandensis MED217, Gramella 

forsetti KT0803. Some Bacteroidetes like Cytophaga species 

are known to prey on marine phytoplankton (Diatoms, 

Dinoflagellates)  

 

Marine Eukaryotes 

Marine fungi  

Fungi include chlorophyll-less, eukaryotic, non-

vascular organisms reproducing by sexual and filamentous 

branched somatic structure. 

They have a morphology of cell walls made of cellulose, chitin, 

or both. Furthermore, fungi are heterotrophic organisms that 

can be yeast or mold. Yeast is a unicellular fungus where molds 

have multicellular filaments called hyphae forming mycelium. 

Fungi can form sexual as well as asexual spores.   

Marine fungi play an essential role in energy flow by mediating 

dissolved organic matter in the marine environment. Due to 

their ability to produce natural secondary metabolites such as 

terpenes, steroids, and alkaloids which have antimicrobial, 

anticancer, and antiviral activities, they have promising 

applications.   
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Ascomycota 

Most fungal species found in marine environments belong 

are septate fungi with filaments divided by divisions of septa. 

They form sexual spores called ascospores.  The marine 

Ascomycota include Mycosphaerella, Ramichloridium, 

Sphaerulina, Pharcidia, Rhabdospora, Cladosporium, 

Metulocladosporiella, Amarenomyces, 

Passeriniella, Floricola, Alternaria, Aspergillus, etc. Marine 

yeasts inhabiting marine environments include Cryptococcus, 

Debaryomyces, Pichia, Hansenula, Rhodotorula, 

Saccharomyces, Trichosporon, Torulopsis, etc.  

Basidiomycota 

These filamentous fungi are also known as club fungi due to 

their club-shaped resemblance of structure called basidia that 

produce sexual spores. 

Marine Basidiomycota includes Flamingomyces and 

Parvulago. Halocyphina villosa, etc. 

Chytridiomycota 

These aerobic zoosporic fungi are pathogenic and have 

a saprotrophic mode of nutrition (organic debris as a source of 

nutrition). They are predominantly aquatic and they include 

genera such as Rhizidium, Phlyctochytrium, Chytridium, and 

Catenochytridium.  

Blast Chytridiomycota 

They are a lesser-known group of fungi placed among 

the heterokont (presence of 2 flagella where immature one 

bears tripartite flagella). They have a closer resemblance 

to brown algae than to fungi. Furthermore, they inhabit aquatic 

habitats contributing to the decomposition of organic matter, 

and have a saprophytic mode of nutrition.  

Examples include: Catenaria, 
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Marine Protozoan 

Protozoans are unicellular, eukaryotic organisms either free-

living or parasitic.  

These organisms have a varied morphology, feeding strategy, 

and crucial ecological role.  

They are found in coastal waters to deep-sea sediments in size 

ranging from several millimeters. 

Major groups of Marine protozoans include: 

Foraminifera 

Foraminifera are microscopic, heterotrophic, single-

celled organisms locomoting by pseudopodia. A foram is a 

single cell that builds a layer of calcium carbonate around it 

called a test. They are used as bioindicators for paleoclimatic 

studies as they fossilize themselves along with marine 

sediments to form deep-sea sediments. Examples include 

Xenophyophores and Globigerina bulloides. 

Ciliate 

Ciliates are microorganisms bearing numerous, short, hair-like 

appendages called cilia for locomotion and feeding. Some 

organisms possess cilia as a mode to filter feed their food into 

their oral groove. Ciliates include Tintinnids, Vorticella, 

Paramecium, Coleps, Colpoda, Balantidium, Didinium, 

Stentor, etc.  

Dinoflagellate 

Dinoflagellates are protists with two flagella for 

movement, and they possess a protective armor made 

of cellulose. They can be 

either photosynthetic or heterotrophic. Photosynthetic 

species like Zooxanthellae are symbiotic with corals for 

beneficial outcomes whereas, other species 

including Prorocentrum cordatum can proliferate in warm, 

nutrient-rich habitats as harmful algal blooms. 
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Amoeboid 

Amoeboid protozoans have variable morphology and are 

located by pseudopodia. They have a phagotropic mode of 

nutrition meaning they engulf their food. These organisms 

include Pelomyxa and Amoeba proteus. 

 

9. Biofouling 

Biofouling is one of the most widespread natural biological 

processes occurring in aquatic environments. It refers to the 

undesirable accumulation of biological organisms on surfaces 

that remain submerged in water for extended periods. The 

organisms may include microorganisms such as bacteria and 

algae as well as larger organisms such as barnacles, mussels, 

tubeworms, and seaweeds. 

The phenomenon is observed in both marine and freshwater 

ecosystems; however, marine biofouling is particularly 

significant because of its severe industrial and ecological 

consequences. The oceans contain a vast diversity of living 

organisms and when any artificial object is placed into 

seawater, it quickly becomes colonized by living organisms. A 

clean submerged surface rarely remains clean for long. Within 

minutes of immersion, organic molecules adhere to the surface, 

followed by bacteria, algae, and eventually complex 

organisms. 

Biofouling affects a wide range of human activities. Ships 

experience reduced speed and increased fuel consumption. 

Aquaculture systems suffer from blocked nets and poor water 

circulation. Industrial cooling systems and pipelines 

experience clogging and corrosion. Sensors and monitoring 

equipment fail due to biological coverage. As global maritime 

trade expands, biofouling has become a serious economic, 

engineering, and environmental problem. 
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At the same time, biofouling is also an ecological process. It 

represents a form of biological succession where organisms 

colonize and establish a community on an available substrate. 

Therefore, biofouling must be understood not only as an 

industrial problem but also as an ecological interaction 

between organisms and surfaces. 

Definition 

Biofouling can be defined as: 

“The undesirable accumulation of microorganisms, plants, 

algae, and animals on natural or artificial surfaces 

submerged in aquatic environments.” 

Types of Surfaces Affected 

Biofouling occurs on almost any submerged surface. 

Natural Surfaces 

• Rocks 

• Coral reefs 

• Shells 

• Mangrove roots 

• Aquatic plants 

Artificial Surfaces 

• Ship hulls 

• Boat propellers 

• Offshore oil platforms 

• Piers and docks 

• Aquaculture cages and nets 

• Water pipelines 

• Heat exchangers 

• Desalination plants 

• Oceanographic sensors 

• Bridge pillars 
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Artificial surfaces are particularly vulnerable because they 

remain stationary and provide stable attachment areas for 

organisms. 

Stages of Biofouling  

Biofouling is not a random process. It occurs in a predictable 

sequence called ecological succession. 

Stage 1: Conditioning Film Formation 

Immediately after immersion, the surface interacts with water. 

Dissolved organic compounds in water rapidly adsorb onto the 

surface. 

These include: 

• proteins 

• polysaccharides 

• lipids 

• humic substances 

• inorganic ions 

This thin layer is called the conditioning film.This stage 

occurs within minutes. 

Stage 2: Bacterial Adhesion 

Bacteria are the first living organisms to colonize the surface. 

Initially attachment is reversible, but later becomes 

permanent. 

Bacteria secrete sticky material called: 

EPS (Extracellular Polymeric Substances) 

EPS composition: 

• polysaccharides 

• proteins 

• nucleic acids 

• water 

Stage 3: Microfouling 

After bacterial colonization, other microscopic organisms 

attach: 
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• diatoms 

• protozoa 

• fungi 

• microalgae 

• cyanobacteria 

The surface becomes green or brown. This stage is called 

microfouling. 

