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AGENDA 

ACTION A5.1 - training of the future trainers of associated beneficiaries    

Meeting at DAIS-UNIVE CAMPUS in Mestre-VENEZIA 

15-16 July 

 

Thursday, July 15 

9:00 Objectives of the Action 5.1 and 5.2 (G. Caramori) 

9.30 Introduction at the Action 05 (Mistri) 

9.50 The angiosperms  of transitional waters, morphology and ecology (Sfriso) 

10.10 Methodology for explants and transplants. Corers and scissors: dimensions, materials and 

design. Different transplanting techniques, the specific equipment for different species, extraction, 

transport and transplant (Sfriso) 

10.50 Coffee Break 

11.15 Discussion of possible problems of explants-transplants for each site: Spain, Italy, Greece 

(All partecipants) 

13.00 Working lunch/buffet 

14:30 Action F1 Coordination meeting, Projects deliverable and milestones (G. Caramori; in 

presence and remote connection with other participants)  

 

Friday, July 16 

10.30     Boarding at the Dais-Unive Campus 

11.30      Arrival at some transplant areas to carry out explant and transplant tests 

13.00      Packed lunch 

13.30      Visit of some transplanting areas 

15.00      Return to the Campus 

16.00      Arrival at the Campus 
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OPERATIONAL PROCEDURES FOR THE TRANSPLANT OF AQUATIC 
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PRESENTATION

The project Life TRANSFER - LIFE19 NAT/IT/000264 "Seagrass transplantation for 
Transitional Ecosystem Recovery" is aimed at improving the degree of conservation of 
Habitat 1150* Coastal lagoons (Dir. 92/43/EEC) through the transplantation of aquatic 
angiosperms to recreate the pristine or nearly pristine environmental conditions. The 
main objective is achieving good ecological status (Dir. 2000/60/EC) of water bodies in

✓ the Lagoons of Po Delta: Caleri and Barbamarco, (Italy), 

✓ in the Mar Menor (Spain), 

✓ in the lagoons of Amvrakikos Gulf (Greece),

through the transplantation of different species of aquatic angiosperms: Cymodocea
nodosa, Zostera marina, Zostera noltei, Ruppia cirrhosa and/or Ruppia maritima.

Among the project actions, the transplant of aquatic angiosperms in each transition
environment is envisaged. 

Plants will be collected in donor sites where they are abundant and transplanted in the 
selected sites of each lagoon. 

This activity will be conducted by operators selected and trained within the project.
4
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Project partners:

• University of Ferrara (UNIFE, Italy, Project) coordinator;

• Amvrakikos gulf – Lefkada Management Agency (ALMA, Greece);

• Comunidad Autonóma de la Región de Murcia (CARM, Spain);

• Asociación Empresarial Centro Tecnológico de la Energía y del Medio 

Ambiente de la Región de Murcia (CETENMA, Spain); 

• Department of Environmental Sciences, Informatics and Statistic, University 

Ca' Foscari Venice (DAIS-UNIVE, Italy);

• Ente di Gestione per i Parchi e la Biodiversità-Delta del Po (DeltaPoER, Italy);

• Hellenic Centre for Marine Research (HCMR, Greece); 

• Istituto Delta Ecologia Applicata srl (IDECO, Italy);

• Universidad de Murcia (UMU, Spain);

• Ente Parco Delta del Po Veneto (VenetoPark, Italy)
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The purpose of this handout is to provide basic information on the objectives of the
project, the planned restoration actions, the recognition of the species to be
transplanted and on the transplant techniques to be used in the specific context. It is an
integral part of the teaching material to support the course on aquatic angiosperm
transplants organized as part of the project (Action: A5).

Mediterranean 
Sea with the 
three intervention 
areas. 
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Project description
The project targets the priority habitat 1150* Coastal lagoons; the habitat can be free of

vegetation, on the other hand the SPA-BIO Protocol (Relini & Giaccone, 2009) identifies

aquatic angiosperms as priorities for the conservation status of habitat 1150 *. The project

aims to solve the drastic regression of submerged angiosperms in this habitat and the

slowness of these plants to recolonize area that have shown an ecological improvement

suitable for their survival.

The results obtained in 
the project LIFE SeResto
(LIFE12 NAT/IT/000331) 
proved the feasibility and 
good results of transplant 
techniques
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Po Delta Lagoons, ITALY
In Italy, inside the site IT4060002 the disappearance 

of aquatic angiosperms started in the ’80, and 

currently these plants are reduced to small limited, 

and sometime enclosed, areas. 

The site IT3270017 includes eight main lagoons and 

related habitats.

For transplants three lagoons have been targeted: 

Caleri, Barbamarco and Goro.

The lagoons suffer of lack of water circulation at 

different level, in the site aquatic angiosperms are 

still present in the enclosed wetlands and they could 

be used as donor sites.

