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PREFACE
The Italian Constitution, as of February 2022, has included among
the fundamental principles, the protection of the environment, biodiversity, and ecosystems. In addition to defining the environment
in its broadest sense and from a systemic perspective, it is considered
as a ‘value’ to protect also, “in the interest of future generations”, for
which the exercise of economic activity cannot be carried out to its
detriment. At present, 19.1 percent of Italian waters is subject to
some conservation measure, however, in order to reach the objectives of the UE Strategy on biodiversity by 2030, this percentage
must increase significantly. To this end, the National Recovery and
Resilience Plan (NRRP), for Italy, calls for large scale interventions
to restore and protect seabeds and marine habitats in national waters,
so as to contribute to reversing the trend in Mediterranean ecosystem
degradation and increase their resilience to climate change.
Posidonia oceanica meadows, a habitat that is endemic to the Mediterranean and protected (Habitat Directive 1992/43/CEE), even if they
only occupy 1% of Mediterranean seabeds, play a vital role in the equilibrium of the marine ecosystem. This marine plant, in fact, produces
approximately 20 l/m2 of oxygen per day and subtracts carbon dioxide
from the environment counteracting climate change, is home to about
25% of the Mediterranean marine biodiversity, helps to fight coastal
erosion thanks to its dense foliar canopy, and stabilises sandy seabeds
with its typical terraced structure called matte. Unfortunately, P. oceanica
meadows are experiencing regression in various areas of the Mediterranean basin: it is estimated that in the last 50 years, their surface has
declined of over 30%. The different causes of regression, together with
the slowness of the natural recolonisation processes of the plant, have
promoted the development of techniques of P. oceanica transplantationover time, as a tool to support or hasten natural regeneration processes.
The LIFE SEPOSSO Project (Supporting Environmental governance for the POSidonia oceanica Sustainable transplanting Operations
LIFE16 GIE/IT/000761), coordinated by the ISPRA, Italian Institute
........................................................................................................................................................................................... 7
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for Environmental Protection and Research, together with the partners and numerous stakeholders involved, has verified the success of
the transplants carried out in Italy and has provided specific tools for
their improvement. The “Manual for the planning, implementation,
and monitoring of transplantation of Posidonia oceanica”, represents
one of these tools, and provides specialists and the different stakeholders with detailed information and guidelines for planning, implementation, monitoring and management of P. oceanica transplants. The
process described is applicable to any transplant, aside from its objective, such as the restoration of degraded meadows, the ‘mending’ of
sections of damaged meadows, the compensation of areas of meadows
following complete loss due to the execution of marine and coastal
projects. It is the very existence of economic activities and coastal infrastructures, potentially damaging for Posidonia oceanica meadows,
that raises important questions, connected for example, to public information concerning the meadows, to the usefulness and success of
transplantation, to the level of participation of the different subjects
involved, to sharing and accessing data. The achievement of good governance for restoration activities for P. oceanica meadows, destined to
a wide and diversified public, will soundly contribute to the transformational change required for the implementation of increasingly
effective measures for the protection, conservation, and restoration of
this precious and fragile Mediterranean habitat. This will not only play
a part in reaching national and European objectives for biodiversity
and climate change, but will also favour the maintenance and sustainability of activities that are essential for the coastal areas, such as
fishing, tourism, and ‘blue’ growth, in accordance with European environmental regulations (i.e. Habitat Directive 1992/43/ CEE, Marine
Strategy Framework Directive 2006/56/EC, Maritime Spatial Planning
Directive 2014/89/EU, Water Framework Directive 2000/60/EC, Environmental Impact Assessment Directive 2014/52/ EC).
Alessandro Bratti
GENERAL DIRECTOR OF ISPRA
8 ........................................................................................................................................................................................
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CHAPTER 1
POSIDONIA OCEANICA MEADOWS
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1.1 | BIOLOGICAL CHARACTERISTICS
Posidonia oceanica is an endemic species of the Mediterranean Sea.
Whilst often confused with algae, it is a marine phanerogam, a plant
organised into roots, stem, called rhizome due to its hypogeal habitus
and leaves (fig. 1.1).

Figure 1.1 | Posidonia oceanica plant (drawings by Sonia Poponessi, ISPRA - Life SEPOSSO).
The rhizomes are modified stems, which have the characteristic
of growing both horizontally (plagiotropic rhizome) and vertically
(orthotropic rhizome). The plagiotropic rhizomes have the function
......................................................................................................................................................................................... 11
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of anchoring the plant to the substratum, thanks to roots on the
underside, and of enabling the colonisation of new areas. The orthotropic rhizomes, on the other hand, counter progressive silting from
continuous sedimentation and thus take advantage of the available
space and light as they grow in height. This vertical development
brings about a progressive rising of the sea floor and the formation of
what is known by its French term of matte (Pérès and Picard, 1964).
The overall growth of the matte, due to sedimentation and erosive
action from wave motion and currents, was estimated at approximately 1 m per century by Molinier and Picard (1953); other studies have estimated much lower average growths of about 10 cm per
century (Boudouresque and Jeudy De Grissac, 1983). Regardless of
the original substratum of the plant (sand or rock), matte consists of
several layers of the intertwined rhizomes and roots of old plants and
the sediment trapped between these elements; only the top of the
matte is covered with live plants (fig. 1.2). The leaves, which come
from orthotropic rhizomes, are ribbon-like with rounded tips and
are intense green in colour; they have an average width of one centimeter and can reach one meter in length (Boudouresque and Jeudy
De Grissac, 1983); they are differentiated into a photosynthesizing
limb and, in leaves that have reached a certain stage of development,
a base that is lignified, depending on age. The limit between the limb
and the base is formed by a concave line, the ligule, in correspondence with which the leaves detach, leaving the bases on the rhizome.
Over time, these are reduced to thin flakes that endure, forming a
“sleeve” that envelops the rhizome.

12 ......................................................................................................................................................................................
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Figure 1.2 | Structure of Posidonia oceanica on matte (from Boudouresque and Meinesz, 1982, modified - drawings by Sonia Poponessi,
ISPRA - Life SEPOSSO).
The leaves are arranged in bundles, each of which contains an
average of six or seven leaves distributed in a fan shape: the oldest, of
greater length, are found on the exterior of the bundle and younger
ones, of smaller size, in the interior. The growth of the leaves, which
originate from a basal rather than apical meristem, is specific and
this adaptation permits the growth of the leaf blade even when the
apex, which becomes the oldest part, first encounters degenerative
phenomena.
As far as reproductive features are concerned, P. oceanica has both
asexual and sexual methods of reproduction. The main method of
reproduction of P. oceanica is asexual or vegetative by means of stolons; it occurs through the multiplication and growth of plagiotropic
and orthotropic rhizomes. This process is especially slow, with the
elongation of the rhizomes reaching an average of 2 centimeters per
year (Marbà and Duarte, 1997); plagiotropic rhizomes grow faster
than orthotropic rhizomes. Furthermore, several rhizomes with both
horizontal and vertical development can originate from plagiotropic rhizomes. Sexual reproduction rarely occurs and takes place by
means of the production of inflorescences, generally bearing 3-5 hermaphroditic flowers (fig. 1.3) (Buia and Giaccone, 2008). The fruits
ripen from the flowers (fig. 1.4) and, once detached from the plant,
float until the pericarp breaks, releasing the seed from which a new
........................................................................................................................................................................................ 13

......................................................................................................................................................................................................................................................

plant will develop. This method of reproduction enables the plant to
colonise new areas, but at the same time it can determine the beaching of considerable quantities of fruits and seeds, thereby reducing
the reproductive success of this species (Molinier and Picard, 1953;
Buia and Mazzella, 1991).

Figure 1.3 | Inflorescence of Posidonia oceanica (photography: Agostino Tomasello).

Figure 1.4 | Meadow of Posidonia oceanica with fruits (photography: Agostino Tomasello).
14 ......................................................................................................................................................................................
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1.2 | PHYSIOGRAPHIC FEATURES
AND STRUCTURE OF THE MEADOW
Posidonia oceanica needs bright illumination and, therefore, both
the clarity of the water and depth are determining factors for its
growth.
When P. oceanica encounters favourable environmental conditions, it colonises large areas of the seabed, forming vast meadows
(fig. 1.5). P. oceanica meadows extend from the surface to depths of
approximately 30-35 meters, greater than 40 meters in particularly
clear waters, and cover an estimated area of approximately 12,000
km2 in the Mediterranean (Telesca et al., 2015).

Figure 1.5 | Posidonia oceanica meadow (photography: Agostino
Tomasello).
P. oceanica settles more commonly on soft substrata such as sand
of varying degrees of coarseness, sometimes mixed with mud, but
also on detrital and rocky seabeds. Depending on the composition,
“pure” or mono-species meadows (characterised by the P. oceanica
species alone) and “mixed” or multi-species meadows (characterised
by the coexistence of several species of phanerogams) can be found;
on the basis of the distribution of the plant on the seabed, on the
other hand, the meadows are defined as “homogeneous” (uniform
........................................................................................................................................................................................ 15
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distribution over the entire extension) or “heterogeneous” (irregular
distribution) (Buia et al., 2003).
Regardless of the distribution of the meadow, the foliar density
decreases as the depth increases or as a function of the transparency
of the water, with values in excess of 700 shoots m-2 (Pergent et al.,
1995) and an average distance between the shoots of about 2 cm
(Bacci et al., 2017).
In any case, wherever the plant settles, it considerably modifies
the original implant substratum because the foliar layer of the phanerogam forms a trap for the particles suspended in the water column
facilitating their sedimentation (Dauby et al., 1995).
The extension of a P. oceanica meadow is defined by its “upper
limit” and a “lower limit”. The upper limit corresponds to the shallowest bathymetry at which the meadow begins and is always very
clear cut, whereas the lower limit, the deeper bathymetry at which
the meadow ends, can have several conformations, including a progressive or shaded limit, a sharp limit, an erosive limit and a regressive limit (Meinesz and Laurent, 1978; Pergent et al., 1995) (fig.
1.6). For further information, see Montefalcone (2009).

Figure 1.6 | Main types of lower limit of Posidonia oceanica meadows (shaded limit; sharp limit; erosive limit; regressive limit (from Pergent et al.,1995, modified -drawings by Sonia Poponessi, ISPRA - Life
SEPOSSO).
16 ......................................................................................................................................................................................
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1.3 | ECOLOGICAL CHARACTERISTICS
Posidonia oceanica meadows represent very complex and well-structured biocoenoses, characterised by great biological variability of their
plant and animal communities (Buia et al., 2000). The biocoenosis
is constituted by the superimposition of photophilic populations,
associated with the foliar layer, and sciaphilic populations, associated
with the rhizomes and the matte (Mazzella et al., 1989; Gambi et al.,
1992). The species associated with the foliar layer are often exclusive
to the leaves of P oceanica; the species associated with the rhizomes,
on the other hand, do not present such distinctive exclusive elements
and characteristics, as they are similar to the sciaphilic species of the
infralittoral or circalittoral coralligenous zones, depending on the
corresponding depth and quantity of light (fig. 1.7) (Boudouresque,
1968; Piazzi et al., 2002).

Figure 1.7 | Epiphytic rhizomes of Posidonia oceanica (photography: Agostino Tomasello).
......................................................................................................................................................................................... 17
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The species within the meadow include resident and migratory
species: the former spend their entire life cycle inside the meadow,
whereas the latter arrive from surrounding environments for the
time necessary to search for food or shelter or to reproduce (Buia et
al., 2000).
The P. oceanica ecosystem also provides nursery areas for juvenile
fish and refuge for a large number of organisms, including numerous species of fish, cephalopods and crustaceans, also of considerable
economic importance (Francour, 1997). The meadow therefore plays
an extremely important role as a hub of biodiversity, hosting about
25% of all species present in the Mediterranean Sea (Boudouresque
et al., 2012).
The meadows of P oceanica are recognised as one of the fundamental components of the balance and richness of the Mediterranean coastal environment. They are characterised by high levels in
the production of oxygen (1 m2 of meadow can produce 4 to 20
litres of oxygen daily; Bay, 1978) and of organic matter (1 hectare
of meadow produces about 20 tons in one year; Boudouresque and
Meinesz, 1982) and one of the highest in primary production for the
marine environment in the world (Pergent et al., 1994; Pergent-Martini et al., 1994). A considerable part of this primary production
(from 25% to 85%, as reported in Boudouresque et al., 2006) is
exported in the form of dead leaves to other types of seabed, where
it represents a highly significant source of nourishment. The organic
matter produced constitutes a direct and indirect food source for numerous organisms, as well as the basis of a complex trophic network
(Mazzella et al., 1992). Furthermore, this characteristic of high primary production enables the ecosystem of the P. oceanica meadows
to sequester large quantities of carbon called “blue carbon” and large
quantities of carbon dioxide from the atmosphere (Duarte et al.,
2005; Kennedy and Björk, 2009; Mcleod et al., 2011), thus helping
to reduce the risks due to climate change, with multiple co-benefits
(Bindoff et al., 2019). The importance of the P. oceanica meadows,
which play a fundamental role in the general economy of coastal are18 ......................................................................................................................................................................................
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as, therefore far exceeds the surface area they occupy of less than 1%
of the Mediterranean seabed (Boudouresque et al., 2006)

