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What’s	the	plan?	

• Solange:	Plankton	adaptations	to	the	subtropical	nutrient	poor	
(oligotrophic)	ocean	



Plankton	adaptations	to	the	subtropical	
nutrient	poor	(oligotrophic)	ocean

• Plankton

•  Phytoplankton need	light	and	inorganic	carbon	and	
nutrient	to	grow	

•  Bacterioplankton need	organic	carbon	
and	nutrients	to	grow	

Source:	marinephytoplankton.org/	
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Credit:	S.	Duhamel	
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Plankton	adaptations	to	the	subtropical	
nutrient	poor	(oligotrophic)	ocean



Plankton	adaptations	to	the	subtropical	
nutrient	poor	(oligotrophic)	ocean

• Plankton

•  Phytoplankton need	light	and	inorganic	carbon	and	
nutrient	to	grow	

•  Bacterioplankton need	organic	carbon	
and	nutrients	to	grow	



Phytoplankton 
Euphotic layer 

Transmitted	
light	 100%	

0.1%	

Euphotic	zone	=	layer	of	water	
where	the	sunlight	penetrate	

http://
www.icanteachmychild.com/
make-ocean-zones-jar/	
	
Going	from	the	bottom	to	the	top:	
Trench	Zone	(Hadalpelagic	Zone):		
Corn	Syrup	(tinted	black)	
Abyss	(Abyssopelagic	Zone):		Dish	
soap	(tinted	purple)	
Midnight	Zone	(Bathypelagic	
Zone):		Water	(tinted	dark	green)	
Twilight	Zone	(Mesopelagic	
Zone):		Oil	(tinted	dark	blue)	
Sunlight	Zone	(Epipelagic	Zone):		
Rubbing	Alcohol	(tinted	light	blue)	



Plankton	adaptations	to	the	subtropical	
nutrient	poor	(oligotrophic)	ocean

• Plankton

•  Phytoplankton need	light	and	inorganic	carbon	and	
nutrients	to	grow	

•  Bacterioplankton need	organic	carbon	
and	nutrients	to	grow	



Phytoplankton 
Euphotic layer 
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where	the	sunlight	penetrate	
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The	smaller,	the	better?	

Plankton	adaptations	to	the	subtropical	
oligotrophic	ocean

From	Richard	Kirby.	

Phytoplankton	
Prochlorococcus	

Non-pigmented	
bacteria	

Synechococcus	
Using	epifluoresence	
microscopy.		
From	Dr.	Frank	J.	Jochem	 1	µm	

 Small cyanobacteria are the most abundant 
photosynthetic microbes in the ocean	



The	smaller,	the	better?	

Why	are	larger	cells	less	competitive	than	smaller	cells	in	low	
nutrient	environments?	
	
As	a	cell	increases	in	size,	its	S/V	ratio	decreases.	
	
The	higher	Surface/Volume	ratio	of	smaller	cells	supports	a	
faster	rate	of	nutrient	exchange	per	unit	of	cell	volume	
compared	with	that	of	larger	cells.	
	



Nutrient	transporters	are	a	wide	
group	of	membrane	proteins	that	
facilitate	the	transport	of	nutrients	
through	cell	membrane.	

Expression	of	high	affinity	nutrient	transporters	

Source:	www.slideshare.net	



Michaelis-Menten	kinetics	
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The	abilities	of	organisms	to	sequester	substrate	
are	described	by	kinetic	constants:		
•  maximal	substrate	consumption	rate		(Vm),		
•  substrate	concentration	at	which	the	substrate	
consumption	rate	is	at	half-maximum	(Km)	

	

How	do	we	know	if	microorganisms	are	expressing	
high	affinity	nutrient	transporters?	

A	low	Km	value	suggests	a	high	affinity	

Increase	cell	efficiency	at	assimilating	
nutrient	present	in	low	concentration	cell		 cell		



Membrane	lipids	substitution	
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Mixotrophy	
• A	mixotroph	is	an	organism	that	can	use	a	mix	of	different	sources	
of	energy	and	carbon

Photoheterotrophy	
Greek:	photo	=	light,	hetero	=	(an)other,	troph	=	nourishment		
	
Photoheterotrophs	are	heterotrophic	phototrophs—that	is,	they	are	
organisms	that	use	light	for	energy	to	use	carbon	dioxide	and	
inorganic	nutrients	but	can	additionally	use	organic	compounds	from	
the	environment	to	satisfy	their	carbon	and	nutrient	requirements	



OUTPACE:	Oligotrophy	to	UlTra-
oligotrophy	PACific	Experiment		

•  OUTPACE zonal	description	of	the	
biogeochemical	functioning	and	biological	diversity	of	the	South	West	
Pacific	toward	a	gradient	of	nutrients	availability

production	sustained	by	nitrogen	
fixation.	

•  Solange investigate	the	role	of	light	in	uptake	of	
organic	substrates	(carbon	and	nutrients)	by	unicellular	cyanobacteria	and	
elucidate	the	importance	of	photoheterotrophy

OUTPACE	group	picture	



OUTPACE:	45	days	on	board	the	
Research	Vessel	l’Atalante	

R/V L’Atalante 	

RV L 'Atalante 
Operator: Ifremer - French Research Institute for 
Exploitation of the Sea 
Country: Global 
Website: http://www.ifremer.fr/flotte/navires/
hauturiers/atalante/index.htm 
Vessel Type: Multipurpose Research Vessel 
Vessel Class: Global 
Operational Area: All oceans, except polar regions 
Endurance: 40 days 
Scientist berths: 30 
Length: 85m 



Sampling	strategy	
•  15	Short	stations
•  3	Long	stations	(A,	B,	C)



Sampling	strategy:	rosette	



Sampling	strategy:	plankton	net	



Sampling	strategy:	sediment	traps	

Source:	www.bowdoin.edu	

Educational	ressource:	
http://www.whoi.edu/
instruments/
viewInstrument.do?id=10286	



Interrogating	cyanobacterial	
photoheterotrophy	

Incubation	



Rad	van	laboratory	

Loading	the	UNOLS	rad	lab	van	on	board	the	RV	L'Atalante	

Keeping	busy	inside	the	rad	lab	van	



On-deck	incubators	

Phytoplankton Euphotic layer 

Transmitted	light	
100%	

0.1%	



Video	

https://youtu.be/pT-SiEy9khQ
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For	more	information:	
http://solangeduhamel.wix.com/duhamellab	
	
https://outpace.mio.univ-amu.fr/	
	
https://www.ird.fr/toute-l-actualite/science-en-direct/
outpace-2015/a-bord-de-l-atalante	