Caleri

Barbamarco

Goro
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Fattibello lagoon

Donor area
Valle Campo
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Mar  Menor, SPAIN
Spain, Mar Menor (ES6200030 overlapping

with ES0000260). Changes in hydrodynamic

conditions after dredging one of its inlets

caused the invasion and rapid expansion of

the alga Caulerpa prolifera (80 % of the

lagoon’s bottom), accumulating organic matter

and silt, to the detriment of the original

Cymodocea nodosa meadows and its fauna

(including more than 30 fish species like

seahorses). In shallow areas, seagrass

meadows were kept undamaged thanks to

water transparency (high light irradiation in

the bottom), limiting the growth of C.

prolifera. But, dredging and placement of

breakwaters on beaches altered these

conditions favouring the formation of

sandbanks, the accumulation of detritus and

the turbidity of the waters, reducing sandy

habitats and angiosperm meadows. It is

important to restore the hydrodynamic, the

quality of the substrate and the water column

to recover C. nodosa meadows by restoration

actions.
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Amvrakikos Lagoons, 

GREECE
In Greece the Amvrakikos site GR2110004

overlapping with GR2110001, is a large site and

one of the most ecologically important lagoon

systems in the Mediterranean, including more

than 20 coastal lagoons. It is also a Ramsar area.

Progressive disappearance of rooted angiosperms

(i.e. Zostera noltei, R. cirrhosa) has been

observed in the lagoons. The considerable loss of

benthic vegetation in Logarou led to a decline of

biodiversity and productivity of the ecosystem

(Reizopoulou & Nicolaidou, 2004; Zoulias et al.,

2014 ). The biodiversity and productivity of

Amvrakikos lagoons is threatened by severe

anthropogenic pressures such as increased

nutrient and pollutant influx. The considerable

loss of the wetlands surrounding the Amvrakikos

due to the increase of agricultural activities led

to a decline of water retention and purification

capacity of these ecosystems.
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Project objectives

The project aims to improve the conservation status of habitat 1150* due to seagrass 

regression in eight Natura 2000 sites in three Member States: Italy, IT4060002; 

IT4060005; IT3270023; IT3270017; Greece GR2110001 GR2110004, Spain 

ES6200030, ES0000260. The specific objectives are:

Restoring and consolidating priority habitat 1150* in 6 coastal lagoons, by transplanting 

submerged angiosperm to promote ecosystem self-sustainability and restoring water 

circulation in one lagoon; an area of 1000 m2 will be transplanted at each of the 6 

lagoons with aquatic angiosperms  typical of that biogeographic area.

Contributing to achieve a good ecological state of transitional water demonstrating the 

effectiveness of the proposed actions to pursue the objectives set in the (WFD 

2000/60/EC Art. 4);

Quantifying the value of ecosystem services provided by the lagoon environments and 

angiosperm meadows.

Training of future trainers in this techniques, targeting site managers/professional not 

participating to the project to ensure transferability and replicability in other sites.
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The proposal aims to trigger the process of recolonization of aquatic phanerogams in 

the above mentioned lagoons through the transplanting of small sods and rhizomes 

of Z. marina, Z. noltei, R. cirrhosa/R. maritima and C. nodosa, for each lagoon 

the species previously present in that area, to promote the natural propagation 

capacity through seed production and dispersion. 

The intervention techniques provide transplantation exclusively by hand with a 

reduced amount of material from donor sites, with advantages in terms of 

environmental impact, costs and of application on a larger scale. 

Furthermore angiosperm meadows represent nursery for fish and feeding for birds, 

increase the stability of the tidal flats and sequester large amounts of CO2. Recent 

regulations (2000/60/EC and National Acts) have limited disturbance reducing 

eutrophication. However, if the seed bank is absent, or hydrodynamic circulation is 

limited, residual meadows are unable to "naturally" re-colonize. In one lagoon is 

foreseen also restoration of water circulation.

The proposal is the application of the results of LIFE SeResto (LIFE12 

NAT/IT/000331) through the transplant of submerged angiosperms at the 

Mediterranean level. Submerged angiosperms are recognized as priority for the 

conservation of coastal lagoons, and represent one of the most striking examples of 

organisms that deeply modify the biotope to be called "ecosystem engineers".
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Expected results in terms of

ecological quality

Recolonization of submerged angiosperms is

expected to have various positive morphological,

sedimentary and trophic effects. The sediments

will be compacted by the rhizomes, making the

water clearer and favoring the exchange of

nutrients at the water-sediment interface. This

will lead to a significant increase in the presence

and primary production of species of high

ecological value, and the colonization of the

vegetation by the benthic epifauna, particularly

rich in these habitats. Well structured

populations of angiosperms also favor the

presence of avifauna species, now confined mainly

in the fishing valleys, and of fish species that

find food and shelter there and among this a

greater diffusion of the priority species of

Annex II of the Directive Habitats such as:

Knipowitschia panizzae, Pomatoschistus

canestrinii and Aphanius fasciatus

Monitoring activities
The interventions of “ecological restoration” have

an increasing weight in the strategies adopted by

the Member States to achieve the environmental

objectives set by the European environmental

regulations (Dir. Habitat, Dir. 2000/60 / CE). For

this reason, in addition to the monitoring of

direct actions for the restoration of angiosperm

beds, an intense monitoring of the overall

environmental benefit deriving from the

interventions carried out is envisaged. There are

3 monitoring lines, aimed at:

1. evaluate the effectiveness of direct actions

to restore angiosperm beds;

2. estimate the increase in biodiversity and the

degree of conservation of aquatic habitats (sensu

Habitat Directive 92/43/EEC) and the

improvement of ecological quality (sensu WFD

2000/60 EC) in the intervention sites;

3. collect data to support the quantification of

ecosystem services (e.g. increase in fish

productivity, CO2 sequestration).
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CHAPTER 1 
AQUATIC VEGETATION IN HABITAT 1150* 

COASTAL LAGOONS 

Habitat 1150* - COASTAL LAGOONS

Macroalgae and aquatic angiosperms; 
Macroalgae;
Aquatic angiosperms.