The microfouling community releases chemical signals that 

attract larvae of larger organisms. 

Stage 4: Macrofouling 

Finally, large organisms settle and grow. 

Examples: 

• barnacles 

• mussels 

• oysters 

• tubeworms 

• seaweeds 

• sponges 

This stage takes weeks to months and leads to heavy fouling. 

Classification of Biofouling 

A. Microfouling 

Caused by microscopic organisms: 

• bacteria 

• diatoms 

• fungi 

• microalgae 

Role: Formation of biofilm and preparation of surface. 

B. Macrofouling 

Soft Macrofouling 

No hard shell: 

• seaweeds 

• sponges 
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• tunicates 

• anemones 

Hard Macrofouling 

Hard calcareous structures: 

• barnacles 

• mussels 

• oysters 

• tubeworms 

Hard macrofouling is extremely difficult to remove. 

Typical Locations of Biofouling  

All submerged parts of a ship, offshore vessel, and marine 

equipment are susceptible to biofouling. The sheer fact that 

these parts and equipment come into contact with salty ocean 

water makes them an automatic candidate for biofouling. 

Furthermore, most of these parts and equipment are made from 

steel, composites and aluminum, which have little resistance to 

biofouling.  

Biofouling on ships  

Hulls are the largest submerged parts of a ship. Their wide 

surface area makes them a big target for biofouling organisms. 

Take barnacles, for instance. They’re sessile species and filter 

feeders that get their food from sifting plankton from 

surrounding water. Because hulls have a wide surface area and 

experience continuous water flow as a ship cruises, they’re an 

ideal target for barnacles.   

These other biofouling hot spots are: 

• Propeller  

• External cooling parts   

• Bow thrusters  

• Boxcoolers   

• Sea chest  

• Bridge keel  
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Biofouling on offshore platforms  

Offshore platforms are towering steel structures used to 

support various offshore applications such as oil and gas 

extraction, ship loading and unloading, and navigation. Most 

offshore platforms remain static at sea for long periods, 

allowing fouling organisms to accumulate. Examples of 

offshore platforms include:  

• Drilling barges  

• Jack-up rigs  

• Semi-submersible rigs  

• Drill-ships  

• Spar platforms  

• Tension leg platforms  

• Fixed platforms  

Biofouling on marine equipment   

Marine equipment serves different purposes, such as 

navigation, marine data collection, underwater transportation, 

and scuba diving. Examples of marine equipment include:  

• Buoys   

• Underwater sensors  

• Submersibles, such as autonomous underwater vehicles 

(AUVs), human-occupied vehicles (HOVs), gliders, and 

remotely operated vehicles (ROVs)  

Biofouling reduces the operational efficiency of maritime 

equipment, particularly submersibles, which often spend long 

periods on the seafloor conducting scientific analysis.   

Impacts of Biofouling 

Biofouling creates several structural, operational, ecological, 

and economic issues for the maritime industry.   

Increased Vessel Drag   

As ships and vessels cruise through water, they experience 

mechanical resistance or friction, dubbed drag. Vessel weight 
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is one of the main factors contributing to vessel drag, among 

other aspects such as:  

• Shape and design of a ship’s hull  

• Scratched and abrased hulls  

• Surface finish quality   

• Inefficient propellers   

Fouling organisms increase vessel drag by adding extra weight 

(as much as 10 tons) to the ship. The added weight from the 

unwanted biofouling causes a ship to move slower while using 

more fuel and propulsion force. Considering that fuel costs 

make up 60% of a ship’s total operational costs, even a slight 

increase in fuel substantially impacts overall expenses.  

Additionally, spending more time than necessary on a voyage 

leads to lost business opportunities. Competing ships without 

vessel drag are more efficient, and they profit from your 

redundancy.   

Corrosion   

Biofouling marine organisms such as invertebrates promote 

microbially influenced corrosion of metal structures. Hulls, 

marine equipment, and offshore vessels are mostly made of 

steel or aluminum. Even though these materials have excellent 

corrosion resistance, biofouling organisms such as barnacles 

colonize their surfaces and compromise their resistance 

integrity.   

Repairing corroded hulls and other surfaces is costly in terms 

of repair costs and lost business. Additionally, underwater 

repair for equipment such as drilling rigs is risky and time 

intensive. In a worst-case scenario, excessive corrosion that 

goes unrepaired for a long time can cause hull leakages and 

potentially ground your vessel.  

 

 

https://maritimefairtrade.org/fuelling-efficiency-methods-to-reduce-cargo-ship-fuel-costs/#:~:text=With%20fuel%20costs%20accounting%20for,to%20comply%20with%20environmental%20regulations.
https://maritimefairtrade.org/fuelling-efficiency-methods-to-reduce-cargo-ship-fuel-costs/#:~:text=With%20fuel%20costs%20accounting%20for,to%20comply%20with%20environmental%20regulations.
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Maintenance and Cleaning Costs  

Extensive hull cleaning is the only way to remove existing 

biofouling. However, hull cleaning, especially for huge ocean-

going and offshore vessels, is inconvenient and expensive. And 

if you don’t invest in a marine growth prevention system, 

you’ll be forced to clean the hull regularly as biofouling restarts 

more vigorously after the first clean-up.  

Environmental Impact  

Biofouling negatively impacts the marine ecosystem, 

specifically by facilitating the transfer of invasive aquatic 

species into new marine environments they don’t belong in. 

These invasive aquatic species disrupt the local ecosystems, 

rendering some native organisms extinct or displacing them 

from their original habitat.   

 

10. Role of Probiotics in Aquaculture 

Aquaculture plays a vital role in providing sustainable 

livelihood and food security for the ever increasing population. 

Accordingly there is expansion, intensification and 

diversification of aquaculture practices to obtain enhanced 

production. This has resulted in increased environmental and 

aquatic animal stress, finally to disease out bursts, reduction in 

production and threat to sustainability of aquaculture. To 

control the diseases, an excess of chemical compounds and 

antibiotics has been applied indiscriminately. The application 

of these compounds caused many complications and their 

danger could affect human’s health indirectly. This has led to 

the development of natural microbiological / acceptable 

substitutes and growth promoters which are very important and 

urgent for healthier aquatic animals and sustainability of aqua 

production and productivity. 
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Aquaculture is emerging as one of the fastest growing and most 

promising industry for providing animal protein and food 

security to the growing population. Due to its lucarativeness it 

is surpassing the agriculture sector also. The expansion of 

culture area and intensification of culture practices are leading 

to high stocking densities. The intensification of aquaculture 

practices has given rise to stressful conditions for both the 

aquatic animals and the environment. As a result, disease 

outbreaks are being progressively documented as one the most 

important threats to the aquaculture industry. The diseases and 

deterioration of environmental conditions often occur and 

result in serious situation. 

During the last decades, antibiotics used as traditional strategy 

for fish diseases management and also for the improvement of 

growth and efficiency of feed conversion. An alternative 

approach to manage fish and shrimp health, that is fast gaining 

attention in aquaculture industry is, “probiotics”, a microbial 

intervention approach for disease prevention and control, high 

survival and growth by enhancing the feed conversion 

efficiency. 

Probiotics introduced for aquaculture have several forms 

including bacterial cells. Commonly used probiotic micro-

organisms are Bacillus sps: Lactobacilus sp, Enterococcus sp, 

Carnobacterium sps, and the yeast, Saccharomyces cerevisiae, 

etc. Application of antimicrobial agents in aquaculture 

practices can be reduced by encouraging the usage of immune– 

stimulants, non-specific immune enhancers, probiotics and 

vaccines. Further, these are considered as major thrust areas of 

potential research for disease control in aquaculture. 

