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ez Leven in de Ocean




oz Leven in de Ocean

* Ongeveer % van het
leven (biomassa) in de
oceaan is eencellig!

90-95 % ijsberg
onder water




oz Voedselketen
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noz Wat zun de planten van de ocean?




oz Wat zijn de planten van de ocean?
<

Algen! In de ocean beter bekent
als fytoplankton



Made by Verity

MARINE FOOD WEB ﬁ

der Consumers
- lLarge Sharks
Killer whale Leopard seal

4t Order Consumers
Small Sharks and Tuna Emperor
penguin
3rd Order Consumers

yr Squids and Lion Fish
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2nd Order Consumers

Lantern Fish, Amphipods Fish Squid
and Sun Fish
Krill 'f

15t Order Consumers
Cleaner Shrimps (which
- can also be scavengers),

Copepods and Pteropods ]
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woz Het leven begint met Chemie
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Zonlicht




oz Het leven begint met Chemie
\ 4

* Fytoplankton (algen)
* Fotosynthese

* Fytoplankton in de ocean produceren 50% van ons
Zuurstof

* Licht + water + voedingstoffen = plantaardige biomassa
* Koolzuurgas (CO,)
 fosfaat
* nitraat
e spoorelementen



Voedingsinformatie

Vitamine A 692mcg

S I m t Vitamine D 10mcg

! | Joz pOO re e e n e n Vitamine E 10mg
Vitamine C B0mg

Thiamine 1.4mg

\ } / / Voedingswaarde per dagdosering (1 tablet):
D

Call:ium 162mg Riboflavine 1.6mg
Niacine 18mg
C hrﬂ'ﬂ m 25mcg Fantothesnzuur Bmg
F f 1 2 5 Vitamine B& 2mg
osTOor m
g Vitamine B12 imcg
|jzer 14mg Foliumzuur 400mcg
Biotine 150mecyg
JOdium 150"1':9 Vitamime K 30mcg
Calcium 162mg
Koper 2m

p g Chroom 25mcg
Magnesium 100mg Fosfor 125mg
ljzer 14mg
Mangaan Eﬁmg Jodium 150meg
Koper 2mg

Molybdeen 25mcg
Magnesium 100mg
Selenium 25mcg Mangaan 25mg
Molybdeen 25mecg
Zlnk 15mg Selenium 25mcg
— Zink 15mg
Betacaroteen 0.2mg
Boor 0.07mg
Luteine 0.25mg

Lycopeen 0.3mg




IJzer en Mangaan, van Levensbelang voor de
‘ oceaan

» Zonder ijzer geen fotosynthese

* Ook al hebben fytoplankton water licht, CO,, nitraat, fosfaat, zonder ijzer
kunnen ze niet groeien

* Van alle spoorelementen hebben planten van ijzer het meest nodig




IJzer en Mangaan, van Levensbelang voor de
‘ oceaan

e Zonder mangaan geen fotosynthese
* Mangaan is nodig in het splitsen van water

Zonne-energie

Koolstofdioxide Water Glucose Zuurstof

Bladgroenkorrels
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-\'" De oceaan is enorm belangrijk voor het
klimaat

Biological
pump

Solubility
pump
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Chisholm, 2000
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 Enorme invloed op het kllmaat

* E.g. New York vs Lissabon
* Wat is de warmste land temperatuur ooit gemeten?
* 56.7 °Cin Death Valley
* Wat is de koudsteland temperatuur ooit gemeten?
* -89.2 °Cin Antartica
 Hoe komen water and nutrienten weer naar het oppervlakte?




Sea Surface Temperature (°C)
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:*" De oceaan is enorm belangrijk voor het
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W klimaat

Relative contribution
of the different
active carbon
reservoirs
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- De oceaan is enorm belangrijk voor het

klimaat

* ~30% van alle anthropogene CO, is opgenomen door de ocean

a Column inventory in 2008 (mol m—2) b Cumulative flux up to 2008 (mol m-2)
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oz Hoe zie je ijzer gebrek in de oceaan?
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woz Hoe zie je ijzer gebrek in de oceaan?
< —

Sea—surface nitrate [mmol N m_3]
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oz Hoe zie je ijzer gebrek in de oceaan?
4

Sea—surface nitrate [mmol N m_‘j’]

Fytoplankton groeit tot de voedingsstoffen op zijn 0 . N - > " 25-:30



oz Hoe zie je ijzer gebrek in de oceaan?
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oz De ijzer hypothese
\ 4

e Meer Fe in de oceaan

* Meer CO, opname -2 verlaging van atmosferisch CO,
* Afname van de wereldwijde klimaatsverandering

* ‘Give me half a supertanker of Fe and I'll give you the next ice age’
(John H Martin, July 1988)

e This started all kinds of craziness...
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woz De ijzer hypothese
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oz Waarom lJzer?
\ 4

* In de Oer oceaan waren de condities reducerend (geen zuurstof)
 Meer dan genoeg gereduceerd Fe(ll)

