
The NW Indian Ocean’s 
Biogeochemistry in Relation to a 
Changing Planet and Changing 

Concepts

L.A. Codispoti
SIBER Workshop

Goa, India
October, 2006



NomenclatureNomenclature

This nomenclatural detour is made necessary because of the 
recent explosion of knowledge vis a vis biological pathways 
that produce N2.
.

Canonical Denitrification:   NO3
- → NO2

- → NO → N2O → N2

Denitrification: the ensemble of biological processes that 
convert fixed-N to N2  



Denitrifiers & Dissimil.
Nitrate Reducers

---------- Nitrifying Bacteria----------

OOxidation State

Multiple Pathways to N2

What happens to NHWhat happens to NH44
++ flux from sediments to suboxic water?flux from sediments to suboxic water?



Data from 6Data from 6
US JGOFSUS JGOFS
Cruises thatCruises that
attempted toattempted to
resolve the resolve the 
seasonal cycleseasonal cycle

Station N9 in Station N9 in 
quasiquasi--permanentpermanent
secondary nitrite secondary nitrite 
max (shaded max (shaded 
region)region)



Low Low oxygensoxygens extend extend 
considerably deeper (several considerably deeper (several 

hundred db)  thanhundred db)  than
nitrite maximum.nitrite maximum.

Existing denitrification estimatesExisting denitrification estimates
assume that denitrification is assume that denitrification is 

confined to the nitrite max layer.  confined to the nitrite max layer.  
Is this so?Is this so?

We need a better understanding ofWe need a better understanding of
the distribution of Nthe distribution of N--

transformationstransformations
in the 0in the 0--10 10 micromolarmicromolar range.range.
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NDeficit VS. NTODeficit

Produced Produced 
locally, locally, 
elsewhere or elsewhere or 
some some 
combination?combination?
AnammoxAnammox inin
particles?particles?



Excess N2 + NDeficit vs. Depth
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~ North-South Arabian Sea Sections for 
NO based and N/P Based Deficits

8oN 22-23oN



This Figure isThis Figure is
From John Morrison’sFrom John Morrison’s
SIBER PPT that I can SIBER PPT that I can 
make available.make available.

Do the Do the RasRas al al HaddHadd
Jet, and AssociatedJet, and Associated
Eddies and biology, Eddies and biology, 
help to “feed”help to “feed”
the the suboxicsuboxic layer?layer?

In any event, thisIn any event, this
region and Gulf ofregion and Gulf of
Oman “light up” inOman “light up” in
some satellite colorsome satellite color
images.images.



Certainly, the RAHCertainly, the RAH
jet and eddies arejet and eddies are
in the right in the right 
neighborhoodneighborhood



Does Does SiSi regeneration overregeneration over
the shelf, make the shelf a the shelf, make the shelf a 
site of enhanced diatomsite of enhanced diatom
production?  Is this production?  Is this 
phytoplankton communityphytoplankton community
advectedadvected northward in a northward in a 
coastal jet, and then sweptcoastal jet, and then swept
seaward over the seaward over the suboxicsuboxic
zone in the RAH jet?zone in the RAH jet?

Local nutrient trapLocal nutrient trap



Shaded regions = DO concentrations <~20µM (from 
Deuser). Suboxic regions (DO < 3 µM) within the 
shaded areas are major denitrification sites.
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O2 ~ 0

Black
Sea

With respect to sedimentary P deposition or loss, I With respect to sedimentary P deposition or loss, I 
think that there is a major difference between, think that there is a major difference between, 

suboxic and anoxic conditions.suboxic and anoxic conditions.



O2 ~0 µM;   NO3
- ~ 30 µM

HS-

= N2 & NH4
+ + energy

Beggiatoa, Thioploca, Thiomargarita
Schulz & Schulz (2005) Schulz & Schulz (2005) ScienceScience:   These:   These
Bacteria May Also Sequester Large Amounts of Bacteria May Also Sequester Large Amounts of 

P and Enhance CFA Formation.P and Enhance CFA Formation.

