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poral variations in 

w
ater pCO

2 and atm
ospheric CO

2
exchanges over a tem

perate salt 
m

arsh system

J. M
ayen

a, P. Polsenaere
a, P. Geairon

a, J.-M
. Chabirand

a, 
J. Deborde

a, J. Grizon
a, J.-C. Lem

esle
b, B. Poitevin

c, 
C. Dupuy

d, M
. Vagner e

a IFREM
ER, LER-PC, b LPO, Réserve N

aturelle de Lilleau
des N

iges, 
cPôle-N

ature de l’Ecom
usée du M

arais Salant, d LIEN
SsU

M
R7266 

CN
RS-U

niversité La Rochelle, eLEM
AR, U

M
R 6539 CN

RS

SS25 -U
nderw

ater Fluxes of biogenic constituents 
and their Ecological Im

plications –
6/27/2021



•
« Salt m

arshes are coastal w
etlands that are flooded and drained by salt w

ater brought in by the tides. »  
(N

ational O
ceanic

and Atm
ospheric

Adm
inistration)

¾
M

ARSH CO
2 PU

M
P AN

D EXPO
RT

(Cai, 2011)

(Acclim
aterra, 2018)

(W
atson, 2015)

•
CO

2 sink, organic
carbon

burialand C export by the tide
:

Tg C yr -1(10
12g C yr -1)

2

Dyked salt m
arshes



•
Study the dynam

ics of (i) w
ater pCO

2 and (ii) atm
ospheric CO

2 exchanges in relation to biotic 
and abiotic controlling factors along an intertidal bay –

channel –
salt m

arshes continuum
 at 

seasonal, diurnal and tidal scales

U
nderstanding the evolution of the ecological functions of 

coastal w
etlands (CO

2 sinks, C sequestration in sedim
ents) in 

the face of global change.

¾
O

BJECTIVES
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¾
FIER D

’ARS CO
ASTAL W

ETLAN
D -FRAN

CE
•

Intertidal bay
on the Ré island

–
France

•
Com

plex of salt m
arshes and anthropised

m
udflats (1,200 ha): coastal w

etland

•
Bay

–
channel–

saltm
arshes

continuum

Station c: nature reserve

Station d: salt-farm
ing

activity

10/02/2020

11/02/2020

01/05/2019

Station b: intertidal system

4 interconnected stations w
ith different 

m
anagem

ent practices and configurations  
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•
In situ m

easurem
ents ofpCO

2 , [Chl a] and biogeochem
icalparam

eters
(oxygen, salinity, tem

perature
…

)

•
24-hour cycles of in situ m

easurem
ents

at the seasonnaland spatial scales
Æ

high frequency
(1 m

inute)

¾
BIO

G
EO

CHEM
ICAL M

EASU
REM

EN
TS

•
5

m
ultiparam

eter and specific probes (autonom
ous) in sub-surface w

aters:

EXO
2 (YSI)

C-SEN
SE

C-Sense (x2) 
(PM

E/Turner)

EXO
 (YSI)

Æ
C-SEN

SE (X2): pCO
2 m

easurem
ents (0-2000 ppm

v + 0-4000 ppm
v,  %

Er= 3%
 of range)

Æ
EXO

2
(YSI): biogeochem

ical param
eter m

easurem
ents (T, S, TU

, pH, O
2 )

Æ
Aquatic M

iniPAR (PM
E)

Æ
C3-fluorim

eter: chlorophyll-a
concentration

5

C3-fluorim
eter

(Turner)



¾
pCO

2 DYN
AM

ICS ALO
N

G
 THE CO

N
TIN

U
U

M
1. M

ajor influence of station typologies on pCO
2

a
b

c
d
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Intertidal bay
and channel

(a
and b)

¾
Strong

tidal influences Æ
High turbidity

Æ
lim

ited
phytoplankton

activity
¾

Few
 aquaticvegetation

Salt m
arshes

(c
and d)

¾
Photosynthesis

of prim
ary

producers
(m

acroalgae/phytoplankton/ 
Ruppia m

aritim
a)

a: Fier d’Ars intertidal bay
b: Vieux port channel
c: A1 saltm

arsh
(nature reserve)

d: Loix saltm
arsh

(salt-farm
ing

activity)

Intertidal zones
M

arshes6



2. M
ajor influence of m

anagem
ent practices on pCO

2 pCO
2 (c) > pCO

2 (d)

Sum
m

er2019: 
¾

c:photosynthesisactivity
of aquaticm

acroalgae
¾

d: zooplankton
bloom

 Æ
phytoplancton celldegradation

Autum
n 2019: 

¾
c: M

acroalgae
degradation

Æ
O

rganic
m

atterm
ineralisation

Æ
high pCO

2

W
inter 2020: no significantdifference

on pCO
2

Station c,  22/07/2019

a: Fier d’Ars intertidal bay
b: Vieux port channel
c: A1 saltm

arsh
(nature reserve)

d: Loix saltm
arsh

(salt-farm
ing

activity)

¾
SAISO

N
AL pCO

2 DYN
AM

IC IN
 M

ARSHES
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¾
DIU

RN
AL AN

D TIDAL pCO
2 DYN

AM
ICS IN

 A M
ARSH

•
Indigenous biological activity (prim

ary production/respiration) at the diurnal scale 

•
Coastal w

ater incom
ings (tidal advection): increase pCO

2 in w
inter, spring and sum

m
er

•
Large diurnal and tidal variations 
on pCO

2

W
inter: 130 < pCO

2 < 519 ppm
v

Sum
m

er: 25 < pCO
2 < 430 ppm

v

pCO
2 /salinity = -0.93

pCO
2 /w

ater level = 0.85
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¾
M

ETABO
LISM

 O
F FIER D

’ARS CO
ASTAL W

ETLAN
D

•
Estim

ated
w

ater-air CO
2 flux (m

m
olCO

2 m
-2h

-1):
FCO

2 = α
k  (pCO

2 eau –
pCO

2 air)
(Takahashi et al., 2002)

a: Fier d’Ars intertidal bay
b: Vieux port channel
c: A1 saltm

arsh
(nature reserve)

d: Loix saltm
arsh

(salt-farm
ing

activity)

•
M

arshes: CO
2 sink

Æ
c: +0.04 ±

0.36 m
m

olm
2h

-1

Æ
d: -0.28 ±

0.38 m
m

olm
2h

-1

Strong
variations in autum

n

•
Channel: CO

2 source

Æ
b: +0.16 ±

0.24 m
m

olm
2h

-1
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¾
CO

N
CLU

SIO
N

 AN
D PERSPECTIVES

•
Significantinfluences of pCO

2 dynam
ics: 

9
Station typologies w

ithin
the coastalzone (Bay, channel, m

arsh)

9
M

anagem
ent practices: w

ater turnover

•
Diurnal and tidal scales: non-tem

perature
effectson pCO

2 dynam
ics

9
Biologicalactivity

(photosynthesis/respiration)

9
Differenttidal effectsaccording

to w
ater colum

n
CO

2 saturation 

•
M

étabolism
: 

9
Channel: CO

2 source to atm
osphere

9
Salt m

arshes: CO
2 sink

•
Study: (1) the atm

ospheric
CO

2 fluxes by Eddy Covariance (in situ m
easurem

ents)
(2) the saltm

arsh
aquatic

m
etabolism
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