Definition of probiotics 

The world “probiotics was coined by Parker (1974), and 

defined as “Organisms and substances that give to intestinal 
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microbial balance. Fuller (1989) revised the definition as “live 

microbial feed supplement which beneficially affects host 

animal by improving its intestinal microbial balance”. 

Probiotics are often termed as “friendly”, “beneficial”, “good” 

or “helpful” bacteria, because they help keep the gut healthy. 

More recently, the probiotics are defined as “live 

microorganisms” that when administered in adequate amounts 

confer a health benefit on the host. 

Probiotics in Aquaculture  

Probiotics are essential to aquaculture because they promote 

the growth and well-being of aquatic organisms in a natural 

way. Their main method of action is to support a healthy gut 

bacterium, which is necessary for efficient digestion and 

nutritional absorption. Probiotics aid in the better growth and 

disease resistance of aquatic organisms by preserving a healthy 

gut environment. Additionally, probiotics have a lot to offer in 

terms of illness prevention. By vying with one another for 

nutrients and available space in the gut, they can stop 

hazardous germs from growing and lower the risk of infections. 

Furthermore, certain probiotic bacteria create antimicrobial 

compounds that target and suppress infections, so safeguarding 

the host. Probiotics can help to improve water quality in 

aquaculture systems. These bacteria may degrade organic 

waste and minimize pollutants such as ammonia and nitrite, 

resulting in a cleaner and more stable environment. This not 

only benefits aquatic animals, but also contributes to the 

overall health of the environment. Choosing the correct 

probiotic strains is critical to getting these advantages. Strains 

such as Lactobacillus, Bacillus, and Pseudomonas are widely 

utilized in aquaculture due to their demonstrated efficiency. 

However, the effectiveness of probiotics varies based on 

parameters such as water temperature, pH, and the unique 
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demands of the cultured species. Proper selection and use are 

critical to maximizing the beneficial effects of probiotics in 

aquaculture settings. 

Probiotic bacteria used in Aquaculture  

Live microorganisms known as probiotics, when given in 

sufficient quantities, improve the health of their host and are 

being used more and more in aquaculture and other industries. 

Probiotic microorganisms such as Lactobacillus, 

Bifidobacterium, Pediococcus, and Bacillus are frequently 

utilized in aquaculture.Lactic acid produced by Lactobacillus 

species, including Lactobacillus rhamnosus and Lactobacillus 

plantarum, is widely known for its capacity to improve gut 

health. It balances the gut microbiota and prevents the 

formation of harmful bacteria. Certain species of 

Bifidobacterium, such as Bifidobacterium longum and 

Bifidobacterium bifidum, are also essential for maintaining a 

healthy digestive tract and enhancing immunological response. 

Mode of Action of Probiotics  

Probiotics exert their beneficial effects through several 

mechanisms. They help maintain a balanced gut microbiota by 

competing with pathogenic microbes for resources and 

attachment sites on the intestinal lining. This competition helps 

inhibit the growth of harmful bacteria. Probiotics also produce 

substances like lactic acid and antimicrobial peptides that can 

directly suppress the growth of pathogens. Additionally, they 

enhance the gut barrier function by promoting the production 

of mucus and strengthening tight junctions between intestinal 

cells, which helps prevent the leakage of toxins and pathogens 

into the bloodstream. Furthermore, probiotics modulate the 

immune system by interacting with gut-associated lymphoid 

tissue (GALT), thereby influencing immune responses and 

reducing inflammation. Overall, these combined actions 
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contribute to the overall health of the gut and systemic well-

being. 

Benefits of Probiotics in Aquaculture 

 Probiotics have emerged as indispensable allies in the realm 

of aquaculture, offering a myriad of benefits that contribute to 

the overall health and productivity of cultured aquatic 

organisms. By introducing beneficial microorganisms into the 

gut, probiotics enhance digestion and nutrient absorption, 

thereby promoting faster growth rates and improved feed 

conversion efficiency. Moreover, these microbial allies play a 

pivotal role in strengthening the immune system, enabling 

aquatic species to mount a robust defense against a wide array 

of pathogens. Probiotics also act as natural competitors to 

harmful bacteria, reducing the prevalence of diseases and 

associated economic losses. Beyond their impact on individual 

organisms, probiotics contribute to improved water quality by 

decomposing organic matter and reducing ammonia levels. 

Additionally, they can help mitigate the detrimental effects of 

stress, enhancing the overall well-being of cultured species. 

Through their multifaceted actions, probiotics present a 

sustainable and eco-friendly approach to aquaculture, fostering 

healthier animals, higher yields, and a reduced reliance on 

antibiotics and other chemical treatments. 
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11. Eyestalk ablation 

Eyestalk ablation is the removal of one (unilateral) or both 

(bilateral) eyestalks from a crustacean. It is routinely practiced 

on female shrimps (or female prawns) in almost every marine 

shrimp maturation or reproduction facility in the world, both 

research and commercial. The aim of ablation under these 

circumstances is to stimulate the female shrimp to develop 

mature ovaries and spawn. The practice has drawn criticism 

from animal welfare advocates due to concerns about pain, 

distress, and long-term impacts on shrimp health and 

behaviour.  

Most captive conditions for shrimp cause inhibitions in females 

that prevent them from developing mature ovaries. Even in 

conditions where a given species will develop ovaries and 

spawn in captivity, use of eyestalk ablation increases total egg 

production and increases the percentage of females in a given 

population that will participate in reproduction. Once females 

have been subjected to eyestalk ablation, complete ovarian 

development often ensues within as little as 3 to 10 days. The 

practice was a major development for the commercialisation of 

shrimp farming in the 1970s and 80s since it enabled reliable 

production. 

 

Effects 

There are several direct and indirect effects of eye ablation in 

female shrimps, including;  

https://en.wikipedia.org/wiki/Eyestalk
https://en.wikipedia.org/wiki/Crustacean
https://en.wikipedia.org/wiki/Shrimp_farming
https://en.wikipedia.org/wiki/Ablation#Medicine
https://en.wikipedia.org/wiki/Spawn_(biology)
https://en.wikipedia.org/wiki/Ovary
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• increases total egg production by producing more frequent 

spawnings, but not larger spawns 

• moult cycle duration is shorter 

• increases mortality rate by up to three times 

• deteriorates female condition 

• in some instances, produces lower hatch rate of eggs 

• leads to changes in ovarian colour 

• increases energetic demands 

• leads to eventual loss in egg quality 

• production of offsprings that are more vulnerable to 

diseases such as WSSV 

Techniques 

Techniques for eyestalk ablation include:[12] 

1. Pinching the eyestalk, usually half to two-thirds down the 

eyestalk. This method may leave an open wound. 

2. Slitting one eye with a razor blade, then crushing the 

eyestalk, with thumb and index fingernail, beginning one-

half to two-thirds down the eyestalk and moving distally 

until the contents of eyes have been removed. This method, 

sometimes called enucleation, leaves behind the 

transparent exoskeleton so that clotting of haemolymph, 

and closure of the wound, may occur more rapidly. 

3. Cauterizing through the eyestalk with either an 

electrocautery device or an instrument such as a red-hot 

wire or forceps. If performed correctly, this method closes 

the wound and allows scar tissue to form more readily. A 

variation of this technique is to use scissors or a sharp blade 

to sever the eyestalk, and then to cauterize the wound. 

