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Abstract 12 

 13 

This study analyses total carbon stock (Cstocks) from the Isle of Wight, Solent, and adjacent 14 

harbours in southern England, including organic carbon (Corg) stored in the sediment and 15 

plant. Results from this study contribute to global blue carbon research by reporting the first 16 

direct assessment of sediment Cstocks in the top metre of intertidal seagrass meadows from 17 

the Solent region, with significant Cstocks, on average 103.12 ± 71.45 MgC ha-1, comparable 18 

to other global regions. This study also compared sediment %Corg and percentage of organic 19 

matter (%OM) within seagrass meadows and adjacent, un-vegetated, sampling points, 20 

showing that un-vegetated mudflats had higher %Corg and %OM than seagrass for most sites, 21 

apart from Hayling Island. This study shows that %OM can be confidently used as a proxy to 22 

determine sediment %Corg values in intertidal seagrass meadows. These results support the 23 

inclusion of the region’s seagrass meadows in conservation and restoration projects, aiming 24 

not only to conserve the C stored in their soils, but also increase their future C uptake 25 

potential. 26 

Introduction  27 

 28 

Many studies have identified seagrass meadows as highly productive ecosystems that act as 29 

effective carbon sinks by trapping large amounts of organic carbon (Corg) in their sediments, 30 

with a recently estimated average of 3.76-21 PgC, adding to the total global blue carbon 31 

stocks (Cstocks) of > 30 PgC across ~185 million ha (Fourqurean et al., 2012a; Lavery et al., 32 

2013; Macreadie et al., 2021). This is due to their ability to retain allochthonous and 33 

autochthonous particles by reducing water flow, and sediment resuspension, coupled with 34 

slow decomposition rates from their typically oxygen poor sediments, making their plant 35 

material less labile than other marine plants (Kennedy and Björk, 2009; Pedersen et al., 2011; 36 

Rohr et al., 2018). In addition, the ability of seagrass ecosystems to capture and retain C 37 

within their sediments may be at least two times higher than terrestrial habitats per unit area, 38 
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when compared to tropical (40 g C m − 2 yr − 1) and temperate (22.5 g C m − 2 yr − 1) forests 39 

(Grace et al., 2006;Taillardat et al., 2018).  40 

In addition to their role as carbon sinks, seagrass meadows have historically provided 41 

numerous ecosystem services to humans, directly or indirectly, such as seagrass litter being 42 

used as bedding, straw substitutes for thatching stoned roofs in Scotland, and even in 43 

agriculture (Urquhart, 1824; Terrados and Bodrum, 2004; Campagne et al., 2015). Moreover, 44 

their high productivity and ability to trap organic matter (OM) make seagrass beds a 45 

fundamental part of marine food webs, being the primary food source of large, threatened, 46 

species such as dugongs, manatees, sea turtles, and water birds (Nordlund et al., 2016; 47 

Whitehead et al., 2018; Kurniawan et al., 2020).  48 

In recent years, a number of organisations have produced guidelines to place a monetary 49 

value on ecosystem services provided by vegetated coastal environments, among them, 50 

carbon stocks to be included in carbon trading initiatives as nature-based solutions (Villa and 51 

Bernal, 2017; Kurniawan et al., 2020; Gregg et al., 2021). Fourqurean et al. (2012a), 52 

compared reported seagrass carbon stocks, represented by the plant biomass and sediment 53 

organic carbon, from a range of global regions. The results suggest a global mean of 7.29 ± 54 

1.52 MgC ha-1 stored in plant biomass and 329.5 ± 55.9 MgC ha-1 in the top metre of soil, 55 

with Mediterranean meadows (dominated by Posidonia oceanica) containing the highest 56 

average sediment carbon stock (372.4 ± 56.8 MgC ha-1) (Fourqurean et al. 2012a; Lavery et 57 

al., 2013). In comparison, North Atlantic temperate seagrass meadows showed lower carbon 58 

stock values, with 48.7 ± 14.5 MgC ha-1 in sediment organic carbon (Fourqurean et al., 59 

2012a). There were no data for the Southeast and Western Pacific in their study, evidencing 60 

the knowledge gaps for global seagrass carbon stocks (Fourqurean et al., 2012a). 61 

However, one of the main challenges in attributing a value to ecosystem services relates to 62 

the lack of sufficient data to quantify the service’s scale and geographical extent (Dewsbury 63 

et al., 2016; Villa and Bernal, 2017; Nordlund et al., 2017). The majority of seagrass blue 64 

carbon assessments in the UK have been restricted to basic estimations using data from 65 

studies in different regions (Garrard and Beaumont, 2014), estimated values based on 66 

extrapolations (Green et al., 2018), or outdated standing stock assessments, making them 67 

unreliable (Green et al., 2021; Gregg et al., 2021). For example, Green et al, (2018) assessed 68 

the variability of subtidal Zostera marina seagrass sediment carbon, along the west coast of 69 

England. The study highlighted the lack of published data on seagrass meadows from the 70 

British Isles but provided a representative assessment of the UK’s seagrass carbon stocks, 71 



 

based on extrapolated data, reporting an estimated standing stock of 66,337 MgC in the top 72 

metre of sediment (Green et al., 2018).  73 

Given the diversity of biological and environmental factors that influence carbon storage 74 

potential, such as nutrient availability, species’ production, sediment accretion, hydrology, 75 

and geomorphological conditions (Lima et al., 2020), indirect quantification can lead to 76 

inaccuracies and possible overestimations (Johannessen and Macdonald 2016; Macreadie 77 

et al., 2018). Therefore, this paper contributes to global seagrass blue carbon research by 78 

providing the first direct measurement of carbon storage values for temperate, intertidal, 79 

seagrass ecosystems in England. The aim is to provide the most comprehensive assessment 80 

to date of total carbon stock from seagrasses in the Isle of Wight, the Solent and adjacent 81 

harbours, hereafter referred to as the Solent Region, southern England. The objectives are 82 

to determine: 1) above-ground biomass carbon stock; 2) below-ground biomass carbon 83 

stock; 3) sediment carbon stock to a depth of 1 m; 4) total carbon pool for each studied site 84 

by combining vegetative and soil carbon stocks. 85 

Methods 86 

 87 

Sampling Sites 88 

 89 

The three largest natural harbours found in the Solent Region have been included in this 90 

study, Portsmouth Harbour, Langstone Harbour, and Chichester Harbour (Williams et al., 91 

2018). The Isle of Wight and the harbours of Portsmouth, Langstone and Chichester form an 92 

extensive coastal system consisting of natural and man-made environments with high habitat 93 

diversity, providing an important wildlife resource (McLeod et al., 2005; King, 2010). 94 

