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Abstract We report results from a 2-year study on
the succession pattern of macrofouling assemblages in
the Taranto Sea, an important alien species hotspot in
the Mediterranean Sea. Four sets of PVC panels were
used as macrofouling collectors; each unit was
installed at a different time (April 2013, July 2013,
October 2013 and January 2014) and then surveyed
quarterly for 1 year. The macrofouling community
consisted of 93 sessile invertebrate species, of which
16 were NIS and five were cryptogenic. In both years
non-indigenous species (NIS) recruitment occurred
mainly in the quarter July/October in concert with the
settlement of pioneer autochthonous species. This
recruitment is independent of immersion time, occur-
ring on both bare substrates and on previously
colonized panels. This increase in NIS coverage is
influenced by the development stage of the commu-
nity, suggesting that NIS grow better without potential
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competitors. Two sets of NIS were distinguished. The
first included abundant ascidians, serpulids, and
bryozoans that are structuring components of early
communities when favorable conditions exist (i.e. a
lack of competitive autochthonous species). After
settlement, these species are unable to develop in later-
stage communities. The second set of NIS was
composed of sabellid worms that settle in early and
late communities but, unlike the other NIS, are able to
persist and become dominant in late macrofouling
communities independent of seasonal changes.

Keywords Macrofouling - Alien species -
Mediterranean sea - Biological invasions

Introduction

The introduction of non-indigenous species (NIS),
coupled with anthropogenic habitat modification
(Bulleri and Chapman 2010; Glasby et al. 2007) are
considered the most important drivers of biodiversity
loss in coastal environments (e.g. MEA 2005; Airoldi
and Bulleri 2011). Marine NIS may become invasive,
leading to native species displacement, alteration in
species interactions, productivity, and energy flow
between trophic groups (Sorte et al. 2010; Byers et al.
2010; Wikstrom and Hillebrand 2012; Lord et al.
2015), shifted community structure (Carlton 1996),
and habitat modification, all of which may result in

@ Springer


http://orcid.org/0000-0002-6888-7790
https://doi.org/10.1007/s10530-017-1601-3
http://crossmark.crossref.org/dialog/?doi=10.1007/s10530-017-1601-3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10530-017-1601-3&amp;domain=pdf

M. Lezzi et al.

altered ecosystem services and substantial economic
losses (Grosholz 2002; Vila et al. 2009; Katsanevakis
et al. 2014). Despite the increasing studies on NIS,
much remains to be known relative to how NIS affect
indigenous communities (Lasram et al. 2008; Rilov
and Galil 2009). Moreover, an expanded understand-
ing of mechanisms used by NIS to invade new
localities is clearly needed, including what processes
facilitate or hinder their establishment (Bulleri and
Airoldi 2005; Wasson et al. 2005). Studies focusing on
the variation in temporal recruitment of native versus
NIS (Stachowicz et al. 2002), coupled with the
potential adaptations of NIS life-cycles to a new
environment are still in their infancy.

Marine invasions are often facilitated through the
transport of species by ship (such as in ballast water
and as hull fouling) and by mariculture (Ruiz et al.
2000; Katsanevakis et al. 2013). Ship hull fouling has
enabled the introduction of numerous species includ-
ing sponges, hydroids, tube worms, barnacles, mus-
sels, bryozoans, sea squirts, and algae. Indeed, every
hard artificial substrate in the shallow marine realm
(e.g. ship hulls, piers, pontoons, pilings, seawalls and
buoys) is subject to biofouling (Wahl 1997; Railkin
and Press 2004; Diirr and Thomason 2009).

The majority of marine NIS are reported within
lagoons and harbors (Occhipinti-Ambrogi and Savini
2003; Occhipinti-Ambrogi et al. 2011). This could be
explained by the low native diversity often character-
izing these environments coupled with high vector-
mediated propagule pressure and the presence of
colonisable artificial substrates (Carlton and Geller
1991; Holle and Simberloff 2005; Clark and Johnston
2009; Minchin et al. 2009; Ruiz et al. 1997; Wonham
and Carlton 2005). Pilings, breakwaters, pontoons,
seawalls, and jetties serve as novel marine habitats for
epibiota (e.g. Bulleri and Chapman 2010; Connell
2000) and often represents the first point of introduc-
tion of marine NIS within fouling communities (Ruiz
et al. 2000; Wasson et al. 2001; Darbyson et al. 2009).
Invasive species are hypothesized to be better adapted
for survival on such artificial substrates, possibly out-
competing native species for resources (Byers 2002).
Therefore, artificial structures should be considered
facilitators of NIS invasion (Ruiz et al. 2009) and
promoters of their expansion (Connell and Glasby
1999; Glasby 1999).

Biofouling assemblages represent an ideal study
system for ecologists due to their amenability for
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experimentation, their ease of access (without requiring
low tides or vessel use), and the organisms’ proclivity to
settle on artificial substrates and their subsequent fast
growth (Canning-Clode et al. 2010). Studies of eco-
logical succession of these assemblages can be used to
address contemporary environmental problems (i.e.
changes in biodiversity and ecosystem services) as
impacted by invasive species (Prach and Walker 2011).

In the present work, we report results from 2 years of
investigation on the succession pattern of NIS foulers
and their influence on autochthonous species settlement
in the Taranto Seas, one of the most important alien
hotspots in the Mediterranean area (Occhipinti et al.
2011). Forty-four NIS are reported in the Taranto Seas
(Occhipinti-Ambrogi et al. 2011; Cecere et al. 2015).
The Seas host one of the most important commercial
ports of the Italian coast, a NATO naval base, and many
mussel farms, making the area particularly exposed to
the introduction of alien species (Petrocelli et al. 2013).
According to Cecere et al. (2015) increases in recent
years of mollusc importation and shipping are the most
significant visible threats.

