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Denitrification

The reduction of NO;" and NO," to N, during heterotrophic respiration of organic matter.
Occurs predominately in anaerobic or suboxic environments.

Ci06H17504oN;P + 104 NO, = 106CO, + 60N, + H,PO, +138 H,0

NO; and NO," are used
as terminal electron
acceptors during
heterotrophic
respiration.

Removal of NO; by this mechanism in the ocean alters the CO,: NO;: PO,* ratios

2/11/2011



2/11/2011

Oxygen concentrations along the
26.9 kg m3 isopycnal surface (~500 m in the N. Pacific)

2
dissolved oxygen content [umol/kgl

* < Chlorophyll
distributions

Anaerobic ammonium oxidation
(anammox)

NH,* + NO,” = 2N, + 2H,0

Anaerobic ammonium oxidation S 2,
&
& NG

Major source of N, gas (along
with denitrification) Ne T Anammox ke

. . . <
Anoxic sediments, marine water A 5 _j
column, and sewage wastewater o) '“P@@“

organic N

Mediated by Planctomyces




Average surface ocean nitrate concentrations
SRS

In ~1/3 of the ocean,
excess nutrients are
perennially available
yet phytoplankton
biomass is relatively
low.

Such regions are
termed High Nitrate
Low Chlorophyll
(HNLC) waters
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Whatever factors limit complete utilization of nutrients in HNLC
regions have important consequences on the functioning of the

Deep ocean
Deep consumers

Baclena

Sea floor

£
E
a
(3]
h)
€
a
2
o

biological pump

Such processes limit new
production and thus
ultimately export of carbon
to the deep sea.

-<—— Deep water formation
Ventilation (upwelling) —

3700 m

© ZJohnson and Nature Publishing, 2000
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North Atlantic Spring Bloom
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What limits the accumulation of
phytoplankton in large regions of the
oceans?

e H1: Phytoplankton growth is limited by light (due to
deep mixing)

e H2: Plankton biomass is kept low by vigorous
predation

* H3: Nitrate uptake is inhibited by uptake of
ammonium

* H4: Phytoplankton growth is limited by availability of
specific nutrients

H1: Deep mixing results in
light limited growth

DEEP
MIXED
LAYER

SHALLOW
MIXED LAYER

Remember the Critical Depth?
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Cold temperatures and
high winds often results
in very deep mixing in
Southern Ocean;
however, the Subarctic
North Pacific and
Equatorial Pacific
typically do not mix as
deep (<120 m) as other
systems that experience
regular nutrient
drawdown.

Conclusion: although
light limitation may be
important in some
HNLC systems, light
alone is insufficient to
explain lack of seasonal
nitrate drawdown.

What limits the accumulation of
phytoplankton in large regions of the

oceans?

. H1pl Lo s limited by light (d

| xing)

* H2: Plankton biomass is kept low by vigorous

predation

* H3: Nitrate uptake is inhibited by uptake of

ammonium

* HA4: Phytoplankton growth is limited by availability of

specific nutrients
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H2: Food web control of plankton biomass--grazers keep biomass
cropped to low levels, allow nutrients to accumulate

Inorganic
C, N,...

=
0 ankton Xy,

el O

Hiher Trophic

)
W tecal Levels

o000 fallout

éﬁspended
particulates

Fig. 4. Diagram of principal food-web connections in the subarctic Pacific. Black arrows—consumption;
white arrows—regeneration processes; stippled arrows—transfers to dissolved organic pool.

Tightly coupled growth and grazing

LANDRY et al. (1993)
0.8
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JUNE 1987

In the subarctic North Pacific and Eastern Equatorial Pacific, strong
evidence supporting micrograzer control of algal biomass.
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The case for Iron

* lron is essential for life: required for synthesis of
chlorophyll, component of cytochromes (electron
transport chain), needed for nitrate utilization
&nitrate reductase), essential for N, fixation

nitrogenase).

* Iron is highly insoluble in oxygenated seawater;
readily precipitates.

* In regions far removed from continental shelves
primary Fe input occurs via atmospheric deposition
and upwelling.

* In areas of active upwelling, demand for Fe is
elevated; however, many of these regions are also far
removed from terrestrial Fe sources.

