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What is Marine Phytoplankton

• What are Phytoplankton
• Where are they in the Ocean
• Why do we care about them
• What is the role of Diversity
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What is the colour of ocean ?

➢ Varies because of the presence of different phytoplankton groups, 
organic matter, sediments and so on.
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Marine life

1. Benthos: bottom 

dwellers; sponges, 

crabs

2. Nekton: strong 

swimmers- whales, 

fish, squid

3. Plankton: 

animal/plants that 

drift in water. The 

have little control 

over their 

movement.

Includes: diatoms, 

dinoflagellates, 

larvae, jellyfish, 

bacteria.
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---- low chl a, mainly Picoplankton

---- diatom bloom 

---- Phaeocystis bloom

Bracher & Tilzer 2001
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Phytoplankton
➢Absorb light by pigments (chlorophylls, carotenoids,...)      
➢Pigments are excited
➢Excitation energy used in photosynthesis to make O2 & organic compounds 
➢Basis for marine ecosystem and carbon cycle

Phytoplankton 
absorption 
variable among 
species and 
location! 

photoacclimation
and community 
compositon.
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• Picoplankton (.2-2 µm) 
bacterioplankton

• Nanoplankton (2 - 20 µm) 
protozoans

• Microplankton (20-200 µm) 
diatoms, eggs, larvae

• Macroplankton (200-2,000 µm)
some eggs, juvenile fish

• Megaplankton (> 2,000 µm) 
includes jellyfish, ctenophores, Mola
mola

Size Class 
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1. Phytoplankton shapes/sizes and
surface composition/roughness
largely control light scatter

2.  Phytoplankton cellular components and their 
internal distribution in the cell largely 
determine how much of light getting into 
the cell is absorbed or transmitted.

3. Phytoplankton cell absorption of light  occurs largely in photosynthetic lamellae 
(thylakoids) where ALL photosynthetic  pigments are located. Thylakoids are in 
chloroplasts organelles within eukaryotic phytoplankton and  located in cytoplasm (no 
organelles) of prokaryotic bacteria 

Fundamental review

Several kinds of
Dinoflagellates
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Fundamental review
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• Diatoms: temperate and polar waters, silica case or shell.

• Dinoflagellates: tropical and subtropical waters.... also summer in 
temperate .

• Coccolithophores: tropical, calcium carbonate shells or "tests“.

• Silicoflagellates: silica internal skeleton... found world wide, particularly in 
Antarctic. 

• Cyanobacteria (blue-green algae): not true algae, often in brackish. Near 
shore waters and warm water gyres.

• Green Algae: not common except in lagoons and estuaries.

Some important types of phytoplankton
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Phytoplankton and mixed layer dynamics 

Courtesy, MIT.EDU



Importance of Phytoplankton

Phytoplankton population decline causes 
zooplankton and apex predators to decline .

Phytoplankton is the base of the food chain.
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What Effects Phytoplankton Distribution in Oceans?

➢ Tides

➢Currents

➢Light

➢Nutrients

Irradiance

Sinkage & Senescence

Particle Dynamics

Particle Flux (Carbon flux)

Zooplankton

Higher Trophic Levels

Phytoplankton

Physical mixing

processes

Nutrients
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Characterizing Environments

Euphotic Zone: Surface layer, to the depth where 
positive net photosynthesis is no longer possible 
(compensation point)

Often defined as the zone that extends 

from the surface to the  depth at which 

light is reduced to 1% of its surface value 

(sometimes 0.1% light level is used). 

This is arbitrary and unnecessary —

the 1% light depth is much better lit at the 

equator than at high latitudes in winter on 

a cloudy day!

May occur at depths exceeding 100 m in 

oligotrophic open-ocean waters or it may 

be less than 10 m in eutrophic or turbid 

waters

-0.10

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0 100 200 300 400 500 600

Alexandrium fundyense

S
p

e
c
if
ic

 G
ro

w
th

 R
a

te
 (

d
-1

)

Irradiance (µmol m
-2

 s
-1

)



  maxG  [tanh(
  E

maxG
)  tanh(

  Ec

maxG
)]  (E  Ec)

Strain  ccmp1980 

µmaxG = 0.5987 ± 0.0872 d-1

alpha = 0.0079 ± 0.0025  d-1 (µmol m-2 s-1)-1

Ec = 22.0 ± 5.97 µmol m-2 s-1

Ec constrained to >= 22µmol m-2 s-1

µmaxNet = 0.4296 ± 0.0872 d-1

(assuming same error as for µmaxG)

Compensation Irradiance = 

22 µmol m-2 s-1
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Phytoplankton- restricted to the euphotic zone 
where light is available for photosynthesis. 

Blooms:

• High nutrients
• Upwelling
• Seasonal conditions

Phytoplankton Seasonal Cycles 
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Primary production and its seasonal cycle vary 
greatly in space
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Latitudinal variation in seasonal cycles driven by 
variation in irradiance

90oN = N. Pole

60oN ~Anchorage,AK

30oN ~N. Florida

0oN = Equator

[Also Irradiance]
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Annual cycles in other regi

Try this on your own: Draw the vertical profiles of temperature and light and the 

critical depth for each region as we did in class for the North Atlantic.

