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EXECUTIVE SUMMARY 

Monitoring surveys should be designed and implemented whilst bearing project objectives in mind. For the 

LIFE TRANSFER project, the object of the monitoring stage is to quantify the impacts that the restoration 

actions (sod transplantation) will have on the recipient site (in this case Logarou lagoon) over the time scale 

of the project. Monitoring is also mandatory to evaluate the improvement of the coastal lagoon habitat 

(Habitats Directive Priority Habitat 1150*), and to quantify the benefits derived from transplantation of 

angiosperms on the Biological Quality Elements (e.g. macrobenthos, macroalgae) and ecosystem services 

(e.g. Blue carbon storage). It is essential for angiosperm transplantation and monitoring practices to run in 

parallel to ensure corrective actions are taken where appropriate. The transplantation progress and the 

restoration actions for the first year of the transplantation campaign (2021) were limited in scope (n = 2 

transplantation sites) due to (now-resolved) technical difficulties with the transplantation process, thus 

limiting the extent of the monitoring results from the first year. 

In this first monitoring report, a detailed monitoring protocol is provided for each of the sub-actions (D.4.1 

Monitoring angiosperm growth, and D.4.2 Monitoring biodiversity and the environmental quality status) 

which will be used as the groundwork for the future monitoring campaigns. Once the transplantation 

schedule is successfully executed, monitoring for sub-action D.4.1 (monitoring angiosperm growth) will be 

carried out yearly at each transplant site, and the following parameters will be measured: survival of 

transplanted sods, rooting of the rhizomes, rate of expansion of each transplanted sod and the estimate of 

the coverage of the newly formed meadows. For sub-action D.4.2 (monitoring biodiversity and the 

environmental quality status), monitoring will be carried out yearly, at a total of 4 stations (three from the 

main transplant areas A, C, and D, and one in the centre of the lagoon), and will last for the duration of the 

LIFE-TRANSFER project (4 years). Several parameters will be measured for sub-action D.4.2 including the 

nutrients of the water column [(total ammonium (N-NH4 +); oxidized nitrogen (N-NO2-, N-NO3-); dissolved 

inorganic phosphorus (SRP); dissolved silicates (SiO4--); Suspended solids (TSS)], and other hydrological 

parameters of the water column (transparency (Tr); temperature (T); dissolved oxygen (DO); pH; salinity (S); 

depth (D), Chlorophyll-a (Chl-a) and phaeopigments), the total, inorganic and organic carbon levels of the 

sediments (TC, IC, OC), the total nitrogen of the sediments (TN), the total, inorganic and organic 

phosphorus sediments (TP, IP, OP) and the percentage of fine fraction material (<63μm). In addition, the 

ecological status of each monitoring site will be calculated based on the macroalgae and macrobenthos 

biological components (MaQI, BITS, M-AMBI, and BENTIX) for sub-action D4.2. In order to best calculate the 

Ecological status, the spring period is preferred for the collection of monitoring samples. A total of 500 

rhizomes were transplanted in October 2021, and by April 2022 the average sod success rate of the first 

transplantation campaign was 75%. The first monitoring results indicate that the donor site remains in a 

good ecological status in accordance with benthic ecological quality status indices, and that the transplant 

site is still categorised as being as in a “moderate” condition (according to the M-AMBI index). Aerial 

photography of the two lagoons provided an initial geo-referenced habitat map covering 1.18km2.  

The extensive monitoring program aims not only to evaluate the state of engraftment and growth of 

transplanted seagrasses but also to evaluate the improvement in ecosystem services provided. In this 

context, the assessment of carbon storage in seagrass meadows of Amvrakikos Bay is  provided. 
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Action D.4: Monitoring of C4 action 

Monitoring within the context of a restoration project is essential for assessing the efficacy and impact of 

angiosperm transplant actions. As is the aim of the restoration action, it is expected that following 

successful transplantation, a natural dispersion of the seeds produced by the transplanted sods will occur. 

The seeds that will take root increase the habitat extent of seagrass meadows and operate as source 

populations for natural seed dispersion and meadow recolonization. Monitoring is necessary for 

quantifying the results in terms of success/failure of sod transplants and verifying the possible need for 

corrective interventions (i.e., transplantation of new sods). Effective monitoring implies that accurate 

ecological baseline levels are established before the transplantation process (See A.2 Amvrakikos Ex-Ante 

Report), and that the monitoring sampling design is effective in quantifying ecological changes during, and 

after, the angiosperm transplant process. The frequency of sampling should be sufficient to detect and 

identify any changes that affect the consolidation process of the transplanted prairie. At the same time, the 

parameters to be measured must be able to identify not only the growth of the angiosperm but also the 

community it supports and the potential ecosystem services it provides due to the importance of these 

species as habitat-formers and biodiversity generators. The progress of the restoration actions (see below) 

will as measured yearly, and a range of metrics will be monitored to assess the growth of the transplanted 

angiosperm sods (Sub-action D4.1), and the overall biodiversity and ecological status of the lagoon where 

the angiosperm sods will be transplanted (Sub-action D4.2). Finally, it is essential to monitor the 

environmental factors that affect, and are influenced by the transplantation process, both in the water 

column and in the sediment, to allow for up-scaling of the methodology in regions of similar abiotic 

conditions. Here below is the transplantation progress of the first year (2021), detailed descriptions of the 

monitoring protocols for each subaction, and a presentation of the results from the first year of monitoring. 

