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A B S T R A C T   

Seagrasses provide multiple ‘ecosystem services’ in coastal waters, including carbon sequestration. However, this 
‘Blue Carbon’ potential has been only evaluated for certain species from some areas of the world. In this study, 
we provide initial estimates on the magnitude and local variability of carbon sequestration, as organic carbon 
stocks, for seagrass meadows of Cymodocea nodosa (Ucria) Ascherson in the oceanic island of Gran Canaria 
(Canary Islands, Spain, central-eastern Atlantic). Six seagrass meadows were selected; at each meadow, cores 
inserted up to 30 cm in the seabed were collected in the ‘interior’, ‘edge’ and ‘unvegetated’ bottoms immediately 
adjacent to seagrass patches. We estimated organic carbon (Corg) pools by means of the Loss of Ignition (LOI) 
procedure. Overall, larger Corg pools were observed in the ‘interior’ and ’edges’ of meadow patches than in 
adjacent ‘unvegetated’ bottoms. At the meadow-level, Corg pools were not predicted neither by the meadow area, 
nor by the mean shoot density, or sediment grain fractions. Overall, the total estimated stock was 86.20 � 19.06 
Mg C ha� 1. By considering the total potential extension of seagrass meadows across the entire island perimeter, 
we estimated a total stock of 60.34 Gg of C, for a mean estimated financial value of 919,432.249 € (1313.47 € 
ha� 1), which ranges between 351,631.35 € (502.33 € ha� 1) and 1,498,954.45 € (2141.36 € ha� 1), according to 
varying market prices in the last 5 years. This work highlights, therefore, the importance of meadows under-
pinned by C. nodosa not only at an ecological, but also at an economic level, in particular from the perspective of 
regional climate change adaptation strategies.   

1. Introduction 

There is growing interest in assessing how marine habitats absorb the 
excess of released atmospheric CO2, particularly in the context of the 
worldwide trade of carbon emissions (Herr et al., 2012; Lavery et al., 
2013; Howard et al., 2014; Himes-Cornell et al., 2018). Despite initial 
research efforts concentrated on terrestrial habitats (Smith, 1981), 
coastal habitats play a key role in this sense, in particular seagrass 
meadows (Lavery et al., 2013). In turn, habitats underpinned by sea-
grasses worldwide provide a multitude of ‘ecosystem services’ in coastal 
waters (Hemminga and Duarte, 2000), including carbon sequestration 
(so-called ‘Blue Carbon’, in conjunction with mangroves and salt 
marshes) in the soils they inhabit (Mcleod et al., 2011; R€ohr et al., 2018). 
Contrary to terrestrial habitats, carbon pools sequestered in the 
below-ground compartments of seagrass meadows can remain accu-
mulated through centuries to millennia in the particular case of persis-
tent seagrass species (Duarte et al., 2005; Lo Iacono et al., 2008). 
Seagrasses absorb ca. 10% of the total carbon emissions annually 

released, despite seagrass meadows only cover a 0.2% of the marine 
realm (Fourqurean et al., 2012a; Duarte et al., 2013). Globally, it has 
been estimated that living (above-ground) seagrass compartments 
accumulate an average of 2.51 � 0.49 Mg C ha� 1, while carbon pools 
sequestered in the soils add up to 194.2 � 20.2 Mg C ha� 1 (Fourqurean 
et al., 2012a). If seagrass meadows occupy between 300.000 and 600.00 
km2, the total pool of organic carbon would oscillate between 4.2 and 
8.4 Pg within the first meter of the seabed (Lavery et al., 2013). 

Three general types of seagrasses can be differentiated according to 
their life cycles: ‘colonizing’, ‘opportunistic’ and ‘persistent’ species 
(Kilminster et al., 2015). Most estimations of carbon stocks, however, 
have majorly focused on ‘persistent’ species, such as the iconic genus 
Posidonia in certain areas of the world, e.g. the Mediterranean and 
nearshore Australian waters, and the genus Zostera across European and 
American coastal areas (R€ohr et al., 2018). The potential contribution of 
a range of species, from different areas of the world, remains unknown, 
which considerably limit our global estimates of carbon stocks (Lavery 
et al., 2013). In addition, meadow configuration and distance to seagrass 
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edges at local scales notoriously can influence carbon stocks (Oreska 
et al., 2017; Ricart et al., 2017). 

