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EXECUTIVE SUMMARY 

The D.1.2 Sub-action concerns the analysis of physico-chemical parameters in water 

samples, sediments and particulate matter, and the collection of macrophytes, benthic 

macroinvertebrates and fish fauna (biological quality elements) for the application of 

ecological quality indexes at the stations monitored in Caleri and Barbamarco lagoons. The 

transplant activities at the Lagoons of Po Delta sites suffered a delay due to technical 

problems of the Veneto Park, which was in charge of the activity. With the transfer of the 

activity from the Veneto Park to the University of Ferrara and Caô Foscari Venice, the 

activities started regularly. However, all of this led to a delay of about a year on the roadmap. 

The monitoring programmed in Action D1 therefore started after the first transplant of 

seagrasses in Caleri and Barbamarco. 

Rooting and Growth of Transplanted Angiosperms  

Concerning the rooting and growth of transplanted angiosperms, particularly encouraging 

results were recorded at the Caleri site. Here, the transplanted sods have successfully taken 

root and initiated the formation of a continuous seagrass meadow. Nanozostera noltei 

exhibited vigorous vegetative growth followed by scattered patches of  Cymodocea nodosa 

and Zostera marina. Through lateral rhizome expansion and the subsequent merging of 

adjacent sods, numerous patches of seagrass meadow have developed, each extending 

over several square meters. The total vegetated surface currently is spread above about  

one hectare of bottom. These patches are in excellent ecological condition and show clear 

evidence of ongoing expansion, indicating a positive trajectory towards the establishment of 

a stable and self-sustaining seagrass habitat. 

At the Barbamarco site, the outcome has been less favorable. Only small, sparse patches 

of seagrasses are currently present, with a still negligible spatial extent. The limited 

development of the transplants in this area is likely related to recurrent phytoplankton and 

macroalgal blooms, which have periodically reduced light availability and, at times, 

physically covered the transplanted sods. These conditions have negatively affected 

photosynthetic efficiency and impeded both rooting and vegetative spread, thereby 

constraining the success of meadow establishment in Barbamarco. 

Interpretation and Outlook 
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The contrasting results observed between Caleri and Barbamarco highlight the strong 

influence of local environmental conditions on the success of seagrass restoration. The 

positive development at Caleri demonstrates that, under suitable hydrodynamic and trophic 

conditions, transplanted Nanozostera, Zostera and Cymodocea species can effectively 

establish and expand, contributing to the recovery of seagrass meadows at the ecosystem 

scale. In contrast, the limited progress at Barbamarco suggests that eutrophication-driven 

phytoplankton and macroalgal blooms remain a major constraint on restoration success as 

demonstrated in the paper of Sfriso et al. (2024) where annual average concentrations of 

total Chlorophyll-a above 2.5 µm was demonstrate that hamper aquatic angiosperm rooting. 

However, continued monitoring is essential to assess the long-term stability of the Caleri 

meadows and to identify potential mitigation measures, such as nutrient input reduction or 

targeted management of bloom events, to improve environmental conditions and favour 

transplant survival at Barbamarco in the coming years. 

Macroal gae and MaQ I index  

On the whole Caleri was colonized by a higher number of macroalgal species (61) in 

comparison to Barbamarco (40), mainly due to a higher number of Rhodophyceae (32 

instead of 16) and Phaeophyceae (7 instead of 3) recorded at this site. In addition, at Caleri  

5 sensitive macroalgal taxa (the Chlorophycea Chaetomorpha linum (O.F. Müller) Kützing     

and the Rhodophyceae Alsidium corallinum C. Agardh, Centroceras gasparrinii subsp. 

minus M.A. Wolf, Buosi, Juhmani & Sfriso, Dasya punicea (Zanardini) Meneghini and 

Pneophyllum fragile Kützing have been recorded indicating the better ecological conditions 

present in this lagoon. These species and the rooting and spread of aquatic angiosperms 

contributed to increase the ecological status from Poor (Ecological Quality ratio = EQR: 0.25-

0.35) to Moderate (EQR: 0.65). 

Macrobenthos and M -AMBI and BITS index  

Overall, a total of 42 macrobenthic taxa were identified at Caleri, and 28 at Barbamarco 

lagoon. The ecological quality, generally satisfactory in both lagoons, was consistently 

slightly higher at the transplant sites, based on macrobenthic community composition. At 

Caleri, the benthic community within the transplanted area has shown a distinct 

development trajectory compared to the adjacent bare sediment control, with a higher 

abundance and diversity of crustaceans, particularly amphipods and isopods. This pattern 
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indicates that the establishment of seagrass meadows is fostering a more complex and 

functionally diverse benthic assemblage. The majority of macrobenthic taxa recorded across 

all sites belong to the tolerant ecological group (EG-III), although the occasional presence 

of sensitive species (EG-I) at the transplant sites is noteworthy. 

Fish Fauna and HBFI Index  

In both the Caleri and Barbamarco lagoons, the analysis of fish fauna and the application 

of the HBFI (Habitat-Based Fish Index) indicate overall comparable ecological conditions 

between transplant and control sites. Given the lagoonal context and the relative proximity 

of both sites to the sea inlets, no substantial differences were detected in the composition 

or structure of the fish communities. The observed variations were mainly seasonal, likely 

reflecting the natural migratory patterns of fish moving between the lagoon and adjacent 

marine areas. HBFI values at all sites remained within the ñgoodò ecological range, 

confirming the maintenance of natural habitat quality and the absence of negative impacts 

from the restoration interventions. However, as the transplanted seagrass meadows further 

expand and consolidate, their ecological role as nursery habitats for juvenile fish species 

will become more evident and quantifiable. 

Conclusions and Recommendations  

The restoration actions implemented in the Caleri and Barbamarco lagoons have yielded 

contrasting yet informative outcomes. The successful establishment and expansion of 

Nanozostera noltei and in a minor extent of Cymodocea nodosa and Zostera marina 

meadows at Caleri demonstrate the effectiveness of the transplantation methodology under 

favorable environmental conditions. The observed improvement in benthic community 

structure, characterised by increased abundance of crustaceans, particularly amphipods 

and isopods, further confirms the positive ecological response associated with seagrass 

recovery. These findings indicate that the Caleri meadows are evolving towards a stable 

and self-sustaining ecosystem, contributing to enhanced habitat complexity and biodiversity. 

At Barbamarco, limited transplant survival and the persistence of phytoplankton and 

macroalgal blooms highlight the need for targeted management interventions aimed at 

improving water quality and light penetration. Actions focused on nutrient input reduction 

and the control of eutrophication processes would likely enhance the success of future 

restoration efforts in this area. 
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Overall, the results underline the importance of adaptive management and continuous 

monitoring to consolidate the positive outcomes achieved at Caleri and to address the 

environmental constraints limiting restoration progress at Barbamarco. These lessons 

provide valuable guidance for the planning of future seagrass restoration initiatives within 

transitional coastal ecosystems of the northern Adriatic. 

 

  



LIFE19NAT/IT/000264 LIFE-TRANSFER 
Seagrass transplantation for transitional Ecosystem Recovery 

 

6 
 

SubAction D.2.1 Monitoring angiosperm rooting and growth  

 

Angiosperm transp lants  

Aquatic angiosperms at the beginning of the project were absent in both the lagoons. The 

only species present in the past was Ruppia cirrhosa, but it disappeared in the last three 

decades of the last century with the increasing of eutrophication (Sfriso et al., 2016; Munari 

et al., 2023). 

This project aimed to reintroduce this species and/or others aquatic angiosperms present in 

similar environments to reconstruct, where possible at least in part, the ancient prairies. 

Table 1 shows the number of transplants foreseen in each lagoon in the Proposal for a total of 

648 sods equivalent to 6480 rhizomes at least. 

 

Table 1. Number of planned transplants in each lagoon. 