First-year transplantation progress  

The first transplants of the species Zostera noltei in the Amvrakikos pilot site were successfully executed in 

October of 2021 (27/10/21). Sods were extracted from the donor site of Mazoma lagoon (Figure 1), 

transferred and re-planted in the Logarou recipient sites (Figure 2).  

The tools used to extract and replant were of an identical design to those designed and tested in the Venice 

lagoon under the framework of the LIFE project SeRESTO (LIFE12 NAT/IT/000331 SERESTO). Unfortunately, 

due to the specific conditions of the recipient site (low water visibility even at shallow depths of <0.5 m and 

muddy bottom), the tools proved ineffective for the Amvrakikos site by the local stakeholders responsible 

for the transplantation action (Logarou Fishermen's Association). This fact had two main consequences: 1) 

new replanting tools would have to be designed and tested, and 2) a limited number of transplant stations 

were successfully executed. In total only two (2) stations (consisting of nine Z. noltei sods each) were 

transplanted in one of the transplant areas (Area D, Ex-Ante report) during the first transplant campaign 

(Figure 2, Table 1).      
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Figure 1. Extraction (and initial D4.2 monitoring) site within Mazoma lagoon for the first year (2021). 
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Figure  2. Transplantation sites (and D4.1 monitoring sites) within the Logarou recipient site for the first 

year (2021). 

Table 1. Transplant station information for the first-year transplantation actions. *The total number of Z.  

noltei rhizomes (shoots) transplanted is calculated.. 

Station code Transplant 

area 

Transplant 

date 

Latitude Longitude Total 

number of 

sods 

Total 

number of 

Rhizomes 

(shoots) * 

LOG_D_1 D 27/10/21 39.02719 20.93796 9 250 

LOG_D_2 D 27/10/21 39.02945 20.93869 9 250 

 Total 18 500 

By the start of the following year (March 2022) the new tools were designed, constructed, and trialed for 

use in the specific conditions encountered in the Amvrakikos pilot site, with the aim of ensuring an  
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effective and efficient transplantation schedule (Figure 3). It is important to note however that due to the 

limited sod transplantation in 2021, the results reporting for the monitoring sub-actions are also limited. 

  

 

 

Figure 3. Tool designed in December 2021 for use in Logarou lagoon, and trialling of equipment during 

Spring 2022  

D.4.1 Monitoring angiosperm growth  

In this sub-action, the monitoring of angiosperm rooting and growth was carried out by evaluating the 

following parameters: 

● i) survival rate of transplanted sods, 

● ii) growth rate of each transplanted sod and 

● iii) coverage estimation of the newly formed meadows.  

The success/failure and growth of transplanted sods were assessed by measuring their number and 

diameter at each station. Whereas, the total sod coverage to each transplant area of 10 x 10 m was 

estimated as per cent coverage.  

In the successive years, the new sods naturally produced by seeds or single rhizomes will also be included in 

the measures. The sub-action will be documented through the preparation of maps, photo shoots 

(including aerial drone footage) and monitoring reports. Monitoring is necessary both for the quantification 

of the results in terms of expansion of the new meadows, and to verify the possible need for corrective 

interventions. 

Meadows growth is expected to become effective after the 1st year of transplantation after the plants have 

adapted well to the new environment. In case of partial decay, the sods will be replaced with other new 

sods. If however, the failure concerns the entire station, the causes will be analyzed and another area will 

be selected with chances of success may be greater, without additional costs for the project. 
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D.4.2 Monitoring biodiversity and the environmental quality status 

In this sub-action, the monitoring of the environmental quality status through the use of the Biological 

Quality Elements (BQE) as required by the EU Directive 2000/60 will be carried out, as well as the 

monitoring of the overall ecosystem biodiversity in general. 

In accordance with the Grant Agreement for the LIFE-TRANSFER project, this action includes the following 

activities: 

(1) preparation of a "Monitoring protocol for physico-chemical parameters, biodiversity and ecological 

quality" with a detailed description of the objectives, procedures, timing and outputs of the monitoring 

activities. 

(2) Implementation of the monitoring based on the indications established by the protocol. 

