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Abstract

Filter feeding invertebrates are a relevant component of fouling assemblages with a pivotal role in ecological processes, since
they improve water quality, enhance habitat heterogeneity and transfer organic matter from the water column to the benthos. They
modulate the availability of resources to other species, with effects on the density and behavior of the surrounding macrofauna.
The fanworm Sabella spallanzanii, one of the largest and most abundant Mediterranean filter feeders, provides a shelter for preda-
tion and a secondary substrate for algae and settlement for sessile invertebrates. We tested its role in driving the structure of fouling
assemblages, through a removal experiment.

The experiment was one-year-long, with four sampling times. The effect of the removal on the fouling community was margin-
al in terms of species richness and evenness, while the biomass showed important differences, with a constant increase over time
with higher values in the samples containing S. spallanzanii. At the end of observations, the biomass reached the value of 3917 g
DW m? in controls and 2073 g DW m? in treatments. The empty space left by fanworms was not used by other species with sim-
ilar biomasses. It is possible that the functioning of fouling communities may, in the event of loss of species, fluctuate in terms of
biomass mobilization to different compartments, either towards the pelagic compartment or to the detritus chain. In systems with

reduced water turnover, this by-pass can have important consequences in terms of stability and ecological balance.
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Introduction

Under the current scenario of global change, marine
ecosystems are heavily affected by human activities, from
over-exploitation to habitat loss, from pollution to the in-
troduction of alien species, to global warning (Halpern
et al., 2008; Hoegh-Guldberg & Bruno, 2010; Burrows
et al., 2011; Doney et al., 2012; Corriero et al., 2016).
The consequence is a documented decline in biodiversity
(Sax & Gaines, 2003; O’Connor & Crowe, 2005; Haw-
kins et al., 2009). Because of such rapid changes in the
composition and richness of most ecosystems, theoretical
and empirical research in ecology has focused on the re-
lationship between biodiversity and ecosystem function-
ing (Loreau et al., 2003; Hooper et al., 2005; Lefcheck et
al., 2013; Fung et al., 2015; Jaillard et al., 2018). Most
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studies have proved that high biodiversity leads to posi-
tive effects on ecological processes, whereas a decline in
diversity alters a wide range of ecosystem functionalities
(Tilman, 1999; Naeem et al., 2009; Cardinale et al., 2011,
2012; Tilman et al., 2012), although the effect seems to
be weaker at ecosystem level than at community level
(Balvanera et al., 2006). Moreover, when assemblages
have a high functional redundancy and several species
contribute to the same functions, neutral effects may also
occur (Hooper et al., 2005).

Biodiversity seems to have a minor effect on the
biomass of sessile communities, although high richness
values can lead to a consistent increase in variability of
community properties and resistance and recovery to
disturbance or invasion (Stachowicz et al., 2007). In ses-
sile communities, filter-feeders can have a major role in
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controlling many ecological processes, since their action
improves water quality, contributing to both stability and
resilience, enhancing habitat heterogeneity and acceler-
ating the migration of chemical elements (Ostroumov,
2005).

Filter-feeders are able to modulate the availability
of resources to other species, with a range of effects on
density and behaviour of the surrounding macrofauna.
They can regulate community structure through an ar-
ray of physical mechanisms, such as creation of an ad-
ditional three-dimensional substrate and local changes
of hydrodynamic regimes, as well as biological effects
such as the transfer of organic matter from the water col-
umn to the benthic environment, the creation of feeding
currents, and the chemical attraction influencing larval
settlement (Osman, 1977, 1987, Cowden et al., 1984;
Stoner, 1990; Young, 1990; André & Rosenberg, 1991;
Short et al., 2013). Therefore, some filter feeders can
be considered ecosystem engineers and habitat-forming
species (Lawton & Jones, 1995; Rabaut et al., 2008), for
example sponges (Klitgaard, 1995; Longo et al., 2017),
tube-building polychaetes (Nalesso et al., 1995; Moore et
al., 1998), molluscs (Hall-Spencer & Moore, 2000; Beck
et al., 2011) and bryozoans (Wood et al., 2012).

