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Abstract

We report on diurnal, tidal and seasonal variations of dissolved inorganic carbon (DIC), water
partial pressure of COz (pCO:z) and associated water-air CO> fluxes in a tidal creek of a
temperate coastal lagoon with 70 % of intertidal flats, during eight tidal/diurnal cycles and two
consecutive years covering all seasons. Surface waters of the lagoon were always slightly
oversaturated in CO; with respect to the atmosphere with an average pCO; value of 496 + 36
ppmv. Seasonally, subsurface water pCO> values were controlled by both temperature and
biological / tidal advection effects that compensated each other and resulted in weak annual
variations. High-resolution temporal pCO> records reveal that highest fluctuations (192 ppmv)
occurred at the tidal/diurnal scale as a result of biological activity, advection from the tidal flat
and porewater pumping that all contributed to water pCO, and carbonate chemistry variations.
Total Alkalinity (TA) versus salinity plots suggest a net production of alkalinity in the lagoon
attributed to benthic carbonate dissolution and/or anaerobic degradation of organic matter. We
specifically highlighted that for a same salinity range, during flooding, daytime pCO. were
generally lower than nighttime pCO- values because of photosynthesis, whereas during ebbing,
daytime pCO2 were higher than nighttime pCO; values because of heating. Waters in the lagoon
were a relatively weak CO» source to the atmosphere over the year compared to other estuarine
and lagoon waters elsewhere, and to sediment-air fluxes measured simultaneously by
atmospheric Eddy Covariance (EC) in the Arcachon lagoon. Because of low values and small
variations of the air-sea pCO; gradient, the variability of fluxes calculated using the piston
velocity parameterization was greatly controlled by the wind speed at the diurnal and, to a lesser
extent, seasonal time scales. During the emersion, the comparison of these pCO, data in the
tidal creek with EC fluxes measured 1.8 km away on the tidal flat suggests high heterogeneity

in air-sea CO> fluxes, both spatially and at short time scales according to the inundation cycle
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and the wind speed. In addition to tidal pumping when the flat becomes emerged, our data
suggest that lateral water movement during the emersion of the flat generates strong spatial

heterogeneity in water-air CO> flux.

1. Introduction

Coastal zones represent key systems in biogeochemical cycle couplings between land, oceans
and the atmosphere, processing considerable amounts of matter, energy and nutrients (Borges
et al. 2005; Cole et al. 2007; Cai 2011). Despite its relatively modest surface area (7 % of the
global ocean surface), the coastal zone accounts for 14-30 % of all oceanic primary production
and 90 % of sedimentary organic carbon mineralization (Gattuso et al. 1998; Mantoura et al.
1991; Pernetta and Milliman 1995). Carbon fluxes within and between coastal subsystems and
their alteration by climate and anthropogenic changes are substantial. It is essential to
understand and accurately account for the factors regulating these fluxes and how they affect
the ocean and global carbon budgets (Bauer et al. 2013).

The coastal ocean consists of different but tightly connected ecosystems including estuaries,
tidal wetlands, lagoons and the continental shelf. Global CO> emissions from estuaries have
been estimated at 0.2-0.4 Pg yr'! (Cai 2011; Borges and Abril 2011; Borges et al. 2005; Laruelle
et al. 2010), with fluxes disproportionally high in comparison with their global ocean area
portion (near 0.2 %). To the contrary, other coastal systems such as tidal wetlands and
continental shelves fix 0.55 and 0.25 Pg yr'! of atmospheric CO> respectively (Bauer et al.
2013). The spatiotemporal heterogeneity and complexity of coastal systems in terms of carbon
processes and fluxes make difficult to precisely quantify each sub-system’s carbon balance. For
instance, carbon fluxes in tidal systems such as estuaries and small deltas are relatively well
characterized (Laruelle et al. 2010; Borges and Abril 2011; Chen et al. 2013). To the contrary,

other systems such as fjords, lagoons and marine embayments are neglected despite a large
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relative surface among coastal systems, a generally high net primary production and a strong
sensitivity to eutrophication phenomenon (Kjerfve 1985; Caumette et al. 1996; Koné et al.
2009; Polsenaere et al. 2012a; Cotovicz et al. 2015). As a consequence, carbon flux
measurements are needed for an accurate estimate of global and regional carbon budgets.

