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OBJECTIVES

This  subject  aims  to  introduce  the  students  to  understand  microbial  diversity,
significance,  dynamics  of  marine  environment,  Marine  food  borne  pathogens,  and  marine
microbial products.

Unit I 

Marine Microbial Habitats and Diversity Marine environment–properties of seawater ,
chemical and physical factors of marine environment-Ecology of coastal, shallow and deep sea
microorganism  -  significance  of  marine  microflora.  Diversity  of  microorganism  -  Archaea,
bacteria, actinobacteria, cyanobacteria, algae, fungi, viruses and protozoa in the mangroves and
coral environments - Microbial endosymbionts – epiphytes - coral-microbial association, sponge-
microbial association.  

Unit II 

Cultivation  of  Marine  microbes  and  Nutrient  cycling.  Methods  of  studying  marine
microorganisms-  sample  collection-  isolation  and  identification:  Cultural,  Morphological,
physiological,  biochemical  and  Molecular  characteristics-  Preservation  methods  of  marine
microbes. Role of microorganisms in carbon, nitrogen, phosphorous and sulphur cycles in the sea
under different environments and mangroves.

Unit III 

Marine extremophiles and Bioremediation Survival at extreme environments – starvation
– adaptive mechanisms in thermophilic, alkalophilic, osmophilic and barophilic, psychrophilic
microorganisms – hyperthermophiles, halophiles and their importance. Microbial consortia and
genetically engineered microbes in bioremediation of polluted marine sites - heavy metals and
crude oil. Biofouling and their control. 



Unit IV

Seafood  microbiology  Pathogenic  microorganisms,  distribution,  indicator  organisms,
prevention  and  control  of  water  pollution,  quality  standards,  International  and  National
standards.  Microbiology  of  processed  finfish  and  shellfish  products.  Rapid  diagnosis  of
contamination in seafoods and aquaculture products.

Unit V 

Marine  microbial  products  Marine  microbial  products  –  Carrageenan,  agar-agar,  sea
weed  fertilizers  –  Astaxanthin,  β  carotene  –  enzyme  –  antibiotics  –  antitumour  agents-  34
polysaccharide  –  biosurfactants  and  pigments.  Preservation  methods  of  sea  foods.  Quality
control and regulations for microbial quality of fishes, shellfish and Marine living resources used
for food and drugs
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Unit I : Marine Microbial Habitats and Diversity 

Marine  environment–properties  of  seawater  ,  chemical  and  physical  factors  of  marine
environment-Ecology of coastal, shallow and deep sea microorganism - significance of marine
microflora. Diversity of microorganism - Archaea, bacteria, actinobacteria, cyanobacteria, algae,
fungi, viruses and protozoa in the mangroves and coral environments - Microbial endosymbionts
– epiphytes - coral-microbial association, sponge-microbial association.

Marine environment

Properties of seawater

 Seawater, water that makes up the oceans and seas, covering more than 70 percent
of Earth’s surface. 

 Seawater  is  a  complex  mixture  of  96.5  percent water,  2.5  percent salts,  and
smaller amounts of other substances, including dissolved inorganic and organic
materials, particulates, and a few atmospheric gases.

 Seawater constitutes a  rich  source of  various  commercially  important  chemical
elements.  Much of the world’s magnesium is recovered from seawater,  as are
large quantities of bromine. 

 In  certain  parts  of  the  world, sodium  chloride (table  salt)  is  still  obtained  by
evaporating seawater. In addition, water from the sea, when desalted, can furnish
a limitless supply of drinking water. 

 Many large desalination plants  have been built  in  dry areas  along seacoasts  in
the Middle East and elsewhere to relieve shortages of fresh water.

Chemical and physical factors of marine environment
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Physical Properties of Sea water

 Seawater is a mixture of various salts and water. Most of the water in the ocean basins is
believed to originate from the condensation of water found in the early atmosphere as the
Earth cooled after its formation. 

 This water was released from the lithosphere as the Earth's crust solidified. Additional
water has also been added to the oceans over geologic time from periodic volcanic action.

 Some scientists have recently speculated that comets entering the Earth's atmosphere may
be another important source of water for the oceans.

Chemical Properties of Sea water

 Seawater contains more dissolved ions than all types of freshwater. However, the ratios
of solutes differ dramatically. 

