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outline of this presentation

 nitrogen

impact of global change on the ocean biogeochemical cycle of …

 phosphorus

 silicon



global distribution of surface temperature

http://ingrid.ldgo.columbia.edu/SOURCES/LEVITUS94/
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global change and nitrogen in the oceans



mankind: the king of N2 fixation in the bisophere

global distribution of nitrate

http://ingrid.ldgo.columbia.edu/SOURCES/LEVITUS94/

global change and nitrogen in the oceans



global distribution of chlorophyll

http://marine.rutgers.edu/opp/
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global distribution of primary production

http://marine.rutgers.edu/opp/
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heat content of the oceans (0-700m) 1955-2005

http://www.ipcc-wg2.org
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http://www.ipcc-wg2.org

air temperature increase over the next decade
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Fritz Haber
(1868 – 1934)

3 CH4 + 6 H2O              3 CO2 + 12 H2
4 N2 + 12 H2  8 NH3
________________________________________________________
3 CH4 + 4N2 + 6 H2O  3 CO2 + 8 NH3

mankind: the king of N2 fixation in the bisophere
global change and nitrogen in the oceans



% cultivo cerelaes % pastizales

Pongratz et al.,  Global Biogeochem Cy, 2009
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Galloway et al.,  Biogeochemistry, 2004

balance global del nitrógeno en 1860 (en Tg N a-1)
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Galloway et al.,  Biogeochemistry, 2004

balance global del nitrógeno en 1990 (en Tg N a-1)

8.9
6.6

8 0.4

98 172

8

27

7.11.44.86.07.4
24.8

48
34.1

16.1 4.6

2.3

6.2

120
0

15

0.324.5

31.5
100
107

21

12.4

258.4

48

15

0.811

115 193

141268

N2

N2

NOY NHX NHX

N2O

continentes costas océanos

tormentas
c. fósiles

C-FBN

N-FBN

Haber Bosch

5.4

0.8

3.5

129

121

5.6

sed. sed.

mankind: the king of N2 fixation in the bisophere
global change and nitrogen in the oceans



Galloway et al.,  Biogeochemistry, 2004

balance global del nitrógeno en 2050 (en Tg N a-1)
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deposition of combined nitrogen in the open ocean

Duce et al,  Science, 2008

deposition of NHx + NOy + Norg (in Tg N a-1)

Depo.: 20 Tg N y-1 ( 30%)

Prod.: 34 Tg N y-1 ( 30%)

Depo.: 67 Tg N y-1 ( 80%)

Prod.: 116 Tg N y-1 ( 78%)

Depo.: 77 Tg N y-1 ( 80%)

Prod.: 132 Tg N y-1 ( 86%)

global change and nitrogen in the oceans



consequences of the anthropogenic fertilization of the oceans

Duce et al,  Science, 2008

impact on primary production

global change and nitrogen in the oceans



Duce et al,  Science, 2008

impact on nitrification

global change and nitrogen in the oceans
consequences of the anthropogenic fertilization of the oceans



impact on nitrification

global change and nitrogen in the oceans
consequences of the anthropogenic fertilization of the oceans

Davidson, Nature Geosciences, 2009



global change and nitrogen in the oceans
consequences of the anthropogenic fertilization of the oceans

Canfiled et al,  Science, 2010



Liu, 2006
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humankind is …

► extracting huge amounts of phosphate from the phosphorite reserves to
produce fertilizers

► reducing the phosphate reserves in tropical forests due to deforestation

► adding phosphate to continental and marine aquatic ecosystems

Liu, 2006

global change and phosphorus in the oceans
consequences of the anthropogenic fertilization of the oceans



global change and phosphorus in the oceans
consequences of the anthropogenic fertilization of the oceans

Harrison et al, Global Biogeochem Cy, 2010



global change and phosphorus in the oceans
consequences of the anthropogenic fertilization of the oceans

Harrison et al, Global Biogeochem Cy, 2010



global change and phosphorus in the oceans
consequences of the anthropogenic fertilization of the oceans

Harrison et al, Global Biogeochem Cy, 2010



global change and phosphorus in the oceans
consequences of the anthropogenic fertilization of the oceans

Mahowald et al, Global Biogeochem Cy,2008



Smil, 2002

global change and phosphorus in the oceans
consequences of the anthropogenic fertilization of the oceans



Filippelli, 2008

end of P reserves
(1860 Tg)

global change and phosphorus in the oceans
consequences of the anthropogenic fertilization of the oceans



the decline of diatoms

► building dams → reduction of silicon discharge

► transforming virgin into cultured lands → increase of nitrogen discharge

► warming the Earth → increase of stratification → dinoflagelates dominance

Humankind is …

global change and silicon in the oceans



the decline of diatoms
global change and silicon in the oceans

Beunser et al., Global Biogeochemical Cycles, 2009



the decline of diatoms
global change and silicon in the oceans

http://www.maweb.org.

Intercepted runoff is 3 to 6 times natural runoff



the decline of diatoms
global change and silicon in the oceans

Beunser et al., Global Biogeochemical Cycles, 2009

River dams retain 20% of the continental dSi that should arrive to the oceans



the decline of diatoms
global change and silicon in the oceans

Bernard et al., Biogeosciences, 2010

River dams retain 20% of the continental dSi that should arrive to the oceans



impact on diatoms biomass in coastal areas

Edwards et al., L&O, 2006

the decline of diatoms
global change and silicon in the oceans



renewal time (d)
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y = 365*[1-exp(- x/37(±2))]

R2 = 0.79, n = 42, p < 0.001

Álvarez-Salgado et al., Harmful Algae, 2008

the decline of diatoms
global change and silicon in the oceans
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impact on diatoms biomass in coastal areas



Álvarez-Salgado et al., Harmful Algae, 2011
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the decline of diatoms
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impact on diatoms biomass in coastal areas


