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Abstract 

Seagrass meadows have long been recognized for their high ecological and 
economie value. More recently, a potential role in climate regulation due to their ability 
to fix and sequester carbon has been the focus of intensive study. In the Mediterranean 
Sea, the matte, a specifie structure constructed by the seagrass Posidonia oceanica is of 
particular interest because it keeps buried for thousands of years massive amounts of 
carbon. 
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In order to study construction process of the matte and to quantify the carbon 
stocks it sequesters, 12 cores (mean: 2.0 rn, maximum: 3.6 rn height) were taken at the 
Natura 2000 site of the Grand Herbier de la Côte Orientale in Corsica. Samples were 
taken at 10 to 40 rn water depth using a Kullenberg corer during the CARBONSINK 
oceanographie emise aboard RIV L'Europe (August 2018). 

The actual matte thickness was compared with HR seismic reflection data for 
calibration and to characterize the organic carbon content. The mean thickness of the 
matte was estimated to be 2.1 rn and 3 626 years BP old, yielding a mean accretion rate 
of 0.58 mm year·1

. However, the average accretion rate, based on steady matte growth, 
does not al ways correspond to reality and several interruptions of growth were observed 
within the matte structure. 

The matte constitutes a valuable biological archive contammg information 
regarding the evolution of both the terrestrial and the coastal Corsican ecosystems. 
Charcoal fragments or pollen grains are sorne examples of proxies stored in the matte 
that, in these cases, can provide information on fire episodes in Corsica or on long-term 
changes in the vegetation on the island, respectively. 

Introduction 

At the 21 51 meeting of the Conference of the Parties (COP 21), all participants 
adopted the Paris Agreement. This agreement stipulates in Article 5 that 'Parties should 
take action ta conserve and enhance, as appropriate, sinks and reservoirs of 
greenhouse gases' (UNFCCC, 2016). Furthermore, while previous conferences had 
focused on forest-based sinks (Kyoto Protocol), for the first time COP 21 noted 'the 
importance of ensuring the integrity of al! ecosystems, including oceans'. Major carbon 
sinks such as Peatlands, coastal vegetation and phytoplankton are therefore considered 
for the first time. 

Despite a very small surface area (less than 0.5% of the oceans), coastal 
vegetation (mangroves, saltmarshes, kelp forests, seagrasses) plays a major role in the 
fixation and sequestration ofBlue Carbon (Nellemann et al., 2009; McLeod et al., 2011; 
Fourqurean et al., 2012). 

Among the sixty species of seagrass, Posidonia oceanica (L.) Delile, a 
Mediterranean endemie species, appears to be the most effective in carbon storage; the 
P. oceanica meadow is the only ecosystem able to 'compete' with peatlands and 
mangroves because it builds a unique structure: the matte (Boudouresque et al., 1980; 
20 12). Made up of rhizomes and roots with sediment that fills the interstices, this small, 
putrescible structure can reach several meters in height, and the organic matter inside 
can persist for millennia (Mateo et al., 1997). 

Along the entire Corsican coastline, in the infralittoral zone, P. oceanica 
meadows cover an area of about 53 735 ha, or nearly 59% of the sea bottom; the lower 
limit regularly reaches more than 35 m depth. Along the east coast (Natura 2000 site 
Grand Herbier de la Côte Orientale), seagrass meadows have the largest surface area, 
with 20 425 ha that is to say 47% of the island's meadows. 
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Matte of the P. oceanica meadow shows a high variability in thickness, with a 
mean value, for the Natura 2000 site, estimated at about 2 rn (previous data from 
seisrnic investigation, Monnier et al., 2017; Pergent et al., 20 19). The thickness of the 
matte also seems to be greater along the coast, when the slope is slight; maximum 
thickness (up to 8 rn) is recorded at the mouth of the main coastal rivers (Monnier et al., 
2017; Pergent et al., 20 19). 

The calibration of these acoustic data (thickness of the matte) was mainly 
performed on the matte walls (intermatte), visible in the acoustic profiles, but 
continuous measurement in the meadows is indispensable to complete this work 
(identification of the base of the matte within the meadow). In addition, assessment of 
the amounts of carbon sequestered within this structure, its accumulation dynamic, the 
identification of events likely to have disrupted the carbon sequestration, require 
recourse to sampling throughout its entire thickness. 

The aim of this work is thus to take sample matte cores at different depths within 
the P. oceanica meadow of the Natura 2000 site in order (i) to better characterise this 
structure (thickness, biogeochemical composition), and (ii) to determine its spatio
temporal dynamic (rate of growth, occurrence of specifie events). 