Phytoplankton biomass

Zooplankton biomass

Seasonal Changes in Global Oceans 

17



Plankton size structure is important

Diatoms, dinoflagellates

Coccolithophores, cyanobacteria
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What Do We Mean by a Functional Type?

 Functional Type :

Group of organisms that share common biogeochemical functions, but 
do not necessarily share a common phylogeny.

 Phytoplankton  Functional Type :

Group of  phytoplankton organisms that share common biogeochemical 
functions is called Phytoplankton Functional Type

 Functional Types and Related Terms :
❖ Functional Diversity:  responses of organisms to environmental 

change , at different time and space scales.
❖ Trait: measurable property of organisms used to  identify a 

functional type.
❖ Ecological Niche : The ecological niche of an organism depends not 

only on where it lives but  also on what it does. 
By analogy Habitat  is the organism “address” and niche is its 

“Profession”.
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Some Important Phytoplankton Functional Types

 Nitrogen Fixers

 Calcifiers

 Silicifiers

 Size Classes

 DMSP Producers

Nitrogen fixers Calcifiers

Silicifiers DMSP Producers
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Nitrogen Fixers

➢ All Phytoplankton require nitrogen for 
growth.  It takes nitrogen in the form 
of nitrate , nitrite or ammonia.

➢ upper layer of the sea, these forms are 
often present at growth-limiting 
concentrations. 

➢ A subset of phytoplankton ,known as 
diazotrophs or nitrogen fixers , can 
overcome this limitation because they 
are able to utilize (“fix”) nitrogen gas 
dissolved in seawater.

➢ They belong to the class of 
cyanobacteria or blue-green algae, and 
most notable of these In open-ocean 
waters  is the bloom-forming 
Trichodesmium.

➢ When nitrogen fixation is high , the 
oceanic primary production may change 
from nitrogen-limited to phosphorus-
limited . Thus affecting the phosphorus 
cycle as well.

Trichodesmium
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Silicifiers

➢ commonly known as diatoms, have silica 
frustules that surround and protect 
the cells.

➢ Diatoms are typically large –celled and 
this ,combined with the presence of 
the silica frustules, makes them 
slightly negatively buoyant . They 
therefore tend to sink rapidly out of 
the surface layer of the ocean.

➢ Contributing to the transport of 
carbon , nitrogen and silica to  deep 
waters.

➢ Though diatoms are the major 
silicifiers in the ocean, some 
phytoplankton belonging to 
chrysophytes ,silicoflagellates ,and 
xanthophytes are also known to be 
silicifiers.

Diatoms
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Various phytoplankton concentrations of earth's 
oceans 

• Purple and blue areas - unproductive 
regions (open ocean areas)

• Red and orange areas - productive 
regions (coastal areas, 
small basin)
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More recently satellite algorithms have been developed 
for some phytoplankton taxa detection

Iglesias-Rodriguez et al. 2000 24



Surface chlorophyll from CZCS

Vertical distribution of Chl from 21,000 profiles

Mixed layer depth from NOAA-NODC archive

Surface nutrients

Brunt-Vaisala

57 provinces on the basis of:

Longhurst 1995 25



Global Distribution of Phytoplankton Based on Size Class

Roy et al., 201226
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Response of Phytoplankton to micro scale process in ocean 

Roy et al., 2015

Increase in Chl a biomass 
due to nutrient 
enhancement within such 
fronts and filaments can 
stimulate different 
phytoplankton groups 
which may influence 
zooplankton grazing (Cry 
and Curtis, 1998 and 
references therein) 
thereby regulating the 
higher trophic levels.



Diatoms

•High μmax

•High Ks

Coccolithophores

•Low μmax

•Low Ks

High or variable nutrients

High mixing, upwelling

Low average irradiance

High turbulence

Chronically low nutrients

Stratified conditions

High average irradiance

Low turbulence

Different strategies of nutrient use
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Larger plankton (diatoms and dinoflagellates) 
most adapted to high-nutrient conditions.

High                                                                           LowNutrients

Low                                                                           HighLight Intensity / Irradiance

Narrow                                                                     BroadLight Spectrum

Low                                                                           HighTemperature
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Response of Phytoplankton to micro scale process in ocean 

Our data highlights dominance
of two phytoplankton groups
within a spatial scale of ~ 1º
latitude in response to the
nutrient enhancement and
temperature.
The cold and nutrient-rich
waters of the filament (CF1)
and front (F1)
in the north of the section
were dominated by
prymnesiophytes whereas
oligotrophic warm waters
observed at the south
exhibited proliferation of
Prochlorococcus.

Roy et al., 2015
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Response of phytoplankton to temperature and light 
gradient

CHEMTAX also showed 

marginal build up of 

prasinophytes within 

CF1 and F1. This 

suggests that 

nanoplankton size class 

(e.g prymnesiophyes 

and prasinophytes) was 

efficient in utilizing the 

buildup of nutrients 

observed within the CF1 

and F1. 
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Response of phytoplankton to nutrient regimes 



The semi-annual 
reversals of coastal 
currents in the 
Arabian Sea produce 
extremely large 
seasonality in the 
physico-chemical 
environment. 

