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‘Exploring-in-space’....has been the
traditional way of ocean exploration since
the first oceanographic expeditions.

But...

Few characteristics of the ocean and the seafloor
are in steady state, therefore the need is paramount
for sustained time-series investigations

‘Exploration-in-time’

Ideally in the combination of hypothesis-testing and
development of measurement strategies and new
observational tools...in the tfime domain, not space
domain




oceanic carbon cycle

1.8 CO,

Photosynthesis

CO, + H,0 < (H,CO) +0,

Modified after Corinne Le Queré




ESTOC

= Hypothesis 1: Dust input influences primary
and export production

m Hypothesis 2: Export ratio scales with input
of “new’ nutrients




ESTOC

m The physical context and biogeochemistry




ESTOC is located in the eastern boundary current region of
the subtropical NA Gyre
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ESTOC (1994-2000)
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Chlorophyll peaks during time of deepest mixing in winter.
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Chlorophyll peaks during time of deepest mixing in winter.
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Particle flux and its rela 7‘/0/75/7/,0 fo surface water

processes

& Particle flux maxima
in late winter following
the maxima of
chlorophyll and primary
productivity

& Strong interannual
variability concomitant
with the variability in
mixing depth

& Yearly integrated
primary production at
ESTOC = 12 mol C m2
yr-l and integrated
particulate C-export
0.2 mol C m-2 yr-
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Seasonal and interannual variability in the carbon
dioxide species

C+ biol. calculated
as difference
between total NCt
change and
contribution from
air sea exchange
and mixing.
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Seasonal and interannual variability in the carbon
dioxide species

Net CO, fluxes at ESTOC are positive with an
average value of 0.05 mol CO, m=2 yr -

p CO2 increases at a rate of 1.2 + 0.3 patm/yr
pH decreases 0.001 units/yr

C; increases at 0.9 £0.2 ymol/kg/yr

Gonzalez-Davila et al. , GBC, 2003
Neuer et al. in prep.




ESTOC

m Hypothesis 1: Dust input influences export
production




= Hypothesis 1.

Dust input influences export production
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Do peaks in dust fluxes/and traps coincide?
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OK, there is a coupling, but does that
imply a causal relationship?

Rates 1997 1998
(g m2, Jan-March)
Aeolian deposition?-- 3.3 8.1
Primary production? 38 83

Export production3

0.73 0.76
(C org, 150 m)

lassuming mean deposition rate of 1 cm s (Torres-Padron et al. 2002);
2 Neuer et al., 2002; 3normalized to 150m (Martin et al., 1987, open ocean composite).

Dust derived N deposition (wet and dry) amounts
==> to 4-6% of new nitrogen need at ESTOC (on an

annual basis).



So, what about 1ron?

Fluxes 1997 1998

Dust deposition ! 11 29
(gm=yrt)

Total Fe-deposition? 0.38 o
(@m2yrt) ' |
Soluble Fe-deposition® 0.07-0.7 0.18-1.8
(mmol m2yr!)

Total Fe-assimilation? 113 116

(umol m2 yrt)

nmsp  Supplied/Assimilated 06 1-6

Torres-Padrén et al. 2002, 2 assuming Fe-content of 3.5% WT (Duce 1986); 3assuming a solubility index range of 1-10% (Fung et al.
2000); “primary production of 12 mol C m? yr*(Neuer et al. 2002) and Fe:C ratio of 10 pmol/mol (Sunda and Huntsman 1995, 1997)




> Iron:

Highly episodic nature of dust deposi
might impose feast-famine situatic



Nitrate-N (UM)

B ESTOC
@® BATS

0.0 0.2 0.4 0.6 0.8
Phosphate (uUM)

jeld ratio at ESTOC, but elevated at
indication of significant N, fixation at
mulation by iron not relevant.
Neuer et al., GRL, 2002




Winter



OK, no (major) enhancement of (new) production
what about a response on the organisms level?
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Carbonate sedimentation is higher by a factor of
1.4, similar to the enhancement of lithogenic
matter, in winter 1998

