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Primary (photosynthetic) production in 
the sea:  1) Phytoplankton

Eyal Rahav
Rana Abu Alhaija

Outlines

Problems in defining and characterizing algae and 
(phyto)plankton 

Why should we care about phytoplankton? 
• Biomass and abundance
• Photosynthesis
• Bottom of food chain
• Biological pump
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Outlines- cont.

The major players
• Diatoms 
• Coccolithophores 
• Picophytoplankton: Cyanobacteria, Prochlorococcus
• Dinoflagellates

Ways/ methods of studying phytoplankton’s diversity, 
community composition etc. 

What’s going on in the Mediterranean Sea [and 
Malta...]?

“An extremely diverse group consisting predominantly 
of aquatic plants showing relatively little 
differentiation of tissues and organsas compared with 
bryophytes (i.e. nonvascular land plants) and 
tracheophytes (i.e. vascular land plants)…”

“...Algae include both prokaryotic and eukaryotic 
organismsranging from uni-cellsthrough to 
filamentousforms to parenchymatousseaweeds over 
50 m long...”

Definition of algae (The Penguin Dictionary of Botany)
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Some eukaryotes, some are (cyano)bacteria... 

Adapted from: Ciccarelli et al., 2006  Sceince 311: 1283-1287

Non-monophyletic group even within the eukaryotes...

Adapted from: Baldauf , 2003 Science 300: 1703 -1706
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Victor Hensen
1835- 1924

Coined the term plankton (Kiel Univ., 1887)
Comes from the Greek "planktos" to wander or drift

Definition of Plankton

Marine liter fits the definition of ‘Plankton’...
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Also ships, yachts, sailboats etc. 

Ernst Haeckel (1890) defined 
the term 'plankton' to 
encompass all drifting
Organisms
(plants= Phytoplankton, 
animals= Zooplankton, 
bacteria= bacterioplankton)

Ernst Haeckel 
1834- 1919
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What about people????

Why should we care about phytoplankton?

1. Highly abundant (also biggest biomass)

Over a million phytoplankton in a teaspoon!
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Viruses

Bacteria

Cyanobacteria

Protists

Other phytoplankton
Zooplankton
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Adapted from Kirchman 2012

How many whales (on average) one can found per liter of 
seawater??? 

We cannot see most phytoplankton species without a 
microscope/ other elements

Pico Nano Micro Meso
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Why should we care about phytoplankton?

2. Photosynthesis

*** At least 50%of the oxygen we breathe comes from the 
photosynthesis of marine plants***

(will be discussed tomorrow by Sven)

Why should we care about phytoplankton?
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3. Bottom of the food & energy chain- Higher order trophic 
levels feed on phytoplankton...
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We can predict cascading changes in the trophic chain:
Low Phyto� Low Zoo � Low fish

4. Drive the biological pump

Why should we care about phytoplankton?

courtesy of the Biological Pump Working Group, SUNY Stony Brook

Phytoplankton 
fix atmospheric  
carbon (mostly 
photosynthesis)  

Marine snow 
carries some of 
this carbon to 
reservoirs in 
the deep 
oceans
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Bottom line: 
This process regulates the surface temperature of the 
earth!
CO2 traps heat in the atmosphere, so if there was no biological 
pump, there would be more CO2 in the atmosphere.

?

Adapte from: Takahashi et al. 1997 PNAS 94: 8292-8299. 

The flux of carbon between ocean and atmosphere 

CO2 emitted into atmosphereCO2 taken to the ocean
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• Currently, >40% of the carbon emitted to the atmosphere 
by fossil fuel burning is sequestered into the ocean 

• But the future fate of this important carbon sink is largely 
uncertain (therefore anxious) because of potential climate 
change impactson ocean circulation, biogeochemical 
cycling, and ecosystem dynamics

[For example, specific species of phytoplankton could be indicators of 
climate change (warm affinity Vs cold affinity species)- this has already 
been observed in the Atlantic Ocean!!!]

• Diatoms 
• Coccolithophores 
• Picophyto- plankton: Cyanobacteria, Prochlorococcus,
• Dinoflagellates

The “major” players of the ocean’s biological pump
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Diatoms

Diatoms- cont.

Over 200 genera of living diatoms (and 
100,000 extant species)

Estimated to contribute up to 45% of the total oceanic primary 
production (Yool et al., 2003 Global Biogeochemical Cycles 17: 1103–1124)

Located mostly at the upper sunlit layer 
(turbulent mixing, wind, buoyancy...)

