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ABSTRACT:

Biofouling has become worldwide threat in the recent years. Scientists’ researching on biofouling is on peak
aboard. There are organisms which colonize the underwater surfaces of ships such as spores of algae, barnacles,
seaweeds, etc. which uses manifold array of biological glues to provide adhesion which is the result of
biofouling. Invasive species hold world threat because of ships that introduce them the foreign environment
through ballast waters and ship hulls. Sea trade expansion lead broad pathway for invasive species and promoted
devastation of other native species. The ships struck with biofouling which travel over long distances, raises the
content of CO2 release to 14-31%. This increases the concentration of greenhouse gases which make invasive
species deplete and finally vanish away. Invasive plant species are the key initiators of global change. Certain
chemicals and protein coatings have come into light to resist the adhesion of various biofouling species. This
review focuses on various effects of invasive species in marine biofouling and the eco-friendly ways to eradicate

them.

KEYWORDS: Biofouling, Biological glues, invasive species, greenhouse gas, protein coats.

INTRODUCTION:

The present context highlights biofouling and its threat
to ecosystem. There are organisms (spores of algae,
barnacles, diatoms, etc.) which colonize the underwater
surfaces of ships which uses manifold array of
biological glues to provide adhesion. [1] These species
which undergo the process of biofouling and affects the
ecosystem by changing the native ecosystem and
inducing variations is known to be as invasive species
which includes certain plants, microorganisms and
animals. Invasive species were present throughout
history, but their gradual increase has led to jeopardy.

2]

Invasive species or non-indigenous species are that
organism which are non-native to the environment and
have negative effects on the respective regions
economy, public health, etc. Consequences have risen as
their growth rate has taken a boost and covered ample of
the space on earth.[3]
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Biofouling research includes the contribution from many
experts all over the world. It has become a devastating
scenario for the workers in marine industry, as the
transfer of invasive species into a new environment is
initiated by the ships and has led to a new danger for the
different oceans and it is damaging the conserved
biodiversity of that particular new environment.[4] [5]
As the ballast water is helpful for the ships stability and
safety for the latest shipping operations but also, it is the
ballast water which carries almost 87% of the invasive
species.[6] This is a worldwide problem, costing $16.2
Billion to New Zealand along $1Billion to US Navy,
whereas $5.5 Billion to Canada for 16species alone per
annum.[7]

The accumulation of microbes on the immersed surfaces
leads to the spoilage of the metal increasing economic
and environmental health hazards. The nations are
putting their efforts as this biofouling is leading to the
endangering and extinction of many of the native
species along the way with introduction of new species
dominating the ecosystem by recreating new food chain
and the nutrient cycles.[8] The type and growth rate of
invasive species in biofouling depends on the
environment and the habitat pursuing ability. The
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greater the adhesiveness of the microbe the more are the
survival chances. The marine environment varies in a
vast way when compared to another ecosystem.[9]
Morphology of microbes in the marine biofouling is
with respect to their thickness, adhesive property,
density, structure and weight. Growth of invasive
aquatic species mainly targets the ships and underwater
structures.[10]

These invasive species can be of two types depending on

their body type:

1. Calcareous Organisms (Hard-Shell organisms)

2. Non-Calcareous Organisms (Soft-Shell organisms)
[11]

As the ships acts as a major carrier of invasive species in
a distinct environment, modes of transport (pipes,
canals, etc.) are being affected as they grow rapidly and
clog the openings.[12] The species like green algae,
Caulerpataxifolia has been acting forward as a major
threat. In early 2001 and 2004, a commitment was taken
by IMO (INTERNATIONAL MARITIME
ORGANISATION) to clear biofouling through invasive
aquatic species, but issue of transfer of invasive aquatic
species through ships’ biofouling was first brought
officially to IMO’s attention in 2006. According to IMO
study CO2 has been released as 769 Million tons in
2014 and by 2050 there will be a risk for its increase by
50-250% which will further lead to increase in
greenhouse gas emissions and result in global warming.
The UN Convention on the Law of the Sea (UNCLOS)
provides a global framework by requiring States for the
work together "To prevent intentional or accidental
introduction of alien species to particular part of marine
environment."[13]

BIOFOULING:

Biofouling or biological fouling is the accumulation of
the different microorganisms, plants or animals on the
submerged surface. It leads to microbial corrosion, loss
of heat and mechanical blockages. It even leads to
environmental and product contamination and causes
problems to the public health indirectly and sometimes
directly. [14]

Factors’ influencing the expansion of biofouling
depends upon type of material, pH, temperature,
geographical area, current season and distance from the
shoreline. If the water movement is slow then the larvae
or organism will not take much time to get adhere to the
wetted surface of the submerged object. [15]

The organisms causing biofouling are mostly called as
‘Foulers’. Plant fouling is done by the communities of
algae, especially green algae. The smaller organism
doing biofouling includes algal spore, diatoms, etc. The
algal spores can settle down on wet surface in seconds

and colonize in few hours. The process takes place in
presence of sunlight. Animal biofouling is caused by
protozoans, coelenterates, hydroids, etc. They all get
attached to surface by the formation of biofilms. This
biofouling causes many problems which will be further
discussed. [16]

INVASIVE SPECIES IN BIOFOULING:

Invasive species are those foreign species that are
introduced in new environment by human activity. It is
observed to be mostly done by the ship which travels in
distant waters. These species leave their original
distribution range to some other habitat or ecosystem
affecting the species living in that environment.[17]
These species are named variedly such as ‘Introduced
Marine Pests’ in Australia and New Zealand whereas
‘Harmful Aquatic Organisms’ by IMO Ballast Water
Convention.

