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Abstract 
1  - Lagoons are ecotones between freshwater, marine and terrestrial biotopes, characterized by internal 

ecosystem heterogeneity, due to patchy spatial and temporal distribution of biotic and abiotic components, 
and inter-ecosystem heterogeneity, due to the various terrestrial-freshwater and freshwater-marine 
interfaces. 

2  - Here, we carried out an analysis of environmental heterogeneity and benthic macro -invertebrate guilds in a 
sample of 26 Italian lagoons based on literature produced over a 25 year period.. 

3  - In all, 944 taxonomic units, belonging to 13 phyla, 106 orders and 343 families, were recorded. Most 
species had a very restricted geographic distribution range. 75% of the macroinvertebrate taxa were 
observed in less than three of the twenty-six lagoons considered. 

4  - Similarity among macroinvertebrate guilds in lagoon ecosystems was remarkably low, ranging from 
10.5%±7.5% to 34.2%±14.4% depending on the level of taxonomic resolution. 

5  - Taxonomic heterogeneity was due to both differences in species richness and to differences in species 
composition: width of seaward outlet, lagoon surface area and water salinity were the most important 
factors affecting species richness, together accounting for up to 75% of observed inter-lagoon 
heterogeneity, while distance between lagoons was the most significant factor affecting similarity of species 
composition. 

6  - Both environmental filtering and passive diffusion were found to be influential processes in shaping 
macroinvertebrate guilds in lagoon ecosystems . 
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Introduction 
Community and guild structure are known to be 
shaped by processes occurring at very different 
spatial and temporal scales: from speciation 
events and biogeography, to small-scale biotic 
interactions, through diffusion processes and 
abiotic filtering (Zobel, 1997). 
At a regional scale, historical processes shaping 
the species pool can be assumed to be 
homogeneously distributed and the relative 
importance of diffusion processes and niche 
filtering, including both abiotic and competitive 
filters, can be assessed. Even at this scale, 

historical processes shaping the species pool 
can easily be identified in relation to human 
activities, which were particularly effective in 
shaping the landscape of the Mediterranean 
coasts. The local extinction of species and 
introduction of others as a consequence of 
human activities has shaped the regional species 
pool over the last 15,000 years, being spatially 
explicit in many cases. However, these are 
probably better classified as components of 
environmental filtering, rather than true 
‘historical processes’. 
Transitional water ecosystems represent an ideal 
study environment in which to evaluate the 
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significance of  various potential drivers of 
community and guild structure at the local, 
ecosystem, level. This is due to some features 
which, when combined together, make 
transitional waters very distinctive ecosystems 
in the coastal landscape. Here, we will focus on 
coastal lagoons, but most of the features 
outlined below can be generalized to other 
transitional water body types (Basset et al., 
2006; Elliott and  McLusky, 2006). Coastal 
lagoons are habitat islands, whose boundaries 
and surface area can be identified in relation to 
tides. They are known to be harsh ecosystems 
for both plants and animal guilds due to their 
strong gradients of salinity, temperature and 
dissolved oxygen in space and time. High water 
exchange rates and heterogeneity of deposition 
and erosion processes are additional limiting 
factors for many species. Because of these two 
features, niche filtering can be expected to be 
very significant in lagoon ecosystems, selecting 
very similar species according to a few well 
known traits, of which osmoregulation 
(Hauxwell, et al., 1998), resistance to hypoxia 
(Smale and Rabeni, 1995), temperature 
variability adaptation (Nair and Anger, 1972) 
are the most studied. As habitat islands, lagoons 
have very little endemism, if any; colonizers 
come directly from the surrounding freshwater 
and marine ecosystems, which are the source 
habitats of lagoons of most lagoon species, with 
the notable exception of many migratory birds. 
Since lagoons are surrounded by adequate 
habitats, rather than inhospitable habitats, 
dispersal and diffusion are expected to be 
relevant processes in coastal lagoons for many 
species and indeed entire guilds. Therefore, 
relative homogeneity of guild composition 
among lagoons could be an expected 
consequence of the strong filtering and 
dispersion influences. On the other hand, since 
physiographic and hydrological factors are 
known to differentiate lagoons into classes 
according to geomorphology (Kjerfve, 1994), 
salinity (Battaglia, 1959) and degree of 
confinement (Guelorget and Perthuisot, 1983; 
Guelorget et al., 1983), strong niche filtering 
could also be expected to result in some degree 
of heterogeneity of species composition among 

lagoon types. However, the relative roles of 
niche filtering and dispersion processes in guild 
and community assembly in lagoon ecosystems 
are still poorly investigated. 
In the Mediterranean region, lagoon species and 
ecosystems have traditionally received much 
attention, mainly following either a species-
centred approach, focusing on adaptations 
(Cognetti and Maltagliati, 2000), or a 
perturbation-centred approach, focusing on 
responses and indicators (Reizopoulou and 
Nicolaidou, 2004; Mouillot, et al ., 2006). On 
the other hand, only a few guild- and 
community-level studies have considered 
groups of ecosystems, searching for patterns of 
fish (Perez-Ruzafa, 2005) and 
macroinvertebrate (Reizopoulou and 
Nicolaidou, 2004; Sabetta et al., 2007) guilds 
linked to environmental factors.    
Here, we performed a comparative analysis of 
macroinvertebrate guild structure in Italian 
lagoons in order to make a quantitative 
assessment of macroinvertebrate guild 
heterogeneity among lagoons. Therefore, the 
paper assesses the contrasting hypotheses of the 
relative homogeneity vs. heterogeneity of 
lagoon guilds/communities, arising from the 
role of niche filtering and passive diffusion 
processes in structuring lagoon communities. 
Differences in the taxonomic structures of 
benthic macroinvertebrate guilds may be due to 
different species richness, different taxonomic 
composition or different species-abundance 
distributions. The first two components, which 
tend to be more conservative than the third, 
were directly addressed in this study. 
 

Material and methods 
Data sources 

This paper is based on data-mining activity of 
the taxonomic composition of benthic 
macroinvertebrate guilds in Italian lagoons. The 
data used in the present study were gleaned 
from published sources, including international 
journals retrieved from electronic databases 
(ASFA, WebSpirs, Biological Abstracts, 
Current Contents and Zoological Records), 
Italian journals covering the fields of ecology 
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and zoology (Accademia Peloritana, Il 
naturalista siciliano, Oebalia, Rendiconti del 
Seminario della Facotà di Scienze 
dell’Università di Cagliari, Thalassia Salen tina) 
and proceedings of Italian scientific societies 
covering the field of aquatic ecology and 
zoology (Associazione Italiana di Oceanografia 
e Limnologia, Società Italiana di Biologia 
Marina, Società Italiana di Ecologia, Società 
Sarda di Scienze Naturali). The search was 
restricted to papers published in the last 25 
years. 
The electronic search was performed through a 
three-way factorial combination of the 
following groups of keywords: a) Italy, Italian; 
b) lagoon, coastal lake, coastal pond, saltmarsh, 
saltern, brackish; c) benthos, macrobenthos, 
macroinvertebrate, benthic invertebrates, 
benthic fauna. Three unpublished reports to 
which one of the authors directly contributed 
were also taken into consideration. 
 
The dataset 

In total the search produced 205 papers 
containing taxonomic lists of benthic macro-
invertebrates in Italian lagoons; most papers 
focused on a single lagoon but comparative 
studies of different lagoons were also collected 
in this way.  The 205 papers were screened 
according to three main criteria: a) taxonomic 
resolution (most taxa classified down to the 
genus or species level); b) taxonomic 
completeness (the taxonomic list of a lagoon, 
resulting from one or more papers, cannot be 
limited to a few selected phyla); c) sampling 
design (samplings carried out at a seasonal or 
higher resolution). According to these criteria, 
169 papers were selected for the analysis, 
referring to 26 lagoon ecosystems. A list of the 
considered ecosystems, with their key structural 
abiotic features, is presented in Table 1. In the 
dataset obtained by applying these criteria, the 
number of articles referring to each of the 26 
transitional aquatic ecosystems ranges from 1 
(Massaciuccoli coastal lake, Torre Guaceto 
brackish wetland, Marsala saltern and Piallassa 
Baiona lagoon) to 22 (Venice lagoon). 
For each lagoon, fifteen physiographic and 
hydrological parameters were collected from the 

published papers as well as from published 
satellite images and the “Tide tables of Italy” 
(Istituto Idrografico della Marina, Genova 
1999). The parameters are surface area, 
perimeter and sinuosity of the water body, 
maximum axis and minimum axis, length and 
width (and length/width ratio) of its seaward 
outlet(s), mean depth, maximum and minimum 
tide, tidal range, maximum and minimum 
salinity and salinity range. 
 
Study sites  

The 26 Italian coastal lagoons for which 
published species lists of benthic 
macroinvertebrate taxa were collected are 
distributed among 15 provinces belonging to 7 
regions (Fig. 1), with 6 coastal lagoons in the 
region of Lazio, 5 in the region of Puglia, 4 in 
the regions of Sicilia and Emilia Romagna, 3 in 
the regions of Veneto and Toscana and 1 in the 
region of Friuli Venezia Giulia. In total, the 26 
selected lagoons cover a coastal area of 1133.43 
km2, which represents 69.6% of the overall 
surface of Italian transitional waters. 
 
