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Executive Summary (English) 

 

The operations of explantation from the donor site, and transplantation at the recipient site, will be 

carried out by at least 2 specially trained fishermen at a time. Two campaigns will be carried out 

each year. The first campaign will be in Autumn, and operations will start in September and last till 

the end of October. The second campaign will be in Spring, and operations will start in May and last 

till the end of June. 

The seagrass that will be used is Ruppia cirrhosa, a typical species of these lagoons. 

The recipient site is Sacca di Goro, where a total area of 1000 m2 will be transplanted during the 

course of the whole project in the NE area (Valle Seganda) and in the SE area (Bassunsin). The donor 

site will be Valle Bertuzzi , were Ruppia cirrhosa is very abundant and cover tens of hectares. 

Because 15 cm- diameter cores will be used, and the harvesting of the sods is carried out on a large 

area, the impact on the donor site will be negligible. Due to the short distance from donor to 

transplant site, both operations will be made in the same day. 

Ruppia cirrhosa will be transplanted by means of 15 cm-diameter sods. At each campaign, a total of 

72 (9 sods x 8 stations) sods will be removed from the donor site, through with a 15 cm diameter 

corer or spade. 

Removed sods will be maintained covered by water in buckets or bags until transplantation. In the 

transplant site, with the same corer or spade used for removal, sods will be placed into sediments. 

Transplant operations will be carried out from a boat in order to minimize sediment disturbance in 

the operating areas.  

Transplants will be carried out in eight stations of 10mx10m areas for each area, signaled with 

appropriate poles. At each station, 9 sods will be transplanted into clusters of 3, spaced 1m from 

each other. The distance from three groups of sods will be approx 5m. 

The sods removal/transplant operations will be implemented by local operators (fishermen) trained 

in 

subaction Action A5.2 and supervised by the technical staff of UniFe. 

The optimal season for transplants is autumn. In fact, during this period there is no interference 

with the growth of opportunistic macroalgae (mainly Ulvaceae, Cladophoraceae, Gracilariaceae, 
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Solieriaceae) due to the progressive decrease in temperature. However, in areas where macroalgae 

are absent or have a negligible biomass, the transplant activities can be carried out also in spring.  

The action will start in autumn 2021; sod removal/transplant operations will continue until the end 

of the project (2025) in order to have the greatest chance of success. 
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NATURA 2000 SITE OF INTERVENTION 

 

The project will be implemented into the Natura 2000 site IT4060005 Sacca di Goro, Po di Goro, 

valle Dindona, foce del Po di Volano with complete overlapping of SAC and SPA. The Sacca di Goro 

is a typical brackish coastal lagoon of the category transitional waters. As a matter of fact the name 

“Sacca” is the local equivalent for lagoon which identify the lagoons in direct communication with 

the sea by a large opening in the South perimeter, Errore. L'origine riferimento non è stata trovata.. 

The main freshwater inputs are the Po di Volano River, the Canal Bianco and Giralda, the Po di Goro 

River in which are present three sluices to regulates the flow. Besides the lagoon the site includes also 

part of the river branch Po di Goro since the Po di Goro is divided by the administrative perimeter 

among Emilia-Romagna and Veneto Regions. 

Some patches of seagrass meadows were presents in the site up to year 2005 but currently any 

population has been found, therefore the donor site has been identified, via direct survey, in the 

nearby Natura 2000 IT4060004 Valle Bertuzzi, Valle Porticino-Cannevie, Figure 1. 
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Figure 1: Natura 2000 site of intervention, Sacca di Goro and Valle Bertuzzi. 
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Donor site 

 

The donor site Natura 2000 IT4060004 SAC and SPA Valle Bertuzzi, Valle Porticino-Cannevie is 

adjacent to the Sacca di Goro. During a survey Ruppia cirrhosa/maritima was found with and 

extremely abundant population covering tens of hectares, therefore the local population will not be 

damaged by the sod collection. 

    

Figure 2: dense and large population of R. cirrhosa identified in Valle Bertuzzi during the survey.  

 

Valle Bertuzzi is one of the most evocative wetlands of the Po Delta Park. It has a total area of about 

2,000 hectares, consisting of three basins, Bertuzzi, Cantone and Nuova, which are at times 

separated by dune strands emerging from the water. This site is private and used as a fishing valley 

and as a wildlife-hunting company. The vegetation is mainly characterized by reeds and halophilous 

plants. In the center, between Valle Nuova and Valle Bertuzzi, a grove of holm oaks grows, today 

greatly reduced by the presence of cormorants and egrets that nest there. The birdlife is very rich: 

white and gray herons, squacco herons and night herons, black-winged stilts, terns and seagulls. 
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Given the high salinity of the water, especially in the summer, Valle Bertuzzi has become a resting 

area for pink flamingos, which are rapidly increasing, so much so as to suggest an imminent nesting. 