4. Ligation by tying off the eyestalk tightly with surgical or 

other thread. This method also has the advantage of 

immediate wound closure. 

https://en.wikipedia.org/wiki/Moult
https://en.wikipedia.org/wiki/White_spot_syndrome
https://en.wikipedia.org/wiki/Eyestalk_ablation#cite_note-:2-12
https://en.wikipedia.org/wiki/Cauterizing
https://en.wikipedia.org/wiki/Ligature_(medicine)


77 | P a g e  

 

Ethical concerns 

Animal welfare advocates and researchers have raised 

significant concerns about the suffering caused by eyestalk 

ablation procedures. The procedure is typically performed 

without anaesthesia, and critics argue that the resulting 

impaired vision increases stress and vulnerability in the 

animals.  

Organizations including Mercy For Animals, Compassion in 

World Farming, and the Shrimp Welfare Project have launched 

campaigns against the practice. These efforts have resulted in 

commitments from major retailers including Tesco and Co-

op to eliminate eyestalk ablation from their supply chains by 

2027. Eyestalk ablation is currently prohibited in Europe for 

organic production.  

In 2016, Seajoy, one of the major producers of premium 

farmed shrimp in Central America, started to farm only 

ablation-free shrimp.  

 

12. Chromosomal Manipulation in Fishes 

Introduction 

Chromosomal manipulation in fishes refers to the intentional 

alteration of chromosome number or genetic makeup to 

improve desirable traits such as growth, sterility, disease 

resistance, and production efficiency. Fish are ideal organisms 

for such manipulation because their external fertilization and 

early embryonic development allow easy application of 

physical or chemical treatments. Common techniques include 

polyploidy induction, gynogenesis, androgenesis, and the 

production of triploid and tetraploid fishes. These methods are 

widely used in aquaculture to enhance growth performance, 

prevent uncontrolled breeding, and support sustainable fish 

production and conservation programs. 

https://en.wikipedia.org/wiki/Mercy_For_Animals
https://en.wikipedia.org/wiki/Compassion_in_World_Farming
https://en.wikipedia.org/wiki/Compassion_in_World_Farming
https://en.wikipedia.org/wiki/Tesco
https://en.wikipedia.org/wiki/Co-op_Food
https://en.wikipedia.org/wiki/Co-op_Food
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Major Chromosomal Manipulation Techniques 

Chromosomal manipulation may produce triploids, tetraploids, 

gynogenetic and androgenetic. 

Triploids 

The creation of triploid is the type of chromosomal 

manipulation. Triploids are created by shocking newly 

fertilized eggs to prevent extrusion of the second polar body. 

The fertilized egg thus contains an egg haploid nucleus a sperm 

haploid nucleus and a second polar body haploid nucleus 

which creates a triploid. Triploid have been created in many 

species, including Heteropneustes fossilis (Singhi), 

Cyprinuscarpio (common carp), Ctenopharingo donidella 

(grass carp), Labeo rohita (rohu), Clarias gariepinus (African 

catfish), Oncorhynchus mykiss (Rainbow trout), 

Onchorhynchus gorbuscha (Pink salmon), etc. 

It is known that triploid fish have a great potential for 

commercial exploitation in aquaculture. Apart from that, they 

serve as an attractive model for basic research. As triploid fish 

are with abnormal physiological features, they provide a 

unique potential for discovery of new biochemical and 

molecular mechanisms in basic fish physiology. Future study 

needs data on various field performances of triploid fish before 

their commercial exploitation. 

Tetraploids 

Tetraploids are fish that have four sets of chromosomes instead 

of the normal two sets. Tetraploids can be created by shocking 

a diploid zygote when it is undergoing first cleavage. This 

prevents nuclear division so, the nucleus becomes 4n, and the 

zygote is a tetraploid. Tetraploid Danio rerio (Zebrafish), 

Oreochromis niloticus (Nile tilapia), Oncorhynchus mykiss 

(Rainbow trout), Ictalurus punctatus (Channel catfish), 
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Ctenopharyngo donidella (Grass carp), Labeorohita (Rohu), 

Catlacatla (Catla/Bhakur) etc, have been produced. 

The major interest in the creation of tetraploids is that they 

could be used to produce interploid triploid, which could 

eliminate the need to continually create triploids manually. 

Tetraploids are mates to diploids, and the ensuring progeny are 

interploidtriplids. 

Gynogens 

These are fish that are engineered, so that both sets of 

chromosomes come from the mother. Gynogens are produced 

for several reasons. The first is to produce a monosex female 

population. If the species has the XY sex-determing system, 

female are XX, so, all gynogens will be females. Gynogens are 

produces in one of the two ways – 

(i) Eggs are activated with sperms which have had their 

genetic material destroyed by X-rays, Gamma rays or UV 

irradiation. Shortly after activation, the egg is shocked to 

prevent the second leaving. The egg now contains two 

haploid (n) nuclei, the egg nucleus and the second polar 

body nucleus. These are sets of chromosomes originated 

in the mother. 

(ii) The second technique being the same way. The first step 

is to activate eggs with sperm which have had their 

genetic material destroyed by irradiation. This will 

produce a gynogenetic haploid. When the haploid zygote 

undergoes first cleavage, the embryo is shocked, and this 

prevent cell division. The two haploid nuclei fuse to form 

a 2n zygote and both sets of chromosomes come from the 

mother.These are sets of chromosomes originated in the 

mother. 

Gynogenesis is a valuable tool for producing unisex 

populations, for locating and selecting recessive genes and for 
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studying linkage and crossing over. Gynogenic Labeorohita 

(Rohu), Catlacatla (Catla/Bhakur), Ctenopharyngo 

donidella(Grass carp), Cyprinus carpio (Common carp), etc. 

have been produced by using this technique. 

 
Androgens: 

Androgens are the opposite of gynogens. These are those fish 

whose chromosomes come solely from the father. Androgens 

can be produced by one of two methods. The most commonly 

used method is to fertilize eggs whose genetic material has 

been destroyed by gamma rays or x-rays with normal sperm. 

This produces a haploid androgenetic zygote undergoes first 

cleavage, it is shocked to prevent cell division and the two 

haploid nuclei fuse to form a diploid nucleus. All chromosomes 

in these fish come from the father. Androgenetic 

Onchorhynchus mykiss (Rainbow trout), Salvelinus fontinalis 

(Brook trout), Ctenopharyngo donidella(Grass carp) have been 

produced in this manner. 

The second technique that can be used to produce androgens is 

to fertile eggs whose genetic material has been destroyed by 

irradiation with sperm from tetraploid males. Tetrploid males 
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produce diploid sperm, consequently, the sperm pronucleus is 

diploid rather than haploid, which means the ensuring zygote 

will also be diploid. 

 
Haploids: 

Haploids are individuals that have only a single set of 

chromosomes. There are two ways to create haploids, and both 

involve the destruction of genetic material from one of the 

parents. One way is to “fertilize” eggs with sperm that have had 

their genetic material destroyed by x-ray, gamma rays, 

chemicals or UV irradiation. UV irradiation is probably the 

best method to destroy sperm DNA. 

The second way to create haploids is to destroy the genetic 

material in eggs with x-rays or gamma rays and to fertilize 

these eggs with normal sperm. Because the sperm’s haploid 

nucleus is the sole contributor to the zygote’s genome, the 

embryo is a haploid. In this case, the haploid embryo is an 

androgenetic haploid, because all alleles come from the father. 