The seagrass Cymodocea nodosa (Ucria) Ascherson 1870 is distrib-
uted across the entire Mediterranean Sea and the adjacent Atlantic 
coasts, including the oceanic archipelagos of Madeira and the Canary 
Islands, all the way down to Senegal in the Western African coasts 
(Luque and Templado, 2004; Tuya et al., 2019). In the Canary Islands, 
meadows created by this seagrass have a different genetic structure, 
ecological functioning and resilience relative to Mediterranean pop-
ulations (Tuya et al., 2019). Meadows created by C. nodosa are majorly 
distributed in the leeward coasts of the easternmost and central islands 
of this archipelago, typically between 5 and 25 m depth, despite the 
ideal depth range is between 10 and 20 m (Reyes et al., 1995; Barber�a 
et al., 2005). These meadows are very patchy and dynamic, creating an 
underwater landscape of patches of varying dimensions and configura-
tions. Recently, C. nodosa from the Canaries was included in the Spanish 
National Catalogue of Protected Species under a ‘Vulnerable’ category 
and several populations of the species are also protected by the EU 
Nature 2000 network (within ‘Special Areas of Conservation’). Species 
of the genus Cymodocea are considered as ‘opportunistic’ (Kilminster 
et al., 2015), and specific evaluations of its potential as a carbon sink 
remain elusive (Ros et al., 2005), in particular for the Atlantic distri-
bution range of the species. Moreover, as seagrass species have consid-
erable differences in morphology and development under variable 
environmental settings, direct extrapolations between species and lo-
cations is problematic (R€ohr et al. 2016, 2018). 

In this study, we provide the first estimation on the magnitude and 
local variability of carbon stocks (integrated over 30-cm depth) of the 
seagrass Cymodocea nodosa in the island of Gran Canaria (Canary 
Islands, eastern Atlantic). This is the first report for the Atlantic pop-
ulations of this species. Firstly, we tested for differences in carbon stocks 
between the ‘interior’, ‘edge’ and ‘unvegetated’ bottoms immediately 
adjacent to seagrass patches of six meadows. We hypothesized that 

larger carbon stocks would be found in the ‘interior’ and ‘edge’ of 
meadows relative to ‘unvegetated’ bottoms. Secondly, we tested if mean 
carbon stocks (per meadow) were predicted by the total meadow area, 
the mean seagrass shoot density and the sediment grain fractions. We 
hypothesized that greater carbon stocks would be found in larger and 
more dense meadows. Finally, we estimated mean total carbon stocks at 
the island-scale, by considering the total extension of seagrass meadows 
and, therefore, we provided an estimate of the aggregated economic 
value of carbon sequestration by the seagrass Cymodocea nodosa at Gran 
Canaria Island. 

2. Material and methods 

2.1. Study area and sampling 

Six monospecific seagrass meadows constituted by C. nodosa were 
selected along the eastern and southern coast of Gran Canaria Island 
(Fig. 1, Table 1). Selection of meadows was random from a range of 
potential meadows described across the whole island (Tuya et al., 2014, 
Appendix). A past study (Tuya et al., 2014) identified 21 large-sized 
meadows across the entire island perimeter. Sampling took place be-
tween 5 and 11 m depth at all meadows to facilitate retrieval of samples. 
Soils were considerably dominated by sands, because of exposure to 
oceanic swells (Table 1, Ministerio de Medio Ambiente, 2002). Recent 
cartographies provide accurate meadow areas (Ministerio de Medio 
Ambiente, 2002; Espino et al., 2003; Monterroso et al., 2016; Ba~nolas, 
2017). Data on seagrass shoot density per meadow was derived from our 
own monitoring program from Gran Canaria Island (Table 1), by means 
of n ¼ 10 random 25 � 25 quadrats. 