There is evidence suggesting that changes in Fe
supply influence atmospheric CO,

(921 By/j0Wir) 84

[CO2] (ppmV)
s¥|||<J|;;<18%||

I | I | I | I | | I |
20 40 60 80 100 120 140 160

Age (1000 yr)

Glacial-interglacial variations in CO, demonstrate inverse
relationships to the availability of iron in seawater
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The “Iron Hypothesis”, John Martin, MLML

ATMOSPHERE

+ Primary «CO»
Production

+ Organic C

<

+ COQ
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Figure 2. Total dissolved Fe concentrations in marine waters
reported by papers published in L&O since 1958. The star is
Fitzwater et al. (1982), which has been cited 307 times.
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Obtaining accurate measurements of
Fe concentrations in the open ocean
has plagued oceanographers for many
years.

Various metals essential to life demonstrate
nutrient like distributions in the oceans
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GENERAL PURPOSE
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Martin et al. (1990)
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Chiorophyil

2 r—=
= with | . .
g Iron 42 Bottle experiments demonstrated increases
g ‘ in Chl by the addition of iron; however,
gl I )
£a without\ there were concerns about what might
g fron /iy have been missed...exclusion of large
£ ' grazers, sinking, mixing, etc.

o

o 1 2 3 4 5 B 7

Days
U.S. JGOFS

Limnal, Gceanogr., 36(8), 1991, 1793-1802
8 1991, by the American Secicty of Limnology and Oceanography, Inc.

The case for iron

fohn FH. AMartin, R, Michael Gordom, and Sieve E. Fiizwaier
THE RESULTS OF vioss Landing Marine Laboratories, Moss Landing, California 95039

BOTTLE Limnol. Oceanogr., 35(3), 1990, 772=775
EXPERIMENTS @ 1990, by the American Society of Limnology and Oceanography, Inc.

MADE A BIG SPLASH . o o
_ Does iron really limit phytoplankton production in the

BUT NOT EVERYONE  offshore subarctic Pacific? Karl Banse
WAS CONVINCED... School of Oceanography, WB-10
Uiniversity of Washington
Seattle OR105

Limnal. Qceanagr., 35(3), 1990, 775-777
© 1990, by the American Society of Limnology and Oceanography, Inc.

Yes, it does: A reply to the comment by Banse

* Bottle experiments indicated that the addition of iron
shifted the phytoplankton assemblage from small cells
(subject to tight grazing) to large cells (diatoms) that grow
rapidly, consume nutrients, and sink.

* But was this due to a bottle effect? Exclusion of grazers....

No iron controls +Fe

Synechococcus

2/11/2011
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Solution: Mesoscale
(100s of km) enrichment
experiments to examine

community level responses
to iron.

Latitude

namre

~J

Iron fertilization in the
equatorial Pacific

IronEX I: 1993, Equatorial Pacific near
Galapagos Islands. 443 kg of Fe into a 64
km? patch. Initial Fe concentrations ~0.1
nM, final target Fe concentration was 4
nM. Added 17,500 L of 0.5 M Fe solution
(pH 2.0). A separate batch of 2000 L of SF6
was mixed into the iron solution.
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Iron added as acidic iron sulfate.
The inert tracer SF¢ is added along
with iron.
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Chl (mg m-3)
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N o IronEX I: Chl concentrations enriched in
o 7 T the patch and downstream of natural Fe
L i source (Galapagos Islands). However,
£ ! only weak drawdown of nitrate observed
g awl over course of experiment...perhaps Fe is
K] not the only limiting nutrient? Grazing?
— -1 After day 4, the patch subducted
beneath a low salinity front.
m - -4
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Coale et al. (1998)
Fe concentrations downstream of
the Galapagos Islands (in the island
plume) were ~1 nM.
IronEX Il
Day 1 g 3 4 5 8 7 8 B 1a 17
104 150 SF6 4

=
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North
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Coale et al. (1996)

June 1995, Equatorial Pacific; 225 kg Fe in 72 km?; Day 1 Fe concentrations ~2 nM. Fe added
again on days 3 and 7 (to bring surface water concentrations to ~1 nM)
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The
resulting
blooms are
large
enough to
be viewed
from space

SERIES (Subarctic North Pacific)

SOIREE (Southern Ocean)

12 mesoscale Fe experiments in > 10 years

L L L L L B L

I
s
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(3 +Fe (HNLC) g HighFe g +Fe (LNLC)

Boyd et al. (2007)
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The HNLC condition-lessons learned from large scale
manipulation experiments

* HNLC conditions are maintained by low Fe supply
which suppresses phytoplankton growth and
biomass production.

* Low concentrations of Fe appear to favor smaller
cells (picoplankton).

* Growth of dominant picoplankton also suppressed
by Fe supply but to a lesser extent than larger, rarer
cells.

* Active mircrozooplankton grazing keeps picoplankton
biomass low and relatively invariant, providing a
highly regenerative upper ocean (rapid NH,* cycling).

2/11/2011
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