The Mediterranean fanworm Sabella spallanzanii
(Gmelin, 1791), is one of the most abundant sabellid
polychaete species in Mediterranean fouling communi-
ties. It is a filter feeding worm that colonizes both natural
and artificial substrates, often reaching very high densi-
ties. It is characterized by fast growth (Giangrande et al.,
2005) and can form dense canopies of feeding fans, some-
times completely covering the substratum, and affecting
the abundance and composition of benthic assemblages
(Eckman, 1983; Cummings et al., 2001). The importance
of these fanworms in ecological processes was suggested
by several studies due to the structuring capability within
fouling assemblages.

With their feeding activity, fanworms can create a cur-
rent which may locally influence water flow, altering sed-
iment stability and concentrations of oxygen or organic
matter (Young, 1990; André & Rosenberg, 1991; O’Brien
et al., 2006). Moreover, they can remove organic matter
from the water column producing faeces or pseudofaeces
released into the sediment, or during the tube building
process where the organic matter, compacted with mu-
cus, is definitively removed from the system. Their tubes
also provide a shelter from predation to some species and
represent a secondary substrate to the growth of algae and
sessile invertebrates (Carey & Watson, 1992; Callaway,
2003). In addition, the filtration activity of S. spallanzanii
leads to the reduction of POM, DOM and bacteria in the
water column (Licciano et al., 2005, 2007; Stabili et al.,
2006; Cavallo et al., 2007).

During the last years, the introduction from the Red
Sea of the polychaete species Branchiomma luctuosum
(Grube, 1870) has affected S. spallanzanii populations
in several southern Mediterranean sites (Mastrototaro
et al., 2015). This alien sabellid, despite ecological re-
quirements similar to S. spallanzanii (Mastrototaro et al.,
2015), is smaller and has a different growing strategy, not
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producing a canopy effect.

Taking into account the above considerations, we in-
vestigated, through selective removal, the implications
that the loss of S. spallanzanii may have on fouling com-
munity development in terms of specific richness, diver-
sity and biomass.

It must be stressed that functional biodiversity has
been often assessed by using mesocosms (e.g., Naeem
et al., 1994; Petchey, 2003), and only few studies were
conducted within natural communities, from which some
species were removed (Rossi et al., 2008; Wootton,
2010). In particular, S. spallanzanii influence on commu-
nity development was already investigated by manipu-
lative experiments (Holloway & Keough, 2002 a, b), by
only removing the adult specimens in an extra Mediter-
ranean biotope where the species had been previously
introduced. Indeed, S. spallanzanii is native to the Atlan-
tic-Mediterranean region, but in 1990 it was introduced
into Australian waters where it reached extremely high
abundances, becoming a pest species with profound im-
pact on coastal economic activities (Clapin, 1996), form-
ing communities so dense that they completely clog the
aquaculture cage nets. Holloway & Keough (2002a, b)
showed that the removal of the polychaete led to major
modifications in the structure of the community, with dif-
ferent influences on the various taxonomic groups. After
the removal, the settlement of barnacles and bryozoans
was favoured, while that of some sponges was inhibited.
However, the same results were obtained by these authors
when using artificial structures simulating the morphol-
ogy of this polychaete; this suggests that the structuring
effect on fouling assemblages is probably more related to
the physical presence of fanworms than to their biologi-
cal activity.

Our study is the first attempt in evaluating the effects
of the disappearance of sabellid worms on the fouling
community dynamics, with a study of over one year,
since the stage of early colonization.

Materials and Methods
The study area

The study was conducted at Sant’Eligio tourist port
(40.478943° N, 17.230630° E), located on the north side
of'the city of Taranto (South Italy, Fig. 1), along one of the
communication channels between the Mar Piccolo and
the Mar Grande of Taranto, which opens into the Gulf of
Taranto (Ionian Sea). The seabed depth below the docks
varies from 5 to 10 meters, the temperature ranges be-
tween 12 and 25 °C (source: http://www.michelemossa.
it/stazionemeteo.php) and salinity is around 38 psu, with
small seasonal variations. This study area was selected
according to previous research (Pierri et al., 2010) show-
ing the local high recruitment of Sabella spallanzanii.