Because 15 cm- diameter cores will be used, and the harvesting of the sods is carried out on a large 

area, the impact on the donor site will be negligible. Due to the short distance from donor to 

transplant site, both operations will be made in the same day. 

The green square identified in Figure 2 is the donor area, it has been identified since it is relatively 

close to the facilities of the lagoon including small boats. The green square is about 150,000 square 

meters, the total harvesting during 5 years of the action C2 is calculated in 170 m, which in respect 

at the donor area represents the 0,11% of the area occupied. Furthermore, the total area occupied 

by R. cirrhosa/maritima is much wider and it extends in most of the eastern basin known as Valle 

Bertuzzi.  
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Figure 3: donor site, Valle Bertuzzi and the area identified for the collection.  
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Transplant area 

 

The recipient site is Sacca di Goro, where a total surface of about 1000 m2 at each of the two areas 

(Seganda and Bassunsin) will be transplanted during the course of the whole project.  

Valle Seganda is a stretch of water located in the eastern portion of the Sacca di Goro called the 

Valle di Gorino. The Valle di Gorino, and consequently Valle Seganda, was directly affected by the 

environmental improvement activities carried out during the LIFE 13 NAT/IT/000115 – LIFE AGREE 

– “coastal laGoon long teRm managEmEnt” project. Results led to the improvement of the water 

circulation and the elimination of the eutrophication problems caused by macroalgal blooms and 

subsequent degradation of the water quality.  

The "Bassunsin" is a shallow area behind the bench that separates the Sacca di Goro from the sea. 

It is characterized by low and calm waters, with misty sea beds, both sandy, in the part closest to 

the mouth to the sea, and mostly silty-clayey in its more confined portion. 

During survey one area of transplant was identified in the Valle Seganda, but during a webmeeting 

with both Goro fishermen Consortium, CO.SA.GO, and the Major of the Municipalities in order to 

discuss the project a second area of transplant was suggested, the Bassunsin, Figure 4. 

The transplant will be implemented at the beginning in both area and following the monitoring 

results it might be adjusted in the area with higher success.  
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Figure 4: transplant area, Valle Seganda and Bassunsin  
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Figure 5 overview of donor and transplant areas. 
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SPECIES TRANSPLANTED 

 

The seagrass that will be used in Valle Seganda is Ruppia cirrhosa/maritima, a typical species of 

these lagoons. 
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Ruppia cirrhosa prefers partially desalted environments or environments subjected to high salinity 

fluctuations and very fine and anoxic sediments. It is present all year round, including the winter 

months, although at low temperatures the growth effort barely compensates for the losses due to 

breathing. It produces flowers, seeds and fruits between July and August. In this period it also 

reaches its maximum development. The leaf bundles are emitted directly from the rhizomes or from 

long herbaceous stems. These carry packages of 3-5 leaflets of 15-17 cm in length by 0.8-1.0 mm in 

width which taper to 0.5-0.6 mm at the apex. In well-developed meadows, the leaf bundles can 

exceed one meter in height. The density of the leaf bundles is very high and varies from 5000 to 

33000 units per m2. The leaves have only one central rib. The terminal parts are regularly serrated 

with numerous apical denticles presenting 2-3 prominent cells. Single spiny teeth facing upwards 

are issued at regular intervals along the edges of the entire apical part of the leaflets. The teeths are 

simple, measure 30-50 µm in length and consist of 3-6- (12) stacked cells of 10-12 µm in diameter.  
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Teethed apex of a leaf (left) and detail of the marginal teeth and tannic cells (right) of R. cirrhosa 

In the apical part, but generally on the whole leaf plate, there are numerous reddish-brown tannic 

cells which are generally more swollen than the epidermal ones and measure: 15-20 x 25-50- (75) 

µm. These are also present in the stems and basal sheaths. In this case they are slender, very 

elongated and measure: 8-12- (14) x 300-400- (500) µm.  

 
Elongated tannic cells of a stem 

 

The basal part, attached to the rhizomes, is wrapped in a swollen leaf sheath 2.0-2.5 mm wide by 

12-15 mm long. The apical part of the sheath has 2 obtuse ears, 700-800 µm wide. The cross section 

of the leaves is flattened and elliptical, much more elongated than that of Ruppia maritima and has 

a central vascular bundle and two small, strongly flattened lateral lacunae with a diameter greater 

than 70-80- (100) µm. Externally the epidermal layer is composed by rounded-quadrangular cells of 

15-20 µm in diameter. Then there are 1-3 layers of medullary cells that laterally line the gas-filled 

lacunae. At the center of the leaflet there are instead the vascular bundles. The thickness of the 

cross section is 170-200 µm. 
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Obtuse ear of the leaf sheat (left) and detail of the gap and the central vascular bundle (right) 