Data analysis  

The data were organized into two matrices: a 
presence/absence matrix with benthic 
macroinvertebrate data organized into 26 
columns (representing the selected lagoons) and 
944 rows (the macroinvertebrate taxa); and a 
rectangular matrix with 26 rows (representing 
the selected lagoons) and 17 columns, two of 
which describing the benthic macroinvertebrate 
guilds (taxonomic richness and standard body 
length of the largest species), nine describing 
the physiographic characteristics of the water 
bodies (surface area, perimeter, sinuosity, 
length of min. axis, length of max. axis, 
seaward outlet length, outlet width, outlet 
length/width ratio, average water depth), and 
three describing the tidal regime (i.e., minimum 
and maximum tides and tidal range) and the 
salinity regime (i.e., minimum, maximum and 
range of salinity). 
The taxonomic composition similarity between 
lagoon pairs was measured using the Jaccard 
similarity index, as follows: 
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SJ = a/(a+b+c) x 100 
where 
SJ = Jaccard similarity coefficient,  
a = number of taxa shared by two lagoons,  
b = number of taxa unique to the first lagoon, 
and  
c = number of taxa unique to the second lagoon. 
The species area-relationships in the selected 
sample of Italian lagoons were analysed 
utilising the well-known Arrenhius power 
function (Arrenhius, 1921) as a descriptive 
model for species accumulation patterns: 

S = cAZ , or log S = log C + z log A, 
where A is the surface area of the lagoon, S is 
taxonomic richness expressed as total number of 
species found, and c and z are regression 
coefficients. Specifically, z indicates the rate of 
species number increasing with area and c is a 
fitting coefficient, or estimated number of 
species per “unit” area. 
Multiple regression was used to evaluate the 
relative influence and the cumulative 
importance of surface area and other abiotic 
structural factors to macro-invertebrate 
taxonomic richness in the studied Italian 
lagoons 
 

Results  
Abiotic niche dimensions and species list 

The sample of lagoons considered in this study 
covers most of the range of variation in Italy. 
The lagoon list (Table 1a) geographically 
includes ecosystems from both northern and 
southern regions, with the exception of 
Sardinia; in terms of  surface area, tidal range, 
connection with the sea (outlet length and 
width) and water salinity, the two largest lagoon 
complexes, and some of the smallest lagoons, 
micro-tidal and non-tidal ecosystems, as well as 
oligohaline and polyhaline ecosystems were 
included. On the basis of the abiotic structural 
parameters considered, the 26 lagoons are 
clustered into 3 groups (Figure 1). 
Lagoon surface, width and length of outlets and 
tidal range were the structural abiotic 
parameters which statistically differentiated the 
three groups (Table 1b; ordinary t-statistics, 
P<0.05); specifically, group B, including most 

of the Northern Adriatic lagoons and two 
enclosed sea gulfs, was characterised by the 
widest outlets, largest surface areas and the 
greatest tidal ranges.  
Overall, 944 taxa were reported to colonise the 
whole sample of lagoons,  including 343 
families, 106 orders, 31 classes and 13 phyla. 
Mollusca, Annelida and Arthropoda were the 
three most common phyla. A complete 
taxonomic list is reported as Annex 1. 
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Figure 1 MDS of structural abiotic similarity among 
lagoon ecosystems. The spatial distribution of clusters 
of lagoon ecosystems at a significance level a=0.05 is 
reported. Lagoons are reported with their ID number 
listed in Table 1  

Among the Mollusca, the most common taxa in 
the Italian lagoons are Cerastoderma glaucum 
(Poiret, 1789), Abra segmentum (Récluz, 1843) 
and Mytilus galloprovincialis (Lamarck, 1819) 
in the Class of Bivalvia, and Cyclope neritea 
(Linné, 1758), Bittium reticulatum (da Costa, 
1778) and Hydrobia stagnalis (Baster, 1765) in 
the Class of Gastropoda. Among the Annelida, 
Polydora ciliate (Johnston, 1838), Capitella 
capitata (Fabricius, 1780), Ficopomatus 
enigmaticus (Fauvel, 1923), Nereis diversicolor 
(O.F. Müller, 1776), Perinereis cultrifera 
(Grube, 1840) and Malacoceros fuliginosus 
(Claparède, 1868) are the most commonly 
reported taxa. Finally, among the Arthropoda, 
the most widespread species are Gammarus 
aequicauda (Martyinov, 1931), Corophium 
insidiosum (Crawford, 1937), Carcinus 
aestuarii (Nardo, 1847), Microdeutopus 
gryllotalpa (Costa, 1853) , Gammarus 
insensibilis (Stock, 1966) and Melita palmata 
(Montagu, 1804). 
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Table 1 – Main structural abiotic features of the 26 lagoons considered for the study (a) and of the 3 groups shown by the 
MDS (b). The P values of pairwise comparisons of parameter averages between groups are reported for every abiotic feature 
(Student’s t-test) 

  (a) 

ID Name A B C D E F G H I
1 Grado Marano 160 2 2 485,0 2732,6 0,596 17,05 27,5 15,85
2 Venezia 549 2 1,5 1635,0 8992,5 0,576 26,3 19,4 22,5
3 Sacca Canarin 8,9 1,5 1 365,0 871,6 0,411 14,5 29 14,9
4 Scardovari 38 1,3 1,5 318,0 1011,9 0,411 18,65 29,3 14
5 Nazioni 1 2,1 2 2655,2 8,3 0,411 25 12 16,65
6 Goro 32 1,6 1,5 483,0 1705,1 0,411 21,75 26,3 16,2
7 Comacchio 115 1,2 0,8 441,1 286,7 0,411 23,1 26,2 16
8 Pialassa Baiona 11,8 1,4 0,8 1984,5 132,3 0,411 23 26 16,5
9 Massaciuccoli 7 1,6 3 4276,0 117,2 0,204 8,7 14,6 17,5
10 Orbetello 25,5 2,3 1 1838,0 92,9 0,234 34,35 15,5 17,3
11 Lesina 51 2 0,8 985,0 34,0 0,156 22,5 23 16,5
12 Varano 64 1,2 4 450,1 30,0 0,156 24,86 26,2 19,15
13 Fogliano 4 1,8 0,9 356,0 57,0 0,261 33 30 20
14 Monaci 0,95 1 0,8 818,4 27,3 0,261 27,5 21 19
15 Caprolace 2,3 1 1 974,0 23,6 0,261 41,5 17 20
16 Sabaudia 3,7 3,9 4 980,0 15,2 0,261 22,25 21,5 16,2
17 Fondi 3,9 3,9 9 2349,5 76,9 0,261 20 14 19
18 Lungo 0,47 1,3 4 213,6 17,1 0,261 20 26 20,5
19 Fusaro 1 1,2 3 630,3 39,4 0,246 37,15 8,7 18,65
20 Torre Guaceto 1,2 1,6 0,4 10,0 0,4 0,195 19 28 16
21 Acquatina 0,45 2,94 1 66,8 267,1 0,195 25 30 18
22 Alimini 1,37 2,29 1,5 146,7 19,6 0,195 29 22 19
23 Oliveri-Tindari 0,19 2,7 3 0,0 0,0 0,124 25,5 21 21,15
24 Saline di Marsala 0,89 1,4 0,6 0,0 0,0 0,156 55 30 21
25 Stagnone Marsala 24 1,8 1 314,0 1794,6 0,156 39,3 12,4 19,77
26 Rada di Augusta 23,5 1,4 14,9 235,0 1512,7 0,187 38,15 0,1 24,77

Lagoon Abiotic factors

 
A=  surface area (km2); B=  sinuosity; C=  mean depth (m); D=  length of seaward outlet (m); E=  width of seaward outlet (m); 
F=  tidal range (m); G=  mean salinity (PSU); H= range of salinity (PSU); I=  mean water temperature (°C)  

 

(b) 

A B C D E F G H I
X 18,34 1,95 2,35 1197,82 77,78 0,26 26,06 20,86 18,12
Y 119,34 1,66 3,34 547,86 2660,14 0,39 25,10 20,57 18,28
Z 0,76 1,90 1,33 3,33 0,13 0,16 33,17 26,33 19,38

Parameter average
Group name

 
 

A B C D E F G H I
X,Y 0,005 0,573 0,766 0,280 0,000 0,025 0,750 0,363 0,899
X,Z 0,126 0,964 0,336 0,000 0,000 0,044 0,440 0,215 0,307
Y,Z 0,003 0,487 0,414 0,000 0,000 0,047 0,446 0,461 0,632

P values

 

 