At each meadow, sampling took place in November 2018, at the 
‘interior’ (>10 m from any patch edge), ‘edge’ and ‘unvegetated’ bot-
toms immediately adjacent (ca. 2–3 m) to seagrass patches. Hereafter, 
these 3 points of collection are referred as ’sites’ within each meadow. A 

Fig. 1. Location of the seagrass meadows were sampling took place in the island of Gran Canaria. Additional information is provided in Table 1.  
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total of n ¼ 3, 40 cm-long, PVC tubes (4 cm of inner diameter) were 
collected per ‘site’ in each meadow. Cylinders were vertically inserted 
into the bottom, until a depth of 30 cm, by SCUBA divers with the help of 
a hammer. For small-sized seagrass species, e.g. the genus Cymodocea, 
30 to 40 cm-long cores are enough to sample carbon stocks; this has been 
the case to study carbon stocks of meadows created by seagrasses of the 
genus Zostera (R€ohr et al., 2016; Green et al., 2018), which is morpho-
logically similar relative to Cymodocea. After retrieval, cylinders (cores) 
were immediately capped in both ends. During transportation to the 
laboratory, all cylinders maintained a vertical position to avoid the 
mixing of the different soil layers (Serrano et al., 2012; Howard et al., 
2014; Oreska et al., 2017; Green et al., 2018), which were subsequently 
frozen at � 20 �C until processing. 

2.2. Determination of carbon stocks 

We followed the methodology proposed by Howard et al. (2014) to 
obtained Corg pools. Typically, organic carbon pools in seagrass 
meadows and salt marshes are contained within the 20 to 50 cm-layer of 
soils (Choi et al., 2001; Connor et al., 2001; Choi and Wang, 2004; 
Johnson et al., 2007; Fourqurean et al., 2012b). Frozen corers were 
firstly sliced into 5 cm sections using a sawing electric machine; we then 
obtained rings for each of the following sections: 0–5, 5–10, 10–15, 
15–20, 20–25, 25–30 cm. Material from each section was mechanically 
homogenised and a sub-sample of 2.75 cm3 extracted, which was then 
oven-dried (60 �C for 72 h) and weighted. All sub-samples from each 
core were then burn at 450 �C (8 h) in a muffle furnace, following the 
‘Loss on Ignition (LOI)’ protocol (Heiri et al., 2001; Howard et al., 2014), 
and again re-weighted to obtain the loss of organic matter after com-
bustion. The % LOI was estimated through the formula: % LOI ¼ [(dry 
mass before combustion – dry mass after combustion)/dry mass before 
combustion] *100. The percent (%) of Corg was then estimated through 
the equation: %Corg ¼ 0.40 * % LOI – 0.21 (Fourqurean et al., 2012a; 
Howard et al., 2014; Green et al., 2018). Also, the Dry Bulk Density 
(DBD, g cm� 3) was mathematically calculated as: DBD ¼ dry soil 
mass/sub-sample volume. To estimate the total C stocks at each location, 
we firstly calculated the Soil Carbon Density (SCD, g cm� 3), as SCD ¼
DBD*(%Corg/100). For each core, the values from all sections (rings) 
were then added up (integrated) to obtain carbon stocks, in terms of % 
Corg and SCD, per sample (area) unit (i.e. per 19.625 cm2) (Lavery et al., 
2013). SCD values were finally transformed to the units typically used 
for these studies, i.e. Mg C ha� 1 (Howard et al., 2014), and mean values 
estimated for each of the three ’sites’ in each meadow. By pooling 
samples from the ’interiors’ and ’edges’ of each meadow, we also 
managed to estimate the mean organic carbon stocks per meadow. At 
the end, by considering the total potential area covered by seagrass 
meadows at the island scale (ca. 700 ha) (Ministerio de Medio Ambiente, 

2002; Espino et al., 2003, Appendix), we calculated the total carbon 
stocks for Gran Canaria Island. 

2.3. Statistical analyses of carbon stocks 

A Mixed Generalized Linear Model (GLM), using the ‘lmerTest’ li-
brary (Kuznetsova et al., 2017) in the R statistical package (version 
3.4.3), tested whether differences in the percent of Corg between the 
three ’sites’ within meadows were statistically different. ‘Meadows’ 
were considered as the random source of variation, while the factor 
’sites’ was established as fixed. A multiple linear regression, also 
implemented in the R statistical package (version 3.4.3), tested whether 
the meadow area, the mean shoot density and the grain fractions of each 
meadow (Table 1) significantly contributed to explain variation in the 
mean percent of Corg between meadows. Because of the strong collin-
earity between the different grain fractions, only the % of sand was 
considered. We checked the assumptions of linearity and normality of 
errors through visual inspection of residuals. The ꞌVariance Inflation 
Factorꞌ (VIF) procedure assessed levels of collinearity between predictor 
variables. To select the best predictors, a stepwise procedure, using a 
ꞌforwardꞌ direction, was implemented by means of the ’MASS’ library in 
R (Venables and Ripley, 2002); the AIC (Akaike Information Criterion) 
provided a principle to select the most parsimonious model. 