Haploids are interesting because they enable breeders to study 

certain embryological genetic processes. On a practical level, 

it is important to know how to produce haploids, because that 
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is the first step in the production of gynogenetic and 

androgenetic fish. Haploid Heteropneustes fossilis (Singhi) 

have been produced in this manner. 

UV light has been successfully used in irradiating eggs of 

Axipensetrans montanus (Sturgeon), Cyprinus carpio 

(Common carp), Oreochromis niloticus (Nile tilapia), 

Misgurnusan guillicaudatus (Loach), Clarias gariepinus 

(African catfish). UV irradiation is easy to use anywhere, 

inexpensive and safer to apply. Haploid androgenesis has been 

induced in the Misgurnus anguillicaudatus (Loach), Oncorhyn 

chusmasou, Onchorhynchus mykiss (Rainbow trout) and 

Salvelinus fontinalis (Brook trout). 

                                                

13. Transgenic fish production 

Transgenic are organisms into which transgene has been 

artificially introduced and the transgene stably integrated into 

their genomes. Transfer of transgene into the nucleus of a target 

cell where integration into the host genome takes place. 

Interestingly, fish offer easier genetic manipulation compared 

to mammalian counterpart, as they bred easily and large 

number of eggs is laid by female. The primary goals for genetic 

manipulation of fish species used in aquaculture are to: a) 

Intensify the growth and efficiency of food conservation, b) 

Increase tolerance to environmental variables, such as 

temperature and salinity, c) Bring out new colour variants of 

ornamental fishes, and d) Develop disease resistant fishes. 

A number of fish species are in focus for gene transfer 

experiments and can be divided into two main groups: animals 

used in aquaculture and model fish used in basic research. 

Among the major food fish species are carp (Cyprinus sp.), 

tilapia (Oreochromis sp.), salmon (Salmo sp., Oncorhynchus 

sp.) and channel catfish (Ictalurus punctatus) while zebrafish 
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(Danio rerio), medaka (Oryzias latipes) and goldfish (Carassius 

auratus) are used in basic research. Transgenic fish show better 

gross food conversion, the increase in fish weight per unit of 

food fed. 

Methods in the production of transgenic fish 

Microinjection method:  

Microinjection method has been used successfully in the 

production of transgenic fish and is a commonly used 

technique due to its simplicity and reliability. The use of the 

microinjection method results in higher survival rates for 

manipulated fish embryos than the electroporation method. 

The most established method for gene transfer in fish is 

microinjection. Microinjection that allows delivery of the 

transgene directly into the nucleus, Transgene is directly 

microinjected into the male pronuclei of fertilized eggs. 

Disadvantage 

• Time-consuming and labour intensive. 

• The nuclei of fish eggs are small and difficult to visualize 

• The chorion, hardens soon after fertilization and in many 

fish species the pronuclei of fertilized eggs is not visible 

and transgenes are usually injected into the egg cytoplasm. 

• Low efficiency of generation of transgenics. 

Electroporation method: 

Electroporation has been shown to be the most effective means 

of gene transfer in fish since a large number of fertilized eggs 

can be treated in a short time by this method. Electroporation 

utilizes a series of short electric pulses to permeate the cell 

membrane that make possible the formation of temporary pores 

on the surface of the target cells through which the transgene is 

introduced into the cytoplasm where it is then delivered to the 

nucleus by the cellular machinery. Electroporation has been 
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preferred in many laboratories for gene transfer in fish systems 

because of its efficiency, speed and simplicity. 

Disadvantage 

The presence of a tough chorion layer around the fish eggs 

reduces efficiency, removal of the chorion is a tedious 

procedure and introduces additional stress on newly fertilized 

eggs. 

The efficiency of the electroporation reduced because of 

voltage, number and frequency of pulses. 

Sperm mediated gene transfer method: 

SMGT is a transgenic technique that transfers genes based on 

the ability of sperm cells to spontaneously bind to exogenous 

DNA and transport it into an oocyte during fertilization to 

produce genetically modified animals. Exogenous DNA refers 

to DNA that originates outside of the organism. SMGT have 

low efficiency and it is mainly due to low uptake of exogenous 

DNA by the spermatozoa. 

Mechanism of SMGT 

The exogenous DNA molecules bind to the cell membrane of 

the head of the sperm cell. This binding and internalization of 

the DNA is not a random event. The exogenous DNA interacts 

with the DNA-binding proteins (DBPs) that are present on the 

surface of the sperm cell. Spermatozoa are naturally protected 

against the intrusion of exogenous DNA molecules by an 

inhibitory factor present in mammals‟ seminal fluid. This 

factor blocks the binding of sperm cells and exogenous DNA 

because in the presence of the inhibitory factor, DBPs lose their 

ability to bind to exogenous DNA. In the absence of this 

inhibitory factor, DBPs on sperm cells are able to interact with 

DNA and can then translocate the DNA into the cell. Therefore, 

the seminal fluid must be removed from the sperm samples by 

extensive washing immediately after ejaculation. After the 
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DNA is internalized, the exogenous DNA must be integrated 

into the genome. 

Retroviral infection method: 

 Although transgenic techniques have been adopted 

successfully by microinjection and electroporation techniques 

with great efficiency, mosaicism is the major concern in 

resulting individuals. Therefore, a retroviral vector, such as 

long terminal repeat (LTR) sequences of Moloney murine 

leukemia virus (MoMLV) and pantropic retroviral vector, has 

been developed for improving efficiency of integration of the 

gene. Because of its higher efficiency, it has been used to 

produce transgenic organisms, including fishes. Regrettably, 

these viral vectors are inclined to unstable expression or even 

complete silencing of transgene expression and integration 

rates may be increased because of active infection. The 

successfully used retroviral vector or constructs reported to 

produce transgenic crayfish and top minnows, Poeciliposis 

lucida. In a recent study, pantropic retroviral vector has been 

used as a tool for transducing sea urchin embryos. This is a 

valuable gene transfer technique for fishes, in general, but, 

introduction of viral sequences into food fish may not be 

accepted by the public, but it could be used for ornamental fish 

development. 

Disadvantage: The preparation of retroviral particles 

including the transgene of interest is a very laborious process, 

increases costs and requires technology 

Advantages of transgenic fish 

• The growth rate of Transgenic fish can be increased by 

400% to 600%  

• Can reduce feed input by up to 25% per unit of output, 

thereby improving food conversion ratios. 
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• Transgenic fish have been developed for various 

applications such as the experimental models for biological 

research, environmental monitoring, ornamental fish and 

aquaculture production.  

• Two-to-three-fold increases relative to non-transgenic fish 

have been reported for tilapia and Atlantic salmon and up 

to two fold increases in common carp. 

• Use of transgenic fish as bioreactors for the large-scale 

production of rare human therapeutic proteins or novel 

foods for specific dietary requirements.  

• Transgenic lines of tilapia engineered to produce human 

clotting factor VII, which is used in liver transplants and in 

treating injuries.  

• Development of transgenic animal models represents a 

revolutionary advance in the study of a variety of disease 

processes.  

• Fish as cost-effective and important animal models in 

genetics, developmental biology and toxicology.  

• Development of transgenic fish as a model in reducing or 

replacing selected mammals used in toxicity testing. 
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14. Cryopreservation 

Cryopreservation is an approach that preserves biological 

things (cells, tissue, and gametes) for an indefinite period of 

time by preserving them at an extremely low temperature (-196 

°C). At this temperature, the cells' metabolic activity is 

suppressed or stopped, yet they remain alive. Their regular 

functionality can be restored after adequate thawing. 