At this site, most of the seabed is covered with sludge
and mud (Matarrese et al., 2004), while natural hard sub-
strates are extremely rare. Therefore, most of the sub-
strates available to sessile communities are represented
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Fig. 1: Map of the study area with a detail of the disposition
of the four docks (site A, B, C, D). The Sant’Eligio harbour is
located on one of the communication channels between the Mar
Piccolo and the Mar Grande of Taranto (Northern Ionian Sea).

by artificial structures that are either floating (docks) or
fixed to the bottom (chains, boulders and cement blocks).

Sampling methods

The study was conducted under four randomly select-
ed floating docks out of twelve available, designated as
sites A, B, C and D. Twenty-four panels were plunged at
approximately 4 m of depth at each site and fixed to hor-
izontal ropes connected to quay chains, arranged in two
rows with a distance of approximately 1.5 meters, with a
total of 96 panels.

Panels consisted of a PVC net with a 0.5 cm mesh,
supported by plastic coated wire to prevent the collapse
of the structure because of the weight of fouling species
(Fig. 2). We decided to use large net panels (40 x 40 cm)
allowing the passage of currents, rather than the classic
(15 x 15 cm) PVC panels, in order to intercept a higher
number of rare and small organisms.

Panels were submerged in November 2011 in order
to allow the recruitment of Sabella spallanzanii larvae,
which are known to be released in winter (Giangrande
et al., 2000). Starting from January 2012, panels were

Fig. 2: Plastic mesh panel supported by the plasticized metal
frame to prevent collapse. The image on the right shows a panel
of the second year with recruited Sabella spallanzanii and sev-
eral solitary ascidians.
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checked to verify if the settlement successfully occurred.
In March 2012 (T1), some tubes of juvenile polychaetes
were recognisable on the nets (i.e. at least 1 cm of length),
then removed from half of the panels. The manipulation
was performed underwater, by removing thin tubes with
tweezers to avoid damaging fanworms and other organ-
isms. Hence, the factor ‘treatment’ (fixed) had two levels:
S- (treatment: samples without S. spallanzanii), and S+
(control: samples with S. spallanzanii).

Starting in March, sampling was conducted every
three months: June (T2); September (T3); December
(T4). A total of six panels, three for each treatment (S-
and S+), was collected for each site and sampling time,
fixed in 5% buffered formalin and brought into the lab-
oratory for further analysis. The investigated side of the
panel was randomly chosen to avoid errors due to sub-
jective choices. Before laboratory observations, the pan-
els were submerged in freshwater and then in seawater
to remove residual formalin. A reference grid of 100
squares was used for coverage estimation, where each
square gave 1% contribution to total coverage. For each
panel the number of target species was measured and the
variation of such number over time was used as a proxy
for mortality. Taxonomic identification of sessile species
and relative coverage estimation were performed with no
different treatment of colonial or solitary species with-
in each square. The minimum value was rated at 0.25%
in relation to the observer’s ability to identify coverage
values. An arbitrary value of 0.25% was assigned to the
presence of small and rare species, when it was not pos-
sible to evaluate the contribution to the coverage. After
taxonomic identification, organisms were removed, dried
at 60°C for 24 hours (until constant weight was reached)
and weighted in order to obtain biomass. Biomass was
measured considering both surfaces (320 cm?) to avoid
measurement errors due to the removal of organisms
from one of the two sides of the panels (160 cm?).

Data processing

Collected data on both treatment and control samples
was used to create a sessile species frequency matrix.
It additionally featured biomass (grams of dry weight),
richness (number of species and Shannon-Weaver index)
and fouling community composition at every sampling
time. In order to have comparable results for both control
(S-) and treatment (S+) samples, the biomass of all sam-
ples never included S. spallanzanii.

Initially, the univariate data was tested with asymmet-
ric analysis of variance (ANOVA), conducted in order to
test the hypothesis of significant differences in terms of
number of recruits among the 4 sites and between the be-
ginning and the end of observations.