Samples used for carbon stock analyses were collected between June and August 2017, 95 

from six fieldwork sites selected within this area, namely Creek Rythe (CRST) in Chichester 96 

Harbour, Farlington Marshes (FMST) and Hayling Island (LGST) in Langstone Harbour, 97 

Porchester (PMST) in Portsmouth Harbour, and Cowes (CWST) and Ryde (RYST) on the 98 

Isle of Wight (Supplementary table A), following an assessment of the most recent seagrass 99 

distribution inventory (Marsden and Chesworth, 2015). The chosen study sites encompass 100 

soft mud sediment regions, represented by sheltered, estuarine areas, such as Creek Rythe 101 

and Hayling Island, areas exposed to anthropogenic stress and nutrient runoff, Farlington 102 

Marshes and Porchester, with similar fine-grained sediments, and areas with sandy 103 

substrates, and more exposed to hydrodynamic activity from waves and tides, namely Ryde 104 



 

and Cowes (Marsden and Chesworth, 2015). The combined area of seagrass meadows from 105 

the six study sites investigated is 406.03 ha, accounting for nearly 10% of the reported 106 

intertidal seagrass meadows in the UK (Dickie et al., 2014; Luisetti et al., 2019).  107 

 108 

Field methods 109 

 110 

Five temporary plots were randomly selected from each sampling site, without permanent 111 

demarcations, since this project did not aim to evaluate carbon stocks changes over time or 112 

make precise comparisons, but to produce a single blue carbon measurement (Pearson et 113 

al., 2007; Howard, et al., 2014). Variation in seagrass patches within the meadows on each 114 

site was very limited, based on visual assessment, allowing a random selection of plots. 115 

Therefore, plot location was randomly determined to enhance the chances of making a true 116 

assessment of the Cstocks variation within meadows, while also taking into consideration the 117 

time taken for measurements during low tide, and minimising disturbance to the habitats 118 

(Howard, et al., 2014). Plots were selected within a radius of at least 5m from the edge of the 119 

meadow, and each other.  120 

 121 

At each sampling plot, above-ground biomass (AGB) was collected from within a 0.25 m2 122 

quadrat by cropping all of the plant biomass (leaves - to stem base) (Howard et al., 2014). 123 

After AGB removal, two sediment cores were collected from within each quadrat using a 124 

Russian corer, with a 5cm diameter and 0.5 m vertical length. Cores for soil carbon stocks 125 

and sediment particle size analyses were collected by first coring the top 50cm of sediment 126 

and dividing this section into 5 cm depth subsamples (10 in total), followed by an additional 127 

50-100cm core, collected from the same point, as a larger subsample, giving a total of 11 128 

subsamples per 1m core (total depth). Additionally, one, 50 cm deep, core was collected for 129 

below-ground biomass (BGB) analysis from the same sampling plot. Additionally, five, 1 m 130 

deep (or to refusal), sediment cores were collected from unvegetated mudflats adjacent to 131 

the seagrass meadows from all sites, apart from Ryde and Cowes, for carbon stocks analyses 132 

(%OM and %Corg), using the same methods described above. Unvegetated sediment 133 

samples were not collected from Ryde and Cowes due to the gravelly, and rocky 134 

characteristics of the substrate near the seagrass beds.  135 

 136 

 137 



 

Laboratory methods and calculations 138 

 139 

In the laboratory, each AGB sample was transferred to a 1 mm sieve, and carefully washed 140 

free of soil, following Howard et al., (2014). Identified seagrass species were recorded, as 141 

well as the presence of epiphytes. Filamentous macroalgae and invertebrates were 142 

separated from the seagrass biomass during the washing procedure, however, microalgae 143 

epiphytic load, when found, was not scraped from the leaves, to prevent loss of vegetative 144 

organic matter.  145 

Whole leaves (stem to tip) were counted from each sample to determine leaf density. AGB 146 

was determined by oven-drying the vegetative biomass for 72 h at 60 ºC (Howard et al., 147 

2014). The above-ground vegetative biomass was determined by multiplying the dry weight 148 

(kg) of a sample of plant material for a given area (m2) by a carbon conversion factor (0.34), 149 

derived from literature for seagrass AGB calculations (Duarte, 1990; Howard et al., 2014).  150 

BGB samples were transferred to 1 mm sieves and washed free of sediment under running 151 

water before careful separation of below-ground material (roots and rhizomes). The material 152 

was oven dried to a constant weight before calculations (72 h at 60 ºC) (Howard et al., 2014). 153 

Carbon in the above and below-ground biomass was calculated by the following equations:  154 

Equation 1: Carbon in the biomass component (kg C m-2) = (Estimated biomass of the plant 155 

* carbon conversion factor) / area of the plot (m2).  156 

Equation 2: Carbon pool (MgC ha-1) = Carbon content (kgC m-2) *(1 Mg/1,000 kg) * (10,000 157 

m2 ha-1).  158 

Sediment subsamples were stored in the freezer until analysis. Thawed sediment 159 

subsamples were weighed prior to oven drying at 60 ºC for 72 hours, and then cooled at room 160 

temperature in a desiccator for at least one hour before weighing again to determine soil 161 

moisture content (Howard et al., 2014). Oven dried samples were carefully disaggregated 162 

with a pestle and mortar and 2-4 g subsamples weighed in separate beakers, before being 163 

placed in the muffle furnace for loss on ignition (LOI) at 450 ºC for 24h (Lima et al., 2020). 164 

Samples were cooled at room temperature in a desiccator for at least one hour before 165 

weighing to determine %OM following the equation below (Heiri et al., 2001):  166 

 167 

Equation 3: %OM = [(dry mass before combustion (mg) – dry mass after combustion (mg)) 168 

/ dry mass before combustion (mg)] * 100.   169 



 

To determine sediment Cstocks, sediment carbon density, sediment dry bulk density (DBD) 170 

and %Corg were calculated. DBD (g cm-3) for individual depth samples were estimated using 171 

the following equation (Dadey et al., 1992): 172 

 173 

Equation 4: DBD = (1 – φ) * Ρs 174 

Where φ = porosity, and Ρs = grain specific gravity (see Dadey et al., 1992). 175 

 176 

Additionally, to directly measure %Corg, a total of 45 sediment subsamples (approximately 9 177 

per site) from plots within seagrass meadows, were randomly selected from the six sampling 178 

sites to be analysed on a VarioMax CNS elemental analyser (ELEMENTAR, Germany) using 179 

the DUMAS combustion method (Dumas, 1831). The presence of carbonates was tested by 180 

three drops of 1M HCl solution to oven dried samples and observed for release of CO2 in the 181 

form of gas bubbles (Soil Survey Staff, 1993). Out of the six sampling sites, CO2 was only 182 

observed in samples from Ryde and Cowes. For these sites where carbonates were detected, 183 

corrected %Corg was calculated by removing inorganic carbon (IC) excess, using the equation 184 

below, adapted from Howard et al. (2014): 185 

 186 

Equation 5: %Corg (corrected) = %Corg – %IC,  187 

 188 

Where %IC = (%LOI 850oC – %LOI 450oC) * 0.12 189 

0.12 is derived from the contribution of carbon to carbonate’s total molecular weight (12%) 190 