Cryopreserved milt from improved fish strains is currently 

utilized for selective breeding and hybridization (Blaxter et al., 

1953). The goals of cryopreservation of fish gametes are: 

• To conserve endangered species and maintain genetic 

variety through the creation of gene banks. 

• To preserve desired gametes for future, use over an 

extended period of time. 

• To enhance the processes of induced breeding, 

hybridization and selective breeding. 

• To address the issue of male and female asynchronous 

maturation i.e. seabass, etroplus spp. etc. 

• For the purpose of interbreeding various stocks or species 

that mature at different times or seasons. 

• To facilitate the easy transfer of gametes to other locations. 

• In the case of seasonal breeders such as major carps, seed 

can be produced and supplied to farmers at any time of year 

as per the market demand. 

• It facilitates the advancement of methods such as 

hybridization, induced breeding, and selective breeding 

that are intended to genetically improve cultivable fish in 

order to produce a superior strain with increased feed 

conversion efficiency, disease resistance, and growth rate. 
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Method of Preservation  

Short term Preservation 

To increase spermatozoa life, maintain the gamete at 0-4°C 

with antibiotics and oxygen for a few hours or days. After 

ovulation, the eggs are removed and kept undiluted, and they 

keep their fertilizing capacity for a few hours. The 

serializability of ova can also be kept by immersing them in 

ovarian fluid or an isotonic electrolytic solution for a few hours 

to a few days at a cool temperature ranging from 0 to 4 degrees 

Celsius. For example, in Tilapia, egg fertility remains higher in 

the ovarian fluid at temperatures ranging from 10-15 degrees 

Celsius. 

Cryopreservation Method 

It involves following steps 

 (1) Pre-freezing  

(2) Freezing  

(3) Storage 

(4) Thawing 

(5) Post-thawing 

(6) Insemination 

Cryoprotectant 

Cryoinjuries can be avoided or decreased by using 

cryoprotectants and diluting solutions known as extenders. The 

cryoprotectant aids in the prevention or reduction of crystal 

formation in intracellular fluid. An excellent cryoptotectant is 

permeable, soluble, and minimally harmful to cells. 

Function 

1. Decreased water transport from the cell to the extracellular 

ice crystal. 

 2. Reducing the shift in cell volume.  

3. Limiting the pace at which ice crystals are growing.  

4. Reducing the temperature of homogenous nucleation. 
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Types of cryprotectant  

The best cryoprotectants should be non-toxic and permeable to 

the cell.  

1. Permeating cryoprotectants: They can enter cells directly. 

Ex-Glycol, Dimethyl Sulphoxide (DMSO), Ethylene Glycol, 

and Methanol.  

2. Non-permeating cryoprotectants: cannot pass through the 

cell membrane. They generate an exterior covering 

surrounding the cell, preventing crystal formation in the region. 

They work by lowering the freezing point and increasing the 

ice formation temperature of the extracellular fluid. Examples 

include polyvinyl pyrrolidone (PVP), glucose, sucrose, egg 

yolk serum, dextran, and skim milk. 

Cryopreservation Procedure  

1. Harvesting or Selection of material– Few important 

criteria should be followed while selecting the biological 

materials such as – volume, density, pH, morphology, and 

without any damage. 

2. Addition of cryo-protectant – Cryoprotective agents 

such as glycerol, FBS, salts, sugars, glycols are added to 

the samples as it reduces the freezing point of the medium 

and also allow slower cooling rate, which reduces the risk 

of crystallization. 

3. Freezing – Different methods of freezing are applied in 

this method of cryopreservation to protect cells from 

damage and cell death by their exposure to the warm 

solutions of cryoprotective agents. 

4. Storage in liquid nitrogen– The cryopreserved samples 

are stored in extreme cold or -80°C in a freezer for at least 

5 to 24 hours before transferring it to the storage vessels. 

https://byjus.com/biology/cells/
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5. Thawing- The process of warming the biological samples 

in order to control the rate of cooling and prevent the cell 

damage caused by the crystallization. 

 
Applications in Aquaculture 

Genetic Resource Conservation 

• Preservation of elite broodstock 

• Maintenance of genetic diversity 

• Protection from inbreeding 

Germplasm Banking 

• Creation of fish sperm banks 

• Long-term storage of valuable strains 

• Similar to “seed banks” in plants 

Selective Breeding Programs 

• Use sperm from superior males anytime 

• Synchronization of breeding seasons 

Hybridization Programs 

• Crossing different strains or species 

• Maintaining male lines for crossbreeding 

Conservation of Endangered Species 

Helps preserve threatened species such as: 

• Tor khudree 

Disease Management 

• Backup genetic stock in case of disease outbreaks 
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Research Applications 

• Genetic studies 

• Chromosomal manipulation 

• Transgenic research 

 

15. Agar 

Agar is a polysaccharide-based hydrocolloid synthesized in the 

cell walls of red seaweed, known as agarophytes. Owing to its 

unique gel-forming ability, agar has wide-ranging applications 

that include microbial media preparation, stabilizing agents, 

and the development of biodegradable food packaging films. 

A brief history of agar 

In the 17th century, a Japanese innkeeper named 

Tarozaemonminoya discovered agar by chance. During winter, 

he served a dish containing Gelidium spp (seaweed) to a high-

ranked officer, and the uneaten food was found to transform 

into a white squashy material, eventually named agar. 

Before World War II, Japan was the sole producer of agar, 

however, only small-scale industries produced them of 

inconsistent quality. In recent years, the use of modern 

technologies enabled a consistent production of high-quality 

agar. 

Over the years, large-scale agar extraction from Gelidium 

sesquipedale seaweed and other processing steps have been 

significantly improved in Portugal and Spain. 

During the end of the 19th century, agar was used beyond the 

food industry. For instance, it was used in the laboratory as 

media for bacterial growth which has immensely benefitted 

biotechnology-based industries. Seaweed was recognized as 

the "Medical Food of the Twenty-First Century". 
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Sources and chemical structure of agar 

Agar is extracted from many species, namely, Gracilaria, 

Ceramium, Pterocladia, Gelidium, and Acantkopeltis. Among 

these agarophytes, G. acerosa is used to develop 

bacteriological grade agar and Gracilaria sp. for food quality 

agar. 

Agar occurs as a structural carbohydrate in its natural state and 

may exist in the form of its calcium salt, or a mixture of 

magnesium and calcium salts. 

Agar is a complex mixture of polysaccharides, namely, agarose 

and agaropectin. The ratio of agarose and agaropectin polymers 

varies in agar obtained from different seaweed species. Natural 

agar constitutes at least two-thirds of agarose. 

Agarose is a natural polymer and is responsible for the gelling 

property. Chemically, it is sulfate-free chains of linear 

molecules that occur as repeating alternate units of β-1,3-

linked- D-galactose and α-1,4-linked 3,6-anhydro-L-galactose. 

Agaropectin is the non-gelling fraction of agar. It is a charged 

polysaccharide that contains 3% to 10% sulfate, D-glucuronic 

acid, and small amounts of pyruvic acid. Agaropectin contains 

the same repeating units that of agarose, however, some 3,6-

anhydro-L-galactose rings are replaced by L-galactose-6-

sulphate, methoxy, or pyruvate groups. This chemical 

modification reduces its gelling capacity. 

Properties of agar 

The wide-ranging applications of agar is due to its important 

structural and physical properties.7 Some of the key properties 

of agar are discussed below: 

Gelling: The gelling capacity of agarose is associated with the 

presence of three equatorial hydrogen atoms on the 3,6-

anhydro-L-galactose residues that constrain the polysaccharide 

molecule to form a helix. Double helices cluster together and 
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form a three-dimensional structural network that can hold 

water molecules. Agar forms thermo-reversible gels, and the 

gel strength is influenced by the pH, concentration, and sugar 

content. 