Below is a detailed presentation of the monitoring protocol to be used within the framework of the project 

(including overall objectives, methodologies, and monitoring periods), and additionally,  the monitoring 

results from the first year of transplantation are provided. 

Monitoring protocol for physico-chemical parameters, biodiversity and ecological quality 

- Monitoring Objectives  

The objective of the monitoring protocol is to quantify the impacts that the restoration actions (sod 

transplantation) have on the physico-chemical parameters, biodiversity, and ecological status of the 

recipient site (Logarou lagoon) over the time-scale of the project. In addition, and in accordance with the 

Grant Agreement of the LIFE TRANSFER project, D4.2 monitoring will be carried out also in the Mazoma 

lagoon to evaluate the impacts of sod extraction practices on the donor site (but only for the year after the 

first sod extraction). 

- Monitoring Methodology 

Sampling design and frequency 

The sampling design of the monitoring stations is defined in accordance with the objectives of the study 

and the likely scale of natural variability in the biota, physico-chemical properties of the water column and 

sediments’ characteristics. The physico-chemical parameters, the biodiversity of biological communities, 

and the overall ecological quality will be defined at all of the monitoring stations.A monitoring station will 

be assigned to each of the three main transplant areas of the project (See A4 Executive project, Figure 4) to 

assess the immediate changes to the biodiversity and ecological status resulting from the transplantation 

actions. In addition, one station in the centre of the lagoon (included in the Water Framework Directive 

Monitoring Network for Greece) will be monitored to provide an indication of biodiversity and Ecological 

status changes at a wider spatial scale (Table 2). As there is also available data for this site from past 

decades, any larger time scale changes will also be apparent. 
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Figure 4. Map of monitoring sites/transplant areas A, B, C, D and E 

Table 2. Monitoring site information 

Monitoring station Lagoon area Frequency, Monitoring 
period 

Latitude 
 

Longitude 

LOG_MON_A 
  

Transplant area A 
Once yearly, every Spring 
period (March-May)  

39.03761 20.87740 

LOG_MON_B  Transplant area B 
Once yearly, every Spring 
period (March-May) 

39.03651 20.88821 

LOG_MON_D 
   

Transplant area D 
Once yearly, every Spring 
period (March-May) 

39.02945 
 

20.93869 

LOG_MON_0 (WFD 
station 
   

Centre of Lagoon 
Once yearly, every Spring 
period (March-May) 

39.04166 20.91173 

MAZ_MON_1 
   

Donor site 
Once after the first sod 
extraction process 
(Autumn 2021)    

39.00433 20.75209 
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Physico-chemical parameters methodology 

Measurements of the physico-chemical parameters will be made at each monitoring station yearly (n = 4; 

Table 2), and the following abiotic parameters will be analyzed: 

For the water matrix, both the nutrients (including the total ammonium (N-NH4 +); oxidized nitrogen (N-

NO2-, N-NO3-); dissolved inorganic phosphorus (SRP); dissolved silicates (SiO4--); Suspended solids (TSS)), 

and other hydrological parameters (transparency (Tr); temperature (t); dissolved oxygen (DO); pH; salinity 

(S); depth (D), Chlorophyll-a and phaeopigments) will be measured. The water samples collected for the 

determination of nutrients and dissolved organic nitrogen and phosphorus will be preserved (by freezing) 

until their analysis in the certified  biogeochemical laboratories of HCMR (ELOT EN ISO/IEC 17025:2005). A 

Seal III autoanalyzer and a VIS/UV spectrophotometers will be used for the nutrient analysis according to 

standard methods (Mullin and Riley, 1955 for silicate; Strickland and Parsons 1977 for nitrate-nitrite, 

Murphy and Riley, 1962 for phosphate, Koroleff 1970 for ammonium). Total Dissolved Organic Nitrogen 

(TDN) and phosphorus (TDP) analyses will be performed after a wet-oxidation with persulfate in low 

alkaline conditions and measured using a SEAL III autoanalyzer (Pujo-Pay and Raimbault, 1994; Raimbault et 

al., 1999). Values will be corrected according to reagent blanks. Water temperature, pH, dissolved oxygen, 

salinity and conductivity will be measured with an in-situ portable field instrument. Samples for 

phytoplankton biomass (chlorophyll a and phaeopigments), will be filtered through Whatman GF/F 

(Diameter 47 mm; pore size 1.5 μm) filters, and a fluorometer used for Chl-a and phaeopigment 

measurements (Holm-Hansen et al. 1965). The particulate matter concentration (Total suspended Solids 

TSS) is determined by the filtration of 0.2 to 1L of seawater passed through pre-weighed Millipore isopore 

membrane polycarbonate filters with 0.4 μm nominal pore size, and 47 mm diameter; filters are then dried 

and re-weighed upon return to the laboratory. 