 191 

Values of %Corg from Creek Rythe, Hayling Island, Farlington Marshes and Porchester as 192 

well as corrected %Corg values for Ryde and Cowes were used in a regression analysis to 193 

determine the relationship between %OM and %Corg and formulate a regression equation to 194 

determine %Corg from %OM for all samples (Equation 9 – results). 195 

Values of %OM and %Corg from within the seagrass sampling plots were then compared 196 

with those calculated for the unvegetated adjacent plots for each sampling site.  197 

Following %Corg calculations, sediment C density and sediment C content were calculated as 198 

the following equations for each subsample: 199 

 200 

Equation 6: Sediment Carbon Density (g dm-3) = DBD (g/cm3) * (%Corg) /100) (Howard et 201 

al., 2014). 202 

 203 



 

Equation 7: Sediment C content (g cm-2) = Soil Carbon Density (g cm-3) * Sample thickness 204 

(cm). 205 

 206 

Sediment C content results from each subsample were then summed to determine total 207 

carbon to 1 m depth cores, and converted to MgC ha-1, using the same conversion equation 208 

described for plant biomass (Equation 2).  209 

Following LOI, particle size analysis was carried out on all non-ground samples using a 210 

Malvern Mastersizer 2000 laser particle size analyser, with particle size grading undertaken 211 

in accordance with the Wentworth (1922) size classification scheme. The mean (central 212 

value) particle size for each sample was calculated following the arithmetic approach below, 213 

assuming particle sizes in phi units (Folk and Ward, 1957):  214 

 215 

Equation 8: Mean = 
D16+ D50+D84 

3
 216 

Statistical analyses 217 

 218 

Statistical analyses comprised Anderson-Darling tests for normality, ANOVA, Tukey’s post 219 

hoc tests, two sample t-tests, paired t-tests, Pearson’s correlations, and linear regression 220 

model tests. Variables analysed for homogeneity of variance (ANOVA) between sites were 221 

above-ground biomass (AGB), leaf density, below-ground biomass (BGB), dry bulk density 222 

(DBD), organic matter content (%OM), organic carbon content (%Corg), and sediment carbon 223 

stocks (Cstock). Two-sample t-tests were used to analyse differences between mean organic 224 

matter content (%OM) and organic carbon content (%Corg) respectively, between seagrass 225 

cores and cores from unvegetated sampling points for all sites, apart from Ryde and Cowes. 226 

Pearson’s Correlation tests were used to assess the relationship between all parameters 227 

analysed and a regression model was developed to establish linear regression equations to 228 

predict values for %Corg from %OM. Of all variables tested, only values for BGB failed the 229 

Anderson Darling test for normality of residuals, so a Log 10(X) transformation was applied 230 

on the data prior to ANOVA analysis, to meet the assumptions of the test.   231 

 232 

 233 

 234 

 235 

Results – Seagrass meadows  236 

 237 



 

 

Table 1: Summary of main results for sediment carbon stocks (Cstock), seagrass meadows areal extent, leaf density, above and below-ground biomass (ABG 238 
and BGB, respectively), percentage of below-ground biomass per Cstock, sediment organic carbon content (%Corg), sediment organic matter content (%OM), 239 
sediment dry bulk density (DBD), mean and median (D50) grain size, for all sampling sites. Values are presented as mean (±) standard deviation for all 240 
variables, with n = 5 for each site, same letters in each the column correspond to statistically similar means for each variable where ANOVA was performed, 241 
followed by Tukey’s post hoc test.  242 

 243 

                             *Area derived from Marsden and Chesworth, 2015                    ** Sediment cores for Cowes (CWST) were only 20 cm deep  244 

SITES 

Estimated 
Cstock 1m 

(MgC ha
-1

) 

Area 
(ha) 

* 

Leaf 
density 

(m
-2

) 

AGB 

(MgC ha
-1) 

BGB 
(MgC ha-1) 

%BGB/ Cstock 
Estimated 

%Corg 
%OM 

DBD 

(g dm
-3

) 

Mean 
grain 
size 
 (µm) 

D50 
(µm) 

Creek Rythe 
(CRST) 

119.92 ± 
10.00 

(A) 

100.
24 

367.0 ± 
115.1 

(A) 

 
0.50 ± 0.25 

(A) 

0.009 ± 0.005 
(AB) 

0.005 ± 0.0028 
(B) 

1.79 ± 0.19 
(A) 

6.81 ± 
1.07 
(A) 

0.59 ± 
0.02 
(F) 

22.00 ± 
6.22 
(A) 

16.80 ± 
1.21 
(A) 

Hayling Island 
(LGST) 

112.35 ± 
6.39 
(A) 

70.1 
336.7 ± 

95.0 
(A) 

 
0.38 

± 
0.13 
(AB) 

0.037 ± 
0.04 
(A) 

0.025 ± 0.026 
(B) 

1.57 ± 0.07 
(AB) 

5.87 ± 
0.17 
(AB) 

0.74 ± 
0.03 
(E) 

20.8 ± 
4.0 
(A) 

15.82 ± 
2.93 
(A) 

Porchester 
(PMST) 

109.49 ± 
12.79 

(A) 

94.9
2 

302.0 ± 
76.1 
(A) 

0.32 
± 

0.07 
(ABC) 

0.013 ± 
0.012 
(AB) 

0.011 ± 0.0085 
(B) 

1.28 ± 0.33 
(BC) 

4.73 ± 
1.58 
(BC) 

0.86 ± 
0.07 
(D) 

46.07 ± 
21.85 
(AB) 

25.61 ± 
10.84 
(AB) 

Farlington 
Marshes 
(FMST) 

117.47 ± 
6.76 
(A) 

31.2 
584 ± 
427 
(A) 

 
0.25 

± 
0.14 

(ABC) 

0.004 ± 0.003 
(B) 

0.003 ± 0.0025 
(B) 

1.08 ± 0.10 
(CD) 

3.64 ± 
0.51 
(CD) 

1.11 ± 
0.09 
(C) 

46.79 ± 
15.94 

(B) 

31.53 ± 
5.88 
(B) 

Cowes 
(CWST) 

20.76 ± ** 
2.72 
(B) 

27.1 
346 ± 
247 
(A) 

0.18 
± 

0.07 
(BC) 

