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a b s t r a c t

Ascidians are recognized as major invaders on a global scale, found from the poles to the tropics
and from shallow to deep sea waters with approximately 3000 known described species worldwide.
However, to date only a few opportunistic studies focusing on the ascidian diversity colonizing natural
and artificial substrates have been conducted in the Madeira Archipelago (NE Atlantic). Furthermore,
little is known about the community composition and distribution of native and non-indigenous
ascidians in the islands of the archipelago. In this context, we conducted a 3-phase study that allowed
us to report an updated list of ascidian records found on artificial substrates in the Madeira Archipelago.
First, to assess ascidian biodiversity colonizing artificial substrates present in the Madeira Archipelago,
we conducted standardized monitoring campaigns in four marinas and hull vessel surveys during dry
dock inspections. Second, we complemented this inventory with a comprehensive literature search
and Museum collection focused on ascidians colonizing both artificial and natural substrates. Third,
we investigated the temporal and spatial variability on the recruitment and succession of young vs
mature ascidian assemblages. We found 24 ascidian species in all four marinas, from which 13 are
NIS and 11 are new records for Madeira Archipelago. In addition, a literature survey found a total of
27 ascidians occurring on both artificial and natural substrates. This study now reveals a total of 39
ascidian species colonizing both artificial and natural substrates and comprises the most up-to-date list
for all shallow-water ascidians in the Madeira Archipelago. A total of 15 NIS are now currently known,
9 exclusively from Madeira Island, 1 exclusively from Porto Santo Island and 5 on the two main islands
of the archipelago. This study also shows that the spatial and temporal variability of fouling ascidian
assemblages are driven by recruitment and succession of NIS rather than by presence of native species.
Finally, total ascidian richness and cover was significantly higher in 4-month-old communities than in
8 to 16-month-old communities across all marinas, suggesting that ‘‘bare’’ artificial substrates are the
main drivers of NIS success in the region.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

In the late twentieth century, the pioneer campaigns of Claude
and Françoise Monniot (Monniot and Monniot, 1984) that sur-
veyed the deep sea tunicate fauna during the ‘Abyplaine’ Cruise
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in the Madeira basin, the Iberian abyssal plain and in the south-
western part of the North-East Atlantic basin resulted in 29
species collected within the Madeira exclusive economic zone
at station 8 (34�05N 17�05W). This station was considered the
richest and environmentally heterogeneous surveyed at depths
deeper than 4200 m, during the campaigns performed in
May/June 1981 (see Table I in Monniot and Monniot, 1984). More
recent studies contributed significantly with records occurring
on natural and artificial substrates in shallow waters (Augier,
1985; Wirtz, 1994; Fonseca et al., 1995; Wirtz, 1995, 1996, 1998,
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2006; Pérez-Portela et al., 2007; Turon et al., 2007; Canning-
Clode et al., 2008, 2013; Gestoso et al., 2017; Riera et al., 2018;
Ramalhosa et al., 2019). However, the current knowledge of
ascidian diversity in shallow waters of Madeira Archipelago is
incomplete, as we lack a comprehensive list of reports including
essential information to understand their biogeographical status
(if native or not), such as year of detection, seasonality, habitat
type and ecological information. Furthermore, little is known
about the community composition and distribution of native
and introduced ascidians occurring on artificial substrates along
Madeira Archipelago.

Although many species of ascidians are recognized as major
invaders throughout the world’s oceans (Lambert, 2007; Zhan
et al., 2015; Simkanin et al., 2016), this particular group has
not received as much attention in the Madeira Archipelago (but
see Canning-Clode et al., 2013). Ascidians are found from the
poles to the tropics and from shallow to deep sea waters with
approximately 3000 known described species (Shenkar et al.,
2020). Ascidians are sessile, benthic filter-feeders usually with
fast growth rates (Bak et al., 1996; Bullard and Whitlatch, 2009).
They are hermaphroditic, many with long fertile periods or able
to regenerate from fragments (Turon, 1992; Carman et al., 2014),
with resulting high rates of reproduction (Lambert, 2005). As-
cidians are important indicators of invasions, since short-lived
non-feeding larvae do not disperse very far naturally (Lambert
and Lambert, 1998; Lambert, 2005) and usually settle in only a
few hours or days (Rius et al., 2010a,b). Therefore, ascidians with
wide disjoint distributions are the result of human transport for
their dispersal over long distances and are especially abundant
on artificial substrates (Lambert and Lambert, 1998, 2003; Aldred
and Clare, 2014; López-Legentil et al., 2015). The most widely
dispersed species have high tolerance to large differences in
physical and biological conditions (e.g. temperature, salinity and
resident biota, respectively) that characterize the recipient new
habitat (Bullard and Whitlatch, 2009; Pineda et al., 2012; López-
Legentil et al., 2015 and references therein), including the ability
to outcompete resident species (Rius et al., 2009). All these life-
history characteristics favour their establishment into new areas
(Rocha and Kremer, 2005).

The introduction of non-indigenous species (NIS) into new
regions, intentionally or accidentally, is now considered a global
threat to biodiversity in coastal marine ecosystems (Lambert,
2007; Olenin et al., 2011; Canning-Clode, 2015). Maritime traffic
(i.e. commercial, cruise ships and recreational vessels) represents
one of the main vectors contributing to the spread and establish-
ment of NIS worldwide, mainly through hull fouling and ballast
water (Clarke Murray et al., 2014; Carlton and Ruiz, 2016; Castro
et al., 2020). The survey of floating docks and artificial pontoons
particularly in shipping areas and marinas has become highly rel-
evant for detecting new NIS arrivals, as these artificial substrates
may favour the dispersal of NIS by acting as ‘‘stepping stones’’
and allowing colonization of species into new areas (Glasby et al.,
2007; Marchini et al., 2015) due to high propagule delivery that
may lead to an increased probability of invasion success (Johnston
et al., 2009). In fact, coastal ports, harbours and marinas are
considered ‘‘hotspots’’ for the occurrence of NIS, thus becoming
ideal study sites for monitoring and for rapid assessment surveys
(Cohen et al., 2005; Arenas et al., 2006).

The diversity and distribution of fouling NIS in the Madeira
Archipelago, located in the NE Atlantic, has received some level
of attention in recent years due to ongoing monitoring surveys,
particularly in marinas on the southern coast of Madeira Is-
land (Canning-Clode et al., 2013; Ramalhosa and Canning-Clode,
2015; Ramalhosa et al., 2017b; Gestoso et al., 2018; Ramal-
hosa et al., 2019). As a result, several new records of NIS have
been detected and inventoried, particularly bryozoans (Wirtz

and Canning-Clode, 2009; Canning-Clode et al., 2013; Ramal-
hosa et al., 2017b), polychaetes (Ramalhosa et al., 2014) and
crustaceans (Ramalhosa and Canning-Clode, 2015; Ramalhosa
et al., 2017a). These ongoing monitoring surveys in Madeira
have also contributed to global bryozoan biodiversity with the
description of three new bryozoan species for science (Souto
et al., 2015, 2018). Moreover, hull fouling has been considered as
the most significant vector of introduction of marine NIS to the
Madeira archipelago coastal waters (Canning-Clode et al., 2013;
Ramalhosa et al., 2014; Ramalhosa and Canning-Clode, 2015;
Ramalhosa et al., 2017a,b; Souto et al., 2018). This recent growing
knowledge on invasions in Madeira Island is also supporting the
development of experimental studies to elucidate the potential
mechanisms and biotic interactions that are driving the invasion
process in urbanized environments (e.g. Gestoso et al., 2017,
2018; Ramalhosa et al., 2019). Although the invasion of many
taxonomic groups has already been catalogued or studied for the
Madeira Archipelago, few fouling studies have been published
on invasive ascidians, as we lack ecological information on their
abundance and distribution. Consequently, an updated inven-
tory list for all ascidians colonizing both artificial and natural
substrates for Madeira will refine additional ecological studies.

In this context, this study represents an assessment of ongoing
NIS monitoring surveys conducted between summer 2013 and
spring 2016 on settlement panels and on opportunistic vessel
hull surveys during dry dock inspections, particularly focused on
ascidians. We complemented our study with a comprehensive
literature search and Museum collection focused on all ascidi-
ans colonizing both artificial and natural substrates on Madeira
Archipelago into one full inventory list that will serve as baseline
reference for future studies. In addition, we investigated tem-
poral and spatial variability on the recruitment and succession
of young vs. mature (4-month-old vs. 8, 12 and 16-month-old,
respectively) ascidian assemblages in three marinas in Madeira.
Our aim was to test hypotheses related to the effect of ascidian
NIS on the colonization of bare space compared to their effect on
the succession of mature biofouling communities. Specifically, we
hypothesized that: (1) plates with young communities (4-month-
old plates) will have a higher ascidian recruitment and percent
cover than mature communities (>8-month-old plates); (2) these
differences will be driven by higher recruitment and cover of NIS
rather than of native species; and (3) NIS richness and percent
cover will increase over time.

2. Material and methods

2.1. Study sites

The Madeira Archipelago is located in the NE Atlantic Ocean
about 700 km off the Moroccan coast and it comprises two in-
habited islands: Madeira and Porto Santo (Fig. 1). Madeira Island
is the largest, with approximately 144 km of coastline; Porto
Santo Island is located at 42 km northeast of Madeira with about
33 km of coastline. Historically, the archipelago has provided an
important route for ships between Europe, America and Africa
because of its unique geographical position in the Atlantic Ocean,
providing an important port for refuelling and rest stops (Castro
et al., 2020). Today, most of its maritime traffic comes from
tourist cruise ships and sailing yachts from different parts of the
world (APRAM, 2020).

This study was performed in three marinas located on the
south coast of Madeira Island: Calheta (CA, 32�430N, 17�100W),
Funchal (FX, 32�380N, 16�540W), Quinta do Lorde, Caniçal (QL,
32�440N, 16�420W) and in a marina located on Porto Santo Island
(PS, 33�030N, 16�180W) (Fig. 1a–d). Funchal was the first marina
constructed (1995) and it is located inside the main port of
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Fig. 1. Madeira Archipelago with the location of the four marinas at the south coast of both Madeira and Porto Santo Islands: a—Calheta (CA), b—Funchal (FX),
c—Quinta do Lorde (QL), d—Porto Santo (PS), and (e) Dry Dock Inspections (DDI) at RepMaritima shipyard.

Fig. 2. Average monthly temperatures (Mean ± SE) reached inside four marinas: Calheta (CA, dash line), Funchal (FX, dotted line), Quinta do Lorde (QL, grey line)
and Porto Santo (PS, black line) across three consecutive years from July 2013 to April 2016. Rectangular box indicates this study monthly temperatures in 2015
throughout April (T1, n = 180), August (T2, n = 186) and December time (T3, n = 186). Circles indicate the months of sampling events: grey from first phase (n
= 10); black from third phase, when we performed an additional experiment to access young communities (white squares, T1–T3 = 4-month-old community age,
CoA4, n = 5) vs. not removing the fouling communities from mature plates (black squares, T1 = 8; T2 = 12; T3 = 16-month-old community age, CoA8+, n = 5).

Funchal, with a capacity of 260 berths, followed by Quinta do
Lorde built in 2002 with 264 berths, Calheta in 2004 with 300
berths, and Porto Santo in 2006, inside the port of Porto Santo
Island with a capacity of 139 berths.

2.2. Experimental design and sampling

This study was divided into three main phases: (1) monitoring
and sampling ascidian assemblages found on artificial substrates
in four marinas along the south coast of Madeira Archipelago and
opportunistic monitoring surveys on hull vessels during dry dock
inspections from July 2013 to May 2016; (2) a literature search
for all ascidians colonizing both artificial and natural substrates
in shallow waters, including unpublished records found at the

Natural History Museums of Funchal and Paris; (3) an investiga-
tion of the temporal and spatial variability on recruitment and
succession of young vs. mature (4-month-old vs. 8, 12 and 16-
month-old, respectively) ascidian assemblages in three marinas
in Madeira Island, from April to December of 2015.

2.2.1. Phase 1—Monitoring and sampling ascidian assemblages

In summer 2013, we initiated a monitoring programme to
detect the arrival of NIS on different artificial substrates (i.e. PVC
settlement plates, dry dock hull inspections, and pontoons) (Ra-
malhosa et al., 2017b). Based on the design employed by Canning-
Clode et al. (2011) and Ramalhosa et al. (2019), in July 2013,
we deployed a total of 40 polyvinyl chloride (PVC) experimental
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settlement plates (14 ⇥ 14 ⇥ 0.3 cm) horizontally attached to the
underside of bricks facing downwards in order to favour more
settlement of macro-invertebrates rather than macro-algae and
hung at approximately 1 m depth from pontoons in the four
marinas (n = 10 per study site) of the Madeira Archipelago.
Previous to deployment, PVC settlement plates were sanded with
fine sandpaper (P120), in order to homogenize and remove the
shine from the surface panel and facilitate the settlement of
organisms. Every 3 months (October 2013, January, April and July
2014), plates were retrieved, photographed (out of water with
bottom face up) using a Sony DSC-W55 camera, then kept inside
2L buckets filled with seawater from the field and air supplied
(Hailea V60 air pump). Within 1–2 h, plates were examined
under a dissecting microscope (Leica Wild-M3 Heerbrugg) that
was brought into the field. For this, each plate was placed in a
sampling tray and immersed in water collected from the field
to identify organisms to the lowest possible taxonomic group
and determine species richness. At the end of each sampling
event in each marina, the same 10 plates were again deployed
undamaged to allow further recruitment and the succession of
benthic communities for the duration of 1 year (July 2014).