 
 

On 6/6/2022 the Veneto Park resolved to transfer part of Action C1 (Caleri and Barbamarco 

seagrass transplantation) to the Universities of Ferrara (for the transplant part in the Delta 

lagoons) and Cà Foscari (for the explant part from Venice Lagoon). Therefore, the first 

transplants in these lagoons were performed in November 2022, whereas the second ones 

started in June 2023. These lagoons have ecological conditions that are poorly suited for 

the transplant of Ruppia cirrhosa, which prefers choked environments; therefore, our 

attention was focused on Cymodocea nodosa, Zostera marina and Nanozostera noltei which 

were explanted from the Venice Lagoon where these species are very abundant (Sfriso et 

al., 2022). Table 2  presents the transplants performed at Caleri and Barbamarco, indicating 

the number of sods transplanted per year and the corresponding number of equivalent 

rhizomes, while Figures 1 and 2 show transplant activities at both lagoons. Each sods had 

a diameter of 15 cm and the average number of rhizomes per sod was calculated to be 15 

for Nanozostera noltei and Cymodocea nodosa, and 10 for Zostera marina. 
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Table 2. Number of effective transplants in each lagoon. 

 

Despite a one-year delay in starting angiosperm transplanting activities, the total number of 

planned sods to be planted has actually been exceeded.  The results obtained along the 

way encouraged us to make a greater effort at the Caleri site compared to Barbamarco, as 

the former showed higher success. 
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Figure 1 . Sod transplants in Barbamarco and Caleri in November 2022 
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Figure 2. Sod transplants at Barbamarco in June 2023 by the staff of DAIS-UNIVE 

 

Angiosperm rooting and growth monitoring  

The monitoring of the establishment and growth of the transplanted angiosperms was 

carried out twice a year (usually in spring and in late summerïearly autumn) from 2023 until 

September 2025. 

As previously mentioned, despite the continuous transplanting efforts carried out by 

fishermen and DAIS-UNIVE staff, as of September 2025 only small, scattered tufts of 

seagrass meadows are present at the Barbamarco sites. As will be shown in the next 

chapter, water transparency conditions were far from ideal for nearly the entire duration of 
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the project, with frequent phytoplankton blooms that reduced water clarity. The excavation 

of the sublagoon canal adjacent to the transplant site may also have contributed to the 

release of nutrients into the water column and certainly increased sediment suspension. The 

hope is that the existing patches will be able to expand vegetatively in the near future. 

The situation at the Caleri site, however, is completely different. Monitoring of plant growth 

has shown a high survival rate of the transplanted sods (over 50%) and good vegetative 

development. Nanozostera noltei, in particular, has proven to be well suited to this 

environment. The following figures show the progressive expansion of the patches, which 

have evolved from separate sods into a single large continuous area. As of September 2025, 

the transplant site hosts about twenty large patches, each with an area greater than 10 

square meters, along with numerous smaller patches, one/three meters in diameter 

throughout the area, where each triplet has not yet merged.  

The following images show the vegetative growth of patches from June 2023 (Figure 3), 

with clear water and low tide, through September 2023 (Figure 4), with quite turbid water 

and high tide, December 2023 (Figure 5 ), with clear water and low tide, January 2024 

(Figure 6 ), with clear water and low tide, June 2024 (Figure 7 ), with clear water and very 

low tide, spring 2025 (Figures 8 and 9 ) with clear water and low tide.  
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Figure 3. Nanostera noltei sod growth in June 2023. The diameter was 40-60 cm. 

 

 

Figure 4 . Nanozostera noltei patches in September 2023. The diameter was 60-100 cm. 

 

 

Figure 5. Nanozostera noltei patches in December 2023. The diameter was 1-2 m. 



LIFE19NAT/IT/000264 LIFE-TRANSFER 
Seagrass transplantation for transitional Ecosystem Recovery 

 

12 
 

 

Figure 6. Nanozostera noltei (first three photos) and Zostera marina (last photo) patches in 

January 2024. The diameter was >1m. 

 

Figure 7. Nanozostera noltei patches in June 2024. The diameter was >2 m. 
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Figure 8 and 9 . Nanozostera noltei patches confluent in spring 2025. 
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Figure  10. View of aquatic angiosperms at low tide in March 2025.  

The following Figures 11 and 12 summarize the outcome of the transplants in each lagoon. 

 

Figure 11. Caleri lagoon 
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Figure 12. Barbamarco lagoon 
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Action D. 1 Monitoring the environment and the ecological 

quality status  

SECTION 1 ï Environmental parameters: water and sediments  

Methods  

Field sampling 

Once the ecologically suitable sites had been selected for the transplantation of aquatic 

angiosperms, the sampling of the environmental matrices of water and sediments started. 

In each station some environmental parameters were monitored by means of portable 

instruments in accordance with what was reported in the sampling forms.  

In field the following parameters and macrophyte variables were recorded:  

- Date and time of the surveys; 

- Air and water temperature; 

- Water depth and transparency by Secchi disk;  

- Dissolved oxygen; 

- pH and Eh in the water column by dedicated probe for water measures; 

- pH and Eh in the surface sediments by dedicated probe for sediment measures; 

- Water samples for salinity determination; 

- Water samples for nutrient determination; 

- Sediment samples for physico-chemical and nutrients determination; 

- Macroalgal coverage, macroalgal biomass, taxa dominance, samples to determine 

the complete macroalgal check list. 

Water samples (250-500 ml) were manually collected at a depth of approx. 20-30 cm and 

immediately filtered throughout glass fiber filters GF/F (porosity 0.7µm). Filters were retained 

in filter-holder boxes until the determination of Chlorophyll-a (Chl-a) and Phaeopigments 

(Pheo-a). Water samples of 250 ml were stored in polyethylene bottles for the determination 

of nutrients and transported in laboratory by a fridge bag. Both filters and water samples 

were refrigerated until the determination. 
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Surface sediment samples (5 cm top layer) were collected by a manual Plexiglas corer 

(Ø=10cm). They were carefully mixed together and pH and Eh were immediately measured 

on the total homogenized sample. Then, two subsamples were retained, one for the analysis 

of nutrients and the other for the determination of the sediment characteristics. Sediment 

samples were transported by fridge bag to the laboratory where they were frozen and 

lyophilized for the determination of Fines (fraction <63µm), density, moisture, porosity and 

the total, inorganic, organic phosphorus; total, inorganic, organic carbon and total nitrogen.  

 

Measures in water column and surface sediments  

Temperature  

The determination of the temperature in the water column at a depth of approx. 30 cm was 

obtained by means of a thermocouple probe (precision 0.1° C) combined with a portable 

pH-meter model Delta Ohm HD8705. 

Dissolved oxygen  

The determination of dissolved oxygen (OD) at about 20-30 cm depth was carried out using 

an Oximeter (OXI 196) from Wissenschaftlich-Technische Werkstätten GmbH (Germany). 

The data expressed instrumentally in mg L-1 were then converted into saturation percentage 

(%OD) taking into account the temperature and salinity values. The instrument was 

calibrated before each series of measurements in its wet container. 

pH determination  

The determination of the pH (acidity or basicity or neutrality) in the water column was carried 

out using the Delta Ohm HD8705 portable pH-meter, equipped with a combined electrode 

(accuracy 0.01 pH units). The instrument was calibrated before each sampling campaign 

with a pH 7.0 solution. 

Redox potential determination  

The determination of the red-ox potential in the water and in the surface sediment was 

carried out by means of a Delta Ohm HD8705 portable pH-meter equipped with a combined 

Ag (AgCl) electrode (precision 1 mV). The measurement in water was carried out at a depth 

of 20-30 cm while in the sediment it was carried out on a sample of 3 sub-samples (5 cm 

top layer), carefully homogenized, collected by means of a Plexiglas corer (Ø=10cm). The 

measurement on the homogenized sample avoids the enormous variations that occur 
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depending on very small variations in the insertion of the electrode into the superficial 

sediment. 

Salinity determination  

Salinity was determined in laboratory as chlorinity by means of Oxner (1962) argentometric 

titration. The chlorinity values corrected with a standard solution of sea water of known 

chlorinity were converted into salinity by means of the relationship: Salinity = Cl- x 1.805 + 

0.03. 

Suspended solids (filtered particulate matter) determination  

Samples of the water column (250-500 ml) were filtered, in duplicate, throughout glass fiber 

filters GF/F (0.7µm) pre-dried at 105 ° C for 1 hour and weighed for the measurement of the 

total suspended solids (TSS). After filtration by a Millipore Swinnex manual apparatus the 

samples were washed with 2-3 aliquots of distilled water (20 ml) to remove the salts. Filters 

were placed in filter-holder boxes and refrigerated until the moment of the determination 

which took place by drying in an oven at 70 ° C for one night. The coefficient of variation as 

a measure of reproducibility of the analysis was kept below 5%. 