A large number of studies have been conducted in
the area, permitting characterization of the fouling
communities (Parenzan 1969; Tursi et al. 1976;
Gherardi 1973; Gherardi 1974; Tursi et al. 1982).
More recently, numerous studies have been carried out
regarding the discovery of NIS (Brunetti and Mastro-
totaro 2004; Mastrototaro et al. 2004, Mastrototaro
and Brunetti 2006; Longo et al. 2007; Giangrande
et al. 2012; Petrocelli et al. 2013; Lezzi et al. 2015).
However, to date, most of the work remains descrip-
tive and there are no data on NIS seasonality or
community development. We investigated how the
coupled effects of starting time and time of immersion
can affect settlement trends and growth in native
species, NIS, and cryptogenic species during macro-
fouling community development.

Materials and methods
Field sampling and processing

The study was conducted in the south western Mar
Grande of Taranto (40°25’56”"N 17°14’19”E), in the
north western Ionian Sea (eastern-central Mediter-
ranean). The Mar Grande is a semi-enclosed basin
with an area of 35.5 km” and a maximum depth of
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42 m, and is bordered by the Chéradi Islands on its
western side (Fig. 1a). It shows seasonal temperature
variations typical of the coastal Ionian regions with an
average annual value of about 18 °C (Fig. 1b); the
salinity is about 38%o and nearly uniform over the
entire year.

PVC panels measuring 15 x 15 x 0.5 cm? were
used as macrofouling collectors (e.g. Sutherland and
Karlson 1977; Canning-Clode et al. 2009). Prior to
deployment each panel was abraded using sandpaper
with a grain size of 60 to facilitate larval settlement,

and to prevent the detachment of sessile organisms. It
was then covered on each side using 1 cm mesh.
Panels (as detailed below) made up of three replicates
located at different depths (0, 3 and 6 m) were placed
in the water, tied to a vertical ballasted nylon rope,
which was anchored to an offshore floating raft. The
modules were deployed at 2-6 m intervals. The study
site (9 m depth) was about 50 m from harbour piers
and 30 m from mussel farms, environments charac-
terized by important fouling communities that act as
larval supply sources.
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Fig. 1 a Map of Taranto Seas with indication of the sampling site in the Mar Grande b Trend of temperature

@ Springer



M. Lezzi et al.

In order to study the NIS macrofouling communi-
ties over the period of 1 year, four sets of panels, each
one consisting of 36 panels (4 collection times x 3
depths x 3 replicates), were installed at four different
times: April 2013, July 2013, October 2013 and
January 2014, named S1, S2, S3 and S4 respectively,
amounting to a total of 144 panels. Each set was
surveyed at 3-month intervals to capture four different
immersion times: T1 (3 months of immersion), T2
(6 months of immersion), T3, (9 months of immer-
sion), and T4 (12 months of immersion). Three
replicates were selected at random during the sam-
pling (Fig. 2).

Only the sessile macrobenthic organisms were
considered in the present study. In the laboratory,
each panel was in vivo photographed before fixation
(Supplementary material, Fig. 1). Ascidians were
extracted and anesthetized in menthol before being
preserved in 4% formaldehyde-seawater solution.
Otherwise, all samples were fixed directly in a solution
of 4% formaldehyde-seawater. Sessile organisms were
then identified to the lowest possible taxonomic level
using stereo and binocular microscopes. Photographs
from panels were analysed using the software ImageJ
(Abramoff et al. 2004) which determines the percent
coverage of the organisms, thus obtaining coverage
matrices of each species detected. Coverage for
arborescent organisms was calculated as a projection
of each of the branches on the surfaces. The central
part of each panel was analysed, excluding an external
frame of 1 cm width to avoid sampling of potential
edge effects (Cifuentes et al. 2010); the total surface
area was 196 cm®. A multi-layer coverage was
considered a potential surface coverage of greater
than 100%.

Data analysis

Species were categorized into IS (indigenous species),
NIS (non-indigenous species), and cryptogenic. Ref-
erences used to assign either “non-indigenous” or
“cryptogenic” status are provided in Table 1.

Macro-invertebrates indigenous and non-indige-
nous species, species richness, and percent coverage
were computed as dependent variables using PER-
MANOVA in an approach similar to parametric
ANOVA. Univariate PERMANOVA tests were run
on Euclidean distances matrices with 9999 permuta-
tions (Anderson 2001). Starting time (S, 4 levels),
Immersion time (T, 4 levels) and depth (D, 3 levels)
factors were used to detect differences among NIS, IS,
total species richness, and coverage in the develop-
ment of the macrofouling communities. Each NIS and
cryptogenic species were individually analyzed using
Univariate PERMANOVA tests with the same exper-
imental design.

To further explore the hypotheses that immersion
time and/or temperature influenced community devel-
opment, analysis of covariance (ANCOVA) was
applied to the dataset of dependent variables (NIS
Richness, Indigenous richness and NIS Coverage),
and the continuous (Temperature in the sampling
time) and categorical (Age of Immersion) predictors.
This procedure first required testing the homogeneity
of the slope assumption; if there was no interaction
between variables, the interaction’s independent
effects of predictors was performed.

Multivariate analyses were used to compare the
similarity of macrofouling NIS communities devel-
oped on the panels.

Permutational analysis of variance, PERMANOVA
(Anderson et al. 2005) was used to test for differences
in the NIS community for each starting time (S, 4
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Fig. 2 Experimental design
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Table 1 List of the collected macrobenthic taxa

Phylum

Status

Status references

Amphitrite rubra (Risso, 1826)
Branchiomma bairdi (MclIntosh, 1885)
Branchiomma bombyx (Dalyell, 1853)
Branchiomma luctuosum (Grube, 1870)
Dasybranchus gajolae Eisig, 1887
Filograna implexa Berkeley, 1835
Hydroides nigra Zibrowius, 1971
Hydroides dirampha Morch, 1863
Hydroides dianthus (Verrill, 1873)
Hydroides elegans (Haswell, 1883)
Hydroides helmatus (Iroso, 1921)
Hydroides stoichadon Zibrowius, 1971
Nicolea venustula (Montagu, 1818)
Parasabella langerhansi (Knight-Jones, 1983)
Parasabella tenuicollaris (Grube, 1861)
Pista cristata (Miiller, 1776)