0.003 ± 
0.0007 

(B) 

0.014± 
0.006 

(B) 

0.82 ± 0.15 
(D) 

2.53 ± 
0.55 
(DE) 

1.27 ± 
0.25 
(B) 

72.40 ± 
36.91 

(B) 

64.82 ± 
36.68 

(B) 

Ryde  
(RYST) 

30.52 ± 1.68 
(B) 

82.4
7 

427 ± 
430 
(A) 

0.08 
± 

0.03 
(C) 

0.008 ± 
0.005 
(AB) 

0.084 ± 0.062 
(B) 

0.47 ± 0.01 
(E) 

0.84 ± 
0.08 
(E) 

1.46 ± 
0.01 
(A) 

227.99 ± 
6.97 
(C) 

224.78 ± 
4.68 
(C) 



 

 

Above-ground biomass (AGB) 245 

 246 

Four seagrass species were identified in the study sites, with Zostera angustifolia 247 

representing the dominant species, found in all sampling sites apart from Cowes. Z. 248 

angustifolia formed mixed beds with Zostera noltii in Creek Rythe, Hayling Island and 249 

Porchester, and mainly monospecific meadows in Farlington Marshes and Ryde. Zostera 250 

marina was found predominantly in Cowes, while Ruppia maritima was only found in Creek 251 

Rythe and Hayling Island, in small mixed patches. 252 

AGB values ranged from a minimum of 0.08 MgC ha-1 in Ryde and a maximum of 0.497 Mg 253 

C ha-1 in Creek Rythe, with an average of 0.28 ± 0.08 MgC ha-1 (n = 30) across all sites (table 254 

1). Creek Rythe and Hayling Island, the sites with denser meadows, showed significantly 255 

higher (F = 5.97, p = 0.001) AGB values than Ryde (table 1). Sites with monospecific Z. 256 

angustifolia beds, Farlington Marshes and Ryde, presented the highest mean leaf densities, 257 

of 584 ± 427 leaves/m2 and 427 ± 430 leaves/m2, respectively (table 1).  258 

Below-ground biomass (BGB) 259 

 260 

Mean BGB for all sites was 0.0122 ± 0.013 Mg C ha-1 (n = 30). Cowes had the lowest BGB 261 

amongst all sites, with 0.003 Mg C ha-1, significantly lower (F = 2.89; p = 0.035) than the 262 

highest BGB value found in Hayling Island, 0.0373± 0.04 Mg C ha-1 (table 1). There was no 263 

statistically significant relationship between AGB and BGB (r = 0.122, p = 0.519).  264 

Dry Bulk Density  265 

 266 

Dry bulk density (DBD) in the studied sites ranged from 0.59 ± 0.02 gcm-3 in Creek Rythe to 267 

1.46 ± 0.01 g cm-3 in Ryde (table 1). The mean DBD for all sites was 1.01 ± 0.32 g cm-3 (n 268 

= 30). Ryde had significantly higher DBD than all other sites, whilst Creek Rythe presented 269 

the lowest values. No significant relationship was found between dry bulk density and BGB 270 

for seagrass sediments (r = -0.333, p = 0.072) however, there was a negative, statistically 271 

significant, strong correlation between DBD and AGB (r = -0.750, p < 0.001). This association 272 

shows that sites with lower sediment DBD, like Creek Rythe and Hayling Island, had higher 273 

AGB, than Ryde and Cowes on the Isle of Wight, with higher sediment DBD.  274 

Particle Size Analysis  275 

 276 



 

 

Ryde had 99% of the sediment within the fine sand class (125 - 205 µm). Conversely, silt (3.9 277 

- 63µm) particles represented the majority (>50%) of total sediment volume at Creek Rythe, 278 

Hayling Island, Farlington Marshes, Porchester and Cowes. Particles from these five silt rich 279 

sites, ranged between medium and coarse silt (15.6 - 63µm), with the highest percentage of 280 

silt found in Hayling Island, representing 76.6 ± 1.28% of total volume. All cores, apart from 281 

those collected at Ryde (0.01± 0.03%), contained clay (0.06 - 3.9 µm) in similar proportions 282 

with an average of 14.31 ± 2.41%. Mean grain size (µm), and median particle size D50 (µm) 283 

were also analysed for the sediment cores. Hayling Island presented the lowest mean grain 284 

size (µm) (20.81 ± 4.0), and lowest median particles size D50 (µm) (15.82 ± 5.02), both 285 

representing particles within the medium to fine silt classification (table 1). Conversely, the 286 

highest mean grain size (µm) (227.99 ± 6.97) and highest median particles size D50 (µm) 287 

(224.05 ± 5.68), were found in Ryde, being classified as fine sand. 288 

There was a strong and statistically significant positive relationship between D50 and DBD (r 289 

= 0.767, p < 0.001), a moderately significant relationship between D50 and AGB (r = -0.564, 290 

p= 0.001), but no statistically significant association between D50 and BGB (r = -0.176, p= 291 

0.353).  292 

Organic Matter Content (%OM) 293 

 294 

Creek Rythe had the highest %OM with 6.82 ±1.01 %, and Ryde the lowest, representing 295 

0.84 ± 0.07 % of dry weight (table 1). Creek Rythe showed significantly higher %OM values 296 

than all other sites, apart from Hayling Island. Additionally, the %OM values for Ryde were 297 

significantly lower than all other sites, apart from Cowes (table 1). 298 

Organic Carbon Content (%Corg) 299 

Mean estimated %Corg values were significantly different (F = 71.13; p = 0.000) between 300 

sites, ranging from 0.46 ± 0.01% of dry weight in Ryde to 1.79 ± 0.19% of dry weight in Creek 301 

Rythe (table 1). Most sites showed declines in %Corg with depth, however, Cowes, with only 302 

20 cm deep cores, and Creek Rythe, displayed an overall increase in %Corg with depth from 303 

1.36% at the surface layer, up to 2.11% between 50-100 cm deep (figure 1). For all sites, 304 

apart from Cowes, down-core distribution in %Corg was not monotonic, showing alternative 305 

increase and decrease with depth. 306 



 

 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 

 317 

 318 

The relationship between %OM, derived by LOI, and directly measured %Corg was strong 319 

(R2=81.2%) and statistically significant (p< 0.001) resulting in regression equation 12 (figure 320 

2), after removing outliers (n=.39).  321 

Equation 9: %Corg = -0.091 + 0.2881 %OM 322 

Figure 1: Down-core profile of the mean estimated organic carbon content (%Corg) from the 
cores for all sampling sites, Creek Rythe (CRST), Hayling Island (LGST), Farlington Marshes 
(FMST), Porchester (PMST), Ryde (RYST) and Cowes (CWST). All sites had five 1m deep 
cores, apart from Cowes with 20cm deep cores. Each core was divided into 5 cm subsamples, 
down to 50cm deep, and one larger 50cm subsample between 50 and 100cm deep.  
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  323 