In coastal ecosystems, dissolved inorganic carbon (DIC) concentrations, and particularly partial
pressures of CO, (pCO») are driven by several thermodynamic and biotic factors, induced by
river water inputs, tidal exchanges, mixing of water masses, photosynthesis and
aerobic/anaerobic degradation of organic matter, precipitation/dissolution of calcium
carbonate, benthic/pelagic couplings and air-water exchanges (Cai 2011; Gazeau et al. 2004;
Cotovicz et al. 2015; Ribas-Ribas et al. 2011). Efforts have been made to understand the
seasonal and inter-annual processes affecting carbon system dynamics over coastal ecosystems
(Yates et al. 2007). Seasonal measurements of the carbonate system parameters (pCO>, Total
Alkalinity, DIC, and/ or pH) have been performed for instance across salinity gradient transects
or strategically located stations along lagoon channels or estuaries (Frankignoulle et al. 1996;
Cai et al. 1999; Koné et al. 2009; Ribas-Ribas et al. 2011; Burgos et al. 2018; Wang et al. 2018;
Vaz et al. 2019). The influence of smaller-scale rhythms (tidal and diurnal variations) on
seasonal and annual carbon dynamics and budgets has also been studied through direct diurnal
cycles for instance over east monsoon coastal systems and subtropical bays (Dai et al. 2009;
Yates et al. 2007), temperate sea, lagoon, estuary, river, channel and creek (Saderne et al. 2013;
Bozec et al. 2011; Borges and Frankignoulle 1999; Ribas-Ribas et al. 2013; Burgos et al. 2018),
sub-Antarctic island coastal waters (Delille et al. 2009), tropical and equatorial mangrove
waters (Maher et al. 2013; Bouillon et al. 2007; Borges et al. 2003) and continental and
subtropical saltmarsh and marsh-dominated estuary systems (Wang and Cai, 2004; Wang et al.
2016; Wang et al. 2018). For instance, in a tidal creek among the Duplin River salt marsh-

estuary coastal ecosystem (Georgia, USA), Wang et al. (2018) measured strong seasonal and
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tidal/diurnal pCO; variations with values ranging from 500 ppmv at high tide to 4000 ppmv at
low tide and to 1600 ppmv at high tide to 12,000 ppmv at low tide during coldest and warmest
months, respectively. Horizontal advection with river water entrance to the creek at high tide
was mentioned to explain lower measured values. To the contrary, for higher values observed
at low tide, creek bank pore-water drainage associated to tidal pumping process, as observed
over mangroves or wetlands (Maher et al. 2013; Neubauer and Anderson 2003) was highlighted
(Wang et al. 2018). Over tidally-influenced shallow systems, all these processes are generally
but differently involved and can in turn significantly and specifically influence atmospheric
CO fluxes.

CO; fluxes at the water-air interface can be measured directly using the Eddy Covariance
(Zemmelink et al. 2009; Polsenaere et al. 2012a), floating chambers (Frankignoulle et al. 1998)
or be calculated from water pCO, measurements and a given gas transfer velocity. CO> flux
computations can be subject to large uncertainties because of the difficulty in accurately
assessing the gas transfer velocity (Raymond and Cole 2001, Vachon et al. 2010). This bias is
potentially more important when the water-air CO, gradient is small. Diurnal and tidal
variations in water pCO; of dynamic coastal ecosystems can even add uncertainties on air-sea
CO; flux estimations. For example, in the Guadalquivir estuary, Ribas-Ribas et al. (2013)
observed pCO- values fluctuating from source to sink over the same tidal cycle.