2.4. Economic valuation of carbon stocks 

By taking into consideration the market carbon prices of the last 5 
years (2016–2020) according to the European negotiation System for 
CO2 (Ranson and Stavins, 2016), the financial value of the potential 
carbon stocks in soils inhabited by C. nodosa in Gran Canaria (60.34 Gg, 
across ca. 700 ha) were calculated. Annual means for each year were 
initially computed from daily prices (www.sendeco2.com). We then 
considered the mean of the 5 years (15.24 €), as well as the minimum 
(5.35 €, 2017) and the maximum (24.84 €, 2019) yearly values to have a 
range in the economic value of the carbon stocks at the islands-scale. 

3. Results 

3.1. Differences in Corg stocks between sites within meadows 

Overall, statistically significant larger Corg pools (in the upper 30 cm 
of the seabed) were observed in the ‘interior’ and ’edges’ of seagrass 
patches than in ‘unvegetated’ (bare) bottoms immediately adjacent to 
seagrass patches (Table 2, Fig. 2). This overall pattern, however, varied 
from meadow to meadow (Table 3, Fig. 2). 

Table 1 
Location, area (Ha), mean shoot density (m2, mean � SE, n ¼ 10), depth range (m) and grain type: gravel (%), sand (%), silt (%) and mean diameter of particles (D50, 
mm) of the six sampled seagrass meadows at Gran Canaria Island.  

Meadow Location Area (Ha) Shoot density (m2) Depth (m) Gravel (%) Sand (%) Silt (%) D50 (mm) 

Castillo del Romeral 27�47008.400N 74b 621 � 51.4 5–10 2.90 95.43 1.67 0.34 
15�29034.7100W 

Arinaga 27�51005.0500N 1.45c 383.8 � 37.2 10–12 1.31 95.94 2.75 0.62 
15�23037.1600W 

Gando 27�55026.6300N 9.2a 505.4 � 34.9 8–15 6.70 92.57 0.73 0.32 
15�22036.6100W 

El Pajar 27�45013.2400N 20.28a 583.4 � 27.5 5–15 1.40 94.66 3.94 0.18 
15�40010.6900W 

P. Cabr�on 27�52011.6000N 10.16a 618.23 � 87.4 10–18 11.34 87.41 1.25 0.43 
15�23002.9900W 

Risco Verde 27�51023.1900N 4.5a 76 � 19 8–15 3.99 93.97 2.03 0.39 
15�23011.6100W  

a Espino et al. (2003). 
b Monterroso et al. (2016). 
c Ba~nolas (2017). 
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3.2. Differences in Corg stocks between meadows 

At the meadow-level, Corg pools were not significantly predicted by 
neither meadow area nor seagrass shoot density (P > 0.2, Table 4); the 
sedimentary size fractions did not also contribute to explain variation in 
carbon pools (P > 0.2, Table 4). In turn, the AIC of the null (only- 
intercept) model was similar relative to those AICs of reduced models 
containing the different predictors (Table 4). 

Arinaga and Gando had pooled carbon stocks over 100 Mg C ha� 1 

(161.66 � 0.12 Mg C ha� 1 and 124.68 � 0.42 Mg C ha� 1, respectively). 
Risco Verde and Castillo del Romeral showed similar carbon stocks 
(71.76 � 1.19 Mg C ha� 1 and 62.85 � 0.17 Mg C ha� 1, respectively); El 
Pajar and P. Cabr�on had the lowest carbon stocks (54.60 � 0.23 Mg C 
ha� 1 and 41.67 � 0.21 Mg C ha� 1), respectively. At the island-scale, the 
mean total estimated carbon stock was 86.20 � 19.06 Mg C ha� 1. By 
considering the total potential extension of seagrass meadows across the 
entire island perimeter (ca. 700 Ha), we estimated a total stock for Gran 
Canaria Island of 60.34 Gg of C. 