To assess the sediment features at each monitoring station the total, inorganic and organic carbon (TC, IC, 

OC) will be measured; the total nitrogen (TN), the total, inorganic and organic phosphorus (TP, IP, OP) and 

the percentage of fine fraction material ( <63μm) will all be measured. Small subsections of the uppermost 

2 cm of the sampled material will be collected and frozen in plastic containers before being transported to 

the laboratory to be analysed for sediment granulometry, organic carbon and nitrogen content. 

Granulometric analyses will include the separation of coarse-grained fraction (> 63 μm) from the fine-

grained fraction (<63 μm) by wet sieving and further classification of silt and clay with an X-ray attenuation 

analyzer. Substrates will be classified according to Folk (1954) nomenclature. Organic carbon and nitrogen 

content will be determined with a CHN elemental analyzer, according to the methodology of Verardo et al. 

(1990). 

Biodiversity methodology 

Benthic communities have long been used for water quality assessment to assess any possible impacts to 

the ecosystem. Since macrofaunal communities directly depend on the environmental conditions in the 

sediment, not only are they considered a valuable component of the marine ecosystem, but various studies 

have also demonstrated that they respond relatively rapidly to both anthropogenic and natural stress 

(Pearson & Rosenberg 1978, Dauer et al. 2000, Bustos‐Baez & Frid 2003). In addition, most benthic 

organisms are primarily sedentary and therefore respond to environmental impacts at a local scale.  
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For the determination of the biodiversity of the macro-invertebrate communities standard protocol for the 

sampling and processing of marine soft-bottom macrofauna (ISO 16665:2014(E)) will be followed. Three 

replicates will be collected from each station using a hand-operated Ekman box corer with a sampling 

surface of 0.025m². Each replicate will be filtered through a 0.5mm steel sieve to eliminate water, fine 

sediments and other extraneous material. The remaining material will be stored in HDPE containers, 

fixated, coloured by a Rose Bengal colourant, and transferred to the laboratory for sorting and taxonomic 

analysis. Individuals will be identified to the lowest possible taxonomic level, whilst juveniles and colonial 

organisms will be excluded from further analyses. In addition, non-macrobenthic organisms (e.g fish; 

Harpaticoide, Copepoda, and Nematoda) will also be excluded from abundance counts. 

Traditionally used abundance-based metrics for calculating the diversity and community structure of soft-

sediment macrobenthic communities will be derived for each station (Table 3). This will include the number 

of Species (N), Species richness (S), Pielou’s Evenness (J’) and Shannon-Wiener Diversity (H’) (using log base 

2). Replicates will be pooled, and colonial and non-macrobenthic individuals e.g. fish juveniles, excluded 

from the analysis. 

Table 3. Description of the biodiversity indices used for the biological elements. 

Biodiversity index Description 

Species richness  (S) 

Number of species present per sampling unit. A basic metric that is usually 

affected by anthropogenic or natural stress, food availability and substrate 

heterogeneity. 

Abundance (Ν) 

Average number of individuals per sampling unit. A basic metric that is 

usually affected by anthropogenic or natural stress, food availability and 

substrate heterogeneity. 

Pielou’s Evenness 

Index (J) 

The index is based on the evenness of distribution of individuals by species 

and is negatively affected by the presence of dominant species. The 

presence of dominant tolerant species is often linked to anthropogenic or 

natural stress. 

Shannon-Wiener 

Diversity  

Index (H) 

Estimate of diversity, accounting for the relative abundance of individuals 

among species.  

Simpson’s 

Dominance (D) 

Probability of any two individuals in the sample belonging to the same 

species. Negatively affected by the presence of dominant species. The 

presence of dominant tolerant species is often linked to anthropogenic or 

natural stress. 
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Ecological quality methodology 

The European Water Framework Directive 2000/60 has established the concept of EQS to assess the levels 

of anthropogenic disturbance on surface waters. EQS is mainly based on biological elements (such as 

benthic macrofauna) and it is distinguished into five classes of status (High, Good, Moderate, Poor, Bad).  

Three biotic indices based on two biological components of the ecosystem will be applied to each of the 

monitoring stations to assess the Ecological Quality and provide a holistic view of the lagoonal ecosystem. 

Two of those will be related to the macrobenthic communities (M-AMBI, BITS) whilst the third will assess 

the ecological status of the station based on the macroalgae taxa present at the site (MaQI). The calculation 

of the M-AMBI index (macrobenthos), will be calculated following Muxika et al. (2007), and the BITS index 

following Mistri & Munari (2008). Regarding the macrophytes component, the calculation of the MaQI 

index will be done following Sfriso et al. (2011, 2014). 

More Specifically; 

- M-AMBI  

The  M-AMBI (Multivariate- AZTI Marine Biotic Index) explores the response of soft-bottom communities to 

man-induced changes in water quality, integrating long-term environmental conditions, and is the only 

index for Ecological quality that has been inter-calibrated for Greek Lagoon systems, meaning threshold 

values have been ascertained for the calculation of the Ecological Status under the Greek Water Framework 

Directive. 