Heterogeneity of macroinvertebrate guilds in 

lagoon ecosystems  

Most of the macroinvertebrate taxa which were 
found to colonise the sample of 26 Italian 
lagoons were actually reported for a very 
restricted number of lagoons. 60.6% of taxa 
were reported for a single lagoon, and only 
5.9% of taxa (i.e., 56 taxa) were recorded for at 
least 8 lagoons (see Annex 1). These most 
widespread taxa included 20 species of 
Annelida, 18 species of Arthropoda and 15 
species of Mollusca. In the data-base u tilised for 

the study, the number of taxa recorded in a 
fixed number of lagoons was inversely related 
to the number of lagoons (Figure 2). 
Species richness varied by more than one order 
of magnitude between lagoons. Venice lagoon 
and the Stagnone di Marsala had the highest 
taxonomic richness at every level of taxonomic 
resolution considered in the study (S=285 and 
S=220 at the lowest level of taxonomic 
resolution, respectively). On the other hand, 
Lago Nazioni and Torre Guaceto had the lowest 
species richness at every level of taxonomic 



TWB 1 (2006) Basset et al  

 

© 2006 University of Lecce - SIBA  http://siba2.unile.it/ese  53 

resolution considered in the study (S= 21 and 
S=22 at the lowest level of taxonomic 
resolution, respectively).  

y = 731.25x-2.13

r=0.97; d.f.=18; P<0.01
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Figure 2 – Width of the distribution of benthic 
macroinvertebrates within the considered sample of 
Italian lagoons, as expressed by the number of lagoons 
colonised by the 944 taxa.   

 
Average similarity in the taxonomic 
composition of benthic macroinvertebrate guilds 
was low between lagoons at every level of 
taxonomic resolution considered, being 
0.105±0.008 at the taxon level,  0.217±0.013 at 
the family level and 0.346±0.016 at the order 
level. Average similarity between lagoon pairs 
ranged from 0 to 0.345 at the taxon level, being 
highest for the spatially neighbouring Fogliano 
and Monaci lagoons; it ranged from 0 to 0.55 at 
the family level, being highest for the spatially 
neighbouring Goro and Sacca del Canarin 
lagoons, and from 0 to 0.69 at the order level, 
being highest again for the Goro and Sacca del 
Canarin lagoons. Taxonomic similarity linearly 
increased when species composition was 
progressively restricted to species/taxa with 
increasingly wider distribution (i.e., removing 
progressively the species/taxa occurring in an 
increasingly higher number of lagoons, from 1 
to eighteen) (Figure 3a). However, even when 
almost 95% of species were removed, 
considering only those species occurring in at 
least 8 lagoon ecosystems, average similarity in 
the taxonomic composition of benthic macro-
invertebrates among lagoons was still lower 
than 30% (Figure 3a; J=0.26±0.014). The 
removal of the rarest species had the most 
significant effect on taxonomic similarity 
among lagoons (Figure 3b); however, highly 

significant effects were also observed at the 
thresholds of species occurring in at least 10, 12 
and 15 lagoons (black dots in Figure 3b). 
 
Determinants of macro -invertebrate guild 

heterogeneity 

A significant component of the variability of 
both species richness and taxonomic similarity 
among lagoons was found to be related to some 
key physiographic, hydrological and physical-
chemical factors. 
Outlet width and surface area of coastal lagoons 
were the only two structural factors considered 
in the study to which species richness was 
directly related. The species-area relationship 
had a slope of 0.18 and  explained more than 
25% of variability in species richness among the 
considered lagoons (Figure 4). At the 
multivariate level, the integration of either 
outlet width or surface area with average water 
salinity explained respectively 70% and 48% of 
species richness variability among lagoons. 
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Figure 3 – (a) Relationship between taxonomic 
similarity and number of taxa. Error bars represent  ± 
SD of mean. (b) Relationship between significance of 
taxonomic similarity variation and number of taxa 
removed. 

Distance between lagoons and average water salinity 

were the two factors with which taxonomic 

dissimilarity of macroinvertebrate species 
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composition at every level of taxonomic resolution 

and at every threshold of species spatial niche (as 

quantified by the number of lagoons colonised)  

showed the strongest and most consistent 

relationships (Figure 5). At the multivariate level, 

four factors (distance between lagoons, surface area, 

water salinity and water depth) were the most 

important factors affecting dissimilarity between 

taxono mic composition of benthic 

macroinvertebrates at every level or condition 

considered (Table 2). When a threshold is imposed 

on the spatial niche of a species, hydrodynamic 

factors, such as outlet length and width and tidal 

range also had statistical relevance (Table 2). The 

variance explained by the significant factors listed in 

Table 2 range from  21 %, when order level was 

considered, to 44 %, when taxa occurring in at least 

15 lagoons were considered. 

 

Table 2 Multiple regression analysis of the relationship between structural abiotic characteristics of the considered lagoons 
and taxonomic composition of benthic macro-invertebrate guilds. Dissimilarity between lagoons in the two sets of data were 
compared for the different levels of taxonomic resolution and for the taxa occurring in a number of lagoons larger than some 
threshold level (taxa=all taxa considered; T12=only taxa occurring in at least 12 lagoons; T15= only taxa occurring in at 
least 15 lagoons).  Beta values and significance levels are also shown (Stepwise multiple regression; ***= P<0.001; **= 
P<0.01). 

1 2 3 4 5 6 7
taxa 0,44 *** 0,22 *** -0,2 *** 0,11 **
family 0,32 *** 0,18 *** -0,25 *** 0,17 ***
order 0,23 *** 0,17 ** -0,19 *** 0,15 **
T12 0,44 *** -0,29 *** 0,17 ** -0,25 ***
T15 0,59 *** 0,1 ** -0,23 *** 0,11 ** -0,32 *** 0,14 ** -0,25 ***

 

1= Distance (km); 2=Mean Salinity (PSU); 3=Surface (Km2); 4=Mean Depth (m); 5=Length out. (m); 6=Width out. (m); 

7=Tidal range (m)  

Discussion 
A central aim of community ecology has been, 
and remains, to decode patterns of species 
abundance into mechanisms of guild and 
community assembly. Here, using lagoons as 
model ecosystems, we have searched for 
patterns of species abundance and species 
association in a sample of Italian lagoons, 
looking for the influence of niche filtering as a 
mechanism underpinning community 
organization. The 26 considered lagoons were 
likely to be a representative sample of Italian 
lagoons, accounting for 14.8% of lagoon 
numbers and 69.6% of lagoon surface area in 
Italy (Basset and Sabetta, 2005).  
The results of this study completely rejected any 
hypothesis of relative homogeneity of the 
taxonomic composition of macroinvertebrate 
guilds in lagoon ecosystems, either due to 
strong and directional niche filtering and/or to 
passive diffusion of colonising species. 

Taxonomic composition of macroinvertebrate 
guilds was extremely heterogeneous among 
lagoons at every level of taxonomic resolution 
and selection considered.  
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Figure 4 Species- area relationships in lagoon 

ecosystems. 

This was highlighted at the species level, since 
almost 95% of the 944 species detected overall 
were recorded in less than 8 lagoons, and at the 
guild level, as shown by the low similarity 
between lagoons. Even neighbouring lagoons of 
similar surface area, which would be expected 
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to share a common potential species pool, such 
as Lesina and Varano in the Puglia region or 
Caprolace and Monaci in the Lazio region, had 
very different taxonomic composition of 
macroinvertebrate guilds (Jaccard similarity 
index; J = 0.174 and J = 0.154, respectively). 
In principle, the diversity of macro-invertebrate 
guilds could result from stochastic, ecological 
and evolutionary processes on the local (e.g., 

community level) and regional (e.g., meta-
community level) scale (Hubbell, 2001), or 
from dispersal and recruitment limitations on 
macro-invertebrate taxa (Hurtt & Pacala, 1995), 
or from the structural heterogeneity of the 
transitional waters (Basset & Abbiati, 2004) and 
the consequent selection of macroinvertebrate 
taxa according to their functional traits and 
niche requirements (MacArthur, 1970).  
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Figure 5  Relationships between taxonomic dissimilarity and distance dissimilarity / salinity dissimilarity for taxa occurring 
in a number of lagoons considered ( a, b) and at each of the different levels of taxonomic resolution (c, d, e). 