Ecosystem services provided by aquatic 
angiosperms

Causes of lagoon degradation

Macrophytes as an ecological indicator
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HABITAT 1150* (COSTAL LAGOONS)

It is one of the priority habitats identified by the Habitat Directive (92/43/CEE), promulgated

with the aim of promoting the maintenance of biodiversity through the conservation of natural

habitats in the European territory. 

Ruppia cirrhosa

Zostera marina

Zostera noltei
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HABITAT DESCRIPTION

"Coastal lagoons" are defined as coastal aquatic environments with lentic (still), salty or 

brackish, shallow waters, characterized by significant seasonal variations in salinity and 

depth in relation to water supplies (marine or continental waters), rainfall and temperature 

that affect evaporation. They are in direct or indirect contact with the sea, from which they

are generally separated by sand or pebble cords and less frequently by low rocky coasts. 

The salinity can vary from brackish to hyperaline waters in relation to rain, evaporation

and the arrival of new marine waters during storms, the temporary flooding of the sea during

the winter or the exchange during the tide. They can appear without vegetation or with 

rather differentiated coverings of Ruppia cirrhosa, R. maritima, Zostera marina, Zostera 

noltei, Cymodocea nodosa)  and/or many different macroalgae (Ulvaceae, Gracilariaceae, 

Cladophoraceae, Solieriaceae, Caulerpaceae, etc.). 

The aquatic vegetation of this habitat varies from environment to environment and can 

include other dominant species. Even if in some cases it is devoid of vegetation, many authors

(Orfanidis, 2003; Viaroli et al., 2008; Sfriso et al., 2009) believe that in natural conditions

this habitat is mainly colonized by aquatic angiosperms.
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Macroalgae and aquatic

angiosperms
Aquatic vegetation includes both aquatic plants

and macroalgae that usually colonize these

environments. Generally, assemblages of different

species are present, perfectly adapted to the 

environmental characteristics of each area, which

vary mainly according to the morphology of the 

area, the type of substrate (rocky, sandy, muddy), 

the hydrodynamics, the level of confinement, the 

variation of parameters such as temperature and 

salinity, the availability of light and nutrients and 

the presence of various stress factors such as

pollutants and activities that cause sediment re-

suspension and water turbidity. Aquatic plants and 

macroalgae are aquatic organisms that through

photosynthesis and solar energy are able to fix 

CO2, forming sugars and generating O2 as a waste

substance.

6CO2 +   6H2O

Carbon

dioxide Water

Absortion

In chloroplasts

inside cells

C6H12O6 +   6O2

Sugar production

Glucose
Waste

Oxygen

Ulva

Caulerpa
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Macroalgae

They include all multicellular or cenocytic organisms

(single large cell with numerous nucleus) which have a 

structure called “thallus” which is not differentiated

into roots, stems/rhizomes and leaves. Furthermore, 

algae are devoid of flowers, fruits and seeds and do 

not have a vascular system to transport nutrients

from the roots to the leaves and vice versa. 

These organisms are divided into three large groups: 

green algae (Chlorophyceae), red algae

(Rhodophyceae) and brown algae (Phaeophyceae). 

Even, within these three classes, algae can have very

different colors and shapes (filamentous, tubular, 

ribbon-like, laminar, encrusting, calcareous, etc.) that

only an analysis of the reproductive organs can  

allow their identification. 

In some cases of morphological convergence, for  the 

correct identification of the species it is necessary

to perform genetic-molecular analyzes. 

Gracilaria
gracilis

Gongolaria

barbata

Ulva
rigida

LIFE19 NAT/IT/000264



21

Aquatic angiosperms

They include all well-structured

photosynthetic organisms. They have a 

typical differentiation into roots, stem/

rhizome and leaves and are vascularized

(presence of bundles or internal ribs for 

the transport of mineral salts and lymph). 

In addition, during the breeding season, 

they form flowers, fruits and seeds. The 

rhizomes or creeping stems are divided

into more or less elongated nodes and 

internodes and at each node they emit a 

leaf bundle upwards and roots downwards.
Rhizome

Leaves

Roots

Nodes

Morphological structure  of a rhizome of 
Cymodocea nodosa with some shoots

Shoots
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Ecosystem services provided 
by aquatic angiosperms

In habitat 1150*, aquatic angiosperm meadows

play a fundamental ecological role, since they:  

✓ Support a high biodiversity (e.g. shelter, 

nutrition and nursery areas for benthic and 

fish species;  feeding for birdlife, etc.);

✓ Increase the stability of the seabed

(bioconstructor element) and permanently

sequester important quantities of CO2;

✓ Improve the quality of the water 

(oxygenation, transparency, etc.). 