Material and Methods 

Sampling 

The coring was carried out using a Kullenberg type gravity corer during the 
CARBONSINK oceanographie survey in August 2018 on board the vessel L'Europe 
(Ifremer). The matte samples were collected along three transects (Biguglia, Tavema 
and Urbino) at four depths (10 rn, 20 rn, 30 rn and 40 rn) (Fig. 1). In the course of this 
operation, 12 matte cores are studied and the base is regularly reached, offering the 
means to complete the calibration of the seismic reflection data carried out in the matte 
walls. The cores were sub-sampled in 1 cm thick slices every 5 cm and the samples 
were stored at 1 to 5 oc before analysis in the laboratory. 

In parallel, samples of the water colurnn (9 1) were taken at all the stations using 
a Niskin bottle, then filtered (Whatman® 47 mm GF/C filters, pre-burned at 450°C 1 4 
h). Samples of marine plants (marine Magnoliophyta and Macrophyta) were also 
collected for isotopie analyses. 

Analysis of samples and radiocarbon dating 

In the laboratory, samples of sediment were dried in the oven (70°C 1 48 h) to 
determine the dry density of the sediment (pd) and the porosity ( <p) (Howard et al., 
2014). The flask contents were filtered (mesh: 2 mm) and separated into two fractions: 
the fine fraction ( < 2 mm) and the coarse fraction (> 2 mm). The fine fraction is 
composed of the sediment organic and inorganic matter (SOM). The coarse fraction is 
constituted of three categories: (i) the organic coarse fraction (COM, fragments of P. 
oceanica), (ii) the coarse mineral fraction (gravel), and (iii) the coarse carbonate 
fraction (%CaC03 > 2 mm; shells and biogenic debris). The COM was then ground, 
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homogenised and then mixed with the fine fraction. The total organic matter content 
(TOM) corresponds to the sum of the SOM(< 2 mm) and the COM (> 2 mm). 

The samples for 14C dating were analysed by Accelerator Mass Spectrometry in 
the DirectAMS laboratory (Accium Biosciences, Seattle, W A, USA). The results of the 
dating are given in years BP. Before analysis, the samples were given a physical
chemical treatment Acide-Base-Acide (ABA; Brock et al., 2010). The debris was 
cleaned in baths of MilliQ water, then placed in baths of hydrochloric acid (HCl lM, 
80°C, 30 min) and soda (NaOH 0.2M, 80°C 1 30 min) in order to eliminate the 
carbonates, the fulvie and humic acids and the atmospheric C02. 

The elemental analyses (%Corg) and isotopie analyses (813C) and the 
measurement of the total content in organic matter (%TOM) and calcium carbonate 
(%CaC03, < 2 mm) were carried out after grinding (0.5 mm mesh) of the fine fraction 
(< 2 mm) and the coarse organic fraction (COM, > 2 mm) . Determination of the total 
organic matter content (%TOM) and calcium carbonate content (%CaC03 < 2 mm) is 
based on the Joss on ignition (Heiri et al. , 2001 ). The matter after ignition is compared 
to reference samples. 

After removal of carbonates of the sediment, marine plants and filters, the 
elemental analyses (%C) and isotopie analyses (8 13C) were performed with a Flash 2000 
(Thermo Scientific) elemental analyser coup led with an isotope-ratio mass spectrometer 
(Delta V Plus with a Conflo IV interface, Thermo Scientific) by the Isotopie 
Spectrometry platform (UMR CNRS LIENSs 7266, Université de La Rochelle). 

Sea of Sa.rdinia 

200 

Fig. 1: Location of sampling sites on the east Coast of Corsica. The oceanographie 
vesse! L'Europe and the gravity corer of the CARBONSINK cruise. 
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Results 

Radiocarbon dating and accretion rates 

The 14C dating enabled estimation of the age of 23 matte samples from 12 cores 
of a length ( depth of sediment) ranging from 105 to 365 cm. The values obtained were 
within the range 386 to 8 488 years BP. The oldest value was recorded at the Urbino(-
20 rn) station with a depth of sediment of 191 cm. The results show a regular increase of 
the age with the depth of the sediment within the same core (Fig. 2a, 2b and 2c). 
However, wide variability was observed between the different cores sampled at the 
same station. 

For the whole of the study site, the age of the samples is explained by their depth 
in the matte (R2 = 0.481; Fig. 3) and presents a significant correlation with this factor 
(Kruskal-Wallis test, p-value < 0.0001). The mean age at one metre depth is estimated 
at 1 489 years BP, or a mean rate of accretion of 0.067 cm.year-1 (Fig. 3). Nevertheless, 
the mean accretion rate, based on regular growth of the matte, does not always 
correspond to the reality since several cores present interruptions in the growth process 
( e.g. layers of silt and clay, Fig. 2d). 