Whenever possible, dry dock inspections (DDI) were per-
formed on yacht hulls at a local shipyard (REPMaritima, Fig. 1e)
(see detailed methods in Ramalhosa et al., 2017b). During these
DDI, the hull was photographed at three different areas (bow,
beam and stern) right after being raised from water, one quadrat
(20 ⇥ 20 cm) per area, using a Canon A620 camera. Species iden-
tification was performed by visual inspections, and samples of
unknown species were taken for later identification. Furthermore,
we collected supplementary information concerning vessel his-
tory from yacht owners through questionnaires regarding vessel
identification, last port of call, dry docking and hull maintenance
history.

Finally, following an opportunistic approach we surveyed
other possible occurrences of ascidian NIS (or unknown speci-
mens) on artificial substrates inside the marinas other than plates
(e.g. pontoons, dock fingers, hanging cables and bricks).

In August 2014, we started a new settlement plate deploy-
ment experiment (see phase 3) and all ascidians recorded on
those plates were added to this survey. In the present study, we
are only reporting Ascidiacea species collected and/or identified
during those monitoring surveys from July 2013 until May 2016.
First records of NIS and unknown or dubious specimens were
collected from marinas and preserved in 4% seawater formalde-
hyde for later species determination. Samples were subsequently
deposited at the Natural History Museum of Funchal (MMF),
Madeira.

2.2.2. Phase 2—Complementary observations

To complement our search for ascidians colonizing artificial
and natural substrates in Madeira Island, we surveyed the mu-
seum collections at the Natural History Museum of Funchal,
Madeira (MMF) and National Museum of Natural History, Paris
(MNHN) and also performed a comprehensive literature search
on previous records of the class Ascidiacea already present in the
Madeira Archipelago. All detected species occurring on both arti-
ficial substrates (e.g. settlement plates, DDI, pontoons, cables) and
natural substrates (from literature search) were later assigned
to one of three categories based on their biogeographical distri-
bution: native, NIS, cryptogenic (unknown origin) or unresolved
(based on an inability to identify to species level) in accordance
with literature and several current databases (AquaNIS Editorial
Board, 2015; Fofonoff et al., 2018; Shenkar et al., 2020).

2.2.3. Phase 3—Recruitment and succession in young and mature
assemblages

In August 2014, we performed an additional experiment to
test the effect of ascidian NIS on the colonization of bare space
compared to their effect on the succession of established commu-
nities. Thirty PVC experimental settlement plates (14 ⇥ 14 ⇥ 0.3
cm) were horizontally attached to the underside of bricks facing
downwards (same as mentioned above in phase 1) and hung at
approximately 1 m depth from pontoons in three marinas (CA,
FX and QL, n = 10 per study site) on Madeira Island. At each
sampling event, every 4 months approximately (i.e. December,
April, August), plates were handled the same way as described
above, retrieved from water, photographed (out of water with
bottom face up), kept in buckets (2L) with seawater and air
supplied. Within 1–2 h, plates were examined under a dissecting
microscope in the field. For this, each plate was placed in a
sampling tray immersed in seawater to identify organisms to
the lowest possible taxonomic group. Then, at the end of each
sampling event and before returning the plates to the water, 5
plates were completely scraped off with a stainless-steel spatula
(80 mm) and re-used as new bare plates for assessment of as-
cidian recruitment on young treatment plates with 4-month-old
assemblages (Community Age 4 months, CoA4). The other 5 plates
were left untouched to allow further ascidian recruitment and
succession in those mature treatment plates with 8, 12 and 16-
month-old assemblages (Community Age older than 8 months,
CoA8+). To summarize, in 2014–2016, 10 plates were deployed
in each of the three marinas for 16 months and examined every 4
months, with the particularity that, in December 2014, 4 months
after first deployment (August 2014), we sampled all 10 plates
and then scraped five plates before submerging all the plates.
After another 4 months (April 2015) we sampled all 10 plates
again and re-scraped the 5 plates, providing the comparison of
4-month and 8-month settlement (CoA4 and CoA8); the same
was done in subsequent 4-month periods: August 2015 providing
the comparison CoA4 and CoA12, and December 2015 providing
the comparison of CoA4 and CoA16 (Fig. 2). The time when both
young and mature plates (i.e. CoA4 and CoA8, CoA12, CoA16)
were observed is represented by T1, T2 and T3 in Fig. 2. When-
ever necessary, samples were only collected from CoA4 plates
before scraping them, rather than CoA8+ plates that were left
untouched for the next succession period.

For each plate we ultimately determined the percent cover
and richness of the ascidian assemblages by recording the species
identified from photographs by using the image analysis software
CPCe (Kohler and Gill, 2006). Each image of the 14 ⇥ 14 cm
quadrat was sub-divided into a 3 ⇥ 3 grid of 9 cells, with 11
random points per cell resulting in 99 points analysed per picture.
This stratified random sampling method ensured that points were
sampled in each region of the image (Kohler and Gill, 2006;
Canning-Clode et al., 2011, 2013; Gestoso et al., 2017; Ramalhosa
et al., 2019).

Finally, to evaluate ascidian NIS settlement success during
succession, species not categorized as NIS were pooled within
‘‘native species’’ for statistical analysis purposes, as a more con-
servative approach (e.g. Gestoso et al., 2018; Ramalhosa et al.,
2019).

2.3. Temperature recordings

Seawater temperatures were recorded at all study sites be-
tween summer 2013 and spring 2016 (Fig. 2). For this purpose,
at each site we deployed one temperature sensor (iButton) at
1-metre depth programmed to take measurements every 4 h (n
= 6/day). Data from these temperature loggers was retrieved at
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each sampling event, then the loggers were reset and redeployed.
In the case of loss of temperature loggers (i.e. two were lost in
Funchal and Quinta do Lorde marinas between May and July of
2014), these were replaced in the same sampling event. Average
and extreme monthly temperatures (Mean ± SE and Min–Max.)
were calculated for all marinas across each study year. Further-
more, temperature ranges were calculated for three different
periods in 2015 (T1 = January–April, T2 = May–August and T3
= September–December), representing approximately Winter–
Spring, Spring–Summer and Summer–Autumn periods, respec-
tively to determine the temperature amplitude under which the
recruitment of ascidian assemblages (i.e. CoA4) were exposed in
all three marinas of Madeira Island.

2.4. Statistical analysis

A non-metric multidimensional scaling (nMDS) analysis based
on the Bray–Curtis similarity matrix was employed to compare
ascidian assemblages of different ages in the three study sites.
Dendrogram cluster at the similarity level of 60% was superim-
posed to the nMDS plot in order to delimit the main groups. Taxa
that contributed most to the similarity within fouling community
plates were identified using SIMPER analysis (Clarke, 1993).

Multivariate analyses of variance based on Bray–Curtis sim-
ilarity matrix calculated on percent cover data were conducted
to compare the composition of ascidian assemblages of different
ages across the three selected marina environments. The per-
mutational analysis of variance (PERMANOVA) model included
three orthogonal factors: (i) Time (Ti, 3 levels: T1, T2 and T3;
fixed, orthogonal), (ii) Marina (Ma, 3 levels: CA, FX and QL;
random, orthogonal), and (iii) Community Age (CoA, 2 levels:
CoA4 and CoA8+; fixed, orthogonal) (n = 5). P-values for pseudo-
F-ratios were calculated by permutation of raw data through
999 permutations. Whenever there were not enough possible
permutations to get a reasonable test, the Monte Carlo p-values
were used instead (Carvalho et al., 2011). Significant effects (P
< 0.05) were further investigated through pairwise comparisons
between treatments.

Finally, differences in percent cover (N) and species richness
(S) of the ascidian assemblages were compared using univari-
ate analysis by applying PERMANOVA in an approach similar to
parametric ANOVA, using in this case Euclidean distance matrices
(Airoldi et al., 2015) and analysed following the same model
used in the multivariate analysis. Again, when significant differ-
ences among factors or their interactions were observed, post-hoc
pairwise tests were applied.

Univariate and multivariate analyses were performed using
the software PRIMER v6 (Clarke and Gorley, 2006; Anderson et al.,
2008) with the PERMANOVA+ for PRIMER (PRIMER-E Ltd., UK).

3. Results

3.1. Phase 1—Monitoring and sampling ascidian assemblages

Between summer 2013 and spring 2016, we found 24 ascidian
species colonizing artificial substrates belonging to the families
Ascidiidae (3), Perophoridae (2), Polyclinidae (1), Clavelinidae
(2), Didemnidae (4), Holozoidae (3), Styelidae (8) and Pyuridae
(1) (Tables 1, 2 and Supplementary material 1). Species marked
below with an asterisk (*) have already been mentioned in the
literature (Gestoso et al., 2017; Riera et al., 2018; Ramalhosa
et al., 2019) after their first observation during the monitoring
reported in this study. Eleven are new records for the Madeira
Archipelago, 8 of them for Madeira Island: Aplidium glabrum (Ver-
rill, 1871)* (first record autumn 2013), Ascidiella aspersa (Müller,
1776) (spring 2015), Ascidia curvata (Traustedt, 1882) (spring

2014), Distaplia magnilarva (Della Valle, 1881)* (summer 2013),
Polyandrocarpa zorritensis (Van Name, 1931)* (winter 2013/14),
Symplegma brakenhielmi (Michaelsen, 1904)* (spring 2015), Sym-
plegma rubra Monniot C., 1972* (winter 2013/14), Styela pli-
cata (Lesueur, 1823) (spring 2016); two new records for both
Madeira and Porto Santo islands: Botrylloides niger Herdman,
1886* (autumn 2013 and winter 2013/14), Perophora listeri Wieg-
mann, 1835* (autumn 2013); and five new records for Porto
Santo Island: Botryllus schlosseri Pallas, 1766, Clavelina lepadi-
formis Mueller, 1776, Clavelina oblonga Herdman, 1880, Diplosoma
listerianum (Milne Edwards, 1841)* (all autumn 2013) and Tri-
didemnum cereum (Giard, 1872) (summer 2015) (Tables 1 and 2).
Thirteen of these species were categorized as NIS, 6 cryptogenic
and 5 unresolved (Table 2). Furthermore, a minimum of 3 NIS
were found in all marinas throughout the three consecutive years
of the experiment (Fig. 3).

The highest number of species found in 2013 was for the
marina QL (10) from which 4 were NIS, while in 2014 the highest
was CA (11) and FX (12), from which 7 and 5 were NIS, respec-
tively. In 2015, the same two marinas CA and FX registered the
highest number of ascidians (11 and 12 species, respectively),
from which 5 and 8 were NIS, respectively (Fig. 3). Both marinas
CA and FX had slightly more NIS than QL and PS except in 2013,
when PS had one more NIS than the other marinas (Fig. 3).

During opportunistic dry dock inspections (DDI), we surveyed
13 vessels from summer 2013 to spring 2016. Eight of these
were of foreign origin with home ports from North Sea and the
North Atlantic, while five were domestic. We found only four
ascidian species colonizing these vessels’ hulls: A. glabrum, B.
schlosseri, D. listerianum, and Microcosmus sp. (Table 2). Aplidium
glabrum was found in a crevice in front of the boat rudder on a
foreign yacht from Hamburg, Germany in late September 2013,
having Ponta Delgada, Azores, and La Graciosa, Canary Islands
(May 2013) as registered last ports of call. Botryllus schlosseri was
found on the port side beam on a domestic vessel from Funchal
marina with fibreglass hull in October 2013. Diplosoma listeri-
anum was found growing on the port side keel as an epibiont
of the NIS bryozoan Bugula neritina (Linnaeus, 1758) in a foreign
recreational vessel from Germany in September 2015, with last
registered ports of call: Azores, Galicia, Lisbon and Porto Santo;
and again, in a crevice near the boat rudder of a domestic recre-
ational vessel from Funchal in March 2016. Finally, Microcosmus
sp. was found in a crevice in front of the boat rudder on the
same domestic recreational vessel from Funchal in March 2016.
The overall antifouling paint conditions of all recreational ves-
sels mentioned above looked in good condition, except for the
domestic recreational vessel from Funchal in March 2016.

3.2. Phase 2—Complementary observations

To complement our field campaigns, the literature survey
added a total of 27 ascidian species from shallow waters of
Madeira and Porto Santo with 9 records occurring on natural
substrates (Table 1). Among these, 11 were here categorized as
NIS, 13 cryptogenic, 2 native and 1 unresolved (Table 1).