........................................................................................................................................................................................ 19
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1.4 | THE ROLE OF POSIDONIA OCEANICA MEADOWS
IN COASTAL DEFENCE
Posidonia oceanica meadows are recognised for the fundamental
role they play in coastal dynamics by acting on sedimentation, at
least on a local scale, and modifying the original sediment of the site
(Dauby et al., 1995). This phenomenon is due to the dual action
that living leaves exert both on the fine particulate, which is captured
and harnessed between the rhizomes, and on the waves and currents
whose intensity is considerably reduced; the matte is both elastic and
rigid and can absorb some of the wave energy (Fonseca et al., 2007;
Boudouresque, 2013). Lastly, dead leaves, carried ashore by the currents and mixed with sand, create masses, at times exceeding one
meter in height (banquettes), which protect the beaches and alleviate
the damage caused by storms (Jeudy de Grissac, 1984) and thereby
form a significant natural belt for the containment and protection of
the coasts from the erosive action of wave motion.
In order to safeguard the P. oceanica meadows as natural barriers
against coastal erosion, it is of fundamental importance to identify
the areas they occupy and study their structural, functional and ecological features by means of specific field surveys that yield up-todate and detailed maps and reliable information on the health of the
meadows and their associated populations.
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1.5 | THE CAUSES OF REGRESSION
OF POSIDONIA OCEANICA MEADOWS
Posidonia oceanica is particularly affected by variations in the environmental quality and disappears when pollution, in a broad sense,
is marked; for this reason, P. oceanica is considered an excellent indicator of the quality of the environment (Pergent et al., 1995; Montefalcone, 2009).
Despite the importance of this habitat, we have been witnessing a
progressive regression and degradation of the meadows, often due to
synergism in human activity, since the 1950s (Boudouresque et al.,
2012; Giakoumi et al., 2015). In the Mediterranean, between 13%
and 50% of the P. oceanica meadows have regressed considerably in
terms of size, and even been completely lost from some areas, and
the remaining meadows have suffered a reduction in density and coverage (Marbà et al., 2014; Telesca et al., 2015). Therefore, Marbà et
al., (2014) estimate that the loss of P. oceanica meadows has reduced
the carbon absorption capacity of the entire Mediterranean basin by
between 11% and 52%. Unfortunately, there is a lack of detailed
data on the distribution and quality of P. oceanica for most of the
Mediterranean Sea (Boudouresque et al., 2009), and it is possible
that the regression of phanerogam meadows has been overestimated
(González-Correa et al., 2007; Boudouresque et al., 2009; Bonacorsi
et al., 2013).
A number of authors assert that P. oceanica is showing a progressive maladjustment to the Mediterranean environment, leading to
a natural rarefaction of the meadows, mainly along the northern
coasts (Blanc and Jeudy de Grissac, 1989). The poor success of sexual reproduction seems to have led to a decrease over time in genetic variability within populations, which may have made the species
more vulnerable to changes in environmental conditions (Procaccini
et al., 1996). However, the main causes of regression in the meadow are to be linked to increasing anthropic pressure on the coastal
environment, which determines effects on the meadow essentially
........................................................................................................................................................................................ 23
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attributable to variations in the turbidity of the water column and
to variations in sedimentation rates, as well as to the direct effects
attributable to the damage caused by trawling and anchorage (Boudouresque et al., 2006).
The high concentration of organic pollutants, due, for example,
to urban or industrial wastewater discharge, cause excessive algal development and can cause both an increase in the turbidity of the
water and an excessive development of epiphytes on P. oceanica leaves
(Boudouresque et al., 2009). In both cases, the intensity of light that
can reach the plant is reduced, with negative consequences for its
survival. Chemical substances (e.g. surfactants, heavy metals, etc.)
can also cause tissue necrosis, morphological alteration and generally
disrupt the normal development processes of the plant (Capiomont
et al., 2000).
Another very important aspect that can affect the health of the
P. oceanica meadows is linked to the variation in sedimentary rates
along the coast, brought about by coastal construction projects. The
construction of ports and port works in general, as well as the construction of rigid defence works, can drastically interfere with the
normal hydrodynamic regime and cause significant alteration in sedimentary dynamics, especially at a local level (Boudouresque et al.,
2009). Increases and reductions in sedimentary supplies are recognised as sources of serious problems for the survival of the meadows;
the former encourages silting up and consequent suffocation (Marbà
and Duarte, 1997; Manzanera et al., 1998), and the latter promoting
the undermining of rhizomes, thus making the meadow more sensitive to erosive phenomena (Jeudy de Grissac, 1979; Astier, 1984)
(fig. 1.8).
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Figure 1.8 | Degraded Posidonia oceanica meadow (photography:
Tiziano Bacci).
Among the projects that affect the marine and coastal environment and that can have direct or indirect effects on Posidonia oceanica
meadows, the more common ones are commercial and tourist ports,
breakwaters, piers and other coastal protection projects, submarine
pipelines (waterworks, oil and gas pipelines), electricity transmission
cables, off-shore production facilities.
Furthermore, where the meadow already shows significant signs
of distress, its health can undergo further deterioration from the introduction of alien species that begin to compete with P. oceanica,
hindering the re-colonisation process (Montefalcone et al., 2010),
as in the case of the expansion of two species of green algae of tropical origin belonging to the genus Caulerpa (de Villèle and Verlaque,
1995).
In general, the loss of the vegetation cover of the seabed leads to
the erosion of the exposed surface layers (Marbà et al., 2015), which
can lead to the release of stored carbon (blue carbon), an increase
in greenhouse gas emissions and the acceleration of global climate
change (Atwood et al., 2017).
........................................................................................................................................................................................ 25
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Lastly, additional potential causes of regression of the meadows
could be attributable in the future to the effects of climate change,
the latter still relatively less known than those related to anthropic
pressure. The warming of the Mediterranean Sea and the increase in
extreme meteorological phenomena could have consequences for P.
oceanica, both due to the increase in the average temperature of the
water and due to its progressive acidification (Short and Neckles,
1999; Caldeira and Wickett, 2003; IPCC, 2019).
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CHAPTER 2
REGULATORY FRAMEWORK
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2.1 | POSIDONIA OCEANICA: EUROPEAN DIRECTIVES,
INTERNATIONAL CONVENTIONS, NATIONAL LAWS
The conservation and valorisation of Posidonia oceanica meadows
is established by international conventions, European directives, and
national laws.
As a meadow, P. oceanica is protected as laid down in the Habitat Directive 1992/43/CEE (incorporated into Italian law by Presidential Decree 357/1997 and subsequent modifications and integrations), as a priority habitat type, whose conservation requires the
designation of special areas of conservation. The presence of P. oceanica meadows entails the creation of Sites of Community Importance
(SCI) and Special Areas of Conservation (SACs) that represent, together with the Special Protection Areas (SPAs) (Birds Directive), the
Sites of the Natura 2000, a network of protected natural areas, designated by the European Community, whose purpose is to safeguard
the state of conservation of species of flora and fauna, and of types
of habitats that require targeted protection measures. In accordance
with what is prescribed in the Habitat Directive, any activity that can
interfere with the conservation status of a site, even in the case that
such activity is carried out outside of the site itself, shall be subjected
to a specific procedure, called “Appropriate Assessment” (AA). The
AA is aimed at verifying, preemptively, to what extent the expected
activities affect the state of conservation of the species and/or habitat
for which the site was created, and the failure to observe the specified
procedure entails the initiation of infringement procedures by the
European Community (AA.VV., 2019a).
Mention is also made of Angiosperms, to which the species Posidonia oceanica belongs to, in the Water Framework Directive, WFD
2000/60/CE, incorporated into Italian law by the Legislative Decree
152/2006 and subsequent modifications and integrations, that regulates the ecological status and chemical quality of water bodies. This
directive assigns, for the first time, a key role to biological indicators
in the assessment of the ecological status of surface water bodies,
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leaving a supporting role to chemical, physical and morphological
indicators. In this context, Italy has identified among Angiosperms
the species P. oceanica as indicator of ecological status, to be used for
the purposes of assessing the ecological status of water bodies.
National implementation of the Marine Strategy Framework Directive, MSFD – 2008/56/CE, incorporated into Italian law by the
Legislative Decree 190/2010, lastly, regards among the habitats being evaluated for ecological status the biocenosis P. oceanica. This
assessment is made by defining a Good Environmental Status - GES,
reached through environmental targets with a view to a sustainable
management of the marine environment.
At species level, P. oceanica is protected under the Bern Convention (Appendix 1) and the Barcelona Convention (SPA/BIO protocol).
The Bern Convention, on the conservation of European wildlife
and natural habitats, approved by the European Council with Decision 82/72/CE of 3 December 1981 and ratified by Italy with Law
503 of 5 August 1981, identifies, in particular, the species of flora
and fauna strictly protected (that is species and habitats of vulnerable species, at risk of extinction and/or endemic), specifying also the
respective protection rules.
Furthermore, it is important to emphasise that the degradation
caused to the species and habitats protected under the Bern Convention and the Habitat Directive (and therefore to the P. oceanica
meadows) constitutes an objective environmental damage, as defined
under Art. 300 of the Legislative Decree 152/2006.
The Barcelona Convention (16/02/1976), that originated as a
“Convention for the protection of the Mediterranean Sea from pollution” under the auspices of the UNEP (United Nations Environment Programme) was amended in 1995, becoming a “Convention
for the protection of the marine environment and the coastal region
of the Mediterranean”. In this form it was ratified by Italy with the
Law n. 175 of 27 May 1999, and it entered into force in 2004. In
order to reach the intended purposes, the Convention made use of
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seven protocols, and in particular regarding the identification of endangered habitats and/or species to protect, the default agreement
is represented by the Protocol regarding the Specially Protected Areas and the Biodiversity in the Mediterranean (SPA/BIO Protocol,
http://www.rac-spa.org/dl/protocol_eng.pdf ).
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2.2 | REGULATIONS FOR MARINE
AND COASTAL PROJECTS THAT POTENTIALLY AFFECT
POSIDONIA OCEANICA MEADOWS
Among the projects that affect the marine and coastal environment
and that can have direct or indirect effects on Posidonia oceanica meadows, the more common ones, as was already mentioned, are commercial and tourist ports, breakwaters, piers and other coastal protection
projects, submarine pipelines (waterworks, oil and gas pipelines),
electricity transmission cables, off-shore production facilities.
Some of these projects are subjected to an Environmental Impact
Assessment (EIA), and have been grouped in two lists included in
the Environmental Act Legislative Decree 152/06 Part II and subsequent modifications and integrations. The lists are: a) Annex II and
b) Annex III, incorporating the indications of the Legislative Decree
104/2017, which establishes that the projects in Annex II fall under
State competence, and those in Annex III fall under regional competence and of the autonomous provinces of Trento and Bolzano.
Projects listed in Annex II-bis in the Legislative Decree 152/2006
Part II and subsequent modifications and integrations, are instead,
subjected to an Environmental Impact Assessment (EIA), that falls
under State responsibility.
For projects subjected to an EIA that falls under State competence,
the authority in charge is the Ministry for Ecological Transition Directorate General for Environmental Assessments and Authorisations, that is responsible for issuing the EIA measure, whose outcome
can be positive, positive with environmental conditions, or negative,
for the execution, implementation or dismissal of the submitted project. An environmental condition of the EIA procedure is, “A binding
provision that defines the requirements for the execution of the project or
the implementation of the activities arising from it, that is the measures
envisaged to avoid, reduce and, if possible, compensate any significant
and negative environmental impacts, as well as the measures of environmental monitoring” (Art. 5 c. 1 o quater). The due process is similar
........................................................................................................................................................................................ 33
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for projects subjected to an EIA that falls under regional competence,
for which the authority in charge is the public administration, whose
tasks are the safeguarding, protection, and valorisation of the environment, identified in accordance with the provisions of regional
laws or of the Autonomous Provinces of Trento and Bolzano.
The projects that can have an impact on a Posidonia meadow that is
included in the Natura 2000 network, require an Appropriate Assessment (AA) that was introduced by Article 6, comma 3, of the 92/43/
CEE “Habitat Directive” and incorporated into Italian law by the
Presidential Decree 357/97 (Art. 5), as amended and supplemented
by the Presidential Decree 120/03 (Art. 6). These latter identify in
the preparation of a specific study for the AA, the tool to determine
and assess the effects of projects on protected habitats or species.
The installation of submarine cables and pipelines causes an unsettling of the seabed, and is therefore included in the projects that
potentially generate direct or indirect impacts on Posidonia oceanica
meadows, and subjected to different authorisation procedures, depending on the project’s characteristics, such as an EIA or the granting of an authorisation pursuant to the Ministerial Decree of 24 January 1996 and of the Art. 109 co. 5 of the Legislative Decree 152/06.
Both in the context of the EIA and in that of the AA, as it is also for
Art. 109 of the Legislative Decree 152/06, Posidonia transplantation is
commonly indicated as a compensation measure for the damage suffered by the meadows due to the execution or discontinuation of the
above-mentioned projects. As with all environmental conditions, also
those concerning Posidonia transplantation are subjected to an assessment of compliance by the Ministry for Ecological Transition, or by
the regional authority in charge, or by the Autonomous Provinces, and
therefore detailed planning of transplantation and monitoring activities,
renders the assessment of the compensation measure more effective and
efficient for the protection of the restored Posidonia oceanica meadow.
For a detailed examination of regulatory and technical aspects
connected to the EIA and AA procedures, please refer to AA.VV.
(2019a, 2022).
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2.3 | EUROPEAN AND NATIONAL
ENVIRONMENTAL LEGISLATION
FOR THE SUSTAINABLE MANAGEMENT
OF MARINE AND COASTAL ENVIRONMENTS
Posidonia oceanica meadows are experiencing regression in various
areas of the Mediterranean basin: it is estimated that in the last 50
years their surface has decreased of over 30% (Telesca et al., 2015).
Human activities and their related forms of pollution are among the
main threats for this ecosystem. Therefore, identifying effective tools
for an efficient synergy among European environmental legislations
represents the best approach for a sustainable management of marine
and coastal environments and of this precious habitat. The United
Nations have suggested, in March 2019, the restoration of ecosystems (https://www.decadeonrestoration.org), in the decade 20212030, with the aim of stepping up existing efforts to restore 350 million hectares of degraded ecosystems at a global level by 2030. The
European Union, in May 2020, in the framework of the EU Strategy
for Biodiversity for 2030, entitled “Bring nature back into our lives”,
has drawn up a plan for the restoration of terrestrial and marine
ecosystems, and in particular for the ones with a high potential for
carbon capture and storage. To this end, the National Recovery and
Resilience Plan (NRRP), for Italy, calls for large scale interventions
to restore and protect seabeds and marine habitats in national waters,
so as to reverse the trend in Mediterranean ecosystem degradation
and increase their resilience to climate change. In February 2022,
in addition, the protection of the environment, of biodiversity, and
of ecosystems was added to the fundamental principles of the Italian Constitution. In particular, the amendments concerned Art. 9 of
the Constitution, in which, besides defining the environment in its
broadest sense and from a systemic perspective, it is considered as a
‘value’ to protect also, “in the interest of future generations”, expression
which introduces and affirms the principle of intergenerational equity. The second amendment concerned Art. 41 of the Constitution
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relating to the exercise of economic initiative, adding that private
economic initiative cannot be carried out to the detriment of health
or of the environment.
For several years, the Integrated Maritime Policy (IMP) of the European Union has tried to provide a more coherent approach to maritime issues, with a greater coordination among the various sectors
and the different stakeholders involved. The implementation of the
IMP shows that a dynamic and coordinated approach in maritime
affairs helps the development of the EU’s “blue economy”, and at the
same time ensures the good ecological status of seas and oceans.
The Marine Spatial Planning Directive MSP – 2014/89/CE) is
one of the major actions carried out by the EU in the framework
of its own IMP. This directive is aimed at promoting a management
and exploitation of marine resources that relies on an ever-increasing
knowledge of the processes, functions, and services provided by ecosystems, as well as on the importance of their conservation. Planning
when and where to carry out human activities at sea, in order for the
pressures generated to be as sustainable as possible, will require close
integration of ecological, social, and economic assessments, as well
as the involvement of the different stakeholders concerned and the
policymakers. The Legislative Decree 201/2016 incorporated into
Italian law the MSP European Directive, that established to have in
place, by March 2021, the marine spatial plans for all surface waters and seabeds over which Italy has jurisdiction. In this context,
the implementation of the MSP Directive needs strong interaction
with the directives regarding Environmental Impact Assessments,
EIA – 2014/52/EC and Strategic Environmental Assessments, SEA
– 2001/42/CE), but also with the directives concerned with the
quality of marine environments, such as the Water Framework Directive 2000/60/CE and the Marine Strategy Framework Directive
(2008/56/CE).
As already mentioned, Posidonia oceanica meadows are also considered in environmental law, in the context of authorisation procedures concerned with the execution of marine and coastal projects.
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In fact, plans or projects regarding coastal works and infrastructures
that could potentially affect P. oceanica meadows are subjected to the
Environmental Impact Assessment (EIA) authorisation procedure,
including those that require an Appropriate Assessment (AA) (art.
6 (3) and (4) the Habitat Directive, 1992/43/CEE). The Directive
2014/52/UE (incorporated into Italian law with the Legislative Decree 104/2017) has introduced new rules that make both the procedures to verify if an EIA is required and the assessment procedures themselves more efficient, increase the levels of environmental
protection, and contribute to environmental sustainability (AA.VV.,
2019a). In these areas, the damage suffered by the meadows due to
the execution of coastal works and infrastructures subjected to EIA
procedures is, usually, compensated via Posidonia transplantation.
Furthermore, in the context of the Water Framework Directive,
WFD 2000/60/CE, Italy has identified among angiosperms the species P. oceanica as an ecological indicator, to be used for the purposes
of assessing the ecological status of surface water bodies.
Finally, the national implementation of the Marine Strategy
Framework Directive, MSFD – 2008/56/CE) includes biocenosis P.
oceanica among the habitats being assessed for ecological quality,
and in particular, falls within Target 1.2 “Increase of the number
of marine habitats listed in the Habitat Directive and related to the
SPA/BD protocol of the Barcelona Convention that preserves or
achieves a satisfactory state of conservation”.
Lastly, it is important to emphasise the relevance of public involvement and awareness in environmental issues, which in Europe
is regulated by Directive 2014/52/UE and by the Aarhus Convention. The principles of this Convention represent a key element in
achieving good environmental governance (Bennet, 2016; Madden
and McQuinn, 2014; Redpath et al., 2013), a founding essential
element of the synergy of European environmental legislation for
a sustainable management of marine and coastal environments, including the Posidonia oceanica meadows habitat.
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CHAPTER 3
TRANSPLANTATION
OF POSIDONIA OCEANICA MEADOWS
AND ITS GOVERNANCE
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3.1 | THE TRASPLANTATION AS A RECOVERY
AND MANAGEMENT TOOL OF THE HABITAT
POSIDONIA OCEANICA MEADOWS
Although their ecological and economic importance is recognised
at the international level, and they are consequently protected by
various rules, both at the national and European level, Posidonia oceanica meadows are at present experiencing strong regression in different areas of the Mediterranean (Marbà et al., 2014; Telesca et al.,
2015). The diverse causes of regression, both natural and anthropic, which were described in the previous paragraphs, together with
the slowness of the natural recolonisation processes, promoted over
time, the gradually accepted conclusion that it could be necessary to
develop transplantation techniques, as a tool to support and/or speed
up the natural regeneration processes (Meinesz et al., 1991a). However, considering that P. oceanica is one of the Magnoliophyta with
the slowest growth rate in the world, its transplantation is also a slow
process of recolonisation, in which the selected cuttings must take
root and expand until they rebuild, only after many years, a meadow whose characteristics can be assimilated to a natural condition.
Transplantation, therefore, must not be conceived as swift greening,
as is the case with a lawn in a terrestrial environment, but a tool to
promote the resilience of this habitat.
The first P. oceanica transplantation experiences, carried out using
techniques usually employed to strengthen and improve the conservation state of meadows of other marine phanerogams, did not
have a successful outcome. Further experiences, starting from those
carried out by Georges Cooper’s French school and by the group of
Jardiniers de la Mer (Augier et al., 1996; Cooper, 1982) and later
experiments, carried out mainly in Italy, over time have shown more
encouraging results in terms of P. oceanica transplantation (Scardi
et al., in print; Calvo et al., 2021 AA.VV., 2020a). The experience
gained due to the previous shortcomings, the new discoveries on the
biology of the plant, the use of new technologies, as well as the avail........................................................................................................................................................................................ 41
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ability of transplantation monitoring data over long periods of time
has, in fact, lead to achieve Posidonia transplants that are increasingly
effective and sustainable (Bacci and La Porta, 2022; Boudouresque
et al., 2021; Piazzi et al., 2021; Bacci et al., 2019; Badalamenti et al.,
2015).
Alongside the idea of replanting meadows that were destroyed,
damaged or suffering due to the alterations caused to the marine
and coastal environments (for example changes in coastal dynamics
caused by the execution of coastal projects or by changes in climate
dynamics), in recent years, the transplantation of sectors of P. oceanica meadows, has been identifying, in the context of EIA procedures
concerning the execution of coastal projects in Italy, as the form of
compensation for the associated impacts.
Aside from the objective for which a transplantation is carried
out, there are many factors on which the success of the transplantation depends. The main ones are the choice of the transplantation
areas and of the most suitable technique for the type of selected substrate. However, to increase the chances of success of a transplantation intervention, it is necessary to follow a specific process, that
enables to manage correctly each of the phases in which the transplantation is structured, and to acquire all types of required data for
the different areas of interest. In addition, the specific technical and
scientific skills of different operators that are in charge of the various
transplantation phases are crucial for the execution of an effective
and long-lasting transplantation (https://lifeseposso.eu; Bacci and La
Porta, 2022; AA.VV., 2020a).
The main phases of the process, illustrated in this manual, concern: planning, implementation, monitoring, and management of
a transplant. Each of these phases includes additional key steps that
take into account, for example, accurate environmental characterisations for the selection of donor and receiver meadows, pilot studies
for the choice of suitable areas for transplantation and of the most
adequate techniques, the choice of the biological material for transplantation, appropriate and detailed monitoring plans to assess the
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result of the transplantation over time. In addition, in order for a
transplant to have greater chances of success, even if carried out following each of the good practices described, it is necessary to manage it over time, and to protect it from those anthropic actions that
usually damage natural meadows, such as small-scale fishing, illegal
trawling, and moorings of leisure or commercial boats.
The process described is applicable to any transplant, even if carried out with different objectives, such as the restoration of degraded
meadows (e.g. dead matte), the ‘mending’ of sections of damaged
meadows (e.g. moorings, trawling), the compensation of areas of
meadows following complete loss due to dredging activities or seafloor sealing where they were present caused by the execution of marine and coastal projects (e.g. pipelines) (fig. 3.1.1). In addition, it
is the very existence of economic activities that have generated and
still generate impacts on this precious habitat, that raises important
questions, connected to public information concerning transplantation, to the level of participation of the various subjects involved
in different capacities with transplantation, to sharing and accessing collected data and the availability of results on the efficacy of
transplantation. Here too, it is therefore necessary to strive towards
the achievement of good environmental governance to support the
different phases of the process proposed for transplantation activities
of P. oceanica.
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Figure 3.1.1 | Examples of degraded or damaged Posidonia oceanica
meadows (drawings by Sonia Poponessi, ISPRA - Life SEPOSSO).
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3.2 | GOVERNANCE
OF POSIDONIA OCEANICA TRANSPLANTATION
Governance in Posidonia oceanica transplantation: principles
of “good” governance
The existence of economic activities that have an impact on an
ecosystem of crucial importance such as Posidonia oceanica meadows,
raises important issues, all the more so since phanerogam restoration
is a much debated topic at the European level (Cunha et al., 2012).
The issues raised concern a number of related problems, such as the
selection of the most appropriate transplantation technique and of
suitable receiver sites, the availability of the biological material for
transplantation, the importance of monitoring activities, the sharing of and access to collected data, and the availability of results on
the efficacy of transplantation. The issue of public involvement and
awareness in environmental issues in Europe, as already mentioned, is
regulated by Directive 2014/52/UE and by the Aarhus Convention,
and it is a key element in the achievement of good environmental
governance (Bennet, 2016; Madden and McQuinn, 2014; Redpath
et al., 2013). There are numerous benefits to involving stakeholders
in environmental decisions, and they include the possibility of preventing or resolving conflicts, and of enhancing social acceptance of
the initiatives (Gall and Rodwell, 2016; Hagan and Williams, 2016).
In addition, public participation can also lead to a general improvement of the entire governance process, by means of the contribution
of local knowledge. These are the reasons why the governance process
in environmental issues should always be set up properly, and should
provide the framework for an adequate involvement of all directly or
indirectly interested parties.
Governance is usually defined as the combination of institutions,
structures, and processes that determine “who” takes decisions, “how
and for whom” they are taken, “if, how, and which” actions are undertaken, and “for what purpose” (Lockwood et al., 2010; Graham
et al., 2003). In short, governance is the combination of rules, strat........................................................................................................................................................................................ 45
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egies, and processes that govern the activities of a public or private
institution. The primary aim of governance is to ensure good results
and the achievement of objectives, integrating the actions of citizens
with government action, supporting them and in turn being supported.
The different models of governance entail a combination of approaches focused on three components: State, people (civil society),
and market, whose equilibrium varies in different contexts. Governance analysis must examine these three components and the way in
which they are related to one another. A single integrated “good”
governance method does not exist, and the priority of any particular
analysis is to consider the combination of principles that will guide
it. For this reason it is important to characterise the key aspects of a
governance through the definition of the objectives and the related
attributes.
The term environmental governance is used in the case of decision-making processes that are at the basis of the control and management of the environment and of natural resources. A recent review
(Bennett and Satterfield, 2018) on environmental governance summarises in a framework the way in which primary objectives and attributes combine with governance elements (fig. 3.2.1). This framework
identifies four objectives of good governance (Lockwood et al., 2010;
Bennett and Satterfield, 2018) which should be: (i) Effective, (ii) Equitable, (iii) Responsive and (iv) Robust. The attributes, as a whole,
represent a useful reference for the choice of adequate indicators, necessary for the analysis and the quality of environmental governance.
“Good” governance means a governance that pursues the above
said objectives. For each objective there are various attributes, for
which it is necessary to have qualitative indicators able to document
what has been done to reach a specific objective (fig. 3.2.1). It is
important to emphasise how the “good” governance principles are
inspired by the Aarhus Convention (Decision 2005/370/CE) on the
right of citizens to participate in public debates, and to have access
to information and to justice in environmental issues.
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Figure 3.2.1 | Summary overview that defines objectives, attributes
and elements of good environmental governance (modified from Bennett
and Satterfield, 2018).
Effective
An effective governance should be: 1) direction, aims and objectives of the transplantation should be communicated in an extremely
clear way to all stakeholders; 2) accountable, the decisions taken and
the instruments chosen to reach the objectives should be transparent;
3) informed, the decisions pertinent to a transplantation should be
taken considering the best available technical and scientific information; 4) efficient, timing and costs of transplantation operations
should apply criteria of efficiency and efficacy; 5) coordinated, the
actions of the different institutions involved should be coordinated.
The first four attributes should be part of the documents provided
by those carrying out a transplantation who wish to execute a pro........................................................................................................................................................................................ 47
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ject that produces negative impacts on P. oceanica, while institutional
bodies should establish coordination.
Equitable
An equitable governance calls for the possibility of involving
stakeholders and of granting them access to justice in the context of
initiatives of P. oceanica transplantation as a compensation tool for
the impacts of marine projects on the ecosystem. The attributes of an
equitable governance require for it to be: 1) participative, able to involve stakeholders through specific meeting places, information, and
structures to share information and knowledge related to transplantation; 2) just, able to grant access to the mechanisms that ensure
recourse to a judicial arbitration in case of an alleged failure of compliance with the rules. The first attribute should be part of the tasks
of those who carry out a transplantation, while the second should be
ensured by institutional bodies.
Responsive
A governance is responsive when it is: 1) able to create knowledge,
the details of the methods used and the results obtained should be
made public and easily accessible; 2) adaptive, able to identify and
correct shortcomings, limits, or inconsistencies found during ongoing activities through iterative processes; 3) innovative, the decisions
taken are the result of experimentation and innovative approaches.
All attributes should be provided for both by those carrying out a
transplantation and by the institutional bodies.
Robust
A governance is robust when it is able to tackle the problems
that can weaken its functioning and efficacy. In the case of P. oceanica transplantation, the key attributes of a robust governance are:
1) legitimate, ensured by the authority and representativeness of
the institutions involved, and supported by a shared vision, and 2)
the ability to create interconnections among the governance play48 .....................................................................................................................................................................................
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ers, facilitating collaboration, the exchange of information and
knowledge, and the dissemination of acquired innovation. All attributes should be ensured by those carrying out a transplantation.
Table 3.2.1 shows some examples of indicators for the assessment
of an effective, equitable, responsive, and robust governance, both
for P. oceanica transplants aimed at compensating impacts caused
by marine projects on Posidonia meadows, and for those aimed at
restoration activities, such as the restoration of degraded meadows
and research activities. In the case of compensatory transplants carried out with an Environmental Impact Assessment procedure, some
of the “good” governance objectives will be part of the activities of
those who propose the project that damages the meadow.
For a more thorough assessment with a view to the governance
of P. oceanica transplantation, please refer to Lucia et al. (2022),
AA.VV. (2020c), and to Zenone et al. (2021).
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Table 3.2.1 | “Good” governance objectives, attributes and indicators for Posidonia oceanica transplants aimed at compensating impacts caused
by marine projects on Posidonia meadows and aimed at the restoration of degraded meadows and at research activities. SH: stakeholder.