a) 

b) 

c) 

d) 

e) 
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The results of this study showed that in 
Mediterranean lagoons, niche filtering of 
species traits along the main axes of structural 
heterogeneity of lagoon ecosystems has an 
important role in the assembly of 
macroinvertebrate guilds. However, the 
heterogeneity of macro-invertebrate guilds 
among the Italian lagoons is much larger than 
that explained by niche filtering. Therefore, the 
observed results suggest that other processes, 
either stochastic, such as diffusion and 
colonisation, or deterministic, such as 
competitive selection, or an integration of 
stochastic and deterministic processes in a 
competitive lottery must have an important 
effect on niche filtering in the assembly of 
benthic macro-invertebrate guilds. 
The deterministic influence of some niche 
dimensions of lagoon ecosystems, such as 
surface area, water salinity, outlet width and 
length and water depth, on taxonomic 
abundance and taxa distribution among lagoons 
of benthic macro-invertebrates supports the role 
of niche filtering. Within and among habitats, 
structural heterogeneity is a common feature of 
lagoons and coastal lakes, which are ecotones 
between terrestrial, freshwater and marine 
ecosystems (e.g., Basset and Abbiati, 2004), 
whose relative influence varies over time and 
determines characteristic scales of temporal 
variability inside transitional aquatic 
ecosystems (Comin et al., 2004).  The 
observation of significant co -variations of 
taxonomic richness and taxonomic composition 
of benthic macro-invertebrates along gradients 
of surface area, water salinity, outlet width and 
length and water depth, agree with various 
classifications already proposed to account for 
the heterogeneity of transitional Mediterranean 
waters, based on geomorphology (Kjerfve, 
1994), salinity (Battaglia, 1959), degree of 
confinement (Guelorget and Perthuisot, 1983; 
Guelorget et al., 1983) and physiographic 
characteristics, such as surface area and outlet 
length (Basset et al., 2006). Physiographic 
characteristics have recently been proposed as 
major factors determining lagoon type across a 
very large geographical range from the 
Mediterranean (Basset et al., 2005) to French 

Polynesia (Andrefouet et al., 2001). 
Consequently, surface area, water salinity, and 
outlet width and length, which are likely to be 
descriptors of water exchange and confinement 
of the lagoon ecosystems, can actually be 
considered the key limiting, dimensions 
defining the environmental niche space for 
benthic macroinvertebrates in lagoon 
ecosystems. Physiographic and hydrological 
differences among lagoons set different 
environmental niche conditions, within which 
there is ground for niche partitioning among 
species. Niche differences among species with 
respect to the physical environment could 
potentially account for the heterogeneity 
observed in the taxonomic composition of 
macro-invertebrate guilds in the 26 Italian 
lagoons considered, particularly as regards 
species richness. It is supported by the 
observation of significant species/area 
relationships, which have already been 
demonstrated for lagoon ecosystems (Sabetta et 
al., 2007). Species/area relationships in lagoon 
ecosystems are held to be consistent with a 
deterministic integration of the capacity rule 
(sensu  Brown, 1981) set by energy availability, 
according to the More Individual Hypothesis 
(MIH, Wright, 1983), and the allocation rule 
arising from species interactions and niche 
partitioning (Sabetta et al., 2007).  
On the other hand, while up to 75% of 
taxonomic richness variability among Italian 
lagoons was explained by outlet width, surface 
area and average salinity of Italian lagoons, 
only 44% of the heterogeneity in taxonomic 
composition was explained. Moreover, distance 
between lagoons was the most important source 
of variation of taxonomic composition, even 
though the above-mentioned structural niche 
dimensions were also significant sources of 
variation.  Observations of exponential decline 
in taxonomic similarity with increasing 
geographic distance are common for many 
different guilds, including fossil plant 
communities (Enquist et al., 2002), different 
terrestrial guilds of the Canary Islands 
(Fernandes-Palacios and Andersson, 1993) and 
aquatic parasites (Poulin, 2003); in all cases, 
dispersal was considered a main factor 
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determining the observed patterns of taxonomic 
similarity decline with increasing geographic 
distance. Therefore, dispersal is likely to be 
influential in the assembly of macroinvertebrate 
guilds in the studied Italian lagoons. However, 
the patterns of taxonomic composition 
similarity among lagoons do not appear to be 
accounted for completely by potential 
limitations on the dispersal and recruitment of 
macro-invertebrate taxa. Indeed, even though 
neighbouring lagoons, which would be expected 
to share common hydrology and recruitment 
from marine and freshwater environments, tend 
to have more similar taxonomic composition 
than lagoons which are geographically distant, 
this similarity is in any case very low, even 
when comparing neighbouring lagoons of 
similar surface area, such as Lesina and Varano 
or Caprolace and Monaci. Dispersal and 
recruitment limitation could explain the meta-
community level heterogeneity and could have a 
role in the geographical clustering of Italian 
lagoons (Sabetta et al., 2004), but they do not 
seem to account for the variations observed at a 
smaller spatial geographical scale. Therefore, 
the observed heterogeneity of macroinvertebrate 
guilds supports the view that some 
complementarities among dispersal and 
recruitment, differences in the freshwater and 
marine fluxes of both abiotic components 
among lagoons, and directional or neutral (He, 
2005) species interactions have determined over 
time such a large gradient of environmental 
conditions that each lagoon has its own specific 
features, implying an individualistic approach to 
lagoon ecology.  
In conclusion, the observed results exclude any 
hypothesis of large scale homogeneity of 
macro-invertebrate guilds of Mediterranean 
lagoons, due to expected strong filtering 
selection and dispersal. Moreover, both niche 
filtering and dispersal and recruitment were 
found to have an important role in the assembly 
of macro-invertebrate guilds, even though the 
presence of some unexplained variations 
suggest species interaction at the local level. 
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Annex 1 

 

 
 
 