The influence of time and treatment on community
diversity measured through the variation of specific rich-
ness and Shannon-Weaver index (Shannon & Weaver,
1949) was evaluated using a Generalized Linear Mixed
Model (GLMM). In this model, sites were considered as
a random effect, in order to mitigate the potential spatial
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heterogeneity of S. spallanzanii recruitment and commu-
nity composition. Four models were evaluated: 1) a full
model including two fixed effects, time and control/treat-
ment as well as their interaction; 2) a model built taking
into consideration the additive effect of two factors (no
interaction); 3) a model including only time; 4) a model
only considering treatment. Using the AIC test, the model
that best explains the change in diversity indexes (rich-
ness and Shannon-Weaver index) was chosen through
the comparison of four models and a null model. Suc-
cessively, differences between community composition
over time and treatment were evaluated using Principal
Component Analysis (PCA) on the frequency matrix. The
significance of observed differences was tested using a
two-way PERMANOVA (9999 replications). Finally,
GLMMs were used to evaluate biomass changes in re-
sponse to time and treatment. To evaluate which factor
best explains changes in biomass, the above described
model-testing procedure was also repeated using diver-
sity indexes as response variables in which the site was
always included as a random effect.

All statistical analyses were performed within the R
statistical environment. Generalized linear mixed models
were performed using the R package Ime4. PERMANO-
VA was performed using the RVAideMemoire package.

Results
Recruitment of Sabella spallanzanii

The number of specimens was counted just after re-
cruitment period (T1) and in the last sampling period

4000
3500
3000
2500
2000
1500

1000

500 |_I_|
0

n° individuals/m? (average +St.Dev.)

Sites
Fig. 3: Individuals (average + St. Dev.) of Sabella spallanzanii
recorded at four sites, at the beginning (T1) and the end (T4) of
the experiment.

(T4), so that mortality rate could be assessed. Recruit-
ment was highly variable (Fig. 3, Table 1) even at small
spatial scales (sites, distance from 30 to 50 meters), rang-
ing from approximately 500 (A, C and D) to more than
3000 ind m? (site B) (values refer to the real data). In
the last sampling event and at all sites, a decrease in the
total number of individuals was recorded. Mortality rates
varied between 25 and 29% at sites A, C and D, while at
site B a mortality up to 65% was recorded, although the
density of individuals remained very high at T4 (up to
1000 ind m™).

Fouling diversity

A total of 67 taxa (Table S1 - supplementary material)
was identified including 18 algae and 49 invertebrates.
As expected, a continuous increase in the number of spe-
cies was observed: at T1, 19 taxa were recorded, followed
by a stasis at T2 and T3, and then the number increased
reaching 47 taxa at T4. The fouling community was com-
posed of three functional groups, each related to a differ-
ent feeding guild. Suspension feeders were numerically
the most abundant group with 42 taxa (63% circa of the
total richness). Among them, bryozoans were the most
frequent, with 12 species in the fouling community, and
had a final total abundance (coverage at T4) of 13.7%.
Ascidians were the second most frequent group, with 12
species and a total abundance of approximately 30.7%.
Nine species of molluscs were also present in addition to
five species of polychaetes. Other taxa, with four species,
accounted for no more than 5% of the total abundance.

Primary producers (18 species) accounted for 27%
of the community total richness. Among these, red algae
with 11 species were the most diverse group. Predators
were represented by seven species of hydroids.

According to GLMMs outcomes, the best fitting
model for the explanation of diversity changes in fouling
assemblage is the one that includes only time as a pre-
dictor (Table 2). No changes in General Richness have
been observed in the presence/absence of Sabella. This
was confirmed by the AIC model, which showed the low-
est score when the time was considered as the only fixed
effect. The same result was obtained by investigating the
Shannon-Weaver index.

In both richness and Shannon-Weaver index, estimat-
ed values increased from T1 to T2, remained stable at
T3 and then increased again at T4. For this reason, only

Table 1. Results of the ANOVA test on the number of specimens of Sabella spallanzanii between Site (S) and Time (T). No

Transformation has been applied to data.