OBJECTIVE

ATTRIBUTES

INDICATORS

RESPONSIBILITY OF

PROJECT PHASE/
TRANSPLANTATION

Direction

Communication strategies used to inform the public and the SH;
Results of SH analysis aimed at investigating their
level of interest.

Those who carry out the transplantation

Before the EIA
preliminary phase/
transplantation
planning phase

Accountable

Means of communication and elements provided
to SH concerning the decisions taken, the chosen
instruments, and the financing channels used to
carry out the transplantation.

Those who carry out the transplantation

Before the EIA
preliminary phase/
transplantation
planning phase

Informed

Adopted selection criteria and information produced to support the proposed transplantation technique/experimentation.

Those who carry out the transplantation

Before the EIA
preliminary phase/
transplantation
planning phase

Efficient

Solutions adopted to ensure adequate execution
times and costs.

Those who carry out the transplantation

Before the EIA
preliminary phase/
transplantation
planning phase

EFFECTIVE

Coordination

Measures taken to ensure coordination, collaboration, and synergy among SH.

Participative

Documents on the ways to engage and the level
Those who car- Before the prelimiof participation of SH (n. of organised events, n. of
ry out the tran- nary phase/before
participants, n. of interventions, creation of a public
splantation
transplantation
committee, etc.).

EQUITABLE

RESPONSIVE

During the
Those who
project’s entire
carry out the
execution phase/
transplantation/
before, during, and
public instituafter transplantions
tation

Just

Creation of an area to grant easy and affordable
access to citizens to a potential judgement in case
of possible unlawful conduct, in accordance with
the Aarhus Convention.

Public institutions/
Those who carry out the transplantation

During the
project’s entire
execution phase/
before transplantation

Learning

Scientific and technological know-how connected
to transplantation is available, easily accessible, and
explained in simple words;
Summary of monitoring results is available to lay
persons.

Those who carry out the transplantation

After transplantation

Adaptative

Short-term monitoring plan and strategies for ensuring the integrity of transplantation;
Assessment plan and chosen variables to verify
transplantation performance.

Those who carry out the transplantation

Before transplantation

Innovative

Presence of scientific hypotheses and/or pilot studies to support technical decisions that were taken; Those who carMethods to choose transplantation sites;
ry out the tranOpportunities for SH access to the information persplantation
tinent to innovative approaches.

Before transplantation

Legitimate

Documented mediation efforts concerning the different visions of the players involved in transplanta- Those who carry out the trantion procedures;
splantation
Preparation of a plan to enhance the value of transplantation sites.

Before transplantation

Connected

Creation of technical discussions and work groups
among involved players, aimed at managing acquired knowledge of P. oceanica transplants synergistically.

During the
project’s entire
execution phase/
before, during,and
after transplantation

ROBUST
Those who carry out the transplantation
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CHAPTER 4
TECHNICAL ASPECTS
OF THE TRANSPLANTATION
OF POSIDONIA OCEANICA
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Procedure for the transplantation of Posidonia oceanica
The transplantation of P. oceanica is generally a difficult and delicate operation because of the great complexity of the system the
meadows themselves represent. The correct management of transplantation requires specific technical-scientific skills, as well as the
application of a specific procedure, which allows the correct management of all the various phases of the transplantation and the acquisition of all necessary types of data in the different areas of concern
(fig. 4.1) (Bacci and La Porta, 2022; AA.VV., 2020a; Van Katwijk et
al., 2016, Calumpong and Fonseca, 2001).
The procedure and the various phases can be summarised as follows:
1) Planning of the Posidonia oceanica transplantation
• Characterisation and assessment of the donor meadow;
• Characterisation and assessment of the site of the receiver meadow;
• Assessment of the ecosystem services of the donor and receiver
meadow;
• Selection of the transplantation technique.
2) Execution of the transplantation of Posidonia oceanica
• Selection of biological material for transplantation;
• Positioning of the transplantation modules.
3) Monitoring of the transplantation of Posidonia oceanica
• Verification of the success of the transplantation operation;
4) Management of the transplantation of Posidonia oceanica
The procedure described in this manual is also applicable to the
transplantation of P. oceanica prescribed as a compensatory action on
the basis of Environmental Impact Assessments, but the following
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aspects should be specified: i) the donor meadow generally coincides
with the meadow damaged by the construction of the works; ii) the
explantation of biological material from the donor meadow and subsequent transplantation must be performed before the meadow is
damaged by the works; iii) transplantation planning, including the
implementation and monitoring of pilot transplants, must be included by the proposer of the works in the Environmental Monitoring Plan, produced as part of the Environmental Impact Statement
(EIS). For an in-depth examination of the management of P. oceanica
transplantation activities within the Environmental Impact Assessment and Appropriate Assessment, please refer to Lucia et al. (2022)
and Pacione et al. (2022).

Figure 4.1 | Example diagram of the different areas involved in the
planning, implementation and monitoring of Posidonia oceanica transplantation.
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4.1 | PLANNING
OF THE POSIDONIA OCEANICA TRANSPLANTATION
For the development of a site-specific decision-making strategy, to
be carried out before starting any Posidonia oceanica transplantation
operation, it is necessary to take into account various aspects considered essential to the effective planning of the transplantation.
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4.1.1 | Characterisation and assessment of the donor
meadow
The characterisation and assessment of the donor meadow is a
very delicate phase in the transplantation of P. oceanica. The health
status of the donor meadow and its size, the quality of the cuttings to
be used for transplantation and the distance from the receiver site are
some of the main factors that can affect the success of transplantation
(Tan et al., 2020; Díaz-Almela e Duarte, 2008; Campbell, 2002).
Table 4.1.1.1 shows the activities and their purposes for the characterisation and assessment of the donor meadow in order to select
the most suitable areas for the explantation of biological material, to
be used for transplantation.
Table 4.1.1.1 | Main activities and their purposes for the characterisation and assessment of the donor meadow in order to select suitable areas
for explantation of Posidonia oceanica.
ACTIVITY

PURPOSE

Preliminary screening of available previous data

Orient the subsequent characterisation surveys to assess the
most suitable areas for the explantation of biological material
for transplantation.
If the explantation area coincides with an area subject to the
removal of portions of meadows, the screening represents only
an environmental contextualisation.

Remote surveys

Provide data for assessing the depth, distribution and relative facies of the donor meadow for identifying the most suitable areas
for the explantation of biological material for transplantation.

Surveys in situ: structural, functional and ecological descriptors of the donor meadow

Provide data for the assessment of the health status of the donor
meadow and the quality of the cuttings to be used for transplantation in order to maximise the chances of rooting.

Assessment of the distance from the transplantation site

Reduce the stress for explanted cuttings during the transfer phase between the areas of explantation and transplantation.