* In evolutie is Fe in veel biochemische processen gebruikt omdat het
zeer geschikt is voor de overdracht van electronen
* Photosynthese
 Stikstof assimilatie
e Super oxide dismutase
e Sulphate reductie



oz And than life happened
N 4
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Stromatolites







oz Hoeveel ijzer is er opgelost in de ocean?

e 0.00000001 gram ijzer per liter zeewater = 10 x 10° gram per liter
e dat is \X opgelost in 40 miljard liter water

concentratie =




Elementen in ons universum

10 Log(Abundance)
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ez Metalen en evolutie
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numbers of atoms versus 1 million Si atoms

In evolutie zijn de veel voorkomende element het meest gebruitk: essentieel
Niet veelvoorkomende elementen geen biologische functie

De Baar & La Roche (2003)
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oz |Jzer bemesting van de oceaan
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e Hoe dan?



Heli Deck Work Deck

tubing down to
tanks workdeck

big
laboratory
for _ _
SF6
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g, detection
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L 3 and many

other
activities

incubators at deck
for photosynthesis

overboard 2000 litres per hour in 15 hours



Flushing down the FeSO, powder

HydroChloric =

acid

down the drain
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WML diepte is de belangrijkste factor tijdens experimenten

Maximum Chl a [mg.m-3]
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A Seeds  Chlg = 523 (WML)-136

R2=0.90
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Chlorophyll a is GEEN betrowbare biomassa indicator

1 ) 4
S~ bij Fe verrijkingsexperimenten

* Chlorophyll a is een indicator voor hoeveelheid algen

* Maar:

e Synthese van Chl a heeft Fe nodig
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Eisenex (2000): upon Fe addition a sixfold increase of
cellular Chl a in the large diatoms > 8 micron
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COZgas

F ] air

} sea

[COZ(GQ)]:[HZCO3]: [HCO5 ]+ [H] — [COs*]+ [H']

“053% oo ~2000 pmol/kg  ~40-200 umol/kg
~10-60 pmol/kg carbonic acid ~ 90_95 0/0 ~ 2_10 0/0

[H,CO3*] — bicarbonate —  carbonate



}//

110z DIC: Dissolved Inorganic Carbon
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Delta fCO2 (WML)

		





Sheet1

				Temp		WML depth		Chl a		Chl a		Delta		Delta		Delta		Delta		Delta		Patch		Patch		days		Patch		Overall

						[meter]		Max		Ratio		NO3		fCO2		DIC		Silicate		Silicate		Size		Size		for dilution		dilution		Patch

						Max		mg.m-3		Max/Start				Max				InPatch		OutPatch		Initial		Final		only		rate		Dilution

																						km2		km2				days-1

		Ironex-1		22.90		35.00		0.65		2.71		0.70		13.00		6		0.02				64				5.0

		Ironex-2		25.20		40.00		3.90		19.50		4.00		73.00		27		4				72		120		17.0		0.40		1.7

		Soiree		2.00		65.00		1.50		6.00		3.00		38.00		18		4				50		200		13.0		0.07		4.0

		Eisenex		3.50		70.00		2.54		4.23		1.61		23.00		15		4		4		50		950		23.0				19.0

		Seeds		9.50		12.50		19.00		19.00		10.00		94.00		61		31				80		250		13.0				3.1

		SofexNorth		6.00		40.00		2.00		10.00		2.00		26.00		14		1.5				225		2380		38.0		0.11		10.6

		SofexSouth		-0.50		40.00		3.80		12.67		4.70		36.00		23		2		-1.5		225		2100		20.0		0.08		9.3

		Series		11.50		30.00		5.00		2.50		2.50		70.00		40.5		11				77		1000		17.5				13.0

		Eifex																										coale2004
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WML depth [m]

Final Chl a [mg.m-3]

Final Chl a 
function of WML depth
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NO3 function WMLdepth

WML Depth [m]

DeltaNitrate [mmol.m-3]

Delta NO3 function WMLdepth
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Delta fCO2 (WML)

WML Depth [m]

Delta fCO2 [10-6 atm]



		



DIC function WML

WML Depth [m]

Delta DIC [mmol.m-3]



		



Experiment

Wind Mixed layer Depth [m]



		



Experiment

Maximum Chl a [mg.m-3]



		



DeltaNitrate

Experiment

Delta Nitrate [mmol.m-3]



		



Experiment

Delta fCO2  [10-6 atm]



		



Experiment

Delta DIC  [mmol.m-3]



		



Experiment

Temperature [degree C]



		



Experiment

Delta Silicate [mmol.m-3]



		



Patch Size [km2]



		



Overall Patch Dilution Factor



		



Initial Patch [km2]



				Temp		WML depth		Chl a		Chl a		Delta		Delta		Delta		Irradiance

						[meter]		Max		Ratio		NO3		fCO2		DIC

						Max		mg.m-3		Max/Start				Max

		Ironex-1		22.90		35.00		0.65		2.71		0.70		13.00		6.00

		Ironex-2		25.20		40.00		3.90		19.50		4.00		73.00		27.00

		Soiree		2.00		65.00		1.50		6.00		3.00		38.00		18.00

		Eisenex		3.50		70.00		2.54		4.23		1.61		23.00		15.00

		Seeds		9.50		12.50		19.00		19.00		10.00		94.00		61.00

		SofexNorth		6.00		40.00		2.00		10.00		2.00		26.00		14.00

		SofexSouth		-0.50		40.00		3.80		12.67		4.70		36.00		23.00

		Series				30.00		5.00		2.50		2.50		70.00		40.50





		



