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Management of marine ecosystems and resources  

increasingly demands comprehensive and  

quantitative assessments of health of the oceans 

The global pattern of ecosystem structure and processes is 

strongly governed by climate 

 



Natural events (Climate Forcings) 
affecting climate 

Milankovitch Cycles -These are movements of the Earth that affect the amount of 

solar radiation that it gets 

 

Sun Spots and Solar Flares - Sunspots are storms on the surface of the sun and are 

associated with extremely strong magnetic activity, solar flares, hot gaseous 

emissions  

 

Plate Tectonics - Change ocean circulation patterns  which transport heat around 

the Earth and in turn influences atmospheric circulation processes 

 

Major Volcanic Eruptions - Volcanic eruptions of ash and gases into the 

troposphere and above cause SHORT TERM cooling  

 

El Nino and La Nina - El Niño is a large scale change in oceanic and atmospheric 

circulation in the eastern equatorial Pacific and involves rapid, large scale warming 

of the sea-surface. La Niña is the opposite, a rapid cooling in this area 

 

Forest Fires - Forest fires produce a lot of smoke – made up of particulates and 

gases 



Solar radiations 

The Earth System 

Anthrosphere 

The Earth is made up of many systems that work together.  

One way to classify these systems that are  essential to climate is to 

 divide them into five “spheres” 



Climate change impacts the ocean 

• Temperature rise  

• Shifts in wind and radiation regimes 

• Changes in the hydrological cycle  

• Alterations related to oceanic circulation and 

stratification  

• Changes in the frequency of episodic extreme events 

(such as storms)  

• Acidification  

 



Anthropogenic impacts on the ocean 

Includes a range of threats from land-based sources  

– Oil 

– Sediments 

– Eutrophication (nutrient enrichment) 

– Harmful chemicals  

– Radioactive substances  

– Marine litter 

– Thermal 

– Noise 

– Acidification 

– Alien species 

 



Oil  Cause 

Oil tanker operations  

Shipping 

Accidents at sea 

Offshore oil drilling  

Natural seepage 

Effect 

Low level contamination can kill larvae and 

cause disease in marine life. Oil slicks kill 

marine life, especially in coastal habitats. Tar 

balls from coagulated oil litter beaches and 

coastal habitat. Loss of sensitive marine habitats 

– loss of flora and fauna. Tourism – becomes 

nuisance 



 When oil is spilled it spreads over 
the sea surface to form a thin film 
and called as oil-slick 

 Light oil spreads faster than heavy 
wax oil 

 Low molecular weight fractions 
evaporate 

 Water soluble components dissolve 

 Non-water soluble components 
emulsify and forms a viscous mass 
– “chocolate mousse or pudding” 

 Heavy residues form tar balls 

Contd.. 



Tar balls 
Appear along the entire coast of 

India, and their appearance on the 

west coast is usually seasonal, with 

high likelihood during May-

October 

Various physical, chemical, and 

biological processes change 

appearance of the oil.  These 

processes are generally called 

“weathering.” 



Sediments  
Cause 
Erosion from mining, forestry, 

farming, and other land-use; 

coastal dredging and mining  

Effect 

Cloud water; impede photosynthesis 

below surface waters. Clog gills of 

fish. Carry toxins and excess 

nutrients.  



Eutrophication 

Cause 

Sewage effluent 

Agricultural runoff 

Aquaculture 

Industrial wastes  

Effect 

Feed algal blooms in coastal waters. 

Decomposing algae depletes water of oxygen, 

killing other marine life. Can spur algal 

blooms (red tides), releasing toxins that can 

kill fish and poison people. 



Harmful chemicals  

(POP’s, Heavy metals, etc.) 
Cause 

Industrial discharge; wastewater 

discharge from cities; pesticides 

from farms, forests, home use 

etc.; seepage from landfills.  

Effect 

Poison or cause disease in coastal marine life, 

especially near major cities or industry. 

Contaminate seafood. Fat-soluble toxins that bio-

accumulate in predators can cause disease and 

reproductive failure.  



Radioactive substances  
Cause 

Discarded nuclear submarine 

and military waste; 

atmospheric fallout; also 

industrial wastes.  

Effect 

Hot spots of radio activity. Can enter food 

chain and cause disease in marine life. 

Concentrate in top predators and shellfish, 

which are eaten by people  



Contd.. 



Marine Litter  

Cause 

Fishing nets; cargo and 

cruise ships; beach litter; 

wastes from plastics industry 

and landfills.  

Effect 

Discard fishing gear continues to 

catch fish. Other plastic debris 

entangles marine life or is mistaken 

for food.  



Thermal  
Cause 

Cooling water from 

power plants and 

industrial sites  

Effect 

Kill off corals and other temperature 

sensitive sedentary species. Displace 

other marine life.  