The following are the types of basic data to be acquired in the various activities identified in Table 4.1.1.1 for the characterisation and
assessment of the donor meadow (AA.VV., 2020b).
Preliminary screening of available data
The acquisition of data, originating in scientific literature and grey
literature and from open-access data sources at European, national
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and regional level, must concern: historical (> 20 years) and current
(< 20 years) distribution of the Posidonia oceanica habitat and its relative facies, bathymetry of the meadow and the structural, functional
and ecological descriptors of the meadow (AA.VV., 2020b).
Information relating to the perimeter of any Natura 2000 network sites and the presence of any Marine Protected Areas (MPAs)
must also be acquired.
Additional information to be sourced is the documented presence
of recent Posidonia transplantation in the donor meadow as this can
be an obstacle to identifying areas suitable for explantation within
the same meadow.
Remote surveys
The acquisition of morpho-bathymetric data of the meadow is
generally carried out by surveys using Side Scan Sonar (SSS), Multi
Beam (MB) or video-photographic tools, such as Remotely Operated Vehicle (ROV) (Bosman et al., 2021). Alongside this type of
surveillance, new technologies and methodologies provide additional and effective tools for the acquisition of such data, for example
satellite remote sensing, aerial remote sensing using Remotely Piloted Aircraft (RPA) and the use of autonomous underwater vehicles
(AUV). The integration and combination of different methodological techniques today offer an effective method for the high resolution
mapping of the seabed and habitats (Rende et al., 2020; Veettil et al.,
2020; Castillon et al., 2019; Gumusay et al., 2019; Mohamed et al.,
2018).
Surveys in situ: structural, functional and ecological descriptors of the donor meadow
The acquisition of quantitative data, relating to the structural
(density of foliar shoots), functional (phenological and lepidochronological parameters) and ecological (abundance and composition of
the associated fauna and flora) parameters of the donor meadow,
must be acquired by divers experienced in monitoring P. oceanica
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meadows according to specific reference methodologies (Bacci et al.,
2020; Buia et al., 2003; Short and Coles, 2001).
Assessment of the distance from the transplantation site.
The distance between the donor meadow and the receiver meadow
can have a great influence on the logistical and/or procedural choices of the operation (Díaz-Almela and Duarte, 2008). Furthermore,
this distance may also reflect a genetic variability of plants between a
receiver meadow and a donor, an important factor to be taken into
consideration when planning Posidonia transplantation (Pazzaglia et
al., 2021; Ehlers et al., 2008; Procaccini and Piazzi, 2001).
The importance of the genetic component in the restoration of
marine phanerogams is addressed in the following Box.
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The importance of the genetic component
in the restoration of marine phanerogams
G. Procaccini, J. Pazzaglia
Marine plants can reproduce both vegetatively and sexually,
on the basis of the characteristics of each species and of external environmental forces. The genetic structure of phanerogam
meadows is strongly influenced by the impact of the two types
of reproduction. On one hand, clonal propagation enables populations to extend themselves spatially, forming mostly monoclonal populations with low genetic diversity (Arnaud-Haond
et al., 2012). On the other hand, even sporadic events of sexual
reproduction support an increase in genetic diversity through
the presence of new allelic variants, so that the meadows can
be formed by a greater number of genotypes and that each
genotype can present greater plasticity (Jahnke et al., 2015).
This becomes more relevant in the presence of environmental
changes, such as for example an increase in temperature, since
populations with a greater genetic and genotypic diversity are
more resistant and resilient (Ehlers et al., 2008). This is why a
restoration plan for marine phanerogams must also include an
accurate analysis of the genetic structure, the plasticity, and the
adaptability of donor populations, as well as a careful analysis
of the environmental factors that characterise the donor and
receiver sites (fig. 1).
A key element that affects genetic diversity of phanerogam
meadows is the degree of connectivity that exists among populations. The dispersal of pollen or fruits released during sexual
reproduction or of vegetative propagules is strongly influenced
by the intrinsic characteristics of the species (potential connectivity), namely the potential distance that they can cover
based on transport dynamics of marine currents, and on the
connectivity that actually takes place, and thus on the actual
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establishment of new genotypic or allelic variants in different
populations (Mari et al., 2020). Maintaining some degree of
connectivity among populations is crucial since it supports
genetic diversity, and thus prevents genetic drift events that
cause the loss of allelic variants and the potential fixation of
deleterious alleles, compromising their future survival (Alotaibi et al., 2019).
Marine phanerogams are organisms that present a certain
degree of phenotypic plasticity, which has enabled them to
colonise very heterogeneous environments. As a result, different populations of the same species have adapted to local
environmental conditions through a natural selection process.
Several studies have emphasised how the populations distributed along a depth bathymetric gradient or along a geographic
gradient are locally adapted with different genetic structures
(Marín-Guirao et al., 2017; Jahnke et al., 2019). To cope
with this, a widely used approach in restoration practices is to
choose a donor site close to the receiver site, since it is believed
that the plants will adapt more readily to the conditions of the
site that is being restored. This opens a discussion that raises
several problems on which is the best approach to use. In fact,
if on one hand transplanting locally adapted individuals could
be the best practice to tackle environmental conditions, on
the other hand transplanting the same genotypes in a meadow
that is already experiencing regression due to different environmental disturbance factors, could negatively influence
the genetic and genotypic diversity and thus the success of the
restoration itself (Coleman et al., 2020). In addition, introducing new genotypes selected by a donor site that is distant
from the receiver site, on one hand allows to restore the levels of genetic diversity (genetic restoration), but on the other
hand could cause deleterious effects due to the low adaptation
capacity to the new environmental conditions, as well as de........................................................................................................................................................................................ 61
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termining genetic pollution that could result in the loss of
native genotypes.
Integrating genetic information with environmental ones
using connectivity maps could be a fundamental tool for the
correct selection of the donor site, and especially for monitoring the restoration phase. The subsequent genetic monitoring,
in fact, enables to assess the levels of genetic diversity and the
positive effects of the restoration over time. This can moreover
emphasise the factors and processes that have greater influence
on the success or failure of the restoration, especially where the
approach used calls for the use of non-local genotypes. In this
case, genetic monitoring provides information on the changes
that occur to the structure and genetic diversity of the restored
population. Considering that the restoration of a meadow and
of the associated ecosystem functions can take a very long time,
continuous and appropriate monitoring is essential (Statton et
al., 2012).
The enhancement of restoration practices and therefore of
their success rate over time continues to grow, and at present
new approaches of assisted evolution are emerging and establishing themselves in environmental restoration programs (Aitken e Whitlock, 2013). These approaches aim at strengthening
resilience capacities of organisms through active interventions
of genetic manipulation and through less invasive approaches
but that use the plastic capacities of organisms, such as the
“hardening” approach, which is widely used in agriculture
(Jones e Monaco, 2009), as well as the selection of more plastic
genotypes and that are therefore more tolerant to environmental changes (Filbee-Dexter and Smajdor, 2019). Integration of
the techniques of assisted evolution in restoration practices of
marine phanerogams could become, in the coming years, an
important aspect to enhance success rate.
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Figure 1 | Conceptual diagram that shows the integration of
the analysis of genetic diversity in the different steps that make up
a program of environmental restoration of marine phanerogams
(from Pazzaglia et al., 2021).
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4.1.2 | Characterisation and assessment of the site of the
receiver meadow
The selection of the transplantation area is today one of the factors
that most conditions the success or failure of reforestation operations
in the marine environment (AA.VV., 2021a, 2020a; Boudouresque
et al., 2021; Tan et al., 2020; Pirrotta et al., 2015; Van Katwijk et al.,
2009; Calumpong and Fonseca, 2001).
In the planning phase of a transplantation operation, it is expected that the characterisation of the receiver site and relative assessments will be carried out both at the level of the areas of the meadow
where the transplantation operation is due to be carried out and at a
broader level of the receiver Posidonia meadow.
Table 4.1.2.1 shows the activities and their purposes for the characterisation of the site and the receiver meadow for the assessment of
the most suitable areas for transplantation.
Table 4.1.2.1 | Main activities and their purposes for the characterisation and assessment of the site and the receiver meadow in order to select
the most suitable areas for Posidonia oceanica transplantation.
ACTIVITY

PURPOSE

Preliminary screening using previous data

Exclude areas not suitable for transplantation and direct subsequent characterisation surveys on potentially more suitable areas.

Remote surveys

Provide data for assessing the depth, distribution and relative
facies of the receiver meadow for identifying the most suitable
areas for transplantation.

Hydrological and water quality surveys

Provide data for assessing the hydrological dynamics and chemical-physical characteristics of the water column suitable for
the rooting and survival of the transplanted cuttings.

In situ observations of environmental criticalities

Provide information on the presence of any critical elements
that may compromise the implementation and outcome of the
transplantation.

Surveys in situ: structural, functional and ecological descriptors of the receiver meadow

Provide data for the assessment of the health status of the receiver meadow to help identify the most suitable areas for transplantation.

Pilot transplantation

Testing both the actual suitability of the identified potential
transplantation areas and the effectiveness of the transplantation techniques chosen, through monitoring of pilot transplantation conducted over an adequate period of time.
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The types of basic data to be acquired in the various activities
identified in Table 4.1.2.1 for the characterisation and assessment
of the site and receiver meadow are shown below (AA.VV., 2020b).
Preliminary screening using available previous data
The acquisition of data, originating in scientific literature and grey
literature and from open-access data sources at European, national
and regional level, must concern: historical (> 20 years) and current
(< 20 years) distribution of the Posidonia oceanica and its relative
facies, bathymetry of the meadow and the structural, functional and
ecological descriptors of the meadow (AA.VV., 2020b).
Furthermore, the screening must concern the classification of the
substratum and the granulometry of seabed sediments, hydrology and
water quality. The screening must consider the acquisition of information relating to the existence of any causes of regression of the receiver
meadow related to anthropogenic pressure in the area of interest and
the natural dynamics of the surrounding coastal environment. Information relating to the uses and constraints of the sea (e.g. port areas,
collection areas of dredged sediment, offshore cables and pipelines,
archaeological areas, aquaculture installations, etc.) are also useful in
the transplantation planning phase and selection of receiver meadows.
Information relating to the perimeter of any Natura 2000 network sites and the presence of any Marine Protected Areas (MPAs)
must also be acquired.
The documented presence of pre-existing Posidonia transplantation in the receiver meadow can represent a favourable or an impeding element to the identification of suitable areas for transplantation
within the same meadow on the basis on the outcome of the pre-existing transplantation.
Several qualitative and quantitative models have been developed
for the identification of potential areas where marine phanerogam
transplantation can be carried out using previous data relating to the
area concerned (AA.VV., 2021a; Lanuru et al., 2018; Pirrotta et al.,
2015; Campbell, 2002; Short et al., 2002).
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Remote surveys
The acquisition of data relating to the depth and distribution of
the receiver meadow and its facies are generally acquired by means
of Side Scan Sonar (SSS), Multi Beam (MB), Sub Bottom Profiler
(SBP) or video-photographic tools, such as Remotely Operated Vehicles (ROV) (Bosman et al., 2021). Alongside this type of surveillance
and also in this case, new technologies and methodologies provide
additional and effective tools for the acquisition of such data, for example satellite remote sensing, aerial remote sensing using Remotely
Piloted Aircraft (RPA) and the use of autonomous underwater vehicles (AUV). The integration and combination of different methodological techniques today offers an effective method for the high
resolution mapping of the seabed and habitats (Rende et al., 2020;
Veettil et al., 2020; Castillon et al., 2019; Gumusay et al., 2019; Mohamed et al., 2018). This type of investigation enables, for example,
the measurement of the depth of the receiver meadow so that the site
selected for transplantation is at a similar depth and no greater than
the donor meadow. These surveys also make it possible to select those
areas for transplantation that have a sufficiently large surface area to
allow the expansion of the transplanted meadow in the medium and
long term (Bacci and La Porta, 2022; AA.VV., 2020a; Boudouresque
et al., 2006; Fonseca et al., 1998). Thanks to these surveys, it is also
possible to evaluate the type of substratum as well as the presence
of elements that indicate strong currents or erosive processes, such
as ripple-marks, erosion channels and eroded limits in the receiver
meadow, all unfavourable when carrying out transplantation.
Hydrological and water quality surveys
Information on the local water chemistry makes it possible to
evaluate the supply of nutrients and inorganic carbon necessary for
the photosynthesis of Posidonia. At the same time, being able to
identify areas with high or low hydrodynamics is essential because
they are considered not favourable to transplantation; currents with
speeds of between 5 and 100 cm/sec are considered optimal, also
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from the point of view of the consequent sedimentation dynamics
(Koch, 2001).
The use of multi-parametric probes for the acquisition of chemical-physical data of the water column (e.g. light intensity, clarity, dissolved oxygen, salinity, temperature, pH, nutrient load and suspended organic and inorganic particles) provides information on the water
quality, also a limiting factor for Posidonia (Larkum et al., 2006).
In situ observations of environmental criticalities
The possible presence in the potential transplantation areas of excessive organic debris, ripple-marks, invasive and/or alien macro-algae, as well as “markers” of anthropogenic pressure, such as abandoned fishing nets, traces of repeated anchorage, moorings, debris
or waste, are a further limiting factor to their suitability. Such data
should be collected by divers with experience in monitoring P. oceanica meadows using visual surveys.
Surveys in situ: structural, functional and ecological descriptors of the receiver meadow
The acquisition of quantitative data relating to the structural
(density of foliar shoots), functional (phenological and lepidochronological parameters) and ecological (abundance and composition of
the associated fauna and flora) parameters of the donor meadow,
must be acquired by divers experienced in monitoring P. oceanica
meadows according to specific reference methodologies (Bacci et al.,
2020; Buia et al., 2003; Short e Coles, 2001). The underwater surveys of potential transplantation areas also enable the acquisition of
qualitative information relating, for example, to the apparent health
of the meadow, type of limits (progressive, sharp, erosive, regressive),
the type of substratum (e.g. sand or rock) and the presence of dead
matte and its consistency.
Pilot transplantation projects
The characterisation of the receiver site, carried out using the var68 .....................................................................................................................................................................................
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ious survey methods described above, enables the identification of
the areas potentially most suitable for receiving transplantation. The
long-term monitoring of a number of sites of transplantation carried
out in Italy on a large scale, for which pilot transplantation projects
had not previously been carried out, showed a high spatial variability
in transplantation outcome (AA.VV., 2021b, 2021c, 2020a). These
results confirm the need to carry out specific preliminary pilot projects in the planning phase of a transplantation operation. The pilot
projects not only enable the selection of the most suitable areas for
transplantation with the most favourable environmental conditions,
but also enable testing of different techniques and selection of the
most appropriate ones for the chosen area (AA.VV., 2021a; Bacci et
al., 2019; Cunha et al., 2012; Pirrotta et al., 2015; Campbell, 2000;
Boudouresque et al., 1994).
A pilot transplantation project must be: i) conducted on an adequate number of areas identified as potentially suitable; ii) proportionate to the surface area of transplantation to be carried out; iii)
conducted with an adequate but limited number of cuttings for each
pilot area; iv) monitored for at least one year in order to comprehend
autumn-winter conditions, considered critical during the initial stages of transplantation.
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4.1.3 | Assessment of the ecosystem services of the
donor and receiver meadows
Ecosystem Services are “the multiple benefits provided by ecosystems to mankind” (Millennium Ecosystem Assessment, 2005).
Posidonia oceanica meadows, like all other ecosystems, provide these
services, favouring human activities and, at the same time, allowing
the long-term existence of the habitat and ecosystem components
(Scanu et al., 2022; Vassallo et al., 2013).
The assessment of ecosystem services enables, among its various
functions, the acquisition of useful information to support the Posidonia transplantation decision-making process, with particular reference to:
• the cost-benefit analysis of transplantation, comparing the operating costs with the economic value of the benefits represented by
ecosystem services;
• the assessment of alternatives in the choice of various possible donor meadows;
• the assessment of alternatives in the choice of various possible receiver meadows;
• the comparison ante and post-operam of the state of the donor
meadows and the transplantation sites, only in the case of Environmental Impact Assessment and Incidence Assessment procedures.
In particular, with regard to the last three points, the assessment
of ecosystem services permits the estimation of the economic and
environmental benefits of the planned operations, in the potential
areas of benefit1 of both the donor and receiver meadows.
1 Ecosystem services are provided to an area that does not necessarily correspond with
the ecosystem itself. “Area of benefit” means the area in which the beneficiaries use the
services.
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Finally, as part of the monitoring following transplantation, it is
necessary to verify that the forecasts of the state and value of ecosystem services made in the planning phase of the transplantation
operation are fulfilled, both in the donor meadow and in the transplantation site.
For a more detailed examination of the assessment of ecosystem
services, please refer to the “Technical Guide for economic assessment
of environmental impact on Posidonia oceanica meadows” (Cozzolino et al., 2021), which also gives directions on how to supplement
Environmental Impact Assessment and Incidence Assessment procedures with economic-environmental assessments.
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4.1.4 | Selection of the transplantation technique
The selection of the transplantation technique during the early
planning phase of Posidonia oceanica transplantation has proven essential (Bacci and La Porta, 2022; Cunha et al., 2012; Paling et al.,
2003). Most transplantation failures are attributable to the detachment of the transplantation modules and cuttings, due mainly to the
action of wave motion and seabed currents. These losses are also often
linked to anthropogenic activities such as illegal trawling, small-scale
fishing and the anchoring of pleasure boats (AA.VV., 2021b, 2021c;
2020a; Van Katwijk et al., 2009; Bull et al., 2004; Meinesz et al.,
1993).
Of all the environmental variables influencing the effectiveness of
the transplantation technique, the implant substratum is certainly
the most important.
Some type of anchoring modules, such as concrete frames with
metal mesh, different types of metal grids and stakes are, to date,
among the most frequently used techniques for fixing P. oceanica
cuttings to the substratum. Over time, additional anchoring methods have been devised and tested, such as, for example, geomats and
biomats, mattresses of various types and anchoring modules in bioplastic; other techniques, with greatest focus on the environmental sustainability of the technique, are also being tested (Bacci and
La Porta, 2022; Boudouresque et al., 2021; Balestri et al., 2019;
AA.VV., 2014).
Together with the transplantation of cuttings, additional methods of meadow reforestation have been developed. These include
the transfer of P. oceanica clods, comprising both plants and the underlying matte, the creation of consolidated substrata to accelerate
the natural Posidonia recolonisation process and the use of seeds and
seedlings as transplant material (Bacci and La Porta, 2022).
All the transplantation techniques exploit the division ability of
transplanted shoots and the expansion of recolonisation nuclei. In
the long term, these nuclei expand by means of plagiotropic growth
........................................................................................................................................................................................ 73
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to colonise adjacent areas and, where the transplantation has a positive outcome, they restore the meadow, which may reach a similar or
comparable appearance to the existing meadow and/or neighbouring
natural meadows.
Finally, it should be emphasised that the success of the transplantation technique selected is also greatly conditioned by the technical
skill of the divers, who must be adequately trained, in terms both of
a background in biology and underwater. This is fundamental for
the correct execution of selecting and fixing the biological material
for transplantation and appropriate positioning the transplantation
modules used.
For a complete examination of transplantation techniques, please
refer to the “Manual of techniques and procedures for the transplantation of Posidonia oceanica” (Bacci and La Porta, 2022), which
describes the main transplantation techniques applied in Italy in the
context of environmental restoring or compensation for damage
caused to meadows by marine-coastal construction projects subjected to Environmental Impact Assessment.
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4.2 | EXECUTION OF THE TRANSPLANTATION
OF POSIDONIA OCEANICA
4.2.1 | Selection of biological material for transplantation
The selection of biological material for transplantation is related to the selected transplantation technique and the procedure for
planting the cuttings. Furthermore, some modalities of the cuttings
management (e.g. stocking, manipulation, anchoring) are strictly
connected to the planning phase of the transplantation itself.
The main precautions regarding the selection of P. oceanica cuttings, to be considered during the transplantation planning stages,
are as follows:
• the choice of the type of cuttings (plagiotropic or orthotropic) to
be used must first of all take into account the season during which
the transplantation operation is planned. The most favourable season for planting plagiotropic (horizontal) rhizomes is spring; when
planting orthotropic (vertical) rhizomes autumn should be preferred, as a period of vegetative stasis in which the risk of thermal
shock suffered by the plant is lower (Meinesz et al., 1992; Molenaar, 1992; Piazzi e Cinelli, 1995; Piazzi et al., 1998, 2000). The
choice of plagiotropic rhizomes appears to guarantee the best results in terms of speed of vegetative growth and survival of the
cuttings, thanks to the plant’s reserves of nutrients and antibiotic
substances, which are essential for sustaining the plant in the critical post-explantation phase (Meinesz et al., 1992; Molenaar et al.,
1993). However, the occasionally limited availability of these rhizomes favours the selection of orthotropic rhizomes, which, in adequate environmental conditions, nevertheless achieve good growth
speeds (AA.VV., 2020a; Carannante, 2011; Meinesz et al., 1992);
• cuttings should preferably be taken from donor meadows located
at a similar depth to that of the receiver meadow (Fonseca et al.,
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1998). However, it has been observed that when cuttings have
been taken from donor meadows at slightly greater depths than
those of receiver meadows, they have adapted better during the
rooting phase thanks to the new, photosynthetically more effective light conditions (AA. VV., 2020a), reinforcing statements by
a number of authors (Piazzi et al., 1998; Chessa and Fresi, 1994,
Genot et al., 1994; Molenaar and Meinesz, 1992);
• in order to reduce the pressure and possible negative effects deriving from excessive removal of cuttings, the biological material
should preferably be taken from a number of donor meadows,
if present in the explantation sites, or, otherwise, from different
portions of the same donor meadow (Boudouresque, 2000). The
removal of cuttings must therefore be spread over a large area and
carried out at a very low density. Boudouresque (2000) indicated
a removal density of no more than 2 shoots /m2, whereas subsequent research showed that the low-density removal of about 1-4
shoots per m2 is congruent with the conservation of the donor
meadow (Valiante et al., 2010).
Finally, clods and cuttings that have become detached naturally
due to hydrodynamics or from the anchoring of boats and found
on the seabed should be considered as an alternative to material removed from donor meadows (Bacci and La Porta, 2022; Balestri et
al., 2011; Boudouresque, 2000).
Where conditions permit, the use of seedlings obtained from
seeds might also constitute a potential source of biological material
for P. oceanica transplantation projects.
Furthermore, the technical skill of the operators is also vitally important in the selection and handling of the biological material to
be transplanted. Knowledge of the biological characteristics, structures and functions of Posidonia allows the operator to choose the
best cuttings for transplantation and reduces the risk of unnecessarily
wasting biological material.
76 .....................................................................................................................................................................................
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For further specifications on the selection of Posidonia cuttings
according to transplantation technique and the use of seedlings obtained from seeds, please refer to the “Manual of techniques and
procedures for the transplantation of Posidonia oceanica” (Bacci and
La Porta, 2022).
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4.2.2 | Preparation and positioning of transplantation
modules
As regards the preparation of transplantation modules, it should
be noted that the method of anchoring cuttings to supports, carried
out on the surface or underwater, depends on the transplantation
technique used.
In the literature, it is indicated that in general the cuttings should
be placed at a distance of 5-10 cm apart (Molenaar and Meinesz,
1995). However, the density should never prevent sediment retention between cuttings. Various P. oceanica transplantation experiments indicate a density of around 30 shoots per m2 as optimal, as
this avoids excessive competition between shoots and promotes rapid
plagiotropic growth of rhizomes (Bacci and La Porta, 2022).
In this phase, the involvement of qualified underwater operators
with knowledge of marine biological and ecological systems and with
specific experience in handling Posidonia cuttings for transplantation
is essential. This permits better selection of the cuttings destined for
transplantation and minimises the stress on the plants during the
phase of handling and fixing to supports. The assistance of Underwater Technical Operators (UTO) in this type of activity is essential
to the specific technical activities on site.
Furthermore, the geometric arrangement of the transplantation
modules carried out by the diver during the positioning phase is also
of crucial importance. These geometries, specific for each technique,
must generally allow the growing cuttings to create recolonisation
nuclei that are able to join together and form a continuous meadow over time. This means that the areas chosen for transplantation
should have sufficiently large dimensions to allow the expansion of
the transplanted meadow in the medium and long term.
For an examination of the preparation and fixing of cuttings to
transplantation modules and their positioning according to the tech........................................................................................................................................................................................ 79
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nique, please refer to the “Manual of techniques and procedures for
the transplantation of Posidonia oceanica” (Bacci and La Porta, 2022).
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4.3 | MONITORING
OF THE TRANSPLANTATION OPERATION
In order to evaluate the effectiveness of a transplantation operation, it is advisable to devise specific monitoring plans, taking into
account whether the transplantation was carried out using cuttings
or by the transfer of clods. Regarding the transfer of P. oceanica clods,
please refer to the Box below.
Monitoring of transplantation carried out using Posidonia oceanica
cuttings must be carried out at regular, predefined intervals, especially
in the period following the conclusion of transplantation, and must
cover an adequate time span, evaluated according to the growth rates
of the plant. For example, on the basis of the analysis of several transplantation cases carried out in Italy (AA.VV., 2021b, 2021c, 2020a) it
emerged that quarterly monitoring is appropriate at least for the first
two years after transplantation (short-term monitoring); thereafter,
the monitoring becomes six-monthly up to five years after transplantation (medium-term monitoring), and subsequently a monitoring
campaign should be planned every year, hopefully up to ten years after transplantation (long-term monitoring). In particular, the parameters to be taken into consideration for monitoring the transplantation
operation, especially in the short and medium term, mainly concern
functional descriptors (illustrated below), relating to a statistically significant sample of transplanted P. oceanica cuttings. The analysis of
the aforementioned descriptors must be mainly carried out through
non-destructive methods and applying standardised techniques. Furthermore, according to the specific purposes of the study, adequate
monitoring should foresee that the analysis of the descriptors (at a site
and receiver meadow level), initiated in the phase of characterisation
and assessment of the transplantation area, continues throughout the
monitoring that follows the transplantation activity. To correctly assess
the outcome of the transplantation operation, it is important to monitor a significant number of control areas, identified in portions of the
receiver meadow, adjacent to the transplantation area. These control
........................................................................................................................................................................................ 81
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areas enable the reconstruction of the growth dynamic of the natural
meadow to be compared with the growth dynamic of transplanted
meadow over the entire planned monitoring period.
Table 4.3.1 shows the activities and their purposes in the monitoring of a transplantation operation.
Table 4.3.1 | Main activities and their purposes in the monitoring of a transplantation operation using Posidonia oceanica cuttings.
ACTIVITY