The survey at the Madeira Natural History Museum of Fun-
chal (MMF) revealed 3 additional unpublished samples occurring
on natural substrate: S. plicata (MMF25347; MNHN S1STY213),
Microcosmus exasperatus Heller, 1878 (MMF25348), and Ciona
intestinalis (Linnaeus, 1767) (MMF25350; MNHN P1CIO48) that
were all collected by P. Wirtz in February 1993 from Funchal
and later determined by C. Monniot (Table 1). Since the report
of C. intestinalis is before the realization that it was a species
complex, we confirmed that it is not C. robusta by reviewing the
voucher in the museum MMF25350. Furthermore, after personal
communications with P. Wirtz and F. Monniot, we came across
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Table 1
Ascidian species recorded from both artificial (A) and natural (N) shallow habitats on the two islands of Madeira Archipelago.
Species Authority Statusa 1st Detection Seasonb Habitat Island Localityc Literature review Museum

samplesd

Order Aplousobranchia (16)
Family Polyclinidae (1)
Aplidium glabrum (Verrill, 1871) NIS 2013 S3 A Mad CA, FX,

DDI
This study, Gestoso et al.
(2017), Riera et al. (2018)
and Ramalhosa et al. (2019)

Family Clavelinidae (5)
Clavelina dellavallei (Zirpolo, 1925) C 1993 – N Mad Mad Wirtz (1996, 1998) and

Wirtz and Ramalhosa
(2020)

MNHN A3 CLA
63–64

Clavelina
lepadiformis

Mueller, 1776 NIS 1995 /07 – /S1 N/A Mad Mad/QL,
FX

Wirtz (1998)/Canning-Clode
et al. (2013), Gestoso et al.
(2017), Riera et al. (2018),
Ramalhosa et al. (2019) and
Wirtz and Ramalhosa
(2020)

2013 S3 A PSI PS This study, Ramalhosa et al.
(2019) and Wirtz and
Ramalhosa (2020)

Clavelina oblonga Herdman, 1880 NIS 2013 S3 A PSI PS This study; Wirtz and
Ramalhosa (2020)

Clavelina sp. U 1996 – N Mad Mad Wirtz (1996), Turon pers.
comm. to Wirtz; Wirtz and
Ramalhosa (2020)

Pycnoclavella
communis

Pérez-Portela,
Duran & Turon,
2007

C 1995 – N Mad Mad Wirtz (1996, 1998),
Pérez-Portela et al. (2007)
and Wirtz and Ramalhosa
(2020)

Family Polycitoridae (2)
Cystodytes
dellechiajei

(Della Valle, 1877) C – – N Mad Mad Wirtz (1995)

Eudistoma
angolanum

(Michaelsen, 1915) N 1991 /93 – N PSI/ Mad PSI/Mad Wirtz (1994) MMF25384/
MNHN A3 EUD
68

Family Didemnidae (5)
Didemnum sp. 1
(black)

U 2013 /14 S3 /S4 A Mad CA, FX, QL

Didemnum sp. 2
(grey)

U 2014 /15 S4 A Mad FX, CA

Didemnum cf.
perlucidum

Monniot F., 1983 C 2006 S3 A Mad QL Canning-Clode et al. (2013)

Diplosoma
listerianum

(Milne Edwards,
1841)

C 1992 /93 S4 N/A Mad PFX /FX Wirtz (1995)/Gestoso et al.
(2017) and Ramalhosa et al.
(2019)

MNHN A2 DIP.
A
98/MMF25349

2013 S3 A PSI, Mad PS, DDI This study, Ramalhosa et al.
(2019)

Trididemnum
cereum

(Giard, 1872) C 2006 S3 A Mad QL, FX Canning-Clode et al. (2013),
Gestoso et al. (2017), Riera
et al. (2018) and Ramalhosa
et al. (2019)

2015 S2 A PSI PS This study
Family Holozoidae (3)
Distaplia
bermudensis

Van Name, 1902 NIS 2006 S3 A Mad QL Canning-Clode et al. (2013)

2015 S3 A Mad, PSI FX, PS This study

(continued on next page)

other unpublished ascidian samples from Madeira at the Museum
National D’Histoire Naturelle (MNHN), Paris (see Table 1) also
collected by P. Wirtz as well as another unpublished sample of
B. niger (MNHN S1BOT.B 99), which would be the first record of
this species on natural substrate in Madeira, but with unknown
date and specific locality. We note that most of the above species

occurring on natural substrates were not detected in our exper-
imental panels with the exceptions of B. niger, C. lepadiformis, D.
listerianum and S. plicata.

A total of 39 ascidian species have now been recorded for the
Madeira Archipelago shallow waters: 21 occurring on artificial
substrates with 10 NIS, 5 cryptogenic (C) and 6 unresolved (U), 11
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Table 1 (continued).
Distaplia corolla Monniot F., 1973 NIS 2004 /10 - /S4 N/A PSI, Mad PSI/QL, FX Wirtz (2006,

2014)/Canning-Clode et al.
(2013), Gestoso et al.
(2017), Riera et al. (2018)
and Ramalhosa et al. (2019)

MMF35694

Distaplia
magnilarva

(Della Valle, 1881) NIS 2013 S2 A Mad QL This study, Ramalhosa et al.
(2019)

Order Phelebobranchia (8)
Family Ascidiidae (5)
Ascidia sp. U 2013 S3 A PSI PS

Ascidiella aspersa (Müller, 1776) NIS 2015 S2 A Mad FX This study

Ascidia curvata (Traustedt, 1882) NIS 2014 S2 A Mad FX This study

Ascidia mentula Müller, 1776 C 1985 – N Mad Mad Augier (1985) and Wirtz
(1995)

Phallusia
mammillata

(Cuvier, 1815) C 1992 /95 S1 N Mad, PSI Mad, PSI Wirtz (1994) MNHN P5 PHA
71/MMF44784;
25401

Family Cionidae (1)
Ciona intestinalis (Linnaeus, 1767) C 1992 /93 S4 N Mad PFX Unpubl. sample Wirtz,

Monniot
MNHN P1 CIO
48/MMF25350

Family Perophoridae (2)
Ecteinascidia sp. U 2013 /15 S3 A Mad, PSI QL, PS

Perophora listeri Wiegmann, 1835 C 2013 S3 A Mad, PSI CA, FX, QL,
PS

This study, Ramalhosa et al.
(2019)

Order Stolidobranchia (15)
Family Styelidae (11)
Botrylloides leachii (Savigny, 1816) C 1993 /06 - /S3 N/A Mad Mad /QL Wirtz (1995)/Canning-Clode

et al. (2013)
MNHN S1
BOT.B.105

Botrylloides
violaceus

Oka, 1927 NIS 2007 S1 A Mad QL Canning-Clode et al. (2013)

Botrylloides niger Herdman, 1886 NIS – – N Mad Mad Unpubl. sample Wirtz,
Monniot

MNHN S1
BOT.B 99

2013 S3 A Mad, PSI CA, FX, QL,
PS, DDI

This study, Gestoso et al.
(2017), Riera et al. (2018)
and Ramalhosa et al. (2019)

Botryllus schlosseri Pallas, 1766 NIS 2006 S3 A Mad QL, FX Canning-Clode et al. (2008,
2013), Gestoso et al. (2017),
Riera et al. (2018) and
Ramalhosa et al. (2019)

2013 S3 A PSI PS This study, Ramalhosa et al.
(2019)

Polyandrocarpa
zorritensis

(Van Name, 1931) NIS 2014 S4 A Mad CA This study, Ramalhosa et al.
(2019)

Polycarpa cf gracilis Heller, 1877 C 1991 – N PSI PSI Fonseca et al. (1995)

Styela sp. U 2014 S4 A Mad FX

Styela canopus (Savigny, 1816) NIS 2006 S3 A Mad QL, FX Canning-Clode et al. (2013),
Gestoso et al. (2017), Riera
et al. (2018) and Ramalhosa
et al. (2019)

Styela plicata (Lesueur, 1823) NIS 1992 /93 S4 N Mad PFX Unpubl. sample Wirtz,
Monniot

MNHN S1 STY
213/MMF25347

2016 S1 A Mad FX This study

Symplegma
brakenhielmi

(Michaelsen, 1904) C 2015 S1 A Mad FX This study, Gestoso et al.
(2017) and Riera et al.
(2018)

Symplegma rubra Monniot C., 1972 C 2014 S4 A Mad CA This study, Ramalhosa et al.
(2019)

(continued on next page)
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Table 1 (continued).
Family Pyuridae (3)
Microcosmus sp. U 2013 /14 S2 A Mad, PSI CA/FX/QL/

PS/DDI

Microcosmus
exasperatus

Heller, 1878 C 1993 S4 N Mad PFX Unpubl. sample Wirtz,
Monniot

MMF25348

Microcosmus
squamiger

Michaelsen, 1927 NIS 1992 /06 S3 N/A Mad Mad /QL Turon et al.
(2007)/Canning-Clode et al.
(2013)

MNHN S2 MIC
123

Family Molgulidae (1)
Molgula cf. occulta Kupffer, 1875 N 1991 – N PSI PSI Fonseca et al. (1995)

Species Richness 39
aNative (N), non-indigenous species (NIS), cryptogenic (C), and unresolved (U).
bSpring (S1), summer (S2), autumn (S3) and winter (S4) in accordance to the 1st year of detection.
cMadeira Island (MI), Porto Santo Island (PSI), Marinas: Calheta (CA), Funchal (FX), Quinta do Lorde (QL), Porto Santo (PS), Ports: Porto Santo (PPS), Funchal (PFX),
Dry dock inspections (DDI).
dMuseum samples here shown are from Museu de História Natural do Funchal, Madeira (MMF) and National Museum of Natural History, Paris (MNHN).

Table 2
Ascidians recorded in the marinas of Calheta (CA), Funchal (FX), Quinta do Lorde (QL), Porto Santo (PS) and during dry dock inspections (DDI) in the south coast of
Madeira Archipelago from July 2013 until May 2016. Presence of organisms is shown by  . Taxa were categorized as non-indigenous species (NIS), cryptogenic (C),
native (N), or unresolved (U) based on literature and credited databases. First records for Madeira Archipelago are indicated by * and first records for Porto Santo
Island are indicated by +.
Sampling years 2013 2014 2015 2016
Marinas CA FX QL PS DDI CA FX QL PS DDI CA FX QL PS DDI CA FX QL PS DDI
Status Species richness 7 7 10 8 1 11 12 6 8 0 11 12 7 10 1 9 7 4 8 2
NIS Aplidium glabrum  *  *      
NIS Ascidiella aspersa  *
NIS Ascidia curvata  *  
U Ascidia sp.  
NIS Botrylloides niger  *  *  *  *             
NIS Botryllus schlosseri     +          
NIS Clavelina lepadiformis   +            
NIS Clavelina oblonga  *    
U Didemnum sp. 1 (black)      
U Didemnum sp. 2 (grey)    
C Diplosoma listerianum     +             
NIS Distaplia bermudensis   +
NIS Distaplia corolla              
NIS Distaplia magnilarva  *
U Ecteinascidia sp.    
U Microcosmus sp.           
C Perophora listeri  *  *  *           
NIS Polyandrocarpa zorritensis  *
U Styela sp.  
NIS Styela canopus  
NIS Styela plicata  *
C Symplegma brakenhielmi  *  
C Symplegma rubra  *   
C Trididemnum cereum        +   

on natural substrates (8 C, 2 N, 1 U) and 7 occurring on both ar-
tificial and natural substrates (5 NIS and 2 C) (Fig. 4 and Table 1).
A total of 15 NIS are now recorded for Madeira Archipelago from
which 9 are exclusive to Madeira Island, 1 exclusively to Porto
Santo Island and 5 on both islands (Fig. 4 and Table 1).

3.3. Phase 3—Recruitment and succession in young and mature as-
semblages

Different species dominated the plates at different time pe-
riods (average cover >10%). Four-month-old plates were domi-
nated by B. schlosseri in T1 (April) both at marinas CA and FX,
while D. listerianum dominated CoA4 plates in T1 at CA but in T2
at FX. In marina QL, P. listeri dominated CoA4 plates in T2 and
T3. In 4 months, no other species was able to recruit and grow
to dominate the plates at any marina (Table 3). Eight-month-old
plates were dominated by S. rubra (CA), B. schlosseri (FX) and B.
niger (QL); 12-month-old plates were dominated by Didemnum

sp. 1 and T. cereum (CA), B. schlosseri (FX) and B. niger (QL); and
16-month-old plates were dominated by Didemnum sp.1 and S.
rubra (CA), S. brakenhielmi and D. listerianum (FX) and B. niger (QL)
(Table 3).

The few ascidian species that recruited on established commu-
nities after 8 months (T1) were D. listerianum, C. lepadiformis, A.
glabrum and Microcosmus sp. Recruits after 12 months (T2) were
A. glabrum, Microcosmus sp., B. niger, D. corolla and Didemnum
sp.1. Lastly, recruits after 16 months (T3) were Didemnum sp.2,
D. corolla, D. listerianum, S. brakenhielmi and Ecteinascidia sp.
(Table 3).

