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microscopic single-celled plants, the free-living members 
of which are called phytoplankton (from the Greek phyton, 
meaning plant and planktos, meaning drifter).

Phytoplankton are tiny. The smallest is a photosynthetic 
bacterium called Prochlorococcus. This single-celled plant 
is less than 1 µm in diameter, but it is the most numerous 
photosynthetic organism on Earth (see Figure 1). It is the 
dominant plant in most of the open ocean.

Somewhat bigger than these bacteria are the many 
species of flagellates and dinoflagellates (see centrespread). 
These eukaryotes are typically a few thousandths to a few 
hundredths of a millimetre in size. At a similar size there are 
coccolithophores (see Figure 2 and the centrespread). These 
single-celled marine plants are encased in chalk plates. Their 
name reflects these plates — cocco- comes from the Greek 
word for berry, used to denote objects that are spherical, 
lith- comes from the Greek for stone, and -phore is Greek for 
‘bearing’. Over millions of years, as the coccolithophores 
sink to the seabed, they become compressed into rock and 
form features such as the white cliffs of Dover.

At the top end of the size range is a group of phytoplankton 
called the diatoms (see centrespread). These reach sizes of 
a few hundredths to a tenth of a millimetre. Diatoms are 
encased in intricate, tough, silica shells. Their name comes 

Plants form the base of food chains that 
support almost all animal life. They are 

also important for removing carbon dioxide 
from our atmosphere, and for generating 
oxygen. If you were asked which plants are 
the most important players in these processes, 
you might suggest trees, and describe the role 
played by the tropical and northern forests. 
However, of the total amount of photosynthesis happening on our planet, 
only half of it happens on land. The other half takes place in the ocean.

Photosynthesis at sea
What is an important plant that grows in the ocean? When asked that 
question, knowing what terrestrial plants are like, you might think of 
things with similar structure and scale — seaweeds. But while kelp forests 
such as that shown above are important ecosystems in some parts of the 
world, they do not add much to the total amount of photosynthesis that 
goes on in the sea — seaweeds are responsible for only about 2–3% of the 
ocean’s photosynthesis. The most important players in the ocean are the 
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oceanographers consider photosynthetic bacteria and algae to be 
plants: www.hoddereducation.co.uk/bioreviewextras
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from the Greek word for ‘cut in two’ as they are all formed 
in two halves (see the junction running around the cell in 
A in the centrespread). Over millions of years, as diatoms 
build up on the seabed they form deep deposits. Under 
some conditions these deposits form oil; under others, the 
build-up forms diatomaceous earth. Both commodities are 
harvested and used in a wide range of applications. The uses 
of diatomaceous earth include use as a filtration aid, mild 
abrasive (metal polishes and toothpaste), porous support 
(cat litter) and a stabilising component of dynamite.

Phytoplankton may be small, but they are very 
numerous. If you scoop up a mug full of seawater next time 
you are at the beach, you’ve caught about half a million 
phytoplankton. They are so abundant we can visualise 
them from space, using satellite-mounted sensors that 
can detect chlorophyll (see Figure 3). The sensors measure 
the amount of light from the ocean (or land) in several 
wavebands (or colours). The concentration of chlorophyll 
is estimated by looking at the ratios between the different 
colours. For instance, the light reflected from the ocean 
shifts from blue to green as the amount of chlorophyll 
increases. These satellite methods are tested and calibrated 
against samples collected by oceanographers working on 
ships at sea.

The challenges of plant growth at sea
Phytoplankton growing in the ocean have problems that 
terrestrial plants don’t face. In order to grow, all plants need 
sunlight, nutrients (such as nitrates and phosphates) and 
carbon dioxide. On land, most plants have leaves in the air, 
where there is plenty of sunlight and CO2, and roots in the 
soil, where there are nutrients. When they die, their organic 
material decays in the soil and is recycled into nutrients that 
can be used by other plants.

In the ocean, life for a plant is trickier. Sunlight is 
absorbed very effectively by water — at a depth of 50 m 
or so below the sea surface, the amount of light available 
is less than 1% of the light that hits the sea surface. So 
phytoplankton can only photosynthesise and grow in the 
surface few tens of metres of ocean. But the average depth 
of the ocean is roughly 3.5 km. When phytoplankton die, 
they sink to great depths. So the recycling of dead organic 
material occurs hundreds or even thousands of metres away 
from the sunlit surface waters. Indeed, when we measure 
nutrients in the ocean (see Figure 4) we find that there are 
hardly any in the surface water, but a lot much deeper.

Growing roots to reach hundreds of metres, perhaps 
over a kilometre, down into the ocean bed is physically 
unfeasible. So how do phytoplankton grow in the surface 
sunlit ocean, and at the same time acquire the nutrients 
they need? The answer lies in how the water circulates and 
mixes. When you pour milk into a cup of coffee, you might 
stir the drink to get the milk evenly mixed through it. In 
the ocean, water currents and turbulence stir up the water, 
which brings the nutrients from the depths up to the sea 
surface. Without this, nutrients would become concentrated 
in the bottom of the ocean and plant life in the surface 
ocean would cease.

Winds and waves at the sea surface, along with tides, can cause 
turbulence. This is why, in satellite images showing chlorophyll, much of 
the ocean’s chlorophyll is in the northern Pacific and Atlantic and in the 
Southern Ocean — places where we frequently get storms (see Figure 3). 
Along the equator, deep currents bring inorganic ions up to the surface 
and provide nutrients for the phytoplankton. So phytoplankton growth 
is intricately linked to the physics of the ocean.

