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Net primary productivity 
Terrestrial vs marine ecosystems 
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Net primary productivity (annual average) 
Terrestrial systems 
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Primary production in terrestrial systems 

PP in terrestrial ecosystems is performed by autotrophic plants through 
photosynthetic processes 
 
C3, C4, CAM etc. 

Principal factors affecting terrestrial PP are: 
 

ü  Light availability (season/latitude) 
ü  Nutrient availability 
     (soil composition, recycling) 
ü  Water availability (precipitation, soil physical characteristics) 
ü  Disturb such as fire, grazing (natural and anthropogenic) 
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Photosynthetically Active Radiation 
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Photoperiod length  
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Primary production in oceanic systems 

Most of oceanic PP is from photosynthetic phytoplancton operating at 
the ocean surface in the euphotic zone (ten to hundreds m depth) 

Factors affecting oceanic PP are: 
 

ü  Light availability (depth) 
ü  Nutrient availability 
     (recycling, runoff and upwelling) 
ü  Temperature 
ü  Water acidity (CO2 dissolved 
     by antropogenic release in the atmosphere) 
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Iz = I0 � e –kz    (Z, extinction coefficient) 

Light extinction with dept in water 
Lambert-Beer equation 
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Surface 

1000 m depth 

Nitrates dissolved in oceanic waters 
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Broadly important nutrients include nitrogen (N), 
phosphorus (P), iron (Fe), and silicon (Si). There ap-
pear to be relatively uniform requirements for N and 
P among phytoplankton. In the early 1900s, oceanog-
rapher Alfred Redfield found that plankton build their 
biomass with C:N:P stoichiometric ratios of ~106:16:1, 
to which we now refer as the Redfield ratios (Redfield 
1958). As Redfield noted, the dissolved N:P in the deep 
ocean is close to the 16:1 ratio of plankton biomass, 
and we will argue below that plankton impose this ratio 
on the deep, not vice versa. Iron is found in biomass 
only in trace amounts, but it is used for diverse es-
sential purposes in organisms, and it has become clear 
over the last 25 years that iron’s scarcity often limits or 
affects productivity in the open ocean, especially those 
regions where high-N and -P deep water is brought 
rapidly to the surface (Martin & Fitzwater 1988). Re-
search is ongoing to understand the role of other trace 
elements in productivity (Morel et al. 2003). Silicon 
is a nutrient only for specific plankton taxa-diatoms 
(autotrophic phytoplankton), silicoflaggellates, and ra-
diolaria (heterotrophic zooplankton) — which use it to 
make opal hard parts. However, the typical dominance 
of diatoms in Si-bearing waters, and the tendency of 
diatom-associated organic matter to sink out of the 

surface ocean, make Si availability a major factor in 
the broader ecology and biogeochemistry of surface 
waters.

Sunlight is the ultimate energy source — directly 
or indirectly — for almost all life on Earth, including 
in the deep ocean. However, light is absorbed and 
scattered such that very little of it penetrates below 
a depth of ~80 m (as deep as 150 m in the least pro-
ductive subtropical regions, but as shallow as 10 m in 
highly productive and coastal regions) (Figure 2). Thus, 
photosynthesis is largely restricted to the upper light-
penetrated skin of the ocean. Moreover, across most of 
the ocean’s area, including the tropics, subtropics, and 
the temperate zone, the absorption of sunlight causes 
surface water to be much warmer than the underlying 
deep ocean, the latter being filled with water that sank 
from the surface in the high latitudes . Warm water is 
more buoyant than cold, which causes the upper sun-
lit layer to float on the denser deep ocean, with the 
transition between the two known as the “pycnocline” 
(for “density gradient”) or “thermocline” (the vertical 
temperature gradient that drives density stratification 
across most of the ocean, Figure 2). Wind or another 
source of energy is required to drive mixing across the 
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Figure 2. Typical conditions in the subtropical ocean, as indicated by data collected at the Bermuda Atlantic Time-
series Station in July, 2008. The thermocline (vertical temperature gradient) stratifies the upper water column. During 
this particular station occupation, the shallow wind-mixed surface layer is not well defined, presumably because of 
strong insolation and a lack of wind that allowed continuous stratification all the way to the surface. Very little sunlight 
penetrates deeper than ~100 m. New supply of the major nutrients N and P is limited by the slow mixing across the 
upper thermocline (showing here only the N nutrient nitrate, NO3

-). Within the upper euphotic zone, the slow nutrient 
supply is completely consumed by phytoplankton in their growth. This growth leads to the accumulation of particulate 
organic carbon in the surface ocean, some of which is respired by bacteria, zooplankton, and other heterotrophs, and 
some of which is exported as sinking material. The deep chlorophyll maximum (DCM) occurs at the contact where there 
is adequate light for photosynthesis and yet significant nutrient supply from below. The DCM should not be strictly 
interpreted as a depth maximum in phytoplankton biomass, as the phytoplankton at the DCM have a particularly high 
internal chlorophyll concentration. The data shown here is made available by the Bermuda Institute of Ocean Sciences 
(http://bats.bios.edu) and the Bermuda Bio Optics Project (http://www.icess.ucsb.edu/bbop/).