The nMDS formed 3 groups comprised of: (1) the T1 CoA4
treatment in marinas CA and FX; (2) all T2 and T3 plates and T1
CoA8+ plates in marinas CA and FX; and (3) all treatments in
marina QL (Fig. 5). Ascidian assemblages in group 1 were mainly
characterized by B. schlosseri, which was present throughout all
times and treatments in those marinas and especially in FX,
where it also contributed to the formation of group 2 (Table 3,
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Fig. 3. Total richness (S, horizontal striped) and biogeographic status of the species found in the marinas of Calheta (CA), Funchal (FX), Quinta do Lorde (QL), Porto
Santo (PS) and dry dock inspections (DDI) from July 2013 to May 2016. Taxa were categorized as non-indigenous (NIS, black), cryptogenic (C, grey) and unresolved
(U, dotted) based on literature.

Fig. 4. Total ascidian richness (S, horizontal stripes) and number of non-indigenous (NIS, black), cryptogenic (C, grey), native species (N, white) and unresolved (U,
dotted) occurring exclusively on artificial, natural or on both (Art + Nat) substrates, taking into account the results from this study and literature survey.

Fig. 6a, b). Group 2 was also characterized by the recruitment of
A. glabrum on CoA4 plates during T2 and T3 in both CA and FX, by
its presence on CoA8+ plates in T2 in marina CA, and on CoA8+
plates in FX. Didemnum sp.1 and T. cereum also contributed to
similarity among plates in group 2 (Fig. 6b, Table 3). In group 3, P.
listeri and B. niger were the main contributors to the similarity of
plates, present in all treatments and times of succession (Fig. 6c,
Table 3).

Results from multivariate analysis showed a significant marina
(Ma) effect on the composition of the assemblages (Table 4)
which was also shown in the nMDS, with a clear separation
of marina QL from the remaining studied marinas (Fig. 5). Uni-
variate analysis showed that CoA treatment (4-month-old vs.
>8-month-old) caused significant differences in ascidian cover,
and both marina and CoA caused differences in ascidian richness
considering the complete assemblage (Table 4). Total ascidian
cover and richness were significantly higher in CoA4 treatment
plates compared to CoA8+ across most marinas and times, and
especially richness in marina QL (Fig. 7a, b) thus, supporting our
first hypothesis.

Considering NIS only, none of the main factors tested had
driven differences in species cover, with only two instances of
larger cover in CoA4 in T1, but both marina and CoA had an
effect in species richness, with the same trend as for the complete

assemblage (Table 4, Fig. 7c, d). In Calheta and Funchal, higher
cover of ascidians in CoA4 than in CoA8+ plates was indeed
driven by NIS, more specifically by B. schlosseri (Table 4, Fig. 7c).
In relation to ascidian richness, NIS were also more diverse on
empty plates, but in FX this difference was only evident during
T3 (Fig. 7d) and consequently, both of these findings support our
second hypothesis. Moreover, we expected to have an increase in
NIS richness and percentage cover over time, but this expected
pattern only occurred in CA where NIS richness increased from
T1 to T2, but not in T3, and in QL where NIS cover increased from
T1 to T2, but not in T3, suggesting again the importance of open
space to the colonization and growth of ascidian NIS. Thus, both
of these findings partially corroborate our third hypothesis. Con-
sidering native species (pooled with cryptogenic and unresolved),
CoA was still the only factor causing differences in cover among
plates, while marina site caused difference in richness, with QL
with fewer species when compared to other marinas (Table 4,
Fig. 7e, f).

In addition to B. schlosseri, other species that contributed to
the increase of NIS richness were A. glabrum and B. niger in
CA, and C. lepadiformis and A. glabrum in FX, but their growth
were not significant in those marinas. In contrast, the species
that most contributed to the increase in NIS percent cover in QL
from T1 to T2 was B. niger, although more growth occurred in
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Table 3
Results from analyses of similarities and species contributions (SIMPER) of ascidian assemblages in 4-month-old (CoA4) and 8, 12 and 16-month-old (CoA8+)
assemblages from three study sites: Calheta (CA); Funchal (FX); and Quinta do Lorde (QL) in 2015. Time T1 = April; T2 = August; T3 = December of 2015; NIS
are highlighted in bold. New recruitment of organisms during previous 4 months is shown by ( ), while increase in cover is shown by (+), decrease by (�) and
maintain by (=).
Marina Calheta CoA4 CoA8+
Time (CoA) Taxon Av. Abund Av. Sim Sim/SD Contrib. % Cum. % Time (CoA) Taxon Av. Abund Av. Sim Sim/SD Contrib. % Cum. %
T1 Botryllus schlosseri  31.31 26.94 0.92 60.39 60.39 T1 Botryllus schlosseri + 1.62 4.41 0.48 48.66 48.66
(4 months) Diplosoma listerianum  24.24 17.5 0.61 39.23 99.62 (8 months) Trididemnum cereum � 0.61 3.9 0.44 43 91.65

Trididemnum cereum  0.61 0.17 0.32 0.38 100 Didemnum sp. 1 � 6.06 0.53 0.32 5.81 97.46
Ascidia sp.  0.2 0 – 0 100 Diplosoma listerianum  2.83 0.23 0.32 2.54 100
Botrylloides niger  2.83 0 – 0 100 Perophora listeri � 0.2 0 – 0 100

Symplegma rubra + 13.94 0 – 0 100
T2 Aplidium glabrum  1.82 5.35 0.43 50.6 50.6 T2 Aplidium glabrum  5.25 9.04 1 51.91 51.91
(4 months) Trididemnum cereum  4.44 3.25 0.47 30.77 81.37 (12 months) Didemnum sp. 1 + 15.76 5.93 0.32 34.09 86

Botryllus schlosseri  1.82 1.3 0.54 12.32 93.7 Botryllus schlosseri � 1.01 1.1 1.14 6.34 92.34
Botrylloides niger  1.62 0.67 0.32 6.3 100 Microcosmus sp.  1.21 0.85 0.62 4.87 97.22
Didemnum sp. 1  6.06 0 – 0 100 Trididemnum cereum + 9.7 0.48 0.62 2.78 100
Diplosoma listerianum  2.22 0 – 0 100 Botrylloides niger  3.43 0 – 0 100

Diplosoma listerianum � 1.21 0 – 0 100
Symplegma rubra � 8.89 0 – 0 100

T3 Didemnum sp.1  8.69 16.69 0.59 58 58 T3 Didemnum sp.1 + 17.37 8.31 0.32 70.94 70.94
(4 months) Botryllus schlosseri  9.9 5.96 0.38 20.7 78.69 (16 months) Trididemnum cereum � 3.03 1.74 0.48 14.81 85.75

Aplidium glabrum  2.83 5.42 0.88 18.83 97.52 Microcosmus sp. + 1.41 1.25 0.58 10.67 96.43
Didemnum sp. 2  0.4 0.71 0.32 2.48 100 Aplidium glabrum � 1.41 0.24 0.32 2.01 98.43
Botrylloides niger  1.82 0 – 0 100 Botryllus schlosseri � 0.4 0.18 0.32 1.57 100
Trididemnum cereum  0.2 0 – 0 100 Botrylloides niger � 0.2 0 – 0 100

Didemnum sp. 2  0.2 0 – 0 100
Distaplia corolla  2.83 0 – 0 100
Symplegma rubra + 12.32 0 – 0 100

Marina Funchal
T1 Botryllus schlosseri  60.81 83.94 13.25 96.58 96.58 T1 Botryllus schlosseri � 9.9 42.9 1.86 96.26 96.26
(4 months) Trididemnum cereum  3.64 2.5 0.79 2.88 99.46 (8 months) Clavelina lepadiformis  1.82 0.82 0.32 1.83 98.09

Aplidium glabrum  1.01 0.33 0.32 0.38 99.84 Aplidium glabrum  1.21 0.44 0.32 1 99.08
Ascidia sp.  0.4 0.14 0.32 0.16 100 Trididemnum cereum + 2.22 0.41 0.32 0.92 100
Diplosoma listerianum  0.2 0 – 0 100 Diplosoma listerianum  2.42 0 – 0 100

Microcosmus sp.  0.2 0 – 0 100
T2 Botryllus schlosseri  4.65 16.24 0.69 62.61 62.61 T2 Botryllus schlosseri � 6.06 16.44 2.19 60.96 60.96
(4 months) Diplosoma listerianum  10.51 6.87 0.32 26.51 89.11 (12 months) Aplidium glabrum = 1.21 6.53 0.92 24.2 85.17

Trididemnum cereum  2.63 2.82 0.46 10.89 100 Clavelina lepadiformis � 0.4 2 0.32 7.42 92.58
Aplidium glabrum  0.2 0 – 0 100 Trididemnum cereum � 0.81 2 0.32 7.42 100
Distaplia corolla  0.61 0 – 0 100 Botrylloides niger  0.2 0 – 0 100

Distaplia corolla  0.2 0 – 0 100
Microcosmus sp. + 1.21 0 – 0 100

T3 Botryllus schlosseri  3.84 13.09 1.65 42.92 42.92 T3 Microcosmus sp. � 0.61 5.65 0.36 40.66 40.66
(4 months) Trididemnum cereum  3.84 8.25 0.92 27.06 69.99 (16 months) Aplidium glabrum = 1.21 3.58 0.46 25.8 66.46

Aplidium glabrum  2.63 6.38 0.8 20.91 90.89 Botryllus schlosseri � 0.81 3.58 0.46 25.8 92.26
Botrylloides niger  5.45 1.82 0.32 5.96 96.86 Clavelina lepadiformis + 2.22 0.65 0.32 4.65 96.9
Microcosmus sp.  0.4 0.59 0.32 1.93 98.79 Diplosoma listerianum  3.84 0.22 0.32 1.55 98.45
Didemnum sp. 2  0.81 0.37 0.32 1.21 100 Distaplia corolla + 0.61 0.22 0.32 1.55 100
Symplegma brakenhielmi  1.82 0 – 0 100 Botrylloides niger + 3.43 0 – 0 100

Symplegma brakenhielmi  7.27 0 – 0 100
Trididemnum cereum � 0.61 0 – 0 100

Marina Quinta do Lorde
T1 Botrylloides niger  2.42 17.93 0.99 60.48 60.48 T1 Botrylloides niger � 12.73 8.62 0.54 56.4 56.4
(4 months) Perophora listeri  1.62 11.71 0.6 39.52 100 (8 months) Perophora listeri � 1.21 6.67 0.32 43.6 100

Clavelina lepadiformis  0.4 0 – 0 100
Distaplia corolla  0.61 0 – 0 100

T2 Perophora listeri  13.74 26.6 1.09 79.85 79.85 T2 Botrylloides niger + 26.46 18.51 0.59 95.03 95.03
(4 months) Botrylloides niger  18.99 4.21 0.72 12.64 92.48 (12 months) Perophora listeri + 2.22 0.97 0.32 4.97 100

Distaplia corolla  0.81 1.33 0.59 3.98 96.47 Didemnum sp. 1  0.2 0 – 0 100
Clavelina lepadiformis  2.63 1.18 0.32 3.53 100

T3 Perophora listeri  15.56 32.81 1.1 77.44 77.44 T3 Perophora listeri � 1.41 5.71 0.32 65.57 65.57
(4 months) Botrylloides niger  14.55 9.56 0.56 22.56 100 (16 months) Botrylloides niger � 3.84 3 0.32 34.43 100

Didemnum sp. 1  0.81 0 – 0 100 Ecteinascidia sp.  0.2 0 – 0 100

Fig. 5. Non-metric multidimensional scaling (nMDS) produced with percent cover values of ascidian assemblages colonizing experimental plates (14 ⇥ 14 ⇥ 0.3 cm)
from two treatments (n = 5): 4-month-old plates (CoA4) and >8-month-old plates (CoA8+) in three marinas: Calheta (CA) Funchal (FX) and Quinta do Lorde (QL)
at different dates in 2015: April (T1), August (T2) and December (T3). Grouping indicates 60% similarity from superimposed dendrogram-clusters.
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Fig. 6. Ascidian contributions for similarity among plates (SIMPER, 100% stacked column, n = 5) in 4-month-old (CoA4) and 8, 12 and 16-month-old (CoA8+)
treatment plates from three study sites: a—Calheta (CA); b—Funchal (FX); and c—Quinta do Lorde (QL). Time T1 = April; T2 = August; T3 = December of 2015.