Solubility: Although agar is insoluble in cold water, it 

dissolves rapidly in boiling water. It is also soluble in many 

solvents at room temperature. It significantly swells by 

absorbing twenty times more than its weight of water. 

Viscosity: The viscosity of agar solution varies in accordance 

with the raw material source. 

Stability: The stability of agar depends on hydration and the 

charge. Prolonged exposure to high temperatures can lower gel 

strength. 

Applications of agar in various fields 

Agar is used in many fields including dentistry, food, 

microbiology-based laboratories, and biotech industries. Crude 

agar is processed to develop many textures, such as brittle, 

elastic, and solid, that are ideal for specific applications. Some 

of the key applications of agar are discussed below: 

Food application 

In the food industry, agar is typically used as gelling and 

stabilizing agents, and to control viscosity. It is only used as an 

additive and not as a nutrient. Since it is used in very low 

concentrations, the calorie contribution is negligible. Agar is 

used to prepare marmalade, jellies, and candies. In bakery, it is 

used to prevent dehydration of confectionery products. 

Food packaging materials 

Many studies have highlighted the adverse health effects of 

plastic films used in food packaging. These adverse effects are 

linked with harmful chemicals (e.g., phthalates and bisphenol 

A (BPA)) that are released from plastic packings. Agar-based 

biodegradable food packaging films are transparent, non-toxic, 
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and flexible, making them an ideal alternative to plastic food 

packaging films. 

 

Casting molds 

Agar is used to prepare casting molds for sculpturing. 

Typically, glycerine is added to prevent cast dehydration 

because of its capacity to balance external humidity. It is also 

used to develop dental molds.2 

Pharmacy 

Agar is used in pharmacy as a thickening agent, suppository 

base (laxative), emulsifying agent, tablet binder, viscosity-

increasing agent, stabilizing agent, and suspending agent. 

Pharmacists use agar to stabilize cholesterol solutions. In some 

cases, chemotherapeutics and antibiotics are loaded in 

composite hydrogel, and then slowly released. 

Photographic silkscreen 

Agar extracted from Gelidium corneum is used in 

photographic silkscreen due to its superior durability, 

readability, and adaptability. Agar is better than branded 

emulsions because of its rapid processing capacity, low cost, 

and same printing outcome. 

Orchid nurseries 

Agar is also used in plant tissue culture-based techniques to 

improve cellular cultivation. It helps grow virus-free clones of 

plants. 

Biological research 

In electrophoresis techniques, agarose gel is used to separate 

proteins.11 Microbiologists and biotechnologists use agar-

based media to culture microorganisms, such as bacteria 

(nutrient agar) and potato dextrose agar (PDA). A broth media 

is solidified using agar, which supports the maintenance of pure 

culture and in growth behavior analysis. Nutrients in agar 
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plates are easily accessible to microbes which aids in their 

rapid multiplication. 

 

16. Agarose 

Introduction 

Agarose is a natural polysaccharide obtained from red algae 

(seaweed). It is a purified component of Agar and is widely 

used in molecular biology and biotechnology laboratories. 

Agarose forms a gel matrix when dissolved in hot buffer and 

cooled. This gel is mainly used for separating DNA, RNA, or 

proteins during electrophoresis. 

Source 

Agarose is extracted from red algae (Rhodophyceae) such as: 

• Gelidium amansii 

• Gracilaria verrucosa 

These seaweeds are processed to remove impurities and 

produce purified agarose. 

Chemical Structure 

Agarose is a linear polymer composed of repeating units of: 

• D-galactose 

• 3,6-anhydro-L-galactopyranose 

These sugar molecules are linked by glycosidic bonds 

forming a long chain. 

 
Properties of Agarose 

• Colorless and odorless powder 
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• Forms thermoreversible gel (melts when heated, solidifies 

when cooled) 

• High gel strength 

• Chemically stable 

• Non-toxic and biologically inert 

Applications of Agarose (Short Notes) 

Agarose is widely used in molecular biology and 

biotechnology because it forms a stable gel with large pores 

and does not react with biomolecules. 

1. Agarose Gel Electrophoresis 

Used to separate DNA and RNA fragments based on size in 

Agarose gel electrophoresis. 

DNA bands are stained with Ethidium bromide and viewed 

under a UV transilluminator. 

2. Protein Separation 

Used for separation of large proteins and protein complexes 

(>200 kDa). 

3. Immunological Studies 

Used in Immunodiffusion and Immunoelectrophoresis to 

detect antigen–antibody reactions. 

4. Protein Purification 

Agarose beads are used in chromatography techniques such as: 

• Gel filtration 

• Affinity chromatography 

Example: Sepharose 

5. Culture Media 

Sometimes used instead of Agar for culturing microorganisms 

and cells because it has fewer impurities. 

6. Motility and Cell Migration Assays 

Used to study microbial motility and chemotaxis by observing 

how cells move through agarose gel. 
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17. Carrageenans 

Carrageenans are commercially important hydrophilic 

colloids (water-soluble gums) which occur as matrix material 

in numerous species of red seaweeds (Rhodophyta) wherein 

they serve a structural function analogous to that of cellulose 

in land plants. Chemically they are highly sulfated galactans. 

Due to their half-ester sulfate moieties they are strongly 

anionic polymers. In this respect they differ from agars and 

alginates, the other two classes of commercially exploited 

seaweed hydrocolloids. Agars, though also galactans, have 

little half-ester sulfate and may be considered to be nonionic 

for most practical purposes. Alginates, though anionic, are 

polymers of mannuronic and guluronic acids and as such owe 

their ionic character to carboxyl rather than sulfate groups. In 

this respect alginates are more akin to pectins, found in land 

plants, than to the other seaweed hydrocolloids.Applications of 

carrageenans make use of both their hydrophilic and anionic 

properties, the latter influencing the former. 

Sources 

Carrageenan is sourced from red seaweed of the 

Rhodophyceae family by extraction, typically from genera 

such as Eucheuma, Agardhiella, Solieria, Iridaea, Cripus, 

Hypnea, Chondrus, Sarconema, Gigartina, and Stellate.19–

24 Euchema and Kappaphycus seaweeds are the most widely 

found seaweeds in Malaysia and Southeast Asia 

Structure and properties 

Carrageenan, a sulfated polysaccharide derived from 

marine red algae, exhibits versatile properties and structures 

crucial for various applications.26 Research indicates that 

carrageenans with a 3,6-anhydrous bridge adopt compact 

helical structures, while those without the bridge remain as 

extended helices, contrary to the ‘coil-to-helix’ 

https://pubs.rsc.org/en/content/articlehtml/2025/ra/d5ra03296b#cit19
https://pubs.rsc.org/en/content/articlehtml/2025/ra/d5ra03296b#cit19
https://pubs.rsc.org/en/content/articlehtml/2025/ra/d5ra03296b#cit26
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paradigm.27 These polysaccharides are composed of long, 

linear polymer chains with fundamental structural units 

comprising two galactose moieties, one with a β-linkage at the 

3-position and the other with an α-linkage at the 4-position or 

a 3,6-anhydro-α-galactopyranose unit, which can vary in the 

number and position of sulphate groups attached to the 

galactose units within the disaccharide repeating units. 