The percentage of invasive species includes with
Australia - 78%, Hawaii Islands - 74%, North America -
70%, New Zealand - 69%, North Sea - 50% and Japan -
42%. [18].

Whenever some clean material surface is immersed in
the water, then a sheath of dissolved organic materials
develops on the material surface leading to the
adsorption of the colonized bacteria getting adhered and
travel [19]

Once these species are established in a particular
environment it becomes very tough to get rid from them.
They spoil the native ecosystem by domination and
alteration of the food chain by which the other
organisms are also affected [20]

These invasive species get attached to the parts of ships
such as ship propellers, impellers and ballast water
tanks. They get attached to different zones present in the
impeller and because of this reason the weight and loads
on impellors increase leading to decrease in its working
efficiency. This also leads to increase in fuel
consumption and decrease in the speed of ships. Thereby
proving problematic to the marine industry and increase
in capital expenditure [21]

ADHESION:

This stage is divided into various processes comprising
of the cell transport on the material surface, then
attachment to the surface and form irreversible
attachment along the colonies. The following are the
steps for a microorganism to adhere on a surface and
grow into complete colony:

1. Thermodynamics of bacterial adhesion

2. The bacterial surface

3. Bacterial adhesives.
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The initial attraction takes place when the bacteria is
floating around the metal surface through some weak
forces of attraction i.e. Van der Waals forces with a
minimum distance of less than 50nm. Later leads to
increase in the attraction forces with the surface at some
distance of 10-20nm through electric impulse exchange
mechanism (electrostatic force). The microbe then
builds an attraction towards the material surface nearing
the distance by 0.5-0.2nm by hydrophobic attraction
mechanism in which low lipid molecules attaches to an
immersed or submerged surface. The perfect adherence
occurs after the bacteria comes near the surface about
less than 0.1nm. The microorganism then grows and
expands its colony along with the maturation of species.
The colony formation leads to a complex 3-dimensional
structure formation covered by a peptidoglycan layer
which sticks over the surface as a glue. This adhesive
property of a microorganism to attach to a immersed
surface through various forces and bio glue property is
still for study under various organizations and researches
but no positive outcome has yet turned over.[22] [23]

TYPES OF BIOFOULING ORGANISMS:

The biofouling organisms are differentiated into two
types based on their body type:

1. Calcareous or Hard-Shell Organisms:-

These organisms possess shell as an outer protective
covering.

2. Non-Calcareous or Soft-Shell Organisms:-

These organisms do not possess any outer protective
covering.

BARNACLES (CALCEREOUS ORGANISM):

Barnacles are calcareous organisms belonging to class
Cirripedia. They contribute in a large amount of over
12,000 species in the ecosystem. The barnacles may be
found at different depth areas of the sea but are mostly
found in the hard rock zone and the intertidal zones.
These organisms are sessile (non-motile) by nature and
prefer to attach to hard substrates. Rock and hard metal
are the substrates in common, but they can also attach to
various other surfaces as example garbage, ship hulls,
other organisms. Barnacles are both found in underwater
and on dry land i.e. intertidal zones. The barnacles are
the organisms which can withstand al | the varied
temperature on living land. Like periwinkles, the
barnacles are calcareous shell organisms which they can
open when the tides hit them and close to keep them
hydrated by sealing the moisture when dry, but when
submerged their shells are opened to the optimum. Often
misunderstood to belong to mollusks these organisms
whereas relate to crabs and lobsters more than the
periwinkles hence are crustaceans. The barnacles when
in underwater is the time they feed. They open their
shells and extend their cirri. Cirri are basically the
specialized appendages that are covered with sensory

hairs called setae which helps in capturing of food,
planktons and other grass carried along the water
current. These cirri are the reason for the name of class
Cirripedia.