Reproduction occurs vegetatively through the growth and diffusion of the rhizomes or, sexually, 

with the production of flowers, fruits and seeds. The inflorescences are carried by very long flower 

peduncles: 10-15- (20) cm long by 0.7-1.0 mm of diameter. These are wound in a spiral and give rise 

to (3)-5-10 female pedunculated flowers (carpels) which then produce as many fruits. Often the 

fruits are aborted and in this case they are not pedunculated. Ripe fruits are symmetrical and have 

an ellipsoidal shape. On average they measure approx. 2 mm long by 1.0-1.2 mm wide and have a 

rostrate apex. The male flowers are short and carry numerous globose pollen sacs (anthers) of 0.8-

1.1 x 1.3-1.6 mm, shaped like a coffee bean, also rich in tannic cells. The anthers have a very short 

peduncle and remain enveloped by the leaf sheats. 

 

Male flowers with globose pollen sacs 

The rhizomes are very slender, on average they have a diameter of 0.8-1.2 mm and have numerous 

nodes and internodes. The internodes are rather short, on average measuring 0.7-1.0 cm, and have 

a yellowish color. From the nodes are emitted both herbaceous stems and leaf bundles and 

numerous rootlets some cm long and having a diameter of 300-330 µm. In cross section, the 

rhizomes have a typical central vascular structure with some partially lignified reddish-brown 

colored vessels. There are also numerous large gaps which give the section a trabecular appearance. 
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The rhizomes of Ruppia penetrate the sediments up to 5-7 cm and are easily eradicable Similarly to 

Zostera noltei also in this case the rhizomes grow for short distances and then become blackish and 

tend to rot. The rootlets are thin and slender.  

 

Rhizome with numerous nodes and internodes (left) and cross section od a rhizome (right) 

 

Ruppia maritima has smaller dimensions reaching a maximum of 30-40 cm. It colonizes the clear 

space within salt marshes, therefore it is subject to extreme conditions of temperature and salinity. 

Under optimal conditions, it reaches its maximum development in July-August and then quickly 

regresses, especially due to excessively high temperatures. The plants are very slender and 

numerous, but short, leaf bundles are emitted from the rhizomes, each carrying 3-5 leaflets well 

packed. These measure 2-3- (5) cm in length by 0.4-0.7- (0.9) mm in width and taper at the apex up 

to 0.2-0.15 mm. They have a single central rib. The basal part of the leaf bundles is wrapped in a 

much narrower sheath than that of Ruppia cirrhosa/maritima being approx. half: 0.8-1.0- (1.5) mm. 

Leaf tips of this species are strongly irregular with numerous proliferations (denticles) or bundles of 

proliferation. Single spiny teeth facing the apex are issued at regular intervals also along the edges 

of the entire apical part of the leaflets, giving them a serrated appearance. The denticles are simple 

and consist of 3-6- (12) stacked cells of 8-10- (12) μm in diameter. Also in this case there are 

numerous cells full of tannins, polyphenolic substances that when they come into contact with 

proteins due to a lesion make them not assimilable. This avoids or reduces the grazing of 

herbivorous organisms 

The cross-section of the leaflets of Ruppia maritima shows two large gaps filled with gas to keep the 

leaves erect even if in the clear bottoms they are almost always prostrated due to the shallow depth. 

This species has a very ephemeral life and like all plants subjected to strong stress it rapidly 
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reproduces with a high seed emission. It produces distinct male and female flowers in separate 

plants. The male ones produce anthers or pollen sacs in short flower peduncles. The anthers are 

wrapped in leaf sheaths that protect them from grazing by herbivorous organisms (grazing) thanks 

also to the abundant presence of tannic cells.  

 

Well developed plant (left) and leaf bundles highlighting the leaves and the leaf sheaths (right) 

 

 

Cross section of a leaflet (left) and male flower with anthers wrapped in leaf sheaths (right) 

 

The anthers are globose and in the shape of a coffee bean, on average they measure 500 x 550 μm. 

The female flowers (inflorescences) are carried by short flower peduncles of 2-3 cm in length and 

350-450 μm in diameter, which distinguish it from the previous species. These are straight or slightly 

curved and give rise to 5-9 female pedunculated flowers which then produce as many fruits.  
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Female inflorescence (left) and ripe fruits (right) 

 

 

TECHNIQUE OF TRANSPLANT 

 

In each intervention site 9 small sods of 15 cm in diameter will be transplanted. This surface 

guarantees a certain extension of the rhizomes so that the sods have greater rooting capacity.  This 

operation requires the use of a corer and considerable operational efforts, especially if the 

operations are carried out from the boat. The collection of the angiosperm sods and/or rhizomes to 

be transplanted will be carried out in Valle Campo. Transplants in the selected sites will continue 

every year for all the project duration. Removed sods will be maintained covered by water in buckets 

or bags until transplantation. In the transplant site, with the same corer or spade used for removal, 

sods will be placed into sediments. Transplant operations will be carried out from a boat in order to 

minimize sediment disturbance in the operating areas.  