Delta fCO2 (WML) excpt.Ironex-1

WML Depth [m]

Delta fCO2 [10-6 atm]

Delta fCO2 inverse function of WML depth (all except Ironex-1)



		



Delta DIC function WML depth

WML Depth [m]

Delta DIC  [mmol.m-3]

Delta DIC inverse function of WML depth (all except Ironex-1)



		



Chl a Max function WML Depth

WML Depth [m]

Maximum Chl a [mg.m-3]

Chl a Max function WML Depth (all except ironex-1)



		



Delta NO3 versus WML depth

WML Depth [m]

delta Nitrate [mmol.m-3]

Delta Nitrate function WML Depth (all except Ironex-1)



		



Chl a ratio Max/Start

WML Depth [m]

Chl a Ratio  Max/Start

Chl a ratio Max/Start
(all except Ironex-1)



																		Patch

																		Centre

				Temp		WML depth		Days		PrimProd		PrimProd				Day		Net		Gas		Vertical		Delta		Delta		Delta		Export

						[meter]		Interval		mgCm-2d-1		mmol.m-2d-1				Interval		Carbon		Exchange		Diffusion		DIC		POC		DOC

						Max										C budgets		Production

																		mmol.m-2		mmol.m-2		mmol.m-2

		Ironex-1		22.90		35.00				1330.0		110.8

		Ironex-2		25.20		40.00				1750.0		145.8

		Soiree		2.00		65.00				1300.0		108.3				12.0		837.0		17.0		7.0

		Eisenex		3.50		70.00				610.0		50.8				12.0		439.0		20.0		17.0		260.0

		Seeds		9.50		12.50				990.0		82.5				13.0		1375.0		70.0						970.0		110.0		170.0

		SofexNorth		6.00		40.00				1390.0		115.8				30.0								600.0		340.0

		SofexSouth		-0.50		40.00				750.0		62.5				30.0								640.0		440.0

		Series		11.50		30.00		20.00		966.0		80.5

		Eifex

				Temp		WML depth

						[meter]

						Max

		Ironex-1		22.90		35.00

		Ironex-2		25.20		40.00

		Soiree		2.00		65.00

		Eisenex		3.50		70.00

		Seeds		9.50		12.50

		SofexNorth		6.00		40.00

		SofexSouth		-0.50		40.00

		Series		11.50		30.00

		Eifex






Oppervlakte water pCO, map gedurende EisenEx
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Eisenex A-DIC en A-pCQO2

Bozec et al, Mar
Chem, 2005
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DIC removal [mol]

DIC removal efficiency = Fe addition [mol]
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C:Fe ratio: van euforie naar realiteit

C/Fe or DIC/Fe [mol/mol]
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Manoplankton diatom T. oceanica in EDTA
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oz Van euforie naar realiteit
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Opslag van CO, in the diepe oceaan



SOLAS air—sea gas exchange experiment
‘ (SAGE) 2004

 Stimulatie van de ‘microbial loop’

* Ofwel CO, ging via de bacterien weer
de lucht in

Large
phytoplankton

%5@ Small
phytoplankton
e @a@% Microzooplankton
% Bacteria

D)
&, Zu."a:

Microbial loo

= ahlorophyli a Concentration (mg/m?)
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e Stimulatie van Themisto gaudichaudii: =
‘an active, aggressive, indiscriminate
carnivore which attacks organisms
much larger than itself with its
formidable clawed appendages..’

| Mazzocchi et al (2009)
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Figure 1. Chlorophyll a satellite picture of the LOHAFEX bloom from the
NASA website (http.//oceancolor.gsfc.nasa.gov/cgifimage_archive.cgi).



oz lJzerbemesting
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* Meer groei betekent niet meer export (nodig om CO, in de oceaan te
houden)

e Haida Salmon Restoration Corporation (2012)

* Werkt alleen in gebieden met hoge concentraties voedingsstoffen

e Condities in de ruwe zuidelijke oceaan zijn niet ideal
* Ver weg
* Veel stormen..\Videos\NIBl\wave2.mp4
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oz |Jzerbemesting
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http://www.google.co.nz/url?sa=i&rct=j&q=rosette+sampler&source=images&cd=&cad=rja&docid=FRh_OEUgipukmM&tbnid=G6kA-iY7TKVwzM:&ved=0CAUQjRw&url=http://www.epa.gov/boldkids/scienceonboard.html&ei=CH82UejwGMn5mgXo5YDwDA&bvm=bv.43287494,d.dGY&psig=AFQjCNFEiOehQ2elNBLu29Gjji9GgTwzxA&ust=1362612333846416
https://www.nioz.nl/en/blog/antarctic-expedition-fephyrus-2
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