J/mg ocenr ologe
ore cellaiz

gejo\j\

._l_ W

il

Serjarnln Ll

Ifle
oora_r.or / I0ROC ean Sclences




Light, temperature,
water column
mixing

Grazing, viral lysis

Availability of
nutrients
(N, P, Si, Fe, Zn)




Influence
concentrations of
climatically active
gases

Control vertical
distribution
of bioactive
elements

Impact chemical
speciation of elements
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Therefore, measurements of plankton
elementall compesition are needed to

understand ocean biogeochemistry.




4. Case study 2: Equatorial
Pacific Ocean

5. Case study 3: Eddies in the
Sargasso Sea






Chelatase
Nitrogenase
Plastocyanin
Cytochrome c oxidase
Carbonic anhydrase
Alkaline phosphatase

DNA/RNA polymerase
Vitamin B,

Urease

Nitrogenase

Nitrate reductase

Porphyrin and phycobiliprotein synthesis
N fixation

Photosynthesis electron transport
Mitochondrial electron transport
Hydration and dehydration of CO,
Hydrolysis of phosphate esters
Nucleic acid replication/transcription
Carbon and H transfer reactions
Hydrolysis of urea

Nitrogen fixation

Nitrate reduction to ammonia




Role of trace metals in C, N and P biogeochemistry

H,PO;

(Morel & Price 2003)



Iron limitation In the ocean

A) Diatom Nutrient Limitation
Mitragen 50.04%, Iron 3B.75%, Silica 10.57X%, Phosphorus D.548%, Repleie 0.082%
MW Nitrogen ® lron Phosphorus @ Silica B Replete

(Moore et al. 2002)
Equatorial Pacific:

Largest oceanic source of CO, to the atmosphere

Southern Ocean:
Region of upwelling and bottom water formation




The Iron Hypothesis
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Inverse correlation of Fe and CO, In Antarctic ice



Iron may prime the

biological pump
COy

Large =4 Fe in dust
phytoplankton :
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phytoplankton ?} Zoog
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F*’*j‘r’hq———b @% Microzooplankton

“%  Bacteria

Organic carbon

Deep ocean
Deep consumers

g CO,

Bacteria

Sea floor Chisholm (2000)



How much Fe do phytoplankton need?

Minimum Fe quotas in cultured protists
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Phytoplankton capable of ‘luxury’
Iron uptake and storage

Fe(OH),

e E. huxleyii
 T. weissflogii
e T. pseudonana
e P. minimum

 Fe quotas
span 2 orders
of magnitude
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(Sunda and Huntsman 1995)







Bulk measurements of metal quotas g

 Cells concentrated on filter membranes for
analysis by AAS/ICP-MS

 Radiotracer incubations of natural samples or
lab cultures followed by filtration and

counting Gy
however.... '

0.45 pm polysulfone-ester

* Delicate cells may burst during filtration

e Cannot distinguish between similarly-sized
cells and abiotic particles

 Cannot distinguish between cells of different
taxonomy or trophic function

(Cullen & Sherrell 1999)



Limitations of bulk size-fractionation

Particles of widely different natures

\

Fecal material
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Sinking
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. Marine snow
/ Biogenic
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Resuspended
sediments

Dust

(0.2-2 pm)
A

Picoplankton

Autotrophic = Autotrophic

Heterotrophic ~ Mixotrophic ~ Non-sinking Fast sinking Non-living

Taxonomy Influences biogeochemistry



4. SXRF: target raster scanned with

incident X rays. Excited x-ray

fluorescence spectra recorded at each
pixel

3. Targeting: grids examined with
light and epifluorescence microscopy.
Kinematic stage used to map locations
of cellular targets




Advanced Photon Source
Argonne National Laboratory




X-ray fluorescence
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Silicoflagellate (~20 um)

C calculated from P, S, or

cell volume.




15
— 30
L — __::_
L o

10

"

(Boyd et al. 2007)







Southern Ocean Iron Experiment
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Are there significant differences between taxa?

What do these data suggest about the
biogeochemical fate of the bloom?
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SOFeX (2002) North Patch Chlorophyll increase during and after Fe addition

SOFeX (2002) South Patch Chlorephyll increase during and after Fe addition
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Other elements also increased after fertilization

il

log effect

mmmm North Patch

| fertilized/unfertilized === South Patch

P Mn Fe Ni Zn

(Twining et al. 2004)




Element quotas varied between taxonomic groups

diatom/flagellates
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(Twining et al. 2004)

« P and Fe enriched in flagellated cells

NI and Zn enriched in diatoms



R B
Areal concentration

(Twining et al., 2004)




4. Case study 2: Equatorial
Pacific Ocean




MODIS chl [mg m'?'] for zonal transect, 19-29 Dec 2004




Significant differences in metal

stoichiometries of 4 taxa
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(Twining et al. 2010)



Palrwise group comparisons

Diatom/A Flag A Flag/H Flag A Flag/Pico

o
3

=
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2

e Diatoms enriched in Mn, Fe, Ni and Zn compared to non-
diatoms

 Autotrophs enriched in Mn and Co, depleted in Ni, compared to
heterotrophs

 Picoplankton enriched in Ni and depleted in Zn compared to
autotrophic flagellates



EqgPac diatoms are lightly silicified compared
to Southern Ocean diatoms

= FB04
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Pacific distorns :

[SI(OH),]

EqPac — <5 uM
Southern Ocean — 60 uM

(Baines et al. 2010)



Metal quotas across the equator at 110°W

mmol moI'1

mmol moI'1

latitude latitude

(Twining et al. 2010)



Nutrients across the equator at 110°W
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mmol mol'1

Metal quotas along the equator between
140°W and 110°W
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(Twining et al. 2010)



Nutrients along the equator: 140°W to 110°W
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(Strutton et al. 2010)



MODIS/SeaWiFs chl mg m™], 28-Nov-2004
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e Small pennate diatoms
analyzed with SXRF




Phytoplankton growth response to added Fe
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(Brzezinski et al. 2010)

Smaller phytoplankton Diatoms respond to added Fe
don’t appear to be limited but not to Si.
by Fe.



Response of cellular Fe quotas

Fe quotas In controls
constant over course
of experiment

o22-fold Increase In Fe
quotas 48 h after Fe
addition
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4. Case study 2: Equatorial
Pacific Ocean

5. Case study 3: Eddies in the
Sargasso Sea



Mesoscale eddies In the Sargasso Sea

Latitude (M)

Sea level anomaly
(tritrn)

mode-water cyclone anticyclone

(Twining et I. 2010)
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(Twining et al. 2010)

 Cells collected from surface mixed layer and deep
chlorophyll maximum layer

e >20 cells from each eddy and depth analyzed with SXRF



Cellular element quotas varied between eddies

I cyclonic
1 anti-cyclonic
7 mode water
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(Twining et al. 2010)




groups:
-Diatoms have low P, high Ni and Zn
-Autotrophs enriched in Mn
-Picoplankton/cyanobacteria enriched in Ni,
depleted in Zn

There may be characteristic element stoichiometries for certain
types of plankton communities.
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