PURPOSE

Short-term monitoring (≤ 2 years)

Assess the rooting of the biological material and any
non-survival due to natural death of the biological material or mechanical damage (eg. sea storms, fishing,
anchors, etc.).

Medium-term monitoring (2 years < x ≤ 5 years)

Assess the growth trend of the transplantation as a balance between any initial losses and the subsequent
phase of growth and expansion, in order to achieve
the phase of stability.

Long-term monitoring (> 5 years)

Assess the achievement of transplantation maturity
and the acquisition of structural and functional characteristics similar to a natural meadow.

Monitoring subsequent to the end of cutting transplantation
should therefore include, both for the receiver meadow level and the
transplantation area (fig. 4.1), the analysis of the following parameters based on the specific purposes of the transplantation carried out:
1) receiver meadow
• functional descriptors: phenological parameters, lepidochronological parameters;
• structural descriptors: shoot density and % coverage;
• ecological descriptors: associated flora and fauna.
2) transplantation area
• functional descriptors: survival rate of cuttings2, new shoot for2 It should be noted that where there is a high rate of progression of rhizomes and
formation of new shoots, the estimation of survival of the original cuttings becomes over
time increasingly difficult to determine.
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mation, rhizome elongation, leaf elongation (Zieman, 1974), root
development, phenological parameters (also detectable with nondestructive techniques), lepidochronological parameters;
• structural descriptors: coverage of the area colonised by the cuttings, shoot density3;
• ecological descriptors: associated flora and fauna.
The descriptors analyzed in the characterisation phase at receiver
site can be also monitored in the post-transplantation phases according to the specific aims of the study. In particular, these descriptors
refer (paragraph 4.1.2) to the sedimentation rate, granulometry of
surface sediments, local hydrodynamic regime and light intensity,
water clarity, dissolved oxygen, salinity, temperature, pH, nutrient
load and suspended particles (organic and inorganic).
Table 4.3.2 shows the monitoring plan for a transplantation operation using cuttings, which shows both the possible parameters to
be investigated and the frequency of surveys (characterisation phase
before transplantation and monitoring phase after transplantation).
To verify the success of a transplantation operation using cuttings, it is necessary to quantify the survival rate of the transplanted cuttings, measure their growth and assess the appearance of new
foliar shoots in the early years of monitoring (at least five years).
Furthermore, the scientific literature available specifically for P. oceanica shows that long-term monitoring alone is effective in verifying
the performance of a transplantation and assessing the structure and
functions of the “new” meadow (Scardi et al., in print; Calvo et al.,
2021; Bacci et al., 2019).
As part of long-term monitoring (at least ten years), the duration
of which should coincide with the establishment of a consolidated
3 The number of shoots is counted within squares of known size randomly positioned,
similar to what was done in the natural meadow; descriptor to be investigated in longterm monitoring.
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growth dynamic, the primary production of the meadow, the biocoenoses associated with it, as well as the macrostructure of the meadow
itself, which plays a fundamental role in reducing the erosive processes of the coast, should be considered. Long-term monitoring is
also the only way to analyse the density achieved by the transplanted
meadow compared to natural meadows, without referring to the estimated survival rate of the original cuttings and/or the total number
of foliar shoots in the original pilot transplantation units (AA.VV.,
2020a).
Furthermore, the acquisition of data relating to the coverage of
transplanted meadows is considered a priority. Using new technologies, the acquisition of high-resolution mapping data of the receiver
area before and after transplantation, enables better quantification
of surviving and lost transplanted surfaces over time (Ventura et al.,
2022; Rende et al., 2020; AA.VV., 2020a).
For further information on the parameters and measurement
methods of structural and functional descriptors, see Buia et al.,
(2003).
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Table 4.3.2 |Summary diagram for the selection of parameters and sampling frequencies to be adopted to monitor a transplantation operation
using Posidonia oceanica cuttings.
Characterisation
Monitoring
Surveyed area

Parameter

Short/medium term
monitoring

Long-term
monitoring

Frequency

Frequency
Year I and II

Frequency
Year III - IV - V

Frequency
from Years VI to X

Once (before explantation)

Based on the
purpose of
the research

Based on the
purpose of the
research

based on the purpose
of the research

once (before explantation)

On the basis
of the specific site conditions and the
purposes of
the research

On the basis
of the specific
site conditions
and the purposes of the
research

On the basis of
the specific site
conditions and the
purposes of the
research

Once
(before explantation)

At least once

At least once

At least twice

every 3
months

-

every 3
months

every 6
months

every 3
months

every 6
months

every 12 months

-

-

Based on the purpose
of the research

Coverage of the meadow
Shoot density
Donor meadow

Phenology
Lepidochronology
Associated flora and fauna
Temperature
Salinity
Water clarity
Light intensity
pH
Oxygen

Site (near
the receiver
meadow)

Nutrient load
Particle suspension
Sedimentation rate
Sediment granulometry
Organic substance content
Local hydrodynamic
regime
Coverage of the meadow
Shoot density

Receiver
meadow

Phenology
Lepidochronology
Associated flora and fauna
Survival rate of cuttings
Root production

-

Rhizome elongation
Leaf elongation
Transplantation
area (in the
receiver
meadow)

Coverage of the area colonised by the cuttings
Formation of new shoots

-

Shoot density
Phenology
Lepidochronology
Associated flora and fauna
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Transplantation by transfer
of Posidonia oceanica clods
Compensatory transplantation using Posidonia oceanica clods
has been carried out in Italy and other Mediterranean countries
as part of Environmental Impact Assessments of projects relating to the expansion of ports or coastal construction projects.
This technique, unlike that used for transplanting cuttings, involves the transfer of clods, portions of meadow including the
underlying matte and trapped sediment, from the meadow area
damaged by the construction work to neighbouring areas.
The activities related to the planning of transplantation using clods, such as the characterisation and assessment of the donor meadow, the receiver site and the receiver meadow and the
assessment of the ecosystem services of the donor and receiver
meadows, are the same as described in paragraph 4.1 “Planning
of the Posidonia oceanica transplantation”. In the case of clod
transplantation, however, it should be noted that the selection
of the area potentially suitable for receiving the transplantation
cannot be identified through pilot transplantation due to the
obvious lack of availability of clods to be used in this pilot
phase. Mechanical means are used to transfer the clods and
differ according to both the size of the clods and the logistical
needs in the transfer and positioning of the clods in the receiver areas. In the Mediterranean, in the few cases involving the
transfer of clods of P. oceanica by mechanical means, the size of
the clods varied from a minimum of 0.8 m2 to a maximum of 2
m2 and their positioning required the embedding or otherwise
of the clod, depending on the case (A.A.VV., 2019b, 2020a;
Bedini et al., 2020; Sánchez Lizaso et al., 2009; Descamp et al.,
2017). For an examination of transplantation techniques using
the transfer of clods of Posidonia oceanica, please refer to the
“Manual of techniques and procedures for the transplantation
of Posidonia oceanica” (Bacci and La Porta, 2022).
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As regards the monitoring of transferred clods, the parameters to be investigated in the donor meadow and in the receiver
site and meadow are the same as those reported in paragraph
4.3 “Monitoring of the transplantation operation”.
Specific considerations regard the methodologies used for
the analysis of a number of parameters to be investigated in the
monitoring of the transplantation area.
As regards the functional descriptors (propagation of rhizomes in the marginal area of the clod, leaf elongation, phenological parameters, lepidochronological parameters) and
ecological descriptors (associated flora and fauna), the same
methods for monitoring the P. oceanica meadows involving
transplantation of cuttings (Buia et al., 2003) are used.
For the structural descriptors (shoot density, coverage of the
area colonised by Posidonia on clods, size of the clod) it should
be specified that: i) the number of foliar shoots is counted within squares of known size and that counting must also be carried
out in the centre of the clod; ii) starting from the centre of the
clod, in the compass direction North, South, East and West,
according to the size of the clod, a number of squares must
be arranged at a distance such that they can include the entire
area of the clod, including the outer edges of the clod (eg: for
clods of size 2 x 2 m place the squares at a distance of about 80
cm); iii) for each zero count, the type, nude or eroded substrate
(nude = without Posidonia cover, eroded = substratum lost due
to erosion) should be noted; iv) the size of the clod is obtained
from the North-South length (cm) and the East-West length
(cm), which, together with photographs of the clod from above
and from the sides, provides information to evaluate the conservation status of the clod.
The metrics for verifying the success of a clod transplantation operation are: i) the count of clods lost (with number of
shoots equal to zero) in relation to the total number of clods
monitored (expressed as %); ii) the number of shoots per clod
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in relation to the initial number of shoots (expressed as %),
estimated using the methodology described above.
Furthermore, estimates of leaf density (expressed per m2)
and phenological and lepidochronological functional parameters acquired on the clods can be compared with those of
the clod donor meadow and also of the neighbouring natural
meadow, in order to monitor the dynamics of these descriptors
over time.
The management of the site to which Posidonia clods have
been transferred is an essential phase to guarantee the success of
the transfer. The envisaged actions concern specific aspects of
transplantation as well as various aspects of the governance of
transplantation (Zenone et al., 2021; Ruiz-Frau et al., 2019).
In particular, taking into account the nature of this technique,
like for transplantation using cuttings it is essential to guarantee the temporary exclusion from transplantation areas of
fishing, shipping and anchoring and the protection and development of the transplantation, as specified in paragraph 4.4
“Management of the transplantation of Posidonia oceanica”.
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4.3.1 | Verification of the success of the transplantation
operation
A transplantation operation can only be considered successful once the cuttings have stabilised and show good and persistent
growth and an active recolonisation process (AA.VV., 2020a; Fonseca et al., 1998). Furthermore, the cuttings can only be considered
consolidated once they are able to guarantee the basic functions of
the ecosystem: stabilisation of the sediment, supporting the nutrient cycle, biomass production and secondary production. Long-term
monitoring of transplantation of cuttings is therefore the best tool
for verifying these functions. This is in agreement with observations
made during the monitoring of various transplantation operations
carried out in Italy (Scardi et al., in press; Calvo et al., 2021; AA.VV.,
2020a, Robello., 2019) and recommended by a number of authors
(Bacci et al., 2019; Pirrotta et al., 2015; Cunha et al., 2012; Fonseca
et al., 1998). Good results in the initial stages of transplantation do
not necessarily correspond to real success, just as a low initial performance does not necessarily exclude a positive outcome in the future
(Calvo et al., 2020).
In order to be able to verify the outcome of transplantation effectively, it is important to define an appropriate monitoring plan
according to the transplantation surface, the technique used and the
local environmental conditions. A number of essential aspects to
guarantee the effectiveness of monitoring involve:
• the selection of a significant number of sample monitoring areas
both in the transplantation area and in the control receiver meadow;
• the selection of a significant number of sample units for the various sample monitoring areas identified;
• the labelling of the sample units, which takes place at the same
time as their selection, for which periodic maintenance must be
provided.
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Metrics and parameters for the verification of a transplantation operation
Table 4.3.1.1 shows the metrics and parameters that best describe
the status and growth dynamics of transplantation during the different monitoring phases.

Short-medium term monitoring

Table 4.3.1.1 | Metrics and parameters for the verification of transplantation using Posidonia oceanica cuttings.
Metrics and parameters for the verification of a transplantation operation

Technical specifications

Time progression of the average number of shoots per
sample unit in relation to the initial number of shoots
(expressed as %).

The total number of shoots per sample unit includes both
the transplanted shoots and the new shoots originating from
them.
The sample unit is the sampling surface in which the total foliar
shoots are counted and can be represented by the anchoring
module but also by standard surfaces within which the transplanted cuttings are anchored.

Time progression of the number of sample units lost in relation to the total number of sample units monitored
(expressed as %).

The number of sample units lost includes those with zero shoots. The estimate of the transplanted area lost should also be
evaluated through analyses of coverage.

Time progression of the coefficient of variation, calculated
on the number of shoots per sample unit.

The coefficient of variation is an effective index of transplantation stability. When its values tends to became constant over
time, the coefficient identifies the moment when the mortality
rate of the shoots no longer affects growth, which becomes
balanced regardless of the density level in the sample unit (AA.
VV., 2020a).

Coverage of the area colonised by transplanted Posidonia
oceanica.