3.3. Economic valuation of carbon stocks 

The mean potential carbon stock in soils inhabited by C. nodosa in 
Gran Canaria (60.34 Gg) was here estimated at 919,432.249 € (1313.47 
€ ha� 1), which oscillated between a minimum of 351,631.35 € (502.33 € 
ha� 1) and a maximum of 1,498,954.45 € (2141.36 € ha� 1), according to 
varying market prices. 

4. Discussion 

Our results have firstly demonstrated that organic carbon pools are 
similar between ’interiors’ and ’edges’ of patches constituted by the 
seagrass C. nodosa in Gran Canaria Island; overall, such values were 
larger than carbon pools in adjacent ‘unvegetated’ (sandy) bottoms. 
Seagrass canopies somehow induce a ‘screen effect’, so the intensity of 
currents is decreased, favouring the deposition of particles in and 
around seagrass patch edges (Oreska et al., 2017). However, seagrass 
canopies attenuate shear stress over short distances, so the ‘edge zone’ 
may be narrow and have a negligible overall impact on the total Corg 
stocks, resulting in no overall differences between seagrass ’edges’ and 
’interiors’ (Oreska et al., 2017). 

The area and the mean seagrass shoot density (per meadow) were a 
poor predictor of Corg pools. Similarly, Oreska et al. (2017) and R€ohr 
et al. (2016) showed the low predictive power of seagrass shoot density 
on carbon pools in meadows of Zostera marina, i.e. another ‘opportu-
nistic’ seagrass (Kilminster et al., 2015). The grain size of soils, however, 
has been shown to explain local variation in carbon pools. In particular, 
mud (silt and clay) is positively correlated with soil Corg content in the 
case of fast-growing (opportunistic) seagrasses, e.g. meadows consti-
tuted by Zostera (Serrano et al., 2016). In our study, however, all 
meadows were largely dominated by sands (Table 1), with very reduced 
silt contents. 

In the Canary Islands, meadows constituted by C. nodosa are very 
patchy and dynamic at a range of spatial and temporal scales (Reyes 
et al., 1995; Barber�a et al., 2005; Tuya et al., 2013). Typically, homo-
geneous (i.e. continuous) seagrass meadows tend to store more organic 

carbon than fragmented, highly patchy, meadows (Oreska et al., 2017; 
Ricart et al., 2017), including C. nodosa from the Mediterranean Sea (Ros 
et al., 2015). The meadow with larger carbon stocks of this study (Ari-
naga) is actually reduced to several fragmented patches (Ba~nolas, 2017) 
with a total area of 1.45 ha. However, this meadow had >20 ha of 
large-sized patches in the 90s and early 2000s, notoriously reducing its 
area, and increasing the level of patchiness, as a result of a port con-
struction between 1998 and 2002 (Ba~nolas, 2017). In brief, recent his-
tories of individual meadows can disrupt expected patterns of organic 
carbon pools. 

Carbon stocks in seagrass meadows constituted by C. nodosa in Gran 
Canaria Island (i.e. between 41.67 � 0.21 and 161.66 � 0.12 Mg C ha� 1 

