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Have You Wondered?

1. What ecological roles do such small organisms play in the 

seas?

2. How important are marine microbes to the nutrition and 

disease of larger organisms such as corals, fish, and 

mammals?

3. Since marine microbes are more diverse than other kinds 

of life on earth, what could possibly make these tiny 

organisms so different?
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Marine Microbe

Phytoplankton

Bacteria

Virus
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Marine Microbes

◼ Microbes are organisms that are invisible to the naked eye. 
They include viruses, one-celled organisms, and occasionally 
fungi. These microbes belong to all three domains of life 
(Eubacteria, Archaea, Eukarya) and play many roles in marine 
ecosystems, such as producer, consumer, decomposer, 
mutualist, and parasite. 

◼ Although unseen by visitors to the ocean, they are the most 
numerous organisms in the sea and contribute 50- 90% of 
ocean biomass. 



College of Marine Sciences,   Shanghai Ocean University

Marine Microbe and food web
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Marine Viruses

1 teaspoon of seawater=10,000,000 bacteria

1 teaspoon of seawater=100,000,000 viruses
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Marine Viruses

◼ Bacteriophage, infects Prochlorococcus, a marine planktonic cyanobacterium
that is the most abundant photosynthetic cell on earth
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Marine Viruses
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Marine Viruses
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Ecology of marine viruses

◼ Viruses are more abundant than other microbes in the sea. 
Marine planktonic viruses are responsible for the death of 
many bacteria and phytoplankton in the epipelagic zone. 
Through this process, viruses play a significant role in marine 
food chains and in the cycling of mineral nutrients in the sea. 
Many emerging diseases of marine animals are caused by 
viruses.
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Marine Bacteria

◼ Marine bacteria are primary producers, decomposers, agents 
in biogeochemical cycles, food for other marine inhabitants, 
modifiers of marine sediments, and symbionts and athogens.
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Size

Thiomargarita namibiensis
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Weight
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Nutritional types

◼ Bacteria decompose the bodies of dead organisms, as well as 
animal waste products, releasing nutrients such as carbon, 
nitrogen, and sulfur back into the environment. 
Photosynthetic and chemosynthetic bacteria can recycle 
carbon dioxide and other nutrients back into food molecules 
for themselves and consumers. Most marine organisms 
metabolize their food molecules by the process of aerobic 
respiration, which consumes oxygen and returns carbon 
dioxide to the environment.
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Photosynthetic marine microbes

0.6 1.0 5.0 6.0-20 20-200μm

Prochlorococcus
Cyanobacterium
100,000 cells/ml
~1027 globally
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Photosynthetic marine microbes

0.6 1.0 5.0 6.0-20 20-200μm

Synechococcus
Cyanobacterium
1000 cells/ml
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Photosynthetic marine microbes

0.6 1.0 5.0 6.0-20 20-200μm

Emiliania huxleyi
Coccolithophorid



College of Marine Sciences,   Shanghai Ocean University

Photosynthetic marine microbes

0.6 1.0 5.0 6.0-20 20-200μm

Fragillariopsis
Antarctica
diatiom
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Photosynthetic marine microbes

0.6 1.0 5.0 6.0-20 20-200μm

Gymnodinium
catenatum
dinoflagellate
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Photosynthetic marine microbes

0.6 1.0 5.0 6.0-20 20-200μm

Trichodesmium sp.
Phaeocystis antarctica
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Photosynthetic marine microbes

0.6 1.0 5.0 6.0-20 20-200μm

Collectively known as 

Phytoplankton
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Phytoplankton

◼ Planktonic or free floating organisms which live by 
photosynthesis are termed phytoplankton.

◼ Photosynthesis by marine phytoplankton contributes roughly 
half of total global primary production.
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Cyanobacteria

◼ (a) Probably the most common cells in the ocean are those of species of the planktonic blue-green 
Prochlorococcus. (b) The blue-green color seen in cells of this filamentous blue-green bacterium is the result of 
the green pigment chlorophyll a and the blue pigment phycocyanin. The enlarged cells are heterocysts, within 
which nitrogen is fixed for incorporation into amino acids, nucleic acids, and other nitrogen-containing organic 
compounds.
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Prochlorococcus

原绿球藻大量地分布在热带、亚热带、温带大洋海域、边缘海以及海湾中
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Cyanobacteria
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Cyanobacteria

◼ The photosynthetic activity of blue-green bacteria accounts 
for a major proportion of the production of organic matter 
and oxygen in the seas.