CoA4 plates than in previously colonized plates. Particularly, B.
schlosseri was the most dominant species across CoA4 and CoA8
plates throughout all sampling times in CA and FX marinas, espe-
cially from T1 in CA and FX (Fig. 6a, b). However, the contribution
of B. schlosseri tended to decrease with time in those marinas

which may correlate with the seasonal increase in temperature
observed in winter/spring to spring/summer times (i.e. T1 to T2,
respectively Fig. 8). This decreasing trend in species contribution
also occurs with A. glabrum which was the second most signif-
icant species on both young and mature plates of T2 and T3 in
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Fig. 7. Mean (+ S.E.) of the ascidian abundance and richness across marinas (Calheta—CA, Funchal—FX, Quinta do Lorde—QL) and time (T1 = April, 2015; T2 =
August, 2015; T3 = December, 2015) on 4-month-old (CoA4, white box) and >8-month-old (CoA8+, black box) treatment plates (n = 5); (a) total percent cover;
(b) NIS percent cover; (c) native percentage cover; (d) total richness; (e) NIS richness and (f) native richness. Native, cryptogenic and unresolved species abundance
and richness were pooled in (c) and (f). Significant differences between young and older plates are indicated with an asterisk.

CA and on mature plates of T2 and T3 in FX. Then, followed
by Didemnum sp.1 and T. cereum in CA and FX were the other
significant species amongst mature plates. However, the contri-
bution of Didemnum sp. 1 in mature plates of CA increases across
time (Fig. 6a), which may correlate with higher temperatures
observed in Spring/Summer and Autumn/Winter time (i.e. T2–T3,
respectively Fig. 8) although on young plates, this species was
observed in T3 as one of the most dominant species thriving in
autumn/winter time. In addition, no clear trend was found for T.
cereum as it was observed across different times in both young
and mature plates of both CA and FX. Finally, P. listeri and B.
niger were the main dominant species, present in both young and
mature assemblages across sampling times in QL marina (Fig. 6c).
Particularly, the contribution of B. niger in young plates of QL
tended to decrease across time, whereas the contribution of P.
listeri it increased. In mature plates the contribution of B. niger
increased from T1 to T2 but then decreased in T3, whereas the
opposite trend occurred to P. listeri.

3.4. Sea water temperature regime

Sea water temperatures measured monthly between summer
2013 and spring 2016 showed that marina CA was the warmest
with an average temperature of 20.9 �C ± 0.03 (Mean ±SE, 27.5–
16.5 �C, max–min, n = 6004), followed by FX with 20.5 �C ± 0.03,
(25.5–14.0 �C, n = 5463), PS with 20.1 �C ± 0.03, (26.0–15.5 �C,
n = 6300) and finally QL with the lowest average temperature
of 19.8 �C ± 0.03, (25.0–10.0 �C, n = 5825, Fig. 2). The warmest
temperatures throughout the years were registered between July
and October, whereas the coldest temperatures were registered
between January and April.

Considering the 4-month period in which young treatment
plates (CoA4) were exposed during plate colonization, seawater
temperatures were lower and ranged between 16 and 19 �C in
the four months previous to sampling period T1 (winter/spring)
with average temperatures in CA = 18.1 �C, FX = 17.9 �C and QL
= 17.2 �C. Prior to T2 (spring/summer) maximum temperature
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Fig. 8. Box (Q1, Median and Q3) and whisker plot (Min–Max) with average (black circle) temperatures reached inside three marinas: Calheta (CA, white), Funchal
(FX, Light grey) and Quinta do Lorde (QL, dark grey) across time in 2015. Data of time was grouped every four months: T1 = January–April, T2 = May–August and
T3 = September–December, representing approximately winter/spring; spring/summer and autumn/winter seasons respectively.

increased substantially, and temperature limits were between 17
and 27.5�C, with average values in CA = 22.2 �C, FX = 21.7
�C and QL = 21 �C. Temperature average was slightly increased
during T2, ranging between 19 and 25.5 �C with averages in CA =
22.9 �C, FX = 22.6 �C and QL = 22.3 �C (Fig. 8). Thus, temperature
range was smaller in T1 (CA = 2.5 �C, FX = 2 �C and QL = 2.5 �C),
when compared to T2 and T3 (CA = 10 �C, FX = 8 �C and QL = 8
�C; CA = 6.5 �C, FX = 5.8 �C and QL = 6 �C, respectively, Fig. 8).

4. Discussion

This study resulted in a comprehensive inventory of 39 ascid-
ian species occurring in shallow waters of the Madeira
Archipelago, among which 15 non-indigenous species (NIS) of
ascidians are listed, 9 exclusively to Madeira Island, 1 exclusively
to Porto Santo Island and 5 occurring on the two main islands of
the archipelago. As a result of three years of monitoring surveys
in four marinas on the south coast of Madeira Archipelago, 13
NIS species were recorded, 11 of them first found during this
monitoring. The experimental plates proved to be a very useful
tool to detect NIS even though we did not protect them against
predators. Recently, researchers have demonstrated the impor-
tance of predation as a fouling control (Kremer and Rocha, 2016;
Oricchio et al., 2016; Giachetti et al., 2019; Lambert, 2019), and
that exposed plates could underestimate ascidian detection. Thus,
the high number of NIS observed could be yet underestimated for
Madeira Archipelago.

Considering the possible vectors of NIS ascidians to Madeira
Archipelago and given its geographical location, ballast water and
hull fouling seem to be the most important and viable vectors
(Canning-Clode et al., 2013; Castro et al., 2020). Although we
did not find high numbers of non-indigenous ascidians in our
monitoring surveys on recreational hull vessels during dry dock
inspections, other hull-fouling studies have provided strong evi-
dences that vessels play an important role in the introduction and
spread of ascidian NIS (Clarke Murray et al., 2011; Gewing and
Shenkar, 2017 and references therein). For example, the study by
Gewing and Shenkar showed that from 45 vessels investigated,
comprising recreational, commercial and military crafts along the
Mediterranean coast, 23 harboured non-indigenous ascidians. It
is interesting to note, that the average number of individuals
and species per vessel was lowest for recreational vessels, which
are the type of vessels surveyed in the present study. Further,
our dry dock inspections included only a small sample of boats

(8 foreign and 5 domestic) nine of them with the hulls not
particularly fouled, probably due to a lasting solid performance of
the applied antifouling coating. In fact, our inspections revealed
a fouling cover lower than 15% which suggests an intermediate
level (i.e. Rank 3) in the fouling scale of visible submerged sur-
faces proposed by Floerl et al. (2005). Even though individual
recreational vessels could have low prevalence and incidence of
NIS ascidians, a study by López-Legentil et al. (2015) showed
that harbours and marinas that receive those recreational vessels
are hotspots for the establishment and secondary dispersion of
NIS, with native species only appearing sporadically and in low
abundance. Additionally, the Madeira archipelago is visited by
different ship types (i.e. Bulker, Containers, General cargo, Passen-
gers, Passengers and cargo, Ro–Ro, Reefer, Tanker, Recreational
vessels, Navy and others) (Castro et al., 2020), which are probably
the main vectors of marine invasions, either transporting NIS in
ballast water or encrusted on their hulls.

Ascidians are among the most common and devastating foul-
ing organisms on shellfish aquaculture gear, with species often
comprising >80% of the organisms in the fouling community (Ar-
senault et al., 2009; Rosa et al., 2013) and are readily transported
by human activities (Bullard and Carman, 2009; Simkanin et al.,
2016). Although there are no shellfish aquaculture facilities in
Madeira Archipelago, several seabream (Sparus aurata Linnaeus,
1758) fish farms operate on the south coast of Madeira Island.
These farms consist of several large plastic collar cages, which
could provide novel artificial substrate for opportunistic species,
including ascidians, and should be monitored. However, because
there is no exchange of those cages between different farms,
the relevance of this activity as a significant vector of ascidian
NIS spread seems negligible. Saltwater aquarium activity is also
scarce in Madeira, and ascidians are unusual organisms in this
kind of activity. Floating marine debris would be another possi-
ble vector of introduced ascidian, but few opportunistic fouling
ascidians have been observed on floating marine debris (Carlton
et al., 2017).

While this study did not include any surveys of natural benthic
substrates, the literature search on shallow-water ascidians of
Madeira Archipelago showed that five NIS also occur on natural
substrates, which is of concern. It is already known that ascidians
can invade natural communities (Lambert, 2009; Simkanin et al.,
2012; Bumbeer and Rocha, 2016) but there is a lack of informa-
tion on the ecological impact of those invaders. The presence and
magnitude of invasions onto natural benthic areas and impact
should be addressed in Madeira in the near future.
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We also emphasize the importance of museum collections in
the search for past samples to recover the history of invasions
(see Tatián et al., 2010). In our case, we found 2 NIS and 2
cryptogenic species collected from natural substrates, showing
that they have been in the islands for at least 25 years.

Future studies should contribute with new approaches to clar-
ify the taxonomic status and pathways of NIS by using molecular
and morphological evidence (Stefaniak et al., 2009; Capa and
Murray, 2016; Del Pasqua et al., 2018). Among the 13 NIS de-
tected in this study, the ones that pose more concern are B.
niger, B. schlosseri, C. lepadiformis and D. corolla because they are
already present in all marinas. Among those species the botryllids
should be specifically monitored because they had the greater
cover on plates and both species are known to be widely spread
and successful invaders of natural communities (Simkanin et al.,
2012; Sheets et al., 2016). Botryllus schlosseri can become increas-
ingly dominant towards summer/autumn, specifically in August
and October, in Helgoland (Harms and Anger, 1983). However, in
this study, it was surprisingly dominant in both CoA4 and CoA8
treatment plates from FX and CA marina in T1 (winter/spring),
when compared to other sampling periods. Nevertheless, in FX
marina B. schlosseri was still quite dominant on treatment plates
towards both T2 and T3 (spring/summer and autumn/winter),
respectively. This species is well known from literature to exhibit
competitive superiority on hard bottom substrata in other areas
such as New Zealand (Luckens, 1976), New England (Osman,
1977; Grosberg, 1981; Field, 1982) and British coasts (Fry, 1975;
Withers and Thorp, 1977; Harms and Anger, 1983). Furthermore,
B. schlosseri was found on a local boat hull during dry dock
inspection, suggesting transport within or between marinas in the
archipelago facilitating its spread. Very recently, this species has
been recognized as a cryptic complex, still only partially resolved,
comprising five genetically divergent clades, with clade A globally
distributed and clade E found only in Europe (Brunetti et al.,
2020). However, further studies are needed to confirm the clade
or clades of our specimens.

In this study, we observed both temporal and spatial variabil-
ity in NIS detection. More species were detected in 2014 and 2015
than in 2013, especially in the marinas of Calheta and Funchal
(Fig. 3) and this could be partially explained by the change in
plate deployment, using both clean and occupied plates which
could favour both pioneer and late succession species. Water
temperature measured across the studied years showed that the
cycles were seasonal and predictable, with CA and FX slightly
warmer than PS and QL, although higher temperature is not nec-
essarily a good predictor of invasive species richness, given that
most known invaders are from temperate regions (Zhan et al.,
2015). More NIS were expected in Funchal likely because of its
position inside the port area and because it is the oldest marina.
A study along the west coast of Australia showed that at local
scale factors such as the design of coastal infrastructure, human
activities, hydrodynamic processes and propagule pressure are
important drivers of bioinvasion variance among sites (Simpson
et al., 2017). More detailed studies of boat circulation, routes and
frequency of arrivals, boat husbandry, water circulation inside
the marinas and larval retention are needed for a better compre-
hension of the drivers of the difference in NIS richness among
marinas of the Madeira Archipelago.

We observed that biotic resistance seems to play an important
role during the succession of ascidian fouling assemblages in
Madeira Archipelago, as total ascidian richness and cover were
significantly higher in CoA4 treatment plates compared to CoA8+
across most marinas and times. The biotic resistance hypothesis
predicts that native consumers will confer resistance to resident
ecosystems by reducing the abundance and spread of NIS (Elton,
1958; Stachowicz et al., 1999; Gestoso et al., 2018). In contrast,

CoA4 and CoA8+ plates in CA and FX were surprisingly sim-
ilar in each sampling time, indicating that new recruits were
able to colonize both clean and occupied plates. In QL, CoA4
and CoA8+ plates were not so similar (at least in T2 and T3—
Fig. 5) suggesting that in this case, the assembly dominated
by B. niger had a larger effect limiting new recruits’ diversity.
Established communities can avoid new recruits by pre-emption
of the space, competition for food from the water column, and
allelopathy effect (Dijkstra et al., 2007; Cifuentes et al., 2010).
Recruits of the bryozoans Watersipora subtorquata (d’Orbigny,
1852) and B. neritina survived better and grew faster on primary
(i.e. any inanimate substrata, including plate surface and skeletal
surfaces of organisms that were evidently deceased at the time
of invader settlement) than on secondary space (i.e. surface of
macro organisms) of experimental plates, probably because of
any or a combination of those mechanisms (Clark and Johnston,
2005, 2009). It is known that empty surfaces recently submersed
are more prone to NIS colonization (Simpson et al., 2017; Gi-
achetti et al., 2019; Oricchio et al., 2019), although this result
also depends on local oceanographic conditions (Leclerc et al.,
2018). Furthermore, the presence or absence of key species in a
fouling community and the timing of recruitment can affect NIS
dominance (Agius, 2007). We expected to have an increase in
NIS richness and percentage cover over time, but this expected
pattern only occurred in CA and QL from T1 to T2, but not in T3,
suggesting again the importance of open space to the colonization
and growth of ascidian NIS. Nevertheless, we acknowledge that
there is a threshold for this hypothesis of expected increase of
NIS richness and percentage cover over time and, competition
for space should produce saturation and equilibrium (Mouquet
et al., 2003; Canning-Clode et al., 2009). Alternatively, this could
be a consequence of the timing of our experiment, with T2 and T3
likely coincident with lower propagule pressure in the marinas.
Another experiment with different starting points along the year
will be necessary to better test this hypothesis. For example,
in a study performed in the Central Mediterranean Sea, Lezzi
and Giangrande (2018) examined four different starting times
of sessile invertebrate macrofouling succession in order to study
the influence of the seasons in shaping 12-month old assem-
blage endpoints. Their investigation showed that all assemblages
tended to result in multiple contingent communities, depending
on starting times and depths, which in turn influenced further
species interactions.