In the present study we report tidal, diurnal and seasonal dynamics of inorganic carbon and
associated air-sea CO> fluxes in a tidal creek of the temperate coastal Arcachon lagoon (SW
France). The lagoon is a typical tidal flat of the French Atlantic coast subjected to both marine
and continental influences. A complex channel and tidal creek waters network drains the tidal
flat during ebb tides. Tidal pumping through anoxic pore-water seeping from mud sediments to
tidal creek waters is an important component of the biogeochemical functioning of the lagoon

in terms of nutrient dynamics (Deborde et al., 2008a). In this paper, DIC parameters and
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associated water-air CO: fluxes as estimated based on several in situ tidal/diurnal cycles (six
24-hour and two 12-hour cycles) carried at different seasons during two years (2008 and 2009)
are presented. We describe and explain small-scale (diurnal and tidal) and seasonal pCO>
variability along with relevant environmental controls in studied tidal creek waters. We
compute air-sea CO> fluxes, and discuss associated variability according to small (diurnal and
tidal) and seasonal scales and also methodology from coastal regional/global carbon budgets
point of view. The computed water-air CO> fluxes estimated during these tidal/diurnal cycles
are also compared with those measured in summer 2008 by atmospheric Eddy Covariance (EC)

over the tidal flat (Polsenaere et al. 2012a).

2. Materials and Methods

2.1. Study area

The Arcachon bay is a temperate macro-tidal lagoon of 174 km? on the southwestern Atlantic
coast of France (44°40° N, 01°10° W) (Fig. 1). Several studies have focused on the system in
particular its hydrodynamics through modelling simulations (Plus et al. 2009; Fauvelle et al.
2018); Zostera seagrass meadow dynamic (Auby and Labourg 1996; Plus et al. 2010; Cognat
et al. 2018) and relationships with sediment hydrodynamics or redox status (Ganthy et al. 2013;
Delgard et al. 2013; Deborde et al. 2008a,b); nutrient and carbon dynamics and export from the
Arcachon catchment through in situ adapted sampling and modelling strategies (Auby et al.
1994; Rimmelin et al. 1998; Canton et al. 2012; Polsenaere et al. 2012b; Polsenaere and Abril
2012); and in terms of benthic and pelagic primary production measurements through various
in situ, laboratory and modelling approaches (Polsenaere et al. 2012a; Migné et al. 2016; Glé
et al. 2008; Plus et al. 2015).

This triangle-shaped bay is surrounded by the coastal plain of the Landes de Gascogne, and

communicates with the Atlantic Ocean through a narrow channel 8 km in length (Fig. 1). With
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a mean depth of 4.6 m, the shallow lagoon presents semi-diurnal tides with amplitudes varying
from 0.8 to 4.6 m (Plus et al. 2009). During a tidal cycle, the flat exchanges approximately 264
x 10° m? and 492 x 10° m? of water with the ocean, respectively during average neap and spring
tides. The flushing time of the lagoon ranges between 12.4 and 17.4 days in winter and summer
respectively (Plus et al. 2009). Water temperatures in the lagoon vary from 6 °C in winter to
22.5 °C in summer, and water salinity varies from 22 to 35 according to freshwater input
variations during the year.

The flats are tidally submerged by relatively saline waters, and receive moderate amounts of
freshwater with an annual input of 813 x 10® m? (1.8 x 10° m? at each tidal cycle), of which 8
% 1is from groundwater, 13 % is from rainfall and 79 % is from rivers and small streams
(Rimmelin et al. 1998). In total, the carbon export from the watershed to the Arcachon lagoon
was estimated at 15,870 t C yr! or 6 t C km™ yr'!, mostly in the form of dissolved organic
carbon (DOC) (35 %), DIC (24 %) as excess CO> and DICequitibrium (i.€. the theoretical DIC
concentration at the atmospheric equilibrium), and dissolved CO> rapidly lost as degassing to
the atmosphere (34 %) (Polsenaere et al. 2012b). Tidal pore-water drainage at low tide is not
documented for carbon, but contributes to respectively 55 and 15 % of the dissolved inorganic
phosphate (DIP) and nitrate (DIN) input to the lagoon waters (Deborde et al. 2008a).