Polycirrus cf. aurantiacus Grube, 1860
Polydora sp. Indeterminate

Sabella discifera Grube, 1874

Sabella pavonina Savigny, 1822

Sabella spallanzanii (Gmelin, 1791)
Serpula vermicularis Linnaeus, 1767
Serpula concharum Langerhans, 1880
Simplaria pseudomilitaris (Thiriot-Quievreux, 1965)
Spirobranchus lamarcki (Quatrefages, 1866)
Spirobranchus triqueter (Linnaeus, 1758)
Terebella lapidaria Linnaeus, 1767
Timarete filigera (Delle Chiaje, 1828)
Amphibalanus amphitrite (Darwin, 1854)
Balanus trigonus Darwin, 1854
Chthamalus depressus (Poli, 1791)
Perforatus perforatus (Bruguiere, 1789)
Amathia verticillata (delle Chiaje, 1822)
Bugula neritina (Linnaeus, 1758)
Bugulina calathus (Norman, 1868)
Celleporaria brunnea (Hincks, 1884)
Crisia denticulata (Lamarck, 1816)
Crisia fistulosa (Heller, 1867)

Crisularia aperta (Hincks, 1886)
Cryptosula pallasiana (Moll, 1803)
Savignyella lafontii (Audouin, 1826)

Schizobrachiella sanguinea (Norman, 1868)
Schizoporella errata (Waters, 1878)

Annelida

Arthropoda

Bryozoa

Non-indigenous

Non-indigenous

Non-indigenous
Non-indigenous

Non-indigenous

Cryptogenic

Cryptogenic

Non-indigenous

Non-indigenous

Cryptogenic

Non-indigenous

Cryptogenic

Arias et al. (2013)

Sordino and Gambi (1992)

Cinar (2006)
Cinar (2006)
Cinar (2006)

Cinar (2013)

Torres et al. (2011)
Zullo (1992)

Marchini et al. (2015)
Fehlauer-Ale et al. (2014)

Lezzi et al. (2015)

Osburn (1952), Winston (1982),
Whryatt et al. (2005)
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Table 1 continued

Phylum

Status

Status references

Scrupocellaria scruposa (Linnaeus, 1758)

Scrupocellaria bertholletii Audouin in Savigny, 1826

Watersipora subtorquata (d’Orbigny, 1852)
Aplidium coeruleum Lahille, 1890
Aplidium densum (Giard, 1872)

Ascidia conchilega Miiller, 1776

Ascidia malaca (Traustedt, 1883)
Ascidiella aspersa (Miiller, 1776)
Botrylloides leachii (Savigny, 1816)
Botryllus schlosseri (Pallas, 1766)

Ciona intestinalis (Linnaeus, 1767)
Clavelina lepadiformis (Miiller, 1776)
Diplosoma listerianum (Milne Edwards, 1841)
Distaplia bermudensis Van Name, 1902
Ecteinascidia turbinata Herdman, 1880
Lissoclinum perforatum (Giard, 1872)
Lissoclinum weigelei Lafargue, 1968
Microcosmus polymorphus Heller, 1877
Microcosmus squamiger Michaelsen, 1927
Perophora multiclathrata (Sluiter, 1904)
Phallusia ingeria Traustedt, 1883
Phallusia mammillata (Cuvier, 1815)
Polyandrocarpa zorritensis (Van Name, 1931)
Styela canopus (Savigny, 1816)

Styela plicata (Lesueur, 1823)
Trididemnum cereum (Giard, 1872)
Trididemnum inarmatum (Drasche, 1883)
Aglaophenia picardi Svoboda, 1979
Aiptasia diaphana (Rapp, 1829)
Hydrozoa ind.

Anomia ephippium Linnaeus, 1758

Arca noae Linnaeus, 1758

Cardiidae juv.

Fissurella nubecula (Linnaeus, 1758)
Hiatella rugosa (Linnaeus, 1767)
Limaria hians (Gmelin, 1791)

Limaria tuberculata (Olivi, 1792)
Mimachlamys varia (Linnaeus, 1758)
Modiolus barbatus (Linnaeus, 1758)
Musculus subpictus (Cantraine, 1835)
Mytilaster minimus (Poli, 1795)

Mpytilus galloprovincialis Lamarck, 1819
Noetiidae ind.

Ostrea edulis Linnaeus, 1758

Chordata

Cnidaria
Mollusca

Non-indigenous

Non-indigenous
Cryptogenic

Non-indigenous

Non-indigenous

Non-indigenous
Non-indigenous

Non-indigenous

Harmelin (2014)

Mastrototaro and Brunetti (2006)
Maciver et al. (2016)

Turon et al. (2007)
Izquierdo Muioz et al. (2009)

Brunetti and Mastrototaro (2004)
Kott (1985)
Kott (1985)
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Table 1 continued

Phylum Status Status references
Pinna nobilis Linnaeus, 1758 -
Vermetus triquetrus Bivona-Bernardi, 1832 —
Clathrina coriacea (Montagu, 1814) Porifera

Myxilla sp.
Paraleucilla magna Klautau, Monteiro & Borojevic, 2004

Scopalina ind.

Non-indigenous Longo et al. (2007)

NIS and cryptogenic in bold

levels) using 3-month intervals survey or immersion
time (T, 4 levels) and depth (D, 3 levels) as factors.
Log transformed data (i.e. to decrease the contribution
of the most abundant species to the dissimilarity) on a
Bray—Curtis similarity matrix under 9999 permuta-
tions was used to perform the analyses (Anderson
2001).

Principal coordinates ordination (PCO) based on
the Bray—Curtis dissimilarity matrix of percent cover
of NIS was also used to visualize differences in overall
community structure through time. To increase the
clarity of PCO plots NIS were added as a vector
overlay on the plot. This is considered one of the most
suitable visual complements to PERMANOV A output
(Anderson and Willis 2003).