 Only  six elements and compounds comprise  about  99%  of  sea  salts:  chlorine  (Cl-),
sodium (Na+), sulfur (SO4

-2), magnesium (Mg+2), calcium (Ca+2), and potassium (K+)

 For  instance,  although  seawater  contains  about  2.8  times  more bicarbonate than  river
water,  the percentage of  bicarbonate  in  seawater  as  a  ratio  of all dissolved ions is  far
lower than in river water. 

 Bicarbonate ions constitute 48% of river water solutes but only 0.14% for seawater. 

 Differences  like  these  are  due  to  the  varying residence  times of  seawater
solutes; sodium and chloride have  very  long  residence  times,  while calcium (vital
for carbonate formation) tends to precipitate much more quickly. 

 The  most  abundant  dissolved  ions  in  seawater  are  sodium,
chloride, magnesium, sulfate and  calcium.  Its osmolarity is  about  1000 mOsm/l.  Small
amounts of other substances are found, including amino acids at concentrations of up to 2
micrograms of nitrogen atoms per liter, which are thought to have played a key role in
the origin of life.

 The chlorine ion makes up 55% of the salt in seawater. Calculations of seawater salinity
are made of the parts per 1000 of the chlorine ion present in one kilogram of seawater.
Typically, seawater has a salinity of 35 parts per thousand.

Ecology of coastal, shallow and deep sea microorganism
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Marine microbes are tiny organisms that live in marine environments and can only be seen under
a microscope. They include cellular life forms, such as bacteria, fungi, algae and plankton, along 
with the viruses that freeload along with them.

Marine Microorganisms

Introduction

Marine  microorganisms are  defined  by  their  habitat  as  the microorganisms living  in
a marine  environment,  that  is,  in  the saltwater of  a  sea  or  ocean  or  the brackish water  of  a
coastal estuary. A microorganism (or microbe or microbial) is any microscopic living organism,
that is, any life form too small for the naked human eye to really see, needing a microscope.
Microorganisms  are  very  diverse.  They  can  be single-celled[1] or multicellular and  include
all bacteria and archaea and most protozoa, as well as some species of fungi, algae, and certain
microscopic animals, such as rotifers and copepods. Many macroscopic animals and plants have
microscopic juvenile stages. Some microbiologists also classify biologically active entities such
as viruses and viroids as microorganisms, but others consider these as nonliving.

Marine microorganisms make up about 70% of the biomass in the ocean. Taken together
they  form  the  marine microbiome. Microorganisms  are  crucial  to  nutrient  recycling
in ecosystems as  they  act  as decomposers.  They  are  also  responsible  for  nearly
all photosynthesis that  occurs  in  the  ocean,  as  well  as  the  cycling
of carbon, nitrogen, phosphorus and other nutrients and trace elements. 

A small proportion of marine microorganisms are pathogenic, causing disease and even death in
marine  plants  and  animals.  However  marine  microorganisms recycle the  major chemical
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elements, both producing and consuming about half of all organic matter generated on the planet
every year. As inhabitants of the largest environment on Earth, microbial marine systems drive
changes in every global system.

Marine Microorganisms

 Microorganisms  make  up  about  70%  of  the marine  biomass.  A microorganism,  or
microbe, is a microscopic organism too small to be recognised adequately with the naked
eye. In practice, that includes organism smaller than about 0.1 mm. 

 Such  organisms  can  be single-celled or multicellular.  Microorganisms  are  diverse  and
include  all bacteria and archaea,  most protists including algae, protozoa and fungal-
like protists, as well as certain microscopic animals such as rotifers. 

 Many macroscopic animals  and plants have  microscopic juvenile  stages.  Some
microbiologists also classify viruses (and viroids) as microorganisms, but others consider
these as nonliving. 

 Microorganisms  are  crucial  to  nutrient  recycling  in ecosystems as  they  act
as decomposers. Some microorganisms are pathogenic, causing disease and even death in
plants and animals. 

 As inhabitants  of  the  largest  environment  on  Earth,  microbial  marine  systems  drive
changes in every global system. 

 Microbes are responsible for virtually all the photosynthesis that occurs in the ocean, as
well  as  the  cycling  of carbon, nitrogen, phosphorus and  other nutrients and  trace
elements. 
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Microorganisms in deep sea

A deep sea community is any community of organisms associated by a shared habitat in the deep
sea. Deep sea communities remain largely unexplored, due to the technological and logistical
challenges and expense involved in visiting this remote biome. Because of the unique challenges
(particularly the high barometric pressure, extremes of temperature and absence of light), it was
long believed that little life existed in this hostile environment. Since the 19th century however,
research has demonstrated that significant biodiversity exists in the deep sea.