This accretion varies in function of the bathymetry (Kruskal-Wallis test; p-value 
= 0.025). Thus, for stations at -10 rn, the mean age at one metre depth is estimated at 
711 years BP, or an accretion rate of 0.141 cm.year-\ whereas at -20 rn, the mean age at 
one metre depth is estimated at 2 375 years BP, or an accretion rate of 0.042 cm.year-1 

(Fig. 3). 

(a) (b) 
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1257 years BP 

151 cm 
1476 years. BP 

157 cm. 
1642 years BP 

21Scm 

* 263 cm 
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(c) 

92cm 
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*264cm 
8488 years BP 

275cm 

(d) 

*191 cm 
386 years BP 

356 c:m 
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!»':,::.~ Coarse sand and grave! 
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Fig. 2: Chro,nostratigraphic profiles of sediment cores collected in the P. ocean ica 
meadow (a) Biguglia (-10 rn); (b, c and d) Urbino (-20 rn). 
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Fig. 3: Cores radiocarbon dating within the study site. 

MEDCOAST 19 

300 350 

The accretion would also appear to be significantly influenced by the study site 
(Tukey HSD test; p-value = 0.025). In the northem part of the site (Biguglia), the mean 
age at one metre depth is estimated at 2 002 years BP, or an accretion rate of 0.049 
cm. year-1, whereas in the south (Urbino), the mean age at one metre depth is estimated 
at 1 135 years BP, or an accretion rate of0.088 cm.year-1. 

Furthermore, severa! fragments of charcoal have been found in the cores; the 
dating of the fragments in two different cores from the Urbino (-20 rn) station give 
similar ages, 8 232 and 8 315 years BP, whereas the fragments found in a core at 
Tavema (-20 rn) are a little more recent, 7 739 years BP. 

Sedimentological features of the Posidonia oceanica soit 

The biogeochemical composition varies in function of the depth of the sarnple 
within the matte and the bathymetry at the station (Kruskal-Wallis test; p-value < 
0.0001). The results grouped on the basis of the bathymetry offer a basis for 
determining the changes in the biogeochemical composition according to the thickness 
of the sediment. 

The coarse organic fraction (%COM), mainly cons1stmg of fragments of 
P. oceanica, decreases with the bathymetry (from 1.5 ± 2.2% at -10 rn to 0.3 ± 0.9% at 
-40 rn), but above all according to the depth within the matte (Table 1). For all the 
sarnples where the matte is present, the mean total organic matter content (% TOM) is 
also correlated with the depth and is relatively similar for the three stations (9.3 ± 2.1 % 
at Biguglia, 9.5 ± 2.4% at Tavema to 7.0 ± 2.2% at Urbino; Table 1). 

The fine fraction, composed of Corg and Cmorg, presents lower values at the 
shallow stations (76.8 ± 19.6% at -10 rn and 82.2 ± 11.0% at -20 rn) compared to the 
deep stations (91.3 ± 9.0 % and 91.1 ± 5.9 %at -30 and -40 rn). The coarse carbonated 
fraction (%CaC03 > 2 mm), smaller at shallow stations (3.5 ± 3.3% at -10 rn and 5.9 ± 
3.3% at -20 rn) than at deep stations (7.2 ± 6.5% at -30 rn and 8.1 ± 5.8% at -40 rn), is 
more often represented towards the base of the cores. 
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Table 1: Pearson Correlation Coefficients between the variables studied in the cores 
and the abiotic pararneters (bathymetry and depth of sarnples in the matte). 
The density and the content of gravel, carbonates, TOM, COM and SOM 
have been measured as percentages (%). Level of significance: * p-value ::; 
0.05, ** p-value::; 0.01, *** p-value::; 0.001; NS , p-value 2:0.05. 