 324 

Sediment Carbon Stock (Cstock) 325 

 326 

Mean soil Cstock, including BGB, for the top metre of soil (or until refusal at Cowes) varied 327 

significantly (F = 176.99; p <0.001) between sampling sites, ranging from 20.76 ± 2.72 MgC 328 

ha-1 to 117.48 ± 6.77 MgC ha-1(table 1). Mean sediment Cstock between all mainland sites, 329 

including Creek Rythe, Hayling Island, Porchester and Farlington Marshes was 115.34 ± 330 

9.12 MgC ha-1 (n=20), significantly higher than the sites on the Isle of Wight, with 25.64 ± 331 

5.57 MgC ha-1 (n=10) in Cowes and Ryde, respectively (p<0.001) (table 1). Creek Rythe had 332 

the highest mean values for sediment Cstock (117.47 ± 6.76 MgC ha-1), AGB (0.50 ± 0.25 MgC 333 

ha-1) and %OM (6.81 ± 1.07%) (table 1). This site also had the greatest seagrass meadow 334 

extent (100.24 ha), in the most recent seagrass assessment conducted in the region 335 

(Marsden and Chesworth, 2015) (table 1). 336 

Figure 2: Relationship between directly measured sediment organic carbon content (%Corg) 

derived from elemental analysis and organic matter content (%OM) calculated via loss on 
Ignition (LOI), for all sites, Creek Rythe (CRST), Hayling Island (LGST), Farlington Marshes 
(FMST), Porchester (PMST), Ryde (RYST) and Cowes (CWST). Model equation and R-sq value 
included.  

 

 



 

 

Results - Comparison between seagrass and unvegetated sediment organic matter 337 

and carbon content 338 

 339 

Mean %OM was significantly higher in sediment cores from unvegetated sampling points 340 

than those within seagrass beds for all sampled sites, apart from Hayling Island and 341 

Porchester (supplementary table B). Unvegetated sediment cores from Creek Rythe had the 342 

highest %OM of 9.97 ± 0.98%, followed by Ryde 7.14 ±1.96%, which had the highest 343 

difference in %OM between seagrass and unvegetated sediments (supplementary table B). 344 

 345 

 346 

Mean estimated %Corg was significantly higher in unvegetated sediment cores at Creek Rythe 347 

(p< 0.001), and Farlington Marshes (p=0.015), but significantly lower at Hayling Island 348 

(p=0.001) (figure 3 and supplementary table C). Unvegetated sediment cores from Creek 349 

Rythe also had the highest %Corg out of all sites, at 2.42 ± 0.19% (figure 3). 350 

Figure 3: Mean estimated organic carbon content (%Corg) from seagrass and adjacent mudflat 
sediment cores for the sampling sites, Creek Rythe (CRST), Hayling Island (LGST), Farlington 
Marshes (FMST) and Porchester (PMST). Tukey's grouping results show the same letters for 
means that are not significantly different. Mean values in bold, n=5. Median line represented 
in the 50% interquartile boxes, and whisker lines representing lower and upper 25% values 
range. 



 

 

Discussion 351 

 352 

Plant Biomass  353 

 354 

The older seagrass meadows at Chichester Harbour, Hayling Island and Portsmouth 355 

Harbour, presented higher AGB than the younger sites from the Isle of Wight. The first 356 

records for seagrasses in the study region were: Portsmouth Harbour in 1886; Chichester 357 

Harbour in 1915; Langstone Harbour in 1956; Ryde in 1977; and Cowes in 1979 (Marsden 358 

and Chesworth 2015). This conforms with results obtained by Serrano et al. (2016), showing 359 

a tendency for high-biomass, persistent, older meadows to accumulate greater amounts of 360 

carbon in their sediments than ephemeral and low-biomass meadows (Lavery et al., 2013; 361 

Serrano et al., 2014).  362 

Average AGB from the studied seagrass meadows was 0.28 ± 0.008 MgC ha-1, which is 363 

below the global estimated average of 0.76 ± 0.13 MgC ha-1, but within the reported global 364 

range of 0.001–5.54 MgC ha-1 (Fourqurean et al., 2012a). Settling speed, directly related to 365 

seagrass canopy, can increase sedimentation rates by altering flow and trapping particulates, 366 

which influences the deposition of suspended organic particles, which could explain why 367 

denser meadows, such as Farlington Marshes, presented higher Cstock values than patchier 368 

meadows, like Ryde and Cowes (Kennedy et al., 2010; Fourqurean et al., 2012b). 369 

Furthermore, the age and maturity of the seagrass meadow, combined with anthropogenic 370 

influences, can impact long term changes in nutrient supply in the ecosystem, controlling 371 

productivity related to both biomass and sediment Cstocks (Armitage and Fourqurean, 2016).  372 

Studies show that the current attenuation effects of Z. marina canopies can reduce bottom 373 

shear stress by up to 90%, promoting trapping and accumulation of allochthonous particles 374 

(Hansen and Reidenbach, 2012). Even though AGB only contributes a small proportion of 375 

total Cstock, leaf density might play an important role in trapping allochthonous particles from 376 

the water column, therefore increasing seagrass carbon sink potential (Mazarrasa et al., 377 

2018; Githaiga et al., 2019).  378 

The high standard deviation in plant density found in some of the sites, like Ryde, suggests 379 

a less uniform cover and patchiness and could be related to differences in meadow canopy, 380 

age, complexity, and landscape. The average leaf density across all sites was 394 ± 268 381 

leaves/m2, with no significant difference between sites. This variation in leaf numbers could 382 



 

 

also be associated with species and age of the meadows, as some species, e.g. Z. marina 383 

and Z. angustifolia, have longer and wider leaves. Green et al. (2018), suggested that a high 384 

standard deviation in leaf numbers per area, and related patchiness, could also be linked to 385 

poor ecosystem health or physical anthropogenic impacts (Jones and Unsworth, 2016).  386 

Additionally, a study on sub-tidal Z. marina meadows from Calshot spit, western Solent, 387 

reported a seagrass density of 150 leaves/m2, lower than the mean value found in this study 388 

(Lefebvre et al., 2009). However, the only seagrass species recorded in Calshot was Z. 389 

marina, unlike the intertidal meadows analysed in this study, where Z. angustifolia was found 390 

in all sites apart from Cowes, forming mixed beds with Z. noltii in Creek Rythe, Hayling Island 391 

and Porchester, and mainly monospecific meadows in Farlington Marshes and Ryde. 392 

