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The	marine	“microbial	ferrous	wheel”	-	1996	

Kirchman N&V on Tortell et al., Nature 1996 

rates in nmol Fe m-2 d-2; standing stocks in µmol Fe m-2 



Spinning	the	“ferrous	wheel”	–	FeCycle,	2005	

Strzepek et al., GBC 2005 



Boyd	&	Ellwood,	Nature	Geoscience	2010	

Ferrous	wheel	–	current	concept	

fe	ra.o	=		new	iron/(new	+	regenerated	iron)	



Boyd	&	Ellwood,	Nature	Geoscience	2010	

Uniformity	in	bio.c	iron	pool	across	contras.ng	ecosystems	



Boyd	et	al.	GBC	2015	



“…..quotas	and	iron	recycling	efficiencies	together	set	bio.c	iron	pools.	Hence,	site-specific	
differences	in	iron	recycling	efficiencies	(which	provide	20–50%	and	90%	of	total	iron	supply	
in	high-	and	low-iron	waters,	respec.vely)	help	offset	the	differences	in	new	iron	inputs	
between	low-	and	high-iron	sites.”		

Boyd	et	al.	GBC	2015	
HNLC	–	Fe	recycling	90%,		
														low	fe	

Fe	fer.lized	regions	–	Fe	recycling	20-50%,	
																																							higher	fe	



Bowie	et	al.	BG	2015	



Bowie	et	al.	BG	2015	

KEOPS-2	study	area	



Bowie	et	al.	BG	2015	

Fe	budgets	for	three	KEOPS-2	sites	

Recycled	iron	vs	new	iron	supply	
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How	important	is	Fe	recycling,	really?	

KEOPS-2	biogeochemical	Fe	budgets	indicate	Fe	supply		from		
recycling	was	rela.vely	minor	component	at	all	sites	-	contrast	to			
earlier	findings	from	other	Fe	process	studies	in	the	Southern	Ocean.		

???	



Boyd	et	al.	GBC	2015	

Cyanobacteria	vs	diatoms	in	the	ferrous	wheel	–	
no	contest?	



How	bacteria	act	to	short-circuit	diatom	Fe	export		
and	keep	the	ferrous	wheel	spinning	
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Heme	as	a	component	of	the	biogenic	Fe	pool	

Hogle	et	al.	Metallomics	2014	



Heme	uptake	gene	distribu1on	

Genes	for	heme	uptake	widespread	in	marine	bacteria	

Hogle	et	al.	Metallomics	2014	



Algal-bacteria	interac.ons	facilitate	Fe	recycling	
	via	heme	uptake	

Hogle	et	al.	in	review	



N
O

O

C

OH

COOH

N
O O

OH

O

N N
O
O

COOH

N
O

O

C

OH

COOH

N
O O

OH

O

N N
O
O

COOH

N
O

O

C

OH

COOH

N
O O

OH

O

N N
O
O

COOH

Algal-associated	bacteria	u.lize		
a	variety	of	organic	iron	acquisi.on	strategies	



Algal-associated	Roseobacters	have	diverse		
metal	uptake	capabili.es	

Hogle	et	al.,	AEM	2016	



Free-living	SAR11	strains	have	much	lower	versa.lity		
in	metal	transport	systems	

Hogle	et	al.,	AEM	2016	



Evidence	for	a	pulse	of	strong	ligands	
produced	at	bloom	decline	in	deckboard	grow-out	
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Closing	thoughts	

Our	understanding	of	Fe	recycling	mechanisms	has	con.nued	to		
expand	over	the	past	two	decades.	Need	to	catch	up	for	other	metals.	
	
May	need	to	re-examine	our	assump.ons	about	Fe	recycling		
efficiency	in	different	regimes,	or	improve	methods	to	constrain.	
	
Diatoms	may	be	a	bigger	part	of	the	ferrous	wheel	than	previously	
appreciated,	due	to	the	metal	recycling	capabili.es	of	algal-associated	
bacteria.	
	
The	rela.ve	importance	of	different	metal	recycling	pathways	likely	
feeds	back	into	oceanic	food	webs	via	impacts	on	metal	specia.on	and	
bioavailability.	
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