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Biome %globe %land $/ha/Yr NPPgC/m2/y

Marine 70.3 \ 577 69

Open ocean 64.3 \ 252 57

Coastal 6.0 \ 4,052 162

Estuaries 0.3 \ 22,832 810

Coral reefs 0.1 \ 6,075 900

Terrestrial 29.7 100.0 804 324

Tropical forest 3.7 12.4 2,007 900

Temperate/boreal 5.7 19.3 302 500

Grass/rangelands 7.6 25.4 232 280

Wetlands 0.6 2.2 14,785 1,125

Tidal marsh 0.3 1.1 9,990 1,150

Swamps 0.3 1.1 19,580 1,100

Lakes/rivers 0.4 1.3 8,498 225

Desert 3.7 12.6 \ 32

Tundra 1.4 4.8 \ 65

Ice/rock 3.2 10.7 \ 1.5

Cropland 2.7 9.1 92 290

Total 100.0 \ \

The value of the world's ecosystem services (1994 US $)
(by Robert Costanza (U. Maryland) et al. NATURE, Vol 387 page 253-260)
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Redox potential is used to express the tendency of an environment to 
receive or supply electrons.

Aerobic (having free O2 ) systems are said to have a high redox potential 
because O2 is available as an electron acceptor. Hydrogen electrode is used 
as a standard reference for redox potential measurements.

Redox potential is expressed as the voltage required to prevent the 
follow of electrons using a standard hydrogen electrode as the 
reference.





Figure 7.15





Denitrification

Denitrification is a series of microbial processes starting from nitrate (NO3
-) and 

ending with N2 :

NO3
- ----> NO2

- ----> (NOx ) ----> N2

Denitrifying microbes use NO3
- or NO2

- as electron acceptors. 

Denitrification only occurs under anaerobic condition. 

Denitrification needs reducing substrates as energy source. 

The enzyme system of denitrifiers is totally inhibited by free oxygen, but not 
ammonia. Denitrification is the process of returning reactive nitrogen back to 
the atmosphere.

Acetylene can block the N2 O (nitrous oxide) reductase (Balderson et al.1976), so 
now this is used for measuring denitrification rate, since N2 is very hard to measure 
due to the high background in the air. When adding 0.01 atm acetylene gas to the 
incubation atmosphere, the final product of denitrification is N2 O. 



Sulfate Reduction:

SO4
2- ---> SO3

2- ---> S0 ---> H2 S 

Sulfate reduction occurs at wide range of pH values, 
pressure, temperature and salinity.  Sulfate reduction 
is inhibited by oxygen, nitrate, ferric (Fe3+) ions. 
H2 S is very toxic to aerobes and plant roots. 

Sulfate reduction is carried out by bacteria using 
organic substrates as reducing agents and sulfate as 
the electron acceptor.

Sulfur oxidation is a series of reverse reaction of the 
above equations when there is a switch of Redox 
due to a change of water levels.



Methanogenesis:

HCO3
- + H+ + 4H2 ----> CH4 + 3H2 O 

Methanogenic bacteria require strictly anaerobic condition and redox potentials 
between -350 and -450 mV, or highly reducing environment. 

Methanotrophy:

CH4 + 2O2 -----> CO2 + 2H2 O 

All methanotrophic bacteria require free oxygen for them to effectively oxidize 
methane. 

Based on the two processes above, natural methane input to the atmosphere is 
a result of the net balance between total methanogenic activities and total 
methanotrophic activities.





Figure 7.18





Biomethylation

Microbial methylation of metals in the aquatic 
environment is an important process in 
biogeochemical cycling of metal ions, especially 
mercury:

Hg2+ HgCH3

Methanogenic bacteria participate in methylation 
process. Methylmercury bioaccumulates in 
aquatic organisms, which transfers mercury in the 
food chain. For methylation to occur, anaerobic 
condition and low pH are required.
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Mississippi River Delta 
Image taken 5/24/2001 by ASTER 
on Landsat-7.

Turbid waters spill out into the 
Gulf of Mexico where their 
suspended sediment is deposited 
to form the Mississippi River 
Delta. Like the webbing on a 
duck's foot, marshes and mudflats 
prevail between the shipping 
channels that have been cut into 
the delta. 



Delta Region, Netherlands 
Image taken 9/24/2002 by ASTER of 
Landsat-7

Along the southern coast of the 
Netherlands, sediment-laden rivers 
have created a massive delta of islands 
and waterways in the gaps between 
coastal dunes. After unusually severe 
spring tides devastated this region in 
1953, the Dutch built an elaborate 
system of dikes, canals, dams, bridges, 
and locks to hold back the North sea.



Lena Delta 
Image taken 7/27/2000

The Lena River, some 
2,800 miles (4,400 km) 
long, is one of the largest 
rivers in the world. The 
Lena Delta Reserve is the 
most extensive protected 
wilderness area in Russia. 
It is an important refuge 
and breeding grounds for 
many species of Siberian 
wildlife. 



The Yukon Delta 
Image taken 5/26/2002

An intricate maze of small lakes 
and waterways define the Yukon 
Delta at the confluence of Alaska's 
Ukon and Kuskokwim Rivers with 
the frigid Bering Sea. Wildlife 
abounds on the delta and offshore 
where sheets of sea ice form 
during the coldest months of the 
year. 





Biome Area %globe % Land NPP g C/m2 /y

Marine 36,302 70.3 \ 69

Open ocean 33,200 64.3 \ 57

Coastal 3,102 6.0 \ 162
Estuaries 180 0.3 \ 810
Coral reefs 62 0.1 \ 900
Terrestrial 15,323 29.7 100 324

Tropical forest 1,900 3.7 12.4 900
Temperate/boreal 2,955 5.7 19.3 500

Grass/rangelands 3,898 7.6 25.4 280
Wetlands 330 0.6 2.2 1,125
Lakes/rivers 200 0.4 1.3 225
Desert 1,925 3.7 12.6 32
Tundra 743 1.4 4.8 65
Ice/rock 1,640 3.2 10.7 1.5
Cropland 1,400 2.7 9.1 290
Total 51,625 100.0

The productivity of the biosphere
(From Whittaker and Likens, 1973)



Figure 8.13



Sources of Nutrients
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Figure 8.37
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Based on our review of the scientific literature, we are certain that:
1. Eutrophication caused by over-enrichment with P and N is a widespread 
problem in rivers, lakes, estuaries, and coastal oceans.
2. Nonpoint pollution is a major source of P and N to surface waters of the 
United States. The major sources of nonpoint pollution are agriculture and 
urban activity, including industry and transportation.
3. In the U.S. and many other nations, inputs of P and N to agriculture in the 
form of fertilizers exceed outputs of those nutrients in the form of crops.
4. High densities of livestock have created situations in which manure 
production exceeds the needs of crops to which the manure is applied. The 
density of animals on the land is directly related to nutrient flows to aquatic 
ecosystems.
5. Excess fertilization and manure production cause a P surplus, which 
accumulates in soil. Some of this surplus is transported in soil runoff to aquatic 
ecosystems.
6. Excess fertilization and manure production create a N surplus on 
agricultural lands. Surplus N is mobile in many soils, and much leaches into 
surface waters or percolates into groundwater. Surplus N can also volatilize to 
the atmosphere and be redeposited far downwind as acid rain or dry pollutants 
that may eventually reach distant aquatic ecosystems.

From Issues in Ecology #3
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