
Investigating the potential of Cymodocea nodosa (Ucria) Ascherson as a 
coastal carbon sink coupling marine habitat cartographies and in situ non-

destructive sampling
Arnaud Abadie*1,2, Jonathan Richir*3,1, Riccardo Pieraccini4, Branko Velimirov5, Michèle Leduc2, Gilles Lepoint 1, Sylvie Gobert1

* First co-authors
1 Laboratory of Oceanology, MARE Centre, University of Liege, B6C, 4000 Liege, Sart Tilman, Belgium

2 STARESO SAS, Pointe Revellata, BP 33, F-20260 Calvi, France
3 Numerical Ecology of Aquatic Systems, Complexys Institute, University of Mons, Pentagone 3D08, 6, Avenue du Champ de Mars, 7000 Mons, Belgium

4 DISTAV, University of Genova, Corso Europa 26, 16132 Genova, Italy
5 Medical University of Vienna, Center for Pathobiochemistry and Genetics, Währingerstr.10, 1090 Vienna, Austria

Framework
CONTEXT: Seagrass meadows are major carbon sinks, a main focus being made on 
climax species like Posidonia oceanica (L.) Delile while other species remained little 
studied.

AIM: To investigate the carbon stocking capacity of Cymodocea nodosa (Ucria) Ascherson
leaves (Fig. 1a) a pioneer species with a rapid turnover and an expected high carbon 
stocking capacity.

APPROACH:
• Estimation of the area covered by C. nodosa by mapping marine habitats.
• Sampling its leaves with non-destructive method for biometry as well as carbon and 

nitrogen analysis.

STUDY SITE: Calvi Bay (Fig. 1b), Corsica Island (Mediterranean Sea, France).

Methods

Figure	1:	a)	C.	nodosa	meadow	in	Corsica	(France)	(photo:	A.	Abadie);	b)	Location	of	the	study	site.	
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MAPPING
Georeferenced data obtained with 

high resolution side scan sonar
images (Fig. 2), aerial ortho-
photographs, bathymetry and 
ground truths by scuba diving.

Cartographies of marine habitats 
are produced via Computer-aided 
design (CAD). The map raster is 
then vectorised and computed 

through a Geographical 
Information System (GIS) to 

calculate the area covered by C. 
nodosa.

LEAF SAMPLING, BIOMETRY AND ELEMENTAL CONTENTS
Shoot density and non-destructive sampling (de los Santos et al. 2016, Fig. 3a) were measured in Winter 

and Summer 2015 by cutting leaves (Fig. 3b-c) at several depths (5, 11, 15 and 23 m) at different locations 
within the bay (Calvi Beach, Alga Bay and Oscelluccia Bay). Leaf length and epiphyte biomass are 

measured in laboratory. Carbon and nitrogen contents are measured with an elemental analyser (Fig. 3d).
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Figure	2:	Side	scan	sonar	image	of	a	C.	nodosameadow	in	Calvi	Bay.
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2.5. Epiphyte biomasses and production

The leaves of 10 orthotropic shoots, sampled on a monthly or
seasonal basis, were scraped to remove all the epiphytes. Epiphytes
were then dried and weighted in order to determine their bio-
masses (Dauby and Poulicek, 1995). Epiphyte production was esti-
mated by 14C-labelled NaHCO3 experiments carried out by scuba
diving, using bell jars at 10, 20 and 30 m depth. The day before each
experiment the frame of the jar, which consisted of a short poly-
propylene tube with serrated metal cutting edges, was driven into
the rhizome/sediment bottom, enclosing three to five P. oceanica
shoots. A control set up was installed within a radius of 2 m from
the experimental jar (Annex 4).

2.6. Benthic macroalgae

Biomass determinations were obtained by sampling all algae in
20 ! 20 cm quadrats using a suction device. Quadrats were placed

on representative sites between 0.5 m and 25 m depth. Data on
primary production were obtained using an automated respirom-
eter (STEP, 1994; Annex 5).