Noise  
Cause 

Supertankers, other large vessels 

and machinery  

Effect 

Can be heard thousands of kilometers 

away under water. May stress and 

disrupt marine life.  
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TIME magazine, 2001 

US:     4% of world’s total population 

           25% of the world’s greenhouse gases 

China:25% of the world’s population 

           8.5% of the world’s greenhouse gases (since 1950) 

Total CO2 emissions  

Between 1950-2001 in billions of 

tons 

 

Acidification 

 





Carbon dioxide acidifies seawater 

• CO2 and carbonate (which plankton use 

to make shells) combine in the ocean. 

• The ocean is already more acidic than it 

was 50 years ago. 

SEM photograph of E. hux

Source: Alfred-Wegener-Institute 

CO2 

 

CO2 

 

Ocean 

Atmosphere 

“shelled-critters” 



Human activities such as 

overfishing, coastal development 

and 

pollution have altered marine 

ecosystems and eroded their 

capacity 

to provide benefits to mankind 



Marine environment is a reservoir of resources, 

both living and non-living and is extensively 

used for connecting the different economies  

of the world through shipping. 



ShippiŶg carries ŵore thaŶ 90% of the world’s 
commodities  

Threats of bioinvasion due to world shipping 

  

Ballast water 

Biofouling 



 Introduction of alien organisms into the 

ecosystem is termed as Bio invasion. It has been 

flagged as one of the greatest threats to the 

health of the ocean. 

 

 When in the native environment, an organism 

lives in semblance and is controlled by many 

ecosystem interactions. But when introduced 

into a non-native environment, more often than 

not, they not only change the biodiversity of the 

food web but also cause many ecological 

impacts and health hazards. 

 

What is Bio invasion ? 



Organisms are transferred unintentionally in the Ballast 

water and on the hulls of ships (Biofouling), and a 

portion of these organisms are able to establish upon 

arrival to a new port 

BIOINVASION 

Biofouling 

Ballast water 



Alien Species  
Cause 

Several thousand per day transported 

in ballast water; also spread through 

canals linking bodies of water and 

fishery enhancement projects.  

Effect 

Out compete native species and reduce 

biological diversity. Introduce new marine 

diseases. Associated with increased incidence of 

red tides and other algal blooms. Problem in 

major ports.  



 The bioinvasion problem in marine environment has 

recently been described as an exogenic unmanaged pressure. 

 

 Not all non-indigenous species (NIS), which were 

deliberately or accidentally introduced by humans outside 

their native range, will necessarily cause harm to the 

environment.  

 

 It is very difficult to predict which of NIS introductions 

may result in detrimental effects on environmental quality 

which result in changes to the biological, chemical and/or 

physical properties of an invaded ecosystem. 

 

 

 

 



Impact of IAS has been interpreted as a decline in ecological quality resulting from 

changes in biological, chemical and physical properties of an aquatic ecosystem  

 

• Local elimination or extinction of sensitive and/or rare species  

• Alteration of native communities 

• Algal blooms or other outbreak formations and 

• Massive population expansions  

• Modification of substratum conditions including shore zones 

• Alteration of oxygen and nutrient concentration, pH and transparency of the water 

• Accumulation of synthetic pollutants  

 

Can disturb ecological quality by effects on one or more levels of biological 

organisation:  

• An individual (parasites or pathogens),  

• A population (by genetic change, i.e. hybridization)  

• A community (by structural shift)  

• A habitat (by modification of physical-chemical conditions)  

                                                 or/and an  

• Ecosystem (by alteration of energy and organic material flow  

 

The biological and ecological effects of bio pollution may also cause adverse economic 

consequences 



 Shipping carries more than 90% of the world’s commodities and is 

essential to global economy 

 

 A single bulk cargo ship of 200,000 tones can carry up to 60,000 

tones of ballast water 

 

 It is estimated that 12 billion tones of ballast water is carried around 

the world each year 

 

 Every nine weeks a marine species invades a new environment 

somewhere in the world 

 

Facts and Figures 





Harmful algal bloom 

Red Tide 



Dense phytoplankton population appearing  

suddenly & colouring the water red or red-brown 

Harmful algal blooms 

 

Effects 
Toxic 

Anoxia 

Clogging 

 

 



1970 

2000 

Paralytic Shell Fish  

Poisoning (PSP) 

So: GEOHAB, SCOR/IOC 

Alexandrium sp.. 



native introduced 

 95% biomass in Black Sea 

 Feeds on fish larvae 

  Reduced anchovy fishery worth US$ 

250 million per year 

Comb jelly 

Mnemiopsis leidyi  



native introduced 

  Biofouling of water intake pipes 

  Established in rivers & lakes 

  In 1990 US Govt. pledged US$  11 

million to fight Zebra mussel 

Zebra mussel  

Dreissena polymorpha 



Example of marine bioinvasion –  

Spread of zebra mussel 

1988 

2008 



native introduced 

  Consumes native shell fish 

  Control efforts unsuccessful 

  Mariculture & fishing industry 

  Millions of dollars annually 

Japanese starfish 

Asteria amurensis 



native introduced 

 Mollusc, crustacean, polychaete population effected     

  Major threat to scallop industry 

Green crab  

Carcinus meanas 

 



native introduced 

  Small delicate bivalve 

  Invaded India ~ 1967  

  Recorded in Visakhapatnam & Mumbai 

 Spread to Hong Kong, threatened 

Australia 

Black Striped Mussel 

Mytilopsis sallei 



A  typical bacterium 

Pathogenic Bacteria 
  Bacteria are a group of single-celled 

microorganisms with prokaryotic (an organism 

without a nucleus) cellular configuration 

 