Source SS DF MS F P F versus
T 366548.1667 1 366548.1667 48.75 0.0000 RES
S 1491868.5000 3 497289.5000 11.61 0.0370 TXS
TXS 128523.1667 42841.0556 5.70 0.0075 RES
RES 120294.0000 16 7518.3750
TOT 2107233.8333 23
SNK TEST on TxS: Site A: T1> T2; Site B: TI>> T2; Site C: T1=T2; Site D: T1=T2.
Medit. Mar. Sci., 20/3, 2019, 476-486 479



Table 2. Five different GLMM:s (including null model) with Shannon-Weaver index, Species richness and Biomass of the fouling
as dependent variables were evaluated. The best-fitting model identified using AIC is indicated with an asterisk.

Model Shannon DF AIC Model Richness
timextreatment 10 100.97982  timextreatment
time+treatment 7 94.78172 time-+treatment

treatment 4  154.51062 treatment
time * 6 90.22185 time *
null model 3 150.6 null model

DF AIC Model Biomass DF  AIC
9 504.6862  timextreatment * 10 1272.6
7 500.5525 time-+treatment 7 1314.6
4 628.1399 treatment 4 1403.0
6  498.5549 time 6  1354.0
3 626.2038 null model 3 1429.1

values of time variation of specific richness and Shan-
non-Weaver index were plotted (Fig. 4).

Temporal dynamics of the fouling assemblage

According to the first two dimensions of the PCA
(Fig. 5), explaining the 26.45% of cumulative variance
(see supplementary Fig. S1 for the species contribution to
cumulative variance), shortly after (T1) the removal of S.
spallanzanii, the two assemblages were quite similar and
they appeared grouped on the left part of the score plot.
From the second period of observations and throughout
the third period, the two sets of panels showed a slight
diversification that seems to suggest treatment-inde-
pendent behaviour. Finally, the divergence between the
two assemblages was larger in the fourth period. This
pattern suggests that time was the main factor affect-
ing community composition. However, according to the
PERMANOVA test, treatment also had an influence on
species composition (treatment: F=1.590, p<0.05; time:
F=12.358, p<0.001; treatmentxtime F=1.622, p<0.005),
despite this effect was marginal compared to the observed
changes through time and was mainly expressed in the
last period (Fig. 5).

without S. spallanzanii with S. spallanzanii

1500

1000
C)
g

A 500

0

Tl T2 T3 T4 T1 T2 T3 T4
Time

Fig. 4: Diversity pattern in fouling community at four sam-
pling Times (T1, T2, T3, T4), estimated by species richness and
Shannon-Weaver index.
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The first period of observation (T1) was characterized
by the presence of continuous algal felt on S- panels that
lasted until T2 (the occurrence frequencies are reported
in Table S1 - supplementary material). Starting from T2,
communities began to show a modification of coverage
in terms of species composition, with some almost mono-
specific assemblages of the bivalve Mytilus galloprovin-
cialis (at station A). However, higher values of mussel
coverage (sometimes near 100%) throughout the entire
observation period were found only on S+ panels. Even
S- panels showed a moderate initial coverage of mussels,
but from T3, a detachment of mussel byssus with the
opening of several free spots was observed. Ascidians,
first appearing at T2, were mostly represented by Styela
plicata (Lesueur, 1823), subsequently replaced by Pyura
microcosmus (Savigny, 1816) at T4. Starting from T2, S.
spallanzanii became abundant, often with values above
50%. The large sabellid Branchiomma luctuosum (Gru-
be, 1870) became particularly abundant at the end of the
study in both control and treatment samples. The alien
calcareous sponge Paraleucilla magna Klautau, Mon-
teiro & Borojevic, 2004, was abundant at T4 and was
always found on S- panels, together with the bryozoan

Fig. 5: Result of PCA run on frequency data of the fouling spe-
cies at four sampling times (T1, T2, T3, T4) for controls (with
Sabella spallanzanii = S+) and treatments (without Sabella
spallanzanii = S-). The first two PC axes explain the 17.05%
and 9.392% of the total variance, respectively. The explained
variance of the first 10 axes are reported in the histogram box.
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Schizoporella errata (Waters, 1878).