The lagoon surface is composed of 57 km? of channels (33 % of the lagoon surface area), with
a maximum depth of 25 m at the mouth of the lagoon. These channels drain a large muddy tidal
flat of 117 km? (67 % of the lagoon). Zostera noltei seagrass beds are particularly extensive and
colonize up to 60 % of this intertidal area (i.e. 70 km?) between —1.9 m and +0.8 m relative to
local Mean Sea Level (Amanieu, 1967). Annual mean net primary production of Zostera noltei
expressed as carbon fixation was estimated at 362.9 & 88.1 t C km™ yr! (Ribaudo et al. 2017).
Polsenaere et al. (2012a) and Migné et al. (2016) gave annual values of the same order of

magnitude through atmospheric EC and benthic chamber measurements with 456 and 263 t C
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km2 yr! respectively. However, seagrass beds in the lagoon declined by 33 % since the end of
the 80’s whereas the exact causes remain unclear, leading to a C fixation decline from 24846 +
6030t C yr'! (1989) to 16564 + 4020 t C yr'! (2007) (Plus et al. 2009; Plus et al. 2015; Ribaudo
etal. 2017). The microphytobenthic (MPB) communities also represent a significant proportion
of the total benthic primary production, which is estimated at between 104-114, 628 and 788 t
C km? yr! (Auby personal communication; Polsenaere et al. 2012a; Migné et al. 2016).
Together, these two categories of benthic primary production represent more than half of the
total primary production of the flat. Annual integrated phytoplankton primary production has
been estimated at 103 t C km™ yr'! which could represent 30 % of the total primary production
of the lagoon and places Arcachon within the low to moderate phytoplankton primary
production systems (GIé et al. 2008). Microphythobenthic resuspension is also supposed to
significantly contribute to planktonic production in Arcachon as highlighted by Savelli et al.
(2019) on the Brouage mudflat of the Marennes-Oléron Bay up North along the French Atlantic
coast with a 43 % resuspended MPB primary production at this location. The presence of
circular tidal pools on the flat also contributes to the biogeochemical functioning of Arcachon
bay especially at tidal and diurnal scales (Rigaud et al. 2018) through large spatio-temporal
variations in water temperature and irradiance influencing MPB activity and benthic oxygen,
nutrients, and reduced compound fluxes.

Finally, net CO> fluxes between the lagoon and the atmosphere measured at the ecosystem scale
by atmospheric EC generally showed small negative (influx) and positive (efflux) values (-13
umol m2 s! for influxes and 19 umol m s™! for effluxes). Emersion during the day was almost
always associated with a net uptake of atmospheric CO> due to an enhanced benthic primary
production at low tide. In contrast, during immersion (day and night) and emersion at night,
CO; fluxes were positive, negative or close to zero, depending on the season and the study site

(Polsenaere et al. 2012a).
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2.2. Sampling strategy and laboratory analysis

In total, six 24-hour cycles (April, July, September 2008, and April, June and September 2009)
and two 12-hour cycles (November 2008 and January 2009) were carried out in a subtidal creek
at the centre of the lagoon (Fig. 1). For each cycle, water height (H), salinity (S), temperature
(T), partial pressure of CO; in the water (pCO>), total alkalinity (TA) and dissolved inorganic
carbon isotopic ratio (8'3C-DIC) were measured at the subsurface (0.5 m depth). T and S were
measured every minute with an YSI multiparameter probe on board and H was measured every
hour by the SHOM (Service Hydrographique et Océanographique de la Marine) at Arcachon
(Eyrac pier, 44°39.9001°N 01°09.8130°W). Before each cycle, the salinity (conductivity)
sensor was checked and calibrated with 10 and 50 mS cm! solutions. Water pCO, was
measured every minute with a marble-type equilibrator system (Frankignoulle et al. 2001;
Polsenaere et al. 2012b). An Infra-Red Gas Analyzer (LI-COR, LI-820) was used to measure
the pCO; in dry air equilibrated with seawater. The LI-820 was calibrated at the laboratory one
day before the field experiment using three gas standards of 0, 500 + 10 ppm and 2959 + 59
ppm. The equilibrator consists of a Plexiglas cylinder (height: 90 cm, diameter: 16 cm) that is
filled with marbles to increase the exchange surface area. Water pumped by a peristaltic pump
(Masterflex, 1 L min'), runs from the top to the bottom of the equilibrator, and air is pumped
upwards (1 L min'). The pCO; of air equilibrates with the pCO, of water and is then measured
by the LI-COR after being dried by a Dierite grain tube. Response time of the equilibrator as
determined in the laboratory is shorted than 5 minutes (Cotovicz et al. 2016).

