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Respiration :

• Carried out by all marine 
organisms

• Largest sink for organic 
matter

• Constraint on export & net 
ecosystem production

• Determinant of hypoxia

In an isolated system P>R
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“Respiration represents the major area of 
ignorance in our understanding of the global 
carbon cycle.”

Williams & del Giorgio, 2005
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“…. the total open ocean respiration is uncertain …..”

“it is probably substantially greater than most current 
estimates of particulate organic matter production”

“whether the biota act as a net source or sink of carbon 
remains an open question ”

“Respiration remains the least constrained term in most 
models of metabolism, gas exchange and carbon mass balance 
in the ocean.”



Measuring respiration

dissolved oxygen flux during 
in vitro incubations

size fractionation, axenic 
culture



Indirect methods or ‘models’

Derivation from biomass
Allometric equations for respiration from 
weight or size

Derivation from activity + growth 
efficiency
Primary, bacterial or microzoo production 
together with growth efficiency
Highly variable growth efficiency

Inverse analysis
Steady state microbial loop model
Constrained data set

Ecological models
Phytoplankton, bacteria, zooplankton
Basal, food quality, activity
Standardisation of parameterisation ?
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Plankton Types Ocean Model 10
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P ?
Basal ~ T, R ~ assimilation
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Data collection
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Atlantic Meridional Transect programme
1998, 2003 (twice)
Coastal mesocosms 1994, 1996
Coastal hydrothermal vents 1996, 1997
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Jim’s 
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Database available

80 ISI papers since 1981 report new respiration data 

70% open ocean, 30% shelf (water depth < 200m)
~ 90 % derived from in vitro oxygen flux
~2700 volumetric  ~320 depth integrated 



Image prepared by R.Hutson & T.Smyth, PML

Photosynthesis



Robinson & Williams, 2005

Respiration

AMT



Biases:  Month, depth, latitude, community structure

0

200

400

600

90-70S 70-50S 50-30S 30-10S 10S-10N 10-30N 30-50N 50-70N 70-90N

Latitude Band

N
um

be
r o

f O
bs

er
va

tio
ns

2.7
1.7

3.4

4.3

2.8

2.8
4.2

2.0

1.7

0

10

20

30

40

50

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 > 90

% algal community < 2 µm

N
um

be
r o

f O
bs

er
va

tio
ns

3.7  

4.7  
4.7  

4.4  3.1  

3.2  
2.2  

3.6  

3.7

1.2

Robinson & Williams, 2005

0

25

50

75

100

Jan Feb Mar April May June July Aug Sep Oct Nov Dec

N
um

be
r o

f O
bs

er
va

tio
ns

N hemisphere
S hemisphere

2.9

3.5

2.1

1.9
5.4

6.2

4.4

5.4

0.7

2.6

7.2
4.3

8.95.8

2.2

9.6
0.3

3.3

4.0

2.6

1.0
0.9

Atlantic

0

250

500

750

1000

0-20 20-40 40-60 60-80 80-100 100-200 200-500 >500

Depth range (m)

N
um

be
r o

f O
bs

er
va

tio
ns

4.6

2.4

1.5
1.3 1.2 1.2

1.1 1.2



Global estimate of upper ocean 
respiration

Mean depth integrated - 11.7 Pmol O2 a-1

Sample bias – times & places of highest production

Lowest - Hawaii - 9.9 Pmol O2 a-1

Upper ocean R : 10 - 12 Pmol O2 a-1

119-127 Gt C a-1



Navarro et al., 2004 Bay of Palma
R + SE (mmol O2 m-3 d-1)
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Robinson, 2008 

Castellani, Robinson et al. 
2005



Metabolic theory – empirical model

Whole organism metabolic rate (I) scales as the ¾
power of body mass (M)

I = I0 M3/4

Metabolic rates increase exponentially with 
temperature, as described by the Arrhenius relation

I = e –E/kT

The metabolic theory of ecology (MTE) combines these

I = Io M3/4 e-E/kT



Derive respiration and photosynthesis

Lopez-Urrutia et al., 2006

• Confirm relationship between body size & R and P derived from T & PAR

• Compare estimates of P and R with concurrently measured P & R (A,B,C)

A B C• Derive P and R from body size 
& abundance during AMT1-6 (D) D
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Robinson & Williams, 2005
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Derive bacterial respiration