At T4, the two assemblages were represented by 44
(S+) and 42 (S-) taxa, with approximately the same spe-
cies composition (80% of overlap). Observed differences
were mostly due to the presence of algae (5 taxa) that
were numerically more abundant on S+ panels. Regard-
ing the relative frequencies of single species, observed
weak variations were not sufficient to describe the treat-
ment-related pattern. Despite present in lower numbers,
algae had a higher frequency in treatment samples while
M. galloprovincialis had higher values in controls during
all observation periods. Compared to the control samples
in which erect bryozoans were more frequent, solitary
ascidians and encrusting bryozoans had slightly higher
frequencies in all treatments. All the species of hydroids
had higher frequencies in control samples than in treat-
ment ones.

Biomass

As for diversity indexes, biomass increased over time,
although a significant influence of treatment has also
been observed (Fig. 6, Table 2).

In fact, the best fitting model supported by AIC is the
full model in which biomass is explained by the interac-
tion between the presence of S. spallanzanii and time of
colonization (from T1 to T4). According to this model,
biomass increased in controls, from T1 to T3, when it
reached a plateau, remaining almost stable up to T4. By
contrast, in the treatment sample, the increase in biomass
was less continuous and reached a plateau at T2. Gener-
ally, at T4, the control reached higher values of biomass
compared to treatment. At T1, after one month from fan-
worm removal, biomass ranged from 333 ¢ DW m? (SE
+ 28) in treatment to 750 g DW m (SE + 80) in controls.
Differences between control and treatment remained ev-
ident at T2 and T3. At the end of observations, biomass
reached the value 0of 3917 g DW m? (SE + 67) in control
and 2073 g DW m? (SE + 54) in treatment.

Richness variation through time

30
25
20

U

T1 T2 T3

T4

In Figure 7, the variation in the relative frequency of
occurrences is shown as a function of treatment (S+ and
S-) in biomass-forming species. Considering the results
of the PCA (Fig. 6), only the last observation period (T4)
was chosen and represented in the histogram (Fig. 5);
moreover, among all the species present at T4, only those
with a large body size were selected because of their ca-
pability of producing appreciable biomass (a sponge, two
molluscs, three polychaetes, two bryozoans and six as-
cidians). The selection was necessary for graphic require-
ments, based on the personal experience of the authors
and in relation to biomass, population density and fre-
quency at which the species were found in the fouling in
the study area. Among these species, only the mollusc M.
galloprovincialis showed a significant increase (ANOVA
test, F = 11.40878036, p <0.05) in the relative frequency
of occurrence (more than double value), while ascidians
Clavelina lepadiformis (Miiller, 1776) (ANOVA test, F =
22.72264994, p <0.01) and Phallusia mammillata (Cu-
vier, 1815) (ANOVA test, F = 12.145719463, p <0.05)
showed a decrease when S. spallanzanii was present.
Two additional ascidians, S. plicata and Ascidiella asper-
sa (Miiller, 1776), showed an increase in most observa-
tions, but it was not statistically significant.

Discussion

This paper investigates the effects of removal of the
Mediterranean fanworm Sabella spallanzanii during its
early colonization stage in a biotope in which the species
is naturally abundant and can be considered a structuring
taxon dominating the fouling final successions (Pierri et
al., 2010).

A previous manipulative experiment was conducted
along the Australian coastline by removal of the species,
stressing an effect more related to the physical presence
of fanworm tubes, with the creation of a canopy effect
acting on the structure of the community (Holloway &
Keough, 2002 a, b). The remarkable impact displayed in

Shannon-Weaver Index variation through time

2.5

2.0

1.5

T1 T2 T3 T4

Fig. 6: Relationship between biomass in the experimental conditions (with and without Sabella) at four sampling Times (T1, T2,
T3, T4). Biomass refers to dry weight (g) per panel. Biomass recorded on the both sides of panels (160 cm? x 2 = 320 cm?) was

considered to avoid errors due to the handling.
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Fig. 7: Frequency of occurrence at the end of observations (T4) of species able to form consistent biomass with (S+) and without
Sabella spallanzanii (S-). Of all the species present at T4, only those capable to realize appreciable biomass were selected. The
selection was based on biomass, population density and occurrence of the species in the fouling of the study area.

its introduction range (Australia, e.g. see Clapin & Evans,
1995; Clapin, 1996), could be explained by the absence
of species of similar size and filtering activity in the re-
cipient habitat.

