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What	is	New	in	Ocean	
Respiration?	

1. Heterotrophic	Energy	Production	
2.	Carbon-Flux	Depth	Functions	
3.	Nutrient	Retention	Efficiency	(NRE)	
4.	Curvature	of	Respiration	Profiles:	

Importance
5.	Benthic	Respiration	from	

Water-Column	Respiration	



HETEROTROPHIC	
ENERGY	PRODUCTION

A	Calculation	of	ATP	Production	

Based on nobelist,	Severo	Ochoa’s
finding of	a	3:1	ratio	between respiratory
oxygen consumption and	ATP	production
and	on nobelist,	Peter	Mitchell’s
Chemosmotic explanation of	ETS-
OXPHOS	coupling.	
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1978 Nobel Prize Chemistry 
chemiosmotic mechanism

ATP synthesis 



ETS ACTIVITY à RESPIRATION à ATP PRODUCTION (Joules/m3/day)



CUEA C-Line off 15°S Peru



Carbon Flux from Respiration



Fc  (mmol C m-2 d-1) C-Line, Peru



Carbon Flux = ∫(R) from 
Riley (1951)
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NRE	=	Nutrient	Retention	
Efficiency

NRE =  RCO2
/(Ft-s)1 

(Ft-s	)1 =(d(POC)/dt)

(d(CO2)/dt) = RCO2

(Ft-s)2 



NUTRIENT	RETENTION	EFFICIENCY	
Conceptual	basis

POC, N, P 
Flux in

O2

CO2 (RCO2)
NH4+ (RNH4+)
PO4- (RPO4-)

EFFICIENCY	WITH	WHICH	PLANKTON	MINERALIZE	POM
Permits	nutrient	 recycling!	NRE	=(ΔPOM	Flux)/(Flux	in)

POC, N, P 
Flux out

RESPIRATION & 
MINERALIZATION!

Flux
out







CUEA C-Line off 15°S Peru
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Rz = R0(z/zt)b

Note:”b” is always 

negative!

Importance	of	b,	the	curvature	
of	the	respiration	equation



Zooplankton	Rz =	Rt(z/zt)-b

From:	Packard	and	Gómez,	2013
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BENTHIC	RESPIRATION	&	C-BURIAL



BENTHIC R & C-Burial 

To	calculate	benthic	respiration	&	C-burial	we	
subtract	the	flux	to	the	water	column	(Ft-s)	

from	the	flux	to	infinity	(F∞).	





Modelled Benthic Respiration & C Burial
(µmol O2 m-2 d-1)

C-Line 15°S Peru 
Upwelling
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R	=	25075z-1.204
R²	=	0.96649
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What	is	New	with
the	ETS	ASSAY?	

1. Kinetic	Assay	cuts	time
2.	Extraction	eliminated
3.	1/5	reagents	needed	&	1/5	cost
4.	Sonication	used	with	zooplankton
5.	Compared	with	He-tritium	method



MEASUREMENT of ETS ACTIVITY
(Absorbance (0-0.400 in 1cm cuvettes)
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HEP	=	Respiration O/P
C	Flux	ocean sectionsà Respiration
NRE	à R/C-Flux	
Exponent (b),	the curvature of	R=f(z),	

controls NRE,	C-FLUX	&	Teff
Benthic respiration &	C-burialà
differences in	C-flux	integrations
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Zooplankton	Rz =	Rt(z/zt)-b

From:	Packard	and	Gómez,	2013
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Sample 14E INT-ETS Activity 
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R/V Eastward -1980   
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RESPIRATION	TRANSECT	
15°S	PERU	UPWELLING
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INT	(Tetrazolium Violet)
2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyltetrazolium	chloride

Basic	Reaction	of	
the	ETS	Assay
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BENTHIC R & C-Burial Model

To	calculate	benthic	respiration	&	C-burial	we	
substract the	flux	to	the	water	column	(Ft-s)	

from	the	flux	to	infinity	(F∞).	
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