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Abstract 

The structure of the soft-bottom macrozoobenthic community of a Northern Adriatic Sea area had been studied and characterized both 
quantitatively and qualitatively, as part of a wider environmental monitoring project, elaborated and carried out by the Institute for Environmental 
Protection and Research (ISPRA). The aim of this project was to identify the possible effects on the marine ecosystem of the construction and 
presence of a pipeline that connects an offshore Liquefied Natural Gas (LNG) re-gasifying Terminal to the coast. In order to study the possible 
alterations of the macrozoobenthic community due to anthropogenic activities during the ante operam, construction and post operam phases, 
univariate and multivariate statistical analyses of the soft-bottom macrozoobenthos community data were carried out. The data acquired during 
the monitoring activities along the pipeline showed no long-term alterations of the macrozoobenthic community. The studied macrozoobenthic 
assemblage presented ecological charateristics in line with that typical of a coastal-wide transept of the Northern Adriatic. 
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Introduction

The Institute for Environmental Protection and Research 
(ISPRA), acting under the vigilance and policy guidance of the 
Italian Ministry of Ecological Transition elaborated and carried out 
the monitoring plan on the marine environment of an area affected 
by the realization of the first Italian offshore terminal for storing 
and regasifying liquefied natural gas and its pipeline, ubicated in 
the Northern Adriatic Sea (Figure 1). The aim of the environmental 
monitoring plan was to study the possible effects and the impacts 
on the marine environment of the antropogenic activities, through 
the application of an integrated approach (chemical, physical, 
ecological and ecotoxicological ones), involving all the potentially 
impactful environmental matrices: water column, sediments and 
biota [1,2]. In particular, with regard to impacts attributable to 
the offshore pipeline, the subtraction and temporary modification 
of soft-bottom macrozoobenthic community in the bottom strip 
along the pipeline route was taken into account [3,4].

The connection’s pipeline to the national distribution network 
consists of an off-shore section, approximately 15km long (from 
the offshore LNG regasification terminal to the coast), and an 
on-shore section, approximately 25km long [5-7]. The pipeline  

 
crosses progressive depths from 29m offshore to few meters near 
the coast, meeting seabeds with different geo-morphological 
characteristics. The pipeline, with a diameter of 30” [8,9] in the 
construction phase was layed on the bottom with simultaneous 
excavation of the trench and covered by the means of a specially 
equipped ship. The installation work lasted just few months in 
the period 2008-2009 but the monitoring activities covered a 
much longer period, approximately ten years from 2005 to 2015, 
to study the area of intervention before possible impact factors, 
during and after construction to verify the restoration of the 
seabed.

Materials and Methods 

The monitoring strategy to investigate the benthic community 
structure was designed using a multi-step study approach to 
highlight any possible occurring variations. Sampling before the 
pipeline construction (ante-operam phase), sampling during 
the construction phase and the last after pipeline positioning 
(post-operam phase) were therefore performed. During the ante-
operam phase, two sampling campaigns were carried out to assess 
the eventual seasonal variability (Winter 2005 and Summer 
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2006). During the monitoring construction phase (2008-2009), 
considering the short duration (March-April 2008) of the works, 
only one survey campaign was carried out; during the post-operam 
phase converserly annual campaigns were carried out, totally 
five, from 2010 to 2015, in order to verify any environmental 
alteration [10]. Therefore, during the monitoring activities, a total 

of 8 sampling campaigns were carried out. The sampling points 
were arranged considering the variability of the surrounding 
environments for a total of 10 stations each campaing, following 
a transept from the coast towards the open sea, located along the 
pipeline path (Table 1, Figure 2) [11,12]. 

Figure 1: Location of the pipeline area.

Figure 2: Location of sampling stations along the pipeline path.

Two sediment samples per station were collected by a Van 
Veen grab (0.1m2, 25L). The samples were then processed through 
a sieve (1mm mesh-size) and the retained fraction was fixed in 
4% formaldehyde buffered with CaCO3, and finally stored in 
polyethylene containers. Next, in the laboratories, with the use of 
a microscope, all samples were grouped into principal taxonomic 
groups (Polychaeta, Mollusca, Crustacea and Echinodermata) and 

identified at the lowest possible taxonomic level (i.e., species). 

The abundance data (replicas were combined) were processed 
with univariate and multivariate statistical techniques. Total 
macrofauna abundance (N), total species richness (S), Shannon 
index (H’) and equitability (J’) were calculated to explore possible 
quantitative and qualitative changes in assemblage structure 
among stations.
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Multivariate data analyses were performed on square-root 
transformed abundance matrices. Similarity matrices were 
calculated using the Bray–Curtis similarity index [13], data were 
graphically represented using non-metric Multi-Dimensional 
Scaling (nMDS) ordinations and the Cluster analysis classification 
technique [14].

For each survey, decomposition of Bray–Curtis dissimilarity 
into relative contribution to dissimilarity from single species 
was calculated using SIMPER (similarity percentage) routines on 
untransformed abundance data matrices. Species were listed in 

decreasing order of their importance in the discriminating sets of 
samples [14].

Considering the importance of the relation between 
macrobenthos community and sediments to understand possible 
alterations, also grain size analyses were carried out. The analytical 
activity for determining the granulometric characteristics of 
sediments provided three phases: preparation and pretreatment; 
separation of the sandy fraction from the pelitic one; analysis of 
the fractions obtained [15,16].

Table 1: Name and location of sampling stations in relation to the distance from the coast.