per meadow) are similar (same order of magnitude), relative to 
meadows created by other seagrass species from other latitudes. In the 
U.K., for example, carbon stocks by Zostera marina were estimated, per 
meadow, between 29.40 � 0.65 and 114.02 � 21.45 Mg C ha� 1 (Green 
et al., 2018). For the same seagrass, R€ohr et al. (2018) estimated Corg 
stocks (in the upper 25 cm of the seabed) between 5.8 and 87.9 Mg C 
ha� 1 throughout its distribution area in the temperate northern hemi-
sphere. The amount of organic carbon in soils inhabited by other species 
within the genus Cymodocea are also similar relative to C. nodosa from 
Gran Canaria Island (%Corg 0.41% � 0.10, mean � SE), including 
Cymodocea serrulata (%Corg 0.68% � 0.05) and Cymodocea rotundata 
(0.28% � 0.05), respectively (Lavery et al., 2013). Similarly, quantities 
of organic carbon in soils occupied by Halodule uninervis (%Corg 0.69% 
� 0.07%) and Amphibolis antartica (%Corg 0.36% � 0.04%) are within 
the same order of magnitude (Lavery et al., 2013), relative to those 
values we here report. In brief, those seagrass species with similar life 
history traits (‘opportunistic’ species, according to Kilminster et al., 
2015), relative to C. nodosa, tend to store similar amounts of carbon in 
soils where they grow. Of course, the storage capacity of these seagrasses 
is considerably reduced relative to the iconic Posidonia oceanica from the 
Mediterranean Sea (for example, %Corg ¼ 17.85% � 2.20%, Lavery 
et al., 2013). In turn, Fourqurean et al. (2012a), after analysing 946 
seagrass spots, calculated an average global carbon pool of 165.6 Mg C 
ha� 1, which is more than twice the average carbon pool obtained by this 
study. This highlights the necessity of a deeper understanding on the 
carbon pools provided by seagrasses considered of lower storage ca-
pacity, in order to obtain accurate estimates of carbon pools by seagrass 
meadows across the globe (R€ohr et al., 2018). 

Recent works point out that seagrass meadows cannot be only 
perceived as relevant from an ecological point of view, but also from an 
economic perspective, including their carbon storage capacity as a key 
ecosystem service (Macreadie et al., 2014, 2017; Thomas, 2014; Green 
et al., 2018; Rogers et al., 2018; Vanderklift et al., 2019). The potential 
carbon stock in soils inhabited by C. nodosa in Gran Canaria added up to 
an average financial value of 919,432.249 € (1313.47 € ha� 1). This 
monetary value is larger, for example, than that accounted by eelgrass, 
Z. marina, in Finland and Denmark (281 and 1809 € ha� 1, respectively, 
R€ohr et al., 2016), even though these authors considered a carbon 
market price of 40.3 €. In upcoming years, the market price of the carbon 
tonne most likely will rise across European landscapes (www.markets. 
businessinsider.com/commodities/co2-european-emission-allowances), 
so the carbon stocks in soils occupied by C. nodosa may reach a few € 
millions in Gran Canaria Island. In the actual global seagrass crisis, 
where seagrass meadows are disappearing at an annual rate between 2% 
and 5% (Duarte et al., 2005; Orth et al., 2006; Waycott et al., 2009), it is 
crucial to accurately know carbon stocks provided by varying seagrasses 
at varying regions of the world’s oceans and their temporal changes, 
including the residency times of these deposits (Laffoley and Grimsditch, 
2009; Macreadie et al., 2014). Without a doubt, such information is 
necessary to develop better management frameworks for seagrasses, in 
particular to avoid the erosion of a key resource to fight against climate 
change. This is rather pertinent in an oceanic island such as Gran 
Canaria, where ca. 49% of seagrass meadows created by C. nodosa have 
suffered regressions in the last decades (Espino, 2014; Tuya et al., 2013, 

Table 2 
Results of the GLM (model parameters: intercept and slopes) testing the effect of 
the fixed factor ’sites’ on the % Corg of C. nodosa meadows of Gran Canaria Is-
land. The reference level for ’sites’ was the ‘interior’. Estimates of model pa-
rameters were calculated by maximum likelihood. SD: Standard deviation.   

Estimate SD P-value 

Intercept 0.4186 0.1182 0.0164 
‘Outside’ � 0.0852 0.0238 0.0022 
‘Interior’ � 0.0042 0.0339 0.2546  
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2014). 
As a result of limited resources, we were here not able here to 

partition between allochthonous and autochthonous sources of carbon 
in our samples, e.g. via carbon isotopic signatures, as well as dating our 
soil samples. Still, we believe the estimates of total Corg storage in Gran 
Canaria are conservative. First, we have not considered the potential 
contribution of accompanying macrophytes, e.g. the seagrass Halophila 
ovalis and/or the green rhizophytic seaweed Caulerpa prolifera (Tuya 
et al., 2013). Second, our calculations exclusively considered the Corg 
stocks within the top 30 cm of soil, and some areas may contain deeper 
seagrass Corg stocks. 