Moreover, R. maritima was found in Creek Rythe and Hayling Island, in small mixed patches. 393 

Cowes was the only sampling site with a predominance of Z. marina, exhibiting a mean leaf 394 

density of 346 ± 247 leaves/m2, still higher than reported by Lefebvre et al. (2009). However, 395 

the average leaf density recorded in this study related well with values reported from 396 

temperate Z. marina meadows from the Baltic Sea, of 417 ± 75 leaves/m2 in Finland, varying 397 

between 112–773 leaves/m2, and 418 ± 32 leaves/m2 in Denmark, ranging between 300–652 398 

leaves/m2 (Rohr et al., 2016).  399 

Seagrass rhizomes and roots have important roles in binding and stabilising the sediment. 400 

Many studies focus on estimating sediment carbon stocks and AGB linked to net primary 401 

production, but there is increased attention being given to BGB and carbon stocks in seagrass 402 

roots and rhizomes (Wittman, 1984; Paling and McComb, 2000; Fourqurean et al., 2012a). 403 

In some seagrass communities (e.g. Posidonia, Zostera and Thalassia), 50 to 90% of 404 

biomass is below-ground, while in others (e.g. Amphibolis) only 20% of the biomass is in the 405 

sediment (Hillman et al., 1989; Duarte and Chiscano, 1999). Several studies suggest that the 406 

contribution of rhizomes and roots to total seagrass primary production is 20 to 60% in tropical 407 

species (Patriquin, 1973; Brouns, 1987) and 20 to 40% in temperate ones (Kenworthy and 408 

Thayer, 1984; Wittman, 1984; Dennison et al., 1987). These results from temperate seagrass 409 

meadows in the Solent Region, dominated by Zostera spp., showed that most of the biomass 410 

was found above-ground, rather than in roots and rhizomes. 411 

Average BGB from the Solent Region’s seagrass meadows was 0.012 ± 0.013 MgC ha-1, 412 

below the global estimated average of 1.756 ± 0. 375 MgC ha-1, but within the reported global 413 

range of 0.001–17.835 MgC ha-1 (Fourqurean et al., 2012a). This could be explained by the 414 



 

 

potential bias of global estimates, which mainly focus on the review of reported values from 415 

tropical and Mediterranean seagrass meadows dominated by larger species, like Posidonia 416 

spp., which can form enormous root mats several metres deep (Romero et al., 1994, Lo 417 

Iacono et al., 2008; Johannessen and Macdonald, 2016; Serrano et al., 2018). Moreover, 418 

Fourqurean et al. (2012a), report that two-thirds of seagrass biomass is buried in their soil as 419 

rhizomes and roots, which contradicts results found for the temperate species studied in this 420 

paper. Here, the highest BGB was found in sites with carbon rich sediments, where seagrass 421 

formed denser meadows, like Hayling Island and Creek Rythe. However, sites with lower 422 

sediment carbon stocks and higher degree of wave exposure, like Ryde, presented higher 423 

BGB/ sediment carbon stocks of 0.084 ±0.062 %. Furthermore, due to the overall low 424 

contribution of root and rhizome biomass to below-ground sediment Cstocks (<1%), it is safe 425 

to quantify sediment carbon stocks for temperate seagrass meadows in the Solent Region 426 

without removing roots and rhizomes.  427 

Particle size and sediment DBD 428 

 429 

Lima et al., (2020), in a recent study conducted on the same sampling sites, concluded that 430 

a higher degree of exposure, wave activity and tidal flow, promotes erosion and flushing of 431 

sediments, which would explain why sites like Ryde, with lower AGB, have sediments with a 432 

larger mean grain size. Furthermore, the study also suggests that factors that influence the 433 

magnitude of sediment carbon storage in seagrass ecosystems include mineral and physical 434 

characteristics, as sediments with a higher concentration of clay particles typically contain a 435 

greater amount of carbon (Armitage and Fourqurean, 2016; Mazarrasa et al., 2018; Lima et 436 

al., 2020). This could explain why the Isle of Wight sites, Ryde and Cowes, with predominantly 437 

sand sediments, showed the lowest organic carbon storage among the studied sites.  438 

DBD, linked to sediment porosity and organic matter content, are important predictors for 439 

erosion rates, as cohesive sediments formed mainly by clay particles, may reduce erosion 440 

(de Boer, 2007). Average DBD for all sediment cores analysed was 1.01 ± 0.32 g/cm3, in 441 

accordance with the reported global seagrass mean DBD of 1.03 ± 0.02 g/cm3 (Fourqurean 442 

et al., 2012a). Moreover, DBD in the collected top metre of sediment cores was close to the 443 

mean value reported by Green et al. (2018), for the top 30cm of sediment from subtidal UK 444 

seagrass meadows (0.96 ± 0.22 g/cm3).  445 



 

 

These results indicate that the seagrass plants themselves play a key role in determining the 446 

amount of Corg available for burial, due to the capacity of their canopy to trap and retain 447 

sediment particles, which tends to reduce remineralisation rates due to lower oxygen 448 

exchange and redox potentials (Middelburg et al., 1993; Hedges et al., 1995; Burdige, 2007; 449 

Serrano et al., 2016; Serrano et al., 2018). Therefore, sediments with larger, particles (e.g., 450 

sand), and larger interstitial spaces, result in higher rates of remineralisation of stored carbon, 451 

and lower sediment Cstocks, as seen at Ryde and Cowes (Serrano et al., 2016, Serrano et al., 452 

2018; Gullström et al., 2018).  453 

Sediment Cstock 454 

 455 

The mean carbon stock value for the top metre of sediment from mainland sites of 115.34 ± 456 

9.12 MgC ha-1 found in this study falls below Green et al.’s (2018) estimations from subtidal 457 

Z. marina meadows from the West coast of the UK (table 2). However, it is important to 458 

highlight that results from this present study are based on direct assessments and 459 

calculations of sediment carbon stocks, rather than estimations and/or extrapolations, which 460 

can lead to inaccuracies (Johannessen and Macdonald, 2018). Estimations of sediment Corg 461 

stores can vary with depth, as some deposits can be several metres thick, representing 462 

accumulation over millennia. However, the top 1m of sediment is considered the one most 463 

vulnerable to remineralization, therefore the one most conventionally studied where possible 464 

(Fourqurean et al., 2012b).  465 

The total organic carbon stored in the top metre of sediment at all studied sites, including 466 

BGB, was 54.7 x 103 MgC ha-1, based on the meadow extents reported in Marsden and 467 

Chetsworth (2015). Garrard and Beaumont (2014) estimated a mean standing stock of 1.61 468 