The  three  main  sources  of  energy  and  nutrients  for  deep  sea  communities  are marine
snow, whale falls, and chemosynthesis at hydrothermal vents and cold seeps.

Microorganisms in shallow water

Shallow water marine environment refers to the area between the shore and deeper water,
such as a reef wall or a shelf break. This environment is characterized by oceanic, geological and
biological  conditions,  as  described  below.  The  water  in  this  environment  is  shallow  and
clear, allowing the formation of different sedimentary structures, carbonate rocks, coral reefs,
and allowing certain organisms to survive and become fossils.

Some organisms in this  environment,  specifically  those in the intertidal  zone,  are sea
stars, sea anemones, sponges, worms, clams, mussels, predatory crustaceans, barnacles and small
fish. Hydrozoa, or hydroids, also live in shallow marine ecosystems and eat surrounding algae
and zooplankton. Some species of isopods and amphipods are found in the intertidal zones and
create several different burrows and surface tracks in the sediment.  Brittle stars have been seen
buried in sediment with their arms showing through the sediment; this behaviour has been noted
in several shallow marine areas.

As well, carbonate reefs can be found in the depositional environment that is shallow
marine areas; they are host to reefs and organisms that reside in reefs. Recent estimates regarding
the numbers of species on coral reefs range from 1–9 million.

 There are 3 main types of reef formations: fringing reefs, these reefs are attached to the
shore, barrier reefs, which are separated from mainland by a lagoon, and atoll reefs.  Organisms
that live in this environment include red algae, green algae, bivalves and echinoderms.  Many of
these organisms contribute to the formation of reefs.

 Also,  Unicellular dinoflagellates live  in  the  tissues  of  corals,  and  have  a  mutualistic
relationship in which the dinoflagellates provide the corals with organic molecules.

Diversity of microorganism

Archaeabacteria
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Archaea and bacteria are generally similar in size and shape, although a few archaea have
very strange shapes, such as the flat and square-shaped cells of Haloquadratum walsbyi. Despite
this  morphological  similarity  to  bacteria,  archaea  possess genes and  several metabolic
pathways that  are  more  closely  related  to  those  of  eukaryotes,  notably  the enzymes involved
in transcription and translation. Other aspects of archaeal biochemistry are unique, such as their
reliance on ether lipids in their cell membranes, such as archaeols. 

Archaea use more energy sources than eukaryotes: these range from organic compounds,
such  as  sugars,  to ammonia, metal  ions or  even hydrogen  gas.  Salt-tolerant  archaea
(the Haloarchaea)  use sunlight  as an energy source,  and other  species  of archaea fix  carbon;
however,  unlike  plants  and cyanobacteria,  no  known  species  of  archaea  does  both.
Archaea reproduce  asexually by binary  fission, fragmentation,  or budding;  unlike  bacteria  and
eukaryotes, no known species forms spores.

Archaea are particularly numerous in the oceans, and the archaea in plankton may be one
of the most abundant groups of organisms on the planet. Archaea are a major part of Earth's life
and may play roles in both the carbon cycle and the nitrogen cycle. Crenarchaeota (eocytes) are a
phylum of archaea thought to be very abundant in marine environments and one of the main
contributors to the fixation of carbon. 

Cyanobacteria

Cyanobacteria were the first organisms to evolve an ability to turn sunlight into chemical energy.
They  form a  phylum (division)  of  bacteria  which  range  from unicellular  to filamentous and
include colonial  species.  They are  found almost  everywhere  on earth:  in  damp soil,  in  both
freshwater and marine environments, and even on Antarctic rocks. In particular, some species
occur  as  drifting  cells  floating  in  the  ocean,  and  as  such  were  amongst  the  first  of
the phytoplankton.

The first primary producers that used photosynthesis were oceanic cyanobacteria about
2.3 billion  years  ago.  The  release  of  molecular oxygen by cyanobacteria as  a  by-product  of
photosynthesis induced global changes in the Earth's environment. Because oxygen was toxic to
most life on Earth at  the time, this led to the near-extinction of oxygen-intolerant organisms,
a dramatic change which redirected the evolution of the major animal and plant species. 