Discrete water samples were also taken every hour of the tidal cycle for TA and §'*C-DIC in
the channel subsurface waters by using a 5L Niskin sampler. Total alkalinity (TA) was
measured by titration with HC1 0.1 N on 100 mL filtered samples and was calculated by a Gran
function linearisation (Gran 1952) between pH 4.2 and 3. The reproducibility between the

measures was better than 5 pmol kg™!'. Accuracy of TA measurements was checked on regular
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titrations of a secondary standard of 0.2 um filtered seawater with a well-known TA
concentration, previously calibrated by comparison with a standard from Scripps Institution of
Oceanography. The 3'3C-DIC measurements were made following Gillikin and Bouillon
(2007). In 100 mL vials that were filled to the top, a headspace was first created with Helium
gas to obtain a volume of approximately 20 % of the total volume of the vial. Then, 0.3 mL of
warm 85 % phosphoric acid was added to transform the carbonate forms into CO.. To ensure
gas equilibration, the vials were shaken and placed upside down for 1.5 h. Measurements were
performed by coupling an elemental analyzer (EA; Carlo Erba NC2500) to an Isotope Ratio
Mass Spectrometer (IRMS; Micromass Isoprime) equipped with a manual gas injection. We
injected 3 mL of headspace gas from the vial headspace. 8'3C-DIC was calibrated against a
laboratory standard (45 mg of Na,CO3 were dissolved in a sealed vial flushed with He gas, with
3 mL of warm 85 % phosphoric acid H3PO4). This standard had been calibrated against a
certified standard (NBS19, -1.96 %o) using a dual-inlet IRMS. The isotopic value of the standard
NaxCO3 was -4.5 = 0.2 %o. Finally, the equation of Miyajima et al. (1995) was applied to correct
for the isotopic fractionation of the CO; between the headspace and the water phase and to
calculate the 8'°C of the total DIC. The repeatability was approximately +0.1 %o between
samples. The stable isotopic composition of DIC (3'3C-DIC) varies over a large range in
terrestrial and coastal waters since carbon reservoirs that act as a source of DIC (soil,
groundwater, bedrocks and atmosphere) have distinct isotopic signatures (Yang et al. 1996).
The 3'3C of atmospheric CO: is about -7.5 %o, whereas carbonate rocks have a 8'*C of about 0
%0 (Mook et al. 1983). In a system where soil COz is primarily derived from decomposition of
plant organic matter, the CO; produced has a §'°C—CO> value close to the initial substrate (i.e.,
-30 to -24 %o int the case of C3 plants and -16 to -10 %o in the case of C4 plants). Aquatic

primary production, in contrast, tends to increase 8'*C-DIC and generate strong diel variations

10
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(Parker et al. 2005). Finally, gas exchange along subsurface waters generates an isotopic

equilibration with the atmosphere and makes the §!3C-DIC less negative.

2.3. Calculations and statistical analysis

Dissolved inorganic carbon (DIC) concentrations and species (bicarbonate HCO3™ and
carbonate CO3? ions) were calculated from the measured salinity, temperature, pCO> and TA
using the carbonic acid constants sets from by Mehrbach et al. (1973) as modified by Dickson
and Millero (1987), the borate acidity constant from Lee et al. (2010), the Kusos constant from
Dickson (1990) and the CO; solubility coefficient of Weiss (1974). The CO, System
Calculation program (version 2.1.) developed by Lewis and Wallace (1998) performed all
calculations.