Nutrients and chlorophylls in water  

The filtered seawater was analyzed for nutrient concentrations following the methods 

described in Strickland & Parsons (1972) whereas chlorophylls and phaeopigments were 

determined according to the Lorenzen (1967) method.  

Briefly, phytoplankton concentration was determined as Chl-a and Pheo-a by extraction with 

acetone 90% in ultrasonic bath for 30 min. Reactive phosphorus (RP) was measured as in 

Murphy & Riley (1962) and reactive silicate (Si) was quantified using the reaction of Mullin 

& Riley (1965). Ammonium was measured with the phenol-hypochlorite reaction of Riley 

(1953) modified by Solarzano (1969). The simultaneous determination of nitrite and nitrate 

concentrations was obtained using the cadmium reduction method as in Wood et al. (1967). 

The results were expressed as µg L-1 for chlorophylls and as µM for nutrients. 

Sediment grain -size determination  

Sediments were sieved with a 1 mm mesh sieve to remove the coarser part mainly 

represented by shell residues. Then the fine fraction (Fines) and the sands were separated 

with a 63 µm mesh sieve. 
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Sediment density  

The sediment density was determined on wet and dry basis. In particular the values on dry 

basis (g/cm3) allow to calculate the concentration of nutrients or  pollutants per volume unit.  

The density determination was performed in duplicate by using porcelain crucibles of known 

volume comparing the sediment weight  before and after drying at 110 °C for one night.  

Sediment Moisture and Porosity  

The same porcelain crucibles of known volume were also used to determine the sediment 

moisture (ml of water/ weight of wet sediment) and porosity (ml of water/ volume of wet). All 

data are reported as a percentage. 

Elemental Analysis of C, N and P  

In the laboratory, sediments were freeze-dried and pulverized using a sediment mill (Fritsch 

Pulverisette, Germany). The concentration of total nitrogen (Ntot) and total carbon (Ctot) 

were measured in duplicate by a CHNS Analyzer (Vario-MICRO, Elementar CHNS by 

Elementar Italia S.r.l.) after an accurate sample powdering of ca. 0.3 g of sample. The 

standard used for nitrogen determination was the ñlow level N- and S-contentsò with N = 

0.74%, art. no. 05 000 959 (Elementar Italia S.r.l.) and the standard used for carbon 

determination was ñC2ò, with C = 2.00%,  art. no.  S05 005 343 (Elementar Italia S.r.l.). 

Organic carbon was measured as carbon loss on ignition after burning at 430 °C for 2h 

taking into account the weight loss of the sample following the burning.   

Total phosphorus (Ptot) was determined following Aspila et al. (1976) after sample 

combustion in the muffle at 550 °C for at least 2 h of 0.3ï0.4 g of sample. Subsequently, the 

residue thus obtained was suspended in 50 mL of 1 N HCl and sonicated for ca. 30 min. 

After allowing the sample to settle for at least 1 h, 0.5 mL of the supernatant were taken with 

a graduated gas chromatographic syringe and brought to exactly 10 mL using volumetric 

flasks for a final dilution of 1 L, with the result expressed directly in µM. At this point, the 

phosphorus concentration was determined spectrophotometrically by the molybdenum blue 

method adding the mixed reagent and reading the absorbance at 885 nm after ca. 10ï15 

min according to Murphy et Riley (1962) and Strickland et Parsons (1972). Inorganic 

phosphorus (Pinorg) was obtained with the same procedure used for Ptot but without 

combustion at 550 °C. Organic phosphorus (Porg) was determined by difference.  
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All samples were analysed in duplicate and the analyses were replicated on two different 

days to obtain an accuracy > 95. Otherwise, the analyses were repeated until the coefficient 

of variation (standard deviation/mean) between two replicates was <5%. Carbon and 

Nitrogen contents were expressed as mg g-1 and Phosphorus as µg g-1.  

 

Results  

- EX-ANTE MONITORING 

Samples were recorded just once on 06/07/2021 at Goro and on 27/05/2021 at Fattibello  

Water parameters  

Some physico-chemical parameters of the water column are shown in Table 3.  

Table 3. Water column parameters. 

Water column  

  Physico -chemical parameters  

Stations  Temperature  pH Eh  Salinity  DO Depth  
Transparenc
y 

TSS 

  air  water    mV psu  % cm cm %   

Barbamarco  27.5 27.0 8.31 288 22.1 5.29 40 40 100 22.6 

Caleri  28.0 27.0 8.27 270 14.5 3.68 40 40 100 35.8 

 

Temperature showed the typical values of the considered season. The pH values ranged 

between 8.27 and 8.31 units whereas the redox potential ranged between 270 mV  and 288 

mV. Salinity at Barbamarco was 22.1 psu whereas  at Caleri it was only 14.6 psu.  

Table 4. Nutrient concentrations in the water column. 

RP NH4
+

NO2
-

NO3
-

DIN SI

Barbamarco 0.14 5.37 0.34 0.86 6.56 20.2

Caleri 0.21 10.4 0.83 1.57 12.8 17.0

Nutrients in the water column

 

The concentrations of Reactive Phosphorus  (RP) where low at both stations with the highest 

value at Caleri (0.21 µM) and a concentration slightly lower at Barbamarco.(0.37 µM) (Table 

4). Similarly, the concentration of the Dissolved Inorganic Nitrogen (DIN = sum of 



LIFE19NAT/IT/000264 LIFE-TRANSFER 
Seagrass transplantation for transitional Ecosystem Recovery 

 

21 
 

ammonium, nitrite, nitrate) was significantly higher at Caleri (12.8 µM) than at Barbamarco 

(6.56 µM) due to the highest concentrations of Ammonium (10.4 µM). Conversely Silicates 

(Si) where slightly higher at Barbamarco (20.2 µM) than at Caleri (17.0 µM). The ex-ante 

monitoring values were within the range recorded in the annual monitoring. 

 

Surface sediments  

The results of some physico-chemical properties of sediment samples are reported in Table 

5. 

Table 5. Physico-chemical characteristics in the 5 cm top layer  

Sediment properties  

  Shells 
>1mm 

Sand 
>63µm 

Fines 
<63 
µm 

Density  
Moisture  Porosity  5 cm top layer  

Stations  dry  wet  

  % g cm -3 % pH Eh  (mV)  

Barbamarco  0.21 95.1 4.7 1.30 1.79 27.2 48.7 7.73 17 

Caleri  7.27 79.9 12.8 1.05 1.64 35.9 58.9 7.42 -115 

 

The sediment 5 cm top layer was sandy in both stations with the highest amount of sand at 

Barbamarco (95.1%) than at Caleri (79.9%). As consequence, the amount of dry sediment 

per volume unit (dry density) ranged between 1.05 g cm-3 at Caleri and 1.30 g cm-3 at 

Barbamarco. Moisture and Porosity were higher at Caleri (35.9 and 58.9%, respectively) 

than at Barbamarco  (27.2 and 48.7%). Sediment pH was in the range 7.42-7.73 units, 

whereas Eh was more oxidized at Barbamarco (17mV) than at Caleri (-115 mV). 

Table 6. Nutrient concentrations in 5 cm surface top layer  

Ptot Pinorg Porg Ntot Ctot Cinorg Corg

Caleri 404 376 28 0.6 25.6 18.4 7.2

Barbamarco 513 503 10 0.1 14.4 13.6 0.8

Stations
µg g

-1 mg/g

Nutrient in surface sediments
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As expected by the sandy grain-size of both stations the concentration of Total Phosphorus 

(Ptot) was relatively low with values ranging from 404 to 513 µg g-1 at Caleri and 

Barbamarco, respectively (Table 6 ).  The organic fraction at Caleri (Porg: 28 µg g-1) was 

almost three times higher than at Barbamarco  (Porg: 10 µg g-1).    Conversely, Total Carbon 

was twice higher at Caleri (Ctot: 25.6 mg g-1) than at Barbamarco (14.4 mg g-1) due to the 

contribution of Corg (18.4 mg g-1) higher than at Barbamarco (13.6 mg g-1). Significantly 

higher concentrations of Total Nitrogen were found at Caleri (Ntot: 0.6 mg g-1)  than at 

Barbamarco (Ntot: 0.1 mg g-1).  