The tiny (0.6 µm) marine cyanobacterium Prochlorococcus, discovered in 1986, forms
today  an  important  part  of  the  base  of  the  ocean food  chain and  accounts  for  much  of  the
photosynthesis of the open ocean and an estimated 20% of the oxygen in the Earth's atmosphere.
It  is  possibly  the most  plentiful  genus on Earth:  a  single millilitre  of  surface seawater  may
contain 100,000 cells or more. 

Originally, biologists thought cyanobacteria was algae, and referred to it as "blue-green
algae". The more recent view is that cyanobacteria is a bacteria, and hence is not even in the
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same Kingdom as algae. Most authorities exclude all prokaryotes, and hence cyanobacteria from
the definition of algae. 

Algae

Algae is  an  informal  term  for  a  widespread  and  diverse  group  of
photosynthetic protists which  are  not  necessarily  closely  related  and  are  thus polyphyletic.
Marine  algae  can  be  divided  into  six  groups: green, red and brown
algae, euglenophytes, dinoflagellates and diatoms.

Dinoflagellates and diatoms are important components of marine algae and have their
own sections  below. Euglenophytes are  a  phylum of  unicellular  flagellates  with  only  a  few
marine members.

Not  all  algae  are  microscopic.  Green,  red  and  brown  algae  all  have  multicellular
macroscopic forms that make up the familiar seaweeds. Green algae, an informal group, contains
about  8,000 recognised species. Many species  live most  of their  lives  as single cells  or are
filamentous,  while  others  form colonies made  up  from  long  chains  of  cells,  or  are  highly
differentiated  macroscopic  seaweeds. Red  algae,  a  (disputed)  phylum  contains  about  7,000
recognised  species,  mostly multicellular and  including  many  notable  seaweeds.[147][148] Brown
algae form a class containing about 2,000 recognised species, mostly multicellular and including
many seaweeds such as kelp. Unlike higher plants, algae lack roots, stems, or leaves. They can
be classified by size as microalgae or macroalgae.

Microalgae are  the  microscopic  types  of  algae,  not  visible  to  the  naked  eye.  They  are
mostly unicellular species  which  exist  as  individuals  or  in  chains  or  groups,  though  some
are multicellular. Microalgae are important components of the marine protists discussed above,
as well as the phytoplankton discussed below. They are very diverse. It has been estimated there
are 200,000-800,000 species of which about 50,000 species have been described. Depending on
the species, their sizes range from a few micrometers (µm) to a few hundred micrometers. They
are specially adapted to an environment dominated by viscous forces.

Fungi

Over 1500 species of fungi are known from marine environments.  These are parasitic
on marine algae or animals, or are saprobes feeding on dead organic matter from algae, corals,
protozoan  cysts,  sea  grasses,  and  other  substrata. Spores  of  many  species  have  special
appendages which facilitate attachment to the substratum. Marine fungi can also be found in sea
foam and  around hydrothermal areas  of  the  ocean.  A  diverse  range  of  unusual
secondary metabolites is produced by marine fungi. 

They are composed of filamentous free-living fungi and yeasts associated with planktonic
particles or phytoplankton. Similar to bacterioplankton, these aquatic fungi play a significant role
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in heterotrophic mineralization and nutrient  cycling. While  mostly  microscopic,  some
mycoplankton can be up to 20 mm in diameter and over 50 mm in length. 

A typical  milliliter  of seawater  contains about 103 to 104 fungal cells.  This number is
greater in coastal ecosystems and estuaries due to nutritional runoff from terrestrial communities.
A higher diversity of mycoplankton is found around coasts and in surface waters down to 1000
metres,  with  a vertical  profile that  depends  on  how  abundant phytoplankton is.  This  profile
changes  between  seasons  due  to  changes  in  nutrient  availability. Marine  fungi  survive  in  a
constant  oxygen  deficient  environment,  and  therefore  depend  on  oxygen  diffusion
by turbulence and oxygen generated by photosynthetic organisms. 

 Marine fungi can be classified as: 

 Lower  fungi  -  adapted  to  marine  habitats  (zoosporic fungi,  including
mastigomycetes: oomycetes and chytridiomycetes)

 Higher  fungi  -  filamentous,  modified  to  planktonic  lifestyle
(hyphomycetes, ascomycetes, basidiomycetes).  Most  mycoplankton  species  are  higher
fungi. 