Rivkin and Legendre 2001
Bacterial production, temperature and size fractionated oxygen uptake



del Giorgio and Cole, 1998, 2000

Derive bacterial respiration
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Derive bacterial respiration
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Robinson, 2008

Predict bacterial respiration
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Calculation from Biomass Determinations

Williams (1981) Mesocosm 52 40 3 1 1 5
(n=3; geometric mean ) (Canada)

Holligan et al . (1984) English Channel 7.8 9.4

Robinson et al . (1999) E. Antarctic 12 3 11 1.4 15 69
(n=7; geometric mean )

Robinson & Williams (1999)Arabian Sea 11 20 13
(n=6; geometric mean)

Sondegaard et al. (2000) Mesocosm 51 35 12
(n=3; geometric mean ) (Norway)
Robinson et al . (2002b) N. Sea
(n=6 & 8; geometric mean ) 58 (18*) 21 5 28 21

Summary Statistics

Arithmetic mean of all observations 32 3 18 4 24 34 3 1 1 6
Standard deviation of all observations 22 1 12 4 16 28 1 1 1 3
Total number of observations 26 7 13 13 26 27 3 3 3 4

* two calculation methods for bacterial respiration
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Apportion to 
trophic group



40

20

8
3

-20

0

20

40

60

80

Bi
om

as
s 

Ca
lc

 <
1

S i
ze

 fr
ac

t io
na

t io
n  

< 1
Bi

om
as

s 
M

od
el

s 
<1

Fo
od

 w
eb

 M
od

el
s 

<1
G

e o
m

et
ric

 m
e a

n 
<1

B
io

m
a s

s 
C

al
c 

1<
10

S i
ze

 fr
ac

tio
na

tio
n 

1<
10

B
io

m
as

s 
M

od
el

s 
1<

1 0
Fo

od
 w

eb
 M

od
el

s 
1<

10
G

eo
m

et
r ic

 m
ea

n 
1<

10

B i
om

as
s 

C
al

c 
10

<1
00

Si
ze

 fr
ac

t io
n a

tio
n  

10
<1

00
B i

o m
as

s 
M

od
el

s 
10

<1
00

Fo
od

 w
eb

 M
od

el
s 

10
<1

00
G

eo
m

e t
r ic

 m
ea

n 
10

<1
00

B
io

m
as

s 
C

al
c 

10
0<

10
00

S
ize

 fr
ac

tio
na

tio
n 

10
0<

10
00

Bi
om

as
s 

M
od

el
s 

10
0<

10
00

F
oo

d 
we

b 
M

od
el

s 
1 0

0<
10

00
G

eo
m

et
ric

 m
ea

n 
10

0<
10

0 0

Pe
rc

en
ta

ge
 C

on
tri

bu
tio

n 
of

 T
ro

ph
ic

 G
ro

up

Unresolved
Autotrophs
Heterotrophs

Bacteria Phytoplankton & Protozoa Larval & Adult Zoopl.

Size / trophic distribution of respiration

40

20

Bacteria Phytoplankton & Protozoa

8

3

Zooplankton

Robinson & Williams, 2005



Robinson et al., 2002a

Apportion to plankton trophic group
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Robinson & Williams, 1999; Robinson et al., 1999; 2002; Robinson et al., unpubl.

Apportion to plankton trophic group
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Maranon et al., 2007

North Atlantic
Planktonic carbon budget

10 years, 60 stns (mg C m-2 d-1)



Are in vitro changes representative ?

1
4

6

7

In vitro NCP
(ΔO2)

In situ NCP
(ΔO2)

Site Reference

1 1-3 MERL mesocosms Bender et al., 1987
1 1.6 N Atlantic Bender et al., 1992 &

Kiddon et al., 1995
1 0.9 Ross Sea Bender et al., 2000
1 0.6 Antarctic Polar Front Dickson and Orchardo, 2001
1 6 N Pacific Gyre Williams and Purdie, 1991
1 0.5 - 2 UK shelf sea This study



Phil Nightingale, PML



SUMMARY

• Respiration is weak link in understanding C cycle
• Database is small but increasing, link to biotic and 

abiotic factors, no long time series
• web.pml.ac.uk/amt/data/Respiration.xls
• Quantification at large temporal and spatial scales 

only achievable through ‘model’ - empirical
• Ecological models require ‘functional group’

information
• Need to quantify changes in response to a changing 

environment – temperature, nutrients, pH, light



Every oceanographer is a 
modeller 

Do we want more 
‘model’ ers at sea ?



Thank you Jim