◼ Prochlorococcus and Synechococcus are among the smallest 
and most productive bacteria in plankton communities. Of 
the two genera, Prochlorococcus is believed to be the most 
abundant life form in the sea, and it is well adapted to the 
nutrient-poor open ocean of the tropics. Yet it was 
discovered only recently, in 1988.
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Cyanobacteria bloom
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Other phytoplankton bloom

◼ Observable from space
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Chemosynthetic Bacteria

◼ Light is absent from most ocean waters and sediments, but 
bacteria still can be autotrophic in these habitats, using 
inorganic chemicals rather than light as a source of energy. 
Such bacteria are called chemosynthetic bacteria. 
Chemosynthetic bacteria use energy derived from chemical 
reactions that involve substances such as ammonium ion 
(NH4

+), sulfides (S2-) and elemental sulfur (S), nitrites (NO2
-), 

hydrogen (H2), and ferrous ion (Fe2+). 

◼ The energy is used to manufacture organic food molecules, 
usually with carbon dioxide (CO2) as the carbon source.
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Heterotrophic Bacteria

◼ Heterotrophic bacteria are decomposers, which use available 
organic matter in their surroundings to obtain energy and 
material for synthesis of their own compounds and for 
general metabolism.

◼ Osmotrophy
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Ecology of Marine microbes

◼ Algal picoplankton is responsible for up to 90% of the total 
carbon production daily and annually in oligotrophic marine 
ecosystems. 

◼ Picoplankton also play an important role in the microbial loop 
of these systems by aiding in providing energy to higher 
trophic levels.

◼ They are grazed by a various number of organisms such as 
flagellates, ciliates, rotifers and copepods. Flagellates are 
their main predator due to their ability to swim towards 
picoplankton in order to consume them.
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Produce food for the food web

Phytoplankton zooplankton

Higher trophic level
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Key players in the Carbon cycle

Every day more than a hundred million tons of carbon are “fixed” 
into organic material.

Procholorococcus accounts for an estimated 20% of the oxygen 
in the Earth’s atmosphere

CO2

Nutrients

Sunlight

POC O2
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Nitrogen fixation and nitrification

◼ Nitrogen dissolved in seawater is 
converted by blue-green bacteria 
to ammonium ion; this process is 
called nitrogen fixation. 

◼ In nitrification, bacteria convert 
ammonium to nitrites and 
nitrates, forms of nitrogen that 
are more readily used by primary 
producers.
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Endosymbiotic theory
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Bioluminescence
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Bioluminescence
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In summary

◼ Bacteria have cells with a prokaryotic organization. Chemosynthetic and 
photosynthetic bacteria extract inorganic nutrients, such as nitrogen, 
phosphorus, and carbon dioxide, from the environment and incorporate 
them into organic molecules. 

◼ Chemosynthetic bacteria use energy derived from chemical reactions 
(often involving compounds of sulfur) to produce their food molecules, 
whereas photosynthetic ones use the radiant energy from the sun. 

◼ Some producers, such as blue-green bacteria, release oxygen during 
photosynthesis. Such primary producers, as well as heterotrophic 
bacteria, form the base of marine food webs. 

◼ In addition, marine bacteria play a critical role in nitrogen fixation and 
nitrification. As decomposers, bacteria return dead organic matter to 
biogeochemical cycles as inorganic matter that primary producers can 
incorporate into living biomass.   
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In summary

◼ The chemosynthetic bacteria of hydrothermal vent 
communities and the bioluminescent bacteria found in 
association with deep-sea organisms are examples of 
recently evolved symbiotic relationships. 

◼ The oldest symbiotic relationships of bacteria gave rise to 
mitochondria and chloroplasts, which are endosymbionts in 
eukaryotic cells.
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Archaea

◼ Like bacteria, archaeons are prokaryotes. Most archaeons are 
methanogens, anaerobic organisms that live in environments 
that are rich in organic matter, and they make significant 
contributions to methane production. 

◼ Archaeons have an unsurpassed ability in the natural world to 
tolerate extreme environmental conditions.

◼ Archaea make up 20% of the earth mass and they are 
important decomposers.



College of Marine Sciences,   Shanghai Ocean University

Archaea
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Methanocaldococcus jannaschii is a methane-
producing archaeon that lives at high 
temperatures near deep-sea hydrothermal 
vents. It was the first archaeon to have its
genome sequenced.
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Eukarya

◼ The domain Eukarya contains all of the organisms with 
eukaryotic cells. These include plants, animals, and fungi, as 
well as photosynthetic microbes and single-celled animal-like 
protozoans.
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Fungi

◼ Marine fungi are microscopic decomposers and pathogens. 
Most are sac fungi that can degrade the cell walls of 
terrestrial, maritime, and marine plants. Some fungi digest 
chitin and other decay-resistant molecules that otherwise 
would accumulate in seafloor sediments.  Marine fungi take 
advantage of water currents and sea foam for the transport 
of spores. They form lichen associations with green algae and 
blue-green bacteria in maritime communities.
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Diatom
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Diatoms

◼ Diatoms are among the most distinctive organisms in 
samples of marine phytoplankton, and they also are 
important members of benthic communities.