Phylum Taxon N. sites
Mollusca Cerastoderma glaucum 21 Arthropoda Erichtonius brasiliensis 6 Tunicata Molgula sp. 3
Anellida Polydora ciliata 19 Anellida Glycera convoluta 6 Bryozoa Nolella stipata 3
Mollusca Abra segmentum 18 Anellida Prionospio multibranchiata 6 Echinodermata Ophiothrix fragilis 3
Arthropoda Gammarus aequicauda 18 Anellida Mysta picta 5 Arthropoda Pachygrapsus marmoratus 3
Arthropoda Corophium insidiosum 18 Mollusca Corbula gibba 5 Arthropoda Perioculodes aequimanus 3
Anellida Capitella capitata 17 Anellida Notomastus latericeus 5 Mollusca Physella acuta 3
Arthropoda Carcinus estuarii 16 Mollusca Gibbula adriatica 5 Mollusca Retusa mammillata 3
Anellida Ficopomatus enigmaticus 15 Tunicata Botryllus schlosseri 5 Anellida Serpula vermicularis 3
Mollusca Cyclope neritea 15 Arthropoda Crangon crangon 5 Mollusca Striarca lactea 3
Arthropoda Microdeutopus gryllotalpa 14 Mollusca Crassostrea gigas 5 Anellida Syllis variegata 3
Anellida Nereis diversicolor 14 Mollusca Gibbula adansonii 5 Mollusca Tellina sp. 3
Arthropoda Gammarus insensibilis 14 Arthropoda Idotea chelipes 5 Arthropoda Chironomus plumosus 3
Arthropoda Melita palmata 14 Anellida Lumbrineris latreilli 5 Arthropoda Corophium sp. 3
Mollusca Mytilus galloprovincialis 13 Cnidaria Obelia bidentata 5 Arthropoda Elasmopus procellimanus 3
Arthropoda Balanus amphitrite 12 Anellida Pileolaria pseudomilitaris 5 Bryozoa Electra monostachys 3
Mollusca Loripes lacteus 12 Bryozoa Schizoporella errata 5 Arthropoda Erichtonius difformis 3
Mollusca Nassarius reticulatus 12 Bryozoa Cryptosula pallasiana 5 Anellida Eteone picta 3
Arthropoda Balanus eburneus 12 Arthropoda Diogenes pugilator 5 Mollusca Gibbula varia 3
Anellida Perinereis cultrifera 12 Anellida Owenia fusiformis 5 Anellida Hydroides pseudouncinata 3
Anellida Malacoceros fuliginosus 12 Mollusca Paphia aurea 5 Arthropoda Jassa marmorata 3
Anellida Neanthes caudata 11 Mollusca Mytilaster marioni 5 Anellida Lanice conchilega 3
Mollusca Bittium reticulatum 11 Arthropoda Leptocheirus pilosus 5 Anellida Lumbrineris impatiens 3
Arthropoda Lekanesphaera hookeri 11 Bryozoa Zoobotryon verticillatum 5 Arthropoda Paracerceis sculpta 3
Anellida Neanthes succinea 11 Anellida Pectinaria Koreni 4 Anellida Paradoneis lyra 3
Anellida Platynereis dumerelii 11 Mollusca Cerastoderma edule 4 Anellida Prionospio caspersi 3
Anellida Cirriformia tentaculata 11 Mollusca Anadara inaequivalvis 4 Arthropoda Pseudoprotella phasma 3
Mollusca Tapes decussatus 11 Cnidaria Cordylophora caspia 4 Mollusca Rissoa sp. 3
Anellida Nereiphylla rubiginosa 10 Arthropoda Leptochelia savignyi 4 Bryozoa Schizoporella unicornis 3
Arthropoda Brachynotus sexdentatus 10 Mollusca Musculista senhousia 4 Anellida Serpula concharum 3
Bryozoa Conopeum seurati 10 Mollusca Venerupis corrugata 4 Anellida Syllis hyalina 3
Anellida Spio decoratus 10 Mollusca Cerithium rupestre 4 Anellida Vermiliopsis striaticeps 3
Anellida Syllis gracilis 10 Mollusca Nassarius mutabilis 4 Cnidaria Obelia geniculata 3
Mollusca Mytilaster minimus 10 Mollusca Abra alba 4 Arthropoda Gammarella fucicola 2
Arthropoda Sphaeroma serratum 9 Arthropoda Amphitoe ramondi 4 Mollusca Nassarius cuvierii 2
Anellida Heteromastus filiformis 9 Arthropoda Diamysis bahirensis 4 Anellida Scolelepsis cirratus 2
Arthropoda Balanus improvisus 9 Mollusca Lentidium mediterraneum 4 Mollusca Macoma tenuis 2
Arthropoda Idotea balthica 9 Arthropoda Orchestia mediterranea 4 Arthropoda Colomastix pusilla 2
Arthropoda Chironomus salinarius 9 Endoprocta Barentsia benedeni 4 Porifera Halichondria bowerbanki 2
Arthropoda Dexamine spinosa 9 Mollusca Bulla striata 4 Anellida Pholoe minuta 2
Arthropoda Palaemon adspersus 9 Anellida Eunice vittata 4 Anellida Podarkeopsis capensis 2
Cnidaria Ventromma halecioides 9 Mollusca Spisula subtruncata 4 Arthropoda Upogebia tipica 2
Mollusca Venerupis aurea 9 Bryozoa Buskia socialis 4 Mollusca Ovatella myosotis 2
Mollusca Hydrobia stagnalis 8 Tunicata Ciona intestinalis 4 Cnidaria Bougainvillia muscus 2
Mollusca Cerithium vulgatum 8 Arthropoda Erichtonius punctatus 4 Arthropoda Hyale crassipes 2
Mollusca Nassarius corniculus 8 Mollusca Gibbula albida 4 Mollusca Lucinella divaricata 2
Arthropoda Corophium acherusicum 8 Arthropoda Jaera hopeana 4 Anellida Paleanotus debilis 2
Arthropoda Cyathura carinata 8 Anellida Janua pseudocorrugata 4 Bryozoa Bugula fulva 2
Anellida Hydroides dianthus 8 Mollusca Mytilaster lineatus 4 Porifera Hymeniacidon sanguinea 2
Anellida Naineris laevigata 8 Anellida Nereis sp. 4 Mollusca Irus irus 2
Anellida Nephtys hombergii 8 Anellida Phyllodoce (Anaitides) mucosa 4 Anellida Phyllodoce sp. 2
Anellida Pseudopolydora antennata 8 Arthropoda Pilumnus hirtellus 4 Anellida Polyophthamus pictus 2
Mollusca Haminoea navicula 8 Anellida Aonides oxycephala 4 Arthropoda Apseudes latreillei 2
Mollusca Hydrobia sp. 8 Endoprocta Barentsia gracilis 4 Bryozoa Bulbella abscondita 2
Cnidaria Obelia dichotoma 8 Arthropoda Elasmopus rapax 4 Cnidaria Cereus pedunculatus 2
Anellida Hydroides elegans 8 Arthropoda Melita hergensis 4 Arthropoda Eriphia verrucosa 2
Anellida Podarke pallida 8 Anellida Prionospio malmgreni 4 Arthropoda Hyale perieri 2
Arthropoda Corophium orientale 7 Mollusca Scrobicularia plana 4 Anellida Melinna palmata 2
Mollusca Haminoea hydatis 7 Tunicata Styela plicata 4 Mollusca Smaragdia viridis 2
Arthropoda Gammarus sp. 7 Anellida Harmothoe sp. 4 Bryozoa Tricellaria inopinata 2
Cnidaria Paranemonia cinerea 7 Mollusca Spurilla neapolitana 3 Anellida Syllis krohni 2
Anellida Streblospio shrubsolii 7 Anellida Syllis vittata 3 Mollusca Anomia ephippium 2
Anellida Armandia cirrhosa 7 Anellida Syllis prolifera 3 Mollusca Bursatella leachii 2
Mollusca Chamelea gallina 7 Mollusca Crassostrea sp. 3 Arthropoda Euraphia depressa 2
Anellida Pomatoceros lamarcki 7 Anellida Polycirrus sp. 3 Arthropoda Echinogammarus olivii 2
Bryozoa Bowerbankia gracilis 7 Arthropoda Caprella acanthifera 3 Mollusca Glans trapezia 2
Cnidaria Laomedea angulata 7 Mollusca Conus mediterraneus 3 Mollusca Lepidochitona cinerea 2
Arthropoda Palaemon elegans 7 Arthropoda Echinogammarus planicrurus 3 Anellida Notomastus sp. 2
Arthropoda Caprella equilibra 7 Anellida Pomatoceros triqueter 3 Arthropoda Penaeus kerathurus 2
Arthropoda Tanais dulongii 7 Arthropoda Pseudoleptochelia anomala 3 Mollusca Rapana venosa 2
Anellida Spio filicornis 7 Anellida Aphelochaeta marioni 3 Arthropoda Stenothoe monoculoides 2
Mollusca Ostrea edulis 6 Mollusca Gibbula ardens 3 Mollusca Tricolia pullus 2
Mollusca Tapes philippinarum 6 Mollusca Nucula nucleus 3 Cnidaria Aiptasia diaphana 2
Echinodermata Amphipholis squamata 6 Mollusca Rissoa ventricosa 3 Cnidaria Anemonia sulcata 2
Anellida Nereis falsa 6 Anellida Syllis armillaris 3 Mollusca Buccinulum corneum 2
Arthropoda Palaemon serratus 6 Bryozoa Amanthia lendigera 3 Anellida Capitomastus minimus 2
Mollusca Parvicardium exiguum 6 Arthropoda Hexapleomera robusta 3 Arthropoda Corophium volutator 2
Arthropoda Upogebia pusilla 6 Anellida Schistomeringos rudolphi 3 Mollusca Donax venustus 2
Bryozoa Bugula stolonifera 6 Anellida Eulalia viridis 3 Anellida Eteone sp. 2