ANCOVA tests were performed using the STA-
TISTICA software package. The PERMANOVA and
PCO, were conducted in PRIMER v6+PERMA-
NOVA software (Anderson et al. 2008).

Results
Species diversity

There were 93 total species of sessile invertebrates
found in the macrofouling community of which 72
were IS, 16 NIS and 5 cryptogenic (Table 1). Some
species categorized as cryptogenic however, may
prove to be NIS once their status is resolved.

The species recognized as NIS are: Paraleucilla
magna Klautau, Monteiro and Borojevic, 2004, Polyan-
drocarpa zorritensis (Van Name, 1931), Branchiomma
bairdi (Mclntosh, 1885), Branchiomma Iluctuosum
(Grube, 1870), Celleporaria brunnea (Hincks, 1884),
Distaplia bermudensis Van Name, 1902, Microcosmus
squamiger Michaelsen, 1927, Perophora multi-
clathrata (Sluiter, 1904), Watersipora subtorquata

(d’Orbigny, 1852), Styela plicata (Lesueur, 1823),
Styela canopus (Savigny, 1816), Amathia verticillata
(delle Chiaje, 1822), Balanus trigonus Darwin, 1854,
and Hydroides elegans (Haswell, 1883), Hydroides
dirampha Morch, 1863 and Hydroides dianthus (Ver-
rill, 1873). The species recognized as cryptogenic are
Bugula neritina (Linnaeus, 1758), Simplaria pseu-
domilitaris (Thiriot-Quievreux, 1965), Ecteinascidia
turbinata Herdman, 1880, Amphibalanus amphitrite
(Darwin, 1854) and Savignyella lafontii (Audouin,
1826) (Table 1).

Community development: NIS and IS richness
and coverage

During community development, total species rich-
ness was affected by the starting time (S) and immer-
sion time (T) and their interaction. The same was
observed when indigenous species (IS) and non-
indigenous species (NIS) richness were analyzed
separately, with significant interaction occurring in
conjunction with the depth (D) observed for IS and
NIS richness (univariate PERMANOVA Table 2);
this was confirmed by a pairwise test (Table 2).
Starting time (S) and immersion time (T) revealed how
species richness changed for the panels at different
immersion periods (Fig. 3). Total species richness for
the set immersed in April (S1), showed a significant
peak after 6 months of immersion (T2-July/October),
followed by a subsequent decrease at 9 and 12 months
(T3 and T4). The set immersed in July (S2) showed the
highest species richness starting from the first immer-
sion time, while sets immersed in October (S3) and in
January (S4) were characterized by a similar increas-
ing in richness during immersion time (Fig. 3a). The
trend observed in the indigenous species is similar to
that described for the whole community and with an
increasing trend in S2, S3, and S4; in S1 the species

@ Springer



M. Lezzi et al.

pIoq ut e (500 >) sen[ea d uedyusis

suoneinurad 6666 PIM UNNOI VAONVINYA oW Aq pandwod are (g) senfea Ajjiqeqoid oyy pue onjea J-opnasd e st () onsnels 159 Y],

9<0 L vS
9>0 9>¢ £€>0 L ¢S £€<0 €L ¢S
£€>0 <L IS
PL=¢L>CL>IL ¥S PL=¢L>CL>IL ¥S PL=¢L>CL>IL ¥S
PL>¢€L=CL =1L €S PL>€eL=0CL>IL €S PL> €L =0L>IL €S
PL=¢L=CL<IL S PL=€¢L>TL>IL S PL=€¢L>CL =1L S
PL=€¢L<TL>IL IS PL=¢L=7L=1L IS PL=€¢L<TL>IL IS
suostredwod asimIreq
000°L6S 091°c0¢ce 066°C8CS  £¥l [BI0L
6v0°1 £99°001 059°¢ 000°Cys 0€s’L 0€eeTL 96 Jolrg
100 160°C l'c 8SY'6¢ 1€0°0 88’1 08¢0l 028981 0800 861 0v6'I1 0€8'vIC 81 LS
°se0 8CI'1 €811 L60’L 2900 £80°C 09L'TT 0LS°0L §S0'0 evi'e 0S1°91 06896 9 ds«L
01¥°0 1€0°1 180°1 98%°9 690°0 620'C 09%° 11 0¥L'89 €LY'0 9¢6°0 090°L oce ey 9 (€6
000°0 919°1C £L99C¢C  00070C 000°0 9CT 01 OvL'LS 029°61¢ 000°0 880°¢l 02986 096288 6 L«S
700 86’ iy °6C8 €8L°0 SYCo 08¢l 09LC £8¥°0 YeL’o (359 09011 C a
000°0 y6lce 6sL€e  8LT'101 0000 6006 OLy'61S  OI¥'8SSI 000°0 98°LOI OILCI8  0€l"8evC € L
0000 9eT’ Iy wwoey  ceL6cl 0000 9¢8°0¢ OSL°LTT 0T ese 0000 8EY'8E 029°'68¢ 058898 € S
(wrod)q J-opnasd SN SS  (wred)g 4-opnasq SN SS  (wrad)g J-opnasd SN SS
(SIN) seroads snouaSrpur uoN (ST) seroads snouadpuy K)SIOATP so10adg p

ssouyoLl sa10ads snoua3ipur-uou pue saroads
9ATIRU ‘SO10ds 8101 U0 Ay} uo () yidop pue () Swr) UOISIdWWI (S) dwir) SurlIels 103 1593 0] SAILIBW OUBISIP UBAPI[ONT Suisn YAONVINYH] IeLIBATUN WOIJ SINSY T qBL

pringer

As



Seasonal non-indigenous species succession

(@)
20
28
26 //‘{)
24 :
222 /% ""ff—f,,%
2 20 /
g Y
2 18 /
[} - >
Fy 18 %’ e
s 14 /?"
2 42 y
7 /
10 /
8 ./
g
& gs: 81
. gs:52
gs:82
S1 T T2 T3 T4 !
s2 T T2 T3 T4 gs:s4
S3 T T2 T3 T4
s4 T T2 T3 T4