In our study, the most significant colonial ascidian species that
were recruited on both young and older plates were B. schlosseri,
D. listerianum, A. glabrum, B. niger, P. listeri and Didemnum sp.
1. Botryllus schlosseri was found in both CoA4 and CoA8+ plates
which seems to indicate the significant role of this species both
in recruitment and succession, especially in T1 (April) typical
of colder temperatures. Consequently, we do not know which
clade (species) our B. schlosseri belong and future studies should
address this in order to compare it with other studies. Diplosoma
listerianum is a complex of cryptic species that is spread in most
oceans (Pérez-Portela et al., 2013) and can be positively affected
by temperature as it exhibited rapid growth rates during summer
months in Wood Hole, USA (Agius, 2007). This is one of the most
abundant species in early recruitment study in Brazil, although
it loses dominance over time because of its short lifespan and
competitive interactions with other species (Rocha, 1991; Agius,
2007). In our study D. listerianum was recruited in both CoA4
and CoA8+ plates in CA and FX, however in older plates with
established communities this species was not able to endure over
time in CA while in the presence of other competitive species
like B. schlosseri. Didemnum sp.1 and T. cereum. However, in
southern New England, USA a study by Stachowicz et al. (2002)
showed that increased winter sea-surface temperatures could
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favour invasions by introduced B. violaceus and D. listerianum,
thus affording them an early temporal recruitment advantage
over resident species like B. schlosseri (Stachowicz et al., 2002;
Agius, 2007). Below 19 �C, growth rates did not differ among the
colonial ascidian species, although B. violaceus and D. listerianum
had higher growth rates than B. schlosseri at temperatures be-
tween 19 and 21 �C, while at 23 �C D. listerianum grew much
faster than the other two species (Stachowicz et al., 2002). Ap-
lidium glabrum tends to reside in cooler, often deeper waters,
known primarily from the north Atlantic (Van Name, 1945). It
was found in both CoA4 and CoA8+ plates for CA and FX marinas,
indicating its significant role both in recruitment and succession,
especially in T2 (August) and T3 (December) typical of warmer
temperatures in our study system. Botrylloides niger is distributed
worldwide in tropical regions; a recent molecular study indicated
its probable region of origin is in the West Atlantic (Sheets et al.,
2016). Perophora listeri is a European species found in the Atlantic
and Mediterranean Sea (Arnbäck-Christie-Linde, 1934). Both B.
niger and P. listeri were the main dominant contributors to the
plates, present in both young and mature assemblages across
sampling times in QL marina. High average abundances were
seen for the recruitment of P. listeri in CoA4 plates at warmer
temperatures of T2 (August) and T3 (December). Consequently,
higher average abundance was seen for the succession of B. niger,
especially in CoA12 plates typical of warm summer temperatures
in T2. Finally, the average abundance of Didemnum sp. 1 in mature
plates of CA increases across time, which correlates with increase
in temperature observed in T2 and T3 (i.e. August and December,
respectively) although on young plates, this species is observed
in T3 as one of the most dominant species thriving in December
time.

5. Conclusions

This study presents an updated inventory of ascidians present
in shallow waters of the Madeira Island system and provides
an important baseline reference for biodiversity assessments and
monitoring programmes, as well as for the implementation of
management and conservation measures. It lists 39 ascidian
species, from which 15 were categorized as NIS, with 9 exclu-
sive to Madeira Island, 1 exclusive to Porto Santo Island and 5
occurring on both islands. The study was restricted to artificial
substrates in marinas of various ages (the oldest is about 25-
years-old), which harbour a high diversity of non-indigenous
ascidians. Future research should focus on the possible invasion of
natural benthic communities and the assessment of the ecological
impacts of the ascidian NIS on these communities. More studies
are planned to address the various ‘‘bare’’ artificial substrates
that are found inside ports and marinas (i.e. new pontoons or
dock fingers, hanging cables, buoys, fenders) that favour the
settlement of NIS and, when lost, broken by natural disasters or
severe weather, can facilitate the dispersal of NIS (e.g. ‘‘stepping
stones’’) into neighbouring areas. Our preliminary findings on
dry dock inspections support the hypothesis from other studies
that emphasize hull fouling as a key anthropogenic introduction
vector, and thus we strongly suggest that biosecurity pre-border
and post-border regulations concerning this vector should be at
least debated to avoid new invasions and the spread of NIS within
and between islands.

Abbreviations
A: artificial; C: cryptogenic; CA: Calheta; CoA: Community

Age; CoA4, 8, 12, 16: Community Age 4, 8, 12, 16 months; CoA8+:
Community Age older than 8 months; DDI: dry dock inspections;
ERDF: European Regional Development Fund; FCT: Fundação para
a Ciência e a Tecnologia; FX: Funchal; Ma: Marina; MARE: Ma-
rine and Environmental Sciences Centre; MI: Madeira Island;

MMF: Natural History Museum of Funchal; MNHN: National Mu-
seum of Natural History, Paris; N: native; N: natural; N: percent
cover; NIS: non-indigenous species; nMDS: Non-metric multidi-
mensional scaling; OOM: Observatório Oceânico da Madeira; PFX:
Port Funchal; PPS: Port Porto Santo; PS: Porto Santo; PSI: Porto
Santo Island; PVC: polyvinyl chloride; QL: Quinta do Lorde; S:
species richness; S1: spring; S2: summer; S3: autumn; S4: winter;
T1: January–April; T2: May–August; T3: September–December;
U: unresolved

CRediT authorship contribution statement

Patrício Ramalhosa: Conceptualization, Formal analysis, In-
vestigation, Resources, Writing - original draft, Visualization. Ig-
nacio Gestoso: Conceptualization, Formal analysis, Writing - re-
view & editing, Visualization, Funding acquisition. Rosana M.
Rocha: Conceptualization, Validation, Writing - review & edit-
ing, Visualization. Gretchen Lambert: Validation, Writing - re-
view & editing. João Canning-Clode: Conceptualization, Writing
- review & editing, Supervision, Project administration, Funding
acquisition.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

We thank two anonymous reviewers for their comments and
suggestions that substantially improved the quality of this study.
We also thank Grupo Sousa and Porto Santo Line for their travel
aid to the Island of Porto Santo, the administrations of the four
marinas (Porto Recreio da Calheta, Marina do Funchal, Marina
da Quinta do Lorde (Caniçal), Marina do Porto Santo) and also
RepMarítima for allowing us to survey NIS diversity along the
south coast of Madeira Archipelago from 2013 to the present. We
are especially grateful to Dr. Peter Wirtz, Dr. Xavier Turon, and Dr.
Françoise Monniot for personal communication about sampled
specimens. We further thank Manuel Biscoito and João Silva from
the Natural History Museum of Funchal (MMF) Madeira for pro-
cessing all vouchers and for access to older samples. P. Ramalhosa
was partially funded by the Project Observatório Oceânico da
Madeira-OOM (M1420-01-0145-FEDER-000001), co-financed by
the Madeira Regional Operational Programme (Madeira 14–20)
under the Portugal 2020 strategy, through the European Regional
Development Fund (ERDF). I. Gestoso was financial supported
by a post-doctoral grant in the framework of the 2015 ARDITI
Grant Programme Madeira 14–20 (Project M1420-09-5369-FSE-
000002). R.M. Rocha received a research grant from the Na-
tional Council for Scientific and Technological Development—
CNPq (305201/2014-0, 309295/2018-1). JCC is funded by national
funds through FCT—Fundação para a Ciência e a Tecnologia, I.P.,
under the Scientific Employment Stimulus – Institutional Call
– [CEECINST/00098/2018]. This study was partially funded by
project MIMAR (MAC/4.6. d/066) and PLASMAR} (MAC/1.1a/030)
INTERREG MAC 2014–2020 Programme. This study also had the
support of Fundação para a Ciência e Tecnologia (FCT), through
the strategic project [UIDB/04292/2020] granted to MARE UI&I.
This is contribution 65 from the Smithsonian’s MarineGEO Net-
work.

Appendix A. Supplementary data

Supplementary material related to this article can be found
online at https://doi.org/10.1016/j.rsma.2021.101672.

16



P. Ramalhosa, I. Gestoso, R.M. Rocha et al. Regional Studies in Marine Science 43 (2021) 101672

References

Agius, B.P., 2007. Spatial and temporal effects of pre-seeding plates with invasive
ascidians: growth, recruitment and community composition. J. Exp. Mar. Biol.
Ecol. 342, 30–39. http://dx.doi.org/10.1016/j.jembe.2006.10.012.

Airoldi, L., Turon, X., Perkol-Finkel, S., Rius, M., 2015. Corridors for aliens but
not for natives: effects of marine urban sprawl at a regional scale. Divers.
Distrib. 21, 755–768. http://dx.doi.org/10.1111/ddi.12301.

Aldred, N., Clare, A.S., 2014. Mini-review: impact and dynamics of surface
fouling by solitary and compound ascidians. Biofouling 30, 259–270. http:
//dx.doi.org/10.1080/08927014.2013.866653.

Anderson, M., Gorley, R., Clarke, K., 2008. PERMANOVA+ for PRIMER: Guide to
Software and Statistical Methods. Primer-E, Plymouth.

APRAM, 2020. Administração dos Portos da Região Autónoma da Madeira,
SA. http://www.apram.pt/site/index.php/en/statistics Accessed 20 November
2020.

AquaNIS Editorial Board, 2015. Information System on Aquatic Non-Indigenous
and Cryptogenic Species. World Wide Web electronic publication., www.
corpi.ku.lt/databases/aquanis. Version 2.36+. Accessed 2020/11/24.

Arenas, F., Bishop, J., Carlton, J., Dyrynda, P., Farnham, W., Gonzalez, D., Ja-
cobs, M., Lambert, C., Lambert, G., Nielsen, S., 2006. Alien species and other
notable records from a rapid assessment survey of marinas on the south
coast of England. J. Mar. Biol. Assoc. UK 86, 1329–1337. http://dx.doi.org/10.
1017/S0025315406014354.

Arnbäck-Christie-Linde, A., 1934. Northern and Artic invertebrates in the col-
lection of the Swedish State Museum. XII Tunicata. 4. Cionidae, Ascidiidae,
Agnisiidae Rhodosomatidae. Kiungl. Sven. Vetensk Hand. 13, 1–89.

Arsenault, G., Davidson, J., Ramsay, A., 2009. Temporal and spatial development
of an infestation of Styela clava on mussel farms in Malpeque Bay, Prince
Edward Island, Canada. Aquat. Inv. 4, 189–194. http://dx.doi.org/10.3391/ai.
2009.4.1.19.

Augier, H., 1985. Première contribution à l’étude et à la cartographie des
biocénoses marines benthiques de l’île de Madère. Bol. Mus. Munic. Funchal.
37 (168), 86–129, http://localhost:8080/xmlui/h{and}le/100/1185.

Bak, R., Lambrechts, D., Joenje, M., Nieuwland, G., Van Veghel, M., 1996. Long-
term changes on coral reefs in booming populations of a competitive
colonial ascidian. Mar. Ecol. Prog. Ser. 133, 303–306. http://dx.doi.org/10.
3354/meps133303.

Brunetti, R., Griggio, F., Mastrototaro, F., Gasparini, F., Gissi, C., 2020. Toward a
resolution of the cosmopolitan Botryllus schlosseri species complex (Ascidi-
acea, Styelidae): mitogenomics and morphology of clade E (Botryllus gaiae).
Zool. J. Linn. Soc. http://dx.doi.org/10.1093/zoolinnean/zlaa023.

Bullard, S.G., Carman, M.R., 2009. Current trends in invasive ascidian research.
In: Wilcox, C.P., Turpin, R.B. (Eds.), Invasive Species: Detection, Impact, and
Control. Nova, NY. pp. 57–79.

Bullard, S., Whitlatch, R., 2009. In situ growth of the colonial ascidian Didemnum
vexillum under different environmental conditions. Aquat. Inv. 4, 275–278.
http://dx.doi.org/10.3391/ai.2009.4.1.27.