Lichens are mutualistic associations between a fungus, usually an ascomycete, and an alga or
a cyanobacterium.  Several  lichens  are  found  in  marine  environments. Many  more  occur  in
the splash zone, where they occupy different vertical zones depending on how tolerant they are
to  submersion. Some  lichens  live  a  long  time;  one  species  has  been  dated  at  8,600  years.
However  their  lifespan  is  difficult  to  measure  because  what  defines  the  same  lichen  is  not
precise. Lichens grow by vegetatively breaking off a piece, which may or may not be defined as
the same lichen, and two lichens of different ages can merge, raising the issue of whether it is the
same lichen. 

The sea snail Littoraria irrorata damages plants of Spartina in the sea marshes where it lives,
which enables spores of intertidal ascomycetous fungi to colonise the plant. The snail then eats
the fungal growth in preference to the grass itself. 

Viruses 

Marine  viruses are  small  infectious  agents  found in  the ocean that  require  living  host
machinery for replication. They consist of a core of nucleic acids coated with protein, as they
have  the  traditional virus assemblage.  The  dominant  hosts  for viruses in
the ocean are marine microorganisms  such as  cyanobacteria.   protozoa  in  the  mangroves  and
coral environments.

Mangroves
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Mangroves are trees or shrubs that grow in low-oxygen soil near coastlines in tropical or
subtropical latitudes. They are an extremely productive and complex ecosystem that connects the
land and sea. Mangroves consist of species that are not necessarily related to each other and are
often grouped for the characteristics they share rather than genetic similarity. Because of their
proximity to the coast, they have all developed adaptions such as salt excretion and root aeration
to live in salty, oxygen-depleted water. Mangroves can often be recognized by their dense tangle
of roots that act to protect the coast by reducing erosion from storm surges, currents, wave, and
tides. The mangrove ecosystem is also an important source of food for many species as well as
excellent  at  sequestering  carbon  dioxide  from the  atmosphere  with  global  mangrove  carbon
storage is estimated at 34 million metric tons per year.

Estuaries

Estuaries occur  where  there  is  a  noticeable  change  in  salinity  between  saltwater  and
freshwater sources.  This is  typically  found where rivers meet  the ocean or sea. The wildlife
found within estuaries is unique as the water in these areas is brackish - a mix of freshwater
flowing to the ocean and salty seawater. Other types of estuaries also exist and have similar
characteristics as traditional brackish estuaries. The Great Lakes are a prime example. 

There, river water mixes with lake water and creates freshwater estuaries. Estuaries are
extremely  productive  ecosystems  that  many humans  and  animal  species  rely  on  for  various
activities. This can be seen as, of the 32 largest cities in the world, 22 are located on estuaries as
they  provide  many  environmental  and  economic  benefits  such  as  crucial  habitat  for  many
species, and being economic hubs for many coastal communities. Estuaries also provide essential
ecosystem services such as water filtration,  habitat  protection,  erosion control,  gas regulation
nutrient cycling, and it even gives education, recreation and tourism opportunities to people. 

Protozoa

The  benthic  protozoan  community  during mangrove succession.  These protozoa were
classified  into  three  taxonomic  groups:  ciliates  (41  species),  flagellates  (12  species),  and
amoebae (9 species). These groups represented 66%, 19%, and 15%, respectively, of the total
benthic  protozoan  community.  Zooplankton are  the  animal  component  of  the  planktonic
community  ("zoo" comes from the Greek for animal).  They are heterotrophic (other-feeding),
meaning they cannot produce their own food and must consume instead other plants or animals
as food. In particular, this means they eat phytoplankton.

Zooplankton are generally larger than phytoplankton, mostly still microscopic but some
can  be  seen  with  the  naked  eye.  Many protozoans (single-celled protists that  prey  on  other
microscopic  life)  are  zooplankton,  including zooflagellates, foraminiferans, radiolarians,
some dinoflagellates and marine  microanimals.  Macroscopic  zooplankton  (not  covered  further
here)  include  pelagic cnidarians, ctenophores, molluscs, arthropods and tunicates,  as  well  as
planktonic arrow worms and bristle worms.
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Microbial endosymbionts

Introduction

Endosymbionts are  organisms that  form a  symbiotic  relationship  with  another  cell  or
organism. Bacteria called rhizobia colonize the root cells of plants forming nodules. Rhizobia
bacteria convert atmospheric nitrogen into ammonia that the plant can use to build biological
molecules.