Once a significant monitoring surface has been defined as
representative of the total transplantation area, coverage is
expressed as the substratum surface area colonised by the
Posidonia cuttings in relation to the initial surface area transplanted.

Average absolute density (expressed per m ) of the transplantation area and the surrounding natural meadow.

The average absolute density, measured according to the methodologies used in natural P. oceanica meadows (Bacci et
al., 2015; Pergent et al., 1995; Panayotidis et al., 1981; Giraud,
1977), adequately represents the dynamics of transplantation
in the long term and allows a comparison with the dynamics of
the neighbouring natural meadow (AA.VV., 2020a).

Coverage of the area colonised by transplanted Posidonia
oceanica.

Coverage is an indicator of the overall outcome of the transplantation over time. Defined as indicated above, coverage is
an effective indicator in the long term to highlight the overall
level of development of the transplantation and any surface
areas lost.

Phenology and Lepidochronology.

Phenological and lepidochronological analysis reflects the
level of maturity reached over time by the transplantation
compared to the adjacent natural meadow. The plant, in fact,
initially invests greater resources in the rhizomes, reflecting
the need in transplantation areas to expand, than in leaf tissue,
required in the natural meadow to increase photosynthetic activity (AA.VV., 2020a).

Long-term monitoring

2
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4.3.2 | Towards open data for the management of
Posidonia oceanica meadows
As part of the LIFE SEPOSSO project, a survey was carried out
to define the state of the art of the availability of environmental
data in Italy for use in planning management activities for Posidonia oceanica meadows and any transplantation operations (AA.
VV., 2020b). The results highlighted various critical issues affecting
the objective usability of the data, including: i) availability of data,
ii) data quality, iii) data operability, iv) level of detail and spatial
coverage, v) access constraints.
From the analysis it emerges that to date, at national and local
level (for the project target regions of the Tuscany, Lazio, Campania and Sicily), the effective availability of operational and useful
environmental data for the local scale management of Posidonia
oceanica, meadows is very low.
Data and information relating to the different phases in the procedure for the transplantation of P. oceanica should, therefore, be
collected in a centralised, standardised and validated manner, in
order to provide an open access database to support the planning
phases, implementation, monitoring and management of transplantation.
The Box below briefly illustrates the Posidonia Web Platform
(PWP) created by the LIFE SEPOSSO project for the collection of
environmental data related to Posidonia meadows and transplantation.
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The Posidonia Web Platform - PWP
One of the objectives of the LIFE SEPOSSO project was to
create a web platform, the “Posidonia Web Platform” (PWP),
as a tool for collecting environmental data related to Posidonia meadows and the monitoring of transplantation to compensate for damage caused to meadows during marine-coastal
construction projects and to restore degraded meadows. In particular, the platform is also a digital instrument for improving
the effectiveness and efficiency of the control of EIA procedures, including those relating to works that have impacted
on Posidonia and, especially, for the phases of verification of
compliance with EIA environmental conditions requested,
including those relating to the transplantation of Posidonia as
compensation measure.
Furthermore, in line with the guidelines of the Italian National Recovery and Resilience Plan (NRRP), the “Posidonia
Web Platform” contributes both to the goal of creating the interoperability of databases and to the acquisition and management of data from Posidonia transplantation carried out for the
restoration of marine habitats.
The PWP platform contains specific forms that have been
created to allow the acquisition and cataloguing of environmental data relating to the sedimentological, hydrological and
chemical-physical parameters of the water column, the distribution of Posidonia meadows and their structural, functional
and ecological descriptors, as well as data deriving from short,
medium and long-term monitoring, collected for the verification of transplantation operations and described in this manual. Cataloguing is based on a metadata structure adhering to
the INSPIRE Implementing Rules (EC Regulation 1205/2008,
Italian Legislative Decree No 32 27 January 2010, Decree 10
November 2011).
The PWP platform provides different levels of access to data
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to users - public, private, political, inspectors, technicians and
citizens - involved in P. oceanica management processes and
any transplantation. The tool has several modules or “apps”
that enable the management and centralisation of collaborative
processes of data collection, validation, integration and sharing of various types of data and permits the promotion of the
transparency requirements of environmental information, in
compliance with the Aarhus Convention (25 June 1998).
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4.4 | MANAGEMENT OF THE TRANSPLANTATION
OF POSIDONIA OCEANICA
The management of a Posidonia transplantation site is an essential
phase to ensure the success of the transplantation. Management envisages specific aspects to follow up the transplantation as well as its
governance (Zenone et al., 2021; Ruiz-Frau et al., 2019).
Table 4.4.1 shows the main activities and their purposes related to
the management of transplantation areas.
Table 4.4.1 | Main activities and their purposes related to the management of Posidonia oceanica transplantation areas.
ACTIVITY

PURPOSE

Replacement of failures

Compensate, by means of small “repairs”, for loss of transplanted cuttings,
occurring mainly in the early years.

Temporary exclusion from transplantation areas of fishing, shipping
and anchoring

Contribute to ensuring the intactness of the transplantation over time.

Protection of the transplantation

Contribute to ensuring the intactness of the transplantation over time

Appreciation of the transplantation

Raise local public awareness of the existence of the transplantation in the
area where it was carried out and manage access by citizens

Decommissioning the transplantation

Clear the area where transplantation has failed of materials used in the various techniques

The following are the main aspects, identified in Table 4.4.1, related to the management of transplantation areas.
Replacement of failures
Small “repairs”, performed to compensate for loss of transplanted
cuttings, helps to ensure the success of transplantation, especially in
the early years. The plan for the replacement non-surviving plants,
to be envisaged during the transplantation planning phase, must be
implemented as soon as monitoring shows excessive loss of cuttings
due to natural death and/or when environmental conditions or any
human activity damage the transplantation during the early years.
The duration and frequency of the replacement of the non-surviving
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plants must be defined according to the technique used and it should
not be less than two years after the transplantation.
Temporary exclusion from transplantation areas of fishing,
shipping and anchoring
In order to protect transplantation sites in areas subject to high
anthropogenic pressure, specific ordinances from the competent Authorities should envisage the temporary ban of activities such as recreational and trawl fishing (the latter illegal on Posidonia meadows),
and the anchoring of pleasure boats and provide for regular surveillance by the Authorities throughout the transplantation process and
period of monitoring. In fact, several case studies carried out in Italy
(AA.VV., 2021c, 2020a) highlight that the failure to regulate these
areas and prevent significant damage to anchoring modules and
transplanted plants poses a threat to the success of the transplantation.
Protection of the transplantation
The adoption of measures, such as anti-trawling apparatus and
mooring buoys near the transplantation site, serve to protect the
transplantation modules over time. When transplanting is carried
out as a compensation measure, locating the area of compensation
within or near the Natura 2000 site, affected by the impact, where
the conditions are suitable for the success of the measure, may be
the most preferred option. However, this is not always possible, and
a range of priorities should therefore be applied when searching locations that meet the requirements of the Habitats Directive. Compensation outside the Natura 2000 site concerned, both in a common or different topographical or landscape unit, provided the same
contribution to the ecological structure and/or network function
is feasible. The new location can be in another designated Natura
2000 site or a non-designated location. In the latter case, the location
must be designated as a Natura 2000 site and be subject to all the
requirements of the Nature Directives, as specified in the guidance
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document “Managing Natura 2000 sites - Provisions of Article 6 of
Directive 92/43/EEC (2019/C 33/01)”.
Appreciation of the transplantation
An information and communication plan regarding the Posidonia
transplantation must be developed in the transplantation planning
phases, in synergy with various local entities potentially involved in
the transplantation operation. The plan must be operational before,
during and after the implementation of the transplantation and ensure transparency and public participation, essential requirements of
“good” governance (AA.VV., 2020c).
Decommissioning the transplantation
In the event of a negative outcome for the transplantation, the
seabed affected by the operation should be cleared of all materials
used in the different techniques, such as transplant modules, fixing
pegs, mats, etc. A decommissioning plan must be envisaged in the
transplantation planning phase and carried out as soon as monitoring reveals the failure of the operation for adverse weather-marine
events or anthropogenic action; this is to avoid the accumulation of
alien materials and waste in the sea.

........................................................................................................................................................................................ 97

............................................................ Manual for the planning, implementation and monitoring of transplantation of Posidonia oceanica

BIBLIOGRAPHY
AA.VV. (2019a). Basic information, legislative context and description of
case studies. Report Action B.1.2. LIFE SEPOSSO (LIFE16 GIE/IT/000761),
Rome, Italy. https://www.lifeseposso.eu
AA.VV. (2019b). Final report on Posidonia oceanica transplanting case studies
analysis. Report Action A.3. LIFE SEPOSSO (LIFE16 GIE/IT/000761), Rome,
Italy. https://www.lifeseposso.eu
AA.VV. (2020a). Activity report about monitoring campaigns and their results. Report Action B.2. LIFE SEPOSSO (LIFE16 GIE/IT/000761), Rome,
Italy. https://www.lifeseposso.eu
AA.VV. (2020b). Report of data collected for Posidonia oceanica management
and transplant. Report Action B.3. LIFE SEPOSSO (LIFE16 GIE/IT/000761),
Rome, Italy. https://www.lifeseposso.eu
AA.VV. (2020c). Analisi degli stakeholder e dei conflitti. Report Action B.1.1.
LIFE SEPOSSO (LIFE16 GIE/IT/000761), Rome, Italy. http://lifeseposso.eu
AA.VV. (2021a). Implementazione del PTSI – Indice Preliminare di Idoneità
al Trapianto. Report Action B.3. LIFE SEPOSSO (LIFE16 GIE/IT/000761),
Rome, Italy. https://www.lifeseposso.eu
AA.VV. (2021b). Reporting di casi studio toscani relativamente all’attività di trapianto di Posidonia oceanica. Report Action A.3-B.2. LIFE SEPOSSO
(LIFE16 GIE/IT/000761), Rome, Italy. https://www.lifeseposso.eu
AA.VV. (2021c). Reporting di ulteriori casi studio relativamente all’attività di trapianto di Posidonia oceanica. Report Action A.3-B.2. LIFE SEPOSSO
(LIFE16 GIE/IT/000761), Rome, Italy. https://www.lifeseposso.eu
AA.VV. (2022). Impatti dei progetti su Posidonia oceanica: il caso della regione Toscana. Report Action A.1.2. LIFE SEPOSSO (LIFE16 GIE/IT/000761),
Rome, Italy. https://www.lifeseposso.eu
AA.VV. ISPRA (2014). Conservazione e gestione della naturalità negli ecosistemi marino-costieri. Il trapianto delle praterie di Posidonia oceanica. Manuali
e Linee Guida. ISPRA, Rome, Italy. https://www.isprambiente.gov.it/it/pubblicazioni/manuali-e-linee-guida/conservazione-e-gestione-della-naturalita-negliecosistemi-marino-costieri.-il-trapianto-delle-praterie-di-posidonia-oceanica
Aitken S. N., Whitlock M. C. (2013). Assisted Gene Flow to Facilitate Local
........................................................................................................................................................................................ 99

......................................................................................................................................................................................................................................................

Adaptation to Climate Change. Annual Review of Ecology, Evolution, and Systematics, 44(1): 367–388. https://doi.org/10.1146/annurev-ecolsys-110512-135747
Alotaibi N. M., Kenyon E. J., Cook K. J., Börger L., Bull J. C. (2019). Low
genotypic diversity and long-term ecological decline in a spatially structured
seagrass population. Scientific Reports, 9(1): 18387. https://doi.org/10.1038/
s41598-019-54828-1
Arnaud-Haond S., Duarte C. M., Diaz-Almela E., Marbà N., Sintes T., Serrão E. A. (2012). Implications of Extreme Life Span in Clonal Organisms: Millenary Clones in Meadows of the Threatened Seagrass Posidonia oceanica. PloS
ONE, 7(2): e30454. https://doi.org/10.1371/journal.pone.0030454
Astier J. M. (1984). Impact des aménagements littoraux de la rade de Toulon,
liés aux techniques d’endigage, sur les herbiers à Posidonia oceanica. In:, Eds. C.F. Boudouresque, A. Jeudy De Grissac, & J. Olivier. GIS Posidonie, Marseille,
France: 255–259.
Atwood T. B., Connolly R. M., Almahasheer H., Carnell P. E., Duarte C. M.,
Ewers Lewis C. J., Irigoien X., Kelleway J. J., Lavery P. S., Macreadie P. I., Serrano O., Sanders C. J., Santos I., Steven A. D. L., Lovelock C. E. (2017). Global
patterns in mangrove soil carbon stocks and losses. Nature Climate Change, 7(7):
523–528. https://doi.org/10.1038/nclimate3326
Augier H., Eugene C., Harmand-Desforges J. M., Sougy A. (1996). Posidonia oceanica re-implantation technology of the marine gardeners is now operational on a large scale. Coastal Zone Management in the Mediterranean.
Ocean & Coastal Management, 30(2): 297–307. https://doi.org/10.1016/09645691(95)00064-X
Bacci T., Rende S. F., Rocca D., Scalise S., Cappa P., Scardi M. (2015). Optimizing Posidonia oceanica (L.) Delile shoot density: Lessons learned from a
shallow meadow. Ecological Indicators, 58: 199–206. https://doi.org/10.1016/j.
ecolind.2015.05.054
Bacci T., Rende F. S., Scardi M. (2017). Shoot micro-distribution patterns
in the Mediterranean seagrass Posidonia oceanica. Marine Biology, 164(4): 85.
https://doi.org/10.1007/s00227-017-3121-1
Bacci T., Scardi M., Calvo S., Tomasello A., Valiante L. M., Di Nuzzo F., Raimondi V., Assenzo M., Piazzi L., Cecchi E., Penna M., Gennaro P., Tomassetti P.,
Pampalone V., Bulleri C., Sozzi F., Zenone A., Bertasi F., Targusi M., Piazzi A., La
100 ...................................................................................................................................................................................

............................................................ Manual for the planning, implementation and monitoring of transplantation of Posidonia oceanica

Porta B. (2019). Il LIFE S.E.POS.S.O. monitora i trapianti di Posidonia oceanica
(L.) Delile in Italia. Biologia Marina Mediterranea, 26(1): 132–135.
Bacci T., Penna M., Rende F. S., Tomasello A., Calvo S. (2020). Scheda Metodologica Posidonia oceanica (L.) Delile Descrittore 1 Biodiversità (Dlgs 190/10)
Elemento di Qualità Biologica Angiosperme (Dlgs 152/06).
Bacci T., La Porta B. (2022). Manuale delle tecniche e delle procedure operative per il trapianto di Posidonia oceanica. LIFE SEPOSSO (LIFE16 GIE/
IT/000761), Roma.
Badalamenti F., Alagna A., Fici S. (2015). Evidences of adaptive traits to rocky
substrates undermine paradigm of habitat preference of the Mediterranean seagrass
Posidonia oceanica. Scientific Reports, 5(1): 8804. https://doi.org/10.1038/srep08804
Balestri E., Vallerini F., Lardicci C. (2011). Storm-generated fragments of
the seagrass Posidonia oceanica from beach wrack. A potential source of transplants for restoration. Biological Conservation, 144(5): 1644–1654. https://doi.
org/10.1016/j.biocon.2011.02.020
Balestri E., Vallerini F., Seggiani M., Cinelli P., Menicagli V., Vannini C.,
Lardicci C. (2019). Use of bio-containers from seagrass wrack with nursery
planting to improve the eco-sustainability of coastal habitat restoration. Journal of Environmental Management, 251: 109604. https://doi.org/10.1016/j.jenvman.2019.109604
Bay D. (1978). Etude ‘in situ’ de la production primaire d’ un herbier de posidonies (Posidonia oceanica (L.) Delile) de la Baie de Calvi – Corse -. Progr. Rép.
Stn. Océanogr. Stareso, Univ. Liège, Belg., 18: 1–251.
Bedini R., Bedini M., Salvadori E. (2020). A new transplanting method of
Posidonia oceanica (Linnaeus) Delile, 1813 plants. In: Monitoring of Mediterranean Coastal Areas. Problems and Measurement Techniques, Eds. L. Bonora, D. Carboni, & M. Vicenzi. Firenze University Press, Florence, Italy: 492–500. https://
doi.org/10.36253/978-88-5518-147-1.49
Bennett E. A. (2016). Governance, legitimacy, and stakeholder balance: lessons from Fairtrade International. Social Enterprise Journal, 12(3): 322–346.
https://doi.org/10.1108/SEJ-08-2016-0038
Bennett N. J., Satterfield T. (2018). Environmental governance: A practical
framework to guide design, evaluation, and analysis. Conservation Letters, 11(6):
e12600. https://doi.org/10.1111/conl.12600
...................................................................................................................................................................................... 101

......................................................................................................................................................................................................................................................