Seasonal temperature (TpCOz) versus non-temperature (NpCO.) effects on measured water

pCO: during the eight tidal cycles were studied applying equations from Takahashi et al. (2002)

as follows:
TpC02 = pCOZmean X exp[0.0423(T0b5 - Tmean)] (1)

Where pCO2obs, Tobs, PCO2mean, Tmean are respectively the measured pCO., temperatures at each
time step and the annual mean pCO> and temperature calculated across the whole measured
dataset. TpCO:z> indicates the pCO; variations around the mean pCO: that would be expected
only from temperature fluctuations that occurred over the sampling period (2008-2009). NpCO»
represent pCO; variations due to biological activity or non-temperature effects (advection, tidal
pumping and benthic-pelagic coupling). The constant 0.0423 corresponds to the temperature
effect on pCO:z in isochemical conditions (qln pCO2/qT), i.e. +4.23 % °C-!.

Gas transfer velocities (keoo) and air-sea CO> fluxes for the eight tidal cycles were computed

each hour at high-tide day and night periods. Wind speed values normalized to a 10 meters

11
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height (U1o) values were computed from wind speed values measured at 9 meters high by the
Lege-Cap Ferret Meteo-France station (44°37.900°N 01°14.900W, 12.5 km far from the 24-H
site, Fig. 1) using the Amorocho and DeVries (1980) equation. Gas transfer velocities (k) were
estimated according to parameterizations of Wanninkhof et al. (1992), Raymond and Cole
(2001) and Abril et al. (2009), noted W92, RCO1 and A09, respectively. The W92 equation has
been proposed for oceanic water, whereas the RCO1 and A09 equations were developed for
estuarine waters. For the latter equation, hourly suspended particulate matter (SPM)
concentrations measured during every cycle (data not shown) and bottom water velocity
currents estimated with the hydrodynamic model from Ifremer (MARS3D, Lazure and Dumas,
2008) were used. Air-sea CO; fluxes were then calculated from k, water and air pCO> values.
The gas transfer coefficients normalized to a Schmidt number of 600 (keoo) estimated with the
three parameterizations were converted to the gas transfer velocity of CO (k) at in situ
temperature and salinity following the procedure of Jahne et al. (1987). Air-water CO- fluxes
were estimated using the formulation as followed:

Fcox=akApCO» 3)
where Fcoz is the vertical CO, exchange at the air-water interface, a is the CO: solubility
coefficient (Weiss 1974), k is the gas transfer velocity, and ApCOs is the gradient between water
pCO2 measured by the equilibrator and air pCO; set to a mean value of 390 ppm according to
simultaneous Eddy Covariance (EC) measurements done in the lagoon (44°42.9858°'N
01°08.6160°W, 1.829 km far from the 24-H site, Fig. 1) in 2008 and 2009 (Polsenaere et al.
2012a). For comparison, Ujo and air-sea CO; flux values obtained in July 2008 from
simultaneous EC measurements (Polsenaere et al. 2012a) and water carbon parameters (pCO-)
during the July 2008 cycle are also presented.

Data post-processing (graphs and statistics) was performed using the GraphPad Prism version

6.00 software (La Jolla California USA, www.graphpad.com). The Shapiro-Wilk test was used

12
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to test the normality of the data (p-value below 0.05). Due to non-normality of our data, Mann-
Whitney and Kruskal-Wallis (p-value below 0.05) were performed to detect significant
differences in carbon and associated parameters between tidal/diurnal cycles (seasons) and also
across diurnal and tidal rhythms (emersion around low tide during the day (LT/Day), emersion
at night (LT/Night), immersion around high tide during the day (HT/Day) and immersion at
night (HT/Night)) (emersion and immersion periods last during 4 and 8 hours twice per day in
the Arcachon lagoon). The Dunn’s post-hoc multiple comparisons’ test to Kruskal-Wallis was

chosen to detect significant differences among groups.