Bathymetry Depth Density Grave! SOM COM TOM Corg 
caca, caca, 

cinorg <2mm >2mm 
Bathymetry -0.395 0.206 -0.091 0.069 -0.164 0.024 0.051 0.480 0.098 0.380 
Depth *** 0.007 0.326 -0.325 -0.209 -0.380 -0.185 0.056 0.223 0.114 
Density ** NS -0.133 -0.034 -0.006 -0.035 0.326 0.344 0.265 0.337 
Gravel NS *** * -0.830 -0.094 -0.849 -0.209 -0.007 0.102 0.029 
SOM NS *** NS -0.106 0.963 -0.074 -0.361 -0.572 -0.452 
COM * NS NS NS NS 0.167 0.672 -0.128 -0.161 -0.146 
TOM NS *** NS *** *** * 0.110 -0.393 -0.611 -0.488 

Cora NS * *** ** NS *** NS 0.319 0.116 0.269 
caca, < 2 mm *** NS *** NS *** * *** *** 0.760 0.976 
CaC03 > 2 mm NS * *** NS *** * *** NS ... 0.882 
c *** NS *** NS *** * *** *** *** *** 

The coarse mineral fraction shows high values at the shallow stations (18.2 ± 
20.5% at -10 rn and 10.6 ± 12.3% at -20 rn) to only represent 0.5 ± 0.5% at -30 rn and 
0.9 ± 3.4 % at -40 m. At the shallow stations, this fraction is present from 90 cm and 
increases regularly down to the base, and is negatively correlated with the density of the 
sediment (Table 1). 

The mean values of the stable isotopie signature of the carbon (8 13C) recorded 
on the sarnples are estimated at -11 .9 ± 2.0 %o for P. oceanica, -21 .5 ± 6.5 %o for the 
macrophyta and -23.0 ± 0.9 %o for the organic matter of the filters. The stable isotopie 
signature of the carbon 813C of sediment sarnples varies considerably according to the 
sites and the depths of the sarnpling. In general, the values are close to the isotopie 
signature of P. ocean ica in the sarnples collected in the first metre of depth of the cores, 
then increase with depth in the core and the sedimentary composition of the sarnples. 

Discussion 

The formation of matte in P. ocean ica is mainly due to the vertical growth of the 
orthotropic rhizomes that enable it to avoid becoming buried (sediment deposits) ; 
Boudouresque et al., 1984). In this study, the rate of accretion over one metre of 
thickness is estimated at on average 0.067 cm.year-1

, which is comparable to the values 
in the literature for the Mediterranean (Serrano et al., 2012 and references therein). 
N evertheless, the matte results from the accretion of material of different origins 
(sediment and plant debris) and processes of decomposition and erosion related to 
different factors (Mateo et al. , 1997). The rate of accretion thus integrates mainly the 
vertical growth rate of P. oceanica but also all the phenomena of interruptions (erosion) 
and alterations in the growth of the rhizomes. 

The wide variability of the accretion rates suggests the existence of spatio
temporal phenomena which are superimposed on the regular increase in vertical growth 
of the matte. These factors of biotic (e.g. dynarnics of the meadow) and abiotic (e.g. 
irregular inputs of sediment deposits, hydrodynamic forces) origin present a different 
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amplitude over the whole of the study site. Better knowledge of these phenomena 
(identification, scale) is indispensable in order to better understand the dynamics of the 
construction of the matte (Serrano et al., 2012). 

The differences recorded in the rate of accretion of the matte might be explained 
by variations in the input of coastal sediment ( e.g. influence of watershed) or the 
patterns of the currents occurring along the coastline. On the east coast of Corsica, the 
south-easterly incidence of the swell entails a coastal drift and the transport of sediment 
towards the north (Stépanian et al., 2010). However, the discontinuity of the coastline 
(river mouths, underwater deltas) may, in certain cases, reverse the sedimentary transit 
(Stépanian et al., 2010) and explain why the mean accretion rate is higher in the south 
(Urbino: 0.088 cm.year"1

) than in the north (Biguglia: 0.049 cm.year-1
). In addition, the 

thickness of the matte recorded by seismic reflection indicates a higher accretion rate at 
the mouth of coastal rivers and coastallagoon channels (grau) where the sediment input 
into the sea is greater (Monnier et al., 20 17). 

The results of the 14C dating evidence wide variations in the growth rate of the 
matte within the same station (Urbino) with the same bathymetry (-20 rn; Fig. 2b et 2c). 
Thus, for the 215 cm core, the value recorded at 82 cm depth corresponds to 1 257 years 
BP (Fig. 2b), whereas for the 275 cm core, the value recorded at 92 cm corresponds to 
4 688 years BP (Fig. 2c). A fortiori, cores sampled at two different stations (Biguglia 
and Urbino) and at two bathymetry (-10 and -20 rn) can reflect a very wide variability 
(3 917 years BP at 263 cm and 8 488 years BP at 264 cm; Fig. 2a and 2c). 

The work of Boudouresque et al. (1980) shows that the bathymetrie rise of the 
lower limit of the P. oceanica meadows in the Mediterranean be gan after the last rise in 
sea level (Holocene epoch, 8 000-9 000 years BP; Aloisi et al., 1978). These results 
seem to be consistent with the oldest matte sample taken at the Urbino -20 rn station at 
264 cm depth and dated 8 488 years BP. The reconstruction of the sea lev el in Cors ica 
undertaken by Vacchi et al. (2016) and based on the radio-dating of 16 samples (marine 
sediments and beach-rock) places the sea level at 14 rn beneath the actual mean sea 
level at that epoch (8 500 years BP). The development of a P. oceanica meadow along 
the eastern coast of Cors ica during the rise in sea lev el in the Holocene, at 34 rn depth, 
is quite compatible with the biology of the species. 

The presence of charcoal in the cores may correspond to major fires affecting the 
eastern watershed of Corsica (a densely wooded region) and to their transportation by 
the coastal ri vers and trapping within the seagrass meadow. The results would appear to 
indicate a period between 8 315 and 7 739 years BP, which is well before the 
development of agriculture (and the deforestation that accompanied it), which 
corresponds to a period between 3 500 and 2 500 BP (Médail et al., 2017; Poher, 20 17). 
A finer ana1ysis of the sediment samples of our cores, corresponding to the same period, 
might provide further information (grains of pollen, inputs of fine sediment washed 
down from the soil). 

The preliminary sedimentary description of the cores evidences a composition 
consisting for the most part of debris of P. oceanica mixed with fine to coarse sand 
(Fig. 2), characteristic of the matte (Jeudy de Grissac and Boudouresque, 1985). The 
higher coarse mineral fraction (% gravel) in the shallow stations (14.4 ± 5.4 % on 
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average) compared to the deep stations (0.7 ± 0.3 % on average) shows that there is 
indeed a relation between the size of the sediment in the matte and the bathymetry, 
consistently with the hypothesis of Serrano et al. (2014), and confirms the role played 
by the P. oceanica meadows in the trapping of sediments found in the water colurnn 
(Jeudy de Grissac and Boudouresque, 1985). 

The coarse carbonate fraction (%CaC03 > 2 mm) is high on a coast where the 
watershed does not exhibit limestone sedimentary rocks (between 3.5 ± 3.3 % and 8.1 ± , 
5.8% according to depth). These results confirm the role of the P. oceanica meadows in 
the production of carbonate biogenic sediments in the Mediterranean (390 to 1147 g 
CaC03 m·2 year·1 in Canals and Ballesteros, 1997). Furthermore, apart from the 
meadow itself, this input also influences the composition of sediments at the circalittoral 
lev el where the high CaC03 content might result (i) from the transport seawards of this 
biogenic sediment by currents or (ii) from a relie deposit corresponding to the 
production of a former P. oceanica meadow present before the rise in sea level in the 
Pleistocene and the Holocene (De Falco et al., 2011; Marengo, 2011). 

The results of the isotopie analyses reveal wide variations in function of the 
depth of the samples (Fig. 4a). The increase in the isotopie signature of the carbon from 
-12.0 %o towards 0 %o (with a maximum reached at about 5.0 %o) with the depth of the 
core should be related to the increase in the content in carbonates, the isotopie values of 
which are higher (HC03: 1.0 ± 1.0 %o ; C03 : 0.0 ± 4.0 %o in Stuiver and Polach, 1977). 
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Fig. 4: Stable carbon isotopie signatures (813C in %o) of cores according to the depth 
(a) Biguglia at -10 rn; (b) Urbino at -20 m. Legend: see Fig. 2. 
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The analysis of the isotopie signal of the sediment also evidences environmental 
variations such as the input of allochthonous organic matter. A stratigraphie change of 
30 cm thickness was evidenced in the matte on the Urbino -20m core (mouth of the 
River Tavignano). The isotopie signal o13C of this layer, close to -20.0 %o (Fig. 4b), 
reveals the terrigenous origin of these sediments. The 14C dating performed be fore and 
after this clayey layer, is evidence of a major extreme event which would have occurred 
between the calendar years 725 and 13 51 corresponding to the Medieval W arm Period 
(MWP), and which might correspond to a major spate or an alteration of the mouth of 
the Tavignano. 

Conclusion 

The sedimentary and chronostratographic analyses performed on the matte of 
Posidonia oceanica meadows in the course of this study have shown the existence of 
wide spatio-temporal variability in the biogeochemical composition and the accretion 
rate of the matte. The information provided by this structure highlights its role as an 
ecological 'paleo-archive' and evidences the influence of environmental parameters and 
conditions on its development. In order to refine these results, a detailed study of the 
granulometry and other parameters (pollen, charcoal) should be envisaged to determine 
with precision the patterns of evolution of the meadow and its environment over the 
course of the past millennia. 
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