
In steady 
state, 
new 

production 
= carbon 

export



• Where does primary production go?
– Export
– Bacteria
– Dissolved organic matter
– Grazing



What other components of the 
biological pump are important?

• The majority of organic material in the 
ocean is in the dissolved phase 
(operationally defined as <0.7 µm or 0.2 
µm)





Sources of DOM 
to ocean ecosystems

1. Direct algal excretion
2. Zooplankton (sloppy feeding, 

excretion)
3. Viral lysis
4. Bacterial release
5. Solubilization of POM

Ex
ud

at
io

n

Zo
op

la
nk

to
n

Vi
ra

l

So
lu

bi
liz

at
io

n

B
ac

te
ria

l

%
 c

ar
bo

n 
re

le
as

ed
0

20

40

60

80

100

Exudation % 14C primary production, zooplankton % carbon 
ingested, solubilization % C released from aggregates, 
bacterial % release from 14C labeled organic substrate.  
Sources: Nagata (2001), Carlson (2002).

Contribution of different sources 
to marine DOM



Why dissolved organics matter

• Dissolved organic matter constitutes the 
largest global reservoir of fixed carbon 
~700 x 1015 g C.

• Oxidation of even 1% of the seawater 
DOC pool in a 1 year period would exceed 
annual anthropogenic CO2 emissions.

• DOC can also serve as an important 
component of new production.
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The vast majority of organic matter in the 
sea remains chemically uncharacterized

Carbohydrates, neutral sugars, amino acids, and amino sugars 
make up ~20% of the bulk DOC pool in the upper ocean



Reactivity of DOM
• Labile: simple sugar 

monomers, amino 
acids)-typically 
nanomolar
concentrations

• Semi-labile: amino 
sugars (ex. N-acetyl 
glucosamine)-typically 
~1-10 of micromolar

• Refractory: largely 
unknown composition, 
rich in C relative to 
other nutrients (N, P); 
10s of micromolar
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Typical DOC profile : 
elevated in near surface 

water, decreasing 
through the thermocline, 

stable at depth.  

•Labile pools cycle over 
time scales of hours to 

days.

•Semi-labile pools persist 
for weeks to months.

•Refractory material 
cycles over on time 
scales ranging from 

decadal to multi-
decadal…perhaps 

longer…



Figure courtesy of Craig Carlson, UCSB

Note the build 
up in DOC 

through the 
spring and 

summer, with 
subsequent 
export the 
following 

winter.

Upper ocean total organic carbon at BATS
Remember DOC = ~98% of the TOC.  

Late winter (January –March) deep mixing
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Note the build 
up in DOC 

through the 
spring and 

summer, with 
subsequent 
export the 
following 

winter.

Upper ocean total organic carbon at BATS
Remember DOC = ~98% of the TOC.  



TOC Profiles at BATS

Figure courtesy of Craig Carlson, UCSB



Prebomb organic matter production:
∆14C < -50 ‰
Post bomb organic matter 
production:
∆14C > ~-50‰ and <200‰



Prebomb organic matter 
production: ∆14C < -50 ‰

Post bomb organic matter 
production:

∆14C > ~-50‰ and <200‰

DIC isotopes indicate bomb 
carbon has begun to 
penetrate into the 
thermocline; moreover DIC 
appears to turnover ~500-
1000 years.

DOC isotopes indicate pre-
bomb carbon throughout 
the ocean, with deep 
waters showing very old, 
prebomb origin.  Some 
fraction of DOC appears to 
resist degradation for 
>6000 years.

•Sargasso Sea deep ocean 
DOC– produced 3970 years 
ago
•Southern Ocean DOC-
produced 5570 years ago
•Central N. Pacific DOC-
produced 5980 years ago 



Basin-scale gradients in deep ocean DOC concentrations: 
slow degradation and transport of organic carbon

∆DOC during circulation ~14 µM



Redfield stoichiometry of 
organic matter remineralization
This equation describes photosynthetic nitrate assimilation

THE RATIO 106C: 16N : 1P : 138 O2
mole : mole : mole : mole

Aerobic remineralization of organic matter:

(CH2O)106(NH3)16H3PO4 + 138O2 ⇒ 106CO2 + 122H2O +16HNO3 + H3PO4

Produces CO2 Produces nutrientsConsumes O2

∆O2 during ocean circulation ~200 µM.  
Thus ∆DOC : ∆O2 = 14 µM C / 200 µM O2= 0.07 C: O2

compare this to 106C/138O2 = 0.78 C/O2
**In the deep ocean, DOC appears to support a small fraction of 

respiratory O2 consumed during ocean circulation**



Typical DOC profile : 
elevated in near surface 

water, decreasing through 
the thermocline, stable at 
depth.  Almost ½ of the 

recently produced material 
is removed by 

~1000m…where does it go?  



The Microbial Loop  

Classic Food web

Phytoplankton

Herbivores

Higher trophic levels 
(zooplankton, fish, etc.)

A simplified 
depiction of the  
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Bacteria do not use 
particulate organic matter 

for growth---
it must first be converted to 
dissolved organic matter; 

this requires energy

Bacterial growth on organic matter requires relatively small (<500 Daltons, ~0.5 nm) 
molecules that can be readily transported into the cells.  Thus, bacteria often utilize 

cell-surface enzymes to breakdown polymeric organic matter for subsequent uptake.  