Mollusca Gastrana fragilis 6 Porifera Halichondria panicea 3 Anellida Malmgreniella lunulata 2
Mollusca Hexaplex trunculus 6 Mollusca Mactra stultorum 3 Anellida Hydroides sp. 2
Arthropoda Lekanesphaera monodi 6 Echinodermata Paracentrotus lividus 3 Cnidaria Laomedea calceolifera 2
Anellida Marphysa sanguinea 6 Anellida Phyllodoce lineata 3 Anellida Nereis pelagica 2
Cnidaria Actinia sp. 6 Bryozoa Scrupocellaria bertholletii 3 Anellida Salvatoria clavata 2
Echinodermata Asterina gibbosa 6 Mollusca Tellina distorta 3 Mollusca Rissoa lineolata 2
Bryozoa Bugula neritina 6 Mollusca Abra prismatica 3 Anellida Sabellaria spinulosa 2
Anellida Prionospio cirrifera 6 Arthropoda Balanus sp. 3 Porifera Tedania anhelans 2
Anellida Terebella lapidaria 6 Anellida Janua pagenstecheri 3 Mollusca Theodoxus fluviatilis 2
Bryozoa Victorella pavida 6 Arthropoda Leucothoe spinicarpa 3 Mollusca Tricolia tenuis 2
Arthropoda Corophium acutum 6 Mollusca Modiolus barbatus 3 Anellida Trypanosyllis zebra 2
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Cnidaria Tubularia crocea 2 Mollusca Retusa truncatula 2 Nematoda Oncholaimus paralangrunensis 1
Anellida Syllis torquata 2 Anellida Scolelepis fulginosa 2 Arthropoda Palaemon xiphias 1
Porifera Haliclona sp. 2 Bryozoa Scrupocellaria reptans 2 Arthropoda Pariambus typicus 1
Bryozoa Aetea truncata 2 Porifera Sycon sp. 2 Phoronida Phoronis psammophila 1
Anellida Amphiglena mediterranea 2 Mollusca Montacuta ferruginosa 2 Anellida Phyllodocidae 1
Anellida Amphitrite sp. 2 Bryozoa Umbonula ovicellata 2 Anellida Pista sp. 1
Cnidaria Anemonia viridis 2 Anellida Perinereis macropus 2 Anellida Protula sp. 1
Arthropoda Balanus perforatus 2 Anellida Syllidia armata 2 Anellida Pterocirrus sp. 1
Mollusca Bolinus brandaris 2 Mollusca Xenostrobus securis 2 Bryozoa Schizomavella linearis 1
Tunicata Botryllus sp. 2 Arthropoda Cleantis prismatica 2 Bryozoa Schizomavella linearis v. hastata 1
Bryozoa Bowerbankia sp. 2 Mollusca Rissoa sarsi 2 Mollusca Scrobicularia rubiginosa 1
Arthropoda Carcinus maenas 2 Mollusca Ventrosia ventrosa 2 Anellida Tharyx sp. 1
Mollusca Chama gryphoides 2 Arthropoda Idotea sp. 2 Mollusca Tricolia speciosa 1
Mollusca Chrysallida sp. 2 Bryozoa Anguinella palmata 2 Mollusca Truncatella sp. 1
Mollusca Clanculus jussieui 2 Bryozoa Bowerbankia gracillima 2 Mollusca Turbonilla fenestrata 1
Cnidaria Clytia linearis 2 Cnidaria Podocoryne carnea 1 Mollusca Vexillum ebenus 1
Mollusca Columbella rustica 2 Mollusca Cantharus dorbignyi 1 Arthropoda Ampelisca diadema 1
Cnidaria Haliplanella luciae 2 Nematoda Cyatholaimus sp. 1 Mollusca Pisinna glabrata 1
Mollusca Dosinia lupinus 2 Anellida Exogone verugera 1 Mollusca Nodulus contortus 1
Arthropoda Echinogammarus sp. 2 Bryozoa Margaretta cereoides 1 Mollusca Anisocycla pointeli 1
Mollusca Ensis siliqua 2 Arthropoda Melita sp. 1 Arthropoda Arcturella dilatata 1
Anellida Euclymene oerstedii 2 Arthropoda Baetis sp. 1 Tunicata Ascidia conchilega 1
Anellida Eunice sp. 2 Anellida Harmothoe extenuata 1 Tunicata Ascidiella aspersa 1
Anellida Exogone hebes meridionalis 2 Arthropoda Liocarcinus vernalis 1 Arthropoda Astacilla sp. 1
Cnidaria Garveia franciscana 2 Porifera Plakina monolopha 1 Mollusca Brachystomia sp. 1
Mollusca Glans aculeata 2 Arthropoda Siriella clausi 1 Anellida Branchiomma sp. 1
Anellida Glycera tesselata 2 Mollusca Bithynia tentaculata 1 Cnidaria Bunodactis verrucosa 1
Anellida Glycera tridactyla 2 Porifera Mycale rotalis 1 Mollusca Calliostoma virescens 1
Mollusca Glycymeris insubrica 2 Mollusca Brachidontes pharaonis 1 Anellida Ceratonereis costae 1
Cnidaria Gonothyraea loveni 2 Arthropoda Chelura terebrans 1 Mollusca Chrysallida delpretei 1
Mollusca Heleobia stagnorum 2 Mollusca Hypselodoris maculosa 1 Anellida Cirratulus chrysoderma 1
Mollusca Hiatella arctica 2 Anellida Nephtys incisa 1 Anellida Cirrophorus furcatus 1
Arthropoda Hippolyte longirostris 2 Mollusca Hydrobia cornea 1 Cnidaria Cladocora caespitosa 1
Mollusca Jujubinus striatus 2 Arthropoda Nebalia bipes 1 Cnidaria Cladocoryne floccosa 1
Arthropoda Ligia italica 2 Bryozoa Bugula simplex 1 Arthropoda Clibanarius erythropus 1
Mollusca Limaria inflata 2 Anellida Nephtys hystricis 1 Porifera Cliona sp. 1
Mollusca Macoma cumana 2 Arthropoda Astacilla mediterranea 1 Cnidaria Clytia sp. 1
Arthropoda Mesopodopsis slabberi 2 Tunicata Botryllus leachi 1 Mollusca Corbula sp. 1
Mollusca Musculus marmoratus 2 Cnidaria Cordylophora neapolitana 1 Echinodermata Trachythyone elongata 1
Mollusca Natica hebraea 2 Mollusca Ensis minor 1 Arthropoda Cumella limicola 1
Mollusca Ocinebrina edwardsi 2 Mollusca Giberrula phillippii 1 Mollusca Dendrodoris grandiflora 1
Mollusca Odostomia sp. 2 Bryozoa Haplopoma graniferum 1 Mollusca Dentalium inaequicostatum 1
Anellida Ophiodromus pallidus 2 Anellida Nephtys sp. 1 Arthropoda Dexamine spiniventris 1
Arthropoda Palaemonetes antennarius 2 Arthropoda Synisoma sp. 1 Cnidaria Diadumene cincta 1
Mollusca Parvicardium minimum 2 Anellida Terebellides stroemi 1 Tunicata Didemnum candidum 1
Endoprocta Pedicellina cernua 2 Mollusca Cerithium alucastrum 1 Porifera Dysidea fragilis 1
Arthropoda Perioculodes longimanus 2 Echinodermata Genocidaris maculata 1 Arthropoda Dyspanopeus sayi 1
Cnidaria Phialella quadrata 2 Anellida Gyptis propinquus 1 Arthropoda Ecnomus tenellus 1
Anellida Prionospio sp. 2 Anellida Hyalinoecia tubicola 1 Arthropoda Eriphia sp. 1
Mollusca Putilla sp. 2 Arthropoda Ischyrocerus inexpectatus 1 Bryozoa Escharoides coccinea 1
Mollusca Retusa semisulcata 2 Arthropoda Maera sp. 1 Cnidaria Eudendrium racemosum 1
Mollusca Rissoa radiata 2 Anellida Nicolea venustula 1 Bryozoa Figularia figularis 1
Cnidaria Sagartia troglodytes 2 Anellida Sabellaria sp. 1 Cnidaria Halecium pusillum 1
Bryozoa Scrupocellaria sp. 2 Mollusca Venus verrucosa 1 Bryozoa Haplopoma impressum 1
Anellida Sternaspis scutata 2 Bryozoa Watersipora complanata 1 Bryozoa Hippodiplosia ottomulleriana 1
Platyhelminthes Stylochus mediterraneus 2 Arthropoda Chironomus sp. 1 Arthropoda Hippolyte leptocerus 1
Anellida Syllis sp. 2 Mollusca Filograna sp. 1 Mollusca Hydrobia  acuta 1
Mollusca Tellina donacina 2 Arthropoda Gammaropsis sp. 1 Mollusca Hydrobia ulvae 1
Mollusca Tellina nitida 2 Porifera Geodia cydonium 1 Anellida Hydroides nigra 1
Mollusca Tellina tenuis 2 Anellida Laonome Kroeyeri 1 Porifera Ircinia variabilis 1
Mollusca Alvania cimex 2 Mollusca Mangelia vauquelini 1 Anellida Janua sp. 1
Mollusca Arca noae 2 Porifera Mycale contareni 1 Arthropoda Leander squilla 1
Anellida Arenicola claparedi 2 Porifera Mycale retifera 1 Mollusca Lepidochitona caprearum 1
Anellida Branchiomma lucullana 2 Mollusca Paradoris indecora 1 Platyhelminthes Leptoplana alcinoi 1
Bryozoa Bugula plumosa 2 Anellida Pileolaria militaris 1 Nemertina Lineus sp. 1
Arthropoda Caenis sp. 2 Mollusca Pusillina sarsi 1 Anellida Lumbrineris sp. 1
Anellida Chaetozone setosa 2 Bryozoa Scruparia ambigua 1 Mollusca Lymnaea stagnalis 1
Bryozoa Chorizopora brongniarti 2 Anellida Spirobranchus polytrema 1 Anellida Lysidice ninetta 1