Endosymbionts are  organisms that  form a  symbiotic  relationship  with  another  cell  or
organism.  Some endosymbionts can  be  found  either  inside  cells  (intracellular),  while  others
attach  to  the  surface  of  cells  (extracellular).  Symbiotic  relationships  are  ones  in  which  both
parties  benefit.  In  the  example  of  corals,  the  host  animal  is  a  multicellular cnidarian,  and
the endosymbiont is  a  unicellular  alga  called  a dinoflagellate.  The  host  animal  serves  as  a
protected environment,  providing the alga with a constant supply of nutrients in the form of
nitrogen,  phosphorus,  and sulfur.  In  turn,  the  alga  provides  the  host  with  glucose.  Another
important example of a beneficial relationship between a host and an endosymbiont is found in
the roots of bean and pea plants. Bacteria called rhizobia colonize the root cells of plants forming
nodules. Rhizobia bacteria convert atmospheric nitrogen into ammonia that the plant can use to
build biological molecules. 

Epiphytes

Epiphytic bacteria are bacteria which live non-parasitically on the surface of a plant on
various organs such as the leaves, roots, flowers, buds, seeds and fruit. In current studies it has
been  determined  that  epiphytic  bacteria  generally  don’t  harm  the  plant,  but  promote  the
formation of ice crystals. Some produce an auxin hormone which promotes plant growth and
plays a role in the life cycle of the bacteria.

Different  bacteria  prefer different plants  and different  plant organs depending on the organ's
nutritional content, and depending on the bacteria's colonization system which is controlled by
the host plant. Bacteria which live on leaves are referred to as phyllobacteria, and bacteria which
live on the root system are referred to as rhizabacteria. They adhere to the plant surface forms as
1-cluster 2- individual bacterial cell 3- biofilm .[1] The age of the organ also affects the epiphytic
bacteria population and characteristics and has a role in the inhibition of phytopathogen on plant.
Epiphytic bacteria found in the marine environment have a role in the nitrogen cycle.

There are diverse species of epiphytic bacteria.  

 Citrobacter youngae

 Bacillus thuringiensis

 Enterobacter soli
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 Bacillus tequilensis

 Bacillus aryabhattai

 Pantoea eucalypti

 Pseudomonas palleroniana

 Serratia nematodiphila

 Stenotrophomonas maltophilia

 Pseudomonas mosselii

 Pseudomonas putida

 Lysinibacillus xylanilyticus

 Enterobacter asburiae

 Acinetobacter johnsonii

 Pseudomonas macerans

Coral-microbial association

They host a wide variety of microorganisms such as bacteria,  archaea and fungi. The
interactions  between corals and  associated microbes are  likely  to  play  an  important  role
in coral health.  These microbial communities  respond  and quickly  adapt  to  changes  and  also
have central roles in ecological function.

Corals also have complex and diverse collections of microbes that are essential to maintaining
the health of a coral community. 

There’s the skeleton,  built from calcium carbonate,  that forms the home for the coral
animal,  called  the  polyp.  Also  living  within  the  coral  skeleton  are  symbiotic  algae,  called
zooxanthellae. This organism uses photosynthesis to produce energy and nutrients that the coral
polyp needs to survive.  The zooxanthellae also give corals  their  colour,  and it  is the loss of
zooxanthellae when the coral becomes stressed that results in coral bleaching.

And living all around and on these organisms are microbes. A typical coral microbiome contains
thousands  of  different  types  of  bacteria, many  of  which  have  been  found  to  be  present in
different species of coral on reefs all around the world, including corals that live as deep as 100
metres below the ocean surface. Studying the interactions of these bacteria types and the roles
they play is crucial to understanding how they are affected by environmental stress, and how
coral communities will fare with ongoing climate change.
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Corals on the Great Barrier Reef have been able to protect themselves from heat stress.
The evidence from events that occurred in the past is that water temperatures tended to increase
slowly, meaning that the corals had time to adjust and they could acclimatise to the warmer
water.