Bumbeer, J., Rocha, R.M.d., 2016. Invading the natural marine substrates: a
case study with invertebrates in South Brazil. Zoologia (Curitiba) 33 (3),
http://dx.doi.org/10.1590/S1984-4689zool-20150211.

Canning-Clode, J., 2015. General introduction–aquatic and terrestrial biolog-
ical invasions in the 21st century. In: Biological Invasions in Changing
Ecosystems. Sciendo Migration, pp. 13–20.

Canning-Clode, J., Bellou, N., Kaufmann, M.J., Wahl, M., 2009. Local–regional
richness relationship in fouling assemblages–effects of succession. Basic Appl.
Ecol. 10, 745–753. http://dx.doi.org/10.1016/j.baae.2009.05.005.

Canning-Clode, J., Fofonoff, P., McCann, L., Carlton, J.T., Ruiz, G., 2013. Marine
invasions on a subtropical island: fouling studies and new records in a recent
marina on Madeira Island (Eastern Atlantic Ocean). Aquat. Inv. 8, 261–270.
http://dx.doi.org/10.3391/ai.2013.8.3.02.

Canning-Clode, J., Fofonoff, P., Riedel, G.F., Torchin, M., Ruiz, G.M., 2011. The
effects of copper pollution on fouling assemblage diversity: a tropical-
temperate comparison. PloS ONE 6, e18026. http://dx.doi.org/10.1371/
journal.pone.0018026.

Canning-Clode, J., Kaufmann, M., Molis, M., Wahl, M., Lenz, M., 2008. Influ-
ence of disturbance and nutrient enrichment on early successional fouling
communities in an oligotrophic marine system. Mar. Ecol. 29, 115–124.
http://dx.doi.org/10.1111/j.1439-0485.2007.00210.x.

Capa, M., Murray, A., 2016. Combined morphological and molecular data un-
veils relationships of Pseudobranchiomma (Sabellidae, Annelida) and reveals
higher diversity of this intriguing group of fan worms in Australia, including
potentially introduced species. ZooKeys 1, http://dx.doi.org/10.3897/zookeys.
622.9420.

Carlton, J.T., Chapman, J.W., Geller, J.B., Miller, J.A., Carlton, D.A., McCuller, M.I.,
Treneman, N.C., Steves, B.P., Ruiz, G.M., 2017. Tsunami-driven rafting:
Transoceanic species dispersal and implications for marine biogeography.
Science 357, 1402–1406. http://dx.doi.org/10.1126/science.aao1498.

Carlton, J.T., Ruiz, G.M., 2016. Anthropogenic vectors of marine and estuarine
invasions: an overview framework. In: Canning-Clode (Ed.), Biological Inva-
sions in Changing Ecosystems Vectors, Ecological Impacts, Management and
Predictions. Walter de Gruyter GmbH & Co KG, pp. 24–36. http://dx.doi.org/
10.1515/9783110438666-005.

Carman, M.R., Grunden, D.W., Ewart, D., 2014. Coldwater reattachment of
colonial tunicate Didemnum vexillum fragments to natural (eelgrass) and
artificial (plastic) substrates in New England. Aquat. Inv. 9, 105–110. http:
//dx.doi.org/10.3391/ai.2014.9.1.09.

Carvalho, S., Pereira, P., Pereira, F., de Pablo, H., Vale, C., Gaspar, M.B., 2011.
Factors structuring temporal and spatial dynamics of macrobenthic commu-
nities in a eutrophic coastal lagoon (Óbidos lagoon, Portugal). Mar. Environ.
Res. 71, 97–110. http://dx.doi.org/10.1016/j.marenvres.2010.11.005.

Castro, N., Ramalhosa, P., Jiménez, J., Costa, J.L., Gestoso, I., Canning-Clode, J.,
2020. Exploring marine invasions connectivity in a NE Atlantic Island through
the lens of historical maritime traffic patterns. Reg. Stud. Mar. Sci. http:
//dx.doi.org/10.1016/j.rsma.2020.101333.

Cifuentes, M., Krueger, I., Dumont, C.P., Lenz, M., Thiel, M., 2010. Does primary
colonization or community structure determine the succession of fouling
communities?. J. Exp. Mar. Biol. Ecol. 395, 10–20. http://dx.doi.org/10.1016/
j.jembe.2010.08.019.

Clark, G.F., Johnston, E.L., 2005. Manipulating larval supply in the field: a
controlled study of marine invasibility. Mar. Ecol. Prog. Ser. 298, 9–19.
http://dx.doi.org/10.3354/meps298009.

Clark, G.F., Johnston, E.L., 2009. Propagule pressure and disturbance interact to
overcome biotic resistance of marine invertebrate communities. Oikos 118,
1679–1686. http://dx.doi.org/10.1111/j.1600-0706.2009.17564.x.

Clarke, K.R., 1993. Non-parametric multivariate analyses of changes in commu-
nity structure. Austral. Ecol. 18, 117–143. http://dx.doi.org/10.1111/j.1442-
9993.1993.tb00438.x.

Clarke, K., Gorley, R., 2006. PRIMER V6: User Manual/Tutorial. PRIMER-E,
Plymouth.

Clarke Murray, C., Gartner, H., Gregr, E.J., Chan, K., Pakhomov, E., Therriault, T.W.,
2014. Spatial distribution of marine invasive species: environmental, demo-
graphic and vector drivers. Divers. Distrib. 20, 824–836. http://dx.doi.org/10.
1111/ddi.12215.

Clarke Murray, C., Pakhomov, E.A., Therriault, T.W., 2011. Recreational boating: a
large unregulated vector transporting marine invasive species. Divers. Distrib.
17, 1161–1172. http://dx.doi.org/10.1111/j.1472-4642.2011.00798.x.

Cohen, A., Harris, L., Bingham, B., Carlton, J., Chapman, J., Lambert, C., Lambert, G.,
Ljubenkov, J., Murray, S., Rao, L., 2005. Rapid assessment survey for exotic
organisms in southern California bays and harbors, and abundance in port
and non-port areas. Biol. Invasions 7, 995–1002. http://dx.doi.org/10.1007/
s10530-004-3121-1.

Del Pasqua, M., Schulze, A., Tovar-Hernández, M.A., Keppel, E., Lezzi, M.,
Gambi, M.C., Giangrande, A., 2018. Clarifying the taxonomic status of the
alien species Branchiomma bairdi and Branchiomma boholense (Annelida:
Sabellidae) using molecular and morphological evidence. PLoS One 13, http:
//dx.doi.org/10.1371/journal.pone.0197104.

Dijkstra, J., Sherman, H., Harris, L.G., 2007. The role of colonial ascidians in
altering biodiversity in marine fouling communities. J. Exp. Mar. Biol. Ecol.
342, 169–171. http://dx.doi.org/10.1016/j.jembe.2006.10.035.

Elton, C.S., 1958. The ecology of invasions by animals and plants. Methuen Lond.
http://dx.doi.org/10.1007/978-1-4899-7214-9.

Field, B., 1982. Structural analysis of fouling community development in the
Damariscotta River estuary, Maine. J. Exp. Mar. Biol. Ecol. 57, 25–33. http:
//dx.doi.org/10.1016/0022-0981(82)90142-3.

Floerl, O., Inglis, G.J., Hayden, B.J., 2005. A risk-based predictive tool to prevent
accidental introductions of nonindigenous marine species. Environ. Manage.
35, 765–778. http://dx.doi.org/10.1007/s00267-004-0193-8.

Fofonoff, P., Ruiz, G., Steves, B., Carlton, J., 2018. National Exotic Marine and
Estuarine Species Information System (NEMESIS). available online at: http:
//invasions.si.edu/nemesis/. Accessed 20 2020.

Fonseca, L.C.d., Guerreiro, J., Gil, J., 1995. Note on the macrozoobenthos of
the upper level sediments of Porto Santo Island (Madeira, Portugal). http:
//localhost:8080/xmlui/h{and}le/100/1000.

Fry, W.G., 1975. Raft fouling in the Menai Strait, 1963–1971. Hydrobiologia 47,
527–558. http://dx.doi.org/10.1007/BF00039596.

Gestoso, I., Ramalhosa, P., Canning-Clode, J., 2018. Biotic effects during the
settlement process of non-indigenous species in marine communities. Aquat.
Invasions 13 13, 247–259. http://dx.doi.org/10.3391/ai.2018.13.2.06.

Gestoso, I., Ramalhosa, P., Oliveira, P., Canning-Clode, J., 2017. Marine protected
communities against biological invasions: A case study from an offshore
island. Mar. Pollut. Bull. 119, 72–80. http://dx.doi.org/10.1016/j.marpolbul.
2017.03.017.

Gewing, M.-T., Shenkar, N., 2017. Monitoring the magnitude of marine vessel
infestation by non-indigenous ascidians in the Mediterranean. Mar. Pollut.
Bull. 121, 52–59. http://dx.doi.org/10.1016/j.marpolbul.2017.05.041.

17



P. Ramalhosa, I. Gestoso, R.M. Rocha et al. Regional Studies in Marine Science 43 (2021) 101672

Giachetti, C.B., Battini, N., Bortolus, A., Tatián, M., Schwindt, E., 2019. Macro-
predators as shapers of invaded fouling communities in a cold temperate
port. J. Exp. Mar. Biol. Ecol. 518, 151177. http://dx.doi.org/10.1016/j.jembe.
2019.151177.

Glasby, T.M., Connell, S.D., Holloway, M.G., Hewitt, C.L., 2007. Nonindigenous
biota on artificial structures: could habitat creation facilitate biological
invasions?. Mar. Biol. 151, 887–895. http://dx.doi.org/10.1007/s00227-006-
0552-5.

Grosberg, R.K., 1981. Competitive ability influences habitat choice in marine
invertebrates. Nature 290 (700).

Harms, J., Anger, K., 1983. Seasonal, annual, and spatial variation in the de-
velopment of hard bottom communities. Helgol. Mar. Res. 36, 137. http:
//dx.doi.org/10.1007/BF01983853.

Johnston, E.L., Piola, R.F., Clark, G.F., 2009. The role of propagule pressure in
invasion success. In: Rilov, G., Crooks, J.A. (Eds.), Biological Invasions in
Marine Ecosystems. Ecological Studies (Analysis and Synthesis), Vol. 204.
Springer, Berlin, Heidelberg, pp. 133–151. http://dx.doi.org/10.1007/978-3-
540-79236-9_7.

Kohler, K.E., Gill, S.M., 2006. Coral Point Count with Excel extensions (CPCe): A
Visual Basic program for the determination of coral and substrate coverage
using random point count methodology. Comput. Geosci. 32, 1259–1269.

Kremer, L.P., Rocha, R.M., 2016. The biotic resistance role of fish predation
in fouling communities. Biol. Invasions 18, 3223–3237. http://dx.doi.org/10.
1007/s10530-016-1210-6.

Lambert, G., 2005. Ecology and natural history of the protochordates. Can. J. Zool.
83, 34–50. http://dx.doi.org/10.1139/z04-156.

Lambert, G., 2007. Invasive sea squirts: a growing global problem. J. Exp. Mar.
Biol. Ecol. 342, 3–4. http://dx.doi.org/10.1016/j.jembe.2006.10.009.

Lambert, G., 2009. Adventures of a sea squirt sleuth: unraveling the identity
of Didemnum vexillum, a global ascidian invader. Aquat. Inv. 4, 5–28. http:
//dx.doi.org/10.3391/ai.2009.4.1.2.

Lambert, G., 2019. Fouling ascidians (Chordata: Ascidiacea) of the Galápagos:
Santa Cruz and Baltra Islands. Aquat. Inv. 14, 132–149. http://dx.doi.org/10.
3391/ai.2019.14.1.05.

Lambert, C., Lambert, G., 1998. Non-indigenous ascidians in southern California
harbors and marinas. Mar. Biol. 130, 675–688. http://dx.doi.org/10.1007/
s002270050289.

Lambert, C.C., Lambert, G., 2003. Persistence and differential distribution of
nonindigenous ascidians in harbors of the Southern California Bight. Mar.
Ecol. Prog. Ser. 259, 145–161. http://dx.doi.org/10.3354/meps259145.

Leclerc, J.-C., Viard, F., González Sepúlveda, E., Díaz, C., Neira Hinojosa, J.,
Pérez Araneda, K., Silva, F., Brante, A., 2018. Non-indigenous species con-
tribute equally to biofouling communities in international vs. local ports in
the Biobío region, Chile. Biofouling 34, 784–799. http://dx.doi.org/10.1080/
08927014.2018.1502276.

López-Legentil, S., Legentil, M.L., Erwin, P.M., Turon, X., 2015. Harbor networks
as introduction gateways: contrasting distribution patterns of native and
introduced ascidians. Biol. Invasions 17, 1623–1638. http://dx.doi.org/10.
1007/s10530-014-0821-z.

Luckens, P.A., 1976. Settlement and Succession on Rocky Shores at Auckland,
North Island, New Zealand. Vol. 70. AR Shearer, Government Printer.

