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CONSTRUCTION UNDERWATER LANDSCAPE BY USING 
POSIDONIA OCEANICA TRANSPLANTING COMBINED WITH 

INNOVATIVE ARTIFICIAL REEFS 
 
Abstract 
Interest concerning Artificial Reef (AR) habitats has greatly increased in the last few decades 
throughout the world with Italy representing the leading country in Europe for AR’s research.  
In this study very innovative ARs able to host Posidonia oceanica transplant cuttings were 
designed and positioned. Four AR systems were positioned in December 2014 along the south-
eastern coast of Sicily. Furthermore, over each module 10 P. oceanica cuttings, each one bearing 
at least three shoots, were fixed by an innovative system, opportunely adapted for hard substrate. 
After two years of monitoring, cuttings survival was about 70% with visible roots production 
strongly anchored to the concrete AR, while shoot mortality and detachment were very low. These 
results suggested that P. oceanica can be successfully employed to improve the aesthetic value of 
ARs, providing evidence that its transplanting on hard substrate is less difficult than previously 
thought and opening new perspectives for restoring damaged meadows settled also on rock. 
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Introduction 
Interest concerning Artificial Reef (AR) habitats has greatly increased in the last few 
decades throughout the world (Seaman & Sprague, 1991; Stone et al., 1991; Seaman & 
Jensen, 2000) with Italy representing the leading country in Europe for AR’s research. 
ARs have been mainly conceived for a variety of purposes (Baine, 2001; Bulleri & 
Chapman, 2010), including the increase of natural productivity by providing new habitats 
to aggregate organisms (Thierry, 1988; Paxton et al., 2018), creation of habitats for 
desired target species (Sheehy, 1986) and protection of small/juvenile organisms and 
nursery areas (Seaman, 2000). However, in this field of research, very low attention has 
been addressed to the aesthetical and perceptive integration of the ARs within underwater 
landscape (Inglis et al., 1999; Dinsdale & Fenton, 2006; Needham et al., 2011). 
Posidonia oceanica, an endemic seagrass of the Mediterranean Sea, is able to grow on 
different types of sea bottom, ranging from sand, which is easily penetrable by the roots, 
to rock, in which the very sturdy roots are able to enter through crevices (Bellan-Santini 
et al., 1994; Hemminga & Duarte, 2000; Mazzella et al., 1993). P. oceanica meadows 
can also develop on matte, a typical terraced formation built up by itself, consisting of 
intertwined rhizomes, roots and sediment (Boudouresque & Meinesz, 1982). Since the 
1970s, various transplanting and seedling techniques with P. oceanica have been carried 
out for habitat restoration. Transplant success was found to be influenced by the nature 
of the substratum, with dead matte habitat showing the highest survival and growth rates 
(Terrados et al., 2013), while, to our knowledge, the experiences of transplants on hard 
substrates are still poorly documented. 
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In the framework of PON TETIDE project (http://www.progettotetide.com), very 
innovative ARs able to host P. oceanica transplant cuttings were designed and positioned. 
In the present work, we report the results of a monitoring activity on the transplanted 
cuttings carried out also in the framework of Life SEPOSSO (http://lifeseposso.eu).  
 

Materials and Methods 
The study was carried out in the Gulf of Augusta (Syracuse, Italy, Fig. 1), an area exposed 
to multiple pollution sources due to Priolo-Augusta-Melilli petrochemical activities since 
’50. However, recently remediation activities, focused mainly on purification and proper 
waste water disposal along the coast, have improved water quality (Catra & Mollica, 
1993). It was therefore possible to carry out different experiments aimed to test the 
possibility to restore the degraded habitat with the use of P. oceanica transplants. 
 

 
Fig. 1: Study area. 

 
In this framework several ARs hosting P. oceanica transplant were positioned at about 
13 m depth in December 2014. The AR design was chosen according to the characteristics 
of the study area and considering several aspects (i.e. hollow, size, material, shape). In 
particular, four ARs each one consisting of three modules of 10 tons, were located. These 
modules are made of reinforced concrete and composed by a common base of 2x3 m with 
multiple communicating shelters, and an upper form with three different heights (varying 
between 100and180 cm), to result shelters with different volumes, light and water 
movement (Fig. 2).  
 