MgC ha-1 for seagrass meadows in the UK, using data reported from previous studies 469 

conducted in different geographical areas. Based on these values, the amount of carbon 470 

stored in the Solent Region’s seagrass meadows’ sediments is ten times higher than the 471 

reported estimated average for sediment blue carbon in UK seagrass meadows. Therefore, 472 

these results highlight the importance of direct carbon stock measurements to corroborate 473 

estimations and extrapolations, helping in the development of a regional profile of seagrass 474 

carbon storage in the British Isles. 475 

Table 2 shows seagrass sediment Cstocks reported in previous studies, from different regions 476 

of the world. The high carbon storage variability between studies can be explained by a range 477 



 

 

of factors that influence seagrass carbon sink potential, including: species, hydrodynamic 478 

regime, geographical variability, grain size and sediment depth profile (Jankowska et al., 479 

2016; Mazarrasa et al., 2017; Ricart et al., 2020; Lima et al., 2020). The mean value of 480 

sediment organic carbon content stored in the Creek Rythe site at 119.92 ± 10.00 MgC ha-481 

1, within the same order of magnitude as the suggested global mean range of 165.6 MgC ha-482 

1 (table 2).  483 

Table 2: Comparison between sediment organic carbon stocks (Cstock Mg ha-1) reported for different 484 
seagrass species and geographic regions, including the overall mean value for mainland sites in the 485 
present study (in bold). * represents studies where Cstocks down to 1 metre were calculated using 486 
estimations based on shorter cores.  487 

Seagrass 
species 

Region 
Sediment 
Layer (cm) 

C stock  

(Mg ha
-1
) 

References  

Multispecies Global 
 

Florida, Western 
Mediterranean, 

 Western 
Australia  

0-100 
 

0-100* 

165.6 
 

329.5 
± 55.9 

  

  
Fourqurean et al. 

(2012a)  

Posidonia 
australis  

Jervis Bay, NSW 
Australia  

0–100 7.50 

 ± 2.12  

 Macreadie et al. 
(2014)  

Multispecies  Indonesia  0-100 
129.9 
± 9.6 

Alongi et al. 
(2015) 

Posidonia 
australis  

Oyster Harbour, 
Western Australia 

0–150  
107.90 

 ± 1.2 
Rozaimi et al. 

(2016) 

Posidonia 
ocenica 

Mediterranean 
Sea 

0-100* 
202  

± 79 
Mazarrasa et al., 

(2017) 

 
Zostera marina 

 
Baltic Sea 0-100* 23.1 Rohr et al., (2018) 

Zostera marina Global 0-100* 108.9 Rohr et al., (2018) 

Zostera marina West Coast, UK 0-100* 
140.0  

± 73.32 
Green et al. 

(2018) 

Multispecies  
Zanzibar, 
Tanzania 

0.100* 
33.9 

 ± 7.7 
Belshe et al., 

(2018) 

Multispecies  Red Sea 0-100 33.5   
Serrano et al., 

(2018) 

Cymodocea 
nodosa 

Canary Islands, 
Spain 

0-100* 
86.20  ± 

19.06 
Banolas et al., 

2020 



 

 

Multispecies 
Central Southern 

England, UK 
Mainland Sites 

0-100 
(or to refusal) 

115.34 ± 
9.12 Present Study 

 488 

Villa and Bernal (2017) describe changes in hydrological regime as another factor 489 

which could disturb the equilibrium in vegetated coastal environments, affecting soil 490 

aeration and consequent decomposition of recalcitrant sediment organic matter by 491 

increased enzyme activity. This could explain the lower sediment Cstocks found on sites 492 

with greater history of dredging, such as Porchester and Farlington Marshes, and 493 

higher wave exposure, like Cowes and Ryde, when compared to more sheltered and 494 

undisturbed sites like Creek Rythe and Hayling Island, which had the highest Cstocks 495 

(Marsden and Chesworth, 2015).  496 

Seagrasses at Farlington Marshes showed higher values of %Corg on the surface, 497 

decreasing down-core. This could suggest a larger input of allochthonous carbon in 498 

Farlington Marshes’ sediments, due to its reported links to anthropogenic discharge 499 

(Marsden and Chesworth, 2015). Better preserved and sheltered sites like Creek 500 

Rythe, showed an increase in %Corg down-core, which could also be related to age 501 

and maturity of the meadow, with older and deeper sediments representing higher 502 

stored organic matter before wasting disease episodes, while younger, closer to the 503 

surface, sediments could represent %Corg from restored younger meadows (Marsden 504 

and Chesworth, 2015). Moreover, Ricart et al. (2020) reported a decrease in %Corg 505 

when they compared seagrass meadows between inland, estuarine, and seaward 506 

sites.    507 

Our study provided a comparison between %Corg from cores within unvegetated 508 

mudflats and adjacent seagrass meadows (table 1 and figure 3). Creek Rythe, the site 509 

with the highest reported seagrass meadow areal extent, of 100.24 ha, and highest 510 

mean seagrass sediment Cstock of 119.92 ± 10.00 MgC ha-1, also presented the 511 

highest %Corg (2.42 ± 0.19 %) from neighbouring unvegetated sediment cores.  512 

It is important to factor in the accumulation of allochthonous carbon in seagrass 513 

meadows, which could contribute up to 50% of the total Corg buried in their sediments 514 

(Kennedy et al. 2010). However, the fate of allochthonous carbon in coastal waters is 515 

still uncertain, with studies suggesting that it could be either intercepted by seagrass 516 

meadows and stored in their sediments or transported elsewhere to neighbouring 517 



 

 

ecosystems (Johannessen and Macdonald, 2016; Macreadie et al., 2019; Githaiga et 518 

al., 2019; Prentice et al., 2019).  519 

It has been reported that the loading of allochthonous carbon in the water column 520 

depends on local factors and is usually higher in coastal areas influenced by river 521 

discharges, such as at Creek Rythe, and/or nearby urbanised areas, as at Farlington 522 

Marshes and Ryde (Short and Burdick, 1996; Mazarrasa et al., 2017). Serrano et al. 523 

(2016) also reported that seagrass meadows and unvegetated sediments in 524 

environments conducive for depositional processes (i.e., estuaries) accumulated up 525 

to 400% more mud compared to other coastal ecosystems. Moreover, Duarte and 526 

Krause-Jensen (2017), concluded that seagrass carbon export represents a 527 

significant contribution to carbon sequestration, both in sediments outside seagrass 528 

meadows in adjacent unvegetated areas and deeper ocean zones, based on a review 529 

of 65 published reports. However, the same pattern was not reported by Colarusso et 530 

al. (2016), who found that sediments within eelgrass meadows stored more carbon 531 

than sediments in adjacent, unvegetated reference sites. Even so, they also report a 532 

higher variability in sediment Cstocks within meadows than the ones found in this study, 533 

which could explain the differing results (Colarusso et al., 2016).  534 

Results from this study showed the variability in carbon storage, and biomass, 535 

between studied sites. Such results can potentially contribute to the implementation of 536 

more relevant regional policymaking, by identifying areas with the highest potential for 537 

carbon storage and offsetting atmospheric CO2 emissions. Even though seagrass 538 

meadows in the UK and northern Europe have been directly or indirectly included in 539 

conservation law and initiatives, including nature-based solutions (Jackson et al., 540 