Anellida Cirriformia filigera 2 Bryozoa Victorella muelleri 1 Arthropoda Melita coroninii 1
Tunicata Clavelina lepadiformis 2 Mollusca Aporrhais pespelecani 1 Arthropoda Microdeutopus versiculatus 1
Anellida Clymenura clypeata 2 Echinodermata Astropecten spinulosus 1 Mollusca Mitrella scripta 1
Cnidaria Clytia haemisphaerica 2 Arthropoda Balanus trigonus 1 Mollusca Modiolus adriaticus 1
Arthropoda Corophium sextonae 2 Mollusca Barbatia barbata 1 Mollusca Mytilus edulis 1
Arthropoda Cymodoce truncata 2 Cnidaria Cerianthus membranaceus 1 Arthropoda Nannonyx propinquus 1
Anellida Dodecaceria concharum 2 Mollusca Cerithium sp. 1 Mollusca Nassarius incrassatus 1
Mollusca Donax semistriatus 2 Anellida Cirratulus sp. 1 Mollusca Ocinebrina aciculata 1
Bryozoa Electra posidoniae 2 Tunicata Diplosoma listerianum 1 Cnidaria Olindias phosphorica 1
Arthropoda Pagurus sp. 2 Porifera Dysidea incrustans 1 Nematoda Oncholaimus campylocercoides 1
Bryozoa Fenestrulina malusii 2 Cnidaria Eudendrium sp. 1 Anellida Ophiodromus agilis 1
Porifera Halichondria sp. 2 Porifera Geodia sp. 1 Arthropoda Orchomene humilis 1
Arthropoda Iphinoe sp. 2 Anellida Brania limbata 1 Arthropoda Paguristes eremita 1
Anellida Leptonereis glauca 2 Anellida Gyptis capensis 1 Anellida Peloscolex sp. 1
Mollusca Lithophaga lithophaga 2 Mollusca Planorbis sp. 1 Anellida Pileolaria sp. 1
Mollusca Littorina neritoides 2 Anellida Hydroides norvegica 1 Mollusca Pisania striata 1
Tunicata Molgula socialis 2 Mollusca Hypselodoris elegans 1 Mollusca Platydoris argo 1
Mollusca Modiolarca subpicta 2 Anellida Leocrates chinensis 1 Arthropoda Potamon fluviatile 1
Arthropoda Pereionotus testudo 2 Arthropoda Limnoria lignorum 1 Bryozoa Puellina gattyae 1
Mollusca Petricola lithophaga 2 Arthropoda Limnoria sp. 1 Anellida Pulliella armata 1
Arthropoda Phtisica marina 2 Endoprocta Loxosomella kefersteinii 1 Mollusca Pusia tricolor 1
Mollusca Pirenella conica 2 Bryozoa Myriapora truncata 1 Mollusca Raphitoma purpurea 1
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Mollusca Raphitoma sp. 1 Anellida Caulleriella caputesocis 1 Arthropoda Lembos sp. 1
Mollusca Rissoa albella 1 Bryozoa Cellaria fistulosa 1 Anellida Lepidonotus clava 1
Anellida Sabellaria alcocki 1 Bryozoa Cellaria salicornioides 1 Arthropoda Leptocheirus guttatus 1
Mollusca Saccostrea commercialis 1 Bryozoa Cellepora pumicosa 1 Porifera Leucetta solida 1
Anellida Scolelepis tridentata 1 Bryozoa Celleporella carolinensis 1 Arthropoda Leucothoe sp. 1
Bryozoa Scrupocellaria scruposa 1 Bryozoa Celleporina caminata 1 Bryozoa Lichenopora radiata 1
Arthropoda Siriella armata 1 Bryozoa Celleporina Hassallii 1 Tunicata Lissoclinum perforatum 1
Anellida Spirorbis sp. 1 Arthropoda Ceratopogonidae 1 Arthropoda Loxoconcha elliptica 1
Cnidaria Stylactaria sp. 1 Mollusca Chlamys varia 1 Anellida Lumbrineris coccinea 1
Anellida Syllis amica 1 Bryozoa Chlidonia pyriformis 1 Mollusca Lunatia sp. 1
Anellida Syllis cornuta 1 Nematoda Chromadorella membranata 1 Mollusca Lymnaea peregra 1
Anellida Syllis ferrugina 1 Mollusca Chromodoris sp. 1 Arthropoda Lysianassa ceratina 1
Bryozoa Tanganella muelleri 1 Mollusca Chrysallida nanodea 1 Arthropoda Lysianassa longicornis 1
Arthropoda Tanystylum conirostre 1 Arthropoda Chthamalus montagui 1 Arthropoda Lysianassa sp. 1
Porifera Tethya aurantium 1 Arthropoda Chthamalus stellatus 1 Anellida Lysidice collaris 1
Nemertina Tetrastemma sp. 1 Porifera Clathrina coriacea 1 Mollusca Mactra glauca 1
Anellida Thelepus cincinnatus 1 Tunicata Clavelina phlaegrea 1 Arthropoda Maera grossimana 1
Mollusca Tornus subcarinatus 1 Porifera Cliona viridis 1 Arthropoda Maera inaequipes 1
Anellida Tripanosyllis rosea 1 Bryozoa Collarina balzaci 1 Mollusca Mamilloretusa mamillata 1
Mollusca Truncatella subcylindrica 1 Bryozoa Copidozoum planum 1 Anellida Mediomastus capensis 1
Mollusca Turritella communis 1 Bryozoa Puellina radiata 1 Arthropoda Metaphoxus simplex 1
Endoprocta Urnatella gracilis 1 Mollusca Ctena decussata 1 Tunicata Microcosmus sulcatus 1
Mollusca Vexillum tricolor 1 Anellida Ctenodrilus serratus 1 Arthropoda Microdeutopus obtusatus 1
Porifera Aaptos aaptos 1 Mollusca Cylichna crossei 1 Arthropoda Microdeutopus sp. 1
Mollusca Acanthochitona fascicularis 1 Arthropoda Cyprideis torosa 1 Anellida Micronephtys sphaerocirrata 1
Mollusca Aclis sp. 1 Nematoda Cytaholaimus gracilis 1 Bryozoa Micropora coriacea 1
Mollusca Acroloxus lacustris 1 Mollusca Mangelia multilineolata 1 Bryozoa Microporella ciliata 1
Porifera Haliclona rosea 1 Nematoda Daptonema calceolatum 1 Bryozoa Microporella marsupiata 1
Porifera Haliclona simulans 1 Platyhelminthes Dendrocoelum lacteum 1 Arthropoda Microprotopus maculatus 1
Mollusca Aequipecten opercularis 1 Mollusca Dendrodoris limbata 1 Tunicata Molgula manhattensis 1
Bryozoa Aetea sica 1 Tunicata Didemnum gelatinosum 1 Bryozoa Mollia patellaria 1
Cnidaria Aglaophenia harpago 1 Tunicata Didemnum granulosum 1 Mollusca Monodonta sp. 1
Cnidaria Aglaophenia picardi 1 Mollusca Dikoleps pusilla 1 Mollusca Monodonta turbinata 1
Cnidaria Aglaophenia plumosa 1 Bryozoa Disporella hispida 1 Arthropoda Munna sp. 1
Cnidaria Aiptasia mutabilis 1 Arthropoda Dixidae larva 1 Mollusca Musculus costulatus 1
Cnidaria Aiptasiogeton pellucidus 1 Mollusca Donacilla cornea 1 Arthropoda Mysidopsis gibbosa 1
Bryozoa Alcyonidium sp. 1 Mollusca Donax sp. 1 Arthropoda Mysis sp. 1
Mollusca Alvania discors 1 Mollusca Donax trunculus 1 Arthropoda Nebalia sp. 1
Mollusca Alvania pagodula 1 Mollusca Doriopsilla rarispina 1 Anellida Nematonereis unicornis 1
Anellida Amage adspersa 1 Anellida Dorvillea rubrovittata 1 Anellida Nereis kerguelensis 1
Anellida Amage sp. 1 Anellida Dorvillea sp. 1 Anellida Nereis rava 1
Arthropoda Ammothea hilgendorfi 1 Mollusca Dosinia sp. 1 Mollusca Neverita josephinia 1
Arthropoda Ampelisca abdita 1 Anellida Drilonereis filum 1 Mollusca Nucula nitidosa 1
Arthropoda Ampelisca sarsi 1 Platyhelminthes Dugesia sp. 1 Cnidaria Obelia longissima 1
Arthropoda Ampelisca sp 1 Porifera Dysidea avara 1 Nematoda Odontophora armata 1
Anellida Amphicteis gunneri 1 Arthropoda Echinogammarus stocki 1 Anellida Odontosyllis dugesiana 1
Arthropoda Amphilochus brunneus 1 Arthropoda Elasmopus pectenicrus 1 Anellida Odontosyllis gibba 1
Arthropoda Anchialina agilis 1 Mollusca Elysia timida 1 Mollusca Odostomia plicata 1
Cnidaria Anthopleura rubripunctata 1 Mollusca Epitonium commutatum 1 Mollusca Odostomia scalaris 1
Arthropoda Apherusa chiereghinii 1 Anellida Erpobdella sp. 1 Mollusca Omalogyra atomus 1
Anellida Aphrodita aculeata 1 Bryozoa Escharina vulgaris 1 Bryozoa Onychocella antiqua 1
Tunicata Aplidium sp. 1 Anellida Euclymene palermitana 1 Echinodermata Ophiomyxa pentagona 1
Anellida Acmira cerruti 1 Anellida Eulalia macroceros 1 Cnidaria Orthopyxis asymmetrica 1
Tunicata Ascidiella scabra 1 Anellida Eulalia punctifera 1 Mollusca Papillicardium papillosum 1
Mollusca Ascobulla fragilis 1 Anellida Eulalia rubiginosa 1 Mollusca Parvicardium vroomi 1
Arthropoda Asellus aquaticus 1 Anellida Eulalia trilineata 1 Mollusca Patella caerulea 1
Echinodermata Asterina panceri 1 Anellida Eunice harassii 1 Porifera Pellina semitubulosa 1