Bindoff N. L., Cheung W. W., Kairo J. G., Arístegui J., Guinder V. A., Hallberg R., Hilmi N. J. M., Jiao N., Karim M. S., Levin L. (2019). Changing ocean,
marine ecosystems, and dependent communities. In: IPCC special report on the
ocean and cryosphere in a changing climate, Eds. D. C. Roberts, V. Masson-Delmotte, P. Zhai, M. Tignor, E. Poloczanska, K. Mintenbeck, A. Alegría, M. Nicolai, A. Okem, J. Petzold, B. Rama, & N. M. Weyer. Intergovernmental Panel on
Climate Change: 477–587. https://www.ipcc.ch/srocc/
Blanc J. J., Jeudy de Grissac A. (1989). Réflexion géologique sur la régression
des herbiers à Posidonies (départements du Var et des Bouches-du-Rhône). In:,
Eds. C.-F. Boudouresque, A. Jeudy de Grissac, & J. Olivier. GIS Posidonie, Marseille, France: 273–285.
Bonacorsi M., Pergent-Martini C., Breand N., Pergent G. (2013). Is Posidonia oceanica regression a general feature in the Mediterranean Sea? Mediterranean
Marine Science, 14(1): 193–203. https://doi.org/10.12681/mms.334
Bosman A., Pazzini A., Rossi L., Rende F. S., Annunziatellis A., Giusti M.,
Pulcini M. (2021). Protocolli d’acquisizione e controllo della qualità dei dati
Multibeam e Side Scan Sonar nell’ambito dei programmi di monitoraggio Strategia Marina 2021-2026 (Dlgs 190/10).
Boudouresque C.-F. (1968). Contribution à l’étude du peuplement épiphyte
des rhizomes de Posidonies (Posidonia oceanica Delile). Recueil des Traveaux de la
Station Marine d’Endoume, 43(59): 45–64.
Boudouresque C.-F. (2000). La restauration des ecosystemes a phanerogrames
marines. In: La restauration des ecosystemes a phanerogrames marines, Eds. L. Dreves
& M. Chaussepied. IFREMER: 65–85.
Boudouresque C.-F., Jeudy De Grissac A. (1983). Posidonia oceanica in the
Mediterranean: interactions between the plant and the sediment. Journal de Recherche Oceanographique, 8: 9–122.
Boudouresque C.-F. (2013). De Port-Cros à Port-Cros, en passant par Bruxelles: l’histoire d’un écosystème-miracle, l’herbier à Posidonia oceanica. In: GIS
Posidonie. Plus de 30 ans au service de la protection et de la gestion du milieu marin,
Eds. L. Le Diréach & C.-F. Boudouresque. GIS Posidonie, Marseille, France:
31–35.
Boudouresque C.-F., Gravez V., Meinesz A., Molenaar H., Pergent G., Vitiello P. (1994). L’herbier à Posidonia oceanica en Méditerranée: protection légale et
102 ...................................................................................................................................................................................

............................................................ Manual for the planning, implementation and monitoring of transplantation of Posidonia oceanica

gestion. In: Pour qui la Méditerranée au 21° siècle? Villes des rivages et environnement littoral en Méditerranée, Okeanos, Maison de l’Environnement de Montpellier, Montpellier: 209–220.
Boudouresque C.-F., Bernard G., Bonhomme P., Charbonnel E., Divacco G.,
Meinesz A., Pergent G., Pergent-Martini C., Ruitton S., Tunesi L. (2006). Préservation et Conservation des herbiers à Posidonia oceanica. RAMOGE: 202 pp.
Boudouresque C.-F., Bernard G., Pergent G., Shili A., Verlaque M. (2009).
Regression of Mediterranean seagrasses caused by natural processes and anthropogenic disturbances and stress: a critical review. 52(5): 395–418. https://doi.
org/10.1515/BOT.2009.057
Boudouresque C.-F., Guillame B., Bonhomme P., Charbonnel E., Divacco
G., Meinesz A., Pergent G., Pergent-Martini C., Ruitton S., Tunesi L. (2012).
Protection and conservation of Posidonia oceanica meadows. RAMOGE and
RAC/SPA, Tunis: 202 pp. https://www.rac-spa.org/sites/default/files/doc_vegetation/ramoge_en.pdf
Boudouresque C.-F., Blanfuné A., Pergent G., Thibaut T. (2021). Restoration
of Seagrass Meadows in the Mediterranean Sea: A Critical Review of Effectiveness
and Ethical Issues. Water, 13(8): 1034. https://doi.org/10.3390/w13081034
Boudouresque C.-F., Meinesz A. (1982). Découverte de l’herbier de Posidonie.
Cahiers du Parc national de Port-cros, 4: 1–79.
Buia M. C., Mazzella L. (1991). Reproductive phenology of the Mediterranean seagrasses Posidonia oceanica (L.) Delile, Cymodocea nodosa (Ucria)
Aschers., and Zostera noltii Hornem. Aquatic Botany, 40(4): 343–362. https://
doi.org/10.1016/0304-3770(91)90080-O
Buia M. C., Gambi M. C., Zupo V. (2000). Structure and functioning of
Mediterranean seagrass ecosystems: an overview. Biologia Marina Mediterranea,
7: 167–190.
Buia M. C., Gambi M. C., Dappiano M. (2003). I sistemi a Fanerogame
marine. Biologia Marina Mediterranea, 10: 145–198.
Buia M. C., Giaccone G. (2008). Seagrass biology. Quaderni Habitat. In:
Seagrass meadows. Flowering plants in the Mediterranean Sea, Ministero dell’Ambiente e della Tutela del Territorio e del Mare (Roma). Museo Friulano di Storia
Naturale (Udine): 11–21.
Bull J. S., Reed D. C., Holbrook S. J. (2004). An experimental evaluation of
...................................................................................................................................................................................... 103

......................................................................................................................................................................................................................................................

different methods of restoring Phyllospadix torreyi (surfgrass). Restoration Ecology,
12(1): 70–79. https://doi.org/10.1111/j.1061-2971.2004.00258.x
Caldeira K., Wickett M. E. (2003). Anthropogenic carbon and ocean pH.
Nature, 425(6956): 365–365. https://doi.org/10.1038/425365a
Calumpong H. P., Fonseca M. S. (2001). Seagrass transplantation and other seagrass restoration methods. In: Global Seagrass Research Methods, Eds. F. T.
Short, R. G. Coles, & C. A. Short. Elsevier Science: 424–443.
Calvo S., Pirrotta M., Tomasello A. (2020). Letter to the editor regarding
the article “Taking advantage of seagrass recovery potential to develop novel and
effective meadow rehabilitation methods” by Alagna et al., published in Marine
Pollution Bulletin, 149: 2019 (110578). Marine Pollution Bulletin, 158: 111395.
https://doi.org/10.1016/j.marpolbul.2020.111395
Calvo S., Calvo R., Luzzu F., Raimondi V., Assenzo M., Cassetti F. P., Tomasello A. (2021). Performance Assessment of Posidonia oceanica (L.) Delile Restoration
Experiment on Dead matte Twelve Years after Planting—Structural and Functional Meadow Features. Water, 13(5): 724. https://doi.org/10.3390/w13050724
Campbell M. (2000). A decision-based framework to increase seagrass transplantation success. Biologia Marina Mediterranea, 7(2): 336–341.
Campbell M. L. (2002). Getting the foundation right: a scientifically based
management framework to aid in the planning and implementation of seagrass
transplant efforts. Bulletin of Marine Science, 71(3): 1405–1414.
Capiomont A., Piazzi L., Pergent G. (2000). Seasonal variations of total
mercury in foliar tissues of Posidonia oceanica. Journal of the Marine Biological
Association of the United Kingdom, 80(6): 1119–1123. https://doi.org/10.1017/
S0025315400003192
Carannante F. (2011). Monitoraggio a lungo termine di trapianti di Posidonia
oceanica su vasta scala. Tesi di dottorato in Ecologia e Gestione delle Risorse Biologiche – XXII ciclo, Università degli studi della Tuscia-Viterbo, 175 pp.
Castillón M., Palomer A., Forest J., Ridao P. (2019). State of the Art of
Underwater Active Optical 3D Scanners. Sensors, 19(23): 5161. https://doi.
org/10.3390/s19235161
Chessa L., Fresi E. (1994). Conservazione e gestione delle praterie di Posidonia. In: La gestione degli ambienti costieri e insulari del Mediterraneo, Edizione del
Sole, Italy: 103–127.
104 ...................................................................................................................................................................................

............................................................ Manual for the planning, implementation and monitoring of transplantation of Posidonia oceanica

Coleman M. A., Wood G., Filbee-Dexter K., Minne A. J. P., Goold H. D.,
Vergés A., Marzinelli E. M., Steinberg P. D., Wernberg T. (2020). Restore or
Redefine: Future Trajectories for Restoration. Frontiers in Marine Science, 7: 237.
https://doi.org/10.3389/fmars.2020.00237
Cooper G. (1982). Réimplantation de Posidonia oceanica. Protection des implants. Bulletin d’Ecologie, 13(1): 65–73.
Cozzolino G., Vassallo P., Bazzucchi D., Oprandi A., Piazzi A., Bacci T., La
Porta B. (2021). Technical Guide for Economic Assessment of Environmental Impacts on Posidonia oceanica meadows. LIFE SEPOSSO (LIFE 16 GIE/
IT/000761), Rome, Italy. https://www.lifeseposso.eu
Cunha A. H., Marbá N. N., van Katwijk M. M., Pickerell C., Henriques
M., Bernard G., Ferreira M. A., Garcia S., Garmendia J. M., Manent P. (2012).
Changing Paradigms in Seagrass Restoration. Restoration Ecology, 20(4): 427–
430. https://doi.org/10.1111/j.1526-100X.2012.00878.x
Dauby P., Bale A. J., Bloomer N., Canon C., Ling R. D., Norro A., Robertson
J. E., Simon A., Théate J.-M., Watson A. J. (1995). Particle fluxes over a Mediterranean seagrass bed: a one year case study. Marine Ecology Progress Series, 126:
233–246. https://doi.org/10.3354/meps126233
Descamp P., Cornu T., Bougerol M., Boissery P., Ferlat C., Delaruelle G.,
Deter J., Gobert S., Ozhan E. (2017). Experimental transplantation of Posidonia oceanica. In: 13th International MEDCOAST Congress on Coastal and Marine
Sciences, Engineering, Management and Conservation, MEDCOAST 2017, Mediterranean Coastal Foundation. https://orbi.uliege.be/handle/2268/224188
Díaz-Almela E., Duarte C. M. (2008). Management of Natura 2000 habitats
* Posidonia beds (Posidonion oceanicae) 1120. Management of Natura 2000 habitats. European Commission: 1–32. https://ec.europa.eu/environment/nature/
natura2000/management/habitats/pdf/1120_Posidonia_beds.pdf
Duarte C. M., Middelburg J. J., Caraco N. (2005). Major role of marine
vegetation on the oceanic carbon cycle. Biogeosciences, 2(1): 1–8. https://doi.
org/10.5194/bg-2-1-2005
Ehlers A., Worm B., Reusch T. B. (2008). Importance of genetic diversity in
eelgrass Zostera marina for its resilience to global warming. Marine Ecology Progress Series, 355: 1–7. https://doi.org/10.3354/meps07369
Filbee-Dexter K., Smajdor A. (2019). Ethics of Assisted Evolution in Ma...................................................................................................................................................................................... 105

......................................................................................................................................................................................................................................................

rine Conservation. Frontiers in Marine Science, 6: 20. https://doi.org/10.3389/
fmars.2019.00020
Fonseca M. S., Kenworthy W. J., Thayer G. W. (1998). Guidelines for the
conservation and restoration of seagrasses in the United States and adjacent waters. NOAA Coastal Ocean Program Decision Analysis Series. NOAA Coastal
Ocean Office, Silver Spring, MD: 222 pp.
Fonseca M. S., Koehl M. A. R., Kopp B. S. (2007). Biomechanical factors
contributing to self-organization in seagrass landscapes. Journal of Experimental
Marine Biology and Ecology, 340(2): 227–246. https://doi.org/10.1016/j.jembe.2006.09.015
Francour P. (1997). Fish Assemblages of Posidonia oceanica Beds at PortCros (France, NW Mediterranean): Assessment of Composition and Long-Term
Fluctuations by Visual Census. Marine Ecology, 18(2): 157–173. https://doi.
org/10.1111/j.1439-0485.1997.tb00434.x
Gall S. C., Rodwell L. D. (2016). Evaluating the social acceptability of Marine Protected Areas. Marine Policy, 65: 30–38. https://doi.org/10.1016/j.marpol.2015.12.004
Gambi M. C., Lorenti M., Russo G. F., Scipione M. B., Zupo V. (1992).
Depth and Seasonal Distribution of Some Groups of the Vagile Fauna of the Posidonia oceanica Leaf Stratum: Structural and Trophic Analyses. Marine Ecology,
13(1): 17–39. https://doi.org/10.1111/j.1439-0485.1992.tb00337.x
Genot I., Caye G., Meinesz A., Orlandini M. (1994). Role of chlorophyll
and carbohydrate contents in survival of Posidonia oceanica cuttings transplanted to different depths. Marine Biology, 119(1): 23–29. https://doi.org/10.1007/
BF00350102
Giakoumi S., Halpern B. S., Michel L. N., Gobert S., Sini M., Boudouresque C.-F., Gambi M., Katsanevakis S., Lejeune P., Montefalcone M. (2015).
Towards a framework for assessment and management of cumulative human impacts on marine food webs. Conservation Biology, 29(4): 1228–1234. https://doi.
org/10.1111/cobi.12468
González-Correa J., Bayle Sempere J., Sánchez-Jerez P., Valle C. (2007). Posidonia oceanica meadows are not declining globally. Analysis of population dynamics in marine protected areas of the Mediterranean Sea. Marine Ecology Progress Series, 336: 111–119. https://doi.org/10.3354/meps336111
106 ...................................................................................................................................................................................

............................................................ Manual for the planning, implementation and monitoring of transplantation of Posidonia oceanica

Graham J., Amos B., Plumptre T. W. (2003). Graham, J.; Amos, B.; Plumptre, T.W. Governance Principles for Protected Areas in the 21st Century. Institute
on Governance, Ottawa, ON, Canada: 1–40.
Gumusay M. U., Bakirman T., Tuney Kizilkaya I., Aykut N. O. (2019). A
review of seagrass detection, mapping and monitoring applications using acoustic
systems. European Journal of Remote Sensing, 52(1): 1–29. https://doi.org/10.108
0/22797254.2018.1544838
Hagan K., Williams S. (2016). Oceans of Discourses: Utilizing Q Methodology for Analyzing Perceptions on Marine Biodiversity Conservation in the Kogelberg Biosphere Reserve, South Africa. Frontiers in Marine Science, 3. https://doi.
org/10.3389/fmars.2016.00188
IPCC (2019). IPCC Special Report on the Ocean and Cryosphere in a
Changing Climate: a Special Report of the Intergovernmental Panel on Climate
Change. Eds. H.-O. Pörtner, D. C. Roberts, V. Masson-Delmotte, P. Zhai, M.
Tignor, E. Poloczanska, K. Mintenbeck, A. Alegría, M. Nicolai, A. Okem, J.
Petzold, B. Rama, & N. M. Weyer: 765 pp.
Jahnke M., Olsen J. L., Procaccini G. (2015). A meta-analysis reveals a positive correlation between genetic diversity metrics and environmental status in
the long-lived seagrass Posidonia oceanica. Molecular Ecology, 24(10): 2336–2348.
https://doi.org/10.1111/mec.13174
Jahnke M., D’Esposito D., Orrù L., Lamontanara A., Dattolo E., Badalamenti F., Mazzuca S., Procaccini G., Orsini L. (2019). Adaptive responses along
a depth and a latitudinal gradient in the endemic seagrass Posidonia oceanica.
Heredity, 122(2): 233–243. https://doi.org/10.1038/s41437-018-0103-0
Jeudy de Grissac A. (1979). Impact des aménagements littoraux. Installations
portuaires, plage artificielles. Quelques exemples provençaux. GEOMER, Marseille: 1–46.
Jeudy de Grissac A. (1984). Effets des herbiers à Posidonia oceanica sur la
dynamique marine et la sédimentologie littorale. In: International workshop on
Posidonia oceanica beds, Eds. C.-F. Boudouresque, A. Jeudy De Grissac, & J.
Olivier. GIS Posidonie, Marseille, France: 437–443.
Jones T. A., Monaco T. A. (2009). A role for assisted evolution in designing
native plant materials for domesticated landscapes. Frontiers in Ecology and the
Environment, 7(10): 541–547. https://doi.org/10.1890/080028
...................................................................................................................................................................................... 107

......................................................................................................................................................................................................................................................

Kennedy H., Björk M. (2009). Seagrass meadows. In: The management of natural coastal carbon sinks, Eds. D. d’A. Laffoley & G. Grimsditch. IUCN, Gland,
Switzerland: 23–30.
Koch E. W. (2001). Beyond Light: Physical, Geological, and Geochemical
Parameters as Possible Submersed Aquatic Vegetation Habitat Requirements. Estuaries, 24(1): 1. https://doi.org/10.2307/1352808
Lanuru M., Mashoreng S., Amri K. (2018). Using site-selection model to identify suitable sites for seagrass transplantation in the west coast of South Sulawesi.
Journal of Physics: Conference Series, 979: 012007. https://doi.org/10.1088/17426596/979/1/012007
Larkum A. W., Orth R. J., Duarte C. M. eds. (2006). Seagrasses: biology,
ecology and conservation. Springer Netherlands: 691 pp.
Lockwood M., Davidson J., Curtis A., Stratford E., Griffith R. (2010). Governance Principles for Natural Resource Management. Society & Natural Resources, 23(10): 986–1001. https://doi.org/10.1080/08941920802178214
Lucia V., D’Anna C., Pacione T., Paganelli D., Zenone A., Bertasi F., Cacciuni A., Bacci T., La Porta B. (2022). Approfondimento degli indirizzi per la
predisposizione dei quadri prescrittivi nei provvedimenti di VIA: struttura della
condizione ambientale. Fattore ambientale “Biodiversità” – Praterie di Posidonia
oceanica – Habitat 1120* LIFE SEPOSSO (LIFE16 GIE/IT/000761), Rome.
https://www.lifeseposso.eu
Madden F., McQuinn B. (2014). Conservation’s blind spot: The case for conflict transformation in wildlife conservation. Biological Conservation, 178: 97–
106. https://doi.org/10.1016/j.biocon.2014.07.015
Manzanera M., Pérez M., Romero J. (1998). Seagrass mortality due to oversedimentation: an experimental approach. Journal of Coastal Conservation, 4(1):
67–70. https://doi.org/10.1007/BF02806491
Marbà N., Duarte C. M. (1997). Interannual changes in seagrass ( Posidonia
oceanica ) growth and environmental change in the Spanish Mediterranean littoral zone. Limnology and Oceanography, 42(5): 800–810. https://doi.org/10.4319/
lo.1997.42.5.0800
Marbà N., Díaz-Almela E., Duarte C. M. (2014). Mediterranean seagrass
(Posidonia oceanica) loss between 1842 and 2009. Biological Conservation, 176:
183–190. https://doi.org/10.1016/j.biocon.2014.05.024
108 ...................................................................................................................................................................................