Sampling Stations Distance from the Coast (m) Depth (m)

C003 400 2.8

C007 600 3.4

C010 660 4

C013 1000 5

C016 2650 12

C019 4290 18.2

C023 7500 26

C027 10800 28

C029 12500 28

C031 14800 28.5

Results 

In the whole sampling area, over the entire sampling period, 
values of abundance for the whole macrofauna ranged from a 
minimum of 18 to a maximum of 5900 ind. The highest value of 

abundance N was found during the construction phase (2008-
2009) in the station close to the coast (C003). During this phase 
the number of organisms was also up to three times higher than in 
other sampling periods (Figure 3).

Figure 3: Abundance N in the monitoring phases. 

Across the entire sampling period (2010-2015), 707 different 
taxa of macrofauna were recognized. Species richness S ranged 
between a minimum of 336 (during the post operam 2012 phase) 
and a maximum of 612 taxa in the post operam 2014 phase (Figure 
4).

Shannon diversity index H’ showed comparable values across 

almost all sampling periods, from about 2 to about 3. During the 
last survey in the post operam phase (July 2015) we detected 
slightly higher values than the other surveys (Figure 5). In most 
of the sampling occasions, Pielou’s evenness J’ had lower values 
during the first ante-operam survey and during the construction 
phase. Highest values were detected during the 2012 and 2015 
post-operam surveys (Figure 6).
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Figure 4: Species richness S in the monitoring phases.

Figure 5: Shannon diversity index H’ in the monitoring phases.

Figure 6: Pielou’s evenness J’ in the monitoring phases.

The global nMDS plot shows two dense clouds of station-
points, the first one on the left side of the plot (Cluster A), including 
samples closer to the coast, while on the right side stations sited 
far away from the coast (Cluster B). Cluster A is characterized 
by stations laying on coarer sediment (sandy sediment), while 
Cluster B is composed mainly by stations with finest sediment 

(silty sediment). 

It is not possible to appreciate a clear separation between 
the different campaigns. Samples belonging to the same survey 
appear more or less neighbors, to form singular campaign sub-
clusters. More in detail, it can be observed that Reference points 
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from same surveys are displaced relatively close together to each 
other, and likewise also points from the other surveys (costruction 
phase and in all the post operam surveys) all lie relatively close 

to each other (Figure 7). The macrobenthic community seems to 
be characterized by evident similarities in the different stages of 
monitoring considered.

Figure 7: nMDS plot of the monitoring data.

SIMPER analysis for factor Campaign was performed using 
the average Bray–Curtis dissimilarity. E.g., between Ante_feb06 
and Costruction_Aug09 surveys was 81.37, and this was made 
up mainly of 16.04% from Lentidium mediterraneum (O. G. Costa, 
1830), and 10.32% from Prionospio caspersi (Laubier, 1962), both 
with higher abundances in the coastal sites.

The dissimilarity increased up to 89.77, between Ante_feb06 
and Post_jul12 surveys, owing to the higher abundances of 
Prionospio caspersi (Laubier, 1962), Chamelea gallina (Linnaeus, 
1758), Lentidium mediterraneum (O. G. Costa, 1830), Corbula 
gibba (Olivi, 1792), Owenia fusiformis (Delle Chiaje, 1844), in 
the Ante_feb06 campaign, which together with Cyclope neritea 
(Linnaeus, 1758), Amphiura filiformis (O. F. Muller, 1776), Mysella 
bidentata (Montagu, 1803) and Nucula nitidosa (Winckworth, 
1930), accounted for 29.9% of the average dissimilarity between 
the two surveys.

Then, the dissimilarity arrived to 90.77 between Costruction_
Aug09 and Post_jul12 due to Lentidium mediterraneum (O. G. Costa, 
1830), Chamelea gallina (Linnaeus, 1758), Prionospio caspersi 
(Laubier, 1962), Corbula gibba (Olivi, 1792), Owenia fusiformis 
(Delle Chiaje, 1844), Prionospio cirrifera (Wirren, 1883), Cyclope 
neritea (Linnaeus, 1758), and Donax semistriatus (Poli, 1795). 

Discussion and Conclusion

The laying activities and the presence of a pipeline may 
interfere with the marine environmental quality, and it is 
necessary to elaborate and carry out an appropriate monitoring 

plan to assess the potential environmental impacts. 

The monitoring activities of the pipeline were carried out 
considering all the environmental matrices using an ecosystem 
approach as recommended by the latest most innovative European 
legislations in the field of environmental protection [17,18].

The data acquired during the monitoring activities in the 
different phases (ante operam, construction and post operam) 
along the pipeline, outline a macrozoobenthic assemblage with 
typical ecological characteristics of a coastal-wide transept of 
the Northern Adriatic, in relation with the variation of the grain 
size of the sediments. Sandy sediment infact characterized coastal 
stations, while stations far away from the coast were mainly 
composed by silty fractions.

The macrozoobenthic communities studied in the post 
operam phase showed to have recovered to the best after the 
laying activities. They showed similar ecological characteristics 
among different sampling periods. 

All structural parameters and the ecological composition of 
the macrozoobenthic assemblage indicated that the fifth year of 
the post operam phase values were comparable to those obtained 
during the ante operam phase, highlighting how the benthic 
assemblages of the marine-coastal area demonstrated high 
resilience capacity. They were able to counteract both natural 
stress and perturbations due to anthropic activities, surviving 
even in unfavorable conditions and almost completely recovering 
the initial ecological balance, considering also the short period for 
the pipeline installation.
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