Generally, aquatic plants are perennial and 

have a well-developed leaf system all year

round, including winter. They create a 

substrate rich in benthic organisms and 

microcalcareus algae, where small lagoon fish

find refuge, including those protected as:

✓ the lagoon goby (Knipowitschia panizzae), 

✓ the gray goby (Pomatoschistus canestrinii),

✓ the ninth (Aphanius fasciatus) 

which preferentially live in areas of good/high 

environmental quality colonized by these plants.

Pomatoschistus

canestrinii

Aphanius

fasciatus

Knipowitschia

panizzae

Maschio

Femmina
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Aquatic angiosperms are also an important habitat for 

many other species of gobies such as Zosterisessor

ophiocephalus, in Italy known as “Go”. The name 

"Zosterisessor" indicates that it lives preferentially

within the Zostera prairies. Other fish typical of this

environment are the "Needle fish" (Syngnathus acutus,  

Syngnathus abaster, Syngnathus typlhe) present in our

lagoons with several species. 

Syngnathus typhle
(Syngnathus abaster)

Syngnathus acus

Zosterisessor ophiocephalus

LIFE19 NAT/IT/000264
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Causes of lagoon degradation

In the considered lagoons aquatic plants live

in more or less salty environments, have very

different shapes, sizes and adaptations.

They are very sensitive organisms that

suffer even slight impacts. The main causes

of degradation are mainly due to the high

resuspension of sediments due to various

anthropogenic activities and the introduction

of nutrients and pollutants such as

herbicides, widely used in agriculture. Stress

factors generate pressures capable of

determining the variation of these plants

both in quantitative and qualitative terms.

Under the effects of these pressures agoons

aquatic angiosperms and sensitive macroalgae

were replaced completely or almost

completely by opportunistic species such as

Ulvaceae, Gracilariaceae and Caulerpaceae.

After a strong regression observed in recent

decades and the recent regulatory

constraints that have greatly reduced the

elements of pressure, limiting the intake of

nutrients from the catchment area and

regulating the collection of clams, aquatic

angiosperm meadows could come back. Their

spread can be triggered with the help of

transplant tecniques as observed in Venice

lagoon in the framework of the project Life

Nat/IT/000331- SERESTO.

Clam fishing 

effects
Green algae

blooms

LIFE19 NAT/IT/000264
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Aquatic angiosperms Gracilariaceae Ulvaceae Naked bottom

Very turbid water due to the 
presence of high amount odf
suspended particulate matter

Shallow bottom covered
by a high macroalgal

biomass (Ulva)

Ecological changes from high ecological status to bad conditions

LIFE19 NAT/IT/000264
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Macrophytes as an 
ecological indicator

Directive 2000/60/EC introduced at the
regulatory level the use of biological
indicators for the assessment of the
environmental quality of aquatic environments.
In the lagoons, the assessment of the
ecological status takes place through the use
of biological indices based on aquatic plants,
macroalgae, benthic macrofauna,
phytoplankton and fish macrofauna. The
Macrophyte Quality Index (MaQI, Sfriso et
al., 2009, 2014) has been developed for
aquatic vegetation, which provides for the
joint evaluation of macroalgae and
phanerogams. The structure of the index
reflects the ecological succession from an
unaltered environment, dominated by algae of
high ecological value and aquatic angiosperms,
to a degraded environment dominated by
opportunistic algae or by the total absence of
aquatic vegetation.

This index reflects the deterioration or

improvement of ecological conditions only in a

few months. Other indices based on fish fauna

such as (HFBI) or benthic macrofauna (M-

AMBI, BIT) require from 2-3 to 5-6 years to

vary their response.

•
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CHAPTER 2 

SPECIES IDENTIFICATION AND MORPHOLOGY 

Determination key

Zostera marina

Zostera noltei

Cymodocea nodosa

Ruppia cirrhosa

Ruppia maritima
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Determination Key
Aquatic plants comprise a group of monocots that have

adapted to living in completely submerged

environments. They are plants that produce flowers

known as Angiosperms, but in accordance with the most

modern classification, they are to be attributed to the 

phylum of Magnoliophyta Cronquist, Takhtajan & W. 

Zimmermann, 1966. In the Italian transitional

environments there are 5 families: Cymodoceaceae N. 

Taylor in Womersley, 1984; Posidoniaceae Lotsy, 1984; 

Potamogetonaceae Dumortier, 1829; Zosteraceae

Dumortier in Womersley, 1984; Zannichelliaceae

Dumortier in Womersley, 1984. Below is the key to 

determine the 5 angiosperm species present in the 

considered lagoons:

1. Leaves with 7 similar veins and finely denticulated apices.

Reddish-pink rhizomes well developed, not rotting and

characterized by nodes with annular scars very close at the

origin of the branches. Large adventitious roots at the

nodes..........................…………………………………..…...Cymodocea nodosa

1. Leaves with 3 more evident veins. There are no marginal

indentations at the apexes which may be slightly bifid (under

the microscope) due to the presence of the central rib.

