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Impact of Global Change 
on the marine planktonic 
ecosystem: !
Phytoplankton and Zooplankton!

Albert Calbet!
Institut de Ciències del Mar-CSIC!
acalbet@icm.csic.es!

Plankton and climate!
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Plankton and climate!

1.  Global patterns of distribution (low and 
high latitudes)!

2.  Daily cycles!

3.  Seasonality!

4.  The importance of long term series!

5.  Multiannual phenomena: ENSO, NAO, etc.	  
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Phytoplankton distribution!
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Primary production!
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Copepod distribution!
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Usually, high phytoplankton 
areas support more zooplankton 
(but not necessarily more 
productivity)!
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The zooplankton distribution is heterogeneous both in time and space!
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Across-isobath current velocity (m s-1)!
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Vertical migrations are 
connected to feeding rhythms!

?	  
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Norwegian Ocean Observatory Network!

Daily cycles: vertical migration	  
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?	  
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A. grani losses rhythm 
at low food 
concentrations!

C. typicus keeps 
rhythm!

Light-day cycles!
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But, what is the use of vertical migration in oligotrophic seas?!
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Phytoplankton and ciliate distribution!
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Blanes Bay, Catalonia, Coastal area. August 1995-October 1996!

Calbet et al. 2001!

Seasonal succession of zooplankton in Blanes Bay!
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Phytoplankton and temperature!

Temperature !
Chlorophyll a!
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Total zooplankton (> 200 µm)!
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Total zooplankton abundance along the seasonal cycle !
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Main groups: crustaceans!
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Copepods: calanoids!
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Copepods: calanoids!
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Copepods: cyclopoids!
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Summary: seasonal % abundance of main groups!
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Seasonality: species succession!

Napoli!

Castellón! Genova!

Banyouls! Marseille!

Centropages typicus!

Be aware of natural 
variability in space 
and time!

Gaudy 1984!
25	  

Razouls 1974 (C. typicus, Banyuls)!

Variability	  in	  5me	  

This	  variability	  may	  be	  result	  of	  large-‐scale	  clima5c	  events	  
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“EL NIÑO” !

Handling your 
problem child!
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NORMAL!

Peru!
Nutrient rich waters!

Low nutrient waters!

Upwelling!

Trade winds!

Thermocline!

El NIÑO!

Peru!
Nutrient rich waters!

Low nutrient waters!

No upwelling!

Trade winds!

Thermocline!

EL NIÑO  (ENSO) ≈ 5 years !
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Zooplankton	  

Temperature	  

Strong	  ENSO	  

1)  Posi5ve	  
rela5onship	  
temperature	  
and	  ENSO	  

2)  Inverse	  
rela5onship	  
ENSO	  and	  
Zooplankton	  

Baja	  California	  
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El Niño effects!
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Warm phase!Cool phase!

The Pacific Decadal Oscillation (PDO)!
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CHANGES	  IN	  COPEPOD	  COMMUNITIES	  
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El Viejo!

La Vieja!
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Possitive NAO!
Stronger than usual subtropical high pressure 
center and a deeper than normal Icelandic low.!
More and stronger winter storms crossing the 
Atlantic Ocean on a more northerly track.!
This results in warm and wet winters in Europe and 
in cold and dry winters in northern Canada and 
Greenland!

Negative NAO!
Weak subtropical high and a weak Icelandic low.!
Fewer and weaker winter storms crossing on a 
more west-east pathway.!
They bring moist air into the Mediterranean and 
cold air to northern Europe!

The NAO is the dominant mode of winter climate 
variability in the North Atlantic region ranging from 
central North America to Europe and much into 
Northern Asia. The NAO is a large scale seesaw in 
atmospheric mass between the subtropical high and 
the polar low.!
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NAO index!
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Fomentin and B. Planque, 1996	  

Lately, the relationship is broken 
because C. finmarchicus 
decrease!
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Species replacement!
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Molinero et al. 2005!

NAO in the Mediterranean!

Copepods	  

NAO	  

Opposite	  response	  to	  NAO	  
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Summary	  

Major	  effects	  of	  climate	  on	  plankton:	  

-‐	  day?	  

-‐	  seasonal?	  

-‐	  Mul5annual?	  
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