M-AMBI is calculated by combining the AMBI score, Shannon-Weiner Diversity (H’), and species richness 

(S). The AMBI score is calculated as 

𝐴𝑀𝐵𝐼 =  [(0 ∗ %𝐸𝐺𝐼)  + (1.5 ∗ 𝐸𝐺𝐼𝐼) =  (3 ∗ %𝐸𝐺𝐼𝐼𝐼)  +  (4.5 ∗ 𝐸𝐺𝐼𝑉) + (6 ∗ %𝐸𝐺𝑉)]/100 

with EG I being the disturbance-sensitive species, EG II the disturbance-indifferent species, EG III the 

disturbance-tolerant species, EG IV the second-order opportunistic species and EG V the first-order 

opportunistic species (Borja et al., 2000). The value of each metric for each sample is standardized and then 

combined via a factor analysis; factor scores are then placed along orthogonal gradients of conditions 

created from a user-defined reference (High) and highly degraded (Bad) anchor points for each habitat. The 

resultant position in Euclidean space is the index score of the sample (Muxika et al., 2007). For Greek 

Restricted Lagoons Polyhaline lagoons (the typology of both Logarou and Mazoma lagoons) the 

HIGH/GOOD boundary to calculate the Ecological Quality Ratios is calibrated at 0.83, the GOOD/MODERATE 

boundary as 0.62, the MODERATE/POOR boundary as 0.41, and the POOR/BAD as 0.2  (EU Commission 

Decision 2018/229), and the reference values for the calculation of the M-AMBI index is H = 4, S = 50, AMBI 

= 0.05 (Simboura and Reizopoulou, 2008).  
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- BITS 

In similarity with the M-AMBI index, the BITS was specifically developed for lagoonal systems, according to 

the tolerant/opportunistic approach. BITS is calibrated for the non-tidal Italian lagoons in the Adriatic, and 

is calculated as: 

𝐵𝐼𝑇𝑆 = 𝑙𝑜𝑔[(6𝑓𝐼 + 𝐹𝐼𝐼)/(𝑓𝐼𝐼𝐼 + 1) +  1] +  𝑙𝑜𝑔[𝑛𝐼/𝑛𝐼𝐼 + 1)]  +  

                 𝑛𝐼/(𝑛𝐼𝐼𝐼 + 1) +  0.5𝑛𝐼𝐼/(𝑛𝐼𝐼𝐼 + 1) + 1] 

where fI is the sensitive families frequency (ratio of the total number of individuals belonging to sensitive 

families to the total number of individuals in the sample), fII is the tolerant families frequency (ratio of the 

total number of individuals belonging to tolerant families to the total number of individuals in the sample), 

and fIII is the opportunistic families frequency (ratio of the total number of individuals belonging to 

opportunistic families to the total number of individuals in the sample). The “+1” terms in the equation are 

needed in order to allow the division operation to be completed even when fIII is null and to prevent the 

eventuality of a log of zero if fI and fII are null. The second term of the BITS model allows to “weight” the 

number of sensitive families with respect to the ratio of tolerant and opportunistic families: nI is the 

number of sensitive families, nII is the number of tolerant and nIII is the number of opportunistic families. 

Again, the “+1” terms in the equation are needed in order to allow the division operation to be completed 

(Mistri and Munari, 2008). The boundary conditions for the Ecological Status of the BITS index are provided 

in Table 4 below, however, it should be noted that inter-calibration exercises have not been completed for 

Greek Transitional lagoons.  

Table 4. Boundary conditions for the BITS index based on (Mistri and Munari, 2008). 

EcoQ 

status 

Sand substrate Mud substrate 

High 
2.20 < BITS < 2.75 1.84 < BITS < 2.30 

Good 1.65 < BITS < 2.20 1.38 < BITS < 1.84 

Moderate 1.01 < BITS < 1.65 0.92 < BITS < 1.38 

Poor 0.55 < BITS < 1.01 0.46 < BITS < 0.92 

Bad 0 < BITS < 0.55 0 < BITS < 0.46 
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- MAQI 

The MaQI ecological assessment is based on several metrics: number and percentage of sensitive 

macroalgal taxa (score = 2); relative abundance (wet weight) of Chlorophyta and Rhodophyta; total % 

macroalgal cover; and the % cover of aquatic angiosperms. In each monitoring station the 

presence/absence of macrophytes will be assessed within a perimeter of 20–30 m by touching the bottom 

with a rake 20 times at least in order to obtain an accuracy ≥95% as required by MaQI. The relative 

abundance of the main taxa will be sorted and the wet weight of the macroalgae collected in 6 random 

samples obtained by scraping the bottom with a rake for approx 1 m. Macrophytes will be preserved (e.g 

frozen) and determined at a specific and intra-specific level by means of a stereo-zoom microscope and a 

light microscope. Where angiosperms are present the total angiosperm cover of the station will be 

determined by means of a Visual Census Technique. Specifically, two divers/snorkelers will determine plant 

cover separately and the final value will be the mean of the two determinations. For the calculation of the 

ecological status (Figure 4) two entries, one for macroalgae and the other for angiosperms, are necessary, 

and as only one sampling will occur per year, the spring sampling period is recommended. 

