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Abstract: In the area of the  SCI/SPA IT4070009 “Ortazzo, Ortazzino, Foce del Torrente Bevano”, located in 
the Northern Adriatic coast (Emilia-Romagna, Italy), a restoration of the habitat 2120 “Shifting dunes along 
the shoreline with Ammophila arenaria (white dunes)” was performed.  The intervention aimed to restore the 
main environmental functions of this habitat (sand capture, sediment accumulation and stabilisation). 
Ammophila arenaria (L.) Link, because of its particular structure and morphology, strongly contributes to the 
accomplishment of these functions: so it was chosen as a key species for the intervention.  Shoots and 
rhizomes from local Ammophila arenaria populations were collected in 2006 early spring.  The plant material 
was vegetatively propagated and the new individuals obtained were cultivated in nursery during the late 
spring, summer and the start of autumn 2006.  At the end of October 2006, 2500 vigorous tufts of Ammophila 
arenaria along a 300 m x 2 m strip, situated 30-40 m from the shoreline, were planted.  Any loss of the 
Ammophila arenaria shoots was scored in the following months.  During the 2007 vegetative season a 
significant increase in number of shoots as well as in height and diameter of tufts occurred; plant cover passed 
from 3-5% to 15-20% of the vegetalized area. One year after implantation, clear sand accumulation micro-
morphologies appeared in the intervention site, indicating that the main geomorphological functions of the 
habitat were restored.  The paper will describe the intervention and its results. 
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Introduction 

The mouth of the river Bevano is located in the Special Protection Area (SPA) and Site 
of Community Importance (SCI) IT4070009 “Ortazzo, Ortazzino, Foce del Torrente 
Bevano” (Ravenna, Italy). It has recently (2005-06) undergone reconstruction work for 
safety reasons following episodes of flooding. The river mouth, which until 2005 was 
allowed to evolve naturally, has been moved to a position more or less matching that of 
the 1970s, 500 m further south, and the natural mouth has been closed. Figure 1 shows 
the situation shortly before the conclusion of the works.  
The sand removed in order to make the new mouth was used to close the old mouth and 
to construct an embryonic artificial dune to substitute the one eroded by the river during 
its progressive shift towards the north. The new dune was modelled on a length of c. 
700 m, a width of 8-10 m and a slope of 1%. A wind breaking barrier made of woven 
poplar branches was placed 30-40 m from the shoreline in an initial attempt to trap the 
sand, no plant cover being present in the operational area. The reconstructed dune 
should eventually link up with the natural dune system to the immediate north of the old 
river mouth. This system contains various habitats protected by the Habitat Directive 
92/43/EC, such as habitat 2110 embryonic shifting dunes, habitat 2120 shifting dunes 
along the shoreline with Ammophila arenaria (white dunes), habitat 2130 *fixed coastal 
dunes with herbaceous vegetation (grey dunes). 
The typical vegetation of habitat 2110, and more especially of habitat 2120, plays a 
particularly important role in the interception, accumulation and stabilisation of the sand 
transported by the wind, and therefore in the development of the dune morphology. The  
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project for the re-vegetalization of the site, involving the planting of Ammophila 
arenaria (L.) Link, a building species par excellence (AGENC, 1994), proposes to 
reinstate this important function of habitat 2120 in a relatively short time, in order to 
initiate the natural formation dynamics of the dune as rapidly as possible, by means of 
the presence of a plant cover and its interaction with wind-transportation and deposition 
of the sand. 
 

 
Figure 1. The Foce Bevano site at the start of 2006 during the work of opening a new mouth and closing the 
old mouth. The red broken line marks the area where the reconstruction and revegetalization of the eroded 
dune was carried out. The photo is orientated with north approximately to the bottom right. 