 
Fig. 2: AR sistems composed by three modules (in situ left). 

 
 
In the same month, over each AR module 10 P. oceanica cuttings (Fig. 3), each one 
bearing at least three shoots, were fixed by an innovative system, opportunely adapted for 
hard substrate. Unfortunately, these transplants were soon after almost completely 
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destroyed by illegal fishing activities. Then, a new equivalent transplant activity was 
again carried out in April 2016. 
 

 
Fig. 3: P. oceanica anchor system on hard substrate (Ph. V. Raimondi). 

 
From April 2016 to July 2018, monitoring activities by observations and measurements 
in situ were carried out to evaluate P. oceanica transplant performance in terms of 
establishment, detachment and mortality of cuttings, shoots number, leaf length. 
Moreover, elongation of plagiotropic rhizomes was recorded by repeated measures of the 
distance of the terminal apex from a fixed point on the anchoring support. 
 
Results 
For P. oceanica transplants on ARs positioned in the Gulf of Augusta, cutting 
establishment showed a decreasing trend during the monitoring period, with values of 
about 70% recorded in the final survey. Cuttings totally detached from the supports 
showed the opposite trend, reaching a final value of about 20% (Fig. 4a). The percentage 
of cuttings found dead was very low, reaching a final value of less than 4%.  
The pattern of shoot number showed an initial increment occurred in July 2016 followed 
by a decrease to 44 shoots per support (Fig. 4b). Leaf length exhibited seasonal variations 
with the highest value in summer and the minimum in winter (Fig. 4c). Finally, 
plagiotropic rhizomes showed a progressive increment of length with initial steady state 
during the first eight months followed by a total increment of about 3 cm corresponding 
to an annual growth rate of 1.3 cm∙yr-1 (Fig. 4d and Fig. 5). 
 
Discussion and Conclusions 
This study demonstrated that it is possible to combine ARs construction with P. oceanica 
transplanting activities, minimizing the visual impact on the underwater landscape by 
emulating the natural shape of the bottom. Despite the loss of cuttings in the first months 
after transplantation, due to the fishing activity, as similarly occurred in other areas 
(Pirrotta et al., 2015), the subsequently transplanted cuttings exhibited good performance 
in terms of percentages of P. oceanica establishment (> 70%). The anchoring of the 
cuttings to the bottom favored the establishment and the expansion of the clones. This 
finding confirmed that P. oceanica has developed adaptive traits enabling to colonize 
hard substratum (Balestri et al., 2015; Tomasello et al., 2018) without the need for 
precursor assemblages (Badalamenti, et al., 2015). 
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Fig. 4: Mean (± SE) percentages of establishment, detachment and mortality of cuttings 
(a), shoot number (b), leaf (c) and rhizome (d) length of P. oceanica cutting on AR. 

 

 
Fig. 5: Details of rhizomes growth on hard substrata above (white arrow) and 

beyond the anchoring support directly over the reef (black) (Ph. V. Raimondi). 
 
The mortality recorded (about 4%) does not necessarily imply a low efficacy throughout 
the transplant, since this can be compensated over time by the elongation and ramification 
of the remaining cuttings (Calumpong & Fonseca, 2001). The growth rate of a seagrass 
clone increases continuously; therefore, the space occupied by a clone increases 
exponentially. Since P. oceanica is a long living species, its natural recovery is very slow 
(Pergent et al., 2012) and the time to capture its resilience is often much longer than the 
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conventional three years reported by most ecological studies (Cunha et al., 2012). 
However, these results suggested that P. oceanica should be successfully employed to 
improve the aesthetic value of ARs (Fig. 6), providing evidence that its transplanting on 
hard substrate is less difficult than previously thought and opening new perspectives for 
restoring damaged meadows settled also on rock. 
 

 
Fig. 6 - AR at 100% covered by community of algae and transplants of 

P. oceanica (arrow) (Ph. V. Raimondi). 
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