 

Figure 4. Infographic for the Calculation of the MAQI index 

Blue carbon methodology 

This study was conducted in mono-specific Zostera noltei and Cymodocea nodosa meadows extending at 

0.5 - 1 m water depth in Amvrakikos Bay. One station was located at Mazoma lagoon, which represents the 

‘donor site’ for transplants of Z. noltei, and the station was characterized by a dense Z. noltei meadow. The 

other station was located at Logarou lagoon, which represents the ‘recipient site’ for transplants of Z. 

noltei, and the station was characterized by a sparse Z. noltei meadow. A third station was located at 

Logarou lagoon and was characterized by a dense C. nodosa meadow.   
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At each station, triplicate cores were collected using manual percussion and rotation. The cores used for Z. 

noltei were plexiglas pipes of 1.5 m length and 6.5 cm inner diameter, while the cores used for C. nodosa 

were PVC pipes of 2 m length and 7.5 cm inner diameter. The cores were inserted down to 1 m of sediment 

or deeper (up to 150 cm). The inner, outer and total length of each core was measured during coring to 

allow the estimation of sediment compression, which ranged between 4 % and 30 %. 

 Analytical procedures 

The sediment from plexiglass cores was extruded, while the PVC cores were cut lengthwise. The sediments 

were sliced into 1 cm-thick intervals, except in the case of two cores from C. nodosa which were sliced into 

5 cm-thick intervals. All samples were dried until constant weight and then divided by quartering for 

subsequent analyses. Bulk sub-samples were used for the determination of grain size using dry sieving with 

a set of sieves up to 63 µm. The grain size fractions were classified as silt/ clay (< 63 μm), very fine sand (63-

250 μm), fine sand (250 – 500 μm), medium sand (500 - 1000 μm), coarse sand (1000 – 2000 μm) and 

gravel (> 2000 μm). Other sub-samples of sediment were milled to fine powder and were used for the 

determination of organic carbon (Corg). For the determination of organic carbon (Corg) a fraction of each 

sediment sample was acidified in silver capsules prior to the analysis in the elemental analyser (Thermo EA-

1112) to eliminate carbonates.  

  

Numerical procedures  

Dry bulk density (DBD, g cm-3) of each slice was estimated by dividing the dry weight of sediment by the 

volume of the corresponding wet sample. Stocks of Corg (kg element m-2) were estimated as the cumulative 

product of the Corg concentration, DBD and decompressed sediment slice thickness and were standardized 

to 1 m of sediment thickness. Elemental concentrations of slices that were not analyzed were estimated as 

the mean elemental concentration of the upper and lower slice of the given slice in question. In cases 

where the length of sediment sampled was less than 1 m, we fitted a linear regression of cumulative stock 

per slice against sediment depth to estimate the 1 m stocks. 
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Figure 5. Locations of D4.2 Monitoring stations and locations for the determination of carbon storage 

Monitoring protocol implementation progress 

Subaction D4.1 Results 

As mentioned above, during the first transplantation campaign, only a limited sod number (24) was 

extracted from the donor site (Mazoma Lagoon)(Table 5). Eighteen (18) of the extracted sods were 

replanted in the recipient site (Logarou lagoon), while the remaining (6) sods were further analysed in the 

laboratory.  

Table 5. Results for the first year of angiosperm monitoring (2021) on the donor site (Mazoma Lagoon). The 

total number of rhizomes (shoots) extracted is calculated as approximately 25 rhizomes per sod. 

Donor site Total Number of sods 
extracted 

Total Number of 
rhizomes (shoots) 

extracted* 

Total Surface area of 
meadow extracted  

Mazoma lagoon 24  600  0.42 m2  
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At the first monitoring campaign, only two (2) stations (consisting of nine Z. noltei sods each) were assessed 

in one of the transplant areas (Area D, Ex-Ante report). The survival rate of the transplanted sods, their 

mean growth rate and the estimated angiosperm coverage at the site are given in Table 6.  

Table 6. Results for the first year of monitoring (2021) on the two transplant stations (Stations 1 and 2) in 

transplant Area D. 

