Blue carbon and nitrogen storage in seagrass meadows of Amvrakikos Gulf
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Introduction

Table 1: One-way ANOVA results of Corg, TN, and Cinorg stocks between Stations.

The need to reduce CO2 concentrations has increased the interest of Three Stations were selected in the study area. Station 1 was located at Mazoma lagoon and characterized by a | ot |  memnsquare | Fvawe |  pwvaie | Tukeysposthoc |
scientists in learning about many coastal ecosystems that can sequester dense Z. noltei meadow. Station 2 was inside on Logarou lagoon and was defined by a sparse Z. noltei meadow Corg Stock
carbon. Such ecosystems are also seagrass (Serrano et al., 2016). Seagrass and the last Station was inside the Gulf and was characterized by a dense Cymodocea nodosa meadow. For “ , 764 10.67 0.0106 * tation 3= Station 1,2
have the ability to capture and store organic carbon in their sediments on these Stations were taken into consideration the environmental variables of 2021 and 2022 (Spring and Station 1= Station 2
centennial and/or millennial scales (Fourqurean et al., 2012; Kelleway et al., Autumn). At each Station, sediment -from each Station- was collected with cores and was sliced into 1 cm 6 7.28
2017; Kauffman et al., 2020). Despite their small extent (~ 0.2% of the ocean; sections, except for two cores of C.nodosa, which were sliced into 5 cm intervals. Subsamples of each slice T Stock
McKenzie et al., 2020), seagrass ecosystems can capture almost 10-18% of were used for the determination of grain size. Dry bulk density (DBD) was calculated as the dry weight of the - 0.000128 ***

. . . . . qe . . 2 0.4762 56.46 Station 1 # Station 2 # Station 3
organic carbon (Corg) stored in the sediment of the ocean (Mcleod et al,, soil subsamples multiplied by the compression correction factor of every corer and expressed as gram (dry
2011). The magnitude of stocks depends on seagrass traits (i.e., species, weight) per cubic centimeter. Other subsamples of each sediment slice were milled to a fine powder and were :
abundance, health) and on environmental factors (e.g., hydrodynamics) and used for the determination of : Organic carbon (Corg), Total nitrogen (TN) and the stable carbon & nitrogen é _—
biogeochemical conditions (e.g., origin and composition of organic matter). isotopic composition (613C and 615N). The cumulative product of element concentration, DBD, and T Station 3 # Station 1,2
Corg stock in seagrass meadows ranges from 0.9-7.2 kg m-2 in large seagrass decompressed sediment slice thickness was used to estimate stocks. In cases where the length of sediment Ll 1.2 Seation 1 Station 2
species to 0.5-4.6 kg m-2 in small species (Mazarrasa et al., 2018). If the was less (in 8 out 9 cores) or more than 1 m a linear regression of cumulative stock per slice against sediment o 0.0690
seagrass are small fast-growing species (Zostera spp.) then autochthonous depth was fitted a so they can be comparable. Analysis of Variance (ANOVA) and t-test was used to test
will be lower than allochthonous and that’s from organic matter that comes possible significant differences in the Stocks of organic carbon, total nitrogen and inorganic carbon among
from the water column (Serrano et al., 2016). Many coastal waters have been Stations. Levene's test and the Shapiro-Wilk test were used to determine whether the residuals were normal ] * e
degraded by eutrophication and nutrient over-enrichment, especially of and whether their variance was homogeneous. Principal component analysis (PCA) was used to identify -
nitrogen and phosphorus, which has been implicated as a major factor in the patterns of variance between Stations. The ordination of Stations based on their vertical profiles was analyzed 1 comsecand sn * Mazoma
global disappearance of seagrass (Green and Short, 2003). A typical case of using permutational multivariate analysis of variance (PERMANOVA) to identify any potential significant 5 | Medimsandn T 2 nottei
eutrophication in Greece is the coastal ecosystem of Amvrakikos Gulf. One of differences. Stable isotope mixing models were run for each Station to estimate the contribution of potential 5 OV i 5 Ej:c ------------ " Loganos
the characteristics of Amvrakikos is that the current water circulation in the sources to the sediment Corg pool in the three Stations. DBD . ® C.nodosa
center of the Gulf is incredibly low in the summer, which contributes to the 11 ’ s
reduction of dissolved oxygen with depth, causing frequent anoxic events. - 1 O 1 :
Due to this, Amvrakikos has higher levels of eutrophication than other Gulfs PC1 (65%)
found close to major cities (e.g. Thermaikos) and it has been identified the Figure 3: PCA biplot of the vertical profiles of geochemical variables
existence of toxic phytoplankton (Nikolaidis et al., 2005). The aim of this (grain size fractions, DBD, Corg, TN, Cinorg, 83C, 8'5N) for all stations
thesis was to assess the carbon and nitrogen stocks of seagrass ecosystems
extending in Amvrakikos Gulf and determine the potential change of stocks
with seagrass degradation.

Figure 2: Cores used on Stations

Figure 1: Study Area: Amvrakikos Gulf

Figure 3: Procedure of slicing the
sediment of each core

(Corer of Z.noltei on the left
and of C.nodosa on the right)

v Seagrass sediments of Amvrakikos Gulf were particularly fine, with a high percentage of mud across stations,
very fine and fine sands, and a very low percentage of medium and coarse sands and gravel (1 % + 0.2).

v' DBD decreased towards the sediment surface at Z. noltei stations, while it did not show variability at the C.
nodosa station.

v' At Zostera noltei stations Corg increased towards the surface sediment, while Corg seemed to decrease at
the C. nodosa station. TN didn’t show variability at C. nodosa. Nitrogen at Z.noltei stations had a small
increase and showed variability towards the sediment surface

v" From 100 cm to surface of the sediment Cinorg decreased at Z. noltei stations and C.nodosa Station and at
the C. nodosa station it showed high variability and a decrease.

v" Until sediment surface 613C did not show variability at Z. noltei stations, while at the C. nodosa station
showed variability but the values from bottom to top didn’t have a difference. At Zostera noltei stations
015N didn’t show variability towards the surface sediment, while 815N seemed to increase at the C. nodosa
station

v Corg stock was significantly lower at C. nodosa station while the values of TN Stocks of Zostera noltei stations
were higher than these of Cymodocea nodosa and last the values of Cinorg stock were significantly higher at
C. nodosa station
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Figure 4: Proportion of each end-member to the Corg pool of the sediment at Station 1,2,3

v" First assessment of BC and TN stocks of Zostera noltei and Cymodocea nodosa in Amvrakikos

Gulf.

v' The concentrations of Corg and TN stocks from previous studies in Z. noltei from Ria di
Formosa in Portugal (Martins et al. 2022) and in C. nodosa measured in Greece and Spain

(Apostolaki et al. 2019) are lower than our values.

In meadows with a lot of anthropogenic pressure, allochthonous enriched Corg soil stocks are

more possible to be found (Mazarrasa et al., 2017)
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