◼ Diatoms are abundant in the oceanic province at high 
latitudes, whereas at low latitudes they are predominantly 
found in coastal waters or in areas of upwelling.

◼ Wherever they occur, diatoms often contribute a major 
portion of primary production.

◼ Diatoms typically store their food reserves as lipids as well as 
laminarin. The lipids help make diatoms more buoyant and 
provide a food source of high caloric value to herbivores such 
as copepods.
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Diatom Structure

◼ Centric diatoms generally are planktonic, and the pennate
diatoms are more typical of the benthos



College of Marine Sciences,   Shanghai Ocean University

Diatom

角毛藻 海链藻

圆筛藻 骨条藻
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Reproduction in Diatoms
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Coccolithophores

◼ Biological carbon pump

◼ Sulfur release

Emiliania huxleyi
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Climate Change

◼ Coccolithophores are one of the more abundant primary 
producers in the ocean. As such, they are a large contributor 
to the primary productivity of the tropical and subtropical 
oceans.
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Dinoflagellates
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Harmful Algal Blooms

◼ HABs occur when photosynthetic dinoflagellates (or other 
primary producers) undergo a population explosion. The 
species that cause HABs produce potent toxins that affect 
the nervous system, kidneys, muscles, or other parts of 
animals, either directly or through consumption of 
contaminated food.
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Ecological roles of Dinoflagellates

◼ Together with diatoms and coccolithophores, they are a 
major component of the phytoplankton that provides food 
directly or indirectly to many marine animals.

◼ Dinoflagellates are more abundant than diatoms in tropical 
waters, particularly in the open sea where inorganic nutrients 
are in low concentration.

◼ The zooxanthellae are photosynthetic and provide food for 
their host organisms, and the hosts provide carbon dioxide, 
other essential nutrients, and shelter.
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Photosynthesis
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Nitrogen
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Fe

◼ “Give me half a tanker full of iron and I’ll give you an ice age”

◼ ----John Martin (1935-1993)

This allowed scientists to show that CO2

concentrations as low as 200 ppm 

occurred during the last glacial period. 
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The impact on atmospheric CO2 of iron 

fertilization induced changes in the ocean's 

biological pump

March 2008

Biogeosciences 5(2)
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Seasonal changes

Lutz et al (2007)
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Productivity
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Role in the food web

DOC

Heterotrophic bacteria

Microzooplankton

“Microbial Loop”
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Microbial 
food web
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The biological pump
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“What is worrisome is that our result 

points out how little we know about how 

complex ecosystems function”
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Key concepts

◼ Microbial life in the sea is extremely diverse, including 
members of all three domains of life, as well as viruses.

◼ Photosynthetic and chemosynthetic bacteria and archaeons
are important primary producers in marine ecosystems.

◼ Primary and secondary plastid endosymbiosis accounts for 
the origin of all eukaryotic phytoplankton in the seas.
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Key concepts

◼ Heterotrophic bacteria, archaeons, and fungi play essential 
roles in recycling nutrients in the marine environment.

◼ Marine eukaryotic microbes are primary producers, 
decomposers, and consumers, and some contribute 
significantly to the accumulation of deep-sea sediments.

◼ Populations of several kinds of photosynthetic marine 
microbes may form harmful blooms that affect other marine 
and maritime organisms directly and indirectly.
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Further Reading

◼ Falkowski, P. G., and A. H. Knoll. 2007. Evolution of Primary 
Producers in the Sea. Boston: Elsevier Academic Press.

◼ Fuhrman, J. A. 1999. Marine Viruses and Their 
Biogeochemical and Ecological Effects, Nature (London) 
399(6736):541–548.
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Points

Which of the following is not a method of obtaining organic 
matter by marine microbes?

A. Chemosynthesis

B. Nitrogen fixation

C. Osmotrophy

D. Phagocytosis

E. Photosynthesis
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Points

Which of the following characteristics do bacteria and archaea
have  in common?

A. A prokaryotic cell structure

B. Chlorophyll a

C. Kinds of membrane lipids

D. Production of methane

E. Tolerance of very high temperatures
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Which of the following is not an effect of harmful algal blooms?

A. Consumption of oxygen

B. Contamination of shellfish

C. Formation of deep-sea sediments

D. Release of toxins

E. Shading of benthic plants and seaweeds
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