 

Materials and methods 

For the purposes of vegetalization, individuals of Ammophila arenaria were collected 
from the wild, at various sites along the Ravenna coastline. These were then propagated 
and grown in a nursery before being replanted in the experimental site. The collecting of 
individuals took place at the start of spring (March 2006), preferably taking the outer 
portions of the tufts and the underground rhizomes connected to them. The outer parts 
of the tufts, which are generally of recent formation, readily grow new shoots through 
the production of adventitious buds. The underground rhizomes, to which the outer 
parts of the tufts are connected, already bear buds that can develop new leaves and new 
roots.  
The propagation of the material collected from the wild took place in the experimental 
farm (AUB Cadriano) of the University of Bologna. The young tufts were divided into 
elementary parts; each of these was placed in a pot containing sand and field soil at a 
ratio of 3:1. The rhizomes were cut into segments, each containing a bud (Figure 2 a), 
placed in a pot containing sand and field soil in the same proportions as above. 
Approximately one month after these operations (April 2006) the first shoots of new 
leaves could already be seen, and in the meantime the root system had amply developed. 
The production of new leaves continued throughout the whole of the remaining spring, 
rested during the summer and started again in the second half of September 2006. The 
plants obtained for propagation were kept in the nursery (Figure 2b) throughout the 
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period of late spring, summer and the beginning of autumn, watered when necessary 
and fertilized in mid-June and at the end of September 2006. 
From the middle of June until the end of August, the plants were protected from 
excessive sun with a shade.  
 

     
Figure 2. a) left, rhizome of Ammophila arenaria. New individuals can be obtained from a segment of 
rhizome, cut from the mother plant and containing a knot with a bud (red arrows).  b) right, nursery cultivation 
of Ammophila arenaria, at the experimental farm of the Faculty of Agriculture, Bologna University. 

The planting of Ammophila arenaria in the site of Foce Bevano took place at the end of 
October 2006 using 2500 tufts. These allowed us to create a vegetated strip parallel to 
the shoreline, 300 m in length and 2 m wide, with a planting density of 4.2 tufts/m2. For 
the purposes of planting, holes 40 cm in depth were dug, into which were placed the 
contents of a pot, taking care not to damage the clump of soil and roots. 
 

Results and discussion 

The periodic checks made during spring and summer 2007 to monitor the rooting of 
Ammophila arenaria, the development of the plant cover and the accumulation of the 
sand, bear witness to the good outcome of the project (Figure 3). The mortality rate was 
almost zero and a year after planting (November 2007) Ammophila arenaria covered an 
average of 15-20% of the vegetalized surface. The horizontal part of the wind-screen 
was almost completely buried by the accumulated sand and the Ammophila were 60-70 
cm higher. At this date, then, the system was already playing an active role in the 
evolution and growth of the dune: the tufts of Ammophila intercepted the grains of sand 
with their aerial parts and their root systems helped to stabilize the accumulated 
sediments. It was possible to document directly the acquisition of this function, 
characteristic of the shifting dunes habitat, on 17 December 2007, during an event of 
strong wind.  
 

Conclusions 

The aim of the restoration action carried out at the site of Foce Bevano was to establish 
a rapid recovery of the function of interception, accumulation and stabilisation of sand 
sediments typical of habitat 2120 shifting dunes or white dunes, a function performed 
above all by the large tufts of Ammophila that shape the structure and physiognomy of  
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the habitat. The operation was based on the recommended standard techniques 
(Woodhouse, 1978; Coastal Engineering Research Center, 1984), but it also introduced  
certain innovative elements that played a decisive role in reaching the aim of the 
operation already one year after its implementation. We refer in particular to a: 1) Using 
a species with excellent building capacities; 2) Using plants that are healthy and already 
established, obtained through nursery propagation and growth, under adequate 
conditions of water and nutrients; 3) The minimization of stress on the root systems 
during planting; 4) The season (autumn) of planting. 
 

   
 

   
Figure 3. Evolution of the plant cover at the site of Foce Bevano. Dates of photos, from left to right and top to 
bottom: 24 February 2007, 17 July 2007, 7 November 2007, 17 December 2007, the latter during an event of 
strong wind. 
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