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outline of this presentation

 the biological pump: before (1980’s) and after (1990’s)

 cycling of biogenic inorganic matter: silicon and calcium carbonate

 cycling of biogenic organic matter: nitrogen and phosphorus in the oceans

ocean biogeochemical cycles



Eppley & Petersen (1979) model
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sediment traps: fluxes at the epi-mesopelagic interface (150 m)
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Dunne et al.., Global Biogeochem. Cy., 2007

sediment traps: summary of organic carbon fluxes (Pg C/a)

Near-shore (<50m) Shelf (50-200m) Slope (200-2000m) Rise/Plain (>2000m)
0.71x1013 m2 31.07x1013 m22.24x1013 m20.95x1013 m2

3.61±0.45

2.47±0.54

1.14±0.41

0.04±0.47

1.10±0.39
0.09±0.060.53±0.38

0.48±0.32

2.87±0.26

2.01±0.37

0.86±0.31

0.34±0.22

0.52±0.20
0.05±0.030.29±0.10

0.19±0.13

4.06±0.51

3.56±0.57

1.00±0.36

0.64±0.19

0.36±0.18
0.036±0.0300.22±0.12

0.10±0.08

43.1±8.4

36.5±7.7

6.55±2.55

6.24±0.94

0.31±0.30
0.107±0.1200.19±0.19

0.012±0.020
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atmospheric inputs
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l-DOM: recycled in hours-days
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Sherr & Sherr, Limnol. Oceanogr., 1989
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l-DOM: recycled in hours-days

Steinberg et al., Limnol. Oceanogr., 2008



Leboulanger et al., Deep-Sea Res., 1995
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s-DOM: recycling in weeks-months
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Carlson et al., Nature, 1994

COD (µM-C)

50 60 70 80 90

pr
of

un
di

da
d 

(m
)

0

50

100

150

200

250

temperatura (°C)

18 20 22 24 26 28

primavera

verano

otoño

invierno

(adaptado de Carlson et al., 1994)

the biological pump in the oceans
the biological pump in the 1990’s

s-DOM: recycling in weeks-months



the biological pump in the oceans
the biological pump in the 1990’s

s-DOM: recycling in weeks-months

Lefevre et al., J. Mar. Sys., 1996
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Álvarez-Salgado et al., Limnol. Oceanogr., 2007
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r-DOM: recycling in years-millennia
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r-DOM: recycling in years-millennia



Kieber et al.L Limnol. Oceanogr. 1997

r-DOM: recycling in years-millennia: abiotic processes

the biological pump in the oceans
the biological pump in the 1990’s



Nieto-Cid et al., Limnol. Oceanogr., 2006
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r-DOM: recycling in years-millennia: biotic processes
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Hansell et al., Oceanography, 2009
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Yamashita and Tanoue, Nature, 2008
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r-DOM: photochemical decomposition in surface waters

1%UVB, 80m

1%PAR, 200m

the biological pump in the oceans
the biological pump in the 1990’s



0 3 6 9 12 15

FM
O

D
M

 (p
pb

 Q
SU

)
0

3

6

9

0 3 6 9 12 15

FM
O

D
M

 (p
pb

 Q
SU

)

0

3

6

9

incubation time (days)

0 3 6 9 12 15

FM
O

D
M

 (p
pb

 Q
SU

)

0

3

6

9

incubation time (days)

0 3 6 9 12 15

FM
O

D
M

 (p
pb

 Q
SU

)
0

3

6

9

winter

autumnsummer

spring

Nieto-Cid et al., Limnol. Oceanogr., 2005

the biological pump in the oceans
the biological pump in the 1990’s

r-DOM: photochemical decomposition in surface waters



Nieto-Cid et al., Limnol. Oceanogr., 2006

FDOM CO2
bioticCO

bacteria

COS

COS

SO4H2
 = 280315nm

CO2

CO2
abiotic

CO

RCR’

O


RCR’

O


CO2

FDOM

bacteriabacteria

photochemistry

microbial degradation

COD (µM-C)

40 50 60 70 80 90

pr
of

un
di

da
d 

(m
)

0

50

100

150

200

250

COD (µM-C)

40 50 60 70 80 90

r-MOD

COD

r-COD

COD

(a) (b)

the biological pump in the oceans
the biological pump in the 1990’s

r-DOM: photochemical decomposition in surface waters



DOM: summarizing
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nitrogen cycle in the coastal zone
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►represent <10% of the area and <1% of the volume of the oceans

►support between 25% and 50% of the global new production

►receive 80% of the sedimentation of the oceans

►about 90% of the fish resoruces are extracted from the coastal zone

Gattuso et al., 1998

organic matter cycling in the oceans
nitrogen

nitrogen cycle in the coastal zone



Wollast, 1993
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Nelson et al., Global. Biogeochem. Cy, 1995
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Milliman et al., Deep. Sea Res., 1999
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