............................................................ Manual for the planning, implementation and monitoring of transplantation of Posidonia oceanica

Marbà N., Jordà G., Agustí S., Girard C., Duarte C. M. (2015). Footprints of
climate change on Mediterranean Sea biota. Frontiers in Marine Science, 2: 1–11.
https://doi.org/10.3389/fmars.2015.00056
Marín-Guirao L., Entrambasaguas L., Dattolo E., Ruiz J. M., Procaccini G.
(2017). Molecular Mechanisms behind the Physiological Resistance to Intense
Transient Warming in an Iconic Marine Plant. Frontiers in Plant Science, 8: 1142.
https://doi.org/10.3389/fpls.2017.01142
Mazzella L., Scipione M. B., Buia M. C. (1989). Spatio-Temporal Distribution of Algal and Animal Communities in a Posidonia oceanica Meadow. Marine
Ecology, 10(2): 107–129. https://doi.org/10.1111/j.1439-0485.1989.tb00069.x
Mazzella L., Buia M. C., Gambi M. C., Lorenti M., Russo G. F., Scipione M.
B., Zupo V. (1992). Plant-animal trophic relationships in the Posidonia oceanica
ecosystem of the Mediterranean Sea. In: Plant-Animal Interactions in the Marine
Benthos, Eds. D. M. John, S. J. Hawkins, & J. H. Price. Clarendon Press: 165–187.
Mcleod E., Chmura G. L., Bouillon S., Salm R., Björk M., Duarte C. M.,
Lovelock C. E., Schlesinger W. H., Silliman B. R. (2011). A blueprint for blue
carbon: toward an improved understanding of the role of vegetated coastal habitats in sequestering CO 2. Frontiers in Ecology and the Environment, 9(10): 552–
560. https://doi.org/10.1890/110004
Meinesz A., Laurent R. (1978). Cartographie et état de la limite inferieure
de l’herbier de Posidonia oceanica dans les Alpes-maritimes (France)–Campagne
Poseïdon 1976—. Botanica Marina, 21(8): 513–526. https://doi.org/10.1515/
botm.1978.21.8.513
Meinesz A., Caye G., Loques F., Molenaar H. (1991). Restoration of damaged areas with transplantation of seaweeds and seagrasses in the Mediterranean:
review and perspectives. Oebalia. Taranto, 17: 131–142.
Meinesz A., Molenaar H., Bellone E., Loques F. (1992). Vegetative reproduction in Posidonia oceanica I. Effects of rhizome length and transplantation
season in orthotopic shoots. Marine Ecology, 13(2): 163–174. https://doi.
org/10.1111/j.1439-0485.1992.tb00347.x
Meinesz A., Caye G., Loquès F., Molenaar H. (1993). Polymorphism and Development of Posidonia oceanica Transplanted from Different Parts of the Mediterranean into the National Park of Port-Cros. Botanica Marina, 36(3): 209–216.
https://doi.org/10.1515/botm.1993.36.3.209
..................................................................................................................................................................................... 109

......................................................................................................................................................................................................................................................

Millennium Ecosystem Assessment (2005). Ecosystems and human well-being : synthesis. Island Press, Washington DC: 155 pp. http://www.millenniumassessment.org/documents/document.356.aspx.pdf
Mohamed H., Nadaoka K., Nakamura T. (2018). Assessment of Machine
Learning Algorithms for Automatic Benthic Cover Monitoring and Mapping
Using Towed Underwater Video Camera and High-Resolution Satellite Images.
Remote Sensing, 10(5): 773. https://doi.org/10.3390/rs10050773
Molenaar H. (1992). Etude de la transplantation de boutures de la Phanérogame marine Posidonia oceanica (L.) Delile. Modélisation de l’architecture et du
mode de croissance. PhD Thesis, Université Nice Sophia Antipolis, 221 pp.
Molenaar H., Meinesz A. (1992). Vegetative reproduction in Posidonia oceanica. II. Effects of depth changes on transplanted orthotropic shoots. Marine
Ecology, 13(2): 175–185. https://doi.org/10.1111/j.1439-0485.1992.tb00348.x
Molenaar H., Meinesz A., Caye G. (1993). Vegetative Reproduction in Posidonia oceanica. Survival and Development in Different Morphological Types
of Transplanted Cuttings. Botanica Marina, 36(6): 481–488. https://doi.
org/10.1515/botm.1993.36.6.481
Molenaar H., Meinesz A. (1995). Vegetative Reproduction in Posidonia oceanica: Survival and Development of Transplanted Cuttings According to Different Spacings, Arrangements and Substrates. Botanica Marina, 38(1–6): 313–322.
https://doi.org/10.1515/botm.1995.38.1-6.313
Molinier R., Picard J. (1953). Notes biologiques à propos d’un voyage d’étude
sur les côtes de Sicile. Annales de l’Institut Océanographique, 28(4): 164–187.
Montefalcone M. (2009). Ecosystem health assessment using the Mediterranean seagrass Posidonia oceanica: A review. Ecological Indicators, 9(4): 595–604.
https://doi.org/10.1016/j.ecolind.2008.09.013
Montefalcone M., Albertelli G., Morri C., Bianchi C. N. (2010). Patterns
of wide-scale substitution within meadows of the seagrass Posidonia oceanica in
NW Mediterranean Sea: invaders are stronger than natives. Aquatic Conservation:
Marine and Freshwater Ecosystems, 20(5): 507–515. https://doi.org/10.1002/
aqc.1128
Pacione T., Lucia V., D’Anna C., Bertasi F., Cacciuni A., La Porta B., Bacci T.
(2022). Proposta di aggiornamento: Linee Guida per il Progetto di Monitoraggio
Ambientale delle opere sottoposte a VIA- Fattore ambientale “Biodiversità” –
110 ...................................................................................................................................................................................

............................................................ Manual for the planning, implementation and monitoring of transplantation of Posidonia oceanica

Praterie di Posidonia oceanica – Habitat 1120*. LIFE SEPOSSO (LIFE16 GIE/
IT/000761), Rome. https://www.lifeseposso.eu
Paling E. I., Van Keulen M., Wheeler K. D., Phillips J., Dyhrberg R. (2003).
Influence of Spacing on Mechanically Transplanted Seagrass Survival in a High
Wave Energy Regime. Restoration Ecology, 11(1): 56–61. https://doi.org/10.1046/
j.1526-100X.2003.00072.x
Pazzaglia J., Nguyen H. M., Santillán-Sarmiento A., Ruocco M., Dattolo E.,
Marín-Guirao L., Procaccini G. (2021). The Genetic Component of Seagrass
Restoration: What We Know and the Way Forwards. Water, 13(6): 829. https://
doi.org/10.3390/w13060829
Pérès J.-M., Picard J. (1964). Nouveau manuel de bionomie benthique de la
mer Méditerranée. Recueil des Travaux de la Station Marine d’Endoume, Bullettin,
31(47): 5–137.
Pergent G., Romero J., Pergent-Martini C., Mateo M. A., Boudouresque C.F. (1994). Primary production, stocks and fluxes in the Mediterranean seagrass
Posidonia oceanica. Marine Ecology Progress Series, 106: 139–146.
Pergent G., Pergent-Martini C., Boudouresque C.-F. (1995). Utilisation de
l’herbier à Posidonia oceanica comme indicateur biologique de la qualité du
milieu littoral en Méditerranée: état des connaissances. Mésogée (Marseille), 54:
3–27.
Pergent-Martini C., Rico-Raimondino V., Pergent G. (1994). Primary production of Posidonia oceanica in the Mediterranean Basin. Marine Biology, 120(1):
9–15. https://doi.org/10.1007/BF00381936
Piazzi L., Cinelli F. (1995). Restoration of the littoral sea bottom by means
of transplantation of cuttings and sprouts. In: Posidonia oceanica, a contribution
to the preservation of a major Mediterranean marine ecosystem, Eds. F. Cinelli, E.
Fresi, C. Lorenzi, & A. Mucedola. Revista marittima, Italy: 69–71.
Piazzi L., Balestri E., Magri M., Cinelli F. (1998). Experimental Transplanting of Posidonia oceanica (L.) Delile into a Disturbed Habitat in the Mediterranean Sea. Botanica Marina, 41(1–6): 593–602. https://doi.org/10.1515/
botm.1998.41.1-6.593
Piazzi L., Balestri E., Balata D., Cinelli F. (2000). Pilot transplanting experiment of Posidonia oceanica (L.) Delile to restore a damaged coastal area in the
Mediterranean Sea. Biologia marina mediterranea, 7(2): 409–411.
....................................................................................................................................................................................... 111

......................................................................................................................................................................................................................................................

Piazzi L., Balata D., Cinelli F. (2002). Epiphytic macroalgal assemblages of
Posidonia oceanica rhizomes in the western Mediterranean. European Journal of
Phycology, 37(1): 69–76. https://doi.org/10.1017/S0967026201003432
Piazzi L., Acunto S., Frau F., Atzori F., Cinti M. F., Leone L., Ceccherelli G.
(2021). Environmental engineering techniques to restore degraded Posidonia oceanica meadows. Water, 13(5): 661. https://doi.org/10.3390/w13050661
Pirrotta M., Tomasello A., Scannavino A., Maida G. D., Luzzu F., Bellissimo
G., Bellavia C., Costantini C., Orestano C., Sclafani G., Calvo S. (2015). Transplantation assessment of degraded Posidonia oceanica habitats: site selection and
long-term monitoring. Mediterranean Marine Science, 16(3): 591–604. https://
doi.org/10.12681/mms.1045
Procaccini G., Alberte R., Mazzella L. (1996). Genetic structure of the seagrass
Posidonia oceanica in the Western Mediterranean: ecological implications. Marine
Ecology Progress Series, 140: 153–160. https://doi.org/10.3354/meps140153
Procaccini G., Piazzi L. (2001). Genetic Polymorphism and Transplantation
Success in the Mediterranean Seagrass Posidonia oceanica. Restoration Ecology,
9(3): 332–338. https://doi.org/10.1046/j.1526-100x.2001.009003332.x
Redpath S. M., Young J., Evely A., Adams W. M., Sutherland W. J., Whitehouse A., Amar A., Lambert R. A., Linnell J. D. C., Watt A., Gutiérrez R. J.
(2013). Understanding and managing conservation conflicts. Trends in Ecology &
Evolution, 28(2): 100–109. https://doi.org/10.1016/j.tree.2012.08.021
Rende S. F., Bosman A., Di Mento R., Bruno F., Lagudi A., Irving A. D., Dattola L., Giambattista L. D., Lanera P., Proietti R. (2020). Ultra-High-Resolution
Mapping of Posidonia oceanica (L.) Delile Meadows through Acoustic, Optical
Data and Object-based Image Classification. Journal of Marine Science and Engineering, 8(9): 647. https://doi.org/10.3390/jmse8090647
Robello C. (2019). Efficacia di un intervento di trapianto di Posidonia oceanica (L.) Delile nel golfo di Rapallo 23 anni dopo. Tesi di Laurea Triennale in
Scienze Naturali, Università degli studi di Genova.
Ruiz-Frau A., Krause T., Marbà N. (2019). In the blind-spot of governance –
Stakeholder perceptions on seagrasses to guide the management of an important
ecosystem services provider. Science of The Total Environment, 688: 1081–1091.
https://doi.org/10.1016/j.scitotenv.2019.06.324
Sánchez-Lizaso J. L., Fernández-Torquemada Y., González-Correa J. M.
112 ....................................................................................................................................................................................

............................................................ Manual for the planning, implementation and monitoring of transplantation of Posidonia oceanica

(2009). Evaluation of the viability of Posidonia oceanica transplants associated with
a marina expansion. 52(5): 471–476. https://doi.org/10.1515/BOT.2009.052
Scanu S., Piazzolla D., Bonamano S., Penna M., Piermattei V., Madonia A.,
Manfredi Frattarelli F., Mellini S., Dolce T., Valentini R., Coppini G., Fersini G.,
Marcelli M. (2022). Economic Evaluation of Posidonia oceanica Ecosystem Services along the Italian Coast. Sustainability, 14(1): 489. https://doi.org/10.3390/
su14010489
Scardi M., Carannante F., Casola E., Dato P. D., Nuzzo F. D., Valiante L. M.
(in press). Monitoraggio a lungo termine di due trapianti di Posidonia oceanica
(L.) Delile, 1813. Biologia Marina Mediterranea.
Short F. T., Coles R. G. (2001). Global seagrass research methods. Elsevier Short F. T., Neckles H. A. (1999). The effects of global climate change on
seagrasses. Aquatic Botany, 63(3–4): 169–196. https://doi.org/10.1016/S03043770(98)00117-X
Short F., Davis R., Kopp B., Short C., Burdick D. (2002). Site-selection
model for optimal transplantation of eelgrass Zostera marina in the northeastern US. Marine Ecology Progress Series, 227: 253–267. https://doi.org/10.3354/
meps227253
Statton J., Dixon K. W., Hovey R. K., Kendrick G. A. (2012). A comparative assessment of approaches and outcomes for seagrass revegetation in Shark
Bay and Florida Bay. Marine and Freshwater Research, 63(11): 984. https://doi.
org/10.1071/MF12032
Tan Y. M., Dalby O., Kendrick G. A., Statton J., Sinclair E. A., Fraser M. W.,
Macreadie P. I., Gillies C. L., Coleman R. A., Waycott M., van Dijk K., Vergés
A., Ross J. D., Campbell M. L., Matheson F. E., Jackson E. L., Irving A. D., Govers L. L., Connolly R. M., McLeod I. M., Rasheed M. A., Kirkman H., Flindt
M. R., Lange T., Miller A. D., Sherman C. D. H. (2020). Seagrass Restoration Is
Possible: Insights and Lessons From Australia and New Zealand. Frontiers in Marine Science, 7: https://www.frontiersin.org/article/10.3389/fmars.2020.00617
Telesca L., Belluscio A., Criscoli A., Ardizzone G., Apostolaki E. T., Fraschetti
S., Gristina M., Knittweis L., Martin C. S., Pergent G., Alagna A., Badalamenti
F., Garofalo G., Gerakaris V., Louise Pace M., Pergent-Martini C., Salomidi M.
(2015). Seagrass meadows (Posidonia oceanica) distribution and trajectories of
change. Scientific Reports, 5(1): 1–14. https://doi.org/10.1038/srep12505
...................................................................................................................................................................................... 113

......................................................................................................................................................................................................................................................

Valiante L. M., Carannante F., Casola E., Di Dato P., Di Nuzzo F., Scardi M.,
Fresi E. (2010). Monitoraggio a lungo termine di trapianti di Posidonia oceanica
su grande scala. In: Atti XX Congresso della SITE.,“La Sapienza” Università di
Roma 27–30.
Van Katwijk M., Bos A., De Jonge V., Hanssen L., Hermus D., De Jong
D. (2009). Guidelines for seagrass restoration: importance of habitat selection
and donor population, spreading of risks, and ecosystem engineering effects.
Marine Pollution Bulletin, 58(2): 179–188. https://doi.org/10.1016/j.marpolbul.2008.09.028
Vassallo P., Paoli C., Rovere A., Montefalcone M., Morri C., Bianchi C. N.
(2013). The value of the seagrass Posidonia oceanica: A natural capital assessment.
Marine pollution bulletin, 75(1–2): 157–167. https://doi.org/10.1016/j.marpolbul.2013.07.044
Veettil B. K., Ward R. D., Lima M. D. A. C., Stankovic M., Hoai P. N.,
Quang N. X. (2020). Opportunities for seagrass research derived from remote
sensing: A review of current methods. Ecological Indicators, 117: 106560. https://
doi.org/10.1016/j.ecolind.2020.106560
Ventura D., Mancini G., Casoli E., Pace D. S., Lasinio G. J., Belluscio A.,
Ardizzone G. (2022). Seagrass restoration monitoring and shallow-water benthic habitat mapping through a photogrammetry-based protocol. Journal of
Environmental Management, 304: 114262. https://doi.org/10.1016/j.jenvman.2021.114262
de Villèle X., Verlaque M. (1995). Changes and Degradation in a Posidonia oceanica Bed Invaded by the Introduced Tropical Alga Caulerpa taxifolia
in the North Western Mediterranean. Botanica Marina, 38: 1–6. https://doi.
org/10.1515/botm.1995.38.1-6.79
Zenone A., Pipitone C., D’Anna G., La Porta B., Bacci T., Bertasi F., Bulleri
C., Cacciuni A., Calvo S., Conconi S., Gravina M. F., Mancusi C., Piazzi A., Targusi M., Tomasello A., Badalamenti F. (2021). Stakeholders’ Attitudes about the
Transplantations of the Mediterranean Seagrass Posidonia oceanica as a Habitat
Restoration Measure after Anthropogenic Impacts: A Q Methodology Approach.
Sustainability, 13(21): 12216. https://doi.org/10.3390/su132112216
Zieman J. (1974). Methods for the study of the growth and production of the
turtle grass, Thalassia testudinum Koning. Acquaculture, 4: 139–143.
114 ....................................................................................................................................................................................

Produced with the contribution of the LIFE Programme
of the European Union project LIFE 16 GIE/IT/000761