Coastal upwelling 
associated with 
southwest monsoon 
leads to marked 
changes in oxygen 
distribution.

Naqvi et al 2006

Hydrography of the sampling area
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Seasonal variation of phytoplankton in response to
environment

Of the four 
groups the 
percent 
dominance at 
G5 is in the 
order: diatoms 
> 
nanoflagellates 


cyanobacteria > 
dinoflagellates.



Phytoplankton Ecology

Why people should care about phytoplankton ecology?

➢ They provide the basis for much of the aquatic food chain.

➢Substantial impact on global environmental balance 
➢Global phytoplankton primary productivity is estimated at 
1015-1016 g carbon/year.

➢They can form nuisance blooms 
➢Sheer abundance can lead to anaerobic conditions, etc.
➢Toxin production
➢Toxin production can sometimes be a problem even when a 
bloom is not present
➢Pseudonitzschia
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Why do we care about the Carbon Export Production?

• The total amount of carbon in the ocean is about 50 times 

greater than the amount in the atmosphere, and is exchanged 

with the atmosphere on a time-scale of several hundred years. 

• At least 50% of the oxygen we breathe comes from the 

photosynthesis of marine plants. 

• Currently, 48% 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 impacts on ocean circulation, biogeochemical cycling, 

and ecosystem dynamics 



Phytoplankton Ecology Contd………

➢Marine phytoplankton account for about 45 % of global net primary production (NPP). 
In addition, they perform other important biogeochemical functions including nitrogen 
fixation, calcium carbonate precipitation, and the production of climatically active gases 
such as dimethyl sulfide.

➢Functional traits that quantify responses of growth rate, photosynthesis and nutrient 
uptake to temperature, irradiance, and nutrient availability provide a useful basis for 
understanding phytoplankton ecology.

➢A variety of complementary approaches are used to measure gross and net primary 
production. These include measuring production of O2 and organic matter in bottle 
experiments and measuring diel and seasonal changes of O2 in open waters. 

➢Information obtained from satellite remote sensing of ocean color is used to calculate 
Although the growth of individual phytoplankton cells is often limited by temperature 
and the availability of nutrients and light, biotic interactions including predation and 
disease often control the growth of phytoplankton populations and the species 
composition of phytoplankton communities.

➢Anthropogenic impacts on the ocean, including nutrient loading to coastal waters, 
climatic forcing associated with global warming, and ocean uptake of anthropogenic CO2, 
are influencing the chemistry and physics of the upper ocean, with multiple potential 
impacts on the phytoplankton. 37



Chisholm, 2000

Ecological Role of Phytoplankton

Photosynthesis                   Respiration

Sinking
Remineralization
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In eutrophic systems, large 
phytoplankton (diatoms) dominate and 
more biomass goes directly to large 
plankton and fish.

Temp.

D
e
p
th

Dcr

Microbial loop is less important
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In oligotrophic systems, small 
phytoplankton (e.g. cyanobacteria) 
dominate and biomass goes through 
more levels of plankton to get to 
fish.

Microbial loop is key
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Open Ocean

Tuna

Carniv. Fish 

Carniv. Plankton 

Herbiv. Plankton

Phytoplankton

5 Levels

10% Efficiency

Coastal Ocean

Carniv. Fish 

Carniv. Plankton 

Herbiv. Plankton

Phytoplankton

4 Levels

15% Efficiency

Upwelling Zone

Anchovies

Phytoplankton

2 Levels

20% Efficiency

Oligotrophic                                       Eutrophic

41



Open ocean (90%) Coastal ocean (9.9%)  Upwelling zones (0.1%)

=109 metric tons C

per year

=106 metric tons fish per 

year

5 Trophic levels

10% Efficiency 4 Trophic levels

15% Efficiency

2 Trophic levels

20% Efficiency
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Case Study: Southern Ocean phytoplankton ecology

HNLC − High-Nutrient, Low-Chlorophyll

✓ It describe areas of the ocean where the number of phytoplankton are low in 

spite of high macronutrient concentrations (nitrate, phosphate, silica acid). 

✓ HNLC is thought to be caused by the scarcity of iron (a micronutrient which 

phytoplankton require for photosynthesis) and high grazing rates of micro-

zooplankton that feed on the phytoplankton. 

✓ The HNLC condition has been observed in the equatorial and sub-arctic 

Pacific Ocean, the Southern Ocean, and in strong upwelling regimes, such 

as off central and northern California and off Peru.
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OIF

Ocean Iron Fertilization
(OIF)
`Give me half a tanker of
iron and I will give you
an ice age´, John Martin
1989

12 small scale experiment was 
conducted between 1993-2005 
in HNLC regions. This does not 
include LOHAFEX !!!

Ref: NASA
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END OF PART ONE 

THANK YOU 