So what about the carbon that plants need to grow? There is plenty of 
carbon dioxide dissolved in seawater — there is about 50 times more carbon 
in the ocean than there is in the atmosphere. When phytoplankton grow in 
the surface sunlit waters, they absorb dissolved carbon from the sea (in the 
same way that land plants absorb CO2 from the air). As the ocean surface 
loses carbon to the phytoplankton it absorbs more from the CO2 in the 
atmosphere.

Figure 1 Coloured transmission electron micrograph of the cyanobacterium 
Prochlorococcus. The membranes coloured green are thylakoids — similar to 
the photosynthetic membranes in chloroplasts ×40 000 

Figure 2 Coloured scanning electron micrograph of a coccolithophore on 
the tip of a pin ×400
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Figure 3 Satellite image showing chlorophyll. On the land, the tropical and temperate 
forests are clearly visible in dark green. In the ocean there is abundant chlorophyll in 
the northern Atlantic and Pacific, in the Southern Ocean near Antarctica, and along the 
equator — almost all of this ocean chlorophyll is inside microscopic phytoplankton

Figure 4 Left: an instrument package being deployed into the ocean to collect information. The package is lowered down to the seabed, 
sending back data including temperature, salt concentration and the amount of chlorophyll in the water. The grey bottles can be snapped 
shut at different depths, trapping seawater that is then analysed for phytoplankton and nutrient concentrations back aboard the research 
vessel (right)
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Box 2 How much phytoplankton does a fish need?

The answer to this question depends on how many trophic levels there 
are between the phytoplankton and the fish. For an anchovy, which eats 
zooplankton, there are two trophic jumps — phytoplankton to zooplankton, 
and zooplankton to the fish. For a larger predatory fish (such as tuna or 
shark) there might be four or five trophic jumps as the smaller fish eat the 
zooplankton, and then themselves get eaten by progressively larger fish (see 
centrespread). Very roughly, each trophic jump is 10% efficient in transferring 
organic fuel up to the next level. So an anchovy will need to have consumed 
about 10 times its mass in zooplankton, which will be based on 100 times its 
mass in phytoplankton.

Figure 5 One of the most important groups of animals in the ocean — a 
member of the zooplankton. This is a copepod — vital food for fish larvae 
and plankton-eating fish (see pp. 20–21) ×10

Professor Jonathan Sharples is an oceanographer at the University 
of Liverpool. His research focuses on ocean circulation in the large 
sub-tropical regions of the oceans. At the University of Liverpool he uses 
his research findings to teach undergraduate students of oceanography 
about how the ocean supports the life of microbial plankton and how 
they affect Earth’s climate.

Box 1 Phytoplankton and climate change

The growth of phytoplankton is not limited by a lack of CO2. 
This means that increasing CO2 in the atmosphere, which is 
happening due to climate change, does not make life better 
for phytoplankton. Instead, their growth is limited by nutrient 
supply. Over much of the ocean the limiting nutrients tend to 
be nitrates and phosphates. However, there are significant 
areas, such as the Southern Ocean around Antarctica, where 
there is plenty of these nutrients, but iron is the factor that 
limits phytoplankton growth.

It has been suggested that fertilising the ocean (e.g. by 
dumping large amounts of iron in the Southern Ocean) could 
trigger extra phytoplankton growth and remove more CO2

from the atmosphere, thus helping to solve our global warming 
problem. But this wouldn’t work. The excess nitrates and 
phosphates in the Southern Ocean is part of a global circulation 
of nutrients. Stimulating the use of these nutrients by adding 
iron simply means that they are not available for phytoplankton 
growth in other parts of the world. In other words, fertilising 
one part of the ocean might increase phytoplankton growth 
there, but the net effect over the entire global ocean will be 
zero.

Miller, C. D. (2003) Biological Oceanography, Blackwell 
Publishing.
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Further reading 

Plankton and our climate
The great depths of the ocean are an advantage to us 
when it comes to the fate of all that carbon absorbed by 
the phytoplankton. As with the nutrients used by the 
phytoplankton, the recycling of the carbon contained in 
phytoplankton happens deep in the ocean. This means 
that the organic carbon taken downwards by the sinking 
phytoplankton will not see the atmosphere again for the 
length of time it takes the ocean circulation to bring that 
deep water back up to the surface. This is typically a few 
hundred to a thousand years. So phytoplankton growth 
causes the ocean to take CO2 out of the atmosphere, and the 
sinking dead phytoplankton export that carbon downward 
and away from the atmosphere. This carbon sink is a key 
part of how our climate works (see Box 1). 

There is one more important player in this story of how 
microbes in the ocean affect our climate. The phytoplankton 
are eaten by tiny marine animals called zooplankton (see 
Figure 5). The zooplankton play two important roles. First, 
they themselves are eaten by plankton-eating fish (e.g. 
anchovies, sardines, mackerel, basking sharks) and so 
they provide a way of getting all that plant material into 

the rest of the food chain (see Box 2 and the centrespread). Second, and 
linked to our climate story, the zooplankton are important because they 
defecate. The faecal pellets released by these tiny animals are made up 
of densely packaged waste carbon — carbon that was originally part 
of phytoplankton cells. These dense pellets sink to the deep ocean very 
quickly — an efficient pathway exporting the carbon away from the 
atmosphere, as the high speed of sinking means that most of the recycling 
of the carbon occurs deep in the ocean, well away from the atmosphere.

Understanding how microscopic plants grow in the ocean and how 
they affect Earth’s climate is one of the big topics that biological 
oceanographers investigate. What makes oceanography so interesting 
is that dealing with such big questions is not just biology. To fully 
understand the plankton and what they do you also need to include 
the chemistry of ocean nutrient distributions and the physics of ocean 
circulation and mixing. When we go to sea on our research voyages we 
work in multi-disciplinary teams, bringing experts in ocean biology, 
chemistry and physics together to answer some of the most important 
questions about how our planet works.
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