Barnacles are classified into two groups:

1. Acorn Barnacles

2. Goose Barnacles [24]

Of which the acorn barnacle is the most common and
abundant species of barnacle found around globe about
1400 species. These organisms are hermaphrodite i.e.
they possess both male and female gametes. The
barnacle recoils its penis at the time of reproduction
which in some species is the length 20times greater than
its own size. The penis searches for another barnacle and
then fertilization takes place. After fertilization, the eggs
are released, and the larvae joins the planktons. Each
individual can release up to 10,000 eggs. As the growth
is initiated the larvae adheres to a solid surface and
remains sessile for the whole of adult stage. An outer
sheath develops as larvae gets attached to a substrate
thereby protecting it from all the predators and the
surrounding environment. Once the sheath develops the
larvae will then grow and spend all his life there. These
shells also act as a protective covering to the organism
as when exposed to an unhealthy or toxic atmosphere it
closes to stay safe and healthy. These barnacles make up
the oldest surviving and is not much genetically altered
yet even after great changes in and around the
ecosystem. The barnacles attached to a hard surface is
shown in reference [25],[26]

EFFECTS:

The biofouling leads to various crisis to the marine
environment, marine industry sustaining the human life
and the organisms in and around the habitat. Some of
these effects are mild whereas some are hazardous to the
ecosystem.[27] Depletion of flora and fauna are the
main threat caused by the biofouling lead through the
invasive species. As these species corrode and block the
passages of the ship propellers, the increase in the
consumption of fuel has been increased by 30%. Hereby
raising the country’s economic cost by 50%. This fuel
consumption has also led to more amount of CO, and
SO, emission thereby promoting the toxicity level to a
higher gradient and harming the life within.[28][29]

The increasing in drag level also makes it difficult in the
emergency situations. The propeller blockage leads to
the hydrodynamic performance to slow down thereby
decreasing the speed with which the ship should travel.
The life of the ship hull decreases thereby increasing the
cost consumption by 3%. The replacement of ship parts
are made to happen very readily by the increasing in
adherence of the invasive species [30] The ballast waters
are acting as a major threat as these carry waters in their

4519



Research J. Pharm. and Tech. 13(9): September 2020

tanks from one environment to another which leads to
introduction of a specie into distinct ecosystem thereby
becoming invasive and damaging the host environment
[31]

These invasive species once adapted to an environment
makes other native creatures recessive and which leads
to their depletion thus extinction. The most of important
native species may suffer extinction because of over
growth of invasive species into their environment [32].
The study on effects of the biofouling through invasive
species has led to a varied threat we even have not
known about (green house,etc). The native environment
species are thereby listed and given protection whereas
the non-native ones are discarded of their ecosystem.
Certain  measures have been coming into
implementation, but the progress is yet to be more in this
field [33]

INHIBITION:

As we all know that biofouling is a major backup to the
ship industry at present time. Various ways are there for
the inhibition and control for the same. Since we know
that biofouling is caused by Reverse Osmosis (RO) by
producing biofilms. If small scale RO installations are
one on the surface. The microorganisms won’t be able to
adhere. These formations of biofouling resistant
membrane called as DOW FILMTECTM BW30XFR is
currently used now [34]

Chemicals like hyaluronic acid (HA) and chondroitin
sulphate (CS) have many non-fouling properties. They
were modified to hydrophobic trifluoroethylamine
(TFEA) [35] they are used for coating ship surfaces. By
the use of these TFEA the adhesion property of the
marine fouling species are decreased and a protein
resistant coat is formed over to get rid of the biofilms.
Antifouling paints are those special type of paints which
advert the growth of marine organisms. In 1970°s TBT
or Tributyltin was used due to its major antifouling
properties, but due to its adverse effects its use is on a
ban now in many nations [36]

There are many antifouling paints made now to control
biofouling which are metallic in nature. They slowly kill
the barnacles and other marine biofouling agents in
water. Many more works are to be done in this field to
control biofouling and save our ecosystem [37]

AUTHOR VIEWS:

The biofouling has been always a threat and that the
researches have been advanced to prevent it from
growing into more hazardous problem. As respect with
invasive species the IMO has put into consideration
certain rules to be followed when travelled through
waters. The adhesiveness of microorganism and the

preventive measures are like some coatings and metallic
paints along, though research is to be done in ample.
The types of organisms are examined on the basis of
resistant properties they possess; the proceedings are
carried out for more detailed information regarding the
distinct organisms. There are ought to be several hazards
when biofouling is considered and to that the invasive
species have also been devised for more danger through
the preventions are set for use, though more efforts need
to be implied on. As the chemical used for the inhibition
have proved more or less to be harmful for the flora and
fauna.

CONCLUSION:

Desired results and proper research will tend to lead
biofouling to deterioration and enhance the quality of
ecosystem. So by use of various chemicals are used to
act as an effective and ecofriendly way to prevent
biofouling such as hydrophobic Trifluoroethylamine
(TFEA), Polydimethylsiloxane (PDMS) and
sulfobetaine. Cu-Ni alloy also acts as a great paint
coating for the biofouling to be prevented. Other protein
coating paints are also been in use for the ships.
Awareness should be created to not let biofouling agents
spread into a healthy ecosystem. Prevention of
biofouling is needed to be done as it increases the life of
ships important parts like the impellers, propellers and
ship hulls also helps the native species to maintain a
healthy ecosystem. Monitoring, early detection and
rapid response are key to prevent biofouling.
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