Primary producers  

The concentration of phytoplankton was determined by measuring the total Chlorophyll-a 

(Chl-a tot) composed by the active Chlorophyll-a (Chl-a) and the inactive pigment, namely 

phaeophytin-a (Phaeo-a) (Table 7). 

Table 7. Chlorophyll-a concentrations in the two stations 

Stations  Chl -a Pheo-a Chl -a tot  

Barbamarco  2.44 2.32 4.76 

Caleri  1.92 1.49 3.41 

 

On the whole the concentration of Chl-a tot was relatively low  at both stations (Table 8 ) and 

at Caleri it was lower (3.41 µg L-1) than at Barbamarco (4.76 µg L-1) with the concentration 

of active (Chl-a) and inactive pigment (Phaeo-a)  quite similar.  Because they are values 

recorded at the end of May when temperature is already high,  Chl-a shows values 

compatible with the possibility of aquatic angiosperm taking root.  

However no aquatic angiosperms were present whereas macroalgae, represented mostly 

by Ulva australis and Gracilariaceae, showed a significant biomass at Barbamarco (595 g 

fwt m-2) and a negligible biomass at Caleri (2.0 g fwt m-2) (Table 8 ). 

Overall, in the two stations 25  macroalgal taxa (10 Chlorophyceae, 13 Rhodophyceae, 2 

Phaeophyceae) were recorded accounting for 18 taxa at Caleri (8 Chlorophyceae, 8 

Rhodophyceae, 2 Phaeophyceae) and 6 taxa at Barbamarco (2 Chlorophyceae, 4 

Rhodophyceae).  None of the species was of high ecological value (sensitive taxa). 



LIFE19NAT/IT/000264 LIFE-TRANSFER 
Seagrass transplantation for transitional Ecosystem Recovery 

 

23 
 

Table 8. Ex-ante macroalgal taxonomic list and some metrics. In green: Chlorophyceae, in 

red: Rhodophyceae, In brown: Phaeophyceae. 

Taxonomic list ex-ante  

N° Macroalgae  Barbamarco  Caleri  

1 Bryopsis muscosa J.  V. Lamouroux   x 
2 Cladophora glomerata  (Linnaeus)  Kützing     x 

3 Derbesia tenuissima  (Moris et De Notaris) P. et H. Crouan    x 

4 Pedobesia simplex (Meneghini ex Kützing)  M. J. Wynne et Leliaert     x 
5 Prasiola crispa (Lightfoot) Kützing   x 
6 Ulothrix flacca   (Dilllwyn)  Thuret    x 

7 Ulva australis  Areschoug    x 

8 Ulva rigida  C. Agardh x   
9 Ulvella viridis (Reinke) R.Nielsen, C.J.O'Kelly & B.Wysor x   

10 Uronema marinum  Womersley   x 

11 Agardhiella subulata  (C. Agardh)  Kraft et  M. J. Wynne    x 

13 Callithamnion corymbosum  (J. E. Smith) Lyngbye   x 
14 Ceramium connivens  Zanardini   x 
15 Chondria capillaris  (Hudson)  M. J.  Wynne x   

16 Erythrotrichia carnea  (Dillwyn) J.  Agardh   x 

17 Gracilaria gracilis  (Stackhouse) Steentoft et al. x x 
19 Polysiphonia breviarticulata  (C.  Agardh)  Zanardini   x 
20 Polysiphonia morrowii  Harvey    x 

21 Radicilingua mediterranea Wolf, Sciuto & Sfriso   x 

22 Solieria filiformis  (Kützing) P. W. Gabrielson  x   
23 Spyridia filamentosa (Wulfen) Harvey x   
24 Cystoseira  barbata (Stackhouse) C. Agardh    x 

25 Kuckuckia spinosa  (Kützing) Kornmann    x 

  Total taxa  6 18 
  Chlorophyceae  N° 2 8 

  Rhodophyceae N° 4 8 

  Phaeophyceae N° 0 2 

  Cover % 30 15 

  Biomass g/m2 595 2 

  Chlorophyceae% 18 47 
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  Rhodophyceae% 82 53 

  Chlorophyceae abundance 5.4 11.8 

  Rhodophyceae abundance 24.6 13.3 

  MaQI 0.35 0.35 
 

Since both stations lacked aquatic angiosperms and macroalgae of high ecological value, 

the ecological status determined by applying the Macrophyte Ecological Index (MaQI, Sfriso 

et al., 2014) was ñPoorò with score 0.35 due to the dominance of the Rhodophyceae 

biomass.  

Discussion  and Conclusions  

The ex-ante monitoring of the two lagoons allowed to characterize the ecological conditions 

of these basins both from the physico-chemical and biological point of view. Overall, the 

areas selected in two lagoons presented sediments prevalently sandy and relatively low  

concentrations of Ptot, Ctot and Ntot.  Even the concentration of RP in the water column 

was relatively low in both stations whereas DIN was slightly higher at Caleri than at 

Barbamarco due to the higher contribute of ammonium.  

The lack of aquatic angiosperms and sensitive macroalgae, and the low macrophyte 

biodiversity, especially at Barbamarco highlighted Poor ecological conditions. 

 

- TWO YEAR MONITORING ON MONTHLY BASIS  

In April 2025 we concluded the second year of monthly sampling both at Barbamarco and 

Caleri (Figure 13 ). 
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-  

-  

- Figure 13. Above: lagoon of Barbamarco with reeds indicating the transplant points of 
Ruppia cirrhosa. Below:  lagoon of Caleri with reeds indicating the transplant points of 

Nanozostera noltei Zostera marina and Cymodocea nodosa. 

-  

 

Water Column  

Figure 14 shows the variations of Temperature, pH, Eh, Salinity, Oxygen Saturation, Total 

Suspended Solids in the water column.  
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Figure 14. Variation of some environmental parameters in the water column in the Barbamarco 
and  Caleri lagoons. 

 

The mean monthly water temperature at Barbamarco station was 17.9±7.5 °C in 2023 and 

18.4± 7.2°C in 2024-25 with a men value of 18.1±7.2 °C. At Caleri it ranged from 17.8±7.2 

°C  to 18.5±7.1 °C, with a mean value of 18.2±7.0 °C.   

Temperature changes on monthly basis are reported in Figure 15. At Barbamarco the 

minimum value was recorded in February 2023 (6.0 °C) and the maximum in July 2024 (29.2 

°C). At Caleri temperature ranged from 7.5 °C in February 2023 to 29.4 in July 2024. 
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Figure 15. Variation of temperature at Barbamarco and Caleri in the water column during the two 
sampling years. 

 

The mean values of pH at Barbamarco ranged from 8.30±8.18 in 2023, to 8.37±0.24 in 2024-

25 with a mean value of 8.34. At Caleri pH ranged from 8.35±0.16 to 8.28±0.13 with a mean 

value of 8.31. The values of temperature recorded in the ex-ante sampling were higher than 

those recorded in May during the two sampling years probably depending on the different 

meteorological conditions of the different years. 

Similarly, the mean redox potential (Eh) recorded at Barbamarco was 309±56 mV in 2023 

and 343±32 mV in 2024-25, with a mean value of 326 mV, whereas at Caleri the mean Eh 

ranged from 307±47 mV in 2023 to 353±20 mV in 2024-25 with a mean range of 330 mV. 
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These values are compatible with those recorded in the ex-ante sampling, as well as the 

values of pH.  

Salinity mean values were higher at Caleri (18.5±3.1 psu) than at Barbamarco (17.9±3.2 

psu) (Figure 14). They ranged between 9.83 psu in November 2023 and 25.0 psu in January 

2025 at Caleri and from 13.9 psu in October 2024 to 25.0 psu in January 2025 at Caleri 

(Figure 16). These values are comparable with those recorded in the ex-ante monitoring.  

 

 

Figure 16. Variation of Salinity at Barbamarco and Caleri in the water column during the two 
sampling years. 

 

The total average oxygen concentration recorded over the two years at Barbamarco  

(9.2±3.3 mg L-1) was slightly higher than at Caleri (8.9±2.4 mg L-1) (Figure 14). At 

Barbamarco in 2023 the mean concentration was 9.04±2.7 mg L-1 and increased to 



LIFE19NAT/IT/000264 LIFE-TRANSFER 
Seagrass transplantation for transitional Ecosystem Recovery 

 

29 
 

9.42±4.01 mg L-1 in 2024-25. Viceversa, at Caleri the mean DO concentration was 9.7±1.99 

mg L-1 whereas in 2024-25 it decreased to 8.06±2.50 mg L-1.  The DO monthly values ranged 

from 4.6 mg L-1 in July 2023 to 18.9 mg L-1 in February 2025 at Barbamarco. Instead at 

Caleri the lower concentration (4.4 mg L-1) was recorded in June 2024 and the highest in 

November 2024 (13.8 mg L-1) (Figure 17). The values recorded in the ex-ante monitoring 

were compatible with these values.  