Blackish-white rhizomes, sometimes partially pink, but little

developed, rotting distally and without scarring. Numerous

adventitious roots at the nodes, very thin and frail

................................................................................................................2

2. Plants of considerable size that can exceed one meter.

Slightly curved leaves, 3-7 mm wide, with circular or

hollow apex. Presence of 3 large internal ribs and 2 very

evident marginals. Rhizomes with a diameter of 3-6 mm

but only 5-15 cm long, distally blackish and

rotting................................................................…Zostera marina

2. Smaller plants, 10-30 cm, sometimes up to 60 cm in

height. Narrow leaves, 0.7-1.5-(2) mm wide. Presence of 3

large ribs, one central and two marginal. Blunt or bifid

apex. Gracile rhizomes, white-blackish, 2-3 mm in

diameter, a few cm long and then rotting…...Zostera noltei

1. Leaves with only 1 central vein and less than 1mm in

width......................................................................................................3

3. Fruits of regular shape on long 2-4- (10) cm spirally

twisted peduncles. 2-3 mm swollen leaf

sheaths...........................................................Ruppia cirrhosa

3. Fruits of irregular shape, on short 1-2- (4) cm
peduncles. Narrow leaf sheaths of 0.8-1.0- (1.5)
mm..................................................................Ruppia maritima

LIFE19 NAT/IT/000264
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Zostera marina

Dialect names: alega, grisa, alga da ciossi

It is the most widespread species in the

Venice Lagoon (covering approx. 37.6 km2) and

transversely colonizes both marine environments

and those with low salinity, but generally prefers

those with an intermediate salinity: 20-30 psu

and with fine or medium-fine sediments. It

grows all year round, including the winter months,

albeit much more slowly, and produces flowers,

seeds and fruits between April and early June. In

this period it also reaches its maximum

development. The leaf bundles normally have

from 2 to 7 (on average 4) leaves of different

lengths enclosed in a 5-15 cm long tubular and

membranous leaf sheath. Leaves are

characterized by three primary veins. The

younger and shorter leaf is placed in the

innermost part while the outermost leaf falls at

intervals of 28-99 days depending on the season.

In well-developed meadows, the average density

of leaf bundles is around 600 units per m2 with

seasonal peaks up to over 1100 units per m2.

The leaves are slightly arched, have a width of

5-7 mm and a height that can exceed one meter

(Sfriso & Ghetti 1998; Sfriso, 2010).

Flowering prairie of 
Zostera marina 

LIFE19 NAT/IT/000264

Shoot
growth
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It is an easily recognizable species both by

examining the leaves and the rhizomes. The

leaves have rounded apexes with a central

depression formed by the rib that runs through

it centrally.

In the longitudinal direction, the leaf has 5 veins

clearly larger than the others, 3 central and 2

marginal.

These are the vascular system where the

minerals absorbed by the roots and the sugars

produced by the leaves pass during

photosynthesis. Parallel to the primary veins,

6-8 thinner bundles can be seen which

correspond to the stacks of internal cells that

join the two opposite faces of the leaf.

Enclosed between these minor bundles are the

gaps (full of gas) that keep the leaves erect in

the water column.

Numerous dark transversal streaks with an
irregular pattern connect the major bundles.
They are lateral ramifications of the same. In
cross section, both the gaps and the cell stacks
of the minor bundles are clearly visible.
Externally on both faces there is a layer of
quadrangular epidermal cells without stomata
(leaf openings for gas exchange) since in aquatic
plants carbon dioxide (CO2) and oxygen (O2) pass
directly through the tissues.

Apex of a leaf with 
a central depression

Surficial view of a 
leaf with the 3  
central primary 
veins. 

Cross section of a leaf: 
detail of the vascular 
system and gaps

Particular of a 
vascularized 
bundle 
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In the northern Adriatic lagoons, Zostera marina is

fertile in April-June. It produces fertile shoots

longer than the leaves (up to 120-130 cm) and

repeatedly branched (3-7 times) with numerous

flower spadices carried by a whitish cylindrical

peduncle. Floral branches carry conspicuous sheaths

3-10 cm long and as wide as the leaves.

The flowers, arranged in spikes, are very small. The

male ones have unilocular anthers that contain pollen

and the female ones have an ovary with a short style

with bifid stigma. Male and female flowers are

carried by the same ear (monoecious plant = one

house). For each female flower two male flowers

follow for a total of 30 male flowers and 15 female

flowers.

The fruits, 3-5 mm long, are ovoid-ellipsoidal,

flattened and leathery.

Flower  spadices

Spike with 
open flower 

spadix 

Male flowers and 
female flowers with 
bifid apex (stigma) 

Seeds
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The rhizomes (3-6 mm in diameter) have a color

that varies from green (more superficially) to

yellow-pink and have more or less spaced nodes

and internodes without leaf scars. At a certain

distance from the growth zone (meristem) of the

leaves, the rhizomes become dark and rotten so

their length is only 10-15 cm. Therefore, they

penetrate the sediments only up to 5-10 cm and

are easily eradicable. Many thin and puny rootlets

are emitted from the nodes.

In cross section, the rhizomes appear compact

and have vascular bundles, thick-walled cells

partially lignified and rich in reserve substances

(starches).

Shoot of 
Zostera marina

Rhizome of
Zostera marina

Cross sections of rhizomes with
vascular bundles, partially lignified cells
and reserve cells.
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Zostera noltei

Local names: zosterella, grisa, alga dei 
ciossi

In Venice Lagoon this species covers ca. 18.1 km-2.

It colonizes mainly the bottom at medium tide

level of choked environments, especially around

natural salt-marshes characterized by with fine

sediments.