DCM deep chlorophyll maximum 

Physical/chemical gradients at ocean surface 
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Net primary productivity (annual average) 
Oceanic systems 
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El Niño Southern Oscillation 
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STF, Sub-Tropical Front; SAF, Sub-Antarctic Front; PF, 
Polar Front; SAMW, Sub-Antarctic Mode Water; AAIW, 
Antarctic Intermediate Water; UCDW, Upper 
Circumpolar Deep Water; LCDW, Lower Circumpolar 
Deep Water; AABW, Antarctic Bottom Water; SAZ, Sub-
Antarctic Zone; PFZ, Polar Frontal Zone; AZ, Antarctic 
Zone; SPZ, Sub-Polar Zone.  

Circum-Antarctic overturning circulation 

Primary productivity 
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Source-sink coupled communities 

Euphotic zone 

Benthic zone 

Organic carbon “snow” Gravity 

Guido Chelazzi 



101 102 103 104 

10-1 

100 

101 

102 

103 

C
ar

bo
n 

si
nk

 (g
 C
·m

-2
·y

-1
) 

Primary production in euphotic zone 
(g C·m-2·y-1) 

Carbon sink from euphotic zone 

Guido Chelazzi 



0 

4 

8 

12 

16 

Bn
tt

ho
ni

c 
bi

om
as

s 
(g

·m
-2

) 

0 4 8 12 
Chlorophyll (mg·m-3) 

Relationship between euphotic PP 
and benthonic production 

Guido Chelazzi 



Primary production in oceanic systems 
Only a minor fraction of PP in oceans is from chemosynthesis, as in the 
hydrothermal vents of mid-oceanic ridges, operated by chemoautotroph 
bacteria 

12H2S + 6CO2 → C6H12O6+ 6H2O + 12 S 

Riftia pachyptila 
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Biogeochemical cycles 

recycling 

Biotic compartment 
(organism – population – cmmunity) 

Abiotic compartment 
(e.g. atmosphere, rocks, water) 

assimilation deassimilation 
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Biogeochemical cycles 

Which chemical items are subject to biogeochemical cycling 
 
Elements 
Macrocomponents (e.g. C, N, O, P, S) 
Microcomponents (e.g. Mg, Mn, Fe, Cu) 
 
Molecules 
(e.g. H2O, CH4, O2) 
 
Xenobiotics 
(e.g. chlorinated hydrocarbons, organometallic compounds) 
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Phosphorus global cycle (quasi open cycle) 

Numbers: 1012 g 
Schlesinger 1991 
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Carbon global cycle (quasi closed cycle) 
IPCC 2001 

Numbers: Gt  Yr -1 
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Nitrogen global cycle 
Gruber & Galloway 2008 Nature 

Fluxes in Tg Yr -1 
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A. Nitrogen Fixation: 
 
Free-living (e.g. Azotobacter) and symbiotic (e.g. Rhizobium) bacteria convert 
atmospheric nitrogen N2 to ammonia NH4

+ using the energy from ATP. (In the marine 
environment N2 fixation is performed by cyanobacteria). 
 
B. Nitrification: 
 
Several species of soil bacteria convert ammonia NH4

+ to nitrite NO2
+ (e.g. 

Nitrosomonas) and nitrite to nitrate NO3
+ (Nitrobacter) when the soil contains high levels 

of oxygen. 
 
C. Denitrification: 
 
Several species of soil bacteria (e.g. Pseudomonas, Clostridium) convert nitrate NO3

+ 
to free nitrogen N2 when the soil is waterlogged and thus contains low levels of oxygen. 
Such bacteria use the nitrate as the final electron acceptor during respiration rather 
than oxygen. Denitrification depletes the soil of essential nitrate fertilizers. 

The role of bacteria in the terrestrial 
Nitrogen cycle 

Guido Chelazzi 



Human effects on Nitrogen cycle 

A. Increase in Nitrogen fixation by use of nitrogen-fixing plants and industrial 
production of ammonia (Haber-Bosch) 
 
B. NOx emission into Atmosphere by civil and industrial fossil fuel burning 
 
C. Waste water discharge from human and domestic animal populations 
 
Main effects: 
 
§  Eutrophication 
§  Air, soil and water acidification 
§  Greenhouse effect (N20 has a  lifetime of 114–120 years, and is 300 times more     

 effective than CO2 as a greenhouse gas) 
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Ecological engineering-Niche construction 
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Selection 
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Cyanobacteria – Oxyatmosphere Beaver – Dams/Lakes 

Rhinos - Savannah Scleroactinians – Coral reefs 

Examples of niche constructors 

Guido Chelazzi 