()]

6 e ?/

4 { gs: 51

2 gs: 82

S1 T1 T2 T3 T4 gs:83

s2 T1 T2 T3 T4 Is:s4
s3 T1 T2 13 T4
s4 T T2 T3 T4
Imm. Time

9
—~ 8
2]
Z 5
2
£, s %
) . » B
& s P G /I
7 -
o
..,9,’ 2 %\f
° ey
z, T
5 -
Z 1 77/'

0 “‘(. gs:s1
Fs:82
gs:823

S1 T1 T2 T3 T4 :
s2 T T2 3 T4 gs:s4
s3 T T2 T3 T4
sa T1 T2 T3 T4
Imm. Time
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richness showed no significant change (Fig. 3b). Both
years of the study were characterized by a peak of NIS
species in the quarter July/October (i.e. 6 months of
immersion in S1, T2; 3 months of immersion in S2,
T1; 12 months of immersion in S3, T4; 9 months of
immersion in, S4T3) (Fig. 3c). Afterwards in S1, S2
and S4 NIS richness decreases; in S3 the peak
corresponds to the last sampling time.

The NIS trend was confirmed by univariate anal-
ysis, although no significant differences in the panels
collected during October of 2014 and January of 2015
belonging to the set immersed in January of 2014 was
observed.

Depth is responsible for differences in the panels
immersed in July and October 2013 (S2 and S3) as
shown in the pairwise tests (Table 2). Depth causes a
significant difference in the 12 month panels from

July (S2T4), where 6 m panels have the highest values
of NIS richness.

Total Coverage, NIS, and IS coverage were
affected by the interaction of starting time (S) and
immersion time (T) according to the univariate
PERMANOVA tests found in Table 3. Interaction
with the depth could be observed concerning both total
coverage and IS coverage (S x T x D), and NIS
coverage (T x D). The trends are shown in Fig. 4, in
which the factors starting time (S) and immersion time
(T) are plotted. Total macrofaunal coverage of the set
immersed in April 2013 (S1) reached the maximum
value after 6 months of immersion (T2) and remained
successively constant (Fig. 4a). The set immersed in
July 2013 (S2) showed a maximum of coverage after
the first immersion quarter July/October (T1) with a
subsequent decrease in the quarter of October
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Seasonal non-indigenous species succession
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Fig. 4 Variability of a total coverage and b Indigenous species coverage and ¢ NIS coverage in each panel set (S) and immersion time

(T) (bars represent standard error)

2013/January 2014 (T2), and then increasing again in
the panels collected during April 2014 and July 2014
(T3 and T4). The set immersed in October 2013 (S3)
followed a constant significant increase of macrofau-
nal coverage, while the set immersed in January 2014
(S4) after an initial high coverage, due to the unique
abundance of the colonial ascidian Diplosoma listeri-
anum, strongly decreased after 6 month of immersion
(T2) and subsequently increased after 9 and 12 months
of immersion (T3 and T4). Excluding S2, the
described trend pattern was the same for the coverage
of native species (Fig. 4b). By contrast, in each panel
set, the NIS coverage trend always showed a maxi-
mum at the first time during the quarter July/October
of both years (Fig. 4c). These data are overlapped with
the maximum NIS richness as showed above. Pairwise
test (Table 3) showed a general trend characterized by

a major coverage of indigenous species in the
shallowest panels, and greater NIS coverage in deeper
panels (Pairwise Test, Table 3).

The ANCOVA analysis showed that NIS coverage,
and NIS richness were significantly associated with
the age of immersion and the temperature at the time
of sampling (Table 4). The data, analyzed using a
series of linear regressions between NIS coverage and
temperature, shown as different age of immersions,
are significantly related to different slopes, with the
lowest age of immersion showing the higher slope
(Fig. 5a). At high water temperatures, NIS coverage
shows high values in the initial successional stages and
lower values with the increase of the age of immersion
of the substrate. At low temperatures, NIS coverage is
low in both early and late successional stages. The
number of NIS (Fig. 5b) increases with increasing
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temperature. At high temperatures they recruit inde-
pendently from age of immersion, while at low
temperatures the NIS richness increases with the age
of the immersion, reaching values lower than that
observed at highest ones. By contrast, autochthonous
species richness increased with increasing tempera-
ture, and age of the substratum in which they recruit
(Fig. 5¢), as confirmed by the ANCOVA test with a
two-way interaction among age of immersion and
sampling time temperature (Table 4).

Non indigenous species in the community
development

Univariate PERMANOVA tests (Table 5) showed that
most of the NIS (i.e. P. zorritensis, P. magna, B.
bairdi, C. brunnea, D. bermudensis, H. elegans, H.
dirampha, S. plicata, S. canopus and A. verticillata)
were influenced by the starting time, immersion time,
and their interaction. The depth and/or its interaction
with immersion time and starting time may also be
significant for P. zorritensis, B. bairdi, B. luctuosum,

Fig. 5 3D plot and linear regressions between dependentp
variables (a NIS Coverage, b NIS Richness, ¢ Indigenous
richness) and the continuous (Temperature in the sampling time)
and categorical (Age of Immersion) predictors

and C. brunnea. In particular, P. zorritensis was more
abundant at 3 m depth, and B. bairdi was more
common in the deepest panels (Table 5). Other NIS
such as W. subtorquata, B. trigonus, H. dianthus, and
P. multiclathrata did not appear to be influenced by
these factors, and so their distribution appeared
stochastic, independent to the age of the substratum
and the period in which they recruit.