Sponge – Microbial Association

Introduction

Marine  sponges  are  natural  bath  sponges  (with  living  cells  removed)  that  we all  are
familiar with. They actually are the oldest and simplest animals that have been living on earth for
millions of years. There are various types of sponges under Phylum PORIFERA. They grow in
every ocean in the world regardless of extreme temperatures. They can be found hundreds of
meters under sea level but mostly are found in 5-50 meters deep. Marine sponges are filter-
feeding animals because all adult sponges are sessile and can’t move around benthic surface. For
approximately 20 centimeters sponge can filter up to 2000 liters of seawater during one day. “As
filter  feeders, sponges efficiently take up nutrients like organic particles and microorganisms
from the seawater, leaving the expelled water essentially sterile.” Marine sponges have no true
tissues or organs, just constructed with layers of cells even without nervous system. Inside the
sponge, the vibration of ciliates,  the special  cells  circulate seawater through small  pores and
absorb planktons and small sea organisms. 

Marine sponges  come in different  but  striking colors,  bright  red,  purple,  yellow,  and
brown, etc. These colors and some are toxic as well may help them defend from sponge eating
invertebrates  and some fishes.  Some other  small  marine  organisms,  fishes,  and microscopic
organisms often call marine sponges their homes. Sponges often have skeleton of spicules, which
protect and give refuge to small invertebrates from other marine scavengers. 

Sponge - Living Conditions/Locations

The optimal growth temperature of the marine sponge in its natural habitat is ranging 8C
~18C. Also, the most of the marine sponges’ optimal pH is around 6.5 because the pH value of
the sponge cellular fluid is 6.5. However, some sponges can live in the extreme temperature and
pressure. For example, the bright red antarctic sponges, Kirkpatrickia Variolosa (K. Variolosa)
are found in deep sea of the isolated Antarctic continent, where Antarctic Circumpolar Current is
present. It is a rare type of sponge found only in 0.02% of benthic surface at Cape Armitage site
but can be seen typically in other areas as deep as 100-700 meters. Beyond living in the deep sea,
K. Variolosa withstand high pressure and freezing temperature below 0 degree Celsius. The sea
temperature may vary from -2 to 10 degree Celsius.

Sponge-Microbe Association
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Microbial Metabolism of Sponges, Mutualism/Commensalism

 There is a mutual relationship between cyanobacteria and marine sponge. While
Cyanobateria provide nutrients to sponge, sponge provides a shelter for bacteria. 

 For  example,  sponges  that  live  in  tropical  regions  depend  heavily  on
cyanobacteria for their nutrient source. More that 50% of their energy requirement
is fulfilled by photosynthetic metabolism of cyanobacteria. 

 The  energy  gained  from  this  metabolism  are  used  in  various  ways,  from
longetivity of sponges when they are in gametes and larval period, to the rapid
growth of the sponges to compete with other organisms such as algae. There was
an experiment performed to show how cyanobacteria benefits the sponges. 

 The  tropical  sponge  Lamellodysidea  Chlorea,  which  contains  host-specific
cyanobacterium Oscillatoria spongeliae, was shaded partly to inhibit illumination.

 The result showed that shaded part of the sponge lost more than 40% of its initial
region, while illuminated region did not have any change. This result indicates
that photosynthesis of cyanobacteria has significant effects on growth of sponges.

 On the other hand, however, due to its high photosynthetic rate, cyanobacteria in
marine sponge can overwhelm the host tissues if they are grown without control.
Thus, the host sponges are believed to have a few mechanisms of controlling the
growth of cyanobacteria such as stealing photosynthate from them and starving
the symbiont.

Cyanobacteria not only perform photosynthesis to provide energy, but also are capable of
nitrogen  fixation.  The  activity  of  nitrogenase,  which  is  the  catalyst  for  microbial  nitrogen
fixation, was only found in the sponges that contained cyanobacteria. In addition, the activity of
nitrogenase was higher in the region that was illuminated than in the region that did not get
enough light. This fact indicates that the activity of nitrogenase is mainly dependent upon the
presence of cyanobacteria. Taken all together, the metabolism of photosynthesis and activity of
nitrogenase are the key sources that allow marine sponges with cyanobacteria to live in a nutrient
deficit region, such as in the tropical reefs.

Mutualistic organism lives within K. Variolosa is diatoms. The outer coverings of diatoms are
made up of silica. K. Variolosa absorb and digest silica for its spicules and in return provides
shelter for diatoms from other predators.