2016; Jones and Unsworth, 2016; Jones et al., 2018), studies suggest that these have 541 

not generally been effective in protecting and preserving these ecosystems, with 542 

declines being consistently reported, including in the UK (Smale et al., 2019; Green et 543 

al., 2021; Gregg et al., 2021). Therefore, identifying and understanding the factors that 544 

drive seagrass meadow variability, and the threats to seagrass at local scales, is a 545 

fundamental requirement for effective management and to harmonise conservation 546 

goals with sustainable economic development (Jones et al., 2018; Green et al., 2021).  547 

 548 

 549 



 

 

 550 

Conclusions 551 

 552 

Results from this study address gaps in the existing global database on seagrass 553 

meadow carbon stocks, which currently lack information from seagrasses in the UK 554 

and from intertidal temperate environments. Results showed that even meadows 555 

comprised of smaller, temperate seagrass species can play an important role in global 556 

blue carbon inventories, with considerable sediment Cstocks. Even though there were 557 

significant differences in carbon storage between sites, seagrass meadows in 558 

southern England provide important carbon sink potential, comparable with some 559 

tropical regions. These results confirm the importance of seagrass ecosystems as 560 

carbon sinks and the need to protect them to avoid remineralisation of sediment Corg.  561 

Results from this study also indicate that temperate intertidal seagrass meadows in 562 

southern England play an important role in carbon storage, as suggested by 563 

comparisons between organic matter in seagrass and unvegetated sediments. The 564 

significant difference in Cstocks between sites shows that there is a pressing need to 565 

better map and estimate carbon pools associated with seagrass meadows and 566 

adjacent ecosystems worldwide, in order to accurately assess and quantify their 567 

contribution as carbon sinks and understand the potential impacts of degradation and 568 

conversion of these ecosystems in a changing climate scenario. These findings can 569 

be used as a baseline to promote protection and restoration of coastal seagrass 570 

habitats, as well as incorporate seagrass conservation into climate change policies. 571 

However, more geographically wide-ranging studies should be undertaken to 572 

understand the principal factors that influence seagrass carbon storage potential, such 573 

as the sedimentary environment, and levels of disturbance.  574 
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 581 

Supplementary tables  582 

Table A: Site characteristics, including extent, as reported by Marsden and Chesworth, 2015, 583 

GPS coordinates, predominant vegetation, and main threats to the seagrass meadows.  584 

SITES 
Areal  

Extension (ha) 
Coordinates 

Predominant 
Vegetation  

Main 
 Threats 

Creek Rythe 
(CRST) 100.24 50°49'3''N, 0°53'33''W 

Z. marina/Z. 
angustifolia/ Z. noltii / 

Ruppia spp. 
Dense beds 

Past episodes of 
wasting disease, 
eutrophication 

Hayling Island 
(LGST) 70.1 50°47'54''N, 0°59'48''W 

Z. marina/Z. 
angustifolia/ Z. noltii 

/Ruppia spp. 
Dense beds 

Past episodes of 
wasting disease, 

trampling, dredging  

Farlington 
Marshes (FMST)  31.2 50°50'2''N, 1°2'24''W 

Z. angustifolia 
Very patchy 

Past episodes of 
wasting disease, 

trampling, dredging 
and eutrophication.  

Porchester 
(PMST)  94.92 50°50'13''N, 1°7'51''W 

Z. angustifolia/ Z. 
noltii  

Patchy 

Extensive trampling, 
dredging, evidence of 
anoxic conditions and 
smothering from algal 

mats 

Ryde (RYST)  82.47 50°44'02''N, 1°09'23''W 
Z. angustifolia 

Patchy 

Past episodes of 
wasting disease, 

trampling, dredging 
and eutrophication 

Cowes (CWST) 27.1 50°45'55''N, 1°16'56''W Z. marina/ Z. noltii  
Very patchy 

Past episodes of 
wasting disease, 

trampling, dredging 
and eutrophication 
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 598 

Table B: Summary of statistical results for T-Tests examining organic matter content (%OM) 599 
(mean ± standard deviation) from sediment cores on seagrass and unvegetated sampling 600 
points, including n, df, T and p, for all study sites. Where df represents the degree of freedom, 601 
and significance value for two sample T-test, p<0.05.  602 

 603 

 604 

 605 

 606 

 607 

 608 

 609 

 610 

 611 

Study Site Sediment core %OM N df T p 

Creek Rythe 
(CRST) 

 

Seagrass 6.82 ± 1.07 10 

13 -5.53 <0.001 

Un-vegetated 9.97 ± 0.98 5 

Hayling Island  
(LGST) 

 

Seagrass 5.87 ±  0.17 5 

8 1.26 0.243 

Un-vegetated 5.20 ± 1.17 5 

Farlington Marshes  
(FMST) 

 

Seagrass 3.64 ± 0.51 5 

12 -3.74 0.003 

Un-vegetated 5.70 ± 1.15 9 

Porchester  
(PMST) 

Seagrass 4.73 ± 1.58 5 

8 -0.97 0.36 Un-vegetated 5.58 ± 1.15 5 

   



 

 

 612 

 613 

Table C: Summary of statistical results for T-Tests examining organic carbon content (%Corg) 614 
(Mean ± standard deviation) from sediment cores on seagrass and unvegetated sampling 615 
points, including n, df, T and p, for all study sites. Where df represents the degree of freedom, 616 
and significance value for two sample T-test, p<0.05. 617 

 618 
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 620 
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 624 

 625 

 626 

Sites 
Sediment core 

%Corg N df T p 

Creek Rythe 

(CRST) 

Seagrass 1.79 ± 0.19 10 

13 -5.72 < 0.001 

Un-vegetated 3.96 ± 0.42 5 

Hayling Island 

(LGST) 

Seagrass 1.57 ± 0.07 5 

7 -5.43 0.001 

Un-vegetated 1.30 ± 0.09 5 

Farlington Marshes 

(FMST) 

Seagrass 1.08 ± 0.10 5 

12 -3.74 0.005 

Un-vegetated 2.12 ± 0.49 9 

Porchester 

(PMST) 

Seagrass 1.28 ± 0.33 5 

8 -0.95 0.371 Un-vegetated 2.14 ± 0.61 5 
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