Have a unique silica cell wall (also 
called frustules) comprising two separate 
valves

Photo taken by Steve Gschmeissner
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Often classed as opportunistic r-strategists : when conditions are 
favorable (nutrients and light), their competitive edge allows them to 
quickly dominate phytoplankton communities (i.e. bloom). 

Diatoms- cont.

When conditions turn unfavorable diatom cells typically increase in 
sinking rate and exit the photic layer. Thus they play an important role in 
the biological pump

Coccolithophores
Distinguished by their calcium carbonate plates called coccoliths

Occur throughout the photic layer of the world oceans

Form blooms in nutrient depleted 
waters (summertime)

The predicted pH (=7.8) in the year 
2011 will likely make coccoliths 
production (chemically) impossible, 
thus affect carbon sink 
(Smith et al., 2012 PNAS 109:8845-8849)
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Coccolithophores- cont.

Importance in the marine carbon cycle:

(1) The ‘biological pump’ pathway (via photosynthesis and bloom-
crash): 

CO2 + H2O → CH2O + O2

(2) The ‘carbonate counter-pump’ pathway (production of coccoliths):

Ca2+ + 2HCO3
- → CaCO3 + H2O + CO2

Iglesias-Rodriguez et al., 2008 Science  320: 336-340

GOOD NEWS???
Calcification inEmiliania huxleyi is significantly increased 
by high CO2 partial pressures, suggesting that they are already 
“responding” to global warming



07/09/2014

15

Pico-phytoplankton (Synechococcus, Prochlorococcus)

Photosynthetic phytoplankton composed by 
cells ranging from 0.2 to 2 µm. [Smallest & 
most abundant: Prochlorococcus Marinus= 
0.6 µm]

Picophytoplankton are especially important in oligotrophic
[due to their surface area to volume ratio]

Most abundant- can be found down to a depth of 150 m (Partensky et al., 

1999, Microbiology and Molecular Biology Reviews 63: 106-127)

Synechococcus are usually located in the upper layer whereas 
Prochlorococcus are located around the chlorophyll maxima 
(0.1- 1% of surface light, ~ 100 m)

Dishon, Rahav et al., unpublished 

Pico-phytoplankton cont. 
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Pico-phytoplankton cont. 

Chla max

Adapted from: Richardson and Jackson, 2007, Science  315:838-840

Surface ocean productivity is positively coupled with 
carbon export

[Black- Arabian Sea

White- Equatorial Pacific]
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Dinoflagellates

Some autotrophs (primary producers), some 
heterotrophs (secondary feeders) but most 
are mixotrophs (both autotrophic and 
heterotrophic) 

One of the largest groups of marine eukaryotes in term of species number

Some endosymbionts (zooxanthellae- association with corals), some host 
endosymbionts (Richelia sp.- N2 fixer), some parasites (for example 
Pfiesteria)

HABs- dinoflagellates blooms that produce toxins in quantities capable 
of killing fish, which in turn may be passed on to people who eat them.  

Sometimes its toxic!!!
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Red tide bloom off the coast of San-Diego
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Phytoplankton Measuring Techniques

DisadvantageAdvantageMethodParameter
• Covers only the surface 

waters 
• Don’t work near coastal 

areas
• can’t tell type of 

phytoplankton
• Clouds 

• Can get huge spatial 
scales (horizontal)

SatelliteChlorophyll  

• Can’t tell type of 
phytoplankton

• A rough estimate of 
algal biomass

• Quick
• Easy
• Inexpensive
• Very accurate 

extractionsChlorophyll 

How can we estimate phytoplankton biomassfrom field samples?

Example for satellite observations of chlorophyll -
Phytoplankton bloom off the coast of Ireland taken 
by NASA’s Terra satellite 
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DisadvantageAdvantageMethodParameter
• Requires concentrated 

sample
• Time and money 

consuming

• Accurate
• Different pigments

HPLCChlorophyll  

• Often not a very good 
estimator 

• Continuous profiles 
• Fast
• easy

In situ 
fluoro-meter

Chlorophyll 

How can we estimate phytoplankton biomassfrom field samples?-
cont.

DisadvantageAdvantageMethodParameter
• Very time consuming
• Require many expertise 

& training
• ‘subjective’ (???)
• Diminishment of 

resolution if cell has 
large volume of water 
overlying the sample

• Tells you exactly 
who’s there

• You can decide on 
level of taxonomic 
resolution

• Can take pictures
• Long a standard 

method

Concentrate
d samples
(Utermöhl
chamber or 
Hemo-
cytometer)

Microscope 
counts, 
identification, 
and biomass

How can we estimate phytoplankton composition & diversity from 
field samples?