Taking into consideration that global warming is
shifting Mediterranean fouling assemblages towards a
more tropical connotation, and particularly in the Gulf of
Taranto (Cecere et al., 2016), we investigated the role of
S. spallanzanii as structural taxon in its native environ-
ment, in order to understand the possible consequences
of its disappearance from the fouling community. This
scenario has been previously linked to the introduction
of the sabellid Branchiomma luctuosum (Mastrototaro et
al., 2015). Since its introduction, in some areas this alien
species has caused a reduction of S. spallanzanii density.
This scenario, however, was not observed in our study
area, where the two sabellids seemed to coexist without
interference or difficulties in recruitment. Indeed, the re-
cruitment of S. spallanzanii appeared massive, in accor-
dance with previous data (Giangrande et al., 2000, 2005;
Pierri et al., 2010), although highly variable within the
investigated sites, confirming a still relevant presence of
the fanworm within fouling assemblages.

Data from this study revealed that the removal of S.
spallanzanii, starting from the early stage of coloniza-
tion, did not have a strong and significant effect on the
underlying community biodiversity. The only significant
relationship was related to natural temporal dynamics.
Despite this, however, it is possible to recognize some
feeble influence of the fanworm removal on the occur-
rence and distribution of different taxa. For instance, al-
gae showed an increase in abundance within treatments,
as well as some invertebrates, for example the solitary
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ascidians Clavelina lepadiformis and Phallusia mammil-
lata that took advantage of the absence of S. spallanzanii.
On the contrary, other ascidians and serpulids seemed to
be negatively affected by the treatment (S-).

The fanworm presence seems to have a positive in-
fluence on Mytilus galloprovincialis, one of the most
abundant species in the studied biotope, and spatially
competing with S. spallanzanii (Lezzi et al., 2018). It
cannot however be excluded that this positive influence
may have been mediated by the presence of epibionts on
polychaetes tubes.

The role that S. spallanzanii plays in structuring
the community in the initial phase is related to the per-
sistence of algal felt in treatments, which seems to drive
further development of the community, at least within
the investigated period. According to Lezzi et al. (2018),
in fouling assemblages the algal felt is usually quickly
replaced during succession, while worms maintain their
place becoming dominant in the assemblage, so that other
sessile invertebrates, such as ascidians, may be exclud-
ed or leastwise negatively influenced, especially in areas
with low mussel recruitment rate. In the initial phase of
colonization, biological effects produced by the presence
of S. spallanzanii can be dominant, while physical ef-
fects, e.g. the creation of canopy, may become important
during the late stages. Biological effects may be mediat-
ed by the production of chemical compounds that act as
facilitators or inhibitors. It is interesting to underline that
S. spallanzanii produces mucus with antibacterial activi-
ty (Giangrande et al., 2013), which can potentially affect
the bacterial film and therefore the settlement of different
organisms.

In general, the coverage and species richness showed
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great variability among treatments as well as among rep-
licates within treatments, not allowing the identification
of a significant pattern due to the polychaete removal.

By contrast, as concerns the rest of the fouling assem-
blage, a strong effect produced by the removal of the fan-
worms seems to occur on biomass production. At every
site, control panels had significantly higher biomasses
compared to treatments: it could be hypothesized that the
presence of polychaetes promotes an increase in fouling
biomass. However, this general pattern (significantly
higher biomass in treatments during all the observation
periods) presented differences when considering differ-
ent taxa. In particular, number of mussels presented the
largest variation.

The space that had been left available by the fan-
worms was not colonized by other species with the ability
to reach similar biomasses, or with similar features. Other
filter feeders able to produce large biomasses observable
in the Taranto area are as ascidians, sponges, Mediter-
ranean mussels and other sabellids. However, S. spall-
anzanii is permanently present within the fouling, while
ascidians have a seasonal presence with some severe
regressions due to high summer temperatures; mussels
form dense but fragile communities, because their byssus
is not able to sustain considerable weights. Furthermore,
the alien sabellid B. luctuosum has a different growth
strategy (Mastrototaro et al., 2015), and cannot substitute
the removed species.