 

 

Figure 17. Variation of Dissolved Oxygen (DO) at Barbamarco and Caleri in the water column 
during the two sampling years. 

 

On average Total Suspended Solids (TSS) were higher at Barbamarco (27.7  mg L-1) than 

at Caleri (21.2 mg L-1) (Figure 14). In both stations TSS were significantly higher during the 
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second year: at Barbamarco in 2024-25 the mean monthly value was twice higher 

(36.6±17.8 mg L-1) than in 2023 (18.8±9.0 mg L-1), whereas at Caleri in 2023 (25.0±16.2 mg 

L-1) the mean concentration was approximately 44% higher (17.4±9.0 mg L-1) than in 2024-

25 (Figure 18). At Barbamarco the mean TSS monthly values ranged between 6.4 and 63.2 

mg L-1, whereas at Caleri they were between 7.2 and 37.0 mg L-1. These values are in the 

same range of those recorded in the ex-ante monitoring. 

 

Figure 18. Variation of Total Suspended Solids (TSS) at Barbamarco and Caleri in the water 
column during the two sampling years. 

 

Figures 19 and 20 show the amount of settled particulate matter (SPM) collected in the 

sediment traps continuously between monthly samplings. 
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Figure 19. Mean values of Settled Particulate Matter (SPM) in the two stations 

  

Caleri showed an amount of SPM (108±100 g m-2 day-1) lower than Barbamarco (172±121 

g m-2 day-1) and the second years SPM were higher than the first year both at Barbamarco  

(123±121 g m-2 day-1 in 2023; 221±104 in 2024-25) than at Caleri (94±96 g m-2 day-1 in 2023; 

121±105 in 2024-25).  

The mean monthly SPM at Barbamarco ranged between 12 g m-2 day-1 in January 2023 to 

465 g m-2 day-1 in December 2024. At Caleri SPM ranged between 6 g m-2 day-1 in February 

2025 to 345 g m-2 day-1 in August 2023.   
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Figure 20. Variation of Settled Particulate Matter (SPM) at Barbamarco and Caleri in the water 
column during the two sampling years. 

 
Figure 21 shows the variations of Reactive Phosphorus (RP), Silicates, Ammonium, Nitrites, 

Nitrates and Dissolved Inorganic Nitrogen. 
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Figure 21. Variation of some nutrients in the water column in the Barbamarco and Caleri lagoons. 

 

The mean concentrations of the Reactive Phosphorus (RP) at Barbamarco (0.57±0.41 µM) 

were higher than at Caleri (0.37±0.22 µM) with negligible differences between the two years 

(Figure 21).  

On monthly basis on average in both stations RP fluctuated between 0.2 and 0.6 µM with 

some peaks in March 2023 (1.83 µM) and in December 2024 (1.64 µM) at Barbamarco and 

1.27 µM in December 2024 at Caleri (Figure 22).  

The concentrations of RP recorded at Barbamarco in the ex-ante were lower than those 

recorded in the two sampling years whereas at Caleri they were in the same range.  
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Figure 22. Variation of Reactive Phosphorus (RP) at Barbamarco and Caleri in the water 
column during the two sampling years. 

 

The mean Total Dissolved Nitrogen (DIN) was almost twice higher at Barbamarco 

(20.5±12.5 µM) than at Caleri (12.6±6.1 µM). At Barbamarco DIN ranged from 16.7±11.6 

µM in 2023 to 24.3±12.3 µM in 2024-25. At Caleri the mean DIN concentrations in the two 

different years was quite the same: 12.5±5.7 µM in 2023 and 12.6± 6.7 µM in 2024-25. 

On monthly basis DIN at Barbamarco ranged from 4.5 µM in June 2023 to 47.9 µM in 

December 2023 whereas at Caleri DIN concentrations were between 4.4 µM in November 

2024 to 22.8 µM in October 2024. 
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Figure 23. Variation of Dissolved Inorganic Nitrogen (DIN) at Barbamarco and Caleri in the 
water column during the two sampling years. 

 

If we consider the different species of DIN (Figure 23), on average, the mean ammonium 

concentration at Barbamarco (8.13±µM) was significantly higher than at Caleri (6.36 µM) 

with small changes in the two years. Nitrites and Nitrates were also higher at Barbamarco 

(1.21 and 11.1 µM, respectively) than at Caleri (0.83 and 6.36 µM).   

Similarly, the mean concentration of Silicates at Barbamarco (35.5 µM) was approximately 

44% higher than at Caleri (24.6 µM) with strong changes in the two years at Barbamarco. 

All these nitrogen and silicate values were in the same range of those recorded in the ex-

ante monitoring. 
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The Phytoplankton as Chlorophyll-a concentrations and Macroalgal variables are shown in 

Figure 24.  

 

Figure 24.  Variation of phytoplankton as total Chlorophyll-a and macroalgae at Barbamarco and 
Caleri. The red line in the Chl-a concentrations is the mean limit that allow aquatic angiosperm 

rooting (Sfriso et al,, 2023). 

 

On average, the mean concentration of total Chl-a at Barbamarco was more than three times 

higher (8.03±6.96 µg L-1) than at Caleri (2.58±1.30 µg L-1) (Figure 24) exceeding the 

average limit concentration (2.5 µg L-1) for the establishment of aquatic angiosperms found 

by Sfriso et al. (2023) by analyzing hundreds of data data collected in more than 100 stations 
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in  Venice lagoon and in these Po Delta lagoon. These values were compatible with those 

recorded in the ex-ante monitoring especially at Caleri where the Chl-a concentrations was 

particularly low during the entire year. 

 

 

Figure 25. Variation of Total Chlorophyll-a at Barbamarco and Caleri in the water column during 
the two sampling years. The red line in the Chl-a concentrations is the mean limit that allow aquatic 

angiosperm rooting (Sfriso et al,, 2023). 

 

The active Chl-a was approx. twice higher than phaeopigments (Phaeo-a = degraded Chl-

a) in both stations. At Barbamarco Chl-a began to increase in May reaching a peak in July 

(27.5 µg L-1) (Figure 25 ). In autumn-winter Chl-a concentrations were generally below 3 µg 

L-1, whereas at Caleri Chl-a reached the maximum value in July with 4.71 µg L-1 only. 

Conversely, macroalgal biomass was higher at Caleri (453 g fwt m-2) that at Barbamarco 

(299 g fwt m-2) with important differences during the two years (Figure 2 4). Indeed, at Caleri 

since the 2023 the biomass decreased from 649±730 in 2023 to 258±178 g fwt m-2 in 2024-

25. During these years the presence of seagrasses provided a substrate for the growth of 

macroalgae that showed a biomass higher than in ex-ante sampling when the bottom was 

completely deprived of vegetation. 
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Figure 26. Variation of Macroalgal Biomass at Barbamarco and Caleri during the two sampling 
years. 

 

At Barbamarco the biomass decreased from 445±464 in 2023 to 154±242 g fwt m-2 in 2024-

25 but this was probably due to the different location of the sampling stations during the two 

years. Figure 2 6 shows the biomass trends in the two years. At Barbamarco the monthly 

values ranged from 39 to 2042 g fwt m-2 in 2023.  In the new location in the 2024-25 

macroalgal biomass was lower ranging between 17 to 502 g fwt m-2.  These biomass values 

are of the same order of magnitude as the biomass recorded in the ex-ante sampling. 

At Barbamarco Chlorophyceae showed a slight dominance (50.6%) on Rhodophyceae 

(49.4%) (Table  24). At Caleri the biomass decreased from 649±730 g fwt m-2 in 2023 to 

258±178 g fwt m-2 in 2024-25 and Rhodophyta (72.0%) prevailed over Chlorophyta (28%). 
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Total macroalgal cover (Figure 2 4) on average was higher at Caleri (66±26%) where it was 

often associated with the patches of angiosperms while at Barbamarco (44±34%) the 

sediments presented many bare areas. Macroalgal cover in both stations was higher in 2023 

than in 2024-25 and Rhodophyceae cover prevailed in the presence of a lower biomass. 