3. Results
3.1. Water pCO: and associated parameter temporal variations

3.1.1. At the seasonal time scale
In 2008/09 at our 2.5 meter deep (on average, hydrographic zero) subtidal creek in the Arcachon
lagoon, water temperatures averaged 17.7 + 4.2 °C over the years 2008 and 2009 and ranged
between 8.9 + 0.4 °C in January 2009 and 22.2 + 0.6 °C in July 2008 (Table 1, Fig. 2). Water
mean salinity value was 30.5 + 3.4 with a particularly low mean value measured in January
2009 (Table 1, 23.2 + 1.5, Fig. 3).
Bicarbonates (HCOj3"), carbonates (CO3*) and the sum of dissolved CO: and carbonic acid
H>COs concentrations (CO") represented respectively 91 to 95 %, 3 to 8 % and about 1 % of
the whole DIC (data not shown). TA values followed DIC patterns with a lowest mean value
of 1.646 £ 0.086 mmol kg™! in January 2009 and a highest mean value 2.255 + 0.021 mmol kg
Uin September 2008 (Fig. 3, Table 1). §'*C-DIC mean values were close to 0 %o and ranged
between -1.1 £ 1.1 %o in April 2008 (minimum values in winter/spring) and -0.2 £ 0.2 %o in
June 2009 (maximum values in summer/autumn). Particularly low negative values up to -3.7

%0 were measured in April 2008 (Table 1, Fig. 3). Over the whole studied period, global
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significant and positive TA, DIC and §'*C-DIC values versus salinity values were obtained
(TA=0.05143*S + 0.5079, R?: 0.88; DIC=0.03815*S + 0.7594, R?: 0.82; 5!*C-DIC=0.08697*S
- 3.284, R?: 0.15; p<0.0001, Fig. 4a, c, d). At each cycle (season) apparent 0 end-member TA
and in situ catchment TA values were computed from the Y-intercept of TA versus S cross-
correlations (Fig. 4a) and in situ TA measurements carried out at the same time over the
Arcachon lagoon watershed watercourses (Polsenaere et al. 2012b) calculated here as
discharge-weighted TA means, respectively (Fig. 4b). Apparent 0 end-member TA values were
generally higher than in sifu catchment values except during the end of summer and autumn
period (September and November 2008, Fig. 4b).

Water pCO; averaged 496 + 36 ppmv over the sampling years and were always oversaturated
whatever the season and period of the day and tide, with regards to the atmospheric equilibrium
of 390 ppmv (Figs. 2, 3, 5, Table 1). Mean values ranged from 461 + 14 ppmv in July 2008 to
530 £ 39 ppmv in September 2009 (minimum and maximum values in summer/autumn) with
in general (except between November and July 2008 and between April and September 2009)
only significant differences between seasons (Kruskal-Wallis test, p<0.05) though lower than
those observed at the diurnal/tidal scale (Table 1, Figs. 2, 3, 5).

Seasonal variations in in situ measured temperature, pCO> values and in temperature (TpCO-,
tpCO>) versus non-temperature (NpCO.) effects on pCO; are presented in Figure 2. During
2008, pCO; values showed weak seasonal variations increasing from April 2008 (474 + 14
ppmv) to September 2008 (515 + 36 ppmv) before decreasing towards November 2008 (463
ppmv). In 2009, pCO; increased from January to April (525 £ 14 ppmv) before decreasing
towards June (490 + 27 ppmv) and increasing again to September (530 £ 39 ppmv, Table 1,
Fig. 2) as in 2008. In 2008, NpCO. values showed larger seasonal variations first decreasing
from April to July (557 + 22 and 381 + 16 ppmv respectively), and then increasing towards

November (583 + 27 ppmv). To the contrary in 2009, a decrease was first observed from
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January (698 £ 16 ppmv) to June 2009 (417 + 24 ppmv) before increasing towards September
(463+ 37 ppmv). In 2008 and 2009 respectively, TpCO- followed exactly the opposite patterns.
Peak-to-peak seasonal amplitudes in in situ temperature and pCO> values were 9.9 °C and 52
ppmv in 2008 and 12.6 °C and 50 ppmv in 2009 (Fig. 2, Table 1).

3.1.2. At the diurnal/tidal time scales
Significant variations in inorganic carbon and associated parameters occurred at the
diurnal/tidal scales (Table 1, Figs. 2, 3, 5). Water heights ranged from 0.4 m (July 2008 and
June 2009) at low tide to 4.5 m (July 2008, January and June 2