Figure 6 shows the trend of coverage regarding
single NIS. The colonial ascidian P. zorritensis, which
was the most abundant NIS, recruits in the July/
October quarter, with great difference in presence
depending on the depth and the immersion time of
panels. Its abundance in the first year of the study (in
panels immersed in April and July 2013) reached a
maximum coverage of 40%, showing a strong
decrease in the subsequent quarter. In the second year

Table 4 ANCOVA for dependent variables (NIS Richness, Indigenous richness and NIS abundance) and the continuous (Tem-
perature in the sampling time) and categorical (Age of Immersion) predictors

SS Degr. of freedom MS F )4
NIS abundance
Age of Immersion (A) 4265.42 3 1421.805 13.45940 0.000
Temperature (Tmp) 2918.67 2918.672 27.62937 0.000
A*Tmp 4795.70 3 1598.568 15.13271 0.000
Error 14,366.58 136 105.637
NIS richness
Age of Immersion (A) 76.2580 3 25.41930 6.75569 0.000
Temperature (Tmp) 110.1721 110.17210 29.28040 0.000
A*Tmp 49.4453 3 16.48180 4.38036 0.006
Error 511.7212 136 3.76270
1S richness
Age of Immersion (A) 301.130 3 100.3766 11.69876 0.000
Temperature (Tmp) 122.192 122.1918 14.24129 0.000
A*Tmp 133.482 3 44.4940 5.18572 0.002
Error 1166.894 136 8.5801
IS abundance
Age of Immersion (A) 12,094.550 3 4031.5200 7.00175 0.000
Temperature (Tmp) 396.560 396.5600 0.68872 0.408
A*Tmp 6588.760 3 2196.2500 3.81435 0.012
Error 78,307.050 136 575.7900

Significant P values (< 0.05) are in bold
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Seasonal non-indigenous species succession

of study (in panel immersed in October 2013 and
January 2014) its presence was reduced to less than the
2% with few zooids present in panels immersed for 9
and 12 months. Thus, the abundance of P. zorritensis
in the quarter July/October is strongly related to the
immersion time of each set (Fig. 6a). Similarly, other
species such as A. verticillata, P. magna, C. brunnea,
H. elegans and S. plicata showed high abundance in
the early stages of the succession and mainly after the
warmest quarters (Fig. 61, c, j, m, d), evidence of the
pioneering traits of these species. The sabellid B.
bairdi had the same recruitment pattern as most of the
NIS (July/October) related to the highest temperatures
of the year, but its population persisted in the
subsequent quarter (Fig. 6f). A similar pattern is
observed in B. luctuosum, which is found to recruit on
the panels deployed between July and October, and
subsequently remaining on the panels. Its large
coverage values in the following quarter are due to
the growth of individuals, and not to new recruits
(Fig. 6g). Lastly, H. dirampha recruits in all of the
panels sets, but mainly in the quarter July/October of
both years of the study (Fig. 6n).

The NIS W. subtorquata, M. squamiger P. multi-
clathrata, B. trigonus and H. dianthus were not
abundant in any series or immersion time and their
presence is considered stochastic in the succession.

The cryptogenic species identified in the commu-
nity shows different recruitment and abundance pat-
terns. Among them, B. neritina and E. turbinata were
influenced by the starting time, immersion time, and
their interaction (Table 5). Bugula neritina shows
maximum abundance and recruitment pressure in the
coldest period (Fig. 6e), while E. turbinata (Fig. 6i)
shows its maximum abundance in the early stages of
the succession and after the warmest quarters, similar
to other non-native species such as A. verticillata, P.
zorritensis and S. plicata.

Pseudo-F P(perm)

0.37592

Savignyella lafontii (Cry)
MS

SS
36.089
64.337

P(perm)

Pseudo-F

Amphibalanus amphitrite (Cry)
MS
1.79E—03

SS
0.17185
0.2718

P(perm)

Pseudo-F

0<6
0

0.81822
S1 T2
S2 T1

MS

Multivariate analysis

Multivariate analysis conducted on alien species
showed that starting time, immersion time and depth
affect the community of NIS in the panels (PERMA-
NOVA Table 6). Pairwise comparison showed signif-
icant differences on NIS assemblage at each
immersion time of sets immersed in April 2013 (S1).
No significant differences are observed in the set
during July 2013 (S2) after 6 months of immersion

78.549
422.38

Ecteinascidia turbinata (Cry)

Pairwise comparisons

SS

df
96
143

The test statistic (F) is a pseudo-F value and the probability values (P) are computed by the PERMANOVA routine with 9999 permutations

Significant P values (< 0.05) are in bold

Table 5 continued

Source
Res
Total
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Fig. 6 Variability of a Polyandrocarpa zorritensis, b Paraleu-
cilla magna, ¢ Styela plicata, d Bugula neritina, e Branchiomma
bairdi, f Branchiomma luctuosum, g Styela canopus,
h Ecteinascidia turbinata, i Celleporaria brunnea, j Distaplia

(T2). In the set immersed in October 2013 (S3), NIS
assemblage showed significant differences after
6 months of immersion (T2), and lastly in the set
immersed in January of 2014 (S4) the NIS assemblage
did not change significantly after 9 months (T3). The
assemblages were well distinguished in the PCO plot
(Fig. 7) where NIS are grouped to the left of the PCO1
plot. In the right of the plot were successional stages of
sets immersed during October 2013 and January 2014
(83 and S4), where NIS recruitment did still not occur.
Differences along the PCO2 are due to NIS patterns
characterizing each panel set at different immersion
times and depths. In particular, the highest points
corresponded to the shallowest panels collected after 3

@ Springer

Non indigenous Species (NIS)

gs: 81
gs:s2
gs: 83
45:54

bermudensis, kK Amathia verticillata, 1 Hydroides elegans,
m Hydroides dirampha in each panel set (S) and immersion
time (T) (bars represent standard error)

and 6 months in October 2013 (S1T2 and S2T1) and
characterized by the dominating presence of P.
zorritensis, A. verticillata, P. magna and D. bermu-
densis. The intermediate points along the PCO2
corresponded to panels collected at 3 and 6 m depths
after 3 and 6 months in October 2013 and character-
ized by an increasing importance of the sabellids B.
bairdi and B. luctuosum. Lastly, the lower points along
the PCO2 corresponded to panels from the set
collected after the immersion period of July/October
2013. They are characterized by B. bairdi and B.
luctuosum, because of the disappearance and/or the
reduction in abundance of the NIS (i.e. P. zorritensis,
A. verticillata, S plicata, P. magna, H. dirampha, D.
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Table 6 Results from PERMANOVA using Bray—Curtis distance matrices of NIS to test for starting time (S), immersion time