Macroalgal taxa showed a higher biodiversity at Caleri with a mean number of 44 taxa in 

comparison to the 28 taxa of Barbamarco.  The difference recorded in the two years probably 

was due to the different meteorological conditions of the two periods. Instead, no differences 

were found in the number of taxa recorded every month at both stations: 8.4 at Barbamarco 

and 11.2 at Caleri. These values confirm the low biodiversity recorded at Barbamarco in the 

ex-ante monitoring whereas at Caleri the rooting and spread of seagrasses favored a 

significant increase of macroalgal taxa.  Indeed the total number of taxa recorded at Caleri 

in the two years (24 monthly sampling days) was 61 (22 Chlorophyceae, 32 Rhodophyceae 

and 7 Phaeophyceae). At Barbamarco this number was lower with only 40 taxa (21 

Chlorophyceae, 16 Rhodophyceae and 3 Phaeophyceae).    

 

Table 9 shows the number of non-indigenous species (NIS) and their percentage on the 

total number of taxa recorded in the two Lagoons. 

 

Table 9. Number and percentages of non-Indigeneous species (NIS) recorded in the two lagoons 

 

At Caleri 14 NIS (23% of the Total) were recorded (Table 9). This number decreased to 6 

(i.e. 15% of the Total) at Barbamarco.  Gracilaria vermiculophylla, Solieria filiformis and Ulva 

australis represented more than 90% of the total biomass in both stations. The last two NIS 

were recorded also in the ex-ante sampling. 
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Table 10. Number of sensitive taxa recorded at Caleri. 

 

In contrast, at Caleri 5 sensitive taxa were recorded (Table 10), although they were missing 

in the ex-ante monitoring. However, their presence was still occasional and, even if only 

Alsidium corallinum and Dasya punicea were recorded on different sampling dates, it is a 

good indicator of the improving ecological conditions of this area 

 

Surface Sediments  

Some physical characteristics of the surface sediment 5-cm top layer are reported in Figure 

27.  

Barbamarco was a station with on average 15.0±13.7% of Fines only, whereas at Caleri 

Fines were on average 38.7±11.8%. Therefore, the amount of dry sediment for volume unit 

(dry Density) was higher at Barbamarco (1.26±0.18 g dwt cm-3) than at Caleri (0.82±0.16g 

dwt cm-3). As expected, Porosity was lower at Barbamarco (52.5±10.7%) than at Caleri 

(60.9±12.1%). Similarly, moisture was slightly lower at Barbamarco (29.5±5.9%) than at 

Caleri (41.6±6.7%).  These values are comparable with those recorded in the ex-ante 

monitoring considering the high sediment variability recorded mostly in Caleri by moving 

only a few meters. 
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Figure 27.  Main sediment characteristics in the two lagoons. 

 

Nutrient concentrations and carbon compounds in surface sediments showed higher 

concentrations at Caleri (Figure 27) where the amount of Fines was higher. Except for 

Pinorg these results confirm the values recorded in the ex-ante monitoring.  
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Figure 28.  Average Phosphorus, Carbon and Nitrogen concentrations in surface sediments of the  

the two lagoons. 

 

The average Total Phosphorus (Ptot) concentration at Caleri (659±84 µg g-1) was 

significantly higher than at Barbamarco (495±126 µg g-1). In both stations the inorganic 

fraction (Pinorg: 430±114 and 537±79 µg g-1, at Barbamarco and Caleri, respectively) was 

significantly higher than the organic fraction (Porg: 65±37 and 122±48 µg g-1) (Figure  28).  

Similarly, Total Nitrogen (Ntot) was almost twofold higher at Caleri  (1.47±0.30 mg g-1) than 

at Barbamarco (0.82±0.36 mg g-1). The same for Total Carbon (Ctot) that at Caleri was 

approx. twice times higher (37.9±6.3 mg g-1) than at Barbamarco (21.9±4.4 mg g-1) and the 

inorganic (Cinorg) and organic (Corg) fractions followed the same trend (Figure 28 ). 

In more detail the monthly trend of Total Phosphorus (Ptot) and its inorganic and organic 

fractions are displayed in Figure 2 9. At Barbamarco during the two years the amounts were 

different because in the second year the transplanting area was different. The first year of 

sampling Ptot ranged between 310 and 451 µg g-1, whereas the second year it was between 

473 and 675 µg g-1. The organic and inorganic fractions on average were 65±37 and 

430±114 µg g-1.  At Caleri in the same station Ptot ranged between 508 and 817 µg g-1.  The 

organic and inorganic fractions on average were 122±48 and 537±79 µg g-1.   
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Figure 2 9. Variation of Organic Phosphorus (Porg), Inorganic Phosphorus (Pinorg) and Total 
Phosphorus (Ptot) in the top layer of surface sediments at Barbamarco and Caleri during the two 

sampling years. 

 

The trend of Total Nitrogen (Ntot) is reported in Figure s 28, 30. At Caleri the average Ntot 

was almost twice  higher  (1.47±0.30 mg g-1) than at Barbamarco (0.82±0.36 mg g-1) and 

the second year it was higher in both stations (0.66±0.32 and 0.98±0.33 mg g-1 at 

Barbamarco;  1.37±0.28 and 1.57±0.29 mg g-1 at Caleri) with peaks up to 2.0 and 1.2 mg g-

1, respectively. 
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Figure 30. Variation of Total Nitrogen (Ntot) in the top layer of surface sediments at Barbamarco 
and Caleri during the two sampling years. 
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Figure 31. Variation of Organic Carbon (Corg), Inorganic Carbon (Cinorg) and Total Carbon (Ctot) 
in the top layer of surface sediments at Barbamarco and Caleri during the two sampling years. 

 

Total Carbon (Ctot) (Figures 28, 30, 31) showed the same pattern with average values of 

21.9±4.4 and 37.9±6.3 mg g-1 at Barbamarco and Caleri, respectively, and values higher in 

2024-25 than in 2023 (19.8±3.7 and 24±4.0 at Barbamarco; 34.5±3.6 and 41.4±6.65). 
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SECTION 2 ï Ecological Quality Status  

Macrophytes and MaQI determination  

Methods  

Macrophyte coverage and taxa determination.  

Macroalgae samples were collected in accordance with the method for the determination of 

the Macrophyte Quality Index (MaQI, ISPRA, 2011; Sfriso et al., 2014, Figure  32)  in order 

to determine the ecological status as required by Water Framework Directive (2000/60/EC).  

 

Figure 32. MaQI Scheme 

 

At each station, the relative coverage of macroalgae was assessed by using the Visual 

Census Technique in clear waters or touching the bottom 20 times with a rake in turbid 

waters, in order to discriminate a coverage Ó5%, as required by the application of the index.  

Subsequently 5-6 macroalgal samples were collected reporting the percentage of 
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Chlorophyta and Rhodophyta. Representative samples of all the species present in the 

stations were stored in 4% formaldehyde for the taxonomic determination. 

 

Results  

The application of the Macrophyte Quality Index (MaQI) from 2021 (ex-ante) to 2025 is 

shown in Table 11 .  The ex-ante sampling shows an Ecological Quality Ratio (EQR = 0.35) 

accounting for Poor conditions. Barbamarco in the ex-ante sampling site (Figure 4) was 

covered by a significant biomass of Ulva australis and Rhodophyceae. After the first 

transplant tentative, due to the Ulva biomass and high water turbidity which did not allow the 

rooting of the first transplants the station was moved to a nearby area where the water was 

clearer and the macroalgal biomass was negligible. In 2023, 2024 and 2025 no angiosperm 

rooting was observed and the EQR remained 0.35, accounting for Poor conditions, although 

the continuous transplanting efforts carried out by fishermen and DAIS-UNIVE staff.  

In the ex-ante sampling Caleri site showed a negligible biomass of Rhodophyceae. Under 

these conditions the EQR was 0.35, accounting for Poor conditions. However, since 2023 

the transplants have been successful and various patches of Nanozostera noltei, 

Cymodocea nodosa and Ruppia cirrhosa have formed increasing year by year.  Therefore, 

EQR increased to 0.55 (Moderate conditions) in 2023 and 2024. In 2025, angiosperm cover 

increased further, bringing the EQR up to 0.65 (Good conditions).   