It grows all year round, including the winter months,

albeit much more slowly, and produces flowers,

seeds and fruits between June and August. In this

period it also reaches its maximum development.

The leaf bundles normally have from 2 to 5 (on

average 2.2) leaves of different lengths enclosed in

a short tubular and membranous leaf sheath. The

younger and shorter leaf is placed in the innermost

part while the external leaves fall at more or less

long intervals depending on the season. In well-

developed meadows, the average density of leaf

bundles is around 6-7000 units per m2 with

seasonal peaks up to 15000 units per m2.

The leaves are small and narrow. The width is

0.7-1.7 (2) mm and the height normally varies

between 10-20 cm with peaks up to 60 cm in

plants that live in deeper waters.

Winter prairie of 
Zostera noltei

Young plants of 
Zostera noltei

LIFE19 NAT/IT/000264
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It is a much smaller species than Zostera marina

with which it cannot be confused. Also in this case

the leaves have rounded apexes with a marked

central depression formed by the rib that runs

through it centrally.

In the longitudinal direction, the leaf has 3 clearly 
larger veins than the others, 1 central and 2 
marginal. 

These are the vascular system where the minerals

absorbed by the roots and the sugars produced by

the leaves pass during photosynthesis.

Parallel to the primary ribs, 4-6 thinner bundles can

be seen which correspond to the stacks of internal

cells that join the two opposite faces. Enclosed

between these minor bundles are the gaps (full of

gas) that keep the leaves erect in the water column.

Also in this species dark transversal streaks, with

an irregular course, join the major bundles. They

are lateral branches of the major bundles. Both the

gaps and the cell stacks of the minor bundles are

clearly visible in cross section. There are reddish-

brown cells rich in tannins to avoid grazing by

herbivorous organisms.

Apex of a leaf with 
marked central 
depression 

Superficial view of a 
leaf with the 3 
primary veins.

Cross section of a leaf 

Detail of a 
leaf with 
vascular 
bundles

Tannic cell
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The rhizomes (1.2-2 mm in diameter) are light green

or pink when young and blackish-red when old. They

have short nodes and more or less spaced internodes

without leaf scars. Also in this case at a certain

distance from the growth zone (meristem) of the

leaves the rhizomes become dark and rotten so their

length is only 10-15 cm. As for Zostera marina, they

penetrate the sediments only up to 5-10 cm and are

easily eradicated.

Generally, the blackish color prevails, especially if

they grow in fine and anoxic sediments which,

however, are their preferred habitat. In fact, in

sandy sediments the plants become sparse and slender

(spin) and grow little. From the nodes many thin and

puny rootlets (300-400 µm) are emitted from which

numerous thin assimilating hairs emerge.

Rhizome of 
Zostera noltei

Cross section of a root with 
numerous assimilating hairs 

Cross section of rhizomes

LIFE19 NAT/IT/000264



36

This species, in July-September, produces fertile

shoots that are shorter than the leaves and

unbranched. The spadix is carried by a short

cylindrical peduncle and the spathe is similar to the

leaf sheath but slightly wider than the leaves. The

flowers are 3-12 gathered in a double linear row.

The male flowers are reduced to unilocular

anthers and the female ones to an ovary provided

with sessile and bifid stigma.

The number of male flowers is almost double that

of the female ones. The fruits measure approx. 2

mm and have a flattened ellipsoidal shape.

Spadix with flowers

Seeds of 
Zostera 
noltei placed 
alternately in a  
linear row 
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Cymodocea nodosa
Local names: alega, grisa, alga da ciossi

This species in the Venice Lagoon currently
cover approx. 32.4 km2 a little less than that
of Zostera marina. It colonizes environments
with high salinity and coarse sediments. In
the presence of both these conditions it has
the largest dimensions. In fact, the average
height reaches 100-120 cm with peaks up to
150 cm. It is present both in marinized areas
and in choked areas with high salinity but in
this case, since the grain size is fine, the plants
remain smaller and more delicate. It grows only
from May to December as it is a species of
subtropical origin. In winter the rhizomes
remain with the base of the leaf bundles and at
most 1-2 short leaves. Due to its greater
thermal needs it hardly reproduces by seed,
usually its diffusion occurs by growth and
dispersion of the rhizomes.

The shoots normally have from 2 to 4 (on

average 3) leaves of different length, enclosed

in a tubular and membranous leaf sheath some

cm long.

Developed  shoots of 
Cymodocea nodosa

LIFE19 NAT/IT/000264
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Unlike the other species, the leaf bundles

easily detach from the rhizomes. The plants

have straight leaves 3-5 mm wide and rhizomes

with evident leaf scars forming a compact

network up to approx. 30 cm deep. Their

coloring is intense orange. Rhizomes never have

blackened distal parts as they do not degrade

during growth. Furthermore, the roots are very

large and long.

For these characteristics it is the best plant for

compacting sediments and it is almost impossible

to eradicate it as there are always pieces of

rhizomes which produce new shoots. In well-

developed meadows the average density of the leaf

bundles is around 1000-3000 units per m2

depending on the depth. Deeper populations develop

larger, less dense plants and vice versa.

Rhizome
details

Cymodocea sods 
highlighting  
long and thick 
roots
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Also this species is easily recognizable both by

examining the leaves and the rhizomes. The leaves

have rounded apexes without central depressions.