(T) and depth (D)

Source df SS MS Pseudo-F P(perm)
S 3 51,83 17,261 36.168 0.001
Im 3 51,921 17,307 36.264 0.001
de 2 12,099 6049.3 12.675 0.001
S x Im 9 62,596 6955.2 14.574 0.001
S x de 6 5982.7 997.12 2.0893 0.004
Im x de 6 6036.1 1006 2.108 0.003
S x Im x de 18 10,065 559.19 1.1717 0.201
Res 96 45,816 477.25

Total 143 2.463E5

Pairwise comparison

S1 Tl # T2 # T3 # T4

S2 Tl # T2 =T3=T4

S3 Tl =T2 # T3 # T4

S4 Tl # T2 # T3 =T4

Significant P values (< 0.05) are in bold

bermudensis), and S3 and S4 mainly are characterized
by B. bairdi and B. luctuosum.

Discussion

The Taranto Seas (including Mar Grande and Mar
Piccolo) are characterized by distinctive fouling
communities, mainly dominated by filter feeder
species of sponges, ascidians, tube worms and
bivalves. Four introduced species, C. brunnea, B.
bairdi, P. multiclathrata, and W. subtorquata were
newly recorded for the region. Microcosmus squami-
ger was previously erroneously reported in the Taranto
basin as M. exasperatus (Cecere et al. 2015).
Previous studies on NIS conducted in the area (e.g.
Brunetti and Mastrototaro 2004; Longo et al. 2007,
Cecere et al. 2015) were descriptive. The present study
documented NIS spatial and temporal settlement
patterns, demonstrating differences based on the
different starting time that reflects different propagule
pressure, and the stage of community development
(early community stage vs. late community stage).
Species richness, both of NIS and IS, is influenced
by the starting point of the community development
and by the period in which the community was
monitored, as influenced by seasonal larval supply
(Underwood and Anderson 1994; Stachowicz and
Byrnes 2006) and the ecological mechanisms (such as

facilitation and inhibition) that may shape the com-
munity (Connell and Slatyer 1977; Berlow 1997).

We have shown that propagule pressure of most
NIS has a seasonality pattern that is higher in the
warmest period (summer months) when the peak of
abundances of larval production and settlement gen-
erally occurs (Osman 1977; Lu and Wu 2007). The
seasonality pattern of NIS propagule pressure occurs
at the same time of maximum indigenous propagule
pressure, and the NIS recruitment on bare substrate co-
occur with that of IS pioneer species.

As a whole, most of the recorded species, both IS
and NIS, recruit on the bare substrate in the warmer
period; this is in accordance with what is observed in
previous studies on the succession and variability of
fouling communities in other Mediterranean areas
(e.g. Relini 1964; Gherardi 1974). Although some
authors (Fargione et al. 2003; Stachowicz and Tilman
2005) suggested that successful recruitment of NIS is
often due to a non-overlapping recruitment period
with native species, we observed that the high
recruitment of NIS occurs at the same time of high
recruitment of native species. Thus, NIS of the
macrofouling community in the Gulf of Taranto, do
not appear to fill any temporal gap with minimum
recruitment of natives; rather, they become established
despite high competition in settlement rate during their
recruitment. Moreover, NIS recruitment occurs during
the warmer periods (July—October) in early
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Fig. 7 PCO plot based on Bray—Curtis distance of NIS
community development in each panel set (S) and immersion
time (T) and depths. Solid lines represent the principal clusters
similarity. Numbers used as abbreviations for the taxa variables:
1. Hydroides elegans; 2. Hydroides dirampha; 3. Paraleucilla
magna; 4. Polyandrocarpa zorritensis; 5. Branchiomma bairdi;
6. Branchiomma luctuosum; 7. Celleporaria brunnea; 8.
Distaplia bermudensis; 9. Microcosmus squamiger; 10.
Perophora multiclathrata; 11. Watersipora subtorquata; 12.
Styela plicata; 13. Styela canopus; 14. Amathia verticillata; 15.
Hydroides dianthus; 16. Balanus trigonus

communities as well as in late communities, indepen-
dent of the age of immersion of the panels. Lower
recruitment rates and/or a disappearance NIS were
observed in the subsequent quarters (October—
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January), suggesting that the NIS persistence in the
community is affected by seasonality.

Assuming that NIS reproductive cycles depend
primarily on abiotic factors, the raising in water
temperatures that usually occurs in the study site
during June may promote the recruitment and the
extensive colonization of NIS species on fouling
panels in the warmer period (July—October). These
patterns may reflect the species exotic origins and
warm-water affinities (Arias et al. 2013; Brunetti and
Mastrototaro 2004; Zenetos et al. 2012; Lezzi et al.
2015).

Macrofouling coverage, affected by starting time
and immersion time, shows variations depending on
the life history of the species, and on the successional
events regulated by inhibition/facilitation of species
assemblages. For instance, high coverage can be
dependent on a single species that initially covers all
of the surface (i.e. Diplosoma listerianum in S4 T1), or
can be due to a high species pool. As a general trend,
the successional study shows an increase of coverage
with increasing immersion time, as recently observed
in most successional studies in the Mediterranean
(Antoniadou et al. 2010, 2011; Pierri et al. 2010).
These results support the hypothesis that in temperate
areas a rapid increase in species cover, reaching
75-100%, can be observed in less than 1 year, whereas
at higher latitudes the process is much slower (Bow-
den et al. 2006).