 
Types of carrageenan 

Carrageenan mainly consists of 3 types, distinguished by their 

degree of sulfation. 

(i) Kappa (κ)-carrageenan is a specific type of carrageenan that 

exhibits a structural composition characterized by alternating 

3-linked β-D-galactose 4-sulfate and 4-linked 6-anhydro-α-

galactopyranose units within its repeating disaccharide 

moieties. This arrangement results in the presence of one 

negative charge per repeating disaccharide unit, which 

contributes to the unique physicochemical properties and 

functional characteristics of κ-carrageenan. 

 
 

 

https://pubs.rsc.org/en/content/articlehtml/2025/ra/d5ra03296b#cit27
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Properties 

The molecular structures of different types of carrageenan 

Carrageenans are large, highly flexible molecules that form 

curling helical structures. This gives them the ability to form a 

variety of different gels at room temperature. They are widely 

used in the food and other industries 

as thickening and stabilizing agents. 

All carrageenans are high-molecular-weight polysaccharides 

and mainly made up of alternating 3-linked β-D-

galactopyranose (G-units) and 4-linked α-D-galactopyranose 

(D-units) or 4-linked 3,6-anhydro-α-D-galactopyranose (DA-

units), forming the disaccharide repeating unit of carrageenans.  

There are three main commercial classes of carrageenan: 

• Kappa forms strong, rigid gels in the presence of 

potassium ions, and reacts with dairy proteins. It is sourced 

mainly from Kappaphycus alvarezii.  

• Iota forms soft gels in the presence of calcium ions. It is 

produced mainly from Eucheuma denticulatum,[10] and 

historically from Chondrus crispus.  

• Lambda does not gel, and is used to thicken dairy products. 

The primary differences that influence the properties of 

kappa, iota, and lambda carrageenan are the number and 

position of the ester sulfate groups on the 

repeating galactose units. Higher levels of ester sulfate 

lower the solubility temperature of the carrageenan and 

produce lower strength gels, or contribute to gel inhibition 

(lambda carrageenan) 

Many red algal species produce different types of 

carrageenans during their developmental history. For instance, 

the genus Gigartina produces mainly kappa carrageenans 

during its gametophytic stage, and lambda carrageenans 

during its sporophytic stage. All are soluble in hot water, but in 

https://en.wikipedia.org/wiki/Helix
https://en.wikipedia.org/wiki/Gel
https://en.wikipedia.org/wiki/Thickening_agent
https://en.wikipedia.org/wiki/Stabilizer_(chemistry)
https://en.wikipedia.org/wiki/Kappaphycus_alvarezii
https://en.wikipedia.org/wiki/Eucheuma_denticulatum
https://en.wikipedia.org/wiki/Carrageenan#cite_note-:1-10
https://en.wikipedia.org/wiki/Chondrus_crispus
https://en.wikipedia.org/wiki/Galactose
https://en.wikipedia.org/wiki/Alternation_of_generations
https://en.wikipedia.org/w/index.php?title=Gigartina&action=edit&redlink=1
https://en.wikipedia.org/wiki/Gametophyte
https://en.wikipedia.org/wiki/Sporophyte
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cold water, only the lambda form (and the sodium salts of the 

other two) are soluble. 

When used in food products, carrageenan has 

the EU additive E numbers E407 or E407a when present as 

"processed eucheuma seaweed". Technically carrageenan is 

considered a dietary fibre.  

In parts of Scotland and Ireland, where it is known by a variety 

of local and native names, Chondrus crispus is boiled in milk 

and strained, before sugar and other flavouring such as vanilla, 

cinnamon, brandy, or whisky are added. The end-product is a 

kind of jelly similar to panna cotta, tapioca, or blancmange. 

Uses and applications 

As gelling agent: When carrageenan is mixed with specific 

ions such as potassium or calcium, it readily forms gels, 

therefore enabling the creation of diverse textures and 

architectures in food products. 

As the thickening agent: Carrageenan enhances the viscosity 

and bulk of liquids, therefore imparting a more opulent and 

durable feel. In goods such as sauces, soups, syrups, and salad 

dressings, this is particularly crucial. It serves to preserve 

consistency in liquid or semi-liquid food products, therefore 

avoiding excessive wateriness or runniness. 

As the stabilizing agent: Carrageenan acts as a stabilizing 

agent for emulsions, which are combinations of water and fat, 

so preventing the distinct separation of components in various 

products such as dairy drinks, creams, and chocolate milk. It 

maintains the suspension of solid particles in liquid items, such 

as certain beverages, therefore ensuring the persistence of the 

product's consistency and appearance throughout time. 

Carrageenan is extensively employed as an excipient in the 

pharmaceutical industry to regulate the viscosity and stability 

of liquid drugs and gels. Within the realm of cosmetics, it finds 

https://en.wikipedia.org/wiki/European_Union
https://en.wikipedia.org/wiki/E_number
https://en.wikipedia.org/wiki/Chondrus_crispus#Names_in_various_languages
https://en.wikipedia.org/wiki/Chondrus_crispus#Names_in_various_languages
https://en.wikipedia.org/wiki/Chondrus_crispus
https://en.wikipedia.org/wiki/Panna_cotta
https://en.wikipedia.org/wiki/Tapioca
https://en.wikipedia.org/wiki/Blancmange
https://www.bocsci.com/products/thickening-agents-4584.html
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application in lotions, creams, and shampoos due to its capacity 

to thicken and ensure stability. 

Moisture retention: The high-water binding capacity of 

carrageenan facilitates the moisture retention in a wide range 

of food products. Carrageenan is especially advantageous in 

processed meats since it effectively inhibits moisture loss, 

therefore preserving the product's juiciness and tenderness 

after processing. 

Extended product life: The addition of carrageenan to 

emulsions and suspensions enhances the general stability of 

food items, therefore preventing any separation or alterations 

in texture during storage. As a result, the shelf life of numerous 

processed foods and beverages is extended. 

Improving transparency: Carrageenan is in use in the 

brewing process of beverages such as beer and wine to 

eliminate surplus protein and other suspended particles, 

therefore enhancing the clarity and visual appeal of the end 

product. 

Carrageenan in food: Carrageenan is extensively employed 

as a food additive in processed foods due to its distinctive 

characteristics as a thickening agent, gelling agent, emulsifier, 

and stabilizer. With the proliferation of the Western diet (WD) 

in recent years, its consumption has escalated. Here are some 

novel applications of carrageenan in emerging food 

technologies: 

(1) Encapsulation: While alginate is the most thoroughly 

studied wall material, carrageenan has also been acknowledged 

as a promising alternative for walls due to its affordability, 

compatibility with living organisms, capacity to break down 

naturally, and viability for sustainable manufacturing. 

Presently, the use of carrageenan as a wall material for 

encapsulation has attracted significant interest among 



103 | P a g e  

 

biopolymers because of its superior stability and 

electronegativity in comparison to wall materials based on 

pectin and alginate. Previous studies have indicated that 

capsules containing κ-Carrageenan exhibit superior storage 

stability compared to capsules containing pectin when 

encapsulating β-galactosidase. 

(2) Edible films and coatings: The hydrophilic nature of 

carrageenan allows for its facile dissolution into water through 

heating. Subsequently, the films and coatings are generated by 

a drying process, facilitating the formation of a polymer sheet. 

Composite carrageenan films, characterized by a higher ratio 

of β-Carrageenan to κ-Carrageenan, exhibited greater 

elasticity, reduced hydroscopicity, and superior UV and oxygen 

barrier capabilities in comparison to commercially available 

KC films. 
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