Although there is a growing interest in the relation-
ship between ecosystem functioning and biodiversity,
the literature on functional biodiversity loss is still rather
scarce and often focuses on the effects of introduction of
alien species or on the evaluation of inter-specific rela-
tions (Poore ef al., 2012). Other studies, show the effects
of canopy-forming algae removal, resulting in an in-
crease in abundance for some species and a decrease for
others (Valdiva, 2008). It was also proved that the density
of mussel monocultures can influence associated benthic
assemblages of adjacent and interstitial sediments, alter-
ing species composition and abundance of invertebrate
species (Beadam et al., 2004).

The most interesting point that can be drawn from
this paper is the effect that the removal of S. spallanzanii
has on the overall fouling biomass. According to Olam et
al. (2002), biomass reduction could be caused by a dis-
turbance resulting from the removal of organisms, espe-
cially if the disturbance is persistent. The effect of such
disturbance on fouling assemblage biomass, was also
studied by Wollgast et al. (2008) and De Almeida et al.
(2008). Both showed that the disturbance at the begin-
ning seemed to significantly act on species composition
but in the end, it had no effect on species richness and
Shannon-Weaver index. Irregular disturbance regimes
enhanced the abundance of the ascidian Ciona intestina-
lis (Linnaeus, 1767) biomass production, and total spe-
cies cover of assemblages. These results, however, derive
from the removal of all the species in an assemblage, and
not that of a single species.

In this work, even if the disturbance (fanworms re-
moval) could be considered as a random event of low
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entity, it provides a good indication of what might hap-
pen if the disturbance becomes persistent (disappearance
of fanworms), causing cascading effects on other taxa
that are generally abundant in port environments (for
example, molluscs and ascidians). This would result in
a further loss of biomass from the filter-feeding benthic
compartment, hence influencing the entire surrounding
ecosystem (Stabili et al., 2006).

Filter-feeding species are effective biofilters and can
also naturally mitigate the risk of aquatic diseases for
humans and wildlife, which is expected to worsen with
climate change, strengthening the need of new strategies
to manage the diseases (Burge et al., 2014). The current-
ly investigated species was, in fact, already proposed as
bioremediator of aquaculture wastes (Stabili et al., 2010;
Granada et al., 2016).

In conclusion, the functionality of Mediterranean
fouling communities would certainly be compromised if
some of the key species were lost, including S. spallanza-
nii which has neither native nor alien viable substitutes.
This study clearly shows that the alteration of benthic
biodiversity in eutrophic environments involves a mod-
ification of functional parameters such as biomass and
the relative frequency of species. The reduction of bio-
mass that was recorded in the benthic filter feeder com-
partment after the removal of S. spallanzanii may not
only have repercussions in the fouling community but
could also lead to changes in the overall functioning of
coastal and lagoon marine ecosystems. However, it must
be stressed that biomass cannot be simply lost, but it is
probably only transferred, and the total yearly biomass
should not significantly vary within multi-annual cycles
(Boero et al., 1996; Boero, 2008). The standing stock of
a given community might be rather constant in time (if
no catastrophic perturbations occur), whereas the species
might alternate in their contribution to biomass. For both
seasonal and perennial species, the mechanism of such
turnover is strictly linked to-successful recruitment (see
member/vagrant hypothesis, Sinclair & Iles, 1989). In
this way, the ‘functioning’ of a community would remain
unaltered, but the composition of species having a certain
role could change. It is possible that the functioning of a
complex system such as fouling could fluctuate in terms
of biomass mobilization in different compartments and
the biomass lost by fouling could be located somewhere
else, in the water column or in the sediments.

Biodiversity, broadly defined, significantly influenc-
es the magnitude and variability of ecosystem properties
such as community biomass and resource consumption
(measured as filtration rate) Nevertheless, the effects
of species composition seem to be more important than
those of species richness (Valdiva, 2008). The loss or
gain of particular species therefore may have a stronger
effect on ecosystem stability than species richness per
se. Therefore, predicting the consequences of biodiver-
sity loss remains complicated, since it requires an accu-
rate knowledge of the system and natural life history and
should be drawn from sound experimental evidence, not
from generalised models.
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