Transplant station Sod survival rate Mean Angiosperm 

growth 

Estimated coverage at site 

LOG_D_1 50% Stable (175 cm2) 0.001% (0.078 m2) 

LOG_D_2 100% Stable (175 cm2) 0.002% (0.157 m2) 

 

 

To calculate the extent of the seagrass habitats in the two lagoons, aerial photography from a remotely 
operated drone and semi-automated image classification was used. Specifically;  
 
An Autel Drone EVO II PRO 6K with 1inch CMOS Sensor and 82o FOV was used to fly three transects over 

eastern Logarou (Main transplant areas A, B, and D) and one transect over Southern Mazoma (Donor site) 

at a 120m to 130m elevation capturing photos at 5472 x 3648 pixels, 72dpi, f/2.8, and 11mm focal length. 

In total 343 photos were captured at the Mazoma donor site and 1286 (440 + 492 + 354) at the Logarou 

transplant sites with 80% lateral overlap. Due to the high turbidity of the water, the images were of low 

contrast. The auto-tone adjustment option in Photoshop software was applied in a batched process on all 

the images in order to stretch the images' histogram in a time-effective way. Any image with unrealistic 

color-casts was manually edited through individual R-G-B "level" manipulation to match the white balance 

of the rest of the auto-enhanced batch. Agisoft Metashape structure from motion (SfM) software was used 

to create the orthomosaics from the contrast-enhanced UAV images. The SfM software identifies common 

tie points between overlapped images and uses each image’s geo-location and UAV orientation to calculate 

a dense point cloud and construct a 3D model of the survey area. Based on this 3D mesh data the images 

are stitched together as an orthomosaic. The final orthomosaics generated has a scale of 0.03m/per pixel. 

For the mapping purposes the Semi-Automatic Classification Plugin (SCP), a free open-source plugin for 

QGIS was used. It allows supervised classification of remote sensing images, providing tools for the 

download, the preprocessing and postprocessing of images (Congedo, Luca, (2021). In QGIS, for each of the 

transects, individual manual training of the tool was conducted in order to achieve the better performing 

classification possible. Based on the Spectral angle mapping logarithm, the several spectral signatures used 

in the training input were grouped into three output classes: Bare sediment, Likely seagrass meadows, 

Likely macroalgae cover. A GeoTiff image with the classification was produced for each lagoon and then it 

was vectorized to calculate the coverage for each class (Figure 6; Figure 7). 
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Figure 6.  Drone imaging and rendering showing the extent of seagrass meadows in Logarou Area D. Red 
dots indicate Ground truthing locations. 
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Figure 7.  Drone imaging showing the likely extent of seagrass (Z. noltei) in Logarou Area A. 

Due to adverse conditions of the first monitoring campaign (April 2022) that obscured the in-situ visibility, it 

was only possible to use the aerial drone to map three of the five monitoring (Area A, Area B, Area D) and 

the donor site (Mazoma) (Table 6). 

Table 6. Mapped meadow extent for each transplant area during the first monitoring campaign 

Lagooon Area Mapped extent 
(m2) 

% of bare 
Sediment 

% Likely 
seagrasses  extent 

Logarou Area A 67197 73 27 

Logarou Area B 112432 56 44 

Logarou Area C N/A N/A N/A 

Logarou Area D 830866 54 25 

Logarou Area E N/A N/A N/A 

Mazoma Reference 173440 59 27 
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Sub-action D4.2 Results 

As only two stations were transplanted in one of the main transplant areas (Area D), this was the only area 

to be included in the monitoring (LOG_MON_D) for the first monitoring report. Due to the limited number 

of transplant sites during the first transplantation campaign (See section: First-year transplantation 

progress), a decision was made to complement the Area D monitoring site, with a second D4.2 monitoring 

station (LOG_MON_Db) for the first monitoring report. In addition, and as required by the Grant 

Agreement, the Donor site of Mazoma Lagoon (MAZ_MON_1) was also included in the sub-action D4.2 

monitoring campaign for the first year.  

Water column hydrological parameters 

Table 7. Physico-chemical parameters of the water column at each monitoring station 

Monitoring 

station 

Depth 

(m) 

Transparency 

(m)  

Salinity Conductivity 

(µS cm-1) 

Temp oC

  

pH

  

Dissolved 

oxygen (%) 

LOG_MON_Da 0.5 0.5 33.27 41.11 15.26 8.01 81.1 

LOG_MON_Db 0.6 0.6 33.08 50.65 15.65 7.89 96.7 

MAZ_MON_1 0.5 0.5 26.32 50.39 14.1 8.14 105.9 

Water column nutrient parameters 

Table 8. Chlorophyll, Nutrient, and suspended sediment parameters of the water  at the first year 

monitoring stations 

 

Chlorop

hyll  

(Chl a) 

(μg/l) 

Phaeopig

ments 

(mg/l) 

Oxidized 

nitrogen 

(NO3 + 

NO2) 

(µmol/l) 

Dissolved 

Silicates 

(SiO4) 