 The organelles of eukaryotes (mitochondria and 

chloroplasts) are thought to be remnants of Bacteria 

that invaded, or were captured by primitive 

eukaryotes in the evolutionary past 

 

 Numerous types of eukaryotic cells that exist today 

are inhabited by endosymbiotic prokaryotes  

 

  A typical bacterial cell is about 1 micrometer in 

diameter or width 

 

 

Bacteria occur in three main shapes  

 

Spherical  

 
Rod shaped 

 
Spiral 

 



 

 Bacteria are found everywhere 

 

 

 
• Soil  

• Radioactive waste  

• Water  

• Plants  

• Animals  

• Deep in the earth's crust  

• Organic material  

• Arctic ice  

• Glaciers  

• Hot springs  

• The stratosphere (between 6 to 30 miles up in the 

atmosphere)  

• Ocean depths - they have been found deep in ocean 

canyons and trenches over 32,800 feet (10,000 meters) 

deep.  

• They live in total darkness by thermal vents at 

incredible pressure.  

http://upload.wikimedia.org/wikipedia/commons/e/e9/Nur04507.jpg


Shipping carries more than 90% of the world’s commodities  

Threats of bio-invasion by pathogenic bacteria due to world 

shipping 

Ballast water Biofouling 

Microorganisms are introduced into alien environments in large 

numbers than any other organisms  

•  Abundance 

•  Capability to form resting stages 

•  Potential pathogenicity 

•  Capability to withstand wide range of environmental conditions 



Ballast water – a means of translocation of pathogenic bacteria 

One of the most common methods of transportation of alien species from one 

place to another is via ballast water carried by cargo ships. 

  Transport of ballast water through ships to 

different regions has created long distance 

inoculation and distribution of various 

microorganisms.  

  Concentrations of bacteria in ballast water 

exceed other taxa by 6 to 8 orders of magnitude 

Where they are found in ballast water 

  ships ballast water 

  Residual sediment  

  Biofilms formed on interior tanks surface 

  Associated macro organisms or metazoans  

  

 

 



V. cholerae  Category IMO Standard 

> 50 µ (Zooplankton) <10 per m3 

10-50 µ 

(Phytoplankton) 
<10 per ml 

Bacteria 

-Toxicogenic Vibrio 

cholerae (O1 & 

O139) 

-Escherichia coli 

-Intestinal 
Enterococci 

 

1 cfu/100 ml 

 

 

250 cfu/100 ml 

100 cfu/100 ml 

Regulation D2 Water Quality Standard 

Enterococcus faecalis 



 Bacterial population, an important component 

of the microbial loop, influences the food web 

dynamics and ecosystem functioning.  

 

 The response of the bacterial population to 

changing environment is rapid and assessment of 

the health of such an ecosystem benefits from 

high resolution observations.  

 



Vibrio cholerae – The deadliest pathogen causing 

the life threatening Cholera  

  Vibrios are ubiquitous in marine 

environment and under favorable 

conditions mediate important 

ecological functions. 

 Gram-negative, curved or comma-

shaped rods with a single polar 

flagellum, whose natural habitat is 

usually salt or fresh water. 

 Consists of 206 serogroups 

 Produce Cholera toxin 

  V. cholerae is autochthonous to 

marine and estuarine environments 

generally, including in non-endemic 

areas. 

 



 A plethora of V. cholerae strains exist in the natural environment, 

yet apparently only toxigenic serogroup strains belonging to O1 

and O139 predominate in causing cholera. 

 

 Disease outbreaks are very dependent on environmental and 

seasonal factors. 

 

 While non-O1/O139 strains are ubiquitous and isolated year-

round from a variety of aquatic ecosystems, the pandemic strains 

are rarely, if ever, isolated from surface waters of endemic regions 

even during seasonal outbreaks, in part because toxigenic strains 

may be present in a non-culturable state. 



A framework to assess ocean health and motivate better data collection to strengthen future iterations of the index  

(Source: Benjamin S. Halpern et al. 2 0 1 2, Vol 488, Nature) 

 An index was created comprising ten 

diverse public goals for a healthy coupled 

human–ocean system and calculated the 

index for every coastal country.  

 

 Globally, the overall index score was 60 

out of 100 (range 36–86), with developed 

countries generally performing better than 

developing countries, but with notable 

exceptions.  

 

 Only 5% of countries scored higher than 

70, whereas 32% scored lower than 50.  

 

 The index provides a powerful tool to 

raise public awareness, direct resource 

management, improve policy and 

prioritize scientific research. 



Thank you 