 

Table 11. Application of the Macrophyte Qualitry Index (MaQI) based on two sampling dates: one 
in spring (May) and the other in autumn (November) as required by the normative (2000/60/EC). 

 

Station

Ecological 

quality 

Ratio (EQR)

Ecological 

status

0.25 Poor

0.25 Poor

0.35 Poor

0.35 Poor

0.25 Poor

0.55 Moderate

0.55 Moderate

0.65 Good

Year

Barbamarco

2022 (ex ant e)

2023

2024

2025

Caleri

2022 (ex ant e)

2023

2024

2025  
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At the sometime some sensitive macroalgae (Chaetomorpha linum (O.F. Müller) Kützing 

(Figure 30 ); Alsidium corallinum C. Agardh (Figure 31 ); Pneophyllum fragile Kützing 

(Figure 32 ); Centroceras gasparrinii  subsp. mInus Wolf, Buosi, Juhmani, Sfriso (Figure 

33);  Dasya punicea (Zanardini) Meneghini) were recorded (Figure 34 ).  

 

Figure 30. Filaments  of Chaetomorpha linum  and cell view 

 

 

 

Figure 31. Thallus of Alsidium corallinum and one of its branches 
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Figure 32. Thallus of Dasya punicea and its apical branch. 

 

 

Figure 33. Thallus of Centroceras gasparrinii var. minus 

 

 

Figure 34. Thallus of Pneophyllum fragile. 

 

Statistical analysis  

The principal component analysis (PCA) of all the data collected in the two stations (48 

samples) shows 9 components explaining a total variance of 78.7%. Significant values 

(loading >0.7) are shown by the first two components (variance 38.6%) which are plotted in 

a plane in Figure 35.  
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Figure 35. PCA analysis of the macrophyte variables and environmental parameters in the two 
stations. 
Legenda. Macrophyte variables : Ang. (Aquatic angiosperms), Biom. (Macroalgal biomass), Chl-a 
(Chlorophyll-a), Chlor. (Chlorophyceae abundance), Cov. (Macroalgal cover), MaQI (Macrophyte 
Quality Index), Phaeo-a (Phaeophytin-a), Rhod. (Rhodophyceae abundance), Taxa (Number of 
macroalgae). Environmental parameter s: Ammonium (NH4

+), Density (Dens.), Inorganic Carbon 
(Cinorg), Inorganic Phosphorus (Pinorg), Nitrites (NO2

-), Nitrates (NO3
-), Moisture (Moist.), Organic 

Carbon (Corg), Organic phosphorus (Porg.), Porosity (Por.), Reactive Phosphorus (RP), Salinity 
(Sal.), Sediment Eh (Ehs), Sediment fraction <63 µm (Fines), Sediment pH (pHs), Settled Particulate 
Matter (SPM), Silicates (Si), Temperature (Temp.), Transparency (Transp.), Total Nitrogen (Ntot), 
Total Suspended Solids (TSS): Water Eh (Ehw), Water pH (pHw). 
  
They are characterized by the significant (p> ±0.7) negative values of the macrophyte variables: 

MaQI (-0.81), Aquatic Angiosperms  (-0.76), Rhodophyceae (-0.71) and the sediment parameters: 

Moisture (-0.91), Inorganic Carbon (-0.90), Fines  (-0.76), Total Nitrogen (-0.75), Inorganic 

Phosphorus (-0.75), Porosity (-0.72) and the positive value of Density (0.79).     

Two distinct groups can be visualized: one on the left side, indicating the better conditions 

characterized by MaQI, Aquatic Angiosperms, Number of Taxa, Rhodophyceae abundance, 

Macroalgal biomass and Macroalgal cover associated with water Transparency, and the 

main sediment characteristics: Fines, Moisture, Porosity, Organic and Inorganic Carbon, 

Organic and Inorganic Phosphorus and Total Nitrogen. The other on the right side, indicating 

the worth conditions, were characterized by Chlorophyll-a, Phaeophytin-a and 



LIFE19NAT/IT/000264 LIFE-TRANSFER 
Seagrass transplantation for transitional Ecosystem Recovery 

 

51 
 

Chlorophyceae associated with water parameters: i.e. Temperature, Salinity, SPM, 

Ammonium, Nitrites, Nitrates, Reactive Phosphorus, Silicates, pHw, Ehw and some 

sediment parameter: i.e. Density, pHs and Ehs. 
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Macrobenthos and M-AMBI and BITS determination  

Methods  

The macrobenthic community analysis (composition, structure and dynamics) is the best 

approach for assessing the ecological status for a given water body. The DL 260 / 10 

explicitly requests the analysis of the "macrobenthos" as biological quality element for the 

definition of the ecological status of transition and marine-coastal waters. The monitoring of 

the macrobenthic community on a spatio-temporal scale enables the evaluation of the 

effectiveness of activities carried out for environmental improvement and it provides an 

adequate tool for a rigorous assessment of the quality of the environmental conditions. 

The macrobenthos monitoring actions are carried out at 2 sites of the Natura 2000 Network, 

characterized by the presence of the priority habitat 1150 - coastal lagoons, and affected by 

the conservation activity of this habitat by transplanting marine phanerogams; at each of the 

2 sites (Caleri, Barbamarco), the monitoring action is carried out at 2 stations at each lagoon, 

i.e. in the transplant site and in a control site (with 5 replicates per station to infer the intra-

site variability). 

At each station, macrobenthos is sampled following a BACI (Before-After, Control-Impact) 

design, that is sampling in a control site and in a site subjected to impact (specifically the 

transplant operation), before and after impact (intervention) (Fig. 1).  

 

Fig. 1. Before-after-control-impact (BACI) design 

At each station 5 replicates of samples are collected in order to achieve for each site (i.e. 

lagoon) 5 Control replicates, i.e. in areas not directly interested by the phanerogam 
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transplant; 5 Impact replicates, i.e. in areas directly interested by the phanerogam 

transplant. 

For the assessment of environmental quality, an indicator specifically required by Legislative 

Decree 260 / 2010 for transitional waters is used, the M-AMBI index (Muxika et al., 2007). 

After the ex-ante campaign (June 2021), and the beginning of phanerogams transplant 

operations (autumn 2022), sampling of macrobenthos was carried out in January, June and 

September 2023, January and May 2024. Samples from May 2024 are under analyses, so 

will be not included in this report. 

Structural indices describing the macrobenthic community were calculated on 

species/abundance data at each replicate of each station. 

The ecological quality at each station has been assessed by applying the macrobenthic 

index M-AMBI (Muxika et al., 2007) on the species/abundance data set. The M-AMBI index 

is based on a multivariate analysis in which factor analysis combines the values of AMBI, 

with those of Shannon-Wiener diversity (H') and number of species (S). The M-AMBI is 

calculated by means a user-friendly software (www.azti.es) to be applied with the latest 

update of the species list already available. 

The index is based on the classification of macrobenthic species into 5 ecological groups 

(EG) which correspond to different levels of disturbance-sensitivity (Borja et al., 2000). The 

EGI group includes the most sensitive species; following a tolerance gradient we arrive at 

the EGV group, which includes strongly opportunistic species, characteristic of heavily 

polluted environments. The AMBI index is calculated as:  

AMBI = [(0*%EGI)+(1,5*%EGII)+(3*%EGIII)+(4,5*%EGIV)+(6*%EGV)]/100 

The ecological value (EG) of benthic taxa is reported in the AMBI library. If some species 

are not assigned an ecological value, as such species are not present in the AMBI library, 

the accuracy of the result may be compromised if: a) the percentage of unassigned taxa is 

> 20%, b) the taxa not belonging to some groups have a large number of individuals. Thanks 

to the calculation method, the M-AMBI Index is able to summarize the complexity of soft 

bottom communities, enabling the ecological reading of the ecosystem in question. M-AMBI 

corrects the quality values provided by AMBI through the integration of diversity and specific 

richness. M-AMBI is an extremely flexible tool for the derivation of the EQR, as it requires 
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the operator to enter the limit values (equivalent to the reference values) for H ', S and AMBI. 

If this step is omitted, the reference values for the "High" quality class are taken as the 

highest values of S and H '(and lowest of AMBI) present within the numeric matrix for which 

the operator is running the calculation. This omission leads to extreme errors in the 

evaluation of the EQ (ecological quality).  