The Chloroflexi, also known as green nonsulfur bacteria, are typically filamentous, gram
negative  bacteria,  which  move via  bacterial  gliding.  With  the characteristic  of  aerobic,  they
produce energy through photosynthesis but do not produce oxygen and have different carbon
fixation  method (photoheterotrophy).  For example,  they use light  for energy,  but cannot  use



carbon dioxide as their carbon source, so they use carbons from other bacteria or host organism.
Therefore, Chloroflexi use compounds such as carbohydrates, fatty acids and alcohols for the
organic food. Also, they use hydrogen as the sole electron donor instead of water and carbon
dioxide the sole electron acceptor for photoautotrophic growth.  Furthermore, Chloroflexi grows
by  fermentation  of  sugars  such  as  sucrose,  yielding  acetate  and  hydrogen  as  the  main  end
products.  Through the fermentation Chloroflexi produces ATP through the fermentation to use
as an energy source for biosynthesis and reproduction.

 A benefit  of  Chloroflexi  living  on the  marine  sponge  especially  in  Spongilla
lacustris,  is  the  mere  protection  by  the  sponge  and  escape  from  the  grazing
pressure in the environment. 

 This holds true only when a balance exists between bacterial growth and digestion
by the sponge. Also, Chloroflexi gets most of the sugars (sucrose) by the marine
sponge host, and use that carbon source for both photosynthesis and fermentation.

 Benefit for the marine sponge is that Chloroflexi provides energy to the marine
sponge to grow.

Pathogens/Parasites

Some  of  the  deleterious  effects  of  microbes  on  sponges  may  be  direct  (parasitism  and
pathogenesis) or indirect (surface fouling promoted by biofilm). As an example of a pathogenic
effect of microbe, alphaproteobacterium was studied from an infected individual of the Great
Barrier Reef sponge Rhopaloeides odorabile  was shown to infect and kill healthy sponge tissues.
The mechanism used by the pathogen was to degrade collagenous spongin fibers, with almost the
entire sponge surface subject to tissue necrosis. This pathogenesis occured not only in marine
sponges,  but  also  corals  and  other  epibenthic  organisms  in  1999  when  these  organisms
experienced  massive  mortalities.  This  outbreak  of  the  disease  coincided  with  rise  in  water
temperature around the region, suggesting that protozoan and fungi also were involved. Other
reports  of  diseases  in  sponges  include  the  Aplysina  red  band  syndrome,  cyanobacterial
overgrowth  of  Geodia  papyracea,  and  repeated  observations  of  diseased  sponges  on  a
Panamanian coral reef.



Parasitism of sponges by diatoms were found in several Antarctic species. Degradation of sponge
internal  tissue  occured  in  areas  of  dense  diatom  aggregations.  The  diatoms  in  "S.  joubini"
appeared to enter the host either through the ostia (inhalant openings) or via active incorporation
by  the  sponge  pinacoderm  (dermal  membrane).  Preseason  why  sponges  incorporate  these
potentially harmful diatoms is not yet clarified. A plausible explanation is that sponges consume
diatoms as a food source.

Some of the non-harmful bacteria can also harm the sponge in an indirect-manner. Microbes
form colonies  on the  surface of  the  sponge by microbial  fouling.  This  fouling can act  as  a
precursor  to  colonization  of  macrofouling  organisms,  such as,  invertebrates  and macroalgae,
which can potentially affect sponge's nutrition intake by blocking the feeding channel or cause
dislodgement of the sponge from the substratum by increasing the hydrodynamic drag.

Sponge - Interactions with Other Organisms

The relationship between marine sponges and other organisms can be summarized in to three
different categories, which are competition, predation, and symbiosis. First, competition between
sponges  and  other  organisms are  likely  to  be  influenced  by chemical  factors.  For  example,
allelochemicals  help  sponges to outgrow bryozoan by inhibiting  its  metabolism.  Invertebrate
species such as crustaceans and asteroid are the predators of marine sponges in temperate water.
These species  prefer to consume tissues with cyanobacteria,  thus they are likely to consume
sponges  in  shallow  water,  which  contain  a  lot  of  cyanobacteria.  Lastly,  the  sponges  have
symbiotic relationship with other organisms. For example, sponges living on scallops provide
protection from starfish predators, and prevent damages in scallop shell, while the sponges gain
favorable living space.

K. Variolosa, a sponge, is a filter feeding animal and basically immobile. They generally rely on
cyanobacteria,  autotrophs,  which  synthesize  complex  carbon  compound  using  light  energy.
When there are long days without sun light in South pole Antarctica, the sponge has to rely on
filtering any type of organic debris passed by. It is also observed that some other sponge family
has evolved into heterotrophy and developed to move other places to feed.