Economic incentives, such as the ‘Payment for Ecosystem services’, 
are financial ideas to promote the conservation of nearshore carbon 
stocks (Hejnowicz et al., 2015). However, the price of these carbon sinks 
require assessments of carbon pools when seagrasses are absent and 
present. Within this idea, our study is a first approximation to the 
organic carbon pools for Atlantic populations of the seagrass C. nodosa. 

Fig. 2. Percentage of Corg at each of the three ’sites’ (interior, edge and unvegetated bottoms away from seagrass patches) within each seagrass meadow. Error bars 
are þ SE of means. 

Table 3 
Model parameters (intercepts and slopes) for each of the six meadows, derived 
from the GLM testing for the effects of ’sites’ (fixed factor) and ’meadows’ 
(random factor) on the % Corg. For each meadow, the reference level was the 
‘edge’.  

Meadow Site 

Intercept Slope (‘Outside’) Slope (‘Interior’) 

Castillo del Romeral 0.28 � 0.087 � 0.048 
Arinaga 0.96 � 0.044 � 0.148 
Gando 0.52 � 0.079 � 0.055 
El Pajar 0.26 � 0.105 0.018 
P. del Cabr�on 0.26 � 0.098 � 0.008 
Risco Verde 0.24 � 0.097 0.150  

Table 4 
Results of the multiple linear regression (full model, Adjusted R2 ¼ 0.0087, F2,3 
¼ 1.015, P-value ¼ 0.5312) testing whether the meadow area, the mean shoot 
density and the grain fractions (% of sands) significantly contributed to explain 
variation in the mean percent of Corg between meadows (SE: Standard error, VIF: 
Variance Inflation Factor). Results of the reduced model (stepwise model se-
lection) are also included (DF: Degrees of freedom, SS: Sum of squares, RSS: 
Residual sum of squares), including the AIC for model selection.  

Full model Estimate SE t value P-value VIF 

Intercept � 5.0211 4.1130 � 1.221 0.347  
Area � 0.0078 0.0054 � 1.453 0.283 1.7660 
Shoots 0.0004 0.0007 0.570 0.626 1.7574 
% Sand 0.0579 0.0428 1.354 0.309 1.4526 

Reduced model DF SS RSS AIC  

<none> (null model)   0.3120 � 15.74  
þ Area 1 0.0740 0.2380 � 15.36  
þ Shoots 1 0.0468 0.2652 � 14.71  
þ % Sands 1 0.0257 0.2863 � 14.25   
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Such carbon stocks are of similar magnitude relative to seagrass with 
similar life story traits. The current interest on international carbon 
trading to mitigate CO2 emissions brings along the conservation of 
seagrass meadows at an international level (Himes-Cornell et al., 2018). 
The CO2 sequestration potential of seagrass habitats delivers economic 
opportunities for local coastal communities, potentially generating 
financial income through carbon trading derived from the conservation 
of seagrass meadows. In turn, there is notorious interest at local scales, 
with local/regional governments assessing their potential to become 
carbon-neutral or counterbalance their carbon emissions (G€ossling, 
2009). Oceanic islands that majorly rely on tourism are an ideal case to 
promote such sustainability policies and, therefore, to become 
environmentally-friendly tourist destinations. This is already the case of 
the Canarian Archipelago (Bianch, 2004), where local authorities are 
already developing carbon-neutral policies to achieve a carbon-free 
future by 2050 (Gils and Simon, 2017). Without a doubt, moreover, 
economic valuation of such carbon pools is a way to broadcast to society 
the urgent necessity to promote seagrass meadows conservation as a 
way to mitigate the effects of climate change. 

4.1. Concluding remarks 

Precise global assessments of organic carbon stocks provided by 
seagrasses require studies of overlooked species, i.e. those considered of 
lower storage capacity. In this study, larger Corg pools were observed in 
the ‘interior’ and ’edges’ of meadow patches constituted by C. nodosa 
than in adjacent ‘unvegetated’ bottoms. Proper economic assets of car-
bon sequestration by C. nodosa needs to consider levels of variation in 
seagrass carbon stocks at insular scales, including the historical trajec-
tories of each meadow regardless their actual demographic attributes. 
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