Rates 1997 1998
(g m-2, Jan-March)
Aeolian deposition ? 3.3 8.1
Primary production? 38 38
Trap fluxes3
@ Lithogenic @ Lithogenic
m Corg m Corg
O Opal O Opal
O Carbonate O Carbonate
lassuming mean deposition rate of 1 ms™* (Torres-Padroén et al. 2002); e

2 Neuer et al., 2002; 2Cora: normalized to 150m (Martin et al., 1987. open ocean composite).



» Ballast: Despite the high lithogenic matter
loading of sinking particles, carbonate Is the
main ballasting agent




ESTOC

= Hypothesis 1: Dust input influences
primary and export production
(nutrients, ballasting).

Little influence on primary and export
production

Feast/famine situation imposed by
highly episodic iron
Ballasting effect: rather small




m Hypothesis 2: Export ratio scales
with input of ‘new’ nutrients




Seasonality of surface chlorophyll,
integrated primary production
and export production at ESTOC and BATS
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Yearly integrated PP, E
ER (E

POC and
[PP) for ESTOC and BATS

Poc

ESTOC?

0.24/0.16

0.16/0.16

--/0.20

aShallow moored/surface tethered trap. Surface tethered trap value of 1996 and 1997
composite of both years ® Mean of moored and surface tethered traps.

Neuer et al., GRL, 2002




What we would expect...

= When averaged over appropriate spatial
and temporal scales, new production is
equal to export production.

s Thus, under steady-state conditions, one
would expect the ratio of new to fotal
production (7/ratio) to be equivalent to the
export ratio (ER)




What does that mean...

= Does a lower ER at ESTOC also imply lower
input of new nutrients into the mixed layer
compared to BATS?

m Three main sources of new nutrients:
> Wintertime convective mixing
> Mesoscale eddies
>Nitrogen fixation




Mixed layer depth and Nitrate-N input at
ESTOC and BATS
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New Production based on

nhitrate draw down and mesoscale eddy
Activity at ESTOC and BATS

Nitrate Eddy-induced

draw down |nitrate input-
(mol N/m2/yr) (mol N/m2/yr)

0.05-0.2 0.02

0.07- 0.2 0.12




What does that mean...

= Does a lower ER at ESTOC also imply lower
input of new nutrients into the mixed layer
compared to BATS?

m Three main sources of hew nutrients:
> Wintertime convective mixing

>Mesoscale eddies
>Nitrogen fixation




New Production, | | N/m®/day); 5 July 1993
Temperature (C) at 5 meters (SST); 5 July 1993 ew Production, log, (mmol Nim"/day); 5 July
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Snapshots of temperature and new production in a 0.1
degree resolution simulation of the North Atlantic

(McGillicuddy et al., GBC, 2004)




New Production based on

nhitrate draw down and mesoscale eddy
Activity at ESTOC and BATS

Nitrate Eddy-induced

draw down [ nitrate input:
(mol N/m2/yr) (mol N/m2/yr)

0.05 - 0.2 0.02

0.07- 0.2 0.12




ESTOC

m Hypothesis 2: Export ratio scales
with input of ‘new’ nutrients

Yes, low export production at ESTOC is
accompanied by a lower input of new
nutrients compared to BATS

(by mesoscale eddy activity and nitrogen
fixation)

AND: Lower input of new nutrients does not
necessarily result in lower PP (or biomass) but
influences the removal efficiency (export
ratio) of biologically produced carbon info the
ocean’s interior.




Conclusions

Time-series station ESTOC enables a view into
"the other side” of the subtropical NAtlantic
gyre (which is different)

Especially by inter site comparisons can we learn
and test hypotheses on biogeochemical processes
on a global scale and on multi-year time scales.




Andrés Cianca:

BATS and ESTOC: A comparison between
Western and Eastern parts of the Subtropical
Atlantic Ocean

Peer Helmke:

Vanished without a trace:
sedimentation pulses in the deep sea, can we

determine their origin?

NASA-EOS




