
LIGHT



Solar radiation

Moonlight on a clear night is 1mW m-2

Bright sunshine in the 
visible range (400-700 nm) 
and at the surface of the 
Earth is about 500 W m-2

UV IF

E= hνννν = hc/λ λ λ λ 



Visible light 

(400-700 nm)

is absorbed by

photosynthetic pigments



Photosynthetic Photon Flux Density – PPFD units: 

IRRADIANCE available for photosynthesis (PAR) 

equals micromoles quanta per squared meter per 

second   = µµµµmol photons m-2 s-1

Measure of ligth using a radiometer
with a Quantum sensor

CATS Project

Site

Physical parameters

Light T RH

µmol m-2 s-1 Wm- 2 Lux °C %

Z 1 3 - 18 1.2 - 4.5 200 - 800 14.5 86.0

Z 2 1.0 0.15 48 13.6 93.8

Z 3 0.2 - 0.3 0.02 10 - 15 14.4 85.4

Z 4 0.1 - 0.2 0.03 - .09 10 - 20 13.6 87.0

Z 5 0.05 - 0.15 0.15 18 13.6 83.2

Z 6 4 - 5 0.7 – 1.0 200 - 250 11.0 85.5

Z 7 1.5 1.0 250 8.2 56.0

Z 8 3.8 - 7.4 0.9 – 1.6 260 - 430 8.7 54.0

entrance

Cave of BatsCave of Bats

inner area

Solar irradiance in a sunny

day at our latitude is about

2000 µµµµmol photons m-2 s-1



Underwater

Light

Photic zone
euphotic

oligophotic 1%



Phytobenthos

Phytoplankton



Estimate of the Earth’s annual and global mean energy balance. Over the long term, the amount of incoming solar radiation 
absorbed by the Earth and atmosphere is balanced by the Earth and atmosphere releasing the same amount of outgoing 
longwave radiation. About half of the incoming solar radiation is absorbed by the Earth’s surface. This energy is transferred to 
the atmosphere by warming the air in contact with the surface (thermals), by evapotranspiration and by longwave radiation that 
is absorbed by clouds and greenhouse gases. The atmosphere in turn radiates longwave energy back to Earth as well as out 
to space. Source: Kiehl and Trenberth (1997).





Light is reflected by Earth‘s and water surface



Underwater
irradiance :

At a fixed latitude

changes are due to:

depth (a)

time of the day (b) 

waves (c)



Light changes in water with depth: decay occurs exponentially 

with an extinction coefficient that depends on the wavelength of

light and the types of material suspended in the water column 



Blue waters

Green waters

extinction coefficient for red and infrared light in pure water is 

about 2.0 per meter; for blue light it is 0.01 per meter 



glycogen

glycogen



Photosynthetic pigments: Chlorophylls



Photosynthetic pigments: Carotenoids (C40 tretraterpenes)   



Photosynthetic pigments: Phycobiliproteins

Phycocyanin Phycoerythrin



Visible light 

between 500-650 nm

is absorbed by

phycobiliproteins PE-PC-APC 

in sequence to transfer 

energy to Chl a

Absorbance spectra

of extracted pigments

APC

PC
PE



and phycoerythrin

Photosystem I and II within thylakoids
Phycobilisomes in regular rows on thylakoid surface

Chlorophyll and carotenoids

+ phycoerythrin

APC

PC PE





In vivo absorbance spectra of cyanobacterial cells

in cultures acclimated at two irradiances

PC

PE

Figure 2. In vivo spectra of cyanobacterial cultures grown at two PPFDs: 5 (     ) and 60 (-----) 
µmol m-2 s-1. Note differences in the spectra of PC-rich Chroococcalean cyanobacterium (left 
side), and PE-rich Oscillatorialean cyanobacterium (right side). 



Algae living at different depths have different accessory

pigments to absorb light

(Lobban & Harrison,1997)

deep living

shallow water living



Photosynthesis and action spectra



Photosynthesis action spectra vs
absorption spectra in living seaweeds



Ic – compensating irradiance 

(µµµµmol photon m-2 s-1) 

R - respiration rate 

(µmol O2 mg Chl a-
1 h-1)

α - photosynthetic efficiency 

(µmol O2 mg Chl a-1 h-1 / µµµµmol m-2 s-1)

Ik - saturating irradiance 

(µµµµmol photon m-2 s-1) 

Pmax - maximum rate of 

photosynthesis

(µmol O2 mg Chl a
-1 h-1)

Photosynthesis versus Irradiance (P/I) curves 

to determine photosynthetic parameters:
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Acclimation to light:

shade adapted cells 
tend to have larger 
antennae and lower 
compensation points