Marchini, A., Ferrario, J., Minchin, D., 2015. Marinas may act as hubs for the
spread of the pseudo-indigenous bryozoan Amathia verticillata (Delle Chiaje,
1822) and its associates. Sci. Mar. 79, 355–365. http://dx.doi.org/10.3989/
scimar.04238.03A.

Monniot, C., Monniot, F., 1984. Tuniciers benthiques récoltés au cours de la
campagne Abyplaine au large de Madère. Ann. Inst. Océanogr. 60, 129–142.

Mouquet, N., Munguia, P., Kneitel, J., Miller, T., 2003. Community assembly time
and the relationship between local and regional species richness. Oikos 103,
618–626. http://dx.doi.org/10.1034/j.1600-0706.2003.12772.x.

Olenin, S., Elliott, M., Bysveen, I., Culverhouse, P.F., Daunys, D., Dubelaar, G.B.,
Gollasch, S., Goulletquer, P., Jelmert, A., Kantor, Y., 2011. Recommendations
on methods for the detection and control of biological pollution in marine
coastal waters. Mar. Pollut. Bull. 62, 2598–2604. http://dx.doi.org/10.1016/j.
marpolbul.2011.08.011.

Oricchio, F.T., Marques, A.C., Hajdu, E., Pitombo, F.B., Azevedo, F., Passos, F.D.,
Vieira, L.M., Stampar, S.N., Rocha, R.M., Dias, G.M., 2019. Exotic species dom-
inate marinas between the two most populated regions in the southwestern
Atlantic Ocean. Mar. Pollut. Bull. 146, 884–892. http://dx.doi.org/10.1016/j.
marpolbul.2019.07.013.

Oricchio, F.T., Pastro, G., Vieira, E.A., Flores, A.A., Gibran, F.Z., Dias, G.M., 2016.
Distinct community dynamics at two artificial habitats in a recreational
marina. Mar. Environ. Res. 122, 85–92. http://dx.doi.org/10.1016/j.marenvres.
2016.09.010.

Osman, R.W., 1977. The establishment and development of a marine epifaunal
community. Ecol. Monogr. 47, 37–63. http://dx.doi.org/10.2307/1942223.

Pérez-Portela, R., Arranz, V., Rius, M., Turon, X., 2013. Cryptic speciation or
global spread? The case of a cosmopolitan marine invertebrate with limited
dispersal capabilities. Sci. Rep. 3, 1–10. http://dx.doi.org/10.1038/srep03197.

Pérez-Portela, R., Duran, S., Palacín, C., Turon, X., 2007. The genus Pycnoclavella
(Ascidiacea) in the Atlanto-Mediterranean region: a combined molecular and
morphological approach. Invertebr. Syst. 21, 187–205. http://dx.doi.org/10.
1071/IS06015.

Pineda, M.C., Turon, X., López-Legentil, S., 2012. Stress levels over time in the
introduced ascidian Styela plicata: the effects of temperature and salinity
variations on hsp70 gene expression. Cell Stress Chaperones 17, 435–444.
http://dx.doi.org/10.1007/s12192-012-0321-y.

Ramalhosa, P., Camacho-Cruz, K., Bastida-Zavala, R., Canning-Clode, J., 2014. First
record of Branchiomma bairdi McIntosh, 1885 (Annelida: Sabellidae) from
Madeiran Island, Portugal (northeastern Atlantic Ocean). Bio. Inv. Rec. 3,
235–239. http://dx.doi.org/10.3391/bir.2014.3.4.04.

Ramalhosa, P., Canning-Clode, J., 2015. The invasive caprellid Caprella scaura
Templeton, 1836 (Crustacea: Amphipoda: Caprellidae) arrives on Madeira
Island, Portugal. Bio. Inv. Rec. 4, 97–102. http://dx.doi.org/10.3391/bir.2015.
4.2.05.

Ramalhosa, P., Gestoso, I., Duarte, B., Caçador, I., Canning-Clode, J., 2019. Metal
pollution affects both native and non-indigenous biofouling recruitment in a
subtropical island system. Mar. Pollut. Bull. 141, 373–386. http://dx.doi.org/
10.1016/j.marpolbul.2019.02.072.

Ramalhosa, P., Nebra, A., Gestoso, I., Canning-Clode, J., 2017a. First record of the
non-indigenous isopods Paracerceis sculpta (Holmes, 1904) and Sphaeroma
walkeri Stebbing, 1905 (Isopoda, Sphaeromatidae) for Madeira Island.
Crustaceana 90, 1747–1764. http://dx.doi.org/10.1163/15685403-00003727.

Ramalhosa, P., Souto, J., Canning-Clode, J., 2017b. Diversity of Bugulidae (Bryozoa,
Cheilostomata) colonizing artificial substrates in the Madeira Archipelago (NE
Atlantic Ocean). Helgol. Mar. Res. 71, 1–20. http://dx.doi.org/10.1186/s10152-
016-0465-8.

Riera, L., Ramalhosa, P., Canning-Clode, J., Gestoso, I., 2018. Variability in the
settlement of non-indigenous species in benthic communities from an
oceanic island. Helgol. Mar. Res. 72, 15. http://dx.doi.org/10.1186/s10152-
018-0517-3.

Rius, M., Branch, G.M., Griffiths, C.L., Turon, X., 2010a. Larval settlement be-
haviour in six gregarious ascidians in relation to adult distribution. Mar.
Ecol. Prog. Ser. 418, 151–163. http://dx.doi.org/10.3354/meps08810.

Rius, M., Turon, X., Dias, G.M., Marshall, D.J., 2010b. Propagule size effects
across multiple life-history stages in a marine invertebrate. Funct. Ecol. 24,
685–693. http://dx.doi.org/10.1111/j.1365-2435.2009.01668.x.

Rius, M., Turon, X., Marshall, D.J., 2009. Non-lethal effects of an invasive species
in the marine environment: the importance of early life-history stages.
Oecologia 159, 873–882. http://dx.doi.org/10.1007/s00442-008-1256-y.

Rocha, R.M.d., 1991. Replacement of the compound ascidian species in a
southeastern Brazilian fouling community. Bol. Inst. Oceanogr. 39, 141–153.
http://dx.doi.org/10.1590/S0373-55241991000200005.

Rocha, R.M., Kremer, L.P., 2005. Introduced ascidians in Paranaguá Bay, Paraná,
southern Brazil. Rev. Bras. Zool. 22, 1170–1184. http://dx.doi.org/10.1590/
S0101-81752005000400052.

Rosa, M., Holohan, B., Shumway, S., Bullard, S., Wikfors, G., Morton, S., Getchis, T.,
2013. Biofouling ascidians on aquaculture gear as potential vectors of
harmful algal introductions. Harmful Algae 23, 1–7. http://dx.doi.org/10.
1016/j.hal.2012.11.008.

Sheets, E.A., Cohen, C.S., Ruiz, G.M., Da Rocha, R.M., 2016. Investigating the
widespread introduction of a tropical marine fouling species. Ecol. Evol. 6,
2453–2471. http://dx.doi.org/10.1002/ece3.2065.

Shenkar, N., Gittenberger, A., Lambert, G., Rius, M., Rocha, R.M., Swalla, B.J.,
Turon, X., 2020. Ascidiacea World Database. Acessed at http://www.
marinespecies.org/ascidiacea on 2020-11-03.

Simkanin, C., Davidson, I.C., Dower, J.F., Jamieson, G., Therriault, T.W., 2012.
Anthropogenic structures and the infiltration of natural benthos by in-
vasive ascidians. Mar. Ecol. 33, 499–511. http://dx.doi.org/10.1111/j.1439-
0485.2012.00516.x.

Simkanin, C., Fofonoff, P.W., Larson, K., Lambert, G., Dijkstra, J.A., Ruiz, G.M.,
2016. Spatial and temporal dynamics of ascidian invasions in the continental
United States and Alaska. Mar. Biol. 163, 163. http://dx.doi.org/10.1007/
s00227-016-2924-9.

Simpson, T.J., Smale, D.A., McDonald, J.I., Wernberg, T., 2017. Large scale variabil-
ity in the structure of sessile invertebrate assemblages in artificial habitats
reveals the importance of local-scale processes. J. Exp. Mar. Biol. Ecol. 494,
10–19. http://dx.doi.org/10.1016/j.jembe.2017.05.003.

Souto, J., Kaufmann, M.J., Canning-Clode, J., 2015. New species and new records
of bryozoans from shallow waters of Madeira Island. Zootaxa 3925, 581–593.
http://dx.doi.org/10.11646/zootaxa.3925.4.7.

Souto, J., Ramalhosa, P., Canning-Clode, J., 2018. Three non-indigenous species
from madeira harbors, including a new species of Parasmittina (Bryozoa).
Mar. Biodiv. 48, 977–986. http://dx.doi.org/10.1007/s12526-016-0592-0.

Stachowicz, J.J., Terwin, J.R., Whitlatch, R.B., Osman, R.W., 2002. Linking climate
change and biological invasions: ocean warming facilitates nonindigenous
species invasions. Proc. Natl. Acad. Sci. 99, 15497–15500. http://dx.doi.org/
10.1073/pnas.242437499.

18



P. Ramalhosa, I. Gestoso, R.M. Rocha et al. Regional Studies in Marine Science 43 (2021) 101672

Stachowicz, J.J., Whitlatch, R.B., Osman, R.W., 1999. Species diversity and invasion
resistance in a marine ecosystem. Science 286, 1577–1579. http://dx.doi.org/
10.1126/science.286.5444.1577.

Stefaniak, L., Lambert, G., Gittenberger, A., Zhang, H., Lin, S., Whitlatch, R.B., 2009.
Genetic conspecificity of the worldwide populations of Didemnum vexillum
Kott, 2002. Aquat. Inv. 4, 29–44. http://dx.doi.org/10.3391/ai.2009.4.1.3.

Tatián, M., Schwindt, E., Lagger, C., Varela, M.M., 2010. Colonization of Patagonian
harbours (SW Atlantic) by an invasive sea squirt. Spixiana 33, 111–117.

Turon, X., 1992. Periods of non-feeding in Polysyncraton lacazei (Ascidiacea:
Didemnidae): a rejuvenative process?. Mar. Biol. 112, 647–655. http://dx.
doi.org/10.1007/BF00346183.

Turon, X., Nishikawa, T., Rius, M., 2007. Spread of Microcosmus squamiger
(Ascidiacea: Pyuridae) in the Mediterranean Sea and adjacent waters. J. Exp.
Mar. Biol. Ecol. 342, 185–188. http://dx.doi.org/10.1016/j.jembe.2006.10.040.

Van Name, W.G., 1945. North and South American ascidians. Bull. Am. Mus. Nat.
Hist. 84, 1–462.

Wirtz, P., 1994. Three shrimps, five nudibranchs, and two tunicates new for
the marine fauna of Madeira. Bol. Mus. Mun. Funchal. 46, 167–172, http:
//dspace.cm-funchal.pt:8080/jspui/h{and}le/100/1034.

Wirtz, P., 1995. Unterwasserführer Madeira, Kanaren Und Azoren. Niedere Tiere.
Stephanie Nagelschmid, Stuttgart, p. 248.

Wirtz, P., 1996. Neue Keulenseescheiden Von Madeira DATZ, Vol. 49. pp.
163–164.

Wirtz, P., 1998. Twelve invertebrate and eight fish species new to the marine
fauna of madeira, and a discussion of the zoogeography of the area. Helgol.
Mar. Res. 52, 197–207. http://dx.doi.org/10.1007/BF02908748.

Wirtz, P., 2006. Ten invertebrates new for the marine fauna of Madeira. Archipel.
Life Mar. Sci. 23A, 75–78, doi:http://hdl.h{and}le.net/10400.3/198.

Wirtz, P., 2014. Seven invertebrates new for the marine fauna of Madeira
Archipelago. Arquipél. Life Mar. Sci. 31, http://hdl.h{and}le.net/10400.3/3297.

Wirtz, P., Canning-Clode, J., 2009. The invasive bryozoan Zoobotryon verticillatum
has arrived at Madeira Island. Aquat. Inv. 4, 669–670. http://dx.doi.org/10.
3391/ai.2009.4.4.11.

Wirtz, P., Ramalhosa, P., 2020. ResearchGate. http://dx.doi.org/10.13140/RG.
2.2.15470.84809, Accessed at https://www.researchgate.net/publication/
344692104_A_pictorial_catalogue_of_the_shallow-water_Clavelinidae_
Tunicata_Ascidiacea_of_Madeira on 2020/10/29.

Withers, R., Thorp, C., 1977. Studies on the shallow, sublittoral epibenthos
of Langstone Harbour, Hampshire, using settlement panels. In: Biology of
Benthic Organisms. Elsevier, pp. 595–604. http://dx.doi.org/10.1016/B978-0-
08-021378-1.50066-X.

Zhan, A., Briski, E., Bock, D.G., Ghabooli, S., MacIsaac, H.J., 2015. Ascidians
as models for studying invasion success. Mar. Biol. 162, 2449–2470. http:
//dx.doi.org/10.1007/s00227-015-2734-5.

19