On the sides of the leaf there are hooked teeth

(ridges) facing backwards that contain numerous

reddish cells rich in tannins.

In the longitudinal direction, the leaf has 7
evident ribs joined by bridges of transverse
bundles connecting the primary ribs. In cross
section the internal cells are very large and the
gaps filled with gas to keep the leaves erect are
smaller and ellipsoidal. The cells of the septa that
separate the gaps are at most 3 or 4.

Furthermore, the two rows of external cortical

cells used for photosynthesis are clearly evident

due to their darker color and quadrangular shape.

Inside, they contain small chloroplasts which are

the site of photosynthesis. As in other aquatic

plants, stomata are missing due to gas exchanges

which occur directly by diffusion.

Apex of a leaf with 
the characteristic 

lateral teeth 

Lateral tooth with 
tannic cells

Detail of a tannic cell 

Cross section of a leaf showing 
the gaps 
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The rhizomes are the most interesting part of this

species due to their vitality and high biostructuring

capacity as they penetrate the sediments up to a

depth of approx. 30 cm without decomposing over

time but forming a dense network of rhizomes that

persist over time. The same roots, much larger and

longer than those of the other species, contribute

to an optimal compaction of the sediments avoiding

erosion phenomena. Obviously, this is possible

because the coarse sediments where they live are

more oxidized.

In cross section, the rhizomes show a very compact

structure which gives them greater resistance and

large tubes for the transport of mineral salts

throughout the plant.

Characteristic of this species is that it is epiphyte

by many small calcareus algae that form a

continuous crust of calcium carbonate on the older

leaves, which are no longer productive. These

encrustations when the leaves fall and degrade

remain in the sediments enriching them with

limestone and permanently subtracting large

quantities of CO2.

Rhizome of 
Cymodocea nodosa
highlighting the 
leaf  scars

Leaf covered with calcareus algae

Cross section of a 
rhizome 
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Cymodocea nodosa in the Venice lagoon

reproduces very rarely. There are separate male

and female plants (dioecious plants). It is very rare

to spot flowering plants, however, occasionally you

will find seeds that are completely different from

those of the Zosteraceae or Ruppiaceae. They are

discoid and flattened with a hook from where

rooting then begins. On average, they measure 1

cm in diameter and are carried two by two by the

female plants.

Cymodocea
seeds 
placed at 
the base 
of a leaf 
bundle 

Root 
produced by 
the hooked 
part of the 

seed 

Discoidal seed

Shoots with 
ripe seeds
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Ruppia cirrhosa
Local names: alega, grisa, alga da ciossi

In the Venice Lagoon this species had almost
completely disappeared from the open lagoon while
it survived as a dominant species in closed fishing
valleys such as those of the northern lagoon (Val
Dogado, Valle Grassabò, Valle Cavallino, Valle Ca
'da Riva etc.). Similarly, in the Po Delta is again
present only in fishing ponds. Recently, it was
reintroduced by the Life Seresto project.

It 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.

Characteristic cirrus flower peduncles of
Ruppia cirrhosa
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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.

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.

Teethed apex

of a leaf

Detail of the 
marginal teeth 
and tannic cells Elongated tannic cells of a stem
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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. 

Details Swollen leaf
sheath

Obtuse ear of 
the leaf
sheath

Elliptical cross 
section of a 
leaf showing 

the gaps  and 
the vascular 

bundles 

Details of the 

gap and the 

central

vascular

bundle
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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 sheaths.

Aborted fruits

Symmetrical ripe fruits

Male flowers 
with globose 
pollen sacs
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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. 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.

Detail of a rhizome with numerous nodes and 
internodes 

Cross section od a rhizome of
Ruppia cirrhosa
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Ruppia maritima
Local name: alega, grisa, alga da ciossi

While the previous species can easily exceed 

one meter in height, R. 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. However, periods of high 

rainfall, strong sunshine or particularly high or 

low tides can greatly vary its development. 

Currently this is the rarest species, both due 

to the reduction of natural habitat, and to the 

enrichment of nutrients that favors the growth 

of nitrophilic algae such as Ulvaceae and 

Cladophoraceae which completely cover 

the bottoms, preventing its growth or 

eliminating it altogether. 

.

Prairie within
saltmarshes

Well
developed
plant
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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 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

Leaf bundles 
highlighting the 

leaves and the leaf 
sheaths 

Detail of a 
spiny tooth 
and tannic 

cells 

Leaf tip with 
denticles and 
tannic cells 
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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 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. 

Cross section of 
a leaflet

Male flower 
with anthers 
wrapped in 
leaf sheaths 

Long tannic
cells in leaf
sheaths

Detail of the 
central leaf 
bundle, some 
cells with 
lignified 
walls and 
empty gaps 
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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- (4) 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 (3) 

-5-9 female pedunculated flowers which then 

produce as many fruits. 

However, some may miscarry and not develop at 

all. Ripe fruits are strongly asymmetrical and 

have a sinusoidal shape. 

On average they measure approx. 2 mm long by 

1.0-1.3 mm wide and have a rostral apex of 400-

450 μm in diameter.