The value of the M-AMBI varies between 0 and 1. Below (Fig.  2) are reported (i) the type-

specific reference values for each metric that makes up the M-AMBI, the M-AMBI class 

limits, expressed in terms of the ecological quality ratio (RQE), between the High status and 

the Good status, and between the Good status and the Moderate status as required by 

current legislation. The values of the reference conditions and the relative Good / Moderate 

and High / Good limits considered for the calculation are those relating to macrotypes 2 (M-

AT-2), to which Caleri and Barbamarco belong. 

 
Fig. 2. Reference values for the M-AMBI calculation (from the DL260/10). 

 

The BITS index (Mistri & Munari, 2008) was also applied. BITS is written: 

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 
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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 respect the tolerant and the opportunistic ones: 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. The BITS index is null when there are no sensitive and tolerant 

families, indicating a very high amount of organic matter in the sediments, and, in lagoonal 

ecosystems, a very poor water exchange. BITS is high when the environment is good, with 

few opportunistic families, and it decreases as the environment degrades. 

The following scheme (from DL260/10) reports the BITS class limits, expressed in terms of 

the ecological quality ratio (RQE), between the High status and the Good status, and 

between the Good status and the Moderate status as required by current legislation, and 

the type-specific reference values for BITS. 

Limiti di classe in termini di RQE per il BITS   

Elevato/Buono  Buono/Sufficiente  Sufficiente/Scarso  Scarso/Cattivo 

0,87 0,68 0,44 0,25 

    

Valori di riferimento tipo-ǎǇŜŎƛŦƛŎƘŜ ǇŜǊ ƭΩŀǇǇƭƛŎŀȊƛƻƴŜ ŘŜƭ .L¢{ 

M-AT-1  2,8   

M-AT-2   3,4   

M-AT-3  3,4     
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Results  

Caleri lagoon  

Overall, a total of 42 macrobenthic taxa were found in the Caleri Lagoon. Table 1  shows the 

faunal list of the macrobenthic taxa collected during all the monitoring campaigns. Relative 

abundances vary according to season and site, and the variations are better highlighted 

below in the analysis of community structural indices 

Alitta succinea Caprella scaura 

Aricia foetida Cyathura carinata 

Capitella capitata Dexamine spinosa 

Capitella minima  Gammarus aequicauda 

Fabricia stellaris Gammarus insensibilis 

Hediste diversicolor Gastrosaccus sanctus 

Heteromastus filiformis Grandidierella japonica 

Magelona papillicornis Grandidierella sp 

Mediomastus fragilis Idotea balthica 

Nephtys caeca Melita palmata 

Oligochaeta Monocorophium acherusicum 

Paraonides lyra Abra alba 

Polydora cornuta Acanthocardia tuberculata 

Polyophthalmus pictus Bittium reticulatum 

Prionospio caspersi Brachystomia sp 

Scolelepis cantabra Haminoea hydatis 

Spio filicornis Lentidium mediterraneum 

Streblospio eridani Macomangulus tenuis 

Streblospio shrubsolii Mytilus galloprovincialis 

Ampelisca tenuicornis Solen marginatus 

Ampithoe ferox Tritia nitida 
Tab. 1. Taxonomic list of the macrobenthic taxa identified in the Caleri Lagoon 

In Table 2  the values of community descriptors (diversity, Hô, and species richness, S), 

together with AMBI/M-AMBI values and ES are reported for all the sampling dates. In the 

Table also the reference parameters are shown (in grey). 

Date Stations AMBI H' S M-AMBI Status 

  Bad 6 0 0 0 Bad   

  High 2.14 3.4 28 1 High   

June Cal-C 2.9 1.6 40 0.79   Good   

2021 Cal-Tr 3.0 1.6 43 0.81   Good   

January Cal-C 4.92 2.79 17 0.56   Poor   

2023 Cal-Tr 3.99 3.03 19 0.69 Moderate 

June  Cal-C 2.12 4.31 43 1.00   High   

2023 Cal-Tr 1.96 3.53 23 0.98   High   

September Cal-C 4.90 2.92 15 0.54   Poor   
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2023 Cal-Tr 3.67 3.60 20 0.78   Good   

January Cal-C 4.11 3.54 20 0.73   Good   

2024 Cal-Tr 1.94 4.45 31 1.00   High   

May  Cal-C 3.92 3.69 45 0.98   High   

2024 Cal-Tr 2.91 3.73 37 1.00   High   

December Cal-C 2.92 2.72 17 0.75   Good   

2024 Cal-Tr 2.98 3.36 45 1.00   High   

June Cal-C 4.21 2.63 19 0.64 Moderate 

2025 Cal-Tr 2.49 3.26 33 1.00   High   
 

Tab. 2. Community parameters and AMBI/M-AMBI values in the Caleri Lagoon (Cal-C: control site; 

Cal.Tr: transplant site) 

It is evident that the ES is always better at the transplant site compared to the control site. 

Please note that Caleri is the site where, so far, seagrass transplants have had the greatest 

rooting success. This is reflected in the conditions of the macrobenthic community, which 

often exhibits High quality values, and, as will be shown later, quite a different community 

composition. With few notable exceptions, benthic species richness and diversity were 

markedly higher at the transplant site compared to the control site characterized by 

unvegetated sediment. This disparity became particularly evident during the most recent 

monitoring year, concomitant with the observed increase in both the spatial extent and 

density of seagrass patches within the transplanted area. 

The progressive expansion of the seagrass meadows appears to have been a major driver 

of enhanced benthic biodiversity. The structural complexity introduced by seagrass 

canopiesðcomprising leaves, rhizomes, and rootsðcontributes to sediment stabilization, 

the attenuation of hydrodynamic forces, and the creation of a mosaic of microhabitats that 

support a wide array of benthic taxa. Consequently, the transplant site exhibited not only 

higher species richness but also greater evenness within benthic assemblages, reflecting a 

more mature and functionally diverse community structure. 

In contrast, the control site, consisting of bare sediment, supported a comparatively 

impoverished and compositionally homogeneous benthic community. This assemblage was 

largely dominated by opportunistic or sediment-tolerant species, consistent with the reduced 

structural complexity and limited ecological niches characteristic of unvegetated substrates. 

Overall, the results indicate that the restoration and subsequent expansion of seagrass 

meadows exert a substantial positive influence on benthic biodiversity. The pronounced 

divergence between the transplant and control sites, particularly evident in the latest 
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sampling year, underscores the ecological significance of seagrass habitat recovery in 

enhancing benthic community structure and promoting ecosystem resilience. 

The temporal trend of the M-AMBI index is represented in Fig. 3 , where, for each sampling 

date, the M-AMBI values found at the control site and at the transplant site are compared 

 

Figure 3. M-AMBI values at Caleri Lagoon (Cal-C: control site; Cal.Tr: transplant site). The green 

bar is the threshold between Moderate and Good ecological status 

 

Table 3  shows the percentage of invertebrates belonging to the five sensitivity-tolerance 

groups: EG-I sensitive, EG-II indifferent, EG-III tolerant, EG-IV and EG-V opportunistic of 

second and first order respectively; the higher the percentage of EG-I (or the lower the 

percentage of EG-IV and EG-V), the better the ecological quality. 

Date Stations 
Ecological Groups 

I(%) II(%) III(%) IV(%) V(%) 

June Cal-C 4.1 1.6 90.7 1.3 2.4 

2021 Cal-Tr 2.4 1.7 92.9 0.8 2.3 

January Cal-C 0.0 3.1 20.6 21.6 54.7 

2023 Cal-Tr 0.6 0.2 53.4 24.1 21.7 

June Cal-C 33.6 10.4 45.0 2.8 8.1 

2023 Cal-Tr 28.7 22.6 39.0 9.1 0.6 

September Cal-C 0.0 0.6 20.4 30.9 48.1 

2023 Cal-Tr 4.0 11.3 45.2 14.8 24.6 

January Cal-C 6.3 5.2 39.0 7.4 42.1 

2024 Cal-Tr 34.3 6.8 53.9 5.0 0.0 

May Cal-C 22.4 1.7 18.1 7.7 50.1 

2024 Cal-Tr 26.1 5.2 35.5 15.2 18.1 

December Cal-C 8.6 0.3 82.3 5.8 3.0 