The sods removal/transplant operations will be implemented by local operators (fishermen) trained 

in subaction Action A5.2 and supervised by the technical staff of UniFe. 

SOD EXPLANT 

Considering that the bottoms of the donor sites are mostly composed of fine sediments, the removal 

operations must be carried out, as far as possible, from the boat, in order not to disturb the bottoms.  

For the operation of sod removal a 15 cm diameter corer will be used, taking the first 15-20 cm of 

sediment with the rhizomes of the selected species. Care must be taken that all the angiosperm 

leaves of the sods are inserted vertically inside the corer so that they are not cut and thus the vitality 

of the sod is not reduced 
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SOD TRANSPLANT 

Transplants will be carried out in eight stations of 10mx10m areas, signaled with appropriate poles, 

at each of the two transplant areas (Seganda and Bassunsin). At each station, 9 sods will be 

transplanted into clusters of 3, spaced 1m from each other. The distance from three groups of sods 

will be approx 5m. The angiosperm sods after collection must be placed in perforated buckets, in 

turn immersed in larger baskets in order to remain moist until the moment of transplant 

 

Sod corer (left) and buckets to keep explanted sods wet (right) 

 

It would be advisable to carry out the explants from Valle Bertuzzi on the same day or the day before 

the transplants, in order to be completely viable. For the transplant of each sod it will be necessary 

to prepare a hole in the bottom of a size equal to the size of the clod itself (diameter of about 15 

cm). To facilitate the transplant operations, we suggest the use of the same corer employed for the 

sod explant. 

 

 

 

 

TRANSPLANT PROGRAMME 

Period 

The optimal season for transplants is autumn. In fact, during this period there is no interference 

with the growth of opportunistic macroalgae (mainly Ulvaceae, Cladophoraceae, Gracilariaceae, 

Solieriaceae) due to the progressive decrease in temperature. However, in areas where macroalgae 

are absent or have a negligible biomass the transplant activities can be carried out also in spring.  
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Two campaigns will be carried out each year. The first campaign will be in Autumn, and operations 

will start in September and last till the end of October. The second campaign will be in Spring, and 

operations will start in May and last till the end of June. 

The action will start in autumn 2021; sod removal/transplant operations will continue until the end 

of the project (2025) in order to have the greatest chance of success. 

 

Year 2021 2022 2023 2024 2025 

Season ---- Autumn Spring Autumn Spring Autumn Spring Autumn Spring Autumn 

 

 

Quantity 

Ruppia cirrhosa/maritima will be transplanted by means of 15 cm-diameter sods. At each campaign, 

a total of 72 (9 sods x 8 stations) sods will be removed from the donor site, through with a 15 cm 

diameter corer. In each site 9 sods of approx. 15 cm in diameter will be transplanted, arranged 

within an area of 10x10 m (approx. 100 m2). The sods will be transplanted in 3 groups of 3 sods, 

each approx. 1 m from each other and the 3 groups of sods in turn will be spaced approx. 5 m. The 

arrangement of the transplants will be in a triangle. 

Considering two transplant campaign each year, a part 2021 with one campaign, 9x8= 56 stations 

will be transplanted for a total transplant surface of approximately 5,600 square meters. 

 

 

Year 2021 2022 2023 2024 2025  

Season ---- Autumn Spring Autumn Spring Autumn Spring Autumn Spring Autumn Tot 

Stations ---- 8 8 8 8 8 8 8 8 8 56 

N° of sods ---- 72 72 72 72 72 72 72 72 72 648 
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Transplant scheme of the sods at each site 
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Figure 6: Stations scheme in the transplant areas: Valle Seganda; Bassunsin.  
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It is expected that, in the years following the transplant and in the sites where the rooting will be 

successful, a natural dispersion of the seeds produced by the transplanted sods will begin. The seeds 

that will take root will grow and in turn will be new triggers for the natural dispersion of 

angiosperms, which over time are expected to gradually flow into small widespread patches and 

then into a single compact meadow. 

 

PERMITS 

 

The operations are subjected to the authorization and impact assessment "nulla osta and 

valutazione di incidenza" from the Parco del Delta del Po dell’Emilia-Romagna, which released the 

positive authorization document N° ” ISTANZA: 2021/00093/NO_ORD_INC” attached. 

The transplant operation in the area of Bassunsin is also subject to an authorization by the Comando 

Carabinieri Forestali, attached, since the area is under their jurisdiction, the area besides Natura 

2000 is “Riserva Naturale dello Stato” (RNS). 

 