Non-indigenous species coverage showed a peak in
the quarter July—October in both years of study.
However contrary to the NIS richness, NIS coverage is
influenced by the developmental stage of the commu-
nity. Indeed, NIS coverage is higher at early succes-
sional stages and at high water temperature, and
assumes low values in late successional stages and/or
at low water temperatures. Therefore, the low tem-
perature appears to be a limiting factor for NIS
coverage both in early and late successional stages,
while at high temperatures the limiting factor is the
developmental stage of the community.

Our results support the hypothesis by Davis et al.
(2000) and Stachowicz and Byrnes (2006) that com-
munity invasibility may be influenced by resource
availability, here represented as the space available for
colonization. Well-established assemblages are less
likely to become dominated by NIS than early
community assemblages or bare substrates that char-
acterize disturbed or newly created habitats (Clark and
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Johnston 2011). Thus, late stages of fouling commu-
nity may protect against NIS invasion even though
recruitment of the latter can still occur.

Lastly, differences in the macrofouling assem-
blages were observed according to the different depth
at which panels were immersed. In particular, NIS
could be more abundant in panels at 3 or 6 m depth
compared to the shallower ones. However, it was
observed that some NIS, such as Polyandrocarpa
zorritensis, were more abundant in shallow panels and
others such as Branchiomma spp. were more abundant
in the deepest ones.

An increase in taxonomic richness was observed
compared to previous studies, although new NIS
appear to be added to the community without any
complete displacements of previous species. How-
ever, a robust comparison between present and past
data is not possible because past studies refer to the
more confined location of the basin, the Mar Piccolo
(Gherardi 1974; Pierri et al. 2010), historically less
rich than the Mar Grande. In these previous studies,
during the warmer season the coverage was dominated
by bryozoans (B. neritina, S. errata), serpulids,
especially H. elegans, and ascidians (e.g. A. aspersa,
B. schlosseri, S. plicata, C. lepadiformis). All these
taxa were recorded in the present work, but with a low
coverage rate. This may be due to the recent addition
of NIS, such as P. zorritensis and B. bairdi, that
occupy most of the available space, and seem to play a
major role in the community development.

Polyandrocarpa zorritensis is the component of the
community with the highest coverage values during
the early stage of the community in the quarter July/
October, while its presence is strongly reduced to only
a few zooids in the same quarter when it recruits in the
late stages of the community. Polyandrocarpa zor-
ritensis dynamics reveal a strong decrease in abun-
dance in the subsequent quarter (October—January).
This species is able to produce a bud stage that persists
during unfavourable environmental conditions (i.e.
coldest period after the summer months) and makes it
possible for the rebuilding of the colony in favourable
conditions (Brunetti and Mastrototaro 2004). This life
history trait is observed in the S2, where a decrease in
abundance during winter months is followed by a
colony rebuilding in the early summer. Even though
the rebuilding process did not totally recover the
colony, the rebuilder zooids should be sufficient to
undergo sexual reproduction, supplying new larval

propagules that are able to recruit on new substrates.
Besides P. zorritensis, the species C. brunnea, P.
magna, H. elegans, H. dirampha, S. plicata, A.
verticillata are more abundant on bare substrates in
the warmest period acting as seasonal pioneer species,
highlighting a similar strategy.

By contrast, other species, such as B. bairdi and B.
luctuosum, although recruiting in the summer quarter
July—October, as most of the other NIS, remain in the
macrofouling communities and seem to not be influ-
enced by the development stage of the community,
being able to recruit with the same magnitude in early
and late community stages.

Other NIS that are poorly represented (i.e. P.
multiclathrata, W. subtorquata and H. dianthus, M.
squamiger) did not show any clear settlement or
recruitment patterns. Among cryptogenic species, E.
turbinata appears to be the only one that shares a life
strategy similar to those of the other NIS, being
present in the early stages of succession and in the
warmer period. This species is increasing its distribu-
tion in the Mediterranean (Maciver et al. 2016), and
the present data show the same thermophilic and
pioneering traits that characterize the other NIS
recorded in the Taranto Seas.

It is thus possible to distinguish two sets of NIS.
The first set includes P. zorritensis, P. magna, H.
elegans, H. dirampha, S. plicata, A. verticillata and D.
bermudensis that behave as “r-selected” pioneer
species structuring components of the early commu-
nities only in favourable conditions, but which through
competition with IS, after settlement, are not able to
develop in late communities. The second set include
the sabellid worms B. bairdi and B. luctuosum, that
persist and become dominant in late macrofouling
communities independent of seasonal changes.

As a general trend, alien species tend to rapidly
colonize and grow on fouled panels in the summer
months, taking advantage of suitable environmental
conditions. The trend of recruitment and abundance of
NIS related to the period of higher temperature
observed in the present paper was already noted by
Vaz-Pinto et al. (2014) for the Azores. The temporal
distribution and abundance of NIS when viewed in the
framework of global warming (Occhipinti-Ambrogi
2007; Sorte et al. 2010; Walther et al. 2009; Bianchi
et al. 2017) is thus of interest relative to the potential
expansion of their reproductive periods due to increas-
ing temperatures. Our observations suggest the
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potential for establishing certain management
approaches that could reduce or prevent the spreading
of NIS. For example, the availability of artificial
substrates (such as net cages, ropes, platforms, and
buoys) that would serve as settlement platforms during
warmer periods could conceivably be controlled
through the use of anti-fouling technologies or by
altering mooring times. Indeed, the Taranto Seas,
acting as a NIS hotspot, could play a significant role as
the origin of further introductions to bordering areas
through natural spreading or fouling on boat hulls, in
particularly during the summer, when an increase of
local and foreign maritime touristic traffic is usually
observed (Apostolopoulos et al. 2014). The observed
autecology traits of the NIS (i.e. summer recruitment,
fast growth) together with their structural dominance
in early stage assemblages can be factors that could
increase the spread of NIS foulers in the Mediter-
ranean. Popular yachting destinations are at highest
risk of harbouring or becoming inoculated with NIS
and/or their propagules (Hewitt et al. 1999; Ruiz et al.
2000).
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