Bacteria that Oxidize Sulfide With NitrateBacteria that Oxidize Sulfide With Nitrate

“The More We Look, The More We Find!!!“The More We Look, The More We Find!!!



1. Estimates for denitrification in deep 
sediments are on the increase, 

2. Vents, seeps, & brines,  MOR flanks
3. Transient suboxia [W. Indian Shelf, Bay 

of Bengal]
4. Denitrification  deep within sediments at 

sediment base-rock boundaries.
5. Denitrification in oxygenated water.
6. Shallow sandy/silty sediments & adjacent 

aquifers
7. Brine pockets in Ice

Denitrification Sites Not Yet Dreamt of
in Our Philosophy?

AsimetriasAsimetrias introducidasintroducidas porpor la la operacionoperacion del la del la energiaenergia
external en external en sequenciassequencias de de sdeimentossdeimentos y de y de 

poblacionespoblaciones

Ramon Ramon MargalefMargalef

“..... of a bias introduced by the very structure of the “..... of a bias introduced by the very structure of the 
world.  It records and tells only one side of the story.”world.  It records and tells only one side of the story.”



From < 1 billion to > 6 billion in a Few Hundred 
Years: 2050 UN Projections 8-10 billion

10-20% increase in the flux of nitrogen to
estuaries by 2030

25% of global continental shelf swept by 
bottom trawls every year, etc.

The Holocene is The Holocene is SoooSooo Over!Over!
Welcome to the Anthropocene!  Welcome to the Anthropocene!  

ChangeChangeChangeChangeChangeChange



A rabian  S ea

Suboxic 
conditions 
apply in only 
~0.1-0.2 % of 
the oceanic 
water 
column’s 
volume.  
Thus, minor 
changes in the 
ocean can 
cause large % 
changes in the 
suboxic 
volume.

It is important 
to realize that 
we are under-
sampling  a 
time variable 
system and 
that different 
types of 
estimates 
have different 
time scales!!!!
Portions of 
the Bay of 
Bengal are on 
the verge of 
suboxia.





My experience  and My experience  and 
reading leadsreading leads
me to believe thatme to believe that
undersamplingundersampling, sampling, sampling
problems and incubationproblems and incubation
problems lead to problems lead to 
underestmatesunderestmates
of PP.of PP.



Have we paid enoughHave we paid enough
attention to PP duringattention to PP during
the NE Monsoon?the NE Monsoon?
Does the widespreadDoes the widespread
nutrient enrichmentnutrient enrichment
over the secondaryover the secondary
nitrite max. duringnitrite max. during
TN 043 suggest TN 043 suggest 
another process thatanother process that
feeds the feeds the suboxicsuboxic
zone?zone?



Adaptive and Integrated Monitoring System (AIMS)

Shore Shore 
Station Station 

PCPC

HPL PublicHPL Public
WEB ServerWEB Server

AIMS WebsiteAIMS Website
www.hpl.umces.eduwww.hpl.umces.edu

/aims/aims

DeploymentDeployment PlatformPlatform

YSI
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Spread Spread 
SpectrumSpectrum
or Cellularor Cellular

ISCOISCO

CommunicationsCommunications

PowerPower
Power&Comm.Power&Comm.



Conclusion

• Thus if we are to understand the productivity of 
this region, it is essential to resolve the dynamics 
at scales of less than 10 km.











0

200

400

600

800

1000

1200

1400

1600

1800

-2 0 2 4 6 8 10 12
NDeficit

P
re

ss
ur

e 
(d

b)
 

TN 054
TN 049

Comparing NDeficit for two Arabian 
Sea cruises

Note that N deficitsNote that N deficits
based on N/P ratiosbased on N/P ratios
extend much deeperextend much deeper
in water column thanin water column than
NO based deficits.NO based deficits.


	Conclusion