Detail of the 
pollen-rich 
anthers of a 
male flower

Female
inflorescence

Detail of 
sinusoidal
(assymetrical) 
fruit

Ripe 
fruits

LIFE19 NAT/IT/000264



CHAPTER 3 
OPERATIONAL PROCEDURES FOR THE TRANSPLANT 
OF AQUATIC ANGIOSPERMS AND DIFFUSION BY 

SEEDS AND RHIZOMES 

IDENTIFICATION OF INTERVENTION SITES

PLANT EXPLANTS AND TRANSPLANTS

SOD EXPLANTS
SOD TRANSPLANTS

TECHNIQUES OF RHIZOME REMOVAL AND TRANSPLANT 
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IDENTIFICATION OF 
INTERVENTION SITES

The areas of intervention were preliminarily 
identified on the basis of the morphological 
characteristics and the environmental 
conditions. The exact location of the 
transplant sites and subsequent dispersion 
of seeds and rhizomes will be identified by 
means of an inspection, to verify in detail 
the exposure, the clarity of the 
surrounding waters, the depth of the 
stations and the possible presence of 

significant algal biomass in the area. 
The two intervention sites in each lagoon will 

be identified near the edges of the salt 

marshes, so as to be protected from the 

prevailing winds. For each site, accurately 

located via GPS, a detailed map of the 

surrounding area will be prepared. 

The choice of angiosperm species to be 

transplanted in each site will depend mainly 

on the depth of the site, the sediment grain-

size and the presence/absence of macroalgae 

that could counteract the rooting of plants. 

In the presence of sediments with 

intermediate, medium-fine particle size, 

Zostera noltei will be transplanted at about 

20-30 cm below the average tide level and Z. 

marina at least 50 cm below the same level in 

order to guarantee the optimal conditions for 

rooting and the growth. In the case of 

extremely fine sediments, the transplant of 

Ruppia cirrhosa/R. maritima will be 

preferred whereas  in the presence of 

coarser sediments the most suitable species 

is Cymodocea nodosa. Sometimes the 

transplant of two species is preferable for a 

greater chance of success.
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PLANT EXPLANTS AND 
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 some fishing valleys where aquatic 

angiosperms are again present.

Transplants in the selected sites will 

continue every year for all the project 

duration even if two years are sufficient 

for the success or failure of transplants. 

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
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. 

Buckets to keep 
explanted sod
moist 

Sod corer of 
15 cm in 
diameter

It would be advisable to carry out the

explants from the valleys on the same

day or the day before the transplants, in

order to be completely viable.

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.

1
0

m

Transplant 
scheme of the 
sods at each 
site 
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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. 

.

Manual 
transplant 
of a sod Transplanted

sods
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Scheme of the 
expected plant 
growth and spread 
at each site 
(10x10m). Each 
circle corresponds 
to 1 year. 

Natural spread through 
seeds and rhizomes in the 
area surrounding the 
transplant site 

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.
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Techniques of rhizome 

removal and transplant 

In the case of C. nodosa and Z. marina it is 
better to operate with the transplants of 
single rhizomes. It is desirable that at least 
400 rhizomes/station/year with one or more 
leaf bundles are transplanted. 

Over a period of 4 years, approximately 1600 
rhizomes/site will be transplanted, with a 
plant density decreasing at a greater distance 
from the sod transplant site. 

To these densities, in the reproductive season 
which is particularly important for Z. marina, 
the grafts of seeds that will be taken from 
the fruiting plants and sunk in the intervention 
areas about 3-4 cm below the surface of the 
sediments must be added. 

The operations of explanting and spreading 

of rhizomes and seeds require less effort 

than sod transplant, since both the explant 

and transplant phases do not require the 

use of a sod corer. 

For the removal of rhizomes from donor sites, 

it is preferable to directly collect the 

rhizomes individually by hand or with the help 

of a rake. 

Rhizome 
harvesting 
using a rake. 
The amount of 
material visible 
in the photo is 
sufficient for 
the transplant 
of approx. 30 
rhizomes with 
1-2 leaf 
bundles.
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The rhizomes with the leaf bundles are placed in

a tank with water and kept moist until the

moment of implantation in the previously

identified areas as quickly as possible.

For the rhizome transplants into the bottom, the

use of a forceps is required, possibly with an

extendable handle. The rhizomes will be

transplanted one by one, inserting them 5-10

cm below the sediment surface. During the

transplantation phase of the rhizomes, it must be

verified that in the area provided for the

dispersal operations there is no significant

presence of macroalgae in particular of Ulva,

which would prevent them from taking root.

Bundles of 
50 rhizomes 
ready to be 
grafted into 
the bottom. 

Use of the 
forceps for 
the insertion 
of rhizomes 
in the 
sediment 

Rhizomes 
with a  
bundle just 
transplanted 
into the 
sediment 
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The active dispersion of the seeds will be

carried out mainly for the spread of Zostera

marina, since the the fruiting branches that

contain them are easily visible and

removable. The seeds can be manually

detached with the entire ear from the fruiting

plants and inserted 4-5 cm below the surface

of the sediments with the help of the same

forceps used for the rhizomes.

Forcep for seed and rhizome transplant 

Fruiting branches
with seeds of 
Zostera marina

Rhizome with 2 leaf bundles ready for transplanting
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Sod growth after  
8-9 months

1m



Rhizome growth after 6 months



Plant growth after 18-30 months
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