Arthropoda Athanas nitescens laevirhincus 1 Anellida Euphrosine foliosa 1 Mollusca Peringia elongata 1
Arthropoda Atyaephyra desmaresti 1 Anellida Eupolymnia nebulosa 1 Mollusca Peringiella elegans 1
Anellida Autolytus prolofer 1 Anellida Exogone naidina 1 Tunicata Perophora viridis 1
Mollusca Barleeia unifasciata 1 Bryozoa Fenestrulina joannae 1 Anellida Petaloproctus terricolus 1
Bryozoa Beania hirtissima 1 Mollusca Fissurella nubecula 1 Anellida Pherusa monilifer 1
Bryozoa Beania magellanica 1 Mollusca Fusinus syracusanus 1 Bryozoa Pherusella tubulosa 1
Mollusca Bela nebula 1 Arthropoda Gammaropsis maculata 1 Mollusca Pholas dactylus 1
Mollusca Berthella aurantiaca 1 Mollusca Gari costulata 1 Anellida Anaitides groenlandica 1
Mollusca Berthella stellata 1 Arthropoda Gastrosaccus mediterraneus 1 Anellida Phylo foetida 1
Mollusca Bithynia leachi 1 Mollusca Gibbula umbilicaris 1 Anellida Pionosyllis sp. 1
Mollusca Bittium sp. 1 Mollusca Giberrula miliaria 1 Mollusca Plagiocardium papillosum 1
Bryozoa Bowerbankia imbricata 1 Anellida Glycera alba 1 Bryozoa Plagioecia patina 1
Anellida Megalomma vesiculosum 1 Anellida Glycera rouxi 1 Mollusca Planorbarius corneus 1
Anellida Brania sp. 1 Anellida Goniada maculata 1 Mollusca Planorbis planorbis 1
Bryozoa Caberea boryi 1 Mollusca Granulina occulta 1 Anellida Platynereis coccinea 1
Porifera Cacospongia mollior 1 Mollusca Gyraulus laevis 1 Cnidaria Plumularia obliqua 1
Porifera Cacospongia scalaris 1 Mollusca Gyraulus sp. 1 Mollusca Pollia scabra 1
Mollusca Caecum subannulatum 1 Anellida Harmothoe spinifera 1 Anellida Potamilla reniformis 1
Mollusca Caecum trachea 1 Mollusca Hemilepton nitidum 1 Arthropoda Proasellus coxalis 1
Arthropoda Callinectes danae 1 Echinodermata Holothuria polii 1 Arthropoda Processa edulis edulis 1
Arthropoda Callinectes sapidus 1 Echinodermata Holoturia (Thymiosycia) impatiens 1 Anellida Protoaricia oerstedi 1
Mollusca Calliostoma kochi 1 Echinodermata Holoturia sp. 1 Echinodermata Psammechinus microtuberculatus 1
Bryozoa Callopora dumerilii 1 Echinodermata Holoturia tubulosa 1 Anellida Pseudocapitella incerta 1
Bryozoa Callopora lineata 1 Mollusca Hypselodoris fontandraui 1 Arthropoda Pseudolirius kroyerii 1
Mollusca Calma glaucoides 1 Mollusca Hypselodoris villafranca 1 Mollusca Pusillina dolium 1
Bryozoa Calpensia nobilis 1 Arthropoda Iphimedia minuta 1 Mollusca Pusillina marginata 1
Mollusca Calyptraea chinensis 1 Arthropoda Iphinoe serrata 1 Mollusca Raphitoma bicolor 1
Anellida Capitella sp. 1 Porifera Ircinia spinulosa 1 Bryozoa Reptadeonella violacea 1
Arthropoda Caprella scaura 1 Arthropoda Janira maculosa 1 Arthropoda Rhithropanopeus harrisii 1
Arthropoda Caprella sp. 1 Cnidaria Kirchenpaueria pinnata 1 Mollusca Rissoa auriscalpium 1
Arthropoda Carcinus sp. 1 Cnidaria Lafoeina tenuis 1 Mollusca Rissoa guerinii 1
Mollusca Cassidaria echinophora 1 Mollusca Lajonkairia lajonkairii 1 Mollusca Rissoa marginata 1
Anellida Caulleriella alata 1 Anellida Laonice cirrata 1 Mollusca Rissoa membranacea 1
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Mollusca Rissoa paradoxa 1 Bryozoa Valkeria uva 1 Porifera Topsentia genitrix 1
Mollusca Rissoa pulchella 1 Mollusca Tapes rhomboides 1 Arthropoda Heterotanais oerstedi 1
Mollusca Rissoa similis 1 Mollusca Venerupis sp. 1 Arthropoda Echinogammarus pungentoides 1
Mollusca Rissoella opalina 1 Porifera Aplysina aerophoba 1 Arthropoda Gammarus crinicornis 1
Nematoda Sabatieria pulchra 1 Porifera Verongia sp. 1 Arthropoda Jassa sp. 1
Anellida Sabella sp. 1 Arthropoda Verruca stroemia 1 Arthropoda Liocarcinus bolivari 1
Anellida Sabellides octocirrata 1 Arthropoda Xestoleberis aurantia 1 Tunicata Phallusia ingeria 1
Cnidaria Sarsia sp. 1 Anellida Orbinia foetida 1 Arthropoda Jaeropsis sp. 1
Bryozoa Schizomavella auriculata 1 Mollusca Diplodonta rotundata 1 Arthropoda Microdeutopus anomalus 1
Bryozoa Schizoporella longirostris 1 Anellida Eunice torquata 1 Arthropoda Ampithoe sp. 1
Bryozoa Schizoporella sp. 1 Arthropoda Jassa falcata 1 Cnidaria Obelia sp. 1
Anellida Scolaricia typica 1 Mollusca Odostomia conoidea 1 Cnidaria Cordylophora sp. 1
Anellida Serpula sp. 1 Echinodermata Ophiactis virens 1 Mollusca Xenostrobus sp. 1
Bryozoa Sertella couchii 1 Mollusca Paludinella littorina 1 Anellida Polydora ligni 1
Cnidaria Sertularella ellisi 1 Arthropoda Parapseudes latifrons 1 Anellida Marphysa sp. 1
Cnidaria Sertularia perpusilla 1 Bryozoa Parasmittina sp. 1 Arthropoda Sphaeroma sp. 1
Mollusca Setia semistriata 1 Mollusca Pinna nobilis 1 Mollusca Abra sp. 1
Mollusca Sinezona cingulata 1 Mollusca Polycera dubia 1 Mollusca Teredo navalis 1
Arthropoda Sirpus zariquieyi 1 Bryozoa Schizobrachiella sanguinea 1 Tunicata Didemnum sp. 1
Mollusca Solen marginatus 1 Bryozoa Smittoidea reticulata 1 Arthropoda Gnathia sp. 1
Anellida Sphaerosyllis hystrix 1 Bryozoa Watersipora subovoidea 1 Mollusca Haminoea sp. 1
Anellida Janua corrugatus 1 Arthropoda Xantho incisus 1 Mollusca Bittium latreillii 1
Porifera Spongia officinalis 1 Mollusca Diodora graeca 1 Mollusca Rissoella globularis 1
Porifera Spongia virgultosa 1 Arthropoda Elasmopus affinis 1 Mollusca Rudolphosetia turriculata 1
Arthropoda Stenothoe valida 1 Arthropoda Ammothella longipes 1 Mollusca Runcina sp. 1
Arthropoda Stenothoe tergestina 1 Arthropoda Ischnura elegans 1 Mollusca Calliostoma laugieri 1
Anellida Sthenelais boa 1 Arthropoda Cercion lindeli 1 Mollusca Mangelia costulata 1
Porifera Sycon ciliatum 1 Arthropoda Hoplodonta sp. 1 Arthropoda Apseudes sp. 1
Porifera Sycon raphanus 1 Arthropoda Cloeon sp. 1 Arthropoda Paramysis helleri 1
Anellida Syllides edentula 1 Arthropoda Gerris sp. 1 Arthropoda Leucon mediterraneus 1
Anellida Syllis cirropunctata 1 Arthropoda Notonecta glauca 1 Porifera Siphonocalina coriacea 1
Mollusca Tellina fabula 1 Arthropoda Plea minutissima 1 Mollusca Setia amabilis 1
Mollusca Tellina incarnata 1 Arthropoda Naucoris cimicoides 1 Mollusca Alvania mamillata 1
Mollusca Tellina planata 1 Arthropoda Aeschna mista 1 Mollusca Pusillina sp. 1
Mollusca Tellina pulchella 1 Arthropoda Leptocerus tineiformis 1 Bryozoa Beania robusta 1
Nematoda Terschellingia communis 1 Arthropoda Agraylea sexmaculata 1 Anellida Pseudoleiocapitella fauveli 1
Nematoda Terschellingia longicaudata 1 Arthropoda Argyroneta aquatica 1 Anellida Cirratulus filiformis 1
Mollusca Thais haemastoma 1 Arthropoda Corixa affinis 1 Anellida Brania pusilla 1
Mollusca Thracia corbuloides 1 Arthropoda Sympetrum sp. 1 Anellida Marphysa bellii 1
Mollusca Thyasira flexuosa 1 Arthropoda Chaoborus plumicornis 1 Mollusca Bithynella sp. 1
Arthropoda Titanethes albus 1 Bryozoa Cheilostomata anasca 1 Mollusca Retusa sp. 1
Mollusca Turbonilla delicata 1 Bryozoa Cheilostomata ascophora 1 Platyhelminthes Stylocus pillidum 1
Mollusca Turbonilla lactea 1 Bryozoa Tubulipora flabellaris 1 Arthropoda Eriphia spinifrons 1
Mollusca Turbonilla obliquata 1 Mollusca Gibbula richardi 1 Arthropoda Callianassa candida 1
Mollusca Turbonilla striatula 1 Echinodermata Holoturia polii 1 Arthropoda Sacculina sp. 1
Mollusca Turritella turbona 1 Anellida Streblospio dekhuzeni 1