(µmol/l) 

Dissolved 

inorganic 

Phosphorus 

(PO4) 

(µmol/l) 

Total 

Ammonium 

(NH4) 

(µmol/l) 

Total 

Nitrogen 

(µmol/l) 

Total 

Phosphorus 

(µmol/l) 

Total 

Suspended 

Sediments 

(mg/L) 

LOG_MON_Da 
0.390 0.486 5.62 38.6 0.08 23.4 85.0 0.71 5.70 

LOG_MON_Db 0.595 0.438 0.43 7.91 <0.04 31.5 71.5 0.67 11.30 

MAZ_MON_1 
0.873 0.674 0.46 5.71 0.06 21.3 50.2 0.71 6.69 
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Table 9. Total carbon, organic carbon, total nitrogen, and the % of fine fraction material for the monitoring 

station sediments.  

Monitoring station Total carbon (%) Total organic 
carbon (%) 

Total 
Nitrogen (%) 

Percentage of fine 
fraction material ( 
<63μm) 

LOG_MON_Da 
5.388 3.833 0.527 

93.84 

LOG_MON_Db 7.234 3.244 0.383 58.80 

MAZ_MON_1 6.005 3.09 0.286 15.89 

Biodiversity metrics 

In total 1374 benthic macroinvertebrate individuals were identified from 36 taxa. The Transplant Area D 
monitoring sites were dominated by the types of species typically found in moderate state lagoonal 
ecosystems e.g. the opportunistic species Capitella capitata, the brackish species Abra segmentum and 
Microdeutopus gryllotalpa and the more marine origin species Naineris laevigata). The Mazoma reference site was 
also dominated by the marine origin species  Naineris laevigata the brackish species Lekanesphaera monodi, and the 
typically freshwater origin taxa of Chirinomidae. 
 
Table 10. Species that contribute to the top 90% of the total abundance of the two monitoring regions 
(Area D, Reference site).   
 

 Transplant Area D (Logarou) 
Average abundance per 
station 

Donor site  (Mazoma) 
Average abundance 
per station 

Abra segmentum 88 - 

Capitella capitata 142.5 46 

Chironomidae - 85 

Idotea balthica 6 69 

Lekanesphaera monodi 31.5 132 

Microdeutopus 23.5 7 

Microdeutopus gryllotalpa 128 69 

Monocorophium insidiosum 47.5 60 

Naineris laevigata 103 174 

Oligochaeta - 19 

Tanais dulongii 28 12 
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Table 11. Univariate biodiversity indices for the macro-invertebrate benthic communities 

Monitoring station S N J’ H’ 

LOG_MON_Da 18 676 0.284 0.821 

LOG_MON_Db 21 616 0.685 2.080 

MAZ_MON_1 23 728 0.733 2.300 
 

Ecological status  

The ecological status of the Area D transplant sites was classified as being in a “Moderate” condition with the M-AMBI 

index (with reference condition calibrated for Greek restricted lagoons e.g. Logarou and Mazoma). In comparison, the 

BITS index classified Area D as being in a “Good” ecological status. Both indicies categorised the Mazoma donor site as 

benig in a “Good” ecological status. The MaQI index was not applied for the first monitoring report (Table 12), as for 

once a year sampling the macroalgae community should be sampled during the spring period (Sfriso et al., 

2014)(See section D4.2 Ecological quality methodology).  

Table 12. Multi-biotic Indicies for the Ecological Quality Status of the monitoring stations   

Monitoring 
station 

M-AMBI 
score 

M-AMBI 
Status 

BITS score BITS status MaQI* MaQI 
status* 

LOG_MON_Da 0.49 Moderate 1.439 Good N/A N/A 

LOG_MON_Db 0.59 Moderate 1.391 Good N/A N/A 

MAZ_MON_1 0.65 Good 1.546 Good N/A N/A 
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Blue carbon 

Soils of Z. noltei were particularly muddy, with mean ± SE of 62 ± 0.75 % mud and 26 ± 2 % very 

fine sediments, on average. C. nodosa soils were fine, with a mean of 75 ± 3 % very fine sediments.  

Dry bulk density was on average 0.62 ± 0.02 g cm-3 and 1.33 ± 0.03 g cm-3 at Z. noltei and C. 

nodosa soils, respectively.  

The mean ± SE Corg content along the top meter of soil in Z. noltei soils was 2.34 ± 0.08 %. Corg 

content was lower in C. nodosa soils with a mean ± SE of 0.46 ± 0.04 %.  

 

 

Stocks of Corg of Z. noltei in the top meter of soil ranged from 6.3 to 11.5 kg m-2 with a mean ± 

STDEV of 8.3 ± 2 kg m-2, while for C. nodosa from 5.1 to 7.7 kg m-2 with a mean of 5.4 ± 0.3 kg m-

2. 
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