3. Results

3.1. Cartography, water volumes and habitat surfaces of the Bay of
Calvi

The dominant macrophyte in the Bay of Calvi (Fig. 1) was
P. oceanica (with its epiphytes), which covered 18% of the bay and
37% of the area between 0 and 38.1 m depth. In that bay, this sea-
grass was organized in four large meadows interconnected by
smaller patches. The whole P. oceanica bed covered 4.954 km2 and
its maximum coverage took place between 21 and 30m depth, with
a surface of 2.024 km2 (Table 1), while the 11e20 m depth zone
showed an extension of 1.704 km2. As expected, the lowest surface
coverage was observed between 31 and 38.1 m, with a surface of

Fig. 1. Cartography of marine habitats in the bay of Calvi (Corsica; Abadie, 2012). Surfaces covered by each type of habitat in the four studied depth ranges between 0 and 38.1 m
depth are detailed in Table 1.

Table 1
Habitat surfaces and volumes of the water column over 4 depth ranges between 0 and 38.1 m depth in the bay of Calvi (Corsica).

Habitats Depth range

0e10 m 11e20 m 21e30 m 31e38.1 m Total

Surface (m2) % Surface (m2) % Surface (m2) % Surface (m2) % Surface (km2)

Macroalgae on rocks 761,312 19.77 184,725 5.50 90,264 2.71 362 0.01 1.037
P. oceanica meadow 795,618 20.66 1,704,122 51.64 2,024,284 60.67 430,870 15.36 4.955
C. nodosa meadow 57,210 1.49 427,774 12.96 13,459 0.40 0 0.00 0.498
Soft sediments bottom 2,171,407 56.34 938,803 28.45 1,011,804 30.32 2,187,787 77.99 6.308
Dead mattes of P. oceanica 387 0.01 42,157 1.28 72,566 2.18 33,746 1.20 0.149
Others 66,985 1.74 2313 0.07 123,898 3.71 151,998 5.42 0.345

Water column Volume (m3) % Volume (m3) % Volume (m3) % Volume (m3) % Volume (km3)

Above depth range 203,256,664 34.1 169,264,105 28.4 136,749,890 22.9 86,638,056 14.5 0.596
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Marine	habitats Morphological	features

Figure	3:	a)	Measure	of	the	shoot	density;	b)	and	c)	C.	nodosa leaf	cutting	at	20	m	depth	(photos:	M.	Leduc);	d)	Elemental	
analyzer	for	the	measure	of	carbon	and	nitrogen	contents	(photos:	R.	Pieraccini).
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TEMPORAL AND SPATIAL VARIATION OF CYMODOCEA NODOSA IN THE CALVI BAY; FIRST APPROACH 

Dried leaves were finally mineralized in Teflon bombs using a closed microwave digestion 
lab station (Ethos D, Milestone Inc.). One digestion procedures were performed: a nitric acid 
mineralization (HNO3/H2O2). Acids and hydrogen peroxide (suprapure grade) were 
purchased from Merck.  

For this reason the system have few sensor systems that they have been developed to 
monitor the pressure and temperature reaction parameters as well as to allow the microwave 
power, in this case it be choose this operation schedule: 
1. 5 minutes, 300 W, 120 °C 
2. 5 minutes, 500 W, 160 °C 
3. 5 minutes, 650 W, 190 °C 
4. 10 minutes, 550 W, 220°C 
The sampler were weighed (~ 0.2 g of samples) and introduced in the PEEK Bombs with the 
reagents: 
x 5ml of Milli-Q water   
x 2ml of Nitric Acid 65% 
x 1ml of Hydrogen Peroxide 30% 
When the preparation of mixture is ready it can begin with the microwaves digestion. 
Moreover the bombs it could be stocked for 20 minutes in the fridge-room, successively it’s 
possible to move the compost from the bomb to a plastic tube of 50ml, washing the bomb 
and make up to the make with Milli-Q water. 
Immediately prior to analysis, it be proceed to take a share of 1 ml of the samples and it 
moved in analysis tube of 10 ml, with the samples is mixed 9ml of Internal Standard (HNO3 
0.5%, Rh 1.2 ppm, Re 8 ppm, Ga 8 ppm). 
 
 
Stable Isotopes Analysis (SIA)  

 
The dry samples were grinded with the 
support of a Mixer Mill for make a 
homogeneous dust consequently it be 
possible to start to weight the samples 
and making the batch. 
Stable Isotopes Analysis (SIA) 
required some blank samples and 
standard for improve our analysis. 
Therefore our badge was created in 
this way: 

x 2 blank, for correct the error 
derivate from the burn of the tin 
boats,  
x 3 replicas of glycine (~1.5mg) 

a b
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Figure	4:	Map	of	marine	habitats	in	Calvi	Bay	(Corsica,	France).	C.	nodosameadows	correspond	to	blue	
polygons.	Red	circles	show	the	sampling	sites.	Modified	from	Velimirov et	al. (2016).

In Calvi Bay, C. nodosa meadows cover an area of 0.498 km2 (Fig. 4). This value seems 
underestimated due to the difficulty to identify on side scan sonar images sparse meadows 

settled on sand.

SITE
Depth 

(m) Leaf density (leaf.m-2) Leaf biomass (gDW.m-2)
Epiphyte biomass 
(gDW.shoot-1.m-2)

Winter Summer Winter Summer Winter Summer
Alga 5 346 (± 75) 438 (± 163) 5,8 (± 1,3) 43,58 (± 22,4) 1,594 22,096

Oscelluccia 11 258 (± 85) 374 (± 57) 5,2 (± 1,7) 29,391 (± 11,9) 2,199 11,47
Calvi Beach 11 120 (± 42) 92 (± 43) 2,5 (± 0,9) 5,77 (± 2,6) 2,082 4,32
Calvi Beach 15 - 120 (± 61) - 10,07 (± 5,8) - 13,856
Calvi Beach 20 220 (± 163) 146 (± 111) 2,6 (± 1,9) 7,70 (± 3,1) 6,765 42,197
Calvi Beach 23 - 142 (± 41) - 8,24 (± 2,6) - 16,575

Table 1: Mean (± SD) shoot density, leaf and epiphyte dry biomass of C. nodosa at all sites in Winter and Summer 
2015. Modified from Pieraccini (2016).

C. nodosa shows the strongest seasonal variations at the lowest depths (Tab. 1) in Alga and Oscelluccia. 
The quantity of carbon and nitrogen stored in its leaves decreases with depth (Fig.5) with a maximum 

storage at 5 m depth.  

Carbon	and	nitrogen	stocks

C.	nodosa roles	
Depth range Area (m2) C Winter (kg) N Winter (kg) C Summer (kg) N Summer (kg)

0 - 10 m 57 210 40,1 2,2 969,9 39,9
11 - 20 m 427 774 212,6 11,5 1 701,5 81,8
21 - 30 m 13 459 2,6 0,2 43,6 2,4

Total 49 8443 255,3 13,9 2 715,0 124,2

Table 2: Area covered by C. nodosa in Calvi Bay and the amount of carbon (C) and nitrogen (N) 
contained in its leaves in Winter and Summer according to the bathymetrical range.

Figure 5: Mean carbon and nitrogen content of C. nodosa leaves at different depths in Winter (blue) and Summer 
(green).

The intermediate depth range (11-20 m) stores more than 60 % of the total carbon stored 
by C. nodosa in Summer and more than 80 % in Winter (Tab. 2). The greater storage 
capacity of this bathymetrical zone can be explained by its lower exposure to water 

movement, however with enough light to sustain the plant growth. The nitrogen storage 
capacity follows the same pattern, with a low lower amount of nitrogen stored in C. nodosa 

leaf biomass in Winter when leaves are exported to other marine systems by storms.

IN CALVI BAY
When compared with P. oceanica meadows and the 900 tons of carbon stored in their leaves in Summer 
(Velimirov et al. 2016), the capacity of C. nodosa meadows to be a major carbon sink appears negligible. 
However, their capacity to act through the export of their leaves as a source of nitrogen in Winter for other 

nearby systems must cannot be denied.

AROUND CORSICA
C. nodosa meadow shoot densities in Calvi Bay are very low compared to other Corsican areas like Urbinu 
lagoon where a carbon storage capacity of 843.7 gC m−2 per year was reported at 1 m depth (Agostini et al.
2003). Moreover, the surface they cover in lagoons and coastal areas appears to be largely underestimated 

according to the last